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General introduction

General introduction

Apple (Malus x domestica)

Apple belongs to the genus Malus within the Rosaceae family. This family includes
several important genera that are the most important deciduous fruit crops. It include pear
(Pyrus communis), peach (Prunus persica), cherry (Prunus avium), plum (Prunus
domestica), apricot (Prunus armeniaca), almond (Prunus dulcis), as well as other valuable
ornamental plants including rose (Rosa spp.), medlar (Mespilus germanica), and hawthorn
(Crataegus monogyna). Among these various genera, Malus serves as the most
commercially valuable in temperate climate regions of the world.

The allopolyploid origin for all the Maloideae species was proposed (Sax, 1933).
In particular, it has been suggested that they derived from the genome duplication of the
hybrid between the Spiraeoideae (x=9) and Prunoideae (x=8) subfamilies. The origin of the
cutivated apple is likely the results of this interspecific hybridization, so the binomial Malus x
domestica Borkh. has generally been accepted to underline its hybrid origin. Up to now,
there is no conclusive answer to the origin of the domesticated apple but the presence of
multiple loci for the same molecular markers in genetic maps revealed the presence of
several homeologous linkage groups (LGs) such as linkage group pairs 2-7, 4-12, 5-10 and
13-16 (Maliepaard et al., 1998; Liebhard et al., 2002; 2003a; 3003b; Gao et al., 20053, b, c).
These duplicated markers directly support the hybrid origin of the cultivated apple.
Moreover, it is known that this genome duplication process suffered by apple and the other
Maloideae species, may have activated retrotransposons (Madlung et al. 2005) for which an
important role also in the apple genome evolution have been proposed (Sun et al., 2008). In
fact, the expansion of particular loci and clusters has been partly attributed to the insertion
of retrotransposons (Sassa et al., 2007). The majority of apple cultivars is diploid (2n = 34),
self-incompatible and with an highly heterozygous genome.

Apple is also an important model species for functional genomics research among
woody perennial angiosperms due to its relative small genome size, 1.54 pg DNA/2C
nucleus or 750 Mb per haploid genome, which is similar to that of the sorghum (Sorghum
bicolor) genome and about the same size as the tomato (Solanum lycopersicum) genome
(Gasic et al., 2009). Several efforts are under way to develop a substantial resource of
molecular markers for genotyping and marker-assisted selections (MAS) and the apple
molecular maps currently have more than 1200 markers distributed on the 17 LGs
(Maliepaard et al., 1998; Liebhard et al., 2002, 2003a, 2003b; Xu and Korban, 2002;
Silfverberg-Dilworth et al., 2006; Naik et al., 2006; Chagné et al., 2008; Celton et al., 2009).
Moreover, identifying molecular markers linked to major genes/quantitative trait loci (QTL)
contributing to desirable economic traits has become an important goal in apple genetics
studies. Other genetic tools such as bacterial artificial chromosome (BAC) libraries and
expressed sequence tags (ESTs) have been recently developed. At least three bacterial
artificial chromosome (BAC) libraries have been constructed from different genotypes
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(Vinatzer et al., 1998; Xu et al., 2001). These BAC libraries have been successfully used for
cloning genes of interest (Vinatzer et al., 2001; Xu and Korban, 2002; Han et al., 2007). In a
recent analysis of high-quality apple ESTs obtained from different tissues, under different
conditions, and from different genotypes, the total number of apple unigenes obtained was ~
33,000 (Gasic et al., 2009), comparable to that previously estimated by Neucomb et al.
(2006). A more accurate estimate of the total number of genes in the apple genome can be
made by comparing the size of the EST-derived unigenes set and the percentage of
predicted genes in genomic DNA (e.g., through BAC sequences) that are represented by a
unigene match. Computational comparison of apple unigenes against the databases have
allowed the assignment of putative functional roles for about 80% of the trascripts. The
remaining 20% of sequences, having no matches to any sequences in public databases,
may represent apple specific genes or genes most likely associated with tree formation
(Gasic et al., 2009). The most abundant protein families represented within the apple unique
sequences resulted the protein kinases followed by leucine-rich repeat family and Tyr
protein kinases. Within transcription factors, the MYB transcription factor family was the
most common in apple sequences. Interestingly, also two apple allergens families resulted
in the fifty most common apple protein families: the Bet v 1-like (PR-10) and the Thaumatin-
like (PR-5) proteins (Gasic et al., 2009). Similarly to tomato (van der Hoeven et al., 2002),
the majority of apple unigenes (80%) with no matches in the Arabidopsis genome have
unknown functions and they have no matches in other genome databases. Hence, Gasic et
al., (2009) suggested that these may represent fast-evolving genes that have aquired new
functions in apple and related taxa. The majority of these novel genes are confined to apple
and to other species of the Rosaceae family. Among them, there is the Mald 1 gene family.
Recently, a first draft of the physical map of the genome has been reported by
Han et al. (2007) and efforts are underway to anchor this physical map to the genetic map.
In addiction, the whole apple genome sequence will be soon published (Shulaev et al.,
2008; R. Velasco, Istituto Agrario di San Michele All'Adige, Italy, personal communication).

Food aller

Food allery is an hypersensitive reaction to normally harmless substances
(allergens, mostly proteins) and involves humoral immune responses, mediated by
immunoglobuline (Ig) E synthesized by B-lymphocytes (Bohle, 2004). During sensitization,
the immune system produces specific IgE antibodies against food allergens. The IgE
antibodies bind to high affinity receptors an the surface of mast cells and basophiles. Upon
re-exposure to the ingested food, cross-linking of the IgE antibodies with the allergens
triggers the release of mediators (i.e. histamine) causing the acute phase of the allergic
reactions. Two classes of food allergy are reported. The class-I food allergy, in which the
immune reaction takes place in the gastrointestinal tract, is especially found in children. The
allergens involved in this class are very stable and resistant to heat and digestion
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processes. A class-Il food allergy is initiated by proteins that come into contact with the
immune system through inhalation; i.e. the inhalation of pollen from several tree species and
grasses. Food allergy symptoms are usually mild local reactions in the oral cavity, the so-
called oral allergy syndrome (OAS). Especially, fresh fruits and vegetables can cause such
allergy problems. Other symptoms are also visible in organs like skin (urticaria, atopic
eczema), gastro-intestinal tract (cramps, diarrhoea, vomiting) nose and lungs (rhinitis and
asthma) and cardiovascular system (anaphylactic shock) (Fernandez-Rivas and Miles,
2004). IgE-mediated food allergy is a disease affecting all age groups and because the only
treatment is still avoidance, it can affect the quality of life in a profoundly negative way (Mills
et al., 2007). Figures coming from some clinical studies estimate that food allergy affects
almost 4% of the adult population in the United States (Sampson et al., 2005), and about 2—
4% of European adults (Bruijnzeel-Koomen et al., 1995).

Allergens are named according to the source material, with the first three letters of
the genus and the first letter of the species name (King et al., 1995). For instance, “Mal d*
represents apple (Malus x domestica) allergens. Different allergens are designed by Arabic
numbers according to the time of their identifications. Additional numbers and letters can be
added to distinguish isoallergens and variants.The plain text refer to proteins, italics refer to
genes. For example, Mal d 1 refers to first apple allergen and Mal d 1 refers to this gene
class.

Allergy cross-reactivity

Allergic cross-reactivity can occure in a patient reacting to similar allergens from
different origins through the same IgE antibody type (Jenkins et al., 2005) since most food
allergens belong to a limited number of protein families and show similarities in primary
and/or tertiary structure across different sources (Breiteneder and Mills, 2006). In fact, IgE
antibodies are not necessarily specific to a unique allergen. They will bind the allergen that
initiated the IgE production by the immue system (primary sensitization) with the highest
affinity, but they can also bind structurally similar allergens. The major birch pollen allergen,
Bet v 1, is the most relevant sensitizing protein causing this type of food allergy (Wensing et
al., 2002) but minor allergens such as Bet v 2, Bet v 5 and Bet v 6 have also been shown to
be involved (Karamloo et al., 2001). Bet v 1 belongs to the PR-10 family (Breiteneder and
Radauer, 2004). Other members of this protein family are present in various foods, such as
fruits of Rosaceae (e.g. Mal d 1 in apple, Pru a 1 in cherry, Pyr ¢ 1 in pear), vegetables of
Apiaceae (e.g. Api g 1 in celery, Dau ¢ 1 in carrot), hazelnut (Cor a 1), soybean (Gly m 4),
mungbean (Vig r 1) and peanut (Ara h 8). Thus, Bet v 1- specific IgE antibodies can bind to
these dietary proteins which may cause immediate hypersensitivity reactions upon
consumption of the respective foods. Hence, Bet v 1-specific IgE antibodies react
preferentially with allergens in Rosaceae fruits sharing between 56% and 59% of amino acid
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similarity with Bet v 1 and less frequently with homologues in vegetables of the Apiaceae
family sharing 37—-41% (De Amici et al., 2002).

Fruit allerqy

Fruits of the Rosaceae family, expecially apple and peach, are reported as the
plant food most frequently involved in allergic reactions (Fernandez-Rivas et al., 2006). The
major allergens from Rosaceae belong to few protein families as Pathogenesis Related
proteins of class 10 (PR-10), Lipid Transfer Proteins (LTP), Thaumatine-like proteins (TLP)
or profilins. The official list of allergens in Rosaceae fruits according to the Allergen
Nomenclature Sub-Committee (http://www.allergen.org) are shown in Table 1.

Table 1. List of allergens from Rosaceae fruits and family classification

Fruit Protein Family
PR-10 TLP (PR-5) LTP (PR-14) Profilins
Apple (Malus x domestica) Mal d 1 Mal d 2 Mal d 3 Mal d 4
Peach (Prunus persica) Prup 1 Prup3 Prup4
Sweet cherry (Prunus avium) Pru av 1 Pru av 2 Pruav 3 Pru av 4
Apricot (Prunus armeniaca) Pru ar 1 Pru ar 1
Pear (Pyrus communis) Pyrc 1 Pyrc 3 Pyrc 4
European plum (Prunus domestica) Prud3
Strawberry (Fragaria ananassa) Fraa1 Fraa3 Fraa4
Red raspberry (Rubus ideaus) Rubi 1 Rubi3

According to the clinical relevance and prevalence, major and minor allergens are
classified for different geographical areas (Andersen et al., 2009). In most cases, the fruit
allergy originates after sensitization with a pollen source and a further cross-reaction with
allergens from fruits (Asero et al., 2007). They usually involve labile allergens, such as Bet v
1-like allergens, and therefore sensitization is only possible through the respiratory
passages (class-1l food allergy). This situation is predominant in Central- and Northern
Europe. Although fruit allergies of class Il are predominant, few fruit allergens capable of
causing sensitization independently of pollen allergens (class-l food allergy) has been
identified (Salcedo et al., 2007). Allergens involved in this case are resistant to proteolysis,
such as LTP, and sensitization is thought to take place in the gastrointestinal tract (Nicoletti
et al., 2007). This situation is reported to be predominant in Mediterranean areas. The
Rosaceae fruit allergy patterns in Italy is a special case, as both the Mediterranean and the
Northern and Central European allergy patterns can be found in this country. In fact, the
frequency of LTP sensitization was higher in the Southern parts of the country, where
pollen-associated fruit allergy was almost absent. Conversely, pollen-associated fruit
allergies dominated in the Northern parts of the country (Asero et al., 2009). Allergies of
both classes can involve one or more fruits depending on the degree of cross-reactions to
other fruits. In addition, a patient can be co-sensitized to more allergens, further increasing
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the potential number of allergy-causing fruits. Presence of sensitization to one or more
allergens in a patient does not necessarily predict clinical relevance, as sensitizations can
also be latent (Bousquet et al., 2006). Furthermore, the reported dominant allergy-causing
fruits vary between countries. In Northern and Central Europe, allergy to apple is most
widespread (Eriksson et al., 2004; Zuberbier et al., 2004), while strawberry and peach most
often cause allergy in Southern Europe (Cuesta-Herranz et al., 2000; Chen et al., 2008).

Apple allergy

Apple consumption is highly recomended for a healthy diet because of its efficacy
in reducing the risk of stoke, heart disease and lung cancer (Knekt et al., 1996; 2000; Le
Marchand et al., 200) but, unfortunately, it is also one of the most important allergenic fruits.
For many reasons apple can nowadays be considered a model food for the study of fruit
allergy although it does not rank among the most dangerous allergenic foods like peanut or
tree nuts. In fact, apple allergenicity shows different clinical relevance across Europe, and
this would allow the availability of enough patients to study. Moreover, apples are important
components of a healthy diet, and therefore their avoidance can have a significant negative
impact for health. Finally, apple is an important crop for European agriculture and a broad
variety of cultivars with a variable degree of allergenicity is grown in various European
countries.

Apple allergy is mainly due to the presence of four classes of allergens: Mal d 1,
Mal d 2, Mal d 3 and Mal d 4 (http://www.allergen.org). Below these allergen classes are
described more in detail.

Mal d 1 is a multigene family containing 18 different loci mainly clustered on the
homeologous linkage groups (LG) 13 and 16; four different sub-families (I - IV) have been
described in relation to sequence similarity and presence/lenght of intron. The comparisons
of Mal d 1 coding sequences has revealed different levels of identity: 71 - 83% between
sub-families; 86 - 98% within a sub-family; and 98 - 100% between alleles of a single gene
(Gao et al., 2005a). Mal d 1 genes code for a 17 - 18 kDa cytoplasmatic protein of 158 - 159
amino acids (aa), classified as a PR-10 (van Loon et al., 2006). High expression levels of
Mal d 1 have been found in ripe apple fruit and in mature leaves (Pihringer et al., 2003). A
clear distribution between apple skin and flesh have been reported for Mal d 1 transcripts
with higher levels in skin (Pagliarani et al., 2009). The cross-reaction between Mal d 1 and
Bet v 1, due to their high sequence and structural homology, is well reported (Ebner et al.,
1991; Vanek-Krebitz et al., 1995). In particular, this allergen is the main responsable for
apple allergy in North and Central Europe where many birch pollen sensitised patients (50-
70%) suffer from oral allergy symptoms after eating fresh apples (Son et al., 1999). Only a
limited number of Mal d 1 proteins and mRNAs have been traced back in apple fruit so far
(Helsper et al., 2002; Puehringer et al., 2003; Beuning et al., 2004, Botton et al., 2008)
suggesting that not all Mal d 1 isoallergens are likely to be involved in allergic reactions.
Furthermore, it has been demonstrated that different Mal d 1 isoallergens and variants, as
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well as mutants of specific isoallergens, have different binding affinities to IgE (Ma et al.,
2006) indicating that the the Mal d 1 protein composition, as well as the presence and
expression of specific alleles, may have significant and different effects on allergenicity.

While Mal d 2 is the second apple allergen to be identified (Krebitz et al., 2003), its
relevance to allergenicity is still unclear. It is an apoplastic, 31 kDa protein of 246 aa
encoded by 1,119 - 1,121 nucleotides (nt) organised in two exons (61 and 680 nt) and one
intron (378 - 380 nt). Gao et al. (2005b) assumed that the intron size was locus specific and
two loci named Mal d 2.01A and Mal d 2.01B, respectively, were both found to be located
on LG 9. Other different Mal d 2 ESTs have been retrieved in the database suggesting the
presence of more Mal d 2 gene in the apple genome. The N-terminus of the mature protein
is about 50% identical to the superfamily of TLPs, also known as PR-5 proteins, with
antifungal activity (Krebitz et al., 2003). TLPs contain 16 conserved cysteine residues,
forming eight disulphide bonds essential for the overall folding of the protein and possibly for
their anti-fungal and allergenic potential (van Loon et al., 2006). This stabilized structure
contributes to the protein’s resistance to low pH conditions, heat-induced denaturation and
proteolysis suggesting for this allergen the ability to sensitize the allergic patient in the
gastrointestinal tract (Breiteneder, 2004). Up to now Mal d 2 is known as one of the major
protein constituents of mature apple (Oh et al., 2000) with a predominant gene expression in
fruit flesh than in skin (Pagliarani et al., 2009).

Mal d 3 is small, apoplastic protein of 9 kDa, belonging to the PR-14 protein
family (non-specific LTP) and characterised by high resistance to pepsin hydrolysis and
thermal denaturation (van Loon et al., 2006).This allergen is the main responsable of
allergic reactions in the Mediterranean areas, where the apple allergy is less frequent but it
can provoke more severe simptoms (Diaz-Perales et al., 2002). Gao et al. (2005c)
described two Mal d 3 genomic sequences called Mal d 3.01 and Mal d 3.02 that were
mapped on LG 12 and 4, respectively. Both genes contain a single exon of 348 nt, of which
the first 72 nt code for a putative signal peptide (Kader, 1996). The two Mal d 3 sequences
share 89% identity in their coding sequences, although the similarity was very low in the
upstream non coding region. LTPs are mainly found in aerial plant organs like leaves,
seeds, flowers, and fruits, with expression being low or even nil in roots, and accumulate
preferentially in exposed surfaces such as fruit skin (Borges et al., 2006). It is known that
the Mal d 3.01 gene is expressed in apple fruit (Diaz-Perales et al., 2002; Pagliarani et al.,
2009).

Mal d 4 is a small (12 - 15 kDa) cytosolic protein belonging to the profilin protein
family. Profilins are found in all eukaryotic cells and their allergenic potency has been
frequently reported (Asero et al., 2003). Profilins were first described as minor allergens in
birch pollen (Bet v 2) and it is known that sensitization to profilin is mediated by pollen
(Valenta et al., 1992). There are no reports of IgE antibodies for profilins independent from
pollen sensitization. Again, the clinical presentation appears to be different depending on
the geographical background of the patients (Ballmer-Weber et al., 2002; Wensing et al.,
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2002). Three distinct profilin sequences have been reported in apple, with 75 - 80% identity
in both their coding and amino acidic sequences: Mal d 4.01, Mal d 4.02, and Mal d 4.03
(Gao et al., 2005b). All apple profilins have a coding sequence of 396 nt and two introns of
different sizes in conserved positions. Mal d 4.01 was mapped on LG 9, Mal d 4.02 on LG 2,
and Mal d 4.03 on LG 8 (Gao et al., 2005b).

Apple allergenicity is influenced both by apple genotype and by many external
factors like growing practices, storage conditions and fruit processing (Bolhaar et al., 2005;
Botton et al., 2008). At present, the only therapy for allergy is the avoidance of apples and
related fruits, even if this deprives the sufferer's diet of an important source of vitamins,
minerals, and fibers. The identification of hypoallergenic apple genopytes and the use of
cultural practices that might reduce the amount of allergens in the fresh fruit represent
nowadays important goals in the apple geowing and breeding.

PR proteins and plant defense

Plants possess both preformed and inducible mechanisms to respond to pathogen
invasion. Extant morphological barriers, secondary metabolites and antimicrobial proteins
must be avoided or overcome by pathogens to be able to invade a plant. Once contact has
been established, elicitors produced and released by the pathogen induce further defenses,
comprising the reinforcement of cell walls, the production of phytoalexins, and the synthesis
of defense-related proteins (Vlot et al., 2008). The term “defense-related” refers to the fact
that these proteins are induced in association with defense responses but does not by imply
itself a functional role in defense. However, because some of these proteins have at least
potential antimicrobial activities, a role in resistance to pathogens appears plausible. In the
past few years, plant gene expression studies have been collected showing that in both
compatible and incompatible plant-pathogen interactions, hundreds of genes are up- and
down-regulated. In many cases, differences between susceptibility and resistance are
associated with differences in the timing and magnitude of these changes rather than with
the expression of different sets of genes (Tao et al., 2003). Most of these defense-related
proteins correspond to pathogenesis-related proteins (PRs) or the products of so-called
systemic acquired resistance (SAR) genes, which were identified several years ago as
being associated with resistance reactions of plants to various pathogens (van Loon et al.,
1998). The term PR proteins encompasses very different plant proteins, such as chitinases,
glucanases, endoproteinases and peroxidases, as well as small proteins such as defensins,
thionins and lipid transfer proteins (LTPs). Some of the PR-proteins not are only induced de
novo upon pathogen attack but also under abiotic stresses such as wounding or other
physical or chemical stress. Surprisingly, in some case they are constitutively expressed in
some organs or during certain developmental stages (van Loon et al., 2006). Defense-
related proteins commonly occur as families of closely related homologues proteins. At gene
level, sequences are annotated on the basis of homology to an arbitrary member of the
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family without knowledge of whether and where the gene(s) are expressed. This
redundancy of sequences hampers the genomic and functional study of these gene families
because of the difficulty to readely distinguish between related members. Indeed, it is still
unclear why some genes are prone to duplication and they are subsequently retained during
evolution while others not. Also the properties or functions in common within large gene
families are still unidentified. Inside the gene family, a fine gene expression control and a
diversification of function have been proposed (Friedman and Baker,2007).

Interestingly, a considerable percentage of identified plant allergens can be
grouped in PR protein families (Hoffmann-Sommergruber, 2002). In particular, plant-derived
allergens have been identified with sequence similarity to PR-protein families 2, 3, 4, 5, 8,
10 and 14. These proteins share some characteristics that are relevant for plant-derived
allergens: they are usually rather small proteins (5+70 kDa), stable at low pH and resistant
to proteolysis. Therefore new insights into plant cell metabolism and defense-related
strategies that plants have developed may contribute to clarify the biological function of the
allergenic proteins. A crucial challenge for the future will be understanding the function of
each member of the allergen protein families and which effects the suppression of one or
more allergenic proteins might have on the defense system of the plant in order to reduce
the allergenicity. The double face of the medal, Mal d 1 as allergens and as PR-10 proteins,
have to be considered and coordinated to drive the apple breeding processes.

As regards to apple, all the major allergens except one (Mal d 4) are classified as
PR proteins. As mentioned above, the major allergen Mal d 1 belong to the PR-10 protein
family. PR-10 proteins are cytosolic proteins isolated from various species such as
asparagus, parsley, bean, pea and potato (Hoffman-Sommergruber, 2002) and more
recently from peach (Zubini et al., 2009). Several PR-10 are up-regulated upon pathogen
infection, have a direct and selective antifungal activity, or accumulate in overwintering
organs of tree species, suggesting a key role in selective defence mechanisms against
microbes and fungi and in protecting plants from abiotic stresses (Flores et al., 2002;
Chadha and Das, 2006). A number of PR-10 proteins are also constitutively expressed at
different plant growth development stages and/or in different tissues and organs, suggesting
a role in development regulation, beside plant stress response.

Despite the ubiquitous occurence in the plant kingdom, the molecular mechanisms
through which PR-10 regulates these important plant processes are not understood yet.
Several PR-10 members were reported to act as RNases. This activity can be crucial during
plant defence for controlling the burst of transcription that occurs upon stress sensing or for
the apoptotic processes activated in pathogen-infected cells in order to limit the pathogen
invasion. Additional roles of PR-10 proteins could be related to their ability to bind
hydrophobic ligands, such as fatty acids, flavonoids and steroids (Neudecker et al., 2001;
Mogensen et al., 2002; Koistinen et al., 2005) or plant hormones such as cytokinins (CKs)
(Pasternak et al., 2006; Fernandes et al., 2008) recently emerging as important components
of the plant defence strategy repertoire (Chung et al., 2008). Indeed, their concentration is
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highly affected by pathogen invasion and, in turn, their high concentration induces apoptosis
(Carimi et al., 2003) and expression of other PR proteins, such as PR-1 (Memelink et al.,
1987).

As regards apple, the induction of apple PR-10 proteins by pathogen and abiotic
factors has been reported by Pihringer et al. (2000) and by Paris et al. (2009). In particular,
the upregulation of the Mal d 1 gene has been reported in apple after inoculation with
Venturia inaequalis, that is the causal agent of apple scab (Paris et al., 2009). This let to
suppose an involvement of this gene in apple scab defense response even if a role cannot
be supposed yet. Moreover, no information on the involvement and role of different Mal d 1
genes in apple response to biotic and abiotic stress have been reported yet.
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Aims of the thesis

Considering that:

e Cultivated apple (Malus x domestica) is diffuse worldwide;

e Apple is one of the fruits most often causing food allergies.

e High level of variability in the allergic reaction have been reported among apple
genotypes and among patients.

e As other Rosaceae fruits, apple allergens primarily belong to four protein families:
Mal d 1 (PR-10) , Mal d 2 (Thaumatine-like proteins,TLPs or PR-5), Mal d 3 (Lipid
Transfer Proteins or LTPs), and Mal d 4 (profilins).

e Mald1, Mald 2, Mal d 3, and Mal d 4 are encoded by gene families and this
redundancy of sequences hampers their genomic and functional studies.

e Mal d 1 is a particularly relevant apple allergens since its cross-reactivity with the
main birch pollen allergen, Bet v 1. Also cross-reaction among apple profilin and
pollens has been reported.

e Not all Mal d 1 isoallergens are likely to be involved in allergic reactions.

e Despite the ubiquitous occurence in the plant kingdom, the molecular mechanisms
through which PR-10 proteins act in the plant-defense processes are not
understood, yet.

The main goal of this thesis was to increase the knowledge on apple allergen gene families
by combining genomic and transcriptional approaches. More in detail, five main aims have
been pursued as explained in the five chapters of the thesis.

Since the first step to understand apple allergy mechanisms is the identification of
apple allergen genes, the aim of the first chapter was to highlight on the genomic
organization of the complex Mal d 1 gene family in the apple genome. In particular, the
knowledge about the gene family composition and the physical positioning of homologous
members within the family was pursued in order to create a solid base for the further
genomic and functional analysis. This step will be crucial also for breeding strategies for
hypo-allergenic cultivars.

Due to the high sequence homology among individual members, up to now, the
study of allergens gene families was hampered by the difficulties to readily distinguish
between related members. The aim of the second chapter was to develop and validate a
tool for the specific gene expression analysis of known Mal d 1 genes. This tool was
validated by checking the expression of the different Mal d 1 genes in leaves and fruits but it
will be useful also to determine the levels of Mal d 1 transcripts in other different tissues and
conditions.

Starting from the knowledge acquired in Chapter 2, the aim of the third chapter was
to carefully evaluate the whole Mal d 1 gene expression profile in apple fruits of different
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genotypes with a different allergenicity. This in order to speculate on possible correlations
between gene expression levels and degree of apple allergenecity.

Up to now, the biological function of apple PR-10 proteins have been not analyzed
in detail despite several different functions and hypothetical involvements in plant responses
to a broad range of stresses have been proposed. The aim of Chapter 4 was to exploit the
knowledge acquired in Chapter 2, by investigating the gene expression profile of Mal d 1
genes in young apple leaves upon challenge with a biotic stress (V. inaequalis) and to use
these results to speculate on the specific involvement of each member of the family in the
plant defense mechanisms.

Finally, the aim of Chapter 5 was to make a step forward in the genomic
characterization of other apple allergen families. In particular, since some indications on the
presence in the apple genome of other LTP and profilin genes are available, this work was
focused on the discovery and positioning in the genetic map new Mal d 2 and Mal d 4

genes.
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Chapter 1

Genomic organization
of the Mal d 1 gene cluster on LG 16
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Introduction

Apple (Malus x domestica, Borkh) is one of the most important fruit species
worldwide. The genus Malus belongs to the Rosaceae family that includes other important
genera such as pear (Pyrus), stone fruits (Prunus spp.) and strawberry (Fragaria).
Nowadays, apple is considered also an important model species for functional genomics
research among woody perennial angiosperms due to its relatively small genome size, 750
Mb per haploid genome (Gasic et al., 2009) and availability of its genomic sequence (R.
Velasco, Istituto Agrario di San Michele All’'Adige, ltaly, personal comunication). Malus x
domestica is a highly heterozygous diploid species (2n = 34) and an allopolyploid origin
have been postulated (Chevreau et al. 1985). Due to this ancient duplication, homeologous
chromosomes with large colinear regions have been identified in the apple genome, such as
LG5 and LG10, LG9 and LG17 or LG 13 and LG 16 (Maliepaard et al., 1998; Liebhard et al.,
2002; Chen et al., 2008).

Genetic studies on apple are evolving fast and many genetic tools have been
recently developed. The apple molecular map currently has more than 1200 markers on the
17 LGs (Maliepaard et al., 1998; Liebhard et al., 2002, 2003a, 2003b, 2003c; Xu and
Korban, 2002a; Naik et al., 2006; Chagné et al., 2008; Celton et al., 2009). Furthermore, at
least three apple Bacterial Artificial Chromosome (BAC) libraries have been constructed
from different genotypes (Vinatzer et al.,, 1998; Xu et al., 2001, 2002) that have been
successfully used for cloning genes of interest (Vinatzer et al., 2001; Xu and Korban, 2002b;
Han et al., 2007). Finally, many collections of Expressed Sequence Tags (ESTs) have been
developed obtaining a total number of apple unigenes of ~ 33,000 (Gasic et al., 2009).
Computational analysis of apple unigenes has yielded to assign putative functional roles to
about 80% of apple ESTs. The remaining 20% of sequences with unknown functions or not
matching with any other sequence in public databases may represent apple specific genes
or genes most likely associated with tree formation. Gasic et al. (2009) suggested that these
sequences probably represent fast-evolving genes that have acquired new functions in
apple and related taxa. Interestingly, Mal d 1 genes ware included into this category.

Genes of the Mal d 1 family encode for Pathogenesis Related proteins of class 10
(PR-10) for which a key role in selective defense mechanisms against biotic and abiotic
stress was proposed (van Loon et al., 2006). The molecular mechanisms by which Mal d 1
proteins regulate these important plant responses are not yet understood. Several PR-10
protein members were reported to hydrolyze RNA (Liu et al., 2006; Yan et al., 2008), others
were found to be able to bind hydrophobic ligands or plant hormones (Zubini et al., 2009)
that are signal elements induced in the regulation of plant growth, development and plant
defense response (Chung et al., 2008). Beside its functional classification as PR-10 protein,
Mal d 1 is considered the major apple allergen (Fernandez-Rivas et al., 2006). Allergic
reactions caused by Mal d 1 belong to class-Il allergies (Breiteneder, 2004), which mainly
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affect northern and central European populations and are often associated with birch pollen
allergy due to cross-reactivity between Mal d 1 and the major birch pollen allergen, Bet v 1.
The two amino acid sequences are 64.5% identical (Vanek-Krebitz et al., 1995).

Genomic and linkage mapping studies revealed that Mal d 1 is a complex gene
family consisting of at least 18 members which at the protein level are indicated as
isoallergens. Except for Mal d 1.05 on LG 6 and the unmapped Mal d 1.03G, all the Mal d 1
genes were located in two clusters on the two homoeologous LG 13 and 16 (Gao et al.,
2005). Two additional Mal d 1-related genes, Mal d 1m and Mal d 1n were previously
described (Beuning et al., 2004) and their complete coding sequences are available in the
public databases but they have not yet been mapped.

Mal d 1 genes were classified by Gao et al. (2005) into four subfamilies based on
DNA sequence similarity, which sub-division showed to co-incide with the length of the
intron. Subfamilies |-l contain members with a single intron which sizes are specific for
each subfamily. Subfamily IV included only intronless gene members. Subfamily | includes
reference sequences that were formerly classified as Mal 1.01 and Mal d 1.02 with an intron
length of 168 and 171 nt, respectively. Subfamily Il includes Mal d 1.04 and Mal d 1.05
sequences with an intron length of 111 and 119 nt, respectively. Subfamily Il contains
sequences classified as Mal d 1.06A-C with intron lengths ranging from 128 to 153 nt.
Subfamily IV includes intronless sequences like Mal d 1.03A-G, Mal d 1.07, Mal d 1.08 and
Mal d 1.09. Comparison of Mal d 1 coding sequences revealed different levels of identity:
71-83% among the four subfamilies, 86—98.1% among genes within a subfamily, and 98.3—
100% among alleles of a single gene (Gao et al., 2005). Genes of subfamilies | and IV
strenghten the hypothesis of the amphidiploid origin of the apple genome being present on
both the homoeologous LG 13 and LG 16. Moreover, the intronless genes of subfamily IV
are located on the same region as the intron-containing genes of subfamily | on both LGs.
To date, genes of subfamilies Il and Ill were mapped only on LG 16, suggesting that the Mal
d 1 clusters on these two LGs evolved differently (Gao et al., 2005).

The role of Mal d 1 in resistance response and allergenicity is not known yet, both
for the family as a whole as for its individual members. Differences in functionality among
members can be expected as only for some PR-10 isoforms of peach a RNA hydrolysis
activity have been reported (Zubini et al., 2009). Also a variability in the cytokinin binding
specificity for PR-10s of birch was found by Markovic-Housley et al. (2003). Moreover, PR-
10 isoforms of apple differ for the tissues in which they are expressed and for the degree in
which their expression is affected by culture and storage conditions (Puehringer et al., 2003;
Beuning et al., 2004, Botton et al., 2008. Indeed only a limited number of Mal d 1 proteins
and mRNAs have been traced back in apple fruit so far (Helsper et al., 2002; Puehringer et
al., 2003; Beuning et al., 2004, Botton et al., 2008) suggesting that not all Mal d 1
isoallergens are likely to be involved in allergic reactions. Furthermore, it has been
demonstrated that different Mal d 1 isoallergens and variants, as well as mutants of specific
isoallergens, have different binding affinities to IgE (Ma et al., 2006) indicating that the
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relative Mal d 1 protein composition, as well as the presence of specific alleles, may have
significant and different effects on allergenicity. Gao et al. (2008) corroborated the
hypothesis of a different involvement in allergic reaction for different Mal d 1 genes,
suggesting a strong associaton of Mal d 1.04 and Mal d 1.06A with apple allergenicity. It is
becoming evident that assessing the total amount of Mal d 1 proteins is not sufficient to
understand apple allergy and, indeed, the identification of specific Mal d 1 genes implicated
in allergic reactions from the many existing allergen genes should get high priority in allergy
research.

This work highlights on the genomic organization of the complex Mal d 1 gene
family on LG16. To reach this goal, an apple BAC library of the cultivar Florina was
screened trough a PCR-based protocol and two BAC clones containg several members of
the Mal d 1 gene cluster on LG 16 were fully sequenced. The physical map was anchored to
the genetic map providing new information as number of isoallergens in the cluster, their
orientation and physical distances.
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Materials and Methods

Apple BAC library

A BAC library from the cultivar Florina was used (Vinatzer et al., 1998). The library
is made by 36.864 BAC clones stored in 96 plates (384-wells). Its clones have an average
insert size of 120 kb and represents approximately 5 x apple haploid-genome equivalents. A
bi-dimensional pooling mechanism was performed as described by Cova (2007). The
horizontal pool consisted of 96 samples (plate pool) each containing all the BAC clones from
a single 384-wells plate. The vertical pool consisted in 4 X 96 samples prepared by bulking
the clones of a specific position (i.e. A1, A2, ecc...) from all the original 384-wells plates (96
clones/well). Plasmids from the BAC clone pools were extracted by the alkaline extraction
procedure (Birnboim and Doly, 1979).

PCR-based screening of the BAC library

The PCR-based screening of the whole library was carried out with 4 primer pairs
specifically designed for one of each of the four Mal d 1 sub-familes. A general Mal d 1
primer pair was also designed on consensus regions. These primers (listed in Table 1)
where designed with the Primer3 sofware (http://frodo.wi.mit.edu/primer3/). All the BAC
clones identified after the screening steps were picked up from the library, singolarized and
tested by colony-PCR with the same primers used for the screening.
All the PCR amplifications were performed in a 17.5 pl volume containing 200 ng of DNA
from BAC library pools, 0.1 uM gene-specific primers (Table 1), 1.5 mM MgCl,, 100 uM
dNTPs, 0.5 Unit DNA Polymerase (Fisher Molecular Biology, Hampton, NH, USA) and 1X
reaction buffer. The reaction included an initial 3 min denaturation at 94°C, followed by 35
PCR cycles (45 s at each optimised annealing temperature, 2 min at 72°C, and 30 s at
94 °C), with a final extension of 10 min at 72°C. The amplicons were visualised on an Image
Station 440 CF (Kodak, Rochester, N.Y., USA) after electrophoresis in 1.5% (w/v) agarose
gels and ethidium bromide staining.

Analyses of positive BAC clones

Plasmid DNA from each positive BAC clone was purified as described by
Untergasser (2006). Isoallergen-specific primer pairs (listed in Table 2) were designed
adding in some case deliberate SNPs to increase specificity, as reported by Gao et al.
(2005). Just one primer pair were designed for amplify all the Mal d 1.03 genes. They were
used to identify by PCR the Mal d 1 genes physically located on each BAC clone. The
specificity of some primers was enhanced by deliberate mismatch at 3’-end of the primer
sequences. All PCR amplifications were performed in a 20 pl volume containing 50 ng of
plasmid DNA, 0.1 pM gene-specific primers, 1.5 mM MgCl,, 100 uM dNTPs, 0.5 Unit
AmpliTaq Gold® DNA Polymerase (Applied Biosystems, Foster City, CA, USA) and 1X
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reaction buffer. The reaction included an initial 10 min denaturation at 95°C, followed by 30
PCR cycles (45 s at the optimised annealing temperature, 2 min at 72°C, and 30 s at 95°C),
with a final extension of 7 min at 72°C.

Moreover, plasmid DNA (approximately 20 pg) from positive BAC clones, was
digested with 2 U EcoRl overnight at 37°C. Digested DNA fragments were loaded onto 1%
Ultra Pure agarose gel (Lonza, Basel, Switzerland), and electrophoresed at 35 V overnight.
Images of EcoRl-digested DNA fragments of positive BAC clones were used to identify
overlapping BAC clones.

Shotgun sequencing

Two Mal d 1 BAC clones were subjected to shotgun sequencing at Macrogen Inc.
(Korea). For each BAC clone, a six-fold sequence coverage was assembled by Greenomics
(The Netherlands). Gaps between contigs were filled by direct sequencing performed with
primer pairs (listed in Table 4) specifically designed with the software PrimerSelect
(Lasergene® v8.0) on all the contig-ends. Single run sequencing was performed by Bio-Fab
Research srl (Pomezia, Italy). The final assembly was manually performed with the SeqMan
software (Lasergene® v8.0).

Sequences analysis and annotation
BAC sequences were annotated using the gene prediction program GENESCAN (Burge
and Karlin, 1997). Predicted genes were searched for similarity to known proteins by
BLASTP (Altschul et al., 1990) with E-value cut off E<E® against the National Center for
Biotechnology Information (NCBI) non-redundant protein database. The predicted genes
were also searched for similarity against the NCBI nucleotidic sequences database by
BLASTN (Altschul et al., 1990) with E-value cut off E<E®. Predicted amino acid sequences
of Mal d 1 isoallergens were aligned using ClustalW (Jeanmoung et al., 1998). BALSTX
(Altschul et al., 1990) was used to further verify the corrispondances between predicted
ORFs and proteins in the databases.

The promoter region sequences (- 1300bp) of each Mal d 1 gene found on the two
BAC clones were analized using the program PLANTPAN to find transcription factor binding
sites.

BAC clones anchoring on a genetic map

The two BAC sequences were analyzed with the software Tandem Repeats Finder
(http:/tandem.bu.edu/trf/trf.html) and 10 SSR primers (listed in Table 9) were designed from
regions flanking repetitive stretches, using Primer3 software
(http://frodo.wi.mit.edu/primer3/). PCR amplification and gel electrophoresis were performed
as described previously (Gianfranceschi et al., 1998). These SSR markers were applied on
a Durello di Forli x Fiesta population (population size n = 174) and added to the available

molecular marker linkage map using JoinMap 3.0° (van Ooijen and Voorrips 2001) using the
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Kosambi mapping function. The LOD value chosen for grouping LG16 markers was equal to
7. The final visual representation of the map was generated with MapChart (Voorrips 2001).
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Results and discussion

BAC library screening

The screening of the Florina BAC library for Mal d 1 sequences, conducted with the
four subfamily representing primers (Table 1), resulted in 20 positive BAC clones named
MC-1 to MC-20.

Table 1 Primer pairs used for the PCR-based BAC screening.

Primer names Sequence (5'-3") Ta(°C) Product (bp)
Subfam | Md1-1For TGTCAAACTATTACAGCGCTAGTGG 60 176
Md1-1Rev CTTCAATCAAAGTGTAGGCGTATGA
Md1-2For CGAAGGCGATGGAGGTGT
Subfam Il 60 315
Md1-2Rev GATCCTCCATCAGGAGATGC
Md1-3For GCTCCACAAGCAGTCAAAACT
Subfam Il 57 232
Md1-3Rev TTCACTCCCTGTCAAATGAAAA
Md1-4For TCAACTTTGGTGAAGGTAGCACA
Subfam IV 60 198
Md1-4Rev TGGTGTGGTAGTGGCTGGTA
. Md1-5For GTACAATGCCTTTGTTCTTGATG 375; 471; 489;
Generic* 57 > ¢ ’
Md1-5Rev TCTTTGCCAGCCTTGACATGCTCTTC 528

*The generic primer pair gave different product lengths due to the different intron lenghts of the isoallergens
belonging to different subfamilies.

Further analysis of These BAC clones was performed both by their amplification with 11
gene specific primers for Mal d 1 genes mapped by Gao et al. (2005) (listed in Table 2) and
by enzimatic digestions (Figure 1A). This analysis made it possible to identify the (partly)
overlapping clones and their putative location based on the known map position of some
apple allergen genes (Gao et al., 2005) as summarized in Table 3. In detalil, five clones
gave amplifications with primers specific for Mal d 1 genes of LG16 (MC-1, -12, -14, -16, -
20) and therefore they should derive from chromosome 16. Analogously, 11 clones gave
amplifications for Mal d 1 genes of LG13 (Table 3) and were thus supposed to be from
chromosome 13. Finally, four clones gave amplifications with primers for Mal d 1.05 (MC-2,
-3, -4, -5), the only isoallergen mapped on LG 6 and therefore they should derive from
chromosome 6. Primers specific for Mal d 1.04 didn’t amplify on any BAC clone. It is not
possible to exclude the presence of further BAC clones containg Mal d 1 genes because of
failure of the screening can not be excluded nor lack of some genome regions in the BAC
library. Two clones (MC-2 and -10) gave amplicons with primers for genes that are thought
to be located on different linkage groups: MC-2 for Mal d 1.03 of LG13 and Mal d 1.05 of
LG6 and MC-10 for Mal d 1.01 and 1.03 of LG13 and Mal d 1.06A of LG16.. This may be
due to the presence of still unidentified isoallergen genes.
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Table 2. Primer pairs used for the analysis of BAC clones. Underlined and italicized nucleotides in the primers
sequences are deliberate introduced SNP to increase specificity (Gao et al., 2005).

Isoallergens Primer names Sequence (5'-3") Ti Product
(C9) (bp)
Mal d 1.01 Mal d 1.01general F TGACTCGATTGACGAAGCAAG o T
Mal d 1.0105 R TTCAATGTTTCCCTTGGTGAGA
Mal d 1.0209 F GCCCTGGAACCATCAAGAAT
Mal d 1.02 51 419
Mal d 1.02general R GTGCTCTTCCTTGATCTCACCAT
Mal d 1. IF TGACAACCTCAT AAGA
Mal d 1.03A-F al d 1.03general CTGACAACCTCATCCCCAAG 54 380
Mal d 1.03general R GTGTGGTAGTGGCTGGTGGT
1.0404F TAATTCATTTGCAGGCGGC
Mal d 1.04 54 159
1.04 generalR TCAGGAGATGCGATCAATTTG
Mal d 1.0502 SNP96 F TTGATGGTGATAACCTCATCCTG
Mal d 1.05¢ 52 358
Mal d 1.05 general R TTTGGTCTCATAAGCGATCTTCTC
1.06A03 SNP37F CGAAACCGAATACGCCTAAA
Mal d 1.06A? 54 387
1.06A generalR GCATCCCCTTCAATCAAGCTATAGC
1.06B01 SNP229F ATTTTCTCCATTAACTTGGTAATCTTT
Mal d 1.06B¢2 54 183
1.06B generalR CTTTGTCAATTCCCTCAACCTT
1.06C generalF TCAACTATTTTCTCCATTAACTTGCT
Mal d 1.06C*? 54 249
1.06C03 SNP417R CCAACTTAATCTCATAAGAGATCTCCTG
Mal d 1.07general F CAACTTTGTGTACCAATACAGTCTC
Mal d 1.07 51 138
Mal d 1.07general R CITTGGTATGGTAGTGGGTGA
Mal d 1.08general F CGACTGCTCTTGATGGTGATG
Mal d 1.08 51 343
Mal d 1.08general R CTAGCCTTGAGATGCTCTTCAGTA
Mal d 1.09general F GAGCTGGAACCATTATGAAGATTAG
Mal d 1.09 54 200

Mal d 1.09general R

GCGCTTGATGATCGAACTGT

*General primer pair for all Mal d 1.03 isoallergens

2lsoallergens for which were used primer pairs developed at Plant Research International (The Netherlands)

Based on the EcoRl restriction patterns of the BAC clones (examples are reported

in Figure 1A), 6 groups were distinguished, as is indicated in the last column of Table 3: two
groups for LG 16 (group | and II), two groups for LG 13 (lll and IV) and two groups for LG 6
(V and VI). The putative map position of some BAC clones is schematically presented in
Figure 1B. The restriction analysis made it possible to add information for the above
mentioned putative inconsistencies in amplification patterns of MC-10. MC-10 showed to
have overlapping digestion fragments with MC-8/13 and MC17 (MC-8 and MC-17 restriction
patter are reported in Figure 1A). These last three clones were supposed to derive from
LG13 making more consistent the localization on LG13 also for MC-10 as well. The
amplification obtained with Mal d 1.06A primers on MC-10 is probably due to a new Mal d 1
genes similar to Mal d 1.06A on LG13. Despite the clear amplification of MC-15 with Mal d
1.03 primers, it remained ungrouped because its digestion pattern doesn’t not clearly fit to
any of the other BAC clones (data not shown). Probably this clone contains a fragment of
DNA at the extreme of the Mal d 1 cluster.
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Table 3 Results of BAC clone amplifications with some gene specific primer pairs. X indicates the positive
amplification. In black are indicated the two clones chosen for sequencing. The final column (Group) refers to

overlapping clones depending on digestion patterns analysis (see fig 1A).

Mal d 1 isoforms on apple genome

LG 13

LG 16

LG 6

BAC clone

1.01

1.03A-F

1.02

1.06A

1.06B

1.06C

1.07

1.08

1.09

1.05

Group

MC-1

MC-14

MC-16

MC-20

MC-15

MC-6

MC-7

MC-9

MC-11

MC-18

MC-19

MC-8

MC-13

MC-10

XX [X]IX[X|X|X|X|X]X

MC-17

MC-2

MC-3

MC-4

MC-5

X [ X[ X|X

Vi
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Figure 1: A) Profile of 11 EcoRI-digested BAC clones, derived from group | to IV. Each group contains overlapping
clones. B) Genetic map position of apple Mal d 1 isoallergens (Gao et al, 2005) and BAC clones related to each
LG. BAC clones are indicated with boxes. Box sizes are not in scale with BAC lenght.

BAC clones sequencing
For sequencing, the cluster on LG 16 was preferred to the cluster on the

homeologous LG 13 because containing the highest number and largest diversity in Mal d 1
isoallergen genes, among which Mal d 1.04 and Mal d 1.06A, proposed to be related to
allergenicity (Gao et al., 2008). Hence, of the 20 BAC clones containing Mal d 1 genes, two
not overlapping but representative BAC clones from the sub-families | and IV on LG 16 (MC-
12 and MC-20) were chosen for sequencing. MC-12 was chosen within group | because it
seem to contain more Mal d 1 isoallergen genes than MC-1 and MC-14 (Table 3). Within
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group Il, MC-20 was chosen instead of MC-16 for its length, which was estimated to be
~130 kb based on Nofl digeston results, whereas C-20 has only around ~70 kb (Figure 2).

A B

NEB
Mid range
% PFGE rgrker

b ng/05pg.
£ 1000 180 36
o 80 3

Figure 2: A) 10kb marker. B) Mid range marker. C)
Not | digestion of BAC clones of group 2. In detail, in
the first line the 10 kb marker, in the second lane
the low range marker, in the third lane the mid range
marker, in the fourth line the MC-16 and in the fifth

o @ D w0 - lane MC-20

- i 20 40

0kne, 8o gl g2l
IXTHE, Tiem, d5imin

1% TopVision™ LE G0 Agorase (2R0491)
=1
=

The first assembly output gave four contigs for each clone. A further sequencing

step performed with primers designed on both ends of each contig (listed in Table 4)

allowed the assembly of a single full-lenght sequence for both clones. This approach in

summarized in Figure 3. In particular, for MC-12 the sequence resulted of 125046 nt
(Figure 3A), for MC-20 it resulted of 132896 nt (Figure 3B). The full-lenght sequences of
the two BAC clones are reported in Appendix 1A and 1B, respectively.

Table 4. Primers used for direct sequencing step on BAC clones MC-12 and MC-20.

BAC clone Contig Primer name Primer sequence (5'-3")
Ci 1-MC12-C1For AGCAGAAATGCTTCGTCGTT
co 2-MC12-C2Rev AGGGGAGGTTATGCC AAAAT

MC-12 3-MC12-C2For GCTAGTTCAGGTCGGGATTTC
c3 4-MC12-C3Rev TCCTGGAATGGAAACACCTT
5-MC12-C3For AATGCCAAGGCTTTCAAGAT
C4 6-MC12-C4Rev GATTGGGATATGACCGTTGG
C1 7-MC20-C1For TAATGTGGGCGATTGGGTAT
co 8-MC20-C2Rev TCCTTTGAGTTTTCCACCTGTT
MC-20 9-MC20-C2For CAGAACATGTTTGCGTTGAA
c3 10-MC20-C3Rev CCGAAATTCCCACAATCAAA
11-MC20-C3For CTGTGAGGGCTTTGGATAGG
C4 12-MC20-C4For CATCGGTTTGCTACTGCTCA
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A MC-12
T7-End 1 2 3 4 5 6 Sp6-End
N — - — -« — - 1
| [] | [ C2 | [ c3 | [ c4 |
Direct sequencing
and re-assembly
4 3 6
T7-'End 1_, 5_, 2_, Spti-End
| 3] [ [ C3 [ [ c2 [ [ c4 |
| 1
ont 125°046 nt
B MC-20
T7-End 7 8 9 10 1 12 Sp6-End
L — - — - — - 1
| c1 | [ c2 | [ C3 | [ c4 |
Direct sequencing
and re-assembly
10 9 12
17;End 7_,' L, 8_,' Sp{:-End
| 4] [ [ C3 [ [ C2 [ [ [ |
I 1
Ont 132°896 nt

Figure 3: Outline of steps occurred to close the gaps between contigs of clone MC-12 (A) and MC-20 (B). Box
sizes are not in scale with BAC lenght.

Sequences annotation

The gene predictor software (GENESCAN) identified 52 open reading frames
(ORFs): named from ORF1 to ORF32 in the clone MC-12 and from ORF33 to ORF52 in
MC-20. The putative functions of these ORFs were recorded based on their BLASTP scores
and in Table 5 and 6 are reported the descriptions of the proteins with the highest
similarities with the 52 ORFs. Of the total 52 ORFs, 16 ORFs showed homology to known
genes; 10 were homologous to retrotransposons, 18 showed no significant homology to
sequences in the databases and 8 were similar to hypothetical proteins from genome
sequencing of Vitis vinifera. As regards ORFs homologues to known genes, the majority
(13/16) were similar to Mal d 1 sequences. In particular, MC-12 carries nine Mal d 1- like
ORFs, and MC-20 four. Their sequences were further analized with BLASTN. Results and
additional information (exon/intron lenght) are synthesized in Tables 7 and 8 for MC-12 and
MC-20, respectively. Eight out of thirteen Mal d 1-like genes had previously been mapped
on LG16. The remaining five sequences were not previously known to be part of LG16. Of
these five, two were identical to EST-sequences previously identified as Mal d 1-like genes
named as Mal d 1Tm and Mal d 1n (Beuning et al., 2004), one is similar to Mal d 1.03G, and
one was previously identified as the pseudogene Mal d 1ps2 (AY827730) (Gao et al., 2005).
We can now assign these four genes to LG16. The remaining sequence is completely new
and is coded by ORF 15. Below, results on these five genes will be further described.
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Table 5. Predicted ORFs on MC-12 analyzed with BALSTP software. In bold are indicated ORFs similar to Mal d 1 genes.

Direction and position on BAC clone

BLASTP results

. . - Lenght | Lenght Protein description as . .
ORF | Direction? | Start position? Accession number | E-value Source Conserved domains
P (nt)? (aa) reported by the software
Reverse transcriptase (RNA- Oryza sativa
ORF1 i 519 1351 446 dependent DNA polymerase) domain AAT85304 4,00E-92 Ja évnica Grou RVE superfamily
containing protein P P
ORF2 ! 2837 1105 222 No significant similarity
Reverse transcriptase (RNA-
dependent DNA polymerase);
putative NTP binding site;
ORF3 1 5457 6506 2162 Retrotransposon protein ABM55240 0.00 Beta vulgaris RNase H; RNA/DNA hybrid
binding site; integrase core
domain; CHRromatian
Organization MOdifier domain
(CHROMO domain)
ORF4 T 19700 602 159 Mal d 1.06A02 AAX18298 1,00E-84 Malus domestica Polyketide_cyc 2 superfamily
ORF5 i 22252 701 67 No significant similarity
ORF6 T 24478 1022 212 No significant similarity
ORF7 i 29652 231 76 No significant similarity
ORF8 i 30449 961 161 Mal d 1-like AAS00052 1,00E-86 Malus domestica Polyketide_cyc 2 superfamily
Retrotransposon protein, putative, } Oryza sativa RVE superfamily; RVT_2
ORF9 T 38317 4098 600 Ty1-copia subclass ABF96902 4,00E-48 japonica group superfamily
ORF10 T 39968 2791 89 No significant similarity
ORF11 l 45546 651 159 Mal d 1 allergen AAD26548 2,00E-85 Malus domestica Polyketide_cyc 2 superfamily
ORF12 T 47853 3177 68 No significant similarity
ORF13 1 51932 663 123 Hypothetical protein CAN78839 2,00E-29 Vitis vinifera
. . Arabidopsis
ORF14 ) 53816 507 168 Copia-type polyprotein AAG51247 1,00E-39 thaliana
ORF15 l 59735 861 146 Mal d 1-like AAS00052 2,00E-38 Malus domestica Polyketide_cyc 2 superfamily
ORF16 T 63931 1881 132 No significant similarity
ORF17 T 66452 428 75 No significant similarity
ORF18 i 68017 702 163 Mal d 1-like AAS00053 6,00E-92 Malus domestica Polyketide_cyc 2 superfamily
ORF19 1 70566 415 104 No significant similarity
ORF20 T 71477 1540 96 No significant similarity
ORF21 l 73770 633 159 Mal d 1.06B02 AAX20971 2,00E-84 Malus domestica Polyketide_cyc 2 superfamily
ORF22 T 76305 812 119 No significant similarity
ORF23 i 78970 283 97 Mal d 1.06C04 * AAX20989 2,00E-42 Malus domestica Polyketide_cyc 2 superfamily
. . L RVE superfamily; RVT_2
ORF24 T 79408 4443 1390 Hypothetical protein XP_002280852 0.00 Vitis vinifera superfamily
ORF25 1 87785 2574 338 Retrotransposon protein, putative ABA95230 1,00E-51 J.acs(’) ynzlez :;i’c‘)’ jp RVT_2 superfamily
ORF26 | 92218 608 159 Mal d 1.06C AAX18306 5,00E-85 Malus domestica Polyketide_cyc 2 superfamily
ORF27 | 95324 470 120 Mal d 1.06C* AAX18306 3,00E-47 Malus domestica Polyketide_cyc 2 superfamily
ORF28 | 96401 397 101 No significant similarity
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Oryza sativa

ORF29 l 97358 9486 576 Transposon protein, putative ABA94905 2,00E-17 japonica group Transposase domain
oo |
ORF31 ! 110916 5126 443 Hypothetical protein CAN79553 4,00E-71 Vitis vinifera HMA, Hea"ﬁ'o”r‘ne;ﬁ:'“S"Cimd
Hypothetical protein XP_002273305 6,00E-76 Vitis vinifera Glycosyl hydrolases family 28
ORF32 ! 117249 8154 868 Hypothetical protein XP_002271327 0.00 Vitis vinifera WD40 d‘c’irg;igi}]’\‘umsg

1The arrows are directed downward when the gene is directed from T7-end to Sp6-end and vice versa

2Start position counting from T7-end of the clone

3Lenght of the gDNA nucleotidic sequnces

*Not complete sequences.
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Table 6 Predicted ORFs on MC-12 analyzed with BALSTP software. In bold are indicated ORFs similar to Mal d 1 genes.

Direction and position on BAC clone BLASTP results
. . - Lenght Lenght . s . .
ORF Direction? Start position? (n33 ( ag) Protein description Accession number | E-value Source Conserved domains
ORF33 i 6 1977 622 RNA-directed DNA polymerase ABD28426 4,00E-179 Medicago truncatula
ORF34 T 2241 3000 404 No significant similarities
ORF35 i 5408 480 163 Putative reverse transcriptase AAT40500 7,00E-36 Solanum demissum
ORF36 i 9630 5803 680 Hypothetical protein CAN74865 8,00E-39 Vitis vinifera PMD, Plant mobile domain
ORF37 T 16117 1110 142 No significant similarity
ORF38 T 17717 5550 835 Hypothetical protein 6,00E-38 Vitis vinifera
ORF39 i 24713 950 74 No significant similarity
ORF40 T 27462 3347 422 Hypothetical protein XP_002267217 2,00E-61 Vitis vinifera RVT_2 superfamily
Retrotransposon gag protein; RVP_2,
ORF41 i 34860 6920 1526 Retrotrasposon protein ABM55240 0.00 Beta vulgaris Retroviral aspartyl protease; RT_LTR;
RnaseH;
ORF42 1 43949 480 159 Mal d 1.03G AAX18324 7,00E-85 Malus domestica Pathogenesis-related protein
Bet v | family
ORF43 ! 61000 480 159 Mal d 1.07 AAX18307 5,00E-86 Malus domestica Pathogenesis related protein
Bet v | family
ORF44 ! 63412 480 159 Mal d 1.0903 AAX20996 5,00E-87 Malus domestica Pathogenesis related protein
Bet v | family
ORF45 T 66259 6528 349 No significant similarity
ORF46 ! 74350 480 159 Mal d 1.08 AAX18309 6,00E-87 Malus domestica Pathogenesis-related protein
Bet v | family
ORF47 ! 76606 9082 460 Hypothetical protein XP_002271465 5,00E-63 Vitis vinifera DUF789, Pmtzijnu"g;g;k)”"""” function
ORF48 T 87704 213 106 No significant similarity
ORF49 T 100005 3648 248 HEAT repeat-containing protein NP_197125 4,00E-36 Arabidopsis thaliana
aldomain ot asoror
ORF50 l 114365 3129 674 histidine kinase and a response XP_002519174 0.00 Ricinus communis guator re . My
requlator) DNA-binding domain, SHAQKYF
class
ORF51 T 118236 675 224 No significant similarity
ORF52 T 119188 7853 1050 Protein COBRA precursor, putative XP_002519175 0.00 Ricinus communis COBRA superfamily

The arrows are directed downward when the gene is directed from T7-end to Sp6-end and vice versa
2Start position counting from T7-end of the clone

3Lenght of the gDNA nucleotidic sequnces
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Mal d 1m — Mal d 1.10. The Mal d 1m sequence (AY428588), completely corresponding
here to ORF8, was previously derived from an EST. We now report for the first time its full-
lenght genomic sequence. lts intron lenght is 475 nt, which is longer than any of the other
known Mal d 1 introns, This deviating intron size makes that it doesn’t fit clearly with any of
the four sub-families described so far. The protein sequence has 161 amino acid and the
most similar Mal d 1 amino acid sequence present in the database is Mal d 1.04 (92%
similarity). Following official allergen nomenclature (King et al., 1995) we now propose to
denote this gene as Mal d 1.10.
Mal d 1n —Mal d 1.11. Similarly, to Mal d 1.10 also the Mal d 1n sequence, completely
corresponding here to ORF15, was previously derived from an EST (AY428589). lts full-
length genomic sequence is reported here for the first time. Its intron lenght (208 nt) does
doesn’t fit with any known sub-family. The protein sequence includes 163 amino acid, which
is three amino acids more than the protein sequences respect most of the other Mal d 1 iso-
allergens (Figure 4). Its protein sequence was most similar to Mal d 1.06A ( 67%). We here
denote this gene as Mal d 1.11.
Mal d 1.03G. ORF42 shows an high homology with Mal d 1.03G01 (AY822733). It has 5
non-synonimous SNPs, corresponding to two substitutions in position 110 (asparagine —
serine) and 132 (histidine — glutamine), were detected. Sequence similarities exceeding
95% are thought to refer to different variants of the same iso-allergen or, at the genetic
level, different alleles of the same locus. Hence, the ORF42 sequence of Florina
corresponds to a new allele (allele 02) of for Mal d 1.03G. This is the first event in which a
Mal d 1.03 like gene is found on LG16 as all other known Mal d 1.03 like genes are present
on LG13.
Mal d 1ps2. Mal d 1ps2 (AY827730) was previously found by Gao et al. (2005). Whereas
Gao et al. (2005) could not map this sequence, we could assign it to LG16 as ORF23 has a
highly similar sequence, which is truncated after 283 nt instead of 471. The most similar
protein sequence is Mal d 1.06C (AAX20989) and this is the reason of its annotation in
Table5, but ORF23 is truncated. Since 19 SNPs were found between this BAC sequence
and Mal d 1ps2.02, the Florina sequence can thus be classified as a new allele (variant 03)
ORF15 - Mal d 1.12 The coding sequence of ORF15 has high similarity with several Bet v
1-like sequences. By BLASTX software, the highest similarity have been found with the
allergen Pru du 1.08 of Prunus dulcis x Prunus persica (85% of identities). Mal d 1.04 was
the most similar Malus sequence (81%). lts predicted protein contains 146 AAs, hence it is
significantly shorter than any other Mal d 1 protein. It can be considered as a new Mal d 1
family member which we propose to name Mald 1.12.

As we discussed the five genes that for the first time could be assigned to LG16, we
now further present results on the previously mapped Mal d 1 genes.
In MC-12 BAC clone, 4 ORFs correspond to already known and mapped allergen genes
(ORF4, ORF11, ORF21 and ORF27). ORF4 resulted similar to the allele 02 of Mal d 1.06A
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(AY827697) but with 1 synonymous SNP in the coding region. In a previous work by Gao et
al. (2008), variant 02 of Mal d 1.06A was related to low allergenicity as measured by Skin
Prik Tests.
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Figure 4: Genomic organization of Mal d 1 genes on LG16. A) Physical map of two BACs. The new isoallergens
are indicated in boxes. The isoallergens mapped for the first time is underlined. Transposable elements are
represented as gray boxes. B) Genetical map of LG 16 in Durello di Forli. SSRs developed on the sequences of
the two BACs are indicated in bold. In red are indicated retrotransposon elements.

Also a relevant allele dosage effect was proposed because in the cultivar Santana and
Priscilla, considered the cultivars with lower allergenic potential, an homozygous genotype
for the allele 02 was found, in intermediated allergenic cultivars the allele 02 was found at a
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single dosage wherease all high allergenic cultivars lacked this allele. Since Florina has at
least one allele 02 for the gene Mal d 1.06A, it is candidate to be an intermedied or low
allergenic cultivar but further analysis on the complete allelic composition and
immunological data of Florina are needed. ORF11 showed just one synonymous SNP in the
coding region in respect to allele 01 of the isoallergen Mal d 1.02 (AY827654). ORF21
resulted identical to the isoallergen Mal d 1.06B02 (AY827712). ORF26 was highly
homologous to the alleale 02 of the isoallergen Mal d 1.06C (AY827725) except for a
synonymous SNP in the coding region. ORF27 was classified as a pseudogene due to the
presence of stop codons in the sequence and for the high homology with the known
pseudogene (AY827730). In Table 5 it is annotated as Mal d 1.06C (AAX18306) since this is
the most similar protein sequence but ORF27 showed a not compelte sequence.

On the BAC clone MC-20 only intronless Mal d 1-like sequences with the conserved full-
lenght of 480 nt were found. In particular, ORF43 showed high homology with the
isoallergen Mal d 1.0701 (AY822717) but with 5 non-synonimous SNPs causing an amino
acid substitution in position 71 (lysine — arginine). This BAC sequence of Florina can thus
be classified as a new Mal d 1.07 variant (variant 03). ORF44 resulted identical to the
isoallergen Mal d 1.0903 (AY822721) and, finally, ORF46 was identical to the isoallergen
Mal d 1.0801 (AY822719).

Looking at the allelic composition of the Mal d 1 genes on MC-12 and at the
haplotypes of Jonathan (Gao et al., 2008) it is possible to assume that this haplotype comes
from Florina’s mother Jonathan. As regards MC-20, no hypothesis can be done since this
clone contains anly intron-less Mal d 1 genes and no information are available on the alleles
of Jonathan for this genes.

Genomic organization of Mal d 1 genes on LG16

The genomic organization of the Mal d 1 gene cluster of isoallergens on LG16 was
investigated by the availability of the two BAC clones sequences. First of all, it should be
noted that all the four intronless isoallergens are on the clone MC-20 and located in a region
of just around 30 kb. The seven isoallergens on MC-12 are spread in a region of about 75
kb. The average distance among isoallergens is ranging from 10 to 15 kb. Two exceptions
are the distance between Mal d 1.11 and Mal d 1.06B (~5 kb) and between Mal d 1.07 and
Mal d 1.09 that are the two closest isoallergens in this cluster (~2 kb). Furthermore, in both
clones all the isoallergens are in the same direction inside the clone (headed in direction
Sp6-end) except Mal d 1.06A on MC-12 and Mal d 1.03G on MC-20 that are in the opposite
direction (Figure 4). These results might be useful to better understand the further gene
expression data since it is reported that the intergenic regions and the gene orientation can
influence gene expression levels. For instance, in Arabidopsis it was demonstred that a
small intergenic region is able to drive tissue-specific expression of two adjacent genes
(Bondino and Valle, 2009).
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Table 7 Predicted Mal d 1-like ORFs on MC-12 analyzed with BALSTN software.

Mal d 1 genes features on BAC clone

BLASTN results

Full- - SNPs -
Mal d 1 . . CDS Accession - A SNPs in
ORF gene/allele Direction Ie(r:lg:)ht (nt) Intron/Exon number Description CISS intron E-value
ORF4 | Mald 1.06A.02 1 602 4g0 | Exon E;f:;”',"g’g” 22| Av827697 | Malus x domestica clone 220903810 Mal d 1.06A02 (Mal d 1.06A) gene | 1 0 0.00
Exon 1:184; Intron:475; . . not
ORF8 Mal d 1.10° i 961 486 Exon I 302 AY428588 Malus x domestica clone Tm Mal d 1-like mRNA 0 available 1,00E-156
ORF11 | Mald 1.02.01 ! 651 4g0 | Exon Elf:;”',";g’g:”“ AY827654 |  Malus x domestica clone 250803810 Mal d 1.0201 (Mal d 1.02) gene 1 0 0.00
ORF15 | Mald1.122 1 861 486 | BXON E;g:?”',"gg;:375? AY822733 | Malus x domestica clone 231103G3 Mal d 1.03G01 (Mal d 1.03G) gene | - . 3,00E-25
Exon 1:184; Intron:208; . . not
ORF18 Mal d 1.112 i 702 495 Exon II: 310 AY428589 Malus x domestica clone 1n Mal d 1-like mRNA 0 available 4,00E-160
ORF21 | Mald 1.06B.02 ! 633 4g0 | Exon Elg‘;?llf‘;g%””ss? AY827712 | Malus x domestica clone 220903F10 Mal d 1.06B02 (Mal d 1.06B) gene | 0 0 0.00
ORF23 | Mald 1ps2.03 ! 283 - with S‘t‘r’gn‘é‘;?:gs and | Avgo7730 Malus x domestica clone 220903A7 Mal d 1ps2 pseudogene 19 - 2,00E-113
ORF26 | Mald 1.06C.02 ! 608 4g0 | Exon 'E:lg‘;?llf‘?f;%”” 28; | Av827725 | Malus x domestica clone 231103F11 Mal d 1.06C02 (Mal d 1.06C) gene | 1 0 0.00
ORF27 Mal d 1ps2.04 l 470 - with stop codons AY827730 Malus x domestica clone 220903A7 Mal d 1ps2 pseudogene 5 - 0.00
2Allergen gene names proposed following the official allergen nomenclature
Table 8 Predicted ORFs on MC-20 analyzed with BALSTN software.
Mal d 1 genes features on BAC clone BLASTN results
. SNPs
ORF Mal d 1 gene/allele | Direction | Full-lenght (nt) Intron/Exon Accession Description in E-value
number CDS
ORF42 Mal d 1.03G02 T 480 Intronless AY822733 Malus x domestica clone 231103G3 Mal d 1.03G01 (Mal d 1.03G) gene 5 0.00
ORF43 Mal d 1.0703 l 480 Intronless AY822717 Malus x domestica clone 231103B3 Mal d 1.0701 (Mal d 1.07) gene 5 0.00
ORF44 Mal d 1.0903 l 480 Intronless AY822721 Malus x domestica clone 231103C1 Mal d 1.0903 (Mal d 1.09) gene 0 0.00
ORF46 Mal d 1.0801 l 480 Intronless AY822719 Malus x domestica clone 231103F3 Mal d 1.0801 (Mal d 1.08) gene 0 0.00
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Comparison of genetic and physical map of the Mal d 1 cluster on LG16

Six of the ten new SSR markers (reported in Table 9) developed on BAC clone
sequences, have been mapped on LG16 of the molecular marker linkage map of Durello di
Forli x Fiesta (Figure 4A and B). The remaning 4 SSRs were not polymorphic in that cross.
The location of SSRs allowed to anchor the physical map to the genetic map and confirmed
the location of the two BAC clones to be on LG16. Since two recombinant plants were found
between ssr744aMC-12 and ssr744bMC-12, the BAC orientation of MC-12 within the LG
could be determined. The physical distance of about 30 kb between these two SSRs
corresponded to a genetical distance of £1,2 cM (Figure 4) resulting in a 25 kb/cM region.
For SSRs developed on MC-20 no recombinant individuals were found hence the
orientation of this clone is not yet defined.

Table 9 Primer pairs for SSR markers developed on MC-12 and MC-20.

BAC Segregation in

clone Primer name Primer sequence (5'-3') Position (nt)! Ta( °C) DuXFi opulation?
MC-12SSR384For CCTAAATCCTCCCTCCCCAAAAC 10.083-10.248 60 No
MC-12SSR384Rev AGATCGGACGTTGGTGTAGG
MC-12SSRC744AFor TCAACATCCAAATCCCACAA 49.406-49.612 57 Yes
MC-12SSRC744ARev GGTGTTCTTTGAGCCTCCTG

MC-12  MC-12SSRC744BFor CCAAATCCACCCCTAGTTTG 78.021-78.418 57 Yes
MC-12SSRC744BRev CATACGTTCTCCCACCGACT
MC-12SSRC744CFor CCTGACACAACCCGATAACC 102.343-102.529 60 No
MC-12SSRC744CRev TCCAATGGTCACCAATTTTT
MC-12SSR316For CCGTGATTCTTTTGGGGATA 115.950-116.110 60 Yes
MC-12SSR316Rev CATTACAACGAGGAGCAGCA
MC-20SSRC1aFor TTTGCAAAGGATGGATTGACT 5.841-6.048 60 Yes
MC-20SSRC1aRev GCAATGGCGTTCTAGGATTC
MC-20SSRC1For AATCGGAGTTGAATCGGTTG 14.888-15.154 60 No
MC-20SSRC1Rev CaGTTGTGAGCTTCGAAGAATG

MC-20 MC-20SSRC3For AGGGTGAGGATTGGATGTTG 40.986-41.169 60 No
MC-20SSRC3Rev TCGTTCTCGGGATAGGTGTC
MC-20SSRC2For AATCCATGTTGGGAGACAGG 114.473-114.671 60 Yes
MC-20SSRC2Rev TGTGGTCGACGATGATCCTA
MC-20SSRC4For GTGCGACTGTTTCTGTGTGC 197.180-127.365 60 Yes
MC-20SSRC4Rev TCATTCAAAGACGGCAACAA

Positions count from the T7-End of Florina BAC clones sequences

2All the SSR resulted polymorphic in Durello di Forli

Combining the whole physical map obtained with the BAC sequences and the genetic map
obtained with SSR markers of the Mal d 1 cluster on LG16, the genetic distance of around 2
cM corresponds to a physical region of at least 260 kb (Figure 4). Comparing the order of
Mal d 1 genes in the previous map of LG16 (Gao et al., 2005) and the physical order of the
isoallergens reported here, there is an overall agreement but also three discrepancies were
found (Figure 1 for the genetic map and 4 for the physical map). Firstly, on the genetic map,
Mal d 1.09 was located above the SSR marker CH05a04 and at 1.5 cM from Mal d 1.07 and
Mal d 1.08 but, in the physical map it is located between Mal d 1.07 and Mal d 1.08.
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Moreover, in the BAC sequences the marker CH05a04 was not found. Secondly, Mal d 1.02
was mapped 0,4 cM from Mal d 1.06A, Mal d 1.06B and Mal d 1.06C but but on the physical
map Mal d 1.02 is located between Mal d 1.06A and Mal d 1.06B. Thirdly, on the genetic
map Mal d 1.04 co-localized with Mal d 1.02, Mal d 1.07 and Mal d 1.08 whereas on the
physical map Mal d 1.04 could not be traced despite the presence of Mal d 1.02, -1.07 and
-1.08. One possible explanation for this absence could be the fact that the two clones do not
overlap each other and so Mal d 1.04 can be located in the unsequenced region between
MC-12 and MC-20. These results confirm that the fine positioning in a molecular marker
linkage map of highly homologous members of a gene family is very cumbersome.

Analysis of upstream regions of Mal d 1 genes

Many findings suggest that a complex network of regulating elements contributs to
modulate PR-10 gene expression (Liu and Ekramoddoullah, 2006). Walther et al. (2005), by
analyzing Arabidopsis expression datasets, hypothesized that genes differentially expressed
in response to several different stimuli, as is known for PR protein genes, should contain a
greater number of distinct transcription factors (TFs) binding sites (or cis-elements) in their
upstream regions than genes that respond to relatively few stimuli. The analysis of upstream
regions of each Mal d 1 isoallergens of the BAC sequences seems to confirm this
hypothesis because several putative motifs have been found in all promoter fragments. In
particular, some cis-elements related to responses to biotic and abiotic stress were retrieved
in all the promoter regions, such as i) GATA-boxes, which are a short (GATA) repeat known
to be conserved among several light-responsive promoters (Reyes et a., 2004), i) TGAC-
containing W-boxes, which are specifically recognized by salicylic acid (SA)-induced WRKY
DNA binding proteins and are known to be responsible for responses to fungal elicitors (Yu
et al,, 2001), iii) GT-1 elemets (GGTAAA) which are consensus binding sites in many light-
regulated genes (Terzaghi and Cashmore, 1995). Additionally, other motifs were found in all
the promotor regions but one like iv) the characteristic motif of the Sequences Over-
Represented in Light-Induced Promoter (SORLIP, Hudson and Quail, 2003), which was only
absent with Mal d 1.11, v) the ERD-elemnet (ACGT), a cis-elemet involved in dehydration
stress responce and dark-induced senescence (Simpson et al. 2003) which lacks only with
Mal d 1.10, vi) a low temperature responsive element (LTRE, ACCGACA, Maestrini et al.,
2009) lacked only with Mal d 1.02. Finally, An ARF (auxin response factor) element, that is a
binding site fin the promoters of primary/early auxin response genes of Arabidopsis thaliana
(GAGACA, Guilfoyle and Hagen, 2007), was found only in the promoter of Mal d 1.10.
Although it remains a challenge to distinguish potential cis-elements that serve as genuine
TF binding sites from genomic background noise, the combining differential gene
expression patterns with the analysis of cis-elements in the Mal d 1 promoters will undoubtly
contribute to elucidating the regulating mechanisms of Mal d 1 genes. This part will be
addressed more in detail in Chapter 3 and 4.
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Deduced amino acid sequences

The alignment of Mal d 1 deduced amino acid sequences (one sequence for
isoallergen) is reported in Figure 5. The most conserved part in the sequences of PR-10
proteins is a glycine-rich loop (P-loop motif GXGGXGXXK) (Spangfort et al. 1997) that is
frequently found in nucleotide-binding proteins (Radauer et al.,, 2008). In fact, the
threedimensional structure of Bet v 1, investigated by X-ray crystallography and magnetic
resonance spectroscopy (Gajhede et al., 1996), revealed that the P-loop is involved in the
formation of a large cavity in the protein. The alignment shows that this region is quite
conserved as only just few substitutions appeared in this domain among Mal d 1 proteins: a
lysine replaced by a glutamine in Mal d 1.08 and by a methionine in Mal d 1.09. Also the
third glycine is replaced with a glutamic acid in Mal d 1.11 and with a arginine in Mal d 1.12.
Moreover, the alignment showed some gaps among the sequences, for instance the gap of
three amino acids between Mal d 1.11 and the majority of the other isoallergens. The
division into subfamilies based on nucleotide sequences was also reflected at the proteomic
level, as it is clear looking at the phylogram tree (Figure 6). Interestingly, Mal d 1.10 entered
in the same group of subfamily Il but Mal d 1.11 and Mal d 1.12 formed a new group wich
we define here as subfamily V.

Regarding the characteristics that confers the ability to induce allergic responses in
susceptible individuals, is still missing complete understanding. A high sequence similarity
among proteins increases the chance of shared epitopes, whereas a single amino acid
change may drastically influence the extent of allergenicity. Wagner et al. (2008) showed
that few amino acid changes between three Bet v 1 isoforms were located on the surface of
the proteins causing a difference in the IgE induction. Bet v1.0401 and Bet v 1.1001 do not
induce IgE synthesis while Bet v 1.0101 can induce IgE that only partly cross-reacts with the
2 other isoforms. Bet v 1.01 and Bet v 1.04 were included in the Mal d 1 alignment (Figure
4). For instance, in position 8 the isoforms Bet v 1.01 presented a “T” like Mal d 1.04, -1.05,
-1.06A/B/C and -1.10, while only the hypoallergenic variant Bet v 1.04 presented an “I”. In
position 57 the Bet v 1.01 has a “S” and the hypoallergenic variant Bet v 1.04 had a N. Also
the apple isoforms Mal d 1.03A/B/C/D/E/F/G, Mal d 1.07 and Mal d 1.11 presented a N in
that position. Moreover, in a previous crystallographic study of Bet v 1-antibodiy complex
(Ghosh and Bhattacharya, 2007) it was found that the relevant antigenic surface for these
class of allergens consist of 16 residues, a continous stretch (E4-Tsp) along with a few
others (R7o, D72, H7s and Kg7). In particular, it is known that E4s residue is located centrally in
the binding pocket of Bet v 1a and fits well into the groove on the antibody sufrace. As it is
reported in Figure 5, the residue in position 45 is conserved both in apple and birch among
all the amino acid sequences reported, but Mal d 1.11.
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P-loop
E45 ~ GXGGXGXXK
Maldl.04 (DR995752) MGVFTYETEFTSVIPAPRLFKAFILDGDNLIPKIAPQAIKSTEIIH;DGGVGTIEKVTFG 60
Maldl.05 (AAX18295) MGVFTYETEFSSATIPAPRLFKAFILDGDNLIPKIAPQAIKSTEIYEGDGGVGTIKKITEG 60
Maldl.1l0-BAC MGVFTYETEFISVIPPPRLFKAFILDADNLIPKLAPQAVKGIEIJEGNGGVGTIKKVIFG 60
Maldl.06B-BAC MGVLTYETEYASIIPPARLYNALVLDADNLIPKIAPQAVKIVEIEGDGGVGTIKKVSEG 60
Maldl.06C-BAC MGVLTYETEYASVIPPARLYNALVLDADNLIPKIAPQAVKTVEIEGDGGVGTIKKVSEG 60
Maldl.06A-BAC MGVLTYETEYASVIPPARLYNALVLDADNLIPKIAPQAVKIVEIEGDGGVGTIKKVSEG 60
Maldl.03E(AY789270) MGVFTYESEFTSIIPPARLFNAFVLDADNLIPKIAPQAVKSAEIIEGDGGVGTIKKINEFG 60
Maldl.03F (AY789271) MGVFTYESEFTSVIPPARLFNAFVLDADNLIPKIAPQAVKSAEIEGDGGVGTIKKINEG 60
Maldl.03D(AY789267) MGVEFTYESEFTSVIPPARLFNAFVLDADNLIPKIAPQAVKSAEIIEGDGGVGTIKKINEFG 60
Maldl.03A(AY789263) MGVFTYESEFTSVIPPARLFNAFVLDADNLIPKIAPQAVKSAEIEGDGGVGTIKKINEG 60
Maldl.03B(AY789264) MGVFTYESEFTSVIPPARLFNAFVLDADNLIPKIAPQAVKSAEIEGDGGVGTIKKINEG 60
Maldl.07-BAC MGVFTYEFEFTSVIPPARLYNAFVLDADNLIPKIAPQAVKSTEIEGDGGVGTIKKINEG 60
Maldl.03G-BAC MGVFTYESEFTSVIPPARLYNAFVLDADNLIPKIAPQAVKSTEIEGDGGVGTIKKINEG 60
Maldl.03C(AY789266) MGVFTYESEFTSVIPPARLYNAFVLDADNLIPKIAPQAVKSTEIEGDGGVGTIKKINEG 60
Maldl.09-BAC MGVFTYESESTSVIPPARLFNATALDGDKLIAKLAPQAVKSVEIIEGDGGAGTIMKISEG 60
Maldl.08-BAC MGVFTYESETTSVIPPARLFNATALDGDELIAKLAPQAVKSIEIEGDGGVGTVQKIIFG 60
Maldl.02-BAC MGVYTFENEYTSEIPPPRLFKAFVLDADNLIPKIAPQATIKHAEIEGDGGPGTIKKITEG 60
Maldl.01(AY026910) MGVCTFENEFTSEIPPSRLFKAFVLDADNLIPKIAPQAIKQAEIEGNGGPGTIKKITFG 60
BETV1.0401(P43177) MGVFNY TTSVIPAARLFKAFILDGDN KVAPQAISSVENIE ENGGPGTIKKINFP 60
BETV1.0101(P15494) MGVFENYHT TTSVIPAARLFKAFILDGDNIF'KVAPQAISSVENIEENGGPGTIKK\! P 60
Maldl.12-BAC MGVFTRTDEYTSPIPPDRLFKALVLDAHILIPELMPEAVKSIDTLQ:DGRAGSIKKINFA 60
Maldl.11-BAC MGVTKISQKFVTQVTPQRMFNALILDAHNICPKLMFSSIKSIEF(S SGEVGTIKQINFT 60
H Kook xR HE O I
7 lgs log
Maldl.04 (DR995752) QRVNGIDKDNFTYSYSMIEGD---TLSDKLEHIYETKLIASPDGGSIIK 116
Maldl.05(AAX18295) HKVDGIDKHNFTYSYSMIEGD---ALSDKIE{IRYETKLTASPDGGSIIK 116
Maldl.10-BAC HRIDGIDKDNFVYSYTII:GDG——LLSDKIE?"YETKLVASPDGGSIVK 117
Maldl.06B-BAC HKVEGIDKDNFVYSYSHIEGD---AISDKIEHIBYEIKLVAS-GSGSIIK 115
Maldl.06C-BAC HKVEGIDKDNFVYSYSHIEGD---AISDKIQHIBYEIKLVAS-GSGSIIK 115
Maldl.06A-BAC HKVEGIDKDNFDYSYSHIEGD---AISDKIEHIBYEIKLVAS-GSGSIIK 115
Maldl.03E(AY789270) HRIDGVDKDNFVYKYSYIEGD---AISETIEJIBYETKLVAS-GSGSVIK 115
Maldl.03F (AY789271) HRIDGVDKDNFVYKYSYIEGD---AISETIEJIBYETKLVAS-GSGSVIK 115
Maldl.03D(AY789267) HRIDGVDKDNFVYKYSYIEGD---AISETIEJIBYETKLVAA-SSGSVIK 115
Maldl.03A(AY789263) HRIDGVDKENFVYKYSYIEGD---AISETIEJIBYETKLVAS-GSGSVIK 115
Maldl.03B(AY789264) HRIDGVDKENFVYKYSYIEGD---AISETIEJIBYETKLVAS-GSGSVIK 115
Maldl.07-BAC HRIDGVDKDNFVYQYSYIEGD---AISETIEJIBYETKLVAS-GSGSVIK 115
Maldl.03G-BAC HRIDGLDKDNFVYKYSYIEGD---AISETIEJIBYETKLVAS-DSGSIIK 115
Maldl.03C(AY789266) HRIDGVDKDNFVYKYSYIEGD---AISETIEJILYETKLVAS-GSGCIIK 115
Maldl.09-BAC KRIDAIDKENFVYKYSMIEGD---AISETIEHJIFYETMLVAS—-SNGSIIK 115
Maldl.08-BAC KRIDVIDKDNFVYKYSMIEGD---AISETIEJIBYETTLVAS-GSGSIIK 115
Maldl.02-BAC HKIDSVDEANYSYAYTIIZGD———ALTDTIEéa.YETKLVAS—GSGSIIK 115
Maldl.01(AY026910) HRIDSIDEASYSYSYTHIEGD--—-ALTDTIEHIBYETKLVAC-GSGSTIK 115
BETV1.0401(P43177) DRVDEVDHTNFKYNYS\/L"GG——— F'VEDTLEHI NEIKIVATPDG K 116
BETV1.0101(P15494) DRVDEVDHTNFKYNYSVLAGG——— DTLEHIENEIKIVATPDGGSILK 116
Maldl.12-BAC INRVDEVDEENFVYAYT‘M GEP--LVVEKLEYI[YKAKFEAASDGGSKNR 117
Maldl.11-BAC KHRIDALDKEALSCTYTEIASDATDHLLDKLE IfYDVKFEGYGRGGCICH 120
.*:*:** *:.?*. L
Maldl.04 (DR995752) TTSHYHAKGDVEIKEEHVKAGKEKASGLFKLLEAYLVANPDAYN 160
Maldl.05 (AAX18295) TTSHCHTKGGVEIKEEHVKAGKEKASGLFKLLETYLVANPNAYN 160
Maldl.10-BAC STSHYHAKGDVEIKEEQVKAGKEQASGLFKLVESYLLANPDAYN 161
Maldl.06B-BAC NISHYHTKGDFEIKEEHVKAGKERAHGLFKLIENYLVANPDAYN 159
Maldl.06C-BAC NISHYHTKGDVEIKEENVKAGKERAHGLFKLIENHLVANPDAYN 159
Maldl.06A-BAC NTSHYHTKGDVEIKEEHVKAGKDKAHGLFKLIENYLVANPDAYN 159
Maldl.03E(AY789270) STSHYHTKGDVEIKEEHVKAGKEKASHLFKLIENYLLENQDAYN 159
Maldl.03F (AY789271) STSHYHTKGDVEIKEEHVKAGKEKASHLFKLIENYLLEHQDAYN 159
Maldl.03D(AY789267) STSHYHTKGDVEIKEEHVKAGKEKASHLFKLIENYLLEHQDAYN 159
Maldl.03A(AY789263) STSHYHTKSDVEIKEEHVKAGKEKASHLFKLIENYLLEHKDAYN 159
Maldl.03B(AY789264) STSHYHTKGDVEIKEEHVKAGKEKASHLFKLIENYLLEHQDAYN 159
Maldl.07-BAC SISHYHTKGDVEIKEEHVKAGKEKASHLFKLIENYLLEHHDAYN 159
Maldl.03G-BAC STSHYYTKGDVEIKEEQVKAGKEKASHLFKLIENYLLEHQDAYN 159
Maldl.03C(AY789266) STSHYHTKGDVEIKEEHVKAGKEKASHLFKLIENYLLEHQDAYN 159
Maldl.09-BAC RTCHYHTKGDVEIKEEHLKAGKEKASHLLKLVENYLLEHQDAYN 159
Maldl.08-BAC RTCHYHTKGDVEINEEHLKASKEKSSHLLKLVENYLLEHQDAYN 159
Maldl.02-BAC SISHYHTKGDVEIKEEHVKAGKEKAHGLFKLIESYLKGHPDAYN 159
Maldl.01(AY026910) SISHYHTKGNIEIKEEHVKVGKEKAHGLFKLIESYLKDHPDAYN 159
BETV1.0401(P43177) ISNKYHT EVKAEQVKASKEMGETLLRAVESYLLAHSDAYN 160
BETV1.0101(P15494) ISNKYHT EVKAEQVKASKEMGETLLRAVESYLLAHSDAYN 160
Maldl.12-BAC LVSNYYTKGDIVLKEEEIKAGREKALGMYRVVETYLLQONPDAYA 161
Maldl.11-BAC LTSTYKAKDDIQIKEEDIELGKDRAIGMYEVLEAYLMAHPRAYV 164

ek ek

* %

Figure 5: Alignment of predicted amino acid sequences of Mal d 1 isoforms. For the isoforms retrieved from the
database the accession number is reported. The isoforms derived from the BAC library sequences are indicated
with —-BAC. Also two Bet v 1 isoforms were included: Bet v 1.01 and Bet v 1.04 that is considered an hypoallergenic
variant Hydrophobic residues crucial for the binding activity are indicated big black boxes. Important amino acid
substitutions among Mal d 1 sequences are indicated with red cirles; susbtitutions between Bet v 1 sequences are
indicated with small black boxes and impornat sequences and amino acid putatively important for the IgE
recognition are indicated with arrows.
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In this isoallergen the E4s . S4s substitution is reported. In the work of Spangfort et al. (2003)
they performed the same artificial mutation (E4s_, S4s) on Bet v 1 and no effect on either local
or global conformation of the protein was reported but a substantially reduced capacity to
bind human IgE was found. These results combined with the substitution in position 57
reported above, let suppose that Mal d 1.11 may be an hypoallergenic isoforms. Proteomic
experiments are needed to confirm this hypothesis. Moreover, in a recent work by Zaborsky
et al. (2010) crystallographic studies and dynamic light scattering revealed that Bet v 1.04
demonstrated a high tendency to form aggregates due to a serine to cysteine exchange at
residue 113. These aggregation of Bet v 1.04 triggers the establishment of a protective IgE
titer and supports the use of Bet v 1.04 as a promising candidate for specific immunotherapy
of birch pollen allergy. According to the similarity among Mal d 1 and Bet v 1 at the
nucleotidic and amino acidic levels, it is likely also an oligomerization at least for some Mal d
1 proteins with the consequent infulence in their ability to provoke the allergic reaction but
any date is available for apple.

As regard the biological function, in the Bet v 1 structure some hydrophobic
residues were identified as crucial for this binding activity such as Ve, lgs, and lgg (Ghosh
and Bhattacharya, 2007). These amino acid show to be conserved in both allergenic and
non-allergenic members of the Bet v 1 family suggesting a similar biological function for
them. On the contrary, some substitutions were found in these positions for Mal d 1
isoforms: Mal d 1.11 for the position 67 (Ve;_, As7), Mal d 1.12 for the position 85 (lgs_, Vgs)
and Mal d 1.02 and Mal d 1.10 for the posistion 98 (lgg_, Vgs).

Mald1.06ABAC
4[':an01063

MALd1.06CBAC

MALD1.10BAC @

DR995752Mald 104 ‘ Subtamily II
ALX18205Mald 105

Subfamily IlI

MALD1.12BAC < )
MALA1.11BAC e | Subfamily V

Betv1

— P43177BETV10401
L P15494BETV10101

‘ Subfamily |

MALD1.02BAC
AYD26910Mald 101
MALD1.09BAC

—L MALD1.08BAC
MALD1.03GBAC

AY780266Mald103C

MALD1.07BAC )

- Av789263Mald 1034 Subtamily IV
AY780264Mald103B

| AY780267Mald103D

L AY789270Mald103E

AY78027 1Mald103F

Figure 6: Phylogram tree derived from the alignment reported in Figure 5. The gray arrows indicated the new
isoforms for LG16.

Other genes in the cluster

Three ORFs similar to known genes but not beloning the Mal d 1 gene family were
found on MC-20. ORF49 is highly homologous to an HEAT repeat-containing protein. The
HEAT domain is a tandemly repeated element occurring in a number of cytoplasmic
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proteins, including elongation factor 3 (EF3), the 65 Kd alpha regulatory subunit of protein
phosphatase 2A (PP2A) and the yeast PI3-kinase TOR1 (Ma and Bork, 1995). Arrays of
HEAT repeats consists of 3 to 36 units forming a rod-like helical structure and appear to
function as protein-protein interaction surfaces. It has been noted that many HEAT repeat-
containing proteins are involved in intracellular transport processes. This could be correlated
with the role of binding and transporter of plant hormones proposed for Mal d 1 proteins
(Fernandes et al., 2008) and their close position in the genome might be due to the need of
a coordinated regulation of these genes.

ORF50 is homologous to a multi-domain protein consisting of a sensor histidine kinase and
a response regulator, acting in response to environmental changes. In this two-component
system the signal is transduced from histidine kinase to response regulator through
phosphoryl transfer, which is a quite well know cell signaling mechanism (Yamada and
Shiro, 2008). Mal d 1 proteins, as hormones transporter (i.e. cytokinins, brassinosteroids)
are considered also important in signal transduction during the response to biotic and abiotic
stresses (Zubini et al., 2009) and so their role could be related to the flanking multi-domain
protein.

The last protein (ORF52) resulted similar to a COBRA protein that has been identified
previously as a potential regulator of cellulose biogenesis. Cellulose microfibrils are the
primary anisotropic material in the cell wall and thus are likely to be the main determinant of
the orientation of cell expansion. Hence, this protein is important for the cell since the
orientation of cell expansion is a process at the heart of plant morphogenesis (Wasteneys
and Fujita, 2006). It is known that Mal d 1 can bind hydrophobic ligands like as the
components of cellulose (Koistinen et al., 2005) so it is not possible to exclude an action of
the COBRA protein on the regulation and/or the function of Mal d 1 proteins.

Furthermore, in the ORFs identified as hypothetical proteins (See Table 5 and 6)
some conserved domain were found with BLASP. On MC-12, ORF31 is highly homologous
to an hypothetical protein of Vitis vinifera with an Heavy-Metal-Associated (HMA) domain
that is a conserved domain of approximately 30 amino acid residues found in a number of
proteins that transport or detoxify heavy metals, as the CPx-type heavy metal ATPases or
copper chaperones (Zhou et al. 2009). Many metal-responsive transcriptional regulators
have been described and the proteins containing this domain are quikly induced after
different kinds of stress as cold and drought or during leaf senescence (Barth et al., 2004).
ORF32 is highly similar to an hypothetical protein of Vitis vinifera. It contains two conserved
domains: a domain of for? the glycosyl hydrolase of family 28 and a WD-40 domain. WD-40
domain is a conserved domain found in a number of eukaryotic proteins that cover a wide
variety of functions including adaptor/regulatory modules in signal transduction, pre-mRNA
processing and cytoskeleton assembly (Stacey et al., 1999). Considering that the HEAT
repeat-containing protein is important in the protein-protein interaction and that histidine
kinase, a response regulator, HMA domain and WD-40 domain are directly related to the

signal transduction pathway, the presence of these other genes close to the Mal d 1 cluster
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let suppose an important role for all this genomic region during the response of the plant to
external and internal stimuli. Further functional sudies are needed to confirm this
hypothesis.

Finally, a large accumulation of retrotransposons and retrotransposon-like elements
was observed in this region (Eickbush et al., 2008). In particular they were 10 of 26 ORFs
with a certain similarity with known proteins (for MC-12 the ORF1, -3, -9, -14, -24, -29, -30
and for MC-20 the ORF33, -35, -41), like as reverse transcriptase (RNA-dependent DNA
polymerase), putative NTP binding site, RNase H, RNA/DNA hybrid binding site, integrase
core domain, CHRromatian Organization MOdifier domain (CHROMO domain) and
retrotransposon gag proteins (Tables 5 and 6). Other three ORFs sowed similarity to
hypothetical proteins of Vitis vinifera but with conserved domain related to retrotrasposons
(for MC-12 the ORF24 with a conserved integrase core domain and a reverse transcriptase
domain; for MC-20 the ORF36 with a conserved Plant Mobile domain and the ORF40 with
another reverse transcriptase domain). Retrotransposons, the most common class of
transposable elements, represent a major fraction of the repetitive DNA of most eukaryotes
and it is known that retrotransposon rearrangments play an important role in the plasticity of
eukaryotic genomes. In fact, the presence of many retrotransposon elements could also be
an indication of the evolution of Mal d 1 gene family. It should be noted that apple belongs to
the Maloideae family and, as all the Maloideae members, it is considered to be of polyploid
origin. Therefore, it is possible to assume that the exposion of the family occurred during
this polyploidization of the apple genome because it is known that this process can activate
retrotransposons with consequent genes duplication (Madlung et al., 2005). The similar
location of Mal d 1 clusters on of two homeologous LG (13 e 16) enforces this hypothesis.
Moreover, other gene clusters have been detected in apple as O-Methyltransferase genes
(Han et al., 2007) or F-Box genes (Sassa et al., 2007), and the expansion of these loci has
also been partly attributed to the activity of retrotransposons.

For what concern the presence of many homologous genes in the genome, it is
thought that the pressure to conserve protein sequences and structures is associated with
an increase in copy humber of certain genes during evolution. This could be the case of Mal
d 1 genes because the duplication rates of ths genes may be partly explained by pathogen-
mediated-selection, considering that the most rapidly evolving families were associated with
pathogen defense (Wagner et al., 2008). Also recent analysis of the complete eukaryotic
Arabidopsis genome sequence provided evidences that the gene decay rates of
homologous genes is biological function-dependant. In particular, Maere et al. (2005) found
that the gene copies encoding regulatory proteins (transcription factors, proteins with kinase
activity or binding activity) and signal transduction proteins, tend to retain when generated
by polyploidization. This finding supports both the hypothesis regarding the formation of Mal
d 1 family during the apple genome polyploidation and the hypothesis that many copies of
Mal d 1 genes were maintained during evolution due to their role in signal transduction.
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Finally, it has been reported that the retrotransposon-rich region of a chromosome
may reflect its centromeric location (Ma et al., 2007) so the retrotransposons abundance
found here let suppose a centromeric position in the chromosome for Mal d 1 cluster. On the
contrary, the finding of large stretches of DNA related to a single cM for this region make not
realistic the hypothesis its centromeric location. Other specific analysis are needed to
resolve this question.
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Conclusions

In this work, the study of the Mal d 1 gene family has been effectively addressed by
the retrieval and sequencing of two BAC clones containing the cluster of Mal d 1 allergen
genes on the LG16 of the apple genome. This approach, based on the analysis of large
contiguos blocks of DNA sequences, revealed to be suitable to study genes with a cluster
organization and many findings regarding the number, gene orientation, physical distances
and full-length sequences were obtained. Also the anchoring of the physical and the genetic
map of the region has been successfully achieved. New Mal d 1 nucleotidic sequences have
been found on LG16 suggesting that other isoforms may be present in the apple genome
and that the complexity of the genetic base of resistance and allergenicity will increase. It is
likely that, through further study on the homeologous LG13, other new Mal d 1 genes will
find out. Therefore, the knowledge about the gene family composition and the physical
positioning of homologous members within the family will be crucial for further association
studies, as QTL mapping studies. New lights has been thrown also on the Mal d 1 gene
cluster organization and evolution. In fact, in this work emerged the hypothesis that the
duplication of Mal d 1 members could have occurred during the polyploidation of the apple
genome, as the presence of many retrotransposons elements in the cluster. Why the
retention of many homeologous copies during evolution occurred is not clear yet. The
evolution of new functions or the distribution of exsisting ones among isollergens may be a
possible explanation, together with a selection-driven preservation of all the copies. For Mal
d 1 genes, in particular, a pathogen-mediated selection can be involved in the evolution of
this gene family. Understanding the functions of each isoallergen and their peculiar mode of
action (expression profile, activity, regulation) in the plant and in response to different biotic
and abiotic stimuli will be the challenge of further studies.
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Introduction

Results of the whole-genome and EST sequencing projects clearly pointed out that
in plants genomes many genes exist in multiple copies as members of multi-gene families.
A variety of parameters could be used to define gene families but those most commonly
accepted are the degree of primary sequence identity and shared functional motifs or
domains (Wu et al., 2003). This extensive gene redundancy seems to have arisen from
genome polyploidization and it has been particulary significant in the evolutionary history of
flowering plants (Vision et al., 2000). In the Arabidopsis genome, for example, an high
percentage of annotated genes (65%) is belonging to gene families (Wortman et al., 2003).

An important characteristic of plant food allergens is their being part of gene families
(Shewry et al, 2002). Bet v 1 is the major birch pollen allergen family encoding for
pathogenesis-related proteins 10 (van Loon et al., 2006) and allergens belonging to the Bet
v 1-like gene family are the most abundant and widely spread in plants. This family, together
with the profilin family, accounts for more than 65% of all food allergens (Hoffmann-
Sommergruber and Mills, 2009). In the apple genome, the Bet v 1-like allergens are
grouped in the Mal d 1 family (Breiteneder and Radauer, 2004).

The genomic organization of Mal d 1 gene family was firstly examined by Gao et al.
(2005) through the identification and mapping of genomic sequences. A total of 18 Mal d 1
genes (from Mal d 1.01 to Mal d 1.09) were identified, sixteen of which are organized in a
duplicated cluster located on the two homeologous linkage groups (LGs) 13 and 16. In
Chapter 1, the genomic organization of the Mal d 1 gene cluster on LG 16 has been further
investigated by obtaining most of the sequence of this genomic region and its anchoring to a
genetic map. New findings regarding number, gene orientation, physical distances and full-
lenght sequences were obtained. Most notably, the three previously known but unmapped
isoallergens Mal d 1m, Mal d 1n and Mal d 1.03G (Beuning et al., 2004; Gao et al., 2005),
were mapped on LG16. Moreover, an isoallergen never described before was found for this
cluster. According to the official allergen nomenclature (King et al., 1995), the isoallergen
genes Mal d 1m, Mal d 1n and the new isoallergen have been named Mal d 1.10, Mal d 1.11
and Mal d 1.12, respectively (Chapter 1). Twenty Mal d 1 loci able to code for complete
proteins were identified up to now and they share an high sequence homology, both at
nucleotidic (from 54 to 98%) and proteomic (from 45 to 100%) level. An high similarity
between Mal d 1 and Bet v 1 sequences was already reported (between 56% and 68% of
amino acid similarity, Bohle, 2007) and this similarity is considered as the base of the IgE-
mediated cross-reactivity between birch and apple: after primary sensitization to the pollen
allergen Bet v 1, the majority of birch allergic patients tend to develop allergic symptoms
also after the ingestion of the Mal d 1 proteins present in apple (Yagami, 2002). Today, up
to 70% of birch-pollen-sensitized patients suffer from an oral allergy syndrome after eating
apples (Fernandez-Rivas, 2003).
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Differences in allergenicity among apple cultivars were reported by many authors (Vieths et
al., 1994; Son et al., 1999; Bolhaar et al, 2006; Kootstra et al., 2007). This finding proved
the importance of genetic factors in the determination of apple allergenicity and raised
questions on its genetic base. Nowadays, there is the hypothesis that the qualitative
characteristics of the different proteins belonging to the Mal d 1 family can contribute,
thogether with the other Mal d apple allergens, in the determination of the allergy degree, as
can be argued from the differences in binding capacity of birch pollen-specific IgE to two Mal
d 1 proteins (Bolhaar et al, 2005) or from the association of particular protein variants (Mal d
1.04 and Mal d 1.06A) to apple allergenicity (Gao et al., 2008). Most notably, it has to take in
consideration that the differences in total amount of just Mal d 1 could not explain
differences in allergenicity among apple cultivars (Asero et al. 2006). In fact, the question
regarding the the impact of quantity and quality of Mal d 1 isoallergens has not yet been
solved. Some proteomic and transcriptomic expression studies on Mal d 1 are available in
literature. Some authors used anti-Mal d 1 or anti-Bet v 1 antibodies to measure the Mal d 1
total content in different apple cultivars and tissues (Marzban et al., 2005; Zuidmeer et al.,
2006; Hernd! et al., 2007) but the quantitation of Mal d 1 proteins in fruits was limited to the
detection of the total amount, without distinguish among the isoforms. Moreover, proteomic
studies of plant allergens are faced by a number of obstacles which are caused by the
nature of plant material, as a low protein content accompanied by a plethora of proteases
and interfering compounds (Oberhuber et al., 2008). Quantitative Real Time PCR (qPCR)
was also used to investigate the expression of some isoallergens (Mal d 1.01, 1.02, 1.03
and 71.04 ) in fruit of different cultivars, in different growing conditions or stage of
development (Puehringer et al., 2003; Botton et al., 2008; Pagliarani et al., 2009) but the
specificity of the primers was not always sufficient. Moreover, it has to be considered also
that the gPCR approach provides a description of the mRNA levels of regarding the precise
moment when the sample are collected but does not take into account the possible protein
accumulation in the cell. All these studies have the common result that only a limited
number of different Mal d 1 genes proteins and mRNAs were traced back in apple fruit
(Helsper et al., 2002; Puehringer et al., 2003; Beuning et al., 2004; Gao et al., 2008). This
latter issue highlight the importance of the researches on the expression of specific Mal d 1
genes to investigate the behavior of each isoallergen in different cultivars, fruit tissues or
stress conditions.

Although the Mal d 1 genomic resources available in literature and acquired in
Chapter 1 can be extremely useful in taking an informative picture of the genomic
organization of this gene family, the ‘functional’ characterization of each gene is still a
challenge. Due to the high sequence homology among individual members, a specific
technology must be employed to allow gene specific functional studies. Currently gPCR is
the most precise and quick method for measuring gene expression (Larionov et al., 2005),
expecially to distinguish among highly similar genes belonging to gene families. Therefore,
to unravel the complexity of Mal d 1 expression, a set of twenty highly specific primer pairs

51



Chapter 2

for gPCR was developed, each able to recognize and amplifiy the alleles of only one gene .
Single nucleotide polymorphisms (SNPs) were expoited to distinguish among isoallergen
genes, since they constitute the most common DNA sequence variations found in genomes
of most organism, includingthe apple (Newcomb et al., 2006). Accurate validation and
optimization were performed to ensure and document specificity. Moreover, it is known that
the gPCR method generates a large amount of raw numerical data and processing may
notably influence final results. In particular, the data processing can be based either on
standard curves or on the comparative Ct method. At the moment, the comparative Ct
method, that is based mainly on the assesment of the PCR efficiency, is preferred in relative
PCR. It permit the analysis of changes in gene expression in a given sample relative to
another reference sample (such as an untreated control sample). On the contrary, the
standard curve is often used for absolute PCR. It is based on creation of a standard curve
and then it is possible to compare unknowns to the standard curve and extrapolate a value.
In this work also an accurate analysis to choose the best method for processing the gPCR
data was performed. A preliminary gene expression analysis has also been performed for
apple fruits and leaves to investigate the tissue-specific expression of each Mal d 1
isoallergen. The development of this Mal d 1 expression tool is the base for the following
studies of specific gene expression profiling under a range of plant tissues and conditions,
as will be reported in Chapter 3 and 4.
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Materials and Methods

Mal d 1 sequences

For this study, Mal d 1 sequences were retrieved from the literature (Gao et al.,
2005; 2008), from the key-word research in the GeneBank database and from Chapter 1. All
the different sequences are listed in Appendix 2.

Alignment and primer design

Fine isoallergen coding sequences alignments was performed with the software
Lasergene® v8.0-MegAlign (DNASTAR, Inc., Madison, WI USA) looking for SNPs among
Mal d 1 sequences. For sequence alignment, all the available allelic variants indicated in
Appendix 2 were included. Firstly, regions conserved among the alleles of a gene/locus but
variable among genes/loci were identified that were. Secondly, specific primer pairs were
designed in SNPs-containing regions with the software Primer3 version 0.4.0
(http://frodo.wi.mit.edu/primer3/). To ensure high specificity and efficiency during qPCR
amplification, generally a stringent set of criteria was used for primers design (Udvardi et al.,
2008) but sometimes the choice was constrained by the SNPs position. These main criteria
included the positioning of the primers in 3’ untranslated region (3’'UTR), the primer lengths
of 18-24 nucleotides, a guanine-cytosine content of 20-80% and PCR amplicon lengths of
80-200 base pairs. Each primer pair was also tested with the software PrimerSelect® v8.0-
MegAlign for the formation of primer homo and heterodimers.

qPCR conditions and specificity validation of primer

Designed primers were first tested on gDNA of Florina for their ability to produce an
amplicon. All the PCR amplifications were performed in a 17.5 pl volume containing 50 ng of
DNA, 100 nM gene-specific primers, 1.5 mM MgCI2, 100 uM dNTPs, 0.5 Unit AmpliTaq
Gold® DNA Polymerase (Applied Biosystems, Foster City, CA, USA) and 1X reaction buffer.
The reaction included an initial 10 min denaturation at 95°C, followed by 33 PCR cycles (45
s at 60°C, 2 min at 72°C, and 30 s at 95°C), with a final extension of 7 min at 72°C. The
amplicons were visualised on an Image Station 440 CF (Kodak, Rochester, N.Y., USA) after
electrophoresis on 1.5% (w/v) agarose gels and ethidium bromide staining.

Next, their specificity was validated through four different steps: 1) using the BLAST
N against the available databases 2) checking their ability to give amplification only on the
corresponding BAC plasmid DNA, 3) checking their ability to produce a single melting curve
peak during gene expression study, and 4) sequencing of Florina gDNA amplicons and
checking the corrispondance of the retrieved sequences andthe targeted gene, and 5)
amplifying gDNA of other genotypes at the optimized conditions to check their ability to
produce an amplicons also on other tempaltes. Below, these validation steps are further
elaborated.

53



Chapter 2

1) In silico analysis of Mal d 1 primer pairs

In order to further validate the specificity of the primers against a wider range of alleles, an
in silico analysis was performed using the software BLAST N (Altschul et al., 1997). By the
insertion of our primer sequences as input, the perfect correspondance of the output
sequences only with the targeted gene was evaluated .

2) Specificity on BAC clones

Firstly, basic gPCR conditions reactions were performed in triplicate in a final volume of 10
ul, containing 5 ul of Power SYBR® Green Master Mix 1X, 100 nM of each primer, PCR-
grade water and 1 ng of plasmid DNA or a pool of 1:9 cDNA from apple fruits and apple
leaves. Reactions were incubated at 50 °C for 2 min and at 95° for 5 min to activate the
AmpliTaq Gold® DNA Polymerase, followed by 40 cycles at 95°C for 15 sec and 60C for 1
min. The plasmid DNA used for this first specificity test derived from the BAC clones known
from Chapter 1. Each primer pair was tested on two different BAC plasmids: one containing
the specific gene targeted by the primer pair (positive control) and one containing other Mal/
d 1 genes (negative control). The presence or absence of amplification was evaluated
according to the detectability of the raw dye fuorescence by the gPCR machine. Where
amplification was detected also in negative control, the conditions were further optimized in
order to increasing gene specificity by adjusting primer concentration (from 100 to 70 nM)
and annealing temperature (from 60 to 63°C).

3) Production of a single melting curve peak during the gene expression study

As described above, plasmid DNA and cDNA from Florina fruits and leaves were
amplified by gPCR. To ensure the absence of aspecific PCR products and primer dimers,
an heat dissociation protocol (from 60°C to 95°C) was also performed and a dissociation
curve for each samples was generated. The StepOne Software version 2.1 (Applied
Biosystem) was used to analyse the fluorescence data. The production of a single melting
curve peak for a sample means that the amplicon is specific and not a mix of different

amplicons.

4) Amplicon direct sequencing

The primers specificity for each Mal d 1 isoallergen was further examined by the
direct sequencing of PCR products starting from gDNA of Florina. All the PCR amplifications
were performed in a 17.5 pl volume containing 50 ng of gDNA, optimized concentration of
gene-specific primers, 1.5 mM MgCl,, 100 uM dNTPs, 0.5 Unit AmpliTaq Gold® DNA
Polymerase (Applied Biosystems, Foster City, CA, USA) and 1X reaction buffer. The
reaction included an initial 10 min denaturation at 95°C, followed by 33 PCR cycles (45 s at
the optimized annealing temperature, 2 min at 72°C, and 30 s at 95°C), with a final
extension of 7 min at 72°C. The amplicons were visualised on an Image Station 440 CF
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(Kodak, Rochester, N.Y., USA) after electrophoresis on 1.5% (w/v) agarose gels and
ethidium bromide staining. Sequencing was performed by Bio-Fab Research srl (Pomezia,
Italy). Sequences were analyzed both with Chromas Lite 2.01, BLAST
(http:/blast.ncbi.nim.nih.gov/Blast.cgi) and Lasergene® v8.0-MegAlign (DNASTAR, Inc.,

Madison, W1 USA) softwares to check the corrispondance of the retrieved sequences and
the targeted gene.

5) Test of Mal d 1 specific primers on other genotypes

In order to verify the ability of the primer pair to give amplification also on other
genotypes, a qualitative test was perfrmed. An end point PCR was performed with each
primer pairs on gDNA of Gala, Fiesta, Jonathan, Jonagold, Durello di Forli using the
optimized conditions. All the PCR amplifications were performed in a 17.5 pl volume
containing 50 ng of DNA, 100/70 nM gene-specific primers (depending on the primer), 1.5
mM MgCI2, 100 pM dNTPs, 0.5 Unit AmpliTag Gold® DNA Polymerase (Applied
Biosystems, Foster City, CA, USA) and 1X reaction buffer. The reaction included an initial
10 min denaturation at 95°C, followed by 33 PCR cycles (45 s at 61/63°C depending on the
primer, 2 min at 72°C, and 30 s at 95°C), with a final extension of 7 min at 72°C. Water-
samples were added as negative controls. The amplicons were visualised on an Image
Station 440 CF (Kodak, Rochester, N.Y., USA) after electrophoresis on 1.5% (w/v) agarose
gels and ethidium bromide staining.

Gene expression study
- Plant material, RNA extraction and cDNA synthesis

Apple fruits were collected at the Cadriano Experimenal Station, Bologna University,
Italy, from Florina trees at commercial harvest time, Apple skin and flesh were separately
frozen in liquid nitrogen and stored at —80°C until RNA extraction. Fruits RNA extractions
were carried out according to Pagliarani et al., 2009 starting from 6-8 g of frozen tissue.
Florina plants, grafted on M9 were grown in greenhouse and inoculated with a suspension
of V. inaequalis conidia (at least 2x10° conidia/ml). Young expanded leaves were collected
at 0, 24, 48, 72, and 96 h post inoculation, stored separately at —-80°C until RNA extraction.
Total RNA was extracted from 1 g of leaves, according to Paris et al.(2009) and quantified
using a Nanodrop™ ND-1000 Spectrophotometer (Thermo Scientific,Wilmington, DE, USA).
40 pg of DNA-free RNA were treated with 10 Units DNasel (GE Healthcare Life Sciences,
Little Chalfont, Buckinghamshire, UK) at 37°C for 20 min. The cultivar Florina was chosen
for this work because of the availability of the sequences and phisical map of the Mal d 1
genes cluster on LG16 (Chapter 1). First-strand cDNA was synthesized according to Paris
et al. (2009), starting from 1 uyg DNA-free RNA. The cDNA was diluted 1:9 and its quality
was verified by the amplification with actin specific primers.
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- qPCR analysis

The amplifications were performed in 96-well plates with a StepOne™ Real-Time
PCR instrument (Applied Biosystems, Foster City, CA). A pool of cDNA derived from leaves
collected at different times after the inoculation with V. inaequalis and a pool of cDNA
derived from fruit skin and flesh were tested. The reactions were performed in triplicate in a
final volume of 10 pl, containing 5 ul of Power SYBR® Green Master Mix 1X, 70-100 nM of
each primer, PCR-grade water and 1 ng of DNA or a pool of 1:9 cDNA from apple skin and
flesh. Reactions were incubated at 50 °C for 2 min and at 95° for 5 min to activate the
AmpliTaqg Gold® DNA Polymerase, followed by 40 cycles at 95°C for 15 sec and 60/63°C
for 1 min. The gene expression was evaluated as presence or absence according to the
detectability of the raw dye fuorescence. The Ct values were used for a preliminary analysis
of gene expression levels. To ensure the absence of aspecific PCR products and primer
dimers, an heat dissociation protocol (from 60°C to 95°C) was always performed and a
dissociation curve for each samples was generated. The StepOne Software version 2.1
(Applied Biosystem) was used to analyse the fluorescence data.

- Evaluation of primer pair relative efficiency

Amplicons obtained with each specific primer pair and with primers for actin have
been used for the preparation of standard curves which consisted in a ten-fold dilution
series of the amplicons over six dilution points. These standard curve samples were used as
reference for gQPCR amplifications with all the specific primer pairs as described above. The
optimal threshold was chosen automatically by the StepOne Software version 2.1 (Applied
Biosystem) and was used to calculate the threshold cycles (Ct) value for each standard
curve point. Ct values in each dilution were measured in duplicate and were plotted against
the logarithm of their initial template concentration. Each standard curve was generated by a
correlation coefficient (R,) of the plotted points. From the slope of each standard curve,
PCR amplification efficiency (E) was calculated according to the equation:
E=10""""P*_{(Lee et al., 2006).To test the relative efficiency of each primer pair with actin,
the ACt (Ct of the gene - Ct of actin) was calculated for the standard curve points and
plotted vs the logarithm of their initial template concentration. The slopes of these charts
were evaluated: if the absolute slope value results < 0,1, the efficiency of the two systems is
approximately equal and the comparative Ct method can be used for the analysis of the
data, otherwise quantisation has to be performed using the standard curves method (User
Bulletin #2: ABI PRISM 7700 Sequence Detection System).

- Survey of DataBases for Mal d 1-related ESTs

In order to increase our knowledge on Mal d 1 expression as to substantiate results
of the previous expression study, an in silico analysis was performed on EST sequences as
present in public Databases. Using the software BLAST N (Altschul et al., 1997), ESTs for
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Mal d 1-related sequences were searched by the insertion of key-words or known Mal d 1
sequences as input. Since the high homology among Mal d 1-like sequences, an accurate
analysis of the output sequences was performed by Lasergene® v8.0-MegAlign
(DNASTAR, Inc., Madison, WI USA) software to distinguish among alleles and different
genes. Sequences with 5% mismatch (gDNA) were considered as alleles. Only the Mal d
1.03 and -1.06 genes deviate from this general rule. Regard them, sequences with less then
5% dissimilarity can still be of different genes. This fact is reflected by the denotation of
these genes as they are distinguished from each other not by numbers anymore (requiring
the 5% threshold) but letters after a common number (Gao et al., 2005).
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Results and discussions

Mal d 1 isoallergens alignment, primer design

A total of 63 different Mal d 1-related sequences,(Appendix 2) derived both from
literature, databases and BAC clone sequencing (see Chapter 1) were aligned. Due to the
high homology, their fine alignment was needed to highlight the SNPs for each isoallergen.
Figure 1A reports the alignment of a specific fragment for part of the examined sequences
and all the present SNPs.

A
Majority TAAGTTGETGGC -~ -TICTGGCAGCGGTTCCATCATC AAGAGCACCAGCCACTACCACACCALGGETGATCTTGAGATCA
330 400
Maldl.O07-BAC. zeq il 385
ATT759257 Mal d 1.0701 Fi.seq 365
Maldl.08-BAC. seq 385
AY¥759261 Mal 4 1.0501.0Z2 PM. seq 385
Maldl.09-BAC. seq 385
AYTE9262 Mal d 1.0901 PM.seq 385
ATT7892603 Mal d 1.03401.01 Fi.s5eq 385
AY789264 Mal d 1.03B01.01 PM.=zeq 385
AYT759266 Mal d 1.03C01 PM.seq 385
AT789267 Mal d 1.03D01 PM.seq 385
AY¥759270 Mal 4 1.03E01 PM.=zeq 385
AT789271 Mal d 1.03F01.01 PM.seq 385
AYEZ22733 Mal d 1.03G01 GD.=zeq 385
Maldl.03G-BAC. seq 365
Mal d 1.06&-BAC.zeq 385
Maldl.O06AOL.03AMZ55501cDNA. seq 385
Mal d 1.06B-BAC.seq 385
Maldl.O6EOLlAT7E9251cDNA, seq 385
Mal d 1.06C-BAC.seq 385
Maldl.06COLAT?E9254cDNA, seq 385
Maldl. 0105, O3AYVTEI23 7L, seq 385
Mal d 1.02-BAC.seq 385
Maldl.0Z01AVTE0240cDNA, seq 385
Maldl.04044Y769242cDNA, seq 368
Maldl.O0S02A¥789247cDNL, seq 388
Mal d 1.10-BAC.seq 391
Mal d 1.12-BAC.seq 301
Mal d 1.11-BAC.sedq 400
[ECATCAAGA CTACEC
qMd1.01R qMd1.02R
B
Majority TTGETGECATGTGGALGTGETTCCACCATCAAGAGCATCAGTCATTACCACACCAAGGGALACATTGALATCALGEALGS

610 620 640

AYT89236-1.01050101-PH. seq
AY789241-1.01050102-F7. seq
AYTE9235-1.010502-F5. seq
AYT789237-1.010503-FH. seq
AY327643-1.010504-FD. zeq
AYG27645-1.010901-ED. seq
gqMdl.0lR 3'-5' direction.seqg

Figure 1: A) Portion of a simplified Mal d 1 sequences alignment. Only one sequence for each isoallergen and
BAC sequences (28 on 53 sequences) were included in this alignemnt. The reverse primers specific for Mal d 1.01
and Mal d 1.02 are showed in red boxes. The SNPs at the 3" end of each primer, indicated with red arrows, are
important for the primer specificity. B) Portion of a complete alignment of all the allelic variants known for Mal d
1.01 reported by Gao et al., 2008 and the specific reverse primer for this gene.

The SNPs-containing regions were used to design a set of 20 primer pairs, each
one specific for a different Mal d 1 gene (Table 1). These primers are suitable for gqPCR
gene expression analysis with the SYBR-Green chemistry. In fact, they all amplify short
amplicons (from 79 to 200 bp) to ensure the efficiency of the Taq polymerase processivity.
In Figure 1A are reported as example the reverse primer sequences of Mal d 1.01 and Mal d
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1.02 isoallergens. Firstly, all the primers were tested with an in silico analysis performed
using the software BALST N. For all a perfect match have been found only with sequences
corresponding to the targeted gene (all the allele variants). In Figure 1B is showed as
primers specific for a gene cannot distinguish among allele variants. In particular the
example of Mal d 1.01 reverse primers is reported. Secondly, the primer pairs were tested
on gDNA of Florina and for all amplification was obtained (data not shown) validating their

ability to produce an amplicon.

qPCR conditions and specificity validation of primers

The chemistry used in this study is not gene-specific since SYBR GREEN is a dye
able to bind each double-stranded DNA fragment. Indeed, many efforts were spent to avoid
the generation of aspecific amplicons by optimising PCR conditions. It was necessary to
individually optimize the conditions for each qPCR reaction and to validate the specificity.

Specificity on BAC clones

In detail, the annealing temperature and the primers concentration for the gPCR
amplifications were adjusted for each primer pair in order to obtain an amplification signal
only in the positive controls represented by the BAC clone containing the Mal d 1 isoallergen
under study. The scenario for the optimized conditions is reported in Table 1. Some
examples of the optimization steps are reported in Figure 2. For some isoallergens (i.e. Mal
d 1.02) it was sufficient to modify f the annealing temperature (Figure 2A); for others (i.e.
Mal d 1.03F) also the primers concentration was changed to reach a specific amplification
(Figure 2B). Sometimes, unspecific amplifications resulted in the water controls suggesting
the need to slightly change the amplification conditions to avoid the primer dimers formation
(i.e. for Mal d 1.11 in Figure 2C). As appears from Table 1, to guarantee the specificity of
the amplification it was necessary, in some cases, to apply very stringent conditions (i.e.
Ta=63 or 70 nM primers), despite the risk of reducing the efficiency of amplification and so
the final expression value.
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Table 1. Isoallergen-specific primer pairs designed for gPCR analysis. It continues on the next page

Lenght Ta Primer Tm
Isoallergens  Primer name Primer sequence (5'-3') Start* 9 o conc. o
®) (€ o ©)
Mald 1.01  9Md1.01/02F  GATTGAAGGAGATGCTTTGACA 258 103 63 100 76.83
qMd1.01R GTAATGACTGATGCTCTTGATGG 100
Mal d 1.02 gMd1.01/02F GATTGAAGGAGATGCTTTGACA 258 111 62 100 79.06
qMd1.02R TTGGTGTGGTAGTGGCTGATA 100
Mal d 1.03A gMd1.03AF ATCTGAGTTCACCTCCGTCATT 21 % 63 70 78,55
gMd1.03AR ACTGCTTGTGGTGGAATCTTT 70
Mal d 1.03B gMd1.03BF TGTTTTCACATACGAATCCGAA 6 167 63 100 81,45
gMd1.03BR TGATCTTCTTAATGGTTCCTACGC 100
Mal d 1.03C gMd1.03CF CTCCGAAACAATTGAGAAAATCTG 276 79 63 100 77.44
gMd1.03CR GCTGGTGCTCTTGATGATGC 100
gMd1.03DR ATCTTCTTAATGGTTCCAACTCCT 70 ’
Mal d 1.03E qMd1.03F ATACGAATCCGAGTTCACCTCT 15 169 62 70 79,72
gMd1.03ER TTCACCGAAGTTGATCTTCTTAATA 70
Mal d 1.03F gqMd1.03FF CACAGAATTGACGGGGTG 208 119 63 70 77.29
qMd1.03FR CCGGAAGCGACCAACTTA 70
Mal d 1.03G gqMd1.03GF ATTATCAAGAGCACCAGTCACTACT 337 122 62 70 78,32
gMd1.03GR TCCAAGAGGTAGTTCTCAATCAA 70
Mal d 1.04 gMd1.04F GGGTATGTTAAGCAAAGGGTCA 196 193 61 100 76,97
gMd1.04R TGATCTCAACATCACCCTTAGC 100
Mal d 1.05 qMd1.05F ATCAAACCACTAGTCACTGCCAT 343 124 63 70 80,32
qMd1.05R GGTTGGCCACAAGGTAGGTT 70
Mal d 1.06A gMd1.06AF  CTATAGCTATAGCTTGATTGAAGGG 243 167 61 100 76.83
gMd1.06AR TTCCAACCTTAACATGTTCTTCT 100
Mal d 1.06B gqMd1.06BF AAACCGAATACGCATCCATT 20 106 61 100 79,09
gMd1.06BR ACAGTTTTGACTGCTTGTGGAG 100
Mal d 1.06C gMald1.06CF GCTCCACAAGCAGTCAAAACT 103 116 63 70 76,74
gMald1.06CR ~ TCAACCTTGTGCTTCACATAACTA 70
Mal d 1.07 gMd1.07For CAACTTTGTGTACCAGTACAGTGTC 234 126 61 100 77.91
gMd1.07Rev TAGTGGCTGATGCTCTTGATAAC 100
Mal d 1.08 gMd1.08F TCTTCGGTGAAGGTAGCACAA 173 200 61 100 78,72
gMd1.08R ACCCTTAGTGTGGTAGTGGCAT 100
Mal d 1.09 gMd1.09For TTTTCACATACGAATCCGAGTC 8 126 61 100 81,72
gMd1.09Rev GGATCTCAACGCTCTTCACA 100
Mal d 1.10 gMald1.10F CAAGGCTTTCATCCACGAC 60 157 61 100 79,81
gMald1.10R GATTCTGTGCTTTACAAACCCT 100
Mal d 1.11 gMald1.11F GGAGGATGCATCTGTCATTTG 343 130 62 100 76,38
gMald1.11R CCATGAGATAGGCTTCCAAAACT 100
Mal d 1.12 gMd1.12F CAAGGGTGACATTGTGCTG 37 110 61 100 78,02
gMd1.12R CATAGGCATCAGGATTTTTGG 100

*Refers to the start position of the forward primer in the coding sequence
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Figure 2: gPCR amplification plots of two Mal d 1
isoallergens on plasmid DNA and fruit cDNA. A)
Amplification of Mal d 1.02 on MC-12 plasmid DNA as
positive control and MC-20 plasmid DNA as negative
control. B) Amplification of Mal d 1.03F on MC-08 plasmid
DNA as positive control and MC-12 plasmid DNA as
negative control. C) Amplification of Mal d 1.11 on MC-12
plasmid DNA as positive control and MC-20 plasmid DNA
as negative control. For all the three isoallergens, in the
lower chart are reported specific amplification and specific
conditions.
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During this set up of gPCR experiments, also the analysis of the amplicon melting

curves obtained with each primer pair provided a further validation regarding the primers. In

fact, at the optimized conditions, single peaks in the heat dissociation curves were obtained

indicating also the absence of primer dimers. The melting temperatures (Tm) varied
between 76.38 and 81.72 °C (Table 1). Examples for actin, Mal d 1.04, Mal d 1.07 and Mal

d 1.10 are reported in Figure 3.

Melt Curve Melt Curve
* = Mald1.04 50 *= Mald 1.07
25
4.0
20 |, <+ Actin <« Mald1.10

850 70.0 750 20.0 85.0 00.0 05.0
Tm: 77.47
Temperature (MC)

65.0 T0.0 T80 80.0 85.0 a0.0 asn
Tm: 79.81
Temperature (°C)

Figure 3: Examples of melting curves obtained in two different gPCR plates at the optimized conditions. In both
plots, each primer pair showed a characteristic and single melting curve peak. Actin represents the reference gene.

Finally, the specificity of the of all the primers under optimized conditions was

further confirmed by melting curve analysis on pooled cDNA of fruits and leaves of the
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cultivar Florina. For Mal d 1.03B and Mal d 1.05 it was not possible to perform this validation

since no amplification was observed on the pooled cDNA sample.

Amplicons sequencing

One more corroboration for the primers specificity was obtained by direct
sequencing of the amplicons derived from Florina DNA at the optimized conditions. In fact,
the annotation of amplicon sequences, reported in Table 2, revealed always the expected

single target sequence.

Table 2. Annotation of Mal d 1 amplicon sequences by BALSTN and MegAlign softwares. It continues in the next

page.

Mal d 1

Primer for

isoallergens sequencing Sequence annotation ID* SNP
Mald1.01  gMd1.01R Mal d 1.0105/1.0109 AY827645/AY827644 -
Mald1.02  gMd1.02R Mal d 1.0201/1.0209 AY827660/AY827659 1
Mald 1.03A  qMd1.03AF Mal d 1.03A01 AY822722 1
Mald 1.038  qMdi1.03BF Mald 1.03B01/1.03802  AY822724/AY822723 1
Mald 1.03C  qMd1.03CF Mal d 1.03C01/1.03C03 AY822726/AY789266 -
Mald1.03D  qMd1.03DR Mal d 1.03D01 AY822727 :
Mald 1.03E  gMd1.03ER Mal d 1.03E02 AY789269 .
Mald 1.03F  qMd1.03FR Mal d 1.03F01 AY789271 1
Mal d 1.03G  qMd1.03GF Mal d 1.03G01 AY822733 3
Mald1.04  qMd1.04F Mal d 1.0404/0405 AY827665/AY827664 1
Mald1.05  qMdi.05F Mal d 1.0501/1.0503 AY827688/AY827682 1
Mald 1.06A  qMd1.06AF Mald1.06A02 AY827698 1
Mald 1068  oMd1.06BF  Maldi.06B02/B03/B04/B05.02 Ao T18IAVEZTTION 5
Mal d 1.06C  qMd1.06CF Mal d 1.06C06 AY827728 :
Mald1.07  qMdi.07F 1.0702 AY789258 .
Mald1.08  qMdi.08F 1,0801.01 AY822718 :
Mald109  oMd109F  Mald1.0901/1.0902/1.0008 AY82272I1AY822720/
Mal d 1.10 qMd1.10F Mal d 1-like clone 1m AY428588 2
Mal d 1.11 gMdi1.11F Mal d 1-like clone 1n AY428589 1
Mal d 1.12 gMdi1.12F Identical the Mal d 1.12 BAC sequence -

* AY827645 and AY827664 derived from cv Red Delicious; AY827644 and AY827688 derived from cv Fuji; AY827660, AY827659
AY827665, AY827682 and AY827718 derived from cv Discovery; AY822722, AY822724, AY822723, AY822726; AY822727,
AY822733, AY822718, AY822721 and AY822720 derived from the cv Golden Delicious; AY78926,, AY789271, AY789258 and
AY789262 derived from cv Prima; AY789269 derived from cv Fiesta; AY827698, AY827714 and AY827728 derived from cv Ingrid
Marie; AY827716 derived from the cv Cox; AY827710 derived from cv Jonathan; AY428588 and AY428589 derived from cv Royal
Gala.

Some SNPs were also detected revealing the presence of new Mal d 1 alleles in the
genome of the cultivar Florina. An example of the alignment of new amplicon sequences of

subfamily Il with databases sequences is reported in Figure 4.
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174 1.05FLloF. seq

528 AT789245 Mal 4 1.0501
529 AYTE9247 Mal d 1.0502
1115 AWRILTCTGATGTTATC CATACATGTAATTTG AV7G9242 Mal d 1.0404
588 YA AW TCTCATGTTATCCATACATGTAATTTG AYSZ27665 Mal d 1.0405
588 AL TCTGATGTTATC CATACATGTAATTTG AYE27666 Mal 4 1.0406

124 F11.04F.=eq

Figure 4: Alignment among Mal d 1.04 alleales (AY789242, AY827665, AY827666), Mal d 1.05 alleales
(AY789245, AY789247) and Mal d 1.04 and Mal d 1.05 sequences (named Flo Md1.04F and Flo Md 1.05F)
derived from the amplicons. SNPs between amplicons and isoallergens sequences are indicated with arrows.

Amplification of different genotypes with Mal d 1 specific primer pairs

The ability of Mal d 1 specific primer pairs to give amplification also on other
genotypes respect Florina was confirmed performing end-point PCRs at the optimized
conditions on gDNA of Gala, Fiesta, Durello di Forli, Jonathan and Jonagold. For all the
primers a clear single band was obtained confirming the locus-specificity of these primers
and not an allele-specificity. The only exception have been found for Mal d 1.12 primers
because they were not able to amplify gDNA of the cultivar Fiesta. This fits with the fact that
Mal d 1.12 was the only gene for which just the sequence of Florina was available (see
Chapter 1). Since the lack of sequences information, it is likely that Mal d 1.12 primers are
specific for some alleles and not able to amplify others. In Figure 5 are reported exaples of
end-point PCRs.

FLDU GL FS JOJG CN

-. - -
Md 1.06B Figure 5: End-point amplifications of Mal d 1.02, -1.06B, -

1,07, -1.12 and actin genes on the genotypes: Florina (FL),
Durello di Forli (DU), Gala (GL), Fiesta (FS), Jonathan (JO)

Md 1.07 == s s - and Jonagold (JG). The negative controls are indicated with
CN.

Md 1.12 = st o e -

Act =
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PCR efficiency and qPCR data analysis

Relative PCR efficiency for each target gene was evaluated and for the reference
gene (actin) and a slight variation was found among them. This result was expected
because of differences in stringency of PCR conditions and considering that the primer
regions were not chosen by an appropriate software but depending on the presence of
SNPs. In order to minimize the influence of PCR conditions on gene expression values, in
each plate the actin amplification should be performed under the same conditions as the
relative Mal d 1 primer pair.

qPCR data can be analysed mainly with two method: the standard curve method
allows to obtain an absolute quantitation of unknowns samples. First it has to be created a
standard curve and then it is possible to compare unknowns to the standard curve and
extrapolate a value. On the contrary, the comparative Ct method permit a relative
quantitation by the analysis of changes in gene expression in a given sample relative to
another reference sample (such as an untreated control sample). It is well known that data
processing can seriously affect interpretation of qPCR results (Larionov et al., 2004) indeed
the choise of the method is of a crucial importance. In this work the best method for the
gPCR data analysis was established considering the differences in the relative PCR
efficiency of primers. In detail, the standard curve method was preferred at the comparative
Ct method. In fact, most of the slopes of the relative efficency curves (Table 3) didn't fit in
the range (between —0,1 and 0,1) required for the use of the comparative Ct method for the
analysis of qPCR data. Only for Mal d 1.02 and Mal d 1.03F a slope in that range was
found. In Figure 6 are reported, as example, the two relative efficiency curves of the
isoallergens belonging to subfamily I, Mal d 1.01 and Mal d 1.02.

o Effici : y=-0,7919x + 10,429 Relative Efficiency Mal d 1.02 & Actin ~ Y=0,0519x- 13773
I:Ielatlve Eficiency Mal d 1.01 & Actin F£ =0,9879 . R 20,0537
8 0 1 2 3 4 5 6
-05
§ 6
&5 4 §-1 { 3
¢ 5
2 5
-15
0 : . s
0 1 2 3 4 5 6 -2
log fg Total RNA log fg Total RNA

Figure 6: Plots of relative efficiency (log input amount versus ACy) for Mal d 1.01 (left plot) and Mal d 1.02 (right
plot). The actin was the refence genes.

The standard curve method requires the addition of the standard samples in all the
plates and for all the tested genes, incuding reference gene and so it is considered more
expensive and time consuming compared to other methods. Despite this deficiency, when
reliability of results prevails over costs and labor load, the standard curve approach may
have advantages. In fact, the standard curve method simplifies calculations and avoids
practical and theoretical problems currently associated with PCR efficiency assessment. In
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this way the comparisons among results obtained with different primer pairs and in different

gPCR plates will be more reliable.

Table 3. Slopes of log input vs ACt (Ct Mal d 1 gene- Ct actin) for the 18 expressed isoforms qPCR.

Mal d 1 isoallergen Slope Mal d 1 isoallergen Slope
Mal d 1.01 -0,791 Mal d 1.06A -0,8705
Mal d 1.02 0,0519 Mal d 1.06B -0,8616
Mal d 1.03A -0,1378 Mal d 1.06C -0,6125
Mal d 1.03C -0,6816 Mal d 1.07 -1,0369
Mal d 1.03D -1,0113 Mal d 1.08 -0,2212
Mal d 1.03E -1,3793 Mal d 1.09 -1,691
Mal d 1.03F 0,0799 Mal d 1.10 -0,7929
Mal d 1.03G -0,4563 Mal d 1.11 0,166
Mal d 1.04 -0,4486 Mal d 1.12 -0,984

Mal d 1 expression as subtracted from EST-Databases

The Mal d 1 transcript composition in fruits and leaves of the cultivar Florina was

investigated by qPCR, the results are reported in Table 4.

Table 4. Results of the screening conduced by qPCR of Mal d 1 isoallergens expression in fruit and leaf of the
cultivar Florina (on the left) and results of the EST database analysis (on the right). The gene expression is
indicated with an X. In gray are highlited the genes for which no expression was found neither with the in vitro nor

in silico analysis .

ch)I(tFi’\r/ZfT:I(:::-ira EST database analysis
Mal d 1 gene Fruits Leaves* | Fruits Leaves Roots
Mal d 1.01 X X X
Mal d 1.02 X X X X
Mal d 1.03A X X
Mal d 1.03B
Mal d 1.03C X X
Mal d 1.03D X X
Mal d 1.03E X X
Mal d 1.03F X X X X
Mal d 1.03G X X
Mal d 1.04 X X
Mal d 1.05
Mal d 1.06A X X X X
Mal d 1.06B X X X X
Mal d 1.06C X
Mal d 1.07 X X X X
Mal d 1.08 X X X
Mal d 1.09 X X
Mal d 1.10 X X X
Mal d 1.11 X X X
Mal d 1.12 X

*Pool of leaves collected ofter 0, 24, and 48h after the inoculation with the fungus V. inaequalis.
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Half of the Mal d 1 genes (10/20) have been found expressed in fruits while 17/20
were expressed in leaves trated with the fungus V. inaequalis. A possible explanation for
this predominance of gene expression in leaves compared with ones expressed in fruits can
be found in the biological function of these genes. In fact, since it is known that PR-10
proteins, as all the other PR proteins, are induced under a range of biotic and abiotic
stresses (van Loon et al., 2006), the pooling of leaves challenged with the fungus may have
caused the induction of some Mal d 1 genes that otherwise wouldn’t have been expressed
or expressed at very low levels. Only two isoforms (Mal d 1.03B and Mal d 1.05) resulted
not expressed neither in fruit nor in leaves. Since their nucleotidic sequences did not showe
any stop codon, they should encode for complete proteins. Therefore, these two genes may
have a context-specific expression (other tissues or particular conditions). On the contary,
for 8 Mal d 1 genes detectable expression was retrieved in both leaves and fruits. The
results of this experimental work were compared to that of an in silico approach adopted to
find out the Mal d 1-related ESTs in the databases (Table 5). This approach resulted in
10/20 Mal d 1 genes found in ESTs from fruits; 5 genes have been found in ESTs derived
from leaves and 6 genes in ESTs from roots. In Table 5 are indicated also few informtion on
other tissues as flower or bud. Moreover, three isoallergenes (Mal d 1.03A, -1.06C and -
1.12) did not found any matches in the ESTs databases even if they were classified as
espressed by qPCR. The absence of a sequence in the EST database do not necessarily
imply that this Mal d 1 isoallergen is not expressed at all because of the limited availability
and representatives of apple cDNA libraries, particularly for genes with a low expression or
expressed only after the induction with specific stimuli, as for tissues examined with very
few cultivars.

Peculiar isoallergens expression patterns were detected in different tissues with
both approaches, suggesting a spatial distribution and different regulatory mechanisms for
Mal d 1 transcripts. Concerning the Mal d 1 genes in fruit, only ten on twenty isoallergens
showed a detectable level of expression (Table 4). In general, these data were also
confirmed by the in silico analysis (Table 5). For instance, results regarding the subfamily 1l
are in good agreement since only Mal d 1.06A and Mal d 1.06B resulted expressed in fruit.
However, looking at the subfamily IV, the ESTs for the isoallergens Mal d 1.03C, Mal d
1.03E, Mal d 1.03F, and Mal d 1.07 were retrieved from apple fruit cDNA libraries but no
expression was revealed by qPCR for Mal d 1.03C and Mal d 1.03E. This discrepancy might
be due to the different genotype or other external factors probably involved in the
modulation of the Mal d 1 genes expression. Moreover, for Mal d 1.01, Mal d 1.02, Mal d
1.06A and Mal d 1.11, the expression in fruits was already reported in literature (Puehringer
et al., 2003; Beuning et al.; 2004, Botton et al, 2008, 2009; Gao et al., 2008; Pagliarani et
al., 2009). Regarding Mal d 1 expression in leaves, 17 isoforms out of 20 showed to be
expressed in our gPCR experiments (Table 4), where in the GenBan EST of only seven Mal
d 1 genes could be traced (Tables 4 and 5). A possible explanation for this difference can
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be found in the biological function of these genes. In fact, since it is known that PR-10
proteins, as all the other PR proteins, are induced under a range of biotic and abiotic
stresses (van Loon et al., 2006), the pooling of leaves challenged or not with the fungus
may have caused the induction of some Mal d 1 genes that otherwise wouldn’t have been
expressed or expressed at very low levels. This consideration can be helpful also to explain
the predominance of Mal d 1 genes resulted expressed in leaves by gPCR compared with
ones expressed in fruits. Moreover, for Mal d 1.04 and Mal d 1.11, in the databases were
found ESTs derived from young leaves challenged with fungal pathogen V. inaequalis,
conferming their induction under this biotic stress. This suggest also a functional specificity
for the corresponding Mal d 1 proteins.

The spatial distribution of Mal d 1 transcripts in other tissues was shown by the in
silico analysis. For instance, for Mal d 1.03D and Mal d 1.08, only ESTs from roots were
retrieved. On the contrary, many isoallergens were contemporary present in different
tissues, namely in flowers (Mal d 1.01, Mal d 1.02, Mal d 1.10, Mal d 1.11, Mal d 1.03E, Mal
d 1.03F and Mal d 1.03G) or buds (Mal d 1.02, Mal d 1.06A, Mal d 1.11 and Mal d 1.07).
Also in cotton, that have a polyploid genome as apple, a variable expression levels and
silencing depending homolog gene and organ was found. In this case, it was suggested that
some silencing events can be epigenetically induced during the polyplidization (Adams et
al., 2003). This might be valid also for Ma d 1 family in apple. Relatively little is known
regarding the functional consequences and evolutionary importance of expression
modification after the genome duplication, althought a subfunctionalization is is conceivable.
Despite this, only more detailed analysis may shed light on the question if in the Mal d 1
family there is a functional redundancy or a diversification of biological activities.

An example of accurate gene expression quantification of Mal d 1 gene family will
be presented in Chapter 3 and 4 but some preliminary consideration regarding the levels of
expression can be made. In fruit, a general low level of transcripts amount was detected,
except for Mal d 1.01 and Mal d 1.02, that were already reported as the most expressed
Mal d 1 genes (Puehringer et al., 2003; Botton et al., 2008). Among the other isoallergens,
Mal d 1.03A, Mal d 1.03F, Mal d 1.06A and Mal d 1.12 resulted with a Ct value close to 35
indicating a very low expression. Considering the comparable Ct obtained for actin in leaves
and fruits, the higher levels of expression of Mal d 1 genes in leaves than in fruit appear
clear but, also this time, it has to take in consideration that the leaves were challenged with
V.inaequalis. Also in leaves Mal d 1.01 and Mal d 102 were the prevailing isoallergens but a
considerable expression was detected also for Mal d 1.03C, Mal d 1.03F, Mal d 1.06A and
Mal d 1.11. Mal d 1.08 and Mal d 1.09 were the lower expressed gene. Further analysis on
specific samples of fruit (skin and flesh) and of leaves (challenged and not challenged) are
needed for a deeper comprehension of the Mal d 1 gene family expression profile.
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Table 5. Analysis of Mal d 1 ESTs in the database. Isoforms for which not ESTs were found are highlighted in gray.

Isoallergen |LG| Tissue EST Isoallergen LG| Tissue EST
Mal d 1.03A
CN995671, CO067772, (AY789263) 13
it AT000383, AT000088, Wl 0 098
AT000238, CO418705, -
Mal d 1.01 i ooocgigg)oss s (AY789265) S
(AY789238 ) fruit | CK900634, CO418155
= EG974766, EB121653,
Z flower | CN493628, CO067265 Mal d 1.03C ) leaf 0960908
£ (AY789266)
S AT000305, CO722244,
@ fruit CO417338, CO751748, cell culture EB153482
CO755402
Mald102 |
(AY789240) CN490990, CN492915 Mal d 1.03D DT042809
flower s (AY789267) 13 root
bud COB65939, CO723162,
u C0866496
leaves gz495231, (CJE488864,
= Mal d 1.04 challenged 580508, CN581178,
> DR995752, DR
| avrseae) 16 1 with apple 995752, DR993339 flower | CN581044, CN494393,
8 scab Mal d 1.03E i CN995026, CN994551,
bS] AY78927 C0052668, CO415149
a Mal d 1.05 8 (AY785270)
(AY789245)
AT000364, CK900679
’ ' EE663662, EB176958,
fruit CV092112, CV128420, fruit 663:; 177475 6958
DY439734, CV466473
Mald106a [ | bud C0865485 flower CN497094
rTesEan leaf CV524623 i | CO418484, COBI9E02,
C0902128
= stem CV997946 > Mal d 1.03F .3 leaf EB112057, EB149683
- > (AY789271)
8 C0866217, EB115143, E EB151349, EB151491,
S fruit EG631380, EB115278, | EB151562, EB151739,
a EB125175 3 root EB151851, EB151780,
Mald1.068 | EB152174, EB152146,
(AY789252) leaf EB121962, EG974779 EB152817
EB151385, EB151964,
root EB152831 flower C0068711
Mal d 1.03G
Mal d 1.06C
(avreszss) | 18 (av7eozza) | B root DT003343
leaf CN873661, EB123144 cell culture EB155§;$;5§38;955679’
N994295, CO755618,
flower CN996594, CN995063 fruit ?30979556%51 %?(2255252
Mal d 1.10 -
(Avacssgs) | 1© CO541245, CO541264,
_ CO754636, EB125297,
fruit EB125314, EB125582, bud Cv084268
DY256001 Mal d 1.07 s
> bud COB66812, CO899926 (AY789257) root EB151988
g CN996026, CN994391,
5 CO576341, CO415469
3 . i ]
2 fruit 1 cozs6114, cO752639, leat EGO74799
z CV128571, CV466349
Mal d 1.11
16 Mal d 1.08 EB152408, EB151974
AY428589 C0052696 ; '
¢ ) flower (AY789259) 16 oot EB155128
EB151590, EB151857,
EB152698, EB152168
bud C0900039 root . '
Mal d 1.09 " EB152262, EB152309,
(AY789262) EB152690, EB152833
Mal d 8195 ®Ac| & cell culture | EB155990, EB156054
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Conclusions

In this work the availability of a comprehensive inventory of Mal d 1 isoallergens
(Gao et al.,, 2008; Arens & Van de Weg unpublished) and the more recent genomic
information of Chapter 1 were used for the development of a highly specific gPCR tool for
gene expression analysis: .a set of gene specific primers for 20 Mal d 1 genes, standard
reference curves, and protocols for gqQPC using SYBR Green chemistry and including
methods for data analysis. As a first application, this tool was applied on leave and fruit
tissues of the cultivar Florina in order to identify the Mal d 1 allergen genes that are
expressed in these studies Specific primers were developed and validated for 20 Mal d 1
genes and applied Despite their high sequence similarity, a differential expression was
showed according to the apple tissue: many isoallergens resulted expressed in both tissues
while some revealed a tissue-specificity. Moreover, for some genes the presence of
transcripts was reported here for the first time.
The isoallergens expressed in fruits are all candidates for the determination of apple
allergenicity, while those only expressed in leaves are probably more interesting for their
putative involvement in stress responses. Two isoallergens were expressed nor in fruits nor
in leaves and they are probably specific of other plant tissues or activated in response to
other types of stimuli. Whether the co-expression of so many highly similar transcripts in a
particular tissue implies functional redundancy or a functional distribution among the gene
family is still not clear. Thanks to the tool developed in this work in depth studies on
expression levels of all the currently known Mal d 1 genes became feasible and, through the
analysis of these genes in different external conditions, development stages and tisues, new
knowledge on their function will be gained. Finally, research on specific Mal d 1 genes could
be relevant to gain insights towards the relative importance of their quality and quantity in
the apple allergy.
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Introduction

Regular fruit intake promotes good health and has been demonstrated to be
preventive for development of several chronic diseases (Vainio and Weiderpass, 2006;
Hamer and Chida, 2007). However, like other Rosaceae species, apples can cause severe
allergic reactions. The prevalent allergy in Northern and Central Europe is hamed class 2
fruit allergy or pollen-food syndrome and results from cross-reactivity between the major
apple allergen, Mal d 1, and Bet v 1,the major birch pollen allergen. This allergy is
exclusively linked to mild and local allergic symptoms together referred to as the oral allergy
syndrome (van Ree, 1997). Although several Rosaceae fruits can be involved, apple allergy
is mostly associated with birch pollen allergy (Anderson et al., 2009). Based on sequence
similarity, both Bet v 1 and Mal d 1 belong to the pathogenesis-related proteins of class 10
(PR 10) (van Loon et al., 2006). Allergens of the PR-10 family are intracellular proteins of
158 - 159 amino acids, with a molecular mass around 17 - 18 kD (Breiteneder and Radauer,
2004) with a still not clear biological function. PR-10 proteins are unstable to pepsin
digestion and it has been demonstrated that IgE reactivity to PR-10 proteins is absent
following fruits heat-treatments of fruits (Bohle et al., 2006). A high degree of structural
homology has been demonstrated among Mal d 1 from apple, Bet v 1 from birch (Vanek-
Krebitz et al., 1995) and PR-10 proteins from different Rosaceae fruits (Gaier et al., 2008).
In accordance with this, the cross-reactivity between Bet v 1, Mal d 1, Pyr ¢ 1, and Pru av 1
have been demonstrated in inhibition experiments with serum pools from fruit-allergic
patients (Ebner et al., 1995; Fernandez-Rivas and Cuevas, 1999).

A number of Mal d 1 isoforms is present in apple fruits (Son et al., 1999; Helsper te
al., 2002, Puehringer et al., 2003). The diversity among isoforms is also reflected at the
genomic level. In fact, Mal d 1 appears as a complex multigene family containing at least 20
different loci mainly clustered on the homeologous linkage groups (LG) 13 and 16 (Gao et
al., 2005; see Chapter 1). To date, all the isoallergens have been classified in four different
sub-families (I - 1V) in relation to the presence and lenght of intron, except for three new Mal
d 1 genes described in Chapter 1. The comparison of Mal d 1 coding sequences has
revealed different levels of identity: 71 - 83% between sub-families; 86 - 98% within a sub-
family; and 98 - 100% between alleles of a single gene (Gao et al., 2005). Modelling of the
Mal d 1 structure on the basis of the known Bet v 1 structure revealed a very similar folding
(Markovic-Housley et al., 2003). On the other hand, the native IgE-binding conformation of
Mal d 1 cannot be easily mantained during the protein extraction because of the interference
of different oxidation proteins like as polyphenol oxidases and peroxidases (Vieths et al.,
1994). Mal d 1 is reported to be a labile protein and it is easily affected by these
endogenous enzymes. For these reasons, techniques avoiding the protein extraction might
be more reliable for studying the Mal d 1 family. For instance, although hard to apply for
large screening studies, prick-to-prick tests for the direct evaluation of fruits allergenicity can
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be a good choice among the in vivo tests. As regards the molecular analysis on fruits, the
study of the gene expression at the trascriptomic level can be considered as an informative
approach.

From patients’ experience it is known that the severity of apple allergic reactions is
not only related to the specific sensitivity of the individual, but is also dependant on many
fruits external factors, like growing and storage conditions (Botton et al., 2008) and internal
factors, like genotype (Bolhaar et al., 2005). Considering the genotype, cultivars Golden
Delicious, Fiesta and Gala were classified as highly allergenic cultivars while Santana is
low allergenic (Gao et al., 2008; Bolhaar et al., 2005). The different degree of allergenicity
among cultivars raised a crucial question on its origin. Allergenicity may depend on the total
amount of Mal d 1 proteins as suggested by Son et al. (1999) but little evidence support this
hypothesis. To date, the linear response between total Mal d 1 protein content and
allergenicity estimates is lacking. On the other hand, also qualitative Mal d 1 proteins
characteristics could be involved, as can be argued from the differences in specific-IgE
binding capacity of two Mal d 1 protein variants (Ma et al., 2006; Koostra et al., 2007). Gao
et al. (2005) reported also the association of the allergenicity degree and some Mal d 1
genes allelic variants. Which is the principal factor determining different levels of
allergenicity is still a question under discussion because this is a complex mechanism in
which many variable are involved.

Starting by the knowledge at the genetic and transcriptional level regarding Mal d 1
gene family (described in Chapter 1 and 2), the specific gene expression of each
isoallergens was investigated in different genotypes and in apple fruit tissues. In particular, a
gPCR approach was used here and an association between the gene transcript amounts

and cultivars allergenicity was proposed.
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Materials and methods

Plant material

Apple fruits from the genotypes: Jonagold, Jonathan, Durello di Forli, Florina, Fiesta
and Gala were collected at the Cadriano Experimenal Station, Bologna University (ltaly). All
samples were collected at commercial harvest time. Apple skin and flesh were immediately
separated and frozen in liquid nitrogen and stored at —80°C until RNA extraction. For both
skin and flesh the RNA extractions were carried out starting from 6-8 g of frozen tissue
deriving from a pool of three different fruits, according to Pagliarani et al., 2009. For
Jonathan, Florina, and Fiesta the RNA was extracted from two different pools to obtain a

biological replicate.

gPCR analysis

The gPCR analysis were conducted on three technical replicates, as indicated in
Materials and Methods of Chapter 2. Only the ten genes resulted expressed in fruits in
Chapter 2 were deeply tested here: Mal d 1.01, Mal d 1.02, Mal d 1.03A, Mal d 1.03F, Mal d
1.06A, Mal d 1.06B, Mal d 1.07, Mal d 1.08, Mal d 1.11 and Mal d 1.12. The sequence of
Mal d 1 isoallergens specific primer pairs and optimized conditions of amplification are listed
in Table 1 of Chapter 2. The ability of these primer pairs to amplify at the optimised
condition in the 6 genotypes used in this study was checked in Chapter 2. A preliminary
comparison among three different reference genes (actin, GADPH gene and ubiquitine) was
performed in order to choose the gene with the most stable expression in fruit skin and
flesh. Primers used for these reference genes were: MdActF/MdACtR reported in Paris et al.
(2009); GAPDH-For (5-ATTGGCAGTGTGCGACGTT-3')/ GAPDH-Rev (5-GGAGGAGTC
AATGGTGGAGGA-3’);UBC-For(5-CGAATTTGTCCGAAGGCGT-3')/UBC-Rev(5-AATGAT
TGTCACAGCAGCCA-3). The gPCR raw data were analyzed with the standard curve
method, as explaned in Chapter 2, and with actin as reference gene. The final results
represent the transcript amount levels of Mal d 1 genes normalized with the transcript
amount levels of actin, so they can be defined also as relative expression levels. They are
expressed as Arbitrary Unit (A.U.).

Sequences analysis
Both the nucleotidic and amino acid sequences were aligned with the softwares
ClustalW (http://www.ebi.ac.uk/Tools/clustalw2/index.html) and MegAlign (Lasergene® v8.0)

using standard parametes. The promoter regions were with analized using the program
PLANTPAN to find transcription factor binding sites.

Statistical analysis
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In order to gain information on the variables most effective in discriminating and
grouping the 6 genotypes, the Principal Component Analysis (PCA) was performed with the
STATISTICA Software using the Mal d 1 genes normalized expression values of the tertiles
for all 6 genotypes. Common component coefficients, eigenvalues, relative and cumulative
proportions of the total variance explained by single Mal d 1 genes transcript amounts were
calculated. The first two components having maximum variance were then selected for the
ordination analysis. Eigenvectors from the matrix of correlation among variables were

extracted and used to create bidimensional plots.
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Results and discussion

Comparison of Mal d 1 genes expression levels in Florina apple fruits

The gPCR analysis performed in this work started with the test of reference genes:
three putative reference genes, GAPDH, ubiquitin and actin, have been amplified on all the
samples. Since actin resulted the most stable among different tissues (data not shown), as
already reported by Paris et al. (2009) and Pagliarani et al. (2009), it was chosen as
reference gene for our expression analysis.

The expression levels of the ten Mal d 1 isoallergens found expressed in apple fruits
(see Chapter 2) were evaluated firstly in skin and flesh of the cultivar Florina and a huge
variation have been found among them (Figure 1). In particular, respect to actin, that
showed a cycle treshold (Ct) around 23-24, Mal d 1 genes revealed lower expression levels
(Ct from 26 to 34) except Mal d 1.01 (Ct of 21) and Mal d 1.02 (Ct of 15). This explains why
in some case the normalization led to very low relative expression values. According to the
level of expression, these genes were divided in three main groups: the highly expressed
ones (Mal d 1.01 and Mal d 1.02), the isoallergens with an intermediate expression (Mal d
1.03F, Mal d 1.06B, Mal d 1.07, Mal d 1.08 and Mal d 1.11) and the low expressed (Mal d
1.08A, Mal d 1.06A and Mal d 1.12). More in detail, as it is indicated by the charts scales
(Figure 1A), the relative gene expression of the first group resulted 100-fold and 10.000-fold
higher than the relative gene expression of the second and third group, respectively.
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Figure 1: Quantification, by qPCR, of the transcript levels of the isoallergens Mal d 1.01, Mal d 1.02, Mal d 1.03A,
Mal d 1.03F, Mal d 1.06A, Mal d 1.06B, Mal d 1.07, Mal d 1.08, Mal d 1.11 and Mal d 1.12 in apple fruit skin and
flesh at harvest of the cv. Florina (Panel A) and Gala (Panel B). Relative levels of allergen expression in cvs
Florina (Panel A) and Gala (Panel B). The levels of expression were calculated using the standard curve method
and transcript accumulation is reported as relative expression level, normalized in respect to actin, and expressed
in arbitrary units (A.U.). The mean values reported in the charts resulted from three technical replicates + SEM.
Black bars represented the relative expression in the apple skin and grey bars the relative expression in flesh.
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The predominance of the two isoallergens, Mal d 1.01 and Mal d 1.02 was observed
already reported in literature (Puehringer et al., 2003; Botton et al., 2008). For the other
genes, the expression level was reported here for the first time.

Thanks to the availability of the Mal d 1 gene cluster on LG 16 sequence (Chapter
1) the comparison of the upstream regions (1.300 bp) of three representative genes (Mal d
1.02, Mal d 1.06A and Mal d 1.07) was performed. Unfortunately, among the big amount of
motifs recognized by the software (data not shown), the discrimination of the cis-elements
really involved in the determination of the gene expression is hard. Despite this, three cis-
elements (Table 1) were found only in the highly expressed gene (Mal d 1.02) and not in the
low expressed ones (Mal d 1.06A and Mal d 1.07) suggesting for them an hypothetical
involvement even if, up to date, these cis-elements are reported to act in other cellular
mechanisms. In fact, the first, UP2ATMSD, is a cis-element known as regulator of the gene
expression during initiation of axillary bud outgrowth in Arabidopsis (Tatematsu et al., 2005).
The second, P1BS, is a sequence found in the upstream regions of phosphate starvation
responsive genes from several plant species (Rubio et al., 2001) Finally, PIATGAPB was
found in the Arabidopsis GAPB gene promoter and resulted involved in the reduction of
light-activated gene transcription (Chan et al., 2001). Only further functional studies on
these regions will clarify their real importance in the differential expression of the
homologous members of Mal d 1 gene family.

Table 1. Cis-elements found in the Mal d 1.02 upstream region and not in Mal d 1.06A and Mal d 1.07 upstream
regions with the sotware PLACE.

Factor Site*  Strand Motif Species
UP2ATMSD 900 + AAACCCTA Arabidopsis
P1BS 1209 + GTATATAC Arabidopsis/tomato/Medicago/barley
P1BS 1209 - GTATATAC Arabidopsis/tomato/Medicago/barley
PIATGAPB 89 + GTGATCAC Arabidopsis
PIATGAPB 89 - GTGATCAC Arabidopsis

* Distance from ATG-codon

The comparison of the promoter regions of Mal d 1.02, Mal d 1.06A and Mal d 1.07,
revealed also that the TATA-box is the only conserved portion albeit its position slightly
differ: -118 for Mal d 1.02, -112 for Mal d 1.07, and -115 for Mal d 1.06A. In Figure 2 the 200
bp upstream regions of the three genes were aligned and the similarity among the
sequences was about 35%.
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Maldl.06A —--TTTCTTTGTTTTITATTTTTATGCATGCATTTGAAATTATACATAAGGAGCGGGGTTA 57
Maldl07 ———-TGGCCTTGACTITG@ATTTC. INTGGGCTAGCTGCAATTEGTCAAAAT) TG@C 60
Maldl02 ———ACAAATTATTAAAETTTTiﬁmCCTTGTAAATTTGTAEAGATCGAAE:E— —EA 54
* % ko x % * *
TATA-Box
Maldl.06A CTTITACACATATACCCTCCATACCAAATC|TATAAATAC|ICACCCTATGGAGAGAACATTIT 117
Maldl07 CI\TC| TGERTCAACCTITCAGCCHCACEC|ITATAAATAC|ICATAC[ONNSC T CC| IACTT] 120
Maldl02 AT ATGCCCCAAACTC IACT@CITATAAATAC|CACCTSSN®AGT ATCT cA 114

dk ok Kk K Kk Kk Kk
Maldl.O06A 777CTCACCTCAACATCGATCATCCTCCTAGCATCCTCCTTTCATTAATTTCCTTGA TC 173
Maldl07 ———CI\CARCTC. ICECATTIAC C CTTCTT--TTTCATAAATTTCHMTTITCTC 175
Maldl02 ACAC] CTCT BIEACT CATCCTT- GGTAGTTGCTTTC GCTC 173
* ok Kk * * ok ok kK K Kkk K KK

START-codon

Maldl.06A ATTITCCAAGCCCTTAAAAATCATCATE 201
Maldl07 ACTITCCAAACACTTCGCAGA-ATCATG 202

Maldl02 ATTCTCAACCCTCTTTTTTCTCATCATG 201

* ok kx ok Kk Kkkk Kok k ok k ok

Figure 2: Alignment of the promoter regions (-200 bp from the start-codon) of Mal d 1.02, Mal d 1.06A and Mal d
1.07. Start codons and TATA-boxes are indicated with boxes. The nucleotides in common for the three sequences
are indicated with stars; the nucleotides in common between Mal d 1.02 and Mal d 1.07 are highlited in black; the
nucleotides in common between Mal d 1.02 and Mal d 1.06A are highlighted in yellow and the nucleotides in
common between Mal d 1.06A and Mal d 1.07 are highlighed in grey.

As described by Gao et al. (2005), the genes of Mal d 1 family can be divided into
subfamilies depending on the sequence similarity and corresponding to the presence and
lenght of introns. If the promoter regions of other isoallergens are included in the alignment
(Mal d 1.08 and Mal d 1.06B; Figure 3), it clearly appeared that the promoter regions
similarity is higher between genes belonging the same subfamily. In particular, if only the -
150 bp regions are considered, the similarity between Mal d 1.06A and Mal d 106B
(subfamily IIl) is 86% and between the Mal d 1.07 and Mal d 1.08 (subfamily V) is 79%. On
the contary, if different subfamilies are compared, the similarity is around 45-50% (Table 2).
These results indicated that also the -150 bp upstream region of a Mal d 1 genes seems a

tipical feature of genes belonging to a subfamily.

Table 2. Score of similarity among -150 bp upstream regions of Mal d 1.02 (subfamily 1), Mal d 1.06A and Mal d
1.06B (subfamily Ill), Mal d 1.07 and Mal d 1.08 (subfamily IV). The lines regarding the scores within a subfamily
are highlited in grey.

SeqA Name Len(nt) SeqB Name Len(nt) Score

Mald102 150 Mald106A 150 50
Mald102 150 Mald106B 150 50
Mald102 150 Mald107 150 46
Mald102 150 Mald108 150 43

Mald106B 150 86
Mald107 150 54
Mald108 150 58
Mald107 150 54
Mald108 150 52
Mald108 150 79

Mald106A 150
Mald106A 150
Mald106A 150
Mald106B 150
Mald106B 150
Mald107 150

A W WMNDMNDN = = =2 =
GO o prOaOBrOr~rON

Interestingly, the Mal d 1 genes have been found to share also an higher homology
in the intron sequences among genes belonging to the same subfamily, as reported in
Figure 4. In particular, the 79% similarity was found between intron sequence of Mal d 1.01
and Mal d 1.02.
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Maldl02
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Maldl02

Maldl06A
Maldl06B
Maldl01
Maldl02

AGTTCCA---GAAGTTCAAGTIT-AGGTGG—————— CCTTGAC-TTGCATTTCAAAGATGG 108
TTTICTTAATCGATATCCAGATCCAGATGGTCCCTCCCCTCTC-CAGARATACAAAATTAT 118

TT@TTT
TTYNTT T

GA--CT [ACATEMNATACINMNGEVAT| (THEMNG N —— INRN T/ T TPy T TIAT
AT ——GCCl¥§GCA GATALZYSIARYY TR CAESICIAC AINGGIC Aleer gy

GTATATAC-CGTCACTTAGATATATCCAA-TACACAAGTGACACAAATTATTAAACATTT 105
*

* *

GCTAGCTGCAATTGGT----CAAAATTAATT-GCCCATCGTTTGATCAACCTTCAGCCTC 163
ATGTAGAAAAATTAATGCTCCCACGTITGATGAGTACACCTTTTCATCAATCCTCAGCCTC 178

[€CAT

PN T GRVVATEA TINC AINAAGGAGOGGGGIN T ACHMMPNGINGYNN A IV:X
PIGARGVCI T CIRAAPNT TTGT C[@CAACHC — (o ggyNO NS WGl

CHyClel®G 148

C
TAAGATCCTTGTAAATTTGTAGAGATCGAATGATCAAAATGACAAAATGCCCCAAACTCT 165

* * * *

CACAACTCAAAATCTCCCATT 219
CCTCCTTCACTTCTT-~--CACATCTCAAAATCTCCCATT 233
TGGAG — C ¢ 216

} 204
IACCACCTCTCAGTACCCATCTCCAACACAAAACTCTCAACCTTCACTA 225

* Kk kkkkkkkkk K * * ok xk * * *
ACACCATCTICTTITTTCATAAAT----TTCTTTTTCTCACTTTCCAAACACTTICGCAGA- 274

AAACCATCATCCTTGGTAGTTGCT---TTCTTTTGCTCATTCTCAACCCTCTTTITTTCTIC

* x % ** ** * ok kx ok Kk kkk

START-codon

ATC---]aTg 280
ATC---]ATG 294
ATCat ATG ]
ATC 273
ATC---ATG 288
* k ok
Figure 3: Alignment of the promoter regions (-250 bp from the start-codon) of Mal d 1.02 (subfamily 1), Mal d 1.06A
and Mal d 1.06B (subfamily 1ll), Mal d 1.07 and Mal d 1.08 (subfamily IV). Start codons and TATA-boxes are
indicated with boxes. The nucleotides in common for the three sequences are indicated with starts; the nucleotides
in common between Mal d 1.06A and Mal d 1.06B are highlited in violet; the nucleotides in common between Mal d
1.07 and Mal d 1.08 are highlited in grey.

* Kk Kk

START-codon
7TAATTTCCTTGATCATTTTCCAAGC7CCTTAAAAATCA***TCGGTGTCCT 109
7777CTTAATTTCCTTGATCATTTTCTAAGC7TCTTAAAAATCATCATCGGTGTCCT 81
77777777777 CCTTTGCTCATTTTCCAACCTTTTTTTTAATCA*77TCGGTGTCTG 91
GTAGTTGCTTTCTTTTGCTCATTCTC*AACCCTCTTTTTTCTCA*77TCGGTGTCTA 107

kkk kxkkkk Kk Kk K * % * %k Kk Kok ok ok kok ok ok ok k ok

CACATACGAAACCGAATACGCCTCAGTCATCCCCCCTGCTAGGTTGTACAATGCCCTITGT 169
CACATACGAAACCGAATACGCATCCATTATCCCCCCTGCTAGGTTGTACAATGCCCTTGT 141
CACATTTGAGAACGAGTTCACCTCTGAGATTCCACCATCAAGATTGTTCAAGGCCTTTGT 151
CACATTTGAGAACGAGTACACCTCTGAGATTCCACCACCAAGATTGTTCAAGGCCTTTGT 167

kkkkk  kk K kKK K K Kk Kk Kk kk kK Kk kk kkkKk kkk KAk Kk kK

TCTTGATGCTGACAATCTCATTCCGAAGATTGCTCCACAAGCAGTCAAAACTGTTGAAAT 229
CCTTGATGCTGACAACCTCATCCCCAAGATTGCTCCACAAGCAGTCAAAACTGTTGAAAT 201
CCTTGATGCTGACAACCTCATCCCCAAGATTGCACCCCAGGCAATCAAGCAAGCTGAAAT 211
CCTCGATGCTGATAACCTCATCCCCAAGATTGCACCCCAGGCAATCAAGCATGCTGAGAT 227

khk kkkkkhkkkhkk kk kkkkk kk kkkkhkkhkk kk kk khkk Kk kk *  kkk kK
[Cleh

289
TcTcGAGGGAGATGGcGGTGTTGGAACCATCAAGAAAGTTAGCTTTGGCGA];E 261
CCTTGAAGGAAACGGTGGCCCCGGAACCATCARGAAGATCACTTTTGGTGAAGGTCAGTT 271
CCTTGAAGGAGACGGTGGCCCTGGAACCATCAAGAAGATCACTTTTGGTGAAGGTCAGAT 287

*k kk kxkk K Kk kK Kkkkkkkkkkkkkk ok ok kkkkk kkkkkk Kk X

INCR\CRACACIN 346
—= C Ci T T T A RTRATRTGGR 318
AATTAGCACGGTTAATGATTTCGATGGTTTCGTTTAACAAATTTTATTAACACGTATACA 331
AATTAGCATTGATAATTATTTAGATGGTTTCGCTTAACAARATTTTATCAACACATATACA 347

** * ok Kk xk*x * ok ok x kK Kk Kk K * *

373
374
TGTTGATGTTGTTAGACT--TACAGTATTTGTGGATTTCTAGAT----GATTATATGTGA 385
TGTTGATGTTGTCAAACTATTACAGCGCTAGTGGATTTCTATATATATGATTATGTGCGG 407

ko kk kk K * * okk

TCTCGAGGGAGATGGCGGTGTTGGAACCATCAAGAAAGTTAGCTTTGGTGA.
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Maldl06A ( AGTGAATACAG 417
Maldl06B GGAGTGAATACAA 420
Maldl01l TCAGTATCCAGAGTCTAATAATATTATATGTTITTATTTGTCTCGCA AGCCAGTACGG 445
Mald102 TTTATATTCATAGTCTAACAATAA-—-ATAATTCATTTGTCTCACAGGICAGCCAATACGG 464
* * % * % *x Kk ok KKKK KK X KX
MaldlO06A CTATGTGAAGCACAAGGTTGAGGGAATTGACARAGATAACTTTGACTATAGCTATAGCTT 477
Maldl06B CTATGTGAAGCACAAGGTTGAGGGAATTGACARAGACAACTTTGTGTACAGCTATAGTTT 480
MaldlOl CTACGTGAAGCACAGGATTGACTCAATTGACGAAGCAAGCTACTCATACTCCTACACTTT 505
Maldl02 CTACGTGAAGCACAAGATCGACTCGGTTGACGAAGCAARACTACTCATACGCCTACACTTT 524
AKX KKKKKKKKKK K K KK kKKK KKK K KK * % xxkx x xx
MaldlO06A GATTGAAGGGGATGCCATTTCTGACARARATTGAGAAGATCTCTTATGAAATTAAGTTGGT 537
Maldl06B GATTGAAGGAGATGCCATTTCTGACARAARATTGAGAAGATCTCTTATGAGATTAAGTTGGT 540
MaldlOl GATTGAAGGAGATGCTTTGACAGACACCATCGAGAAAATATCTTACGAGACCAAGTTGGT 565
Maldl02 GATTGAAGGAGATGCTTTGACAGACACCATTGAGAAGGTCTCTTACGAGACCAAGTTGGT 584
khkkhkkkkhkkkhkkx KKk kKk * * Kk k ok Kk Kk Kk k ok ok ok * kkkkk Kk Kx * ok koK ok ok Kk Kk
Maldl06A GGCATCTGGCAGTGGTTCCATCATCAAGAACACCAGCCACTACCACACTAAGGGAGATGT 597
Maldl06B GGCTTCTGGCAGTGGTTCCATCATCAAGAACATCAGCCACTACCACACCAAGGGAGATTT 600
Maldl01l GGCATGTGGAAGTGGTTCCACCATCAAGAGCATCAGTCATTACCACACCAAGGGAAACAT 625
Maldl02 GGCATCTGGAAGTGGTTCCATCATCAAGAGTATCAGCCACTACCACACCAAGGGTGATGT 644
kkk k Kkhkk KAAkkhkAkhkhkdkhkk Kk kkkhkk kK Kk kkk Kk KkAkkkkkhkk KAk kkk * *
Maldl06A TGAGATCAAAGAAGAACATGTTAAGGCTGGCAAAGACAAGGCCCATGGTCTGTTCAAGCT 657
Maldl06B TGAAATCAAGGAAGAGCATGTTAAGGCTGGCAAAGAAAGAGCCCATGGTCTGTTCAAGCT 660
MaldlOl TGAAATCAAGGAAGAGCACGTCAAGGCTGGAARAGAGAAGGCCCATGGTTTGTTCARACT 685
Maldl02 TGAGATCAAGGAAGAGCACGTCAAGGCTGGCARAGAGAAGGCTCATGGTTTGTTCAAGCT 704
kkk Khhkhkkhkk KAhkkhkk kk *k Fhkkkhkrkkhkrkk KAkkxk K kk kkkkkhkk KhAkkkkkkx kK
STOP-codon
MaldlO06A TATTGAGAACTACCTTGTGGCCAATCCTGATGCCTACAACGACCATC*CATCTGGCA 716
Maldl06B CATTGAGAACTACCTTGTGGCCAATCCTGATGCCTACAAC|TAAIRACCTTT-CATATGGCA 719
Maldl01l TATTGAGAGCTACCTTAAGGACCACCCCGACGCATACAAC[TAAATTAATCATAAGTATCT 745
Maldl02 TATTGAGAGCTACCTCAAGGGCCACCCCGACGCATACAACTTAAT***ATGTTTCT 761
KAKKKKK AKX KAK Xk Kk K Kk Kk Kk kkkkkkkkk * x % %
Maldl06A ACA--ATCTTGTGTTTTGCTTTCTCTGTTTACTCAGCTGTGTGGTTCAATTTATTATCGT 774
Maldl06B ACA--ATCTTATCTCTTGCTTTCTCTGTTTATTCAATTGTGTGGTTTAATTTATTATCGT 777
Mald101 ATGGTGTTTTGGGTGTTACCGTTACTATATGGTCAGTCG-AAGGTTGTGTGGCTTT-—-— 800
Mald102 ATGGTATTTTGGGTGTCACCCTT—————————— CAGTCG-AAGGTTGTGTGGCTTTTC-- 808
* * kK * Kk * * * K * * koK Kk * * K
Maldl06A ACCAAAGCAATTCTTTGACTTGCACT 800
Maldl06B GCCAAAGCAATTCTTTGACTTGC--- 800
Maldl01 = —emmmmm e
Maldl02 @ —emmmmmmm e

Figure 4: Alignment of nucleotidic sequences of Mal d 1.07 and Mal d 1.02, belonging to subfamily I, and Mal d
1.06A and Mal d 1.06B, belonging to subfamily Ill. Start codons, stop codons and the extreme nucleotides of exons
were indicated with boxes. In the intron sequences, the identical nucleotides were highlited with the same colors for
the members of the same subfamily.

After these findings it is difficult to cocnlude if the -150 bp upstream region might act in the
transcriptional control of Mal d 1 genes belonging the same subfamily. In fact, Mal d 1.01
and Mal d 1.02 share a comparable level of expression in Florina fruit but, on the contrary,
Mal d 1.06A and Mal d 1.0B expression levels differed consistently. Indeed it is is
reasonable to assume a putative involvement of other elements in the deterimantion of gene
expression levels, for example the sequence structure. In fact, the relationship between
sequence structure (gene size, expecially the size of non-coding regions, intron sequence or
gene orientation) and the expression level for plant genes was already reported (Yang,
2009; Bondino and Valle, 2009, Sanzol et al., 2009).

As well as among genes, a clear differential expression has been found between
apple skin and flesh. An higher abundance of transcripts has been generally found in apple
skin than in flesh for most of Mal d 1 genes (Figure 1A), confirming the data previously
published by Pagliarani et al. (2009) for the Mal d 1.02. However, an opposite behaviour
was found for the two new isoallergens, Mal d 1.11 and Mal d 1.712, that resulted most
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expressed in flesh than in skin. Beuning et al. (2004) have already reported the presence of
Mal d 1n ESTs (corresponding to Mal d 1.11) in fruits. By contrast, for Mal d 1.12 no data
regarding its expression were available, probably due to its very low expression level.
Fernandez-Rivas and Cuevas (1999), after both in vivo and in vitro tests, reported that skin
of Rosaceae fruits (apple, pear and peach) induce an higher allergic response than flesh. In
this case, the higher amount of the majority of Mal d 1 genes in skin fits with the
immunological results and might be associated to the higher allergenicity. In the same study
it was also reported that 40% of apple allergic patients tolerate the ingestion of the flesh of
these fruits. This means that also the low amount of Mal d 1 allergens in apple flesh may be
sufficient to provoke allergy in the 60% of sufferers. A significant variability of allergic
responses among patients, genotypes and apples were already described by Asero et al.
(2006) and also Ricci et al. (2010, submitted), in a study performed with Prick-to-Prick tests,
reported for some cultivars (i.e. in Jonathan and Jonagold) even a stronger reaction for flesh
than skin. As a consequence, it is conceivable that also small variations in the amount of
Mal d 1 isoforms in similar apple samples may be sufficient to increase or reduce the
reactivity in allergic patients. Hence, it is not possible to exclude a role in the allergic
reaction also for the low expressed Mal d 1 isoallergens. In this case, Mal d 1.11 and Mal d
1.12 are the best candidates to be relevant for the allergenicity to apple flesh.

Expression levels of Mal d 1 genes in the fruits of different genotypes

In order to unravel the importance of internal factors, as the genotype, in the
induction of allergy, the Mal d 1 gene expression profiles were also analysed in fruits of
cultivar Gala. As shown in Figure 1B, also in this case the qPCR analysis allowed to divide
the isoallergens in the three groups. A general correspondance between Florina and Gala
for what concern this division of isoallergens and a comparable magnitude of expression
between genotypes was found, except the higer expression of Mal d 1.06A in Gala and
other slight differences. To investigate further this putative variability in Mal d 1 gene
expression among genotypes, the investigation was extended to four more genotypes
(Jonagold, Jonathan, Durello di Forli and Fiesta). Most notably, the ability of Mal d 1 specific
primers to give amplification on these genotypes was described in Chapter 2. In particular,
Fiesta was excluded from the gene expression analysis for Mal d 1.12 because the primers
for this gene are not able to amplify this genotype.
A different degree of allergenicity among cultivars is reported in literature (Bolhaar et al.,
2005; Gao et al., 2008) indicating that the genotype can directly influence the allergic
reactions in atopic individuals. The data available in literature for these genotypes regarding
allergenicity or Mal d 1 protein amounts are summarized in Table 3.
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Table 3. Summary of data available in literature for the genotypes allergenicity or protein amount.

Apple genotypes
Reference Technique Gala Fiesta Florina 2:";?::: Jonathan Jonagold
. . . Skin: Skin: . Skin:
Ricci et al., Skin: HIGH Skin: HIGH Skin: LOW
2010 Prick-to-Prick Test INTERMEDIED  LOW Low
(submitted) Flesh: Flesh: Flesh: Flesh: Flesh: Flesh:
INTERMEDIED HIGH INTERMEDIED LOW HIGH HIGH
Bolhaar et ) .
al., 2004 Prick-to-Prick Test HIGH HIGH / / / /
Marzban et  Total Mal d 1 protein
al., 2005 determinantion / / / / ! Low
Sonetal., Total Mald 1 protein
1999 determinantion / / / / / Low

The compex expression profile of Mal d 1 genes in different genotypes is reported in Figure
5. These results are not easily to explainable but it is clear that, beside the variability
regarding the allergenicity degree, also at the transcriptional level there is great genotype-
depending variability.

Exploiting the data reported in Table 3, it was possible to speculate on the
contribution of each Mal d 1 gene in the allergenicity of the cultivars. More in detail, Mal d
1.06A and Mal d 1.07 were the two isoallergens for which the expression was better
positively correlated with the allergenic information. In fact, they resulted mainly expressed
in Gala and Fiesta that are well characterized as high allergenic genotypes. Looking to the
other genes, Mal d 1.03F and Mal d 1.12 resulted negatively correlated to allergenicity due
to their absence in Gala and Fiesta. For the other isoallergens (Mal d 1.01, Mal d 1.02, Mal
d 1.03A, Mal d 1.06B, Mal d 1.08 and Mal d 1.11) a correlation to allergenicity is not clear.
By the Principal Component Analysis (PCA) it was possible to quantify this hypothetical
association. In was possible to conduce this analysis only with the data regarding fruit skin
due to the almost absent expression of many Mal d 1 genes in pulp. The analysis of the
three replicates normalized values of Mal d 1 gene expression in skin, the 6 genotypes
resulted clustered in three groups (Figure 6A): Gala and Fiesta were closely clustered and
discriminated from Jonathan, Jonagold and Durello di Forli. Florina was located apart
resulting to be differentiated from the first two groups.

The first two factors with eigenvalues >1 were able to explain more than 80% of the total
quantitative variation found among cultivars. In particular, the first factor, which explains the
53,7% of the total variation, divides Fiesta, Gala and Florina from the others. This this factor
appeared mainly affected by Mal d 1.01 (91,6%) and Mal d 1.02 (92,9%) expression, as it is
shown in Figure 6B. Since Gala, Fiesta and Florina are the three cultivars with the higher
general transcripts amounts, this factor can be explaned looking at the clear predominance
of expression of Mal d 1.01 and Mal d 1.02 respect the others. More interestingly, the
second factor, which explains the 28,5% of the total variation and which is what clearly
distinguishes between the high allergenic cultivars (Gala and Fiesta) and the others,
appeared mainly correlated with Mal d 1.06A (85,3%) and Mal d 1.07 (90,4%) expression,
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closely followed by Mal d 1.03A expression (68,4%), as is reported in Fgure 6B. Indeed,
these results corroborate the hypothesis of a particular correlations among these

isoallergens and allergenicity.
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Figure 5: Quantification, by gPCR, of the transcript levels of the isoallergens Mal d 1.01, Mal d 1.02, Mal d 1.03A,
Mal d 1.03F, Mal d 1.06A, Mal d 1.06B, Mal d 1.07, Mal d 1.08, Mal d 1.11 and Mal d 1.12 in apple fruit skin and
flesh at harvest. The levels of expression were calculated on the cv Jonagold, Jonathan, Durello di Forli, Florina,
Fiesta and Gala using the standard curve method and transcript accumulation is reported as mean normalized
expression, in arbitrary units (A.U.). The values in the charts resulted from three technical replicates + SE. Blak
bars represented the relative expression in the apple skin and grey bars the relative expression in flesh.
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Figure 6: Results of the PCA. A) Grouping of the 6 genotypes, using Euclidean coefficients based on the Mal d 1
genes expression data. In the charts the points;. Three groups of genotypes were identified according to the first
two factors: group | containing the replicates 13, 14 and 15 of the cultivar Fiesta and the replicates 16, 17 and 18 of
the cultivar Gala; group Il containing the replicates 4, 5 and 6 of the genotypes Durello di Forli; 7, 8 and 9 of the
cultivar Jonagold and 10, 11 and 12 of the cultivar Jonathan; group Ill containing the replicates 1, 2, and 3 of the
cultivar Florina. The groups are indicated with circles. B) Disposition of the variables (Mal d 1 genes) in the two
factors plot. The genes more involved in the determination of the factor 2 are indicated with a box.

The reliability of the expression data for the isoallergens was tested by the study of
their transcript leveles on a biological replicate of fruit samples of Jonathan, Florina and
Fiesta. The pattern of expression was always confirmed and, most notably, the higher Mal d
1.06A gene expression in Fiesta than the others genotypes. In Figure 7 are reported, as
example, the results on the biological replicate for Mal d 1.01, -1.02, -1.06A and -1.06B.
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Figure 7: Quantification, by qPCR, of the transcript levels of the isoallergens Mal d 1.01, -1.02, -1.06A and -1.06B
in a biological replicate of apple fruit skin and flesh at harvest. The levels of expression were calculated on the cv
Jonagold, Jonathan, Durello di Forli, Florina, Fiesta and Gala using the standard curve method and transcript
accumulation is reported as mean normalized expression, in arbitrary units (A.U.). The values in the charts resulted
from three technical replicates + SE. Blak bars represented the relative expression in the apple skin and grey bars
the relative expression in flesh.

86



Charter 3

By combining the gene expression results obtained here with the allelic-diversity study
conduced by Gao et al. (2008) on some intron-containg Mal d 1 genes, some statement can
be made. In fact, Gao et al. proposed an association between allergenicity and the allelic
composition of two isoallergens located in the LG16, Mal d 1.04 and Mal d 1.06A. In
particular, they found association between low allergenicity and the pseudo-alleles ps7 and
ps2 of Mal d 1.04 and the allele -02 for Mal d 1.06A. The absence of Mal d 1.04 transcripts
in fruits (see Chapter 2) suggested that this allergen can not be relevant for allergenicity.
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T T T T T T T T
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Figure 8: Alignament of the predicted amino acid sequences of Mal d 1.06A allele variants of different cultivars:
Fiesta (FS), Prima (PM), Golden Delicious (GD), James Grieve (JG), Red Delicious (RD), Priscilla (PS), Jonathan
(JO), Discovery (DS), Florina (FL) and Fuji (FJ). The amino acid substitutions among allele variants are indicated
with arrows.

On the contrary, after the transcriptomic study performed at gene (locus) level in this work,
the correlation of the isoallergens Mal d 1.06A with allergenicity became more consistent but
the question regarding the different level of allergenicity among cultivars remain unresolved.
In fact, it is not yet clear if the degree of allergenicity between genotypes with a different
haplotype for the Mal d 1.06A gene, is due to an involvment of the three amino acid
substitutions or to a different transcript amounts, as appeared in our study. Mal d 1.06A
protein variants differ for three amino acid substitutions in distinct positions (Figure 8).

The changes in the protein sequences might affect the binding affinity among IgE-
epotops. Albeit this, the quantitative hypothesis seems more realistic since in some case the
Mal d 1.06A expression level appeared more related to allergenicity than allelic composition.
In fact, Gala and Jonathan showed the same Mal d 1.06A alleles: -01 and -02 (Gao et al.,
2008) but a difference in gene expression and allergenicity degree have been reported:
Gala howed higher allergenicity and higher expression levels. Why different genotypes
showed a different levels of Mal d 1 transcripts is not clear. It is harde to assume that the
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few SNPs in the coding reagions may affect the level of expression indeed, also in this case,
a putative role of some gene feature, as the intron sequences, is more likely. Other
functional analysis are need to further investigate this aspect.

Finally, also by Gao et al. (2008) no association was observed for the protein
variants coded by the Mal d 1.01 (on linkage group 13), -1.02, -1.06B, -1.06C genes (all on
linkage group 16), nor by the Mal d 1.05 gene (on linkage group 6) and it is in agreement
with the results retrieved by the gene expression profiling (Figure 5). All these findings
highlight the importance of a multidisciplinary approach including genomic, transcriptomic,
proteomic and medical studies, in the study of a complex mechanism such apple allergy.

All these considerations lead to the conclusion that both the qualitative and
quantitative aspects may play a role in the determinantion of allergenicity. In fact, to
distinguish relevant members for the allergenicity among the complex gene family, the
qualitative characteristics of Mal d 1 isoallergens seem to prevail over those quantitative,
considering the prevalence of Mal d 1.06A over Mal d 1.02 although the great difference in
their gene expression (Mal d 1.02 >> Mal d 1.06A). On the contrary, considering the pattern
of expression of a single isoallergen putatively involved in allergenicity, small variation in its
amount in different samples seem to influence the allergenic response indicating the
importance of quantitative aspects.

Since it is possible to assume that there is no naturally occurring cultivars without
Mal d 1 allergens and that the genotype is an important factor in the determination of
allergenicity, the hypo-allergenicity has to be searched in other genotypes, for instance
among wild genotypes or germoplasm. The knowledge acquired in this work can be
considered a good base since the gene expression of the two isoallergens hypothetically
best related to allergenicity, Mal d 1.06A and Mal d 1.07, might be used to test new
materials as marker for the degree of allergenicity. For this aim the segregating population
of Durello di Forli X Fiesta might represent a good resource due to the opposite degree of
allergenicity of the two parents (Table 1) and the clearly distinguishable levels of expression
of Mal d 1.06A and Mal d 1.07 between the high allergic cultivar (Fiesta) and the low allergic
genotypes (Durello di Forli). Further proteomic and clinical studies will be helpful to
corroborate these hypothesis. Moreover, considering the putative involvement of
isoallergens quantitative aspects in the determination of allergenicity, a special attention
should be given to the apple growth and storage conditions. In fact, in previous study a
significant effects on the Mal d 1 content of fruits have been reported for enviriomental
factors as orchard elevations or shading and postharvest storage conditions as modified
atmospheric conditions (Sancho et al., 2006; Botton et al., 2009).

88



Charter 3

Conclusions

In this work the specific expression levels of Mal d 1 isoallergen genes was studied
for the first time in apple fruits. The analysis was performed on six different genotypes and
was focused only on the 10 Mal d 1 members that were already reported to be expressed in
fruits. The results showed a significant variability, mainly depending on Mal d 1 gene but
also on tissue and genotype and so a complex gene expression profile was obtained. The
results suggested a certain influence of both the qualitative (which Mal d 1 gene) and
quantitative aspects (level of important Mal d 1 gene) of Mal d 1 genes transcription profile
in the apple allergy mechanism. In fact, by combining these expression data with the
knowledge about allergenicity of the different genotypes available in literature, it was
possible to speculate on the correlation of each gene with the degree of the allergic reaction
in different cultivars. Mal d 1.06A and Mal d 1.07 resulted the two genes with the transcript
amount positively correlated to the degree of allergenicity and so a particular importance
was proposed for them albeit they are not the most expressed Mal d 1 genes in apple. This
hypothesis needs further validation by in vivo and in vitro tests, both at medical and
biological level because only a multidisciplinar approach might solve a complex
phenomenon such as apple allergy. In particular further proteomic analysis will be helpful to
confirm the levels of expression also at the protein level.
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Introduction

Pathogenesis-related (PR) proteins are plant-specific proteins currently classified
into 17 functional families that are rapidly and strongly induced upon pathogen infection or in
related situations (van Loon et al., 2006). The term pathogenesis-related refers to the fact
that these proteins are induced in association with resistance responses but does not by
itself imply a functional role in defence (van Loon et al., 2006). In the past few years, the
changes in transcriptomes during the plant response to biotic stress have been deeply
analysed and, among the hundreds of modulated genes, PR proteins inductions have been
detected in both compatible and incompatible plant-pathogen interactions (Liu and
Ekramoddoullah, 2006).

PR-10 is a large PR protein family that comprises ubiquitous intracellular proteins
with still unclear biological function. This family contains more than one hundred members
isolated from several plant species and tissues. PR-10 proteins are typically small (17-18
kDa proteins of 151 to 163 residues) cytoplasmic proteins, with an acidic isoelectric point
and with a conserved three-dimensional structure, consisting of seven-stranded B-sheet
wrapped around a C-terminal a-helix and two additional small a-helices (van Loon et al.,
2006; Markovic-Housley et al., 2003). The primary amino acid sequence presents a
conserved P-loop motif (GxGGxGxxK) localized in the region between 2 and B3 that is
hypothetically involved in the RNase activity of some PR-10 proteins as a binding site.
Moreover, an hydrophobic pocket has been identified in the crystal structure of PR-10 from
Betula verrucosa and Lupinus albus (Markivic-Housley et al., 2003).

So far, there are many reports of cloning, expression and characterization of
multiple members of the PR-10 family in plant genomes. Most PR-10 sequences have been
found clustered in plant chromosomes (Kleine-Tebbe et al., 2002; Hoffmann-Sommergruber
and Radauer, 2004; Gao et al., 2005). In apple, the Mal d 1 multigene family is containing at
least 20 different genes, mainly clustered on the two homeologous linkage groups (LG 13
and 16). Comparison of Mal d 1 sequences revealed high levels of identity among
members, ranking from 73% to 99% of positives amino acid matches (Gao et al., 2005, see
Chapter 1) and the homogeneity is suggested to be mantained by concerted evolution. The
cluster organization of this gene family may have facilitated this evolution (Gao et al., 2005,
see Chapter 1).

The inducible expression of PR-10 genes has been widely investigated in a number
of plant species and in response to different biotic stresses, as viruses, bacteria and fungal
pathogens (Liu and Ekramoddoullah, 2006), suggesting a key role in selective defence
mechanisms (Flores et al., 2002; Chadha and Das, 2006). In apple, a GUS activity
regulated by the promoter of a PR-10 gene resulted induced by viral (TMV) and fungal
(Botrytis cinerea) attacks (Pihringer et al., 2000). Moreover, Beuning et al. (2004) and Paris
et al. (2009) found an induction of Mal d 1 transcripts in leaves of apple challenged with the
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fungus V. inaequalis. Upon the infection with various types of pathogens, the association
between the accumulation of PRs and the production of SAR genes is often taken to
represent a causal relationship (Ryals et al., 1996). After the arrival of the mobile signal, the
infected tissues start to produce salicilic acid which induce PR proteins locally (Verberne et
al., 2003). Several studies demonstred the induction of PR-10 under SA application, as for
example in pear and apple, suggesting for these proteins a putative role both in local and in
systemic reactions (Ziadi et al., 2001; Faize et al., 2004). The induction of PR-10 genes was
also reported by abscisic acid and methyl jasmonate in lily anthers (Wang et al., 1999).
These data suggest that defence-related compounds are involved in the signal transduction
pathway leading to PR-10 activation.

Many abiotic stresses have also been demonstrated to induce PR proteins
productions. For instance, wounding in birch, potato or white pine (Liu and Ekramoddoullah,
2006), salinity in roots of rice (Moons et al., 1997) and drought stress in maritime pine and
hot pepper (Dubos and Plomion, 2001; Park et al., 2004). As an important enviromental
factor, cold hardiness affects PR-10 expression in white pine, peach and mulberry inducing
the accumulation of these proteins during cold acclimatation (Ekramoddoullah et al., 1995;
Wisniewski et al., 2004 and Ukaji et al., 2004).

Finally, some PR-10 proteins display constitutive expression patterns unrelated to
stress responses but developmentally regulated in different plants tissues and organs. For
instance, it is well know that PR-10 expression is ripening-related in apple fruits (Atkinson et
al., 1996; Goulao and Oliveira, 2006; Pagliarani et al., 2009). Beside the expression in fruits,
PR-10 in apple are known to be expressed in young and mature leaves, flowers and roots
(Puehringer et al., 2003).

Despite the ubiquitous occurence in the plant kingdom, the molecular mechanisms
through which PR-10 regulates all these important plant processes are not understood yet.
Several in vitro microbial inhibition experiments led to suppose that PR-10 members could
act as RNases (Park et al., 2004; Zubini et al., 2009). This activity can be crucial during
plant defence for controlling the burst of transcription that occurs upon stress sensing or for
the apoptotic processes activated in pathogen-infected cells to limit the pathogen invasion.
This activity could also be directly involved in the degradation of pathogenic viral RNA.
Although the in vitro tests, results of PR-10 genes over-expression in transgenic plants are
not consistent because the resistance was not always enhanced (Wang et al., 1999;
Truesdell et al., 1997). Recent data indicate that not all PR-10 proteins possess the RNase
catalytic property, as reported in peach by Zubini et al. (2009). Therefore it has been
proposed that RNase activity of PR-10 proteins might be incidental and of no crucial
biological importance (Biesiadka et al., 2002). Additional roles of PR-10 proteins could be
related to their ability to bind hydrophobic ligands, such as fatty acids, flavonoids
(Neudecker et al., 2001; Mogensen et al., 2002; Koistinen et al., 2005) or plant hormones
such as cytokinins that are recently emerging as important components of the plant defence
strategy repertoire (Pasternak et al., 2005; Fernandes et al., 2008; Chung et al., 2008). Also
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a role in steroid hormone-mediated disease resistance or developmental regulation is
proposed since the ability of PR-10s to bind brassinosteroids (Markovic-Housley et al.,
2003). The hydrophobic pocket in the 3D structure of PR-10 proteins is considered
responsible for these non-covalent interaction with apolar ligands, and perhaps with other
substrates for enzimatic activity. Moreover, Zubini et al. (2009) reported that there are
specific binding affinities among different PR-10 isoforms for plant functional ligands or
enzymatic substrates indicating that little changes in the structure of highly homologous
isoformes can lead to a subfunctionalization within the family. Finally, the apple PR-10
proteins have been reported to bind also another protein, named MdAP (Puehringer et al.,
2003), suggesting its potential role in signalling. Mogensen et al. (2002) proposed that the
interaction of PR-10s with other ligands may be exploited in signalling pathway or it can be
responsible for protein storage. Moreover, an high PR-10 concentration is also reported to
induce apoptosis (Carimi et al., 2003) and the expression of other PR proteins, such as PR-
1 (Memelink et al., 1987). Therefore, it is not reasonable to assign a unique function of PR-
10 proteins throughout the plant kingdom. This is also supported by the existence of a huge
number of different isoforms, with high sequence similarity but with different mode of
expression, constitutive or induced by many different factors.

Since the presence of many members of this family in a single species, up to now
the functional study of PR-10 proteins have been hampered by the difficulty to evaluate the
contribution of each specific member of PR-10 family in plant defence mechanisms. This is
also the case for the PR-10 family of apple. As they are important pollen- and food-derived
allergens (Breiteneder and Ebner, 2000; Hoffmann-Sommergruber, 2000; Breiteneder and
Radauer, 2004), many recent studies are focused on their implications in allergenicity. Less
is known about the possible involvement of apple PR-10 proteins in plant defence
responses to biotic and abiotic stresses (Ziadi et al., 2002; Beuning et al., 2004; Paris et al.,
2009).In this study, through the use of the set of specific Mal d 1 primer pairs for gene
expression analysis developed in Chapter 2, the modulation of 17 different Mal d 1 genes
was investigated for the first time in apple leaves and upon challenge with the fungus
Venturia inaequalis that is the causal agent of apple scab, one of the more severe apple
disease in climate regions. The results showed different mode of expressionfor all the
expressed Mal d 1 genes both in the intensity and in the timing of the responses among
genes, suggesting a diversification of biological role within this protein family.
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Materials and methods

Plant material and inoculation with Venturia inaequalis

Young expanded leaves from the scab-resistant cv. Florina were inoculated with a
suspension of V. inaequalis conidia in a dark chamber growth with 100% of humidity, as
described in Paris et al. (2009). The plants were pre-acclimated in the chamber for 24
hours. Water was sprayed on other Florina plants (mock inoculation) and young expanded
leaves collectedand used as control. A second inoculation experiment was performed in
order to obtain biological replicates. The expression of 5 selected Mal d 1 genes (Mal d
1.02, Mal d 1.04, Mal d 1.06A, Mal d 1.07 and Mal d 1.10) was also tested on young
expanded leaves from the scab-susceptible cv. Gala and from two independent scab-
resistant transgenic Gala lines transformed with the HerVf2 gene, called Ga2-2 and Ga2-21
(Belfanti et al., 2004). All the leaves were collected at 0, 24, 48, 72, and 96 h post
inoculation, stored separately at —80°C until RNA extraction.

Total RNA extraction

Total RNA was extracted from 1 g of leaves, according to Paris et al.(2009) and
quantified using a Nanodrop™ ND-1000 Spectrophotometer (Thermo Scientific, Wilmington,
DE, USA). 40 ug of DNA-free RNA were treated with 10 Units DNasel (GE Healthcare Life
Sciences, Little Chalfont, Buckinghamshire, UK) at 37°C for 20 min. First-strand cDNA was
synthesized according to Paris et al. (2009), starting from 1 ug DNA-free RNA. The cDNA
was diluted 1:9 and its quality was verified by the amplification with actin specific primers
(Paris te al,. 2009).

qPCR analysis

The gqPCR analysis were conducted on three technical replicates, as indicated in
Materials and Methods of Chapter 2. Two biological replicates were tested for each Florina
sample. Mal d 1 isoallergens specific primer pairs and conditions of amplification are listed
in Table 1 of Chapter 2. The raw data were analyzed with the standard curve method and
the actin reference gene as indicated in Paris et al., 2009. The final results are expressed as
Arbitrary Unit (A.U.).

Sequences analysis
Both the nucleotidic and amino acid sequences were aligned with the softwares

ClustalW (http://www.ebi.ac.uk/Tools/clustalw2/index.html) and MegAlign (Lasergene® v8.0)
using standard parametes. The promoter regions were with analized using the program
PLANTPAN to find transcription factor binding sites.
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Results and discussion

The preliminary screening regarding the Mal d 1 genes expression on young leaves
challenged with the fungus V. inaequalis revealed that all the genes are expressed except
the Mal d 1.03B, Mal d 1.05 and Mal d 1.12 (Chapter 2). Here, for the first time, the
transcripts levels of the expressed genes were studied in detail at different times after the
inoculation and in different genotypes.

Basal expression of Mal d 1 genes in young leaves of Florina

The comparison of Mal d 1 genes in young, not challenged leaves of Florina have
revealed a huge variation of the basal expression amongdifferent isoformes(Figure 1). In
particular Mal d 1.11 resulted the highest expressed gene followed by Mal d 1.02Mal d 1.01,
Mal d 1.03C/D/E/F/G, Mal d 1.07, Mal d 1.09 and Mal d 1.10 showed an intermediate
expression, with Mal d 1.01 10 times more expressed then the other genes. Finally, Mal d
1.04, Mal d 1.06A, Mal d 1.06C and Mal d 1.08 resulted the lowest expressed.

Mal d 1 genes expression in Florina young leaves
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Figure 1: Quantification, by gPCR, of the transcript levels of the genes Mal d 1.01, Mal d 1.02, Mal d 1.03A, Mal d
1.08C, Mal d 1.03D, Mal d 1.03E, Mal d 1.03F, Mal d 1.03G, Mal d 1.04, Mal d 1.06A, Mal d 1.06B, Mal d 1.06C,
Mal d 1.07, Mal d 1.08, Mal d 1.09, Mal d 1.10 and Mal d 1.11 in Florina, not challenged young leaves. The levels
of expression were calculated using the standard curve method and transcripts accumulations are reported as
normalized expression, in arbitrary units (A.U.). The values in the charts resulted from three technical replicates +
SE. Black bars represented the relative expression in the highly expressed genes, the dark grey bars the relative
expression of genes with an intermediate expression and the light grey bars the low expressed genes.

Differences in the levels of expression among Mal d 1 genes were also retrieved in apple
fruits (Chapter 3) with only slightdifferencies. In fact, in fruits Mal d 1.02 was the most
expressed gene, followed by Mal d 1.01. These results suggest that the tissues specificity
for Mal d 1 genes, reported in Chapter 2, is not only qualitative (specific genes in specific
tissues) but also quantitative (different levels of the genes in different tissues).

The comparison of the 5’ regulating region of the Mal d 1 genes expressed in
leaves, when available (Chapter 1), revealed that the TATA-box is the only long stretch that
shows high similarity among all the sequences, except for Mal d 1.09, Mal d .11 and Mal d
1.12 (Figure 2A). The similarity of this region increases significantly if only -150 bp of the
promoter regions of the same subfamily are considered. In fact, the homology reaches the
85% within the subfamily Ill and the 80% within the subfamily IV as it is shown also by the
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cladogram in Figure 2B. Since differences have been found in the expression results for
genes of the same subfamily, probably the responsive elements have to be searched far
from the start codon, in the not conserved regions.
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Figure 2: Alignment (panel A) and cladogram (panel B) of 150 bp upstreaming regions of Mal d 1.02, Mal d 1.03G,
Mal d 1.06A, Mal d 1.06B, Mal d 1.06C, Mal d 1.07, Mal d 1.08, Mal d 1.09, Mal d 1.10, Mal d 1.11 and Mal d 1.12.
The cardinal numbers indicate the subfamilies.

Expression of Mal d 1 genes in young leaves of Florina challenged with V. inaequalis
Althought the Malus-V. inaequalis interaction is probably the most well
charachterized woody tree plant-pathogen interaction from the molecular standpoint, the
mechanism of the incompatible interaction is still under study. PR-10 proteins have been
shown to be transcriptionally activated upon microbial attack or after treatment with fungal
elicitors (Puhringer et al., 2000; Elvira et al., 2008). In order to gain insight into the
behaviour of the gene family coding for PR-10 proteins during the incompatible Florina-V.
inaequalis interaction, the qPCR technology and the tool developed in Chapter 2 were used
to test the specific expression of the Mal d 1 genes in young leaves of Florina at different
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times after the in vivo inoculation with the fungus and the mock inoculation. The cv. Florina
was chosen because it is a scab-resistant genotype, with a resistance level classified as
2/3a in the Chevalier’s scale for the appearance of chlorotic lesions in young leaves 21 days
after the attack of the fungus. The resistance is mainly due to the resistance gene HcrV1R,
cloned from this cultivar (Vinatzer et al., 1998) and successufully used for the production of
transgenic apple plants (Belfanti et al., 2004). The important responses of apple to V.
inaequalis have been reported in early stages, within 24-48h when a cascade of reactions
set up that end with the block of the growth of the fungus, registered after 72h (Komjanc et
al.,, 1999). Among the genes induced during the Malus-V. inaequalis interaction, genes
coding for the PR-10 proteins were already reported (Beuning et al., 2004; Gau et al., 2004;
Paris et al., 2009) but here for the first time the analysis was extended to 17 different Mal d
1 genes. Moreover, the differences in direction, timing and magnitude of the modulation
among each member of the family were detected and discussed in order to gain information
on the putatively different biological functions of these highly similar genes.

In this work, the gene expression profiling was performed on samples collected at 0,
24, 48, 72 and 96h upon challenge. By calculating the ratio of expression at different times
after the inoculation and the expression at TO (Table 1) a significative modulation (log2 ratio
=1 or < 0.5 as respectively up- and down-regulated) have been reported for all the Mal d 1
homologous genes albeit with clear differences among genes.

Table 1: Levels of induction of Mal d 1 genes after the inoculation with the V. inaequalis and with water (controls)
expressed as log, of the ratio between the gene expression at different times after the inoculation (24, 48 , 72 and
96 hours) and the gene expression at T0. The highest value of induction of each gene is highlighted in gray (up-
regulation) or black (down-regulation). The highest and the lowest values among all the genes are indicated with
boxes.

Mal d 1 genes
Treatment | Timing| 7.07 1.02 1.03A 1.03C 1.03D 1.03E 1.03F 1.03G 1.04 1.06A 1.06B 1.06C 1.07 1.08 1.09 1.10 1.11
2
E T24/T0 34 22 3,9 4,9 41 3.1 3,1 3.1 -1.8 13
& TagmO [ 34 23 20 24 3,1 1.6 54 36 = e- 02 43 16 21 32 13
_'g T72/T0 4,0 35 3,0 3.3 39 22 08 4.4 1.1
N T96/TO 4,0 2,0 24 3,6 3,2 3,9 3,5 1,5 3,1 2,2 1,6 4.1 1,1 3,3 24 1,2
T24/T0 17 0.5 13 2,8 3,6 1,2 1,3 0,3 04 1,7 1,6 1,7 0,2 1,7 -0,6 -0,1
& Tagmo [ 30 16 15 17 37 2,1 2,0 33 05 07 18 03 03
g T72mo | 11 13 -1 04 3,0 3,1 26 1,9 33 03 00 00 19 05 12 02
T96/T0 08 19 4,2 1.6 06 27 03 14 [HERE 12 |

More in detail, an up-regulation for all the genes was reported (Figure 3 and 5) except for
Mal d 1.10 that was strongly down-regulated by the attack of the fungus (Figure 4). Also by
the suppression subtractive hybridization performed by Paris et al. (2009) to identify apple
genes that are differentially expressed after V. inaequalis inoculation, two different ESTs for
Mal d 1 genes, one by ‘forward’ and the other by ‘reverse’ subtraction, were collected.
Moreover, elements for both the activation and repression of expression have been found in
the PR-10 promoter of Pinus monticola (Liu and Ekramoddoullah, 2004).
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Figure 3: Quantification, by gPCR, of the transcript levels of the genes Mal d 1.01, Mal d 1.02, Mal d 1.03C, Mal d 1.03F, Mal d 1.03G, Mal d 1.04, Mal d 1.06A, Mal d 1.07, Mal d 1.08 and
Mal d 1.11 in Florina young leaves at different times (0, 24, 48, 72 and 96 hours) after the inoculation. The black lines represent the expression in leaves treated with V. inaequalis, the
dashed gray lines represent the expression in leaves treated with water. The levels of expression were calculated using the standard curve method and transcripts accumulations are
reported as normalized expression, in arbitrary units (A.U.). The values in the charts resulted from three technical replicates + SE.
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Interestingly, among the complexity of cis-elements that have been found in the upstream
regions of the Mal d 1 genes (Chapter 1), the 5’ regulating region of Mal d 1.10 was the only
one without the cis-element CATGTG. This motif was reported as essential for the up-
regulation of the gene erd? in Arabidopsis by dehydration stress and dark-induced
senescence (Simpson et al., 2003). This difference in the upstream regions might be
responsible for the opposite type of modulation (up- or down-regulation) observed for Mal d
1.10 in respect to all the other tested genes. The biological meaning of this divergent
behaviour found in highly similar genes is still unclear. Several evidence regarding the
multifunctional feature of PR-10 family have been found in literature (Zubini et al., 2009;
Markovic-Housley et al., 2003). Two hypothesis can be made at this regard. The first
hypothesis is based on the assumption of a not essential role for Mal d 1.70 during the
Malus- V. inaequalis interaction. In this case a strategy of the cell to save energy can be an
hypothesis for the decrease of Mal d 1.10 expession after the challenging, since the large
energetic cost for the protein synthesis process during the plant response to an external
attack. The second hypothesys regards the putative role of PR-10 proteins in the modulation
of endogenous hormons, such as cytokinins, and the ligand specificity of the different PR-
10 proteins (Koistinen et al., 2005) during the stress defence. Probably a fine regulation and
balance of plant hormones is required to guide the signalling pathway cascade of the
defence response to external attack and this might be an explanation for the need of the cell
to increase the expession of some members of the PR-10 family and to decrease the levels
of others. An antagonistic induction mechanism for the PR proteins was proposed also by
Colditz et al. (2007). Using the RNAi approach, they carried out the knockdown of the
Medicago Truncatula PR10-1 gene and an antagonistic induction of other PR proteins,
which are normally repressed due to PR-10 expression, was found. In this case, the
silencing of a PR-10 gene and the following increasing of the PR-5b resulted in an
increased tolerance of Medicago to the fungus A. euteiches after in vitro infection. Although
in their study genes belonging two different class of PR proteins, PR-10 and PR-5, were
involved, a similar mechanism inside the complex and heterogeneous PR-10 family can not
be excluded.

The magnitude of the gene expression modulation varied significantly among the
Mal d 1 genes. Considering the maximum induction for each gene, seven resulted had a
log, ratio > 4 (Mal d 1.01, Mal d1.03C/F/G, Mal d 1.04, Mal d 1.06A, Mal d 1.07); six had a
log, ratio between 2 and 4 (Mal d 1.02, Mal d 1.03A/D/E, Mal d 1.06B, Mal d 1.08 and Mal d
1.09); and two had a log, ratio between 1 and 2 (Mal d 1.06C and Mal d 1.11). The down-
regulation of Mal d 1.10 resulted with a log, ratio of -4,8. In particular, the highest
modulation have been detected for Mal d 1.06A that presented a maximum log, ratio of 11
and Mal d 1.11 resulted the least induced with a log, ratio of 2 (Figure 6).
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Figure 5: Quantification, by gPCR, of the transcript levels of the genes Mal d 1.03D, Mal d 1.03E, Mal d 1.06B, Mal
d 1.06C, Mal d 1.03A and Mal d 1.09 in Florina young leaves at different times (0, 24, 48, 72 and 96 hours) after
the inoculation. The black lines represent the expression in leaves treated with V. inaequalis, the dashed gray lines
represent the expression in leaves treated with water. The levels of expression were calculated using the standard
curve method and transcripts accumulations are reported as normalized expression, in arbitrary units (A.U.). The
values in the charts resulted from three technical replicates + SE.

103



Chapter 4

Mal d 1.11 was reported as the most expressed at TO indeed, its low up-regulation may be
due to a sort of threshold reached by the Mal d 1.11 transcripts or by a constitutive feature
of this genes probably not directly involved in the biotic stress response. On the contrary,
considering the very low transcripts level in leaves at TO of Mal d 1.06A, it's strong up-
regulation after the challenge with the fungus let suppose a crucial role for this gene in the
defence mechanism.

Figure 6: Up-regulation of gene
expression of Mal d 1.06A (black bars)
and Mal d 1.11 (striped bars) at different
times (24, 48, 72 and 96h) after
challenge with V. inaequalis described
as log, of the ratio between the
expression at different times after the
inoculation and the expression at TO.
The threshold for a significative s w -
induction of expression is indicated on | ) )
the chart. T24/T0 T48/T0 T72/T0 T96/TO

W Mal d 1.06A
Mald 1.11

Log, ratio (exp TX/expT0)

-t
O-I-Nw-hmm\loowo—tl\)

— <« Treshold for a
significative induction

For what concern the timing of modulation, almost all the genes started to be
significantly modulated respect the TO from the first time of collection (24h) till the last (96h)
but different patterns have been detected for the maximum of expression. An early single
peak of modulation (at 24h) was detected for Mal d 1.07, Mal d 1.08, Mal d 1.03D, Mal d
1.08E, Mal d 1.06B and Mal d 1.06C (Figure 3, 4 and 5). For Mal d 1.07 and Mal d 1.08 after
the 24h occurred a slow decrease of expression still the 96h (first column of Figure 3); for
Mal d 1.03D, Mal d 1.03E, Mal d 1.06B and Mal d 1.06C a strong reduction of expression
was detected at 48h but a slow increase was reported at 72 and 96h (first column of Figure
5). For Mal d 1.04 and Mal d 1.06A a huge single peak of expression was detected only at
48h. A slow increase and a single peak at 72h was found for Mal d 1.01, Mal d 1.02, Mal d
1.03F and Mal d 1.11. The same timing but with an opposite results was detected for
expression of Mal d 1.10 that reached the peak of down-regulation at 72h after inoculation.
Finally, two peaks of expression (24 and 72h) were detected for Mal d 1.03G, Mal d 1.03C,
Mal d 1.03A and Mal d 1.09. Since the important plant transcriptional changes that result in
the defence response during the incompatible interaction between Florina leaves and
V.inaequalis attack are supposed to occure in the early times (24 and 48h), an important
role might be argued for Mal d 1 genes mainly modulated in this period (Mal d 1.07, Mal d
1.08, Mal d 1.03D, Mal d 1.03E, Mal d 1.06B, Mal d 1.06C, Mal d 1.04 and Mal d 1.06A).
This complex expression profiles obtained after the attack of the fungus seems to fit well
with the putative involvement of PR-10 members in the signalling pathway activated in the
plant cell in response to stress. In birch the interaction of PR-10 proteins with several
important ligands, such as phenolic compounds, cytokinines or brassinosteroids, have been
demonstred (Koistinen et al., 2005). It is noteworthy that cytokinines and brassinosteroids
are involved in the regulation of the processes of growth and development but are also
considered important signalling molecules. It is conceivable that the PR-10 steroid carrier
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system proposed for PR-10 of birch (Markovic-Housley et al., 2003; Koistinen et al., 2005)
can be true also in the apple defence. In fact, this putative role in the transport and
regulation of endogenous hormones concentration and the ligand specificity among PR-10
proteins might allow the availability of high levels of signal molecules readily delivered to
their receptors for a quick response to external stimuli. Indeed, a complex network
modulating the PR-10 gene expression is proposed and it can also act through a feed-back
mechanism. This may be a possible reason for the double peak in the patterns of Mal d
1.03G, Mal d 1.03C, Mal d 1.03A and Mal d 1.09. Up to now, there are no elements to
interpret the different timing of induction of Mal d 1 genes but a diversification of functions
for genes induced in the same time is likely because otherwise this redundancy it would be
a loss of energy for the cell. Further functional analysis on the specific genes are needed to
solve this question.

Regarding the comparison of Mal d 1 transcripts accumulation in leaves challenged
with the fungus and in mock inoculated leaves, a modulation was reported for almost all the
genes also in the control samples but to a lower extent. For the Mal d 1 genes reported in
Figure 3 and 4 a significative difference was revealed between challenged and not leaves,
with a stronger up-regulation in treated samples respect to the controls. These results
suggest an involvement of these genes in the response to the specific biotic stress applied
in this work. On the contrary, in Figure 5 are grouped the Mal d 1 genes for which a not
clear distinction between treated and controls were reported. In particular, for Mal d 1.03D,
Mal d 1.03E, Mal d 1.06B and Mal d 1.06C an opposite pattern of induction was reported:
the fungus stimulated an higher expression of these genes after 24h from the attack but,
although a strong decrease of expression was reported in leaves treated with the fungus at
48h, the maximum of expression in leaves challenged with water was detected at 48h. For
Mal d 1.03A and Mal d 1.09, the expression in leaves challenged with V. inaequalis was not
significantly different from the finding in the leaves treated with water. Indeed, for these last
genes other components respect the attack of the fungus have been occurred in the
determination of the gene expression induction, as the wounding during the collection of
samples or some experimental conditions. These results are in accordance with the data
obtained by the work of Liu et al. (2005) in which plants of Arabidopsis were transformed
with a PR-10 of Pinus Monticola and a strong induction of this protein was reported after the
infection with the pathogen P. Syringae as well as after the challenge with water. Similar
results were reported for other PR proteins in plants of Capsicum chinense challenged with
pepper mild mottle virus or with water, where beside in the infected plants, PR-1 and PR-3
mRNAs were detected also in control plants although to a lesser extent (Elvira et al., 2008).
It is well known that PR-10 proteins are able to respond to a large range of abiotic stresses
(Ukaiji et al., 2004; Park et al., 2004; Liu and Ekramoddoullah, 2006) and, in fact, Liu and
Ekramoddoullah (2004) demonstred also the induction of the PR-10 protein around the

wounding sites in the control leaves. Also the different patterns of expression in control
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leaves among the Mal d 1 genes contribute to stress the hypothesis of different biological
function within this gene family and the hypothesis of an indirect role for some of these
genes in the defence mechanism of the plant to the fungus.

The results regarding the modulation of the Mal d 1 gene expression upon the V.
inaequalis biotic stress were confirmed on a biological replicate of Florina albeit with a lower
intensity. In Figure 7 are reported as example the comparisons of the modulation of Mal d
1.04 and Mal d 1.06A in the two replicates. Since it is known that PR-10 proteins are
sensible to a variety of external stimuli, these results confirm how the sperimental conditions
(the plant conditions, the inoculum, the darkness, and humudity) can influence their gene
expression and the modulation.

Mal d 1.04 Mal d 1.06A

m V. inaequalis |
water |
m V inaequalis Il
Hwater I

Log, ratio (exp TX/ exp T0)
o = N W s OO N

T24/T0 T48/T0 T24/T0 T48/T0

Figure 7: Comparison of the modulation of gene expression of Mal d 1.04 (left chart) and Mal d 1.06A (right chart)
on two biological replicates of young leaves o Florina at different times (24, 48, 72 and 96h) after the challenging
with V. inaequalis and with water described as log. of the ratio between the expression at different times after the
inoculation and the expression at TO.

Mal d 1 gene expression on leaves of other genotypes

Because of their peculiar mode of expression, five Mal d 1 genes (Mal d 1.02, Mal d
1.04, Mal d 1.06A, Mal d 1.07and Mal d 1.10) were chosen for further gene expression
analyses in other genotypes: the scab-susceptible genotype Gala and two independent
scab-resistant transgenic Gala lines transformed with the HcrVi2 gene, called Ga2-2 and
Ga2-21 (Belfanti et al., 2004). Among Ga2-2, Ga2-21 and Florina different level of
resistance were reported. Ga2-21 is classified a fully resistant genotype with the value of 1
in the Chevalier's scale. On the contrary, Ga2-2 and Florina presented a 2/3a value in the
Chevalier’s scale due to the presence of chlorotic lesions on the leaves after the attack of
the fungus.

The basal, not induced expression level of the tested Mal d 1 genes in the cvs.
Florina and Gala and in the GM Gala lines Ga2-2 and Ga2-21 is reported in Figure 8. It is
noteworthy the higher expression in the transgenic lines, in particular in Ga2-21, respect to
both cultivars for all the Mal d 1 genes, except for Mal d 1.10 that showed an opposite
trend, with the major expression in Gala. For Mal d 1.10, a sort of inverse relation between
the level of the Mal d 1.10 transcripts and the level of resistance of the plant to the fungus
have been reported. Most notably, the comparison of the expression among the genetically
modified lines and the wild type genotypes let suppose that the insertion of the transgene for
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the resistance HerVf2 under a strong promoter in the Gala genotype provoked the increase

of the basal level of protection of the cell.
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Figure 8: Quantification, by gPCR, of the basal transcript levels of the genes Mal d 1.02, Mal d 1.04, Mal d 1.06A,
Mal d 1.07 and Mal d 1.10 in young leaves of different genotype: Florina (white bars with vertical lines), Gala
(black bars with points), G21 (black bars) and G2 (gray bars). The levels of expression were calculated using the
standard curve method and transcripts accumulations are reported as normalized expression, in arbitrary units
(A.U.). The values in the charts resulted from three technical replicates + SE.

The analysis of gene expression at different hours post inoculation revealed a
strong modulation of PR-10 genes also in these genotype (Figure 9 and Table 2). Of
particular interest was the up- or down-regulation reported in Gala even if with different
intensity and timing. This is in agreement with the claim that PRs are induced also in the
plant-pathogen compatible interactions (van Loon et al., 2006; Elvira et al., 2008). This
observation make more consistent the hypothesis of a role in the signalling pathway for PR-
10 proteins despite the first hypothesis of a putative direct activity against pathogens . In
particular, Gala showed always a more linear trend of expression (Figure 9) compared to
Florina. A possible explanation for this profile of expression might be that in this susceptible
genotype the modulation of PR-10 genes is due expecially to the age of the plant or other
abiotic stresses (i.e. darkness or temperature) and not to the pathogen. As regard the
expression in the transgenic lines after the inoculation with the fungus, the Ga2-21 line, that
is characterized by a high phenotypic level of resistance, showed the maximum of up-
regulation always after 72h from the inoculation. On the contrary, in Ga2-2 line, that is
characterized with a phenotypic level of resistance similar to Florina, showed the maximum
of up-regulation always after 48h from the inoculation. Considering also the difference in the
phenotypic level of resistance, a slightly different mechanism of response to the fungus
between these two lines might be the reason for the shift of the modulation peak.

Table 2: Levels of induction of 5 Mal d 1 genes after the inoculation with the V. inaequalis expressed as log, of the
ratio between the gene expression at different times after the inoculation (24, 48 , 72 and 96 hours) and the gene
expression at TO. The highest value of induction of each gene is higlighted in gray (up-regulation) or black (down-
regulation).

Mal d 1.02 Mal d 1.04 Mal d 1.06A Mal d 1.07 Mal d 1.10
G221 G2-2 Gwt | G2-21 G222 Gwt [ G2-21 G222 Gwt |G2-21 G2-2 Gwt [ G221 G222  Gwt
T24/T0 0,3 0,5 1,9 0,8 2,0 3,3 0,4 0,2 13 ] 09 37 1,2 08 06 1,1
T48/T0 0,5 1,3 2,7 1,2 3,5 3,6 0,3 1,7 12 | 1,4 | 48 1,4 -1,3 -3,1
T72/T0 1,8 1,3 3,2 2,7 37 4,4 1,0 0,8 18 | 23 39 24 02 33
T96/T0 0,7 0,3 Bi5 1,7 2,7 4,7 0,2 0,1 19| 06 43 2,0 -3,3 -0,1
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Beside the timing, also the magnitude of
expression varied among genotypes. In fact, Mal
d 1.04 and Mal d 1.07 were clearly higher
expressed in Ga2-21 and Ga2-2 respect the wild
type genotypes. For Mal d 1.02, a quite high
expression was reported for all the genotypes
but Ga2-21 reached the maximum value. Mal d
1.06A showed a huge peak of expression at
T48h in Ga2-2, as it was reported in Florina.
Comparable extent of Mal d 1.06A expression
have been detected in Ga2-21 and in Gala wild
type.
expression of Mal d 1.10, a great decrease of

Finally, despite the range of basal
expression was detected for this gene in all the
genotypes and they all reached an expression
close to zero after 96h from the inoculation. The
PR-10

genes in each genotype let suppose that a fine

characteristic expression patterns of

balance of PR-10 proteins, and probably other
PR proteins, is needed to obtain each resistant
phenotype.

Figure 9: Quantification, by qPCR, of the transcript levels of
the gens Mal d 1.02, Mal d 1.04, Mal d 1.06a, Mal d 1.07 and
Mal d 1.10 in young leaves of Florina (Flo), Gala wild type
(Gwt), Gala line 2-21 (G21) and Gala line 2-2 (G2) at
different times (0, 24, 48, 72 and 96 hours) after the
inoculation with V. inaequalis. The levels of expression were
calculated using the standard curve method and transcripts
accumulations are reported as normalized expression, in
arbitrary units (A.U.). The values in the charts resulted from
three technical replicates + SE.
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Conclusions

Although a gene does not have to be up- or down-regulated to play a key role in a
biological process, screening for differentially expressed genes is one of the most
straightforward approaches to reveal the molecular basis of a biological system. In this work
it was possible, for the first time, to monitor separately the expression of all the PR-10
genes in young leaves of Florina after challenging with the fungus V. inaequalis and many
indications regarding the multifunctional feature of the PR-10 family were retrieved. In
particular, a clear modulation for all the tested genes have been reported but with a peculiar
expression profile for each gene for what concern the direction, the timing and the
magnitude of modulation. Moreover, throughout the comparison among fungus-treated and
controls samples, the PR-10 genes more involved in the specific Malus-V. inaequalis
interaction have been identified. Taking in consideration the double nature of the proteins
encoded by Mal d 1 genes, as PR proteins and as fruits allergens, the knowledge acquired
in this work will be helpful in the future also to minimize the impact of the PR-10 proteins in
the apple allergenicity without compromising the mechanism of response of the plants to
stress conditions.

In contrast to the earlier findings concerning the putative RNase activity, the
modulation of PR-10 genes during the Gala- V. inaequalis compatible interacion as well as in
the Florina-V. inaequalis incompatible interaction, contribute to validate the hypothesis of an
indirect role for at least some of this proteins in the induced resistanse. In particulr, after this
work, a putative involvment in the fine and complex network of the plant signal transduction
have been suggested for PR-10 proteins. Considering the diversity in the pattern of Mal d 1
gene expression among different resistant genotypes, also a crucial importance for the co-
orinated expression and balancing of the different transcripts amounts inside the family
members have been proposed. Interestingly, a different balance seems to create a different
resistant phenotype. The simultateous up- and down-regulation of different Mal d 1 genes
after the challenging with the fungus seems to support this hypothesis. The modulation of
PR-10 transcripts in leaves treated with water confirm their abilty to respond also to abiotic
stress.

Further gene expression analysis upon other pathogens, mechanic injury or
enviromental conditions will be helpful for the comprehension of the specific biological
function of each specific Mal d 1 genes. Moreover, studies at the proteomic level will shed
light on PR-10 proteins stability or ligand binding specificity. The subfunctionalization
proposed in this work inside the PR-10 gene family might be an explanation for the
redundance of highly similar genes manteined during the evolution and also for all the

efforts spent by the cell for coding many so similar proteins.
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Introduction

In general, consumption of fruit is strongly recommended to improve health but this
can cause allergic reactions in certain individuals. Fruits from the Maloideae, like apple and
pear, and Prunoideae such as peach, sweet cherry, plum, apricot and almond (Marzban et
al.,, 2005) have been reported to cause allergic reactions in an increasing proportion of
European citizens. General fruit avoidance has negative effects on the health of allergic
patients and also affects their quality of life. Therefore, the low allergenic property of fruit is
worth considering in new fruits breeding programs. As genotypes of the same species differ
in allergenicity (Bolhaar et al., 2005), the selection and breeding of new, low-allergenic
cultivars is becoming feasible by a multidisciplinary approach, where doctors and plant
geneticists collaborate to obtain low allergenic fruits (Hoffmann-Sommergruber, 2005; Gao
et al., 2008). To date four apple allergens have been identified: Mal d 1, a pathogenesis-
related protein 10 (PR-10 protein, birch allergen Bet v 1 homologues), Mal d 2, a thaumatin-
like proteins (TLP, PR-5 proteins), Mal d 3, a non-specific lipid transfer proteins (nsLTPs,
PR-14 proteins) and Mal d 4, a profilin (Breiteneder and Ebner, 2000). This work focused on
the two allergens Mal d 2 and Mal d 4.

Mal d 2 was the first TLP described as a plant food allergen (Hsieh et al., 1995) and
up to now it is known as one of the major protein constituents of mature apple (Oh et al,,
2000) with a predominant gene expression in flesh fruit than in skin (Pagliarani et al., 2009).
TLPs belong to the PR-5 family (van Loon et al., 2006). Several researchers provide
evidence that TLPs play a role in plant defense against pathogens (Krebitz et al., 2003;
Venisse et al., 2002). The majority of TLPs feature a molecular mass of about 22 kDa,
showing a characteristic pattern of 16 cysteine residues, forming 8 disulfide bonds that are
responsible for protein stability and compactness (Breiteneder, 2004). This stabilized
structure contributes to the protein’s resistance to low pH conditions, heat-induced
denaturation and proteolysis (Breiteneder, 2004). Numerous studies (Krebitz et al., 2003;
Fernandez-Rivas et al., 2006) have been performed on the frequency of sensitization to Mal
d 2. Albeit recent immunological data revealed that patients from Spain and ltaly
demonstrated higher IgE reactivity to recombinant Mal d 2 proteins than those from the
Netherlands and Austria (Fernandez-Rivas et al., 2006), only limited information on the
biochemical and immunological properties of the purified natural protein are available.

Up to now, two copies of the Mal d 2 gene (Mal d 2.01A and Mal d 2.01B) have
been identified in the apple genome, which differed in the length of a single intron (378 or
380 nt) and in only one amino acid in the signal peptide. Both Mal d 2.01A and Mal d 2.01B
were located in the same position on linkage group 9 (Gao et al, 2005). However, beside
Mal d 2.01A and Mal d 2.01B, also two other ESTs were identified (Gao et al., 2005)
corresponding to two putative new Mal d 2 genes in the apple genome since their levels of
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sequences similarity. The names of Mal 2.02 and Mal d 2.03 for the new isoallergens have
been proposed by Gao et al. (2005).

Mal d 4 encode for a profilin. Profilins are protein families classified as minor
allergens involved in pollen allergy and they play a role in pollen-associated food allergy
(van Ree et al., 1995). They are small (12-15 kDa) cytosolic proteins found in the
eukaryotics cell. Profilin cDNAs from numerous plant species have been cloned and their
deduced amino acid sequences are typically 70% to 80% similar. Their protein features are
strikingly conserved in respect to their length (most are 131 to 134 amino acid), domains
and structure and the basic biological functions of profilins have been attributed to cell
elongation, cell shape maintenance and flowering (Ramachandran et al. 2000), seedling
development (McKinney et al. 2001) and pollen tube growth (McKenna et al. 2004). In
pollen, their abundance increases 10-fold to 100-fold during maturation (Radauer and
Hoffmann-Sommergruber 2004). Apart from pollen, many fruits contain profilins and their
allergenic potency has been frequently reported (Scheurer et al. 2001; Asero et al. 2003;
Westphal et al. 2004). As regards to profilin-related allergy, the cross-reaction between Bet
v 2 (birch pollen profilin) and Mal d 4 have been reported (Vieths et al., 2002). Four Mal d 4
genes (Mal d 4.01A and B, Mal d 4.02A and Mal d 4.03A) heve been characterized in the
apple genome and their complete gDNA sequences varied among genes in length from 862
to 2017 nt (Gao et al., 2005). Mal d 4.01 appeared to be duplicated in two copies and
located on linkage group 9. Mal d 4.02A and Mal d 4.03A were single copy genes located on
linkage group 2 and 8, respectively (Gao et al., 2005).

After the first deep genomic characterization and linkage mapping study of two
classes of apple allergen, Mal d 2 (TLP) and Mal d 4 (profilin), performed by Gao et al.
(2005), the idea of the existence in the apple genome of other isoallergens belonging to
these two gene families has been developed. This study was a step forward in the
characterization of the TLP and profilin gene families in apple by the identification and
mapping of two Mal d 2 and one Mal d 4 further loci.
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Materials and methods

Databases research, sequences analysis and design of isoallergens specific primers
The in silico analysis of Mal d 2 and Mal d 4 sequences was performed using the
software BLAST N (Altschul et al., 1997). ESTs for Mal d 2 and Mal d 4-related sequences
were searched both by key-words method in GenBank/EMBL database. A cut off of E
values <E™° was used. The alignments of the sequences were obtained with the MegAlign
program (DNAstar, Madison, W1, USA) and the specific primer pairs were designed with the
PrimerSelect program (DNAstar, Madison, WI, USA) in the variable regions. The primers

are listed in Table 2.

Full-lenght sequenceing of Mal d 4.04

The specific primer pair for Mal d 4.04 was used to screen a BAC library available at
PRI (Wageningen,The Netherlands) with a PCR-based method. The genetic source is 1980-
015-025 derived from selection of the breeding program of PRI. The BAC library has a 12 x
coverage. The average BAC clone size is 80 kb. One positive clone was used to obtain the
full-lenght sequence of Mal d 4.04 through a primer walking approach. The pimers used are
listed in Table 2.

Mapping genes on molecular linkage groups

Two molecular markers linkage maps derived from Prima x Fiesta (PM x FS, n=
141) and Durello di Forli x Fiesta (DU X FS n= 174) were used to map Mal d 2 and Mal d 4
genes. In particular, amplicons for Mal d 2.02, Mal d 2.03 and Mal d 4.04 from the genomic
DNA of Prima, Fiesta and Durello di Forli, were obtained by direct sequencing. All the PCR
amplifications were performed in a 17.5 pl volume containing 50 ng of DNA , 100 nM gene-
specific primers, 1.5 mM MgCl,, 100 uM dNTPs, 0.5 Unit AmpliTaq Gold® DNA Polymerase
(Applied Biosystems, Foster City, CA, USA) and 1X reaction buffer. The reaction included
an initial 10 min denaturation at 95°C, followed by 33 PCR cycles (45 s at the corresponding
annealing temperature, 2 min at 72°C, and 30 s at 95°C), with a final extension of 7 min at
72°C. The amplicons were visualised on an Image Station 440 CF (Kodak, Rochester, N.Y.,
USA) after electrophoresis on 1.5% (w/v) agarose gels and ethidium bromide staining.
Sequencing was performed by Greenomics (Plant Research International, The
Netherlands). Sequences and single nucleotide polymorphism (SNPs) were analyzed both
with Chromas Lite 2.01 and Segman program (DNAstar, Madison, WI, USA). For Mal d 2.02
and Mal d 4.04 genes, the amplicons of seedlings were sequenced and the SNPs retrieved
were used to map the genes. Mal d 2.03 gene was mapped using the Temperature Switch
PCR (TSP) method, as reported by Hayden et al., 2009. Grouping and mapping of
sequence specific data were performed with JoinMap 3.0 (van Ooijen and Voorrips 2001)
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using the Kosambi mapping function. The LOD value chosen for grouping the markers was
equal to 7. The final map of LGs involved was generated with MapChart (Voorrips 2001).
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Results and discussion

Mal d 2 - Thaumatin-like gene family

The results of the EST database analysis conducted for Thaumatine-like genes are
reported in Table 1 and, interestingly, ESTs for the new genes Mal d 2.02 and Mal d 2.03
were retrieved from fruit tissus indicating a putative involvement in the allergic reaction. The
alignment of the nucleotidic sequences of Mal d 2.01A (AY792599), Mal d 2.01B (AY92602)
and the ESTs corresponding to Mal d 2.02 and Mal d 2.03 is reported in Figure 1.
Considering the longest EST for Mal d 2.02 (CV082311), an homology of 90% was found
with Mal d 2.01A, 91% with Mal d 2.01B and 74% with Mal d 2.03. For what concerns the
longest EST for Mal d 2.03 (CO901275), a lower similarity was found with both Mal d 2.01A
and Mal d 2.01B (76%). The alignment of the partial deduced aminoacid sequences and the
phylogenetic tree are reported in Figure 2. The partial deduced aminoacidic sequences of
Mal d 2.02 and Mal d 2.03 showed an homology of 88% and 75% with the Mal d 2.01
sequences. The SNPs identified with the nucleotidic alignments were used to design Mal d
2.02 and Mal d 2.03 specific primer pairs as showed in Figure 3A and 3B, respectively.
These primers are listed in Table 2.

Table 1. Mal d 2 and Mal d 4 genes sequences in GenBank/EMBL. Genes studied in this work are highlited in
yellow. All the sequence lenghts are indicated in bp.

Reference EST Tissue Total

Gene genomic seq. lenght

Coding  Ex1 Int1  Ex2  Pop? LG

CO754260,

CN996077,

CN490732,

C0052447, Fruit, bud ,
AF494393, leaf
AF494394,

CV150401,

CN994747

Mal d 2.01B AY792602 Not yet Not known 1121 741 61 380 680 9

C0904477,
CV082311,
C0O723595,
CN445021,
C0866730,
C0901275,
CN495042,
C\V084040, Fruit, bud ,
C0866711, flower
CN444138,

C0866347,

CN491711

2Populations used for mapping. PM, Prima; FS, Fiesta; DU, Durello di Forli

Mal d 2.01A AY792599 1.119 741 61 378 680 9

Mal d 2.02 Not yet Fruit, bud - - - - - PMxFS 17

Mal d 2.03 Not yet DUxFS 4
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Table 2. Sequences and information about primers for Mal d 4.04, Mal d 2.02 and Mal d 2.03.

Gene Primer name sequence (5'-3") Ta (°C) Use
Mal d 2.02 Mald2.02Fmap CCAGAACTAGATGTTCCACAGATT s Mapping by direct
Mald2.02Rmap TCAGCCGCTTTCACTTGTAAC sequencing
Mald2.03Fmap ACGATCACCTTCACCAACAGT 60
Mal d 2.03 Mald2.03Rmap AGCTCAGCTGGGCAAACA Mapping by TSP
Asp76Md2.03F CCGGTTCGAGTTAGCAT
Md4group1F1 ATTGACGGCCAGGGACAG BAC library screening,
60 first step of primer
Mda4group1R1 GGTTCCTCAAAATCCTTGTTG walking, mapping by
direct sequencing
Md4gr1REVstep2 CCAGACACTGCCATCAAGA
Mal d 4.04 Md4gr1FORstep2 GAGGAGATGACTGGTATCAACAAG
Md4gr1REVstep3 GGTCGTCCACGTAGGTCTG Primer walking
Md4gr1FORstep3 GGCAAGCTCTAGTATTTGGAATCT
Md4gr1REVstep4 CTGCAACAACTTCACCACCA
Gene name
proposed Majority TGGGGCCGA.;ACCAGATGCT?CACAGAC GC?GCTGGAAAA’FTCAC'ITGTGA}AACTGCAGA‘CTGTGGCTCT?GCCAGGTCG?
Mal d 2.01A Maz. 014-AT792599. seq
Mal d 2.01B _ Mdz. 01E-AT792602. 5eg
MdzZ. 02-CN445021. seq
Mal d 2.02  1dz.02-C0723595.5eq
Mdz. 02-C0904477. seq
Md2. 02-CV082311. seq
Midz. 03-CN495042. seq
Mal d 2.03  Mdz.03-C0801275. seq
MdzZ. 03-CV034040. seq
Majority
Mal d 2.01A Maz. 014-4T792598, seq I
Mal d 2.01B _ 1dz. 01E-47792602. seg B
MdZ. 02-CN44502]1.5eq B
Mal d 2.02  Md2.02-C0723595.seq B
Mdz. 02-C0804477. seq B
Mdz. 02-CV¥082311.5eq N
MdZ.03-CN495042. seq K
Mal d 2.03  Mdz.03-C0301275.32q B
MdZ. 03-C¥084040. seq  EYYHM
Majority
alo sz0 830 40 450 860 a70 880
Mal d 2.01A ndz.
Mal d 2.01B  ndz.
Midz. 02-CH445021.
Mal d 2.02  Md2.02-C0723595.5eq B
Md2.02-C0004477.seq K
MdZ. 02-CV¥08231l.5eq N
MdZ. 03-CN49504Z. seq
Mal d 2.03  Mdz.03-C0801275. seq

Mdz, 03-C¥054040, seq

Figure 1: Portion of the nucleotidic sequences alignment of Mal d 2.01A (AY792599), Mal d 2.01B (AY92602) and
the ESTs corresponding to Mal d 2.02 (CN445021, CO723595, CO904477 and CV082311) and Mal d 2.03
(CN495042, CO901275 and CV084040).
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Figure 2: A) Alignment of the amino acid predicted sequences of Mal d 2.01A, Mal d 2.01B, Mal d 2.02 and Mal d
2.03 from the amino acid sequences AY92599, AY92602, CO904477 and CO901275, respectively. B)
Phylogenetic tree of the TLP sequences with the percentage of homology.

Md2.02mapF —

A AY792599-Md2.01A CCGATCAGTGGACGCTCCATCTCCATGGTCTGGTCGCTTCTGGGGCCGAACCAGATGCTC 658
AY792602-Md2.01B CCAATCAGTGGACGCTCCATCTCCATGGTCTGGTCGCTTCTGGGGCCGAACCAGATGCTC| 660
CV082311-Md2.02  CCAGTCAGTGGACGCTCCATCCCCATGGTCTGGTCGCTTCTGGGICCAGAACTAGATGTTC 171
C0866711-Md2.03  ——-TTCCTTGACCACTCCAGTCCCATGGAAAGGCCGCTTCTGGGGCCGAACCGGATGCTC] 57

* * * K * kK ok kK * Kk ok ok k kk Khkkkkkkhkhkkk * KKhkKkk Kk kkk Kkx
AY792599-Md2.01A [CACGGACG|CCGCTGGAAAATTCACTTGTGAAACTGCAGACTGTGGCTCTGGCCAGGTCGC 718
AY792602-Md2.01B [CACGGACG|CCGCTGGAAAATTCACTTGTGAAACTGCAGACTGTGGCTCTGGCCAGGTCGC 720
CV082311-Md2.02  [CACAGATT|CCGCTGGAAAATTCTCTTGTGAAACTGCAGACTGTGGCTCTGGCCAGGTTGC 231
C0866711-Md2.03  [CACTGACGCCTCAGGAAAGTTCAGTTGTGCCACAGCAGAGTGTAGCTCTGGCCAAGTCAC 117
TEh Kk kk ok kkkkk KAA  kokkkk Kk KAAAE KAk KRKKKKKAAE Kk K
B
<~ Md2.02mapR
AY792599-Md2.01A GGTGTGCCCGGCTCCACTTCAAGTGAAAGCGGCTGA|TGGGAGTGTCATCAGTTGCAAAAG 958
AY792602-Md2.01B GGCGTGCCCGGCTCAACTTCAAGTGAAAGCGGCTGA|TGGGAGTGTCATCAGTTGCAAAAG 960
CV082311-Md2.02  GGCATGCCCGGCTGAIGTTACAAGTGAAAGCGGCTGA|ITGGGAGTGTCATCGGTTGCAAAAG 471
C0866711-Md2.03  TGTTTGCCTAGCTGAIGCTGCAAGTGAAGGGGTCCGA|ITGGGAGCGTAATTGCATGCAAGAG 357
S kkkk Ak N KR RAAREA K K K RAkAAAAK Kk Kk Kkkkk Ak
Md2.03mapF —
€0904477-Md2.02  ————————— GRAAATCACTTTCACARACAACITGCCCCAACACTGTCTGGCCAGCAACCCT 51
AY792599-Md2.01A  ACATGCAGCGRAAATCACTTTCACAAACAAC|TGCCCCAACACTGTCTGGCCAGGAACCTT 538
AY792602-Md2.01B  ACATGCAGCGRAAATCACTTTCACAAACAAC|TGCCCCAACACTGTCTGGCCAGGAACCTT 540
CV084040-Md2.03 ACATGCAGCT[ACGATCACCTTCACCAACAGI|TGCCCCTATACCGTATGGCCAGGGTCCCT 128
K RERAR RAAAR KRRK KAAAAE K Kk Kk kkkAAAE Kk K
«— Md2.03mapR
€0904477-Md2.02 GGCATGCCCGGCTGAGTTACAAGTGAAAGCGGCTGATGGGAGTGTCATCGGTTGCAARAG 471
AY792599-Md2.01A  [GGTGTGCCCGGCTCCACT|TCAAGTGAAAGCGGCTGATGGGAGTGTCATCAGTTGCAARAG 958
AY792602-Md2.01B  [GGCGTGCCCGGCTCAACT|TCAAGTGARAGCGGCTGATGGGAGTGTCATCAGTTGCAAAAG 960
CV084040-Md2.03 TGTTTGCCCAGCTGAGCT|GCAAGTGAAGGGNTCCGATGGGAGCGTANTTGCATGGCARAG 548

Kk kkkkk KKK Kk kAkKkKAKKK K ko okkkkkkkk Kk K kk ok kK

Figure 3 : Representation of the sequence variability in the Mald 2.02 (A) and Mal d 2.03 (B) primer regions. The
primer regions are indicated with boxes and the identical nucleotides among sequences are highlighted in yellow.
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Through the direct sequencing of the amplicons obtained with these specific primer pairs
from the parents of the two mapping populations, it was possible to find polymorphisms to
map these new Mal d 2 loci. More in detail, for Mal d 2.02, the SNP found in position 112
(G/T) among the sequences of the cultivars Prima and Fiesta, the parents of a European
reference mapping population (Maliepard et al., 1998), was used to follow the pattern of
segregations in 100 seedlings and this made it possible to map this gene on the bottom of
LG 17 of Fiesta (Figure 4). On the contrary, for Mal d 2.03 no polymorphism was retrieved
among the sequences of the cultivars Prima and Fiesta. Therefore, the Durello di Forli x
Fiesta mapping population was investigated and a SNP polymorphism among the two
parents in position 76 was found. Through the TSP method, Mal d 2.03 locus have been
mapped on the bottom of LG 4 of Durello di Forli (Figure 5). Beside the fact that most Mal d
1 genes were mapped on the two homeologous LG 13 and 16 and two Mal d 3 genes on the
two homeologous LG4 and 12, in this work also for the Mal d 2 gene family a similar
consideration can be made. In fact, the finding of a Mal d 2 gene on LG 17 can be
considered a corroboration of the duplicated nature of the apple genome (Maliepaard et al.,
1998) since Mal d 2.01A/B locus was alredy reported on LG 9 (Gao et al., 2005) that is
known to be homeologous to LG 17. With regard to the Mal d 2.03 gene position on LG4, no
corresponding genes have been reported up to now in the homeologous LG 12.

A B FS17 - PMXFS
faut
18— CHO4cOBy-174/178
TIC 48 —— CHO4¢10-133/145
too o oupm odan 130
P Translate P Consensus CACAATCGCAGAALRT]GGGETCAAGATTTTTACGATGT
= 117467_2.02-17_G07_072.ab1(1>252) —
PM
[CACARTNGCAGLAL T]GGGETCAAGATTTTTACGATGT 249~ |~ MDWMADS
¥ 1174H7_2.02-2_HO7_DB4.ab1{1>238) — 25:3 [ ™~ CHI1hO1-122/118
278 - [~E35ma2-305
FS 322 — 71— MC098-H-15
[CACHAT TCAAGATTTTTACGATGT
w 1174B3_2.02-16_B03_028.ab1(1>215)—
(2]
> 444 MC121-Hi-d 8
.E [CLCALTNGCAGLALETYGGGGTC LAGRTTTTTACGLNGT 4;‘, 5 1 E3EM51-133
35 = 1174h1 2.02-1_ k01 015.ab1(1>251) — 500 1 MC2071-Hi
8 EEE T ¢ FR1MA.03m
@ 565 Mal d 2.02
[CACAT! TCAAGATTTTTACGATGT 507 WL aar
= 1174B2_2.02-10_B02_014.ab1(1>218) — B13 MCO52hl-% -4 8/5.5
520~
B25 —=— E35M47-137-9
[CACAAT: TCAAGATTTTTACGATGT B28 <4t E35M48-105
- B33 - E3EM51-385
B45 MC224b-D5 5
B6.2 ¢ L) *E3EME2-117
728 MC1152-X-9.4/16 5

Figure 4: A) Portions of the two sequence chromatograms of Prima and Fiesta obtained with direct sequencing
and three sequence chromatograms of seedlings as examples. The T/C polymorphism is indicated within a box. B)
LG 17 of Fiesta. The Mal d 2.02 sequence position is highlited in yellow.

Therefore, additional Mal d 2 loci are expected in this position. The hypothesis regarding the
complex multigene family nature for Mal d 2 is supported by several findings. For instance,
the presence of similar TLP genes in the apple genome have been alredy reported by Oh et
al. (2000). Moreover, other Mal d 2 loci might be expected considering the sinteny among
Malus and Prunus genomes. In fact, Chen et al. (2008) reported the presence of TLP of
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Prunus in a region of G1 homeologous to apple LG8 and 19; on G3 that is homeologous to
apple LG9; on G7 that is homeologous to LG2 and, finally, on G8 that is homeologous to
apple LG5. Considering these findings, other Mal d 2 loci might be located on the top of LG8
and on the top of LG5 of the apple genetic map.

C Durello di Forli-LG4
A o 0,0 E35M58-290
Asp76Md2.03F v
‘ & } T o 6,3 OPA10-1050
P Translate P Consensus Tocchc cceGceCT. 9,1 E32M50-153
w 2.03DuF_HO1.abl( 1>402)—*
Durello di Forli 15,9 EST-4
sequence 18,7 E32M50-203/205
21,4 E31M51-165
TCCLCAGGGTTCGAGTTAGC WT|CCGGCGCT. 25,6 E43M58-258
VZ.D3F1F7HD1..ah1(1>392)4> 29,6 ~ P32M51-145/146
Fiesta 33,1 NI E33M51-220
sequence 34,9 ~ CHO05d02
36,1 —J—— E43M55-186
B 38,5 >7< OPAD12-690
TCCACAGGGTTCGBGTTAGCAiCCGGCGCT, 33,6 L CHO01d03x
413 | > CHozh1a
B
FS Seedlings
52,1 E34M53-249
60,0 ~ | — Mal d 2.03
61,5 —— E33M49-224
63,2 —| [~ CH04e02
71,8 P32M56-220

Figure 5: A) Portions of the two sequence chromatograms of Durello di Forli and Fiesta obtained with direct
sequencing. The G/T polymorphism is indicated with a box and the allele specific primer used for the TSP method
is indicated with a light gray box and a light gray arrow. B) Screening of the two parents, Durello di Forli (DU) and
Fiesta (FS) and 16 seedlings with the TSP method. The presence of the two bands in Durello di Forli, due to the
polymorphism in the sequence, was used to map the gene. C) LG 4 of Durello di Forli. The Mal d 2.03 sequence
position is highlited in yellow.

Moreover, Mal d 2 genes encode for proteins also classified as PR-5 proteins and their
involvment in the defense response of the plant to pathogens have been reported. For
instance, different PR-5 ESTs sequences were found out in a study on the Malus-Erwinia
amylovora interaction (Venisse et al., 2002).

The retention by the evolution of many homologues for the genes involved in the plant
resistance mechanism is already reported (Liu et al., 2010) and, in this case, it can further
contribute to corroborate the hypothesis of the presence of other Mal d 2 genes in the apple

genome.

122



Chapter 5

Mal d 4 - profilin gene family

The research for apple profilins in the public databases (Table 3) revealed the
presence of 3 ESTs belonging to this family but not matching perfectly with any Mal d 4
genes known up to date. In particular, through the alignment of these ESTs and the coding
sequences of Mal d 4.01, -4.02 and -4.03, the 95% of homology have been found among
the ESTs, the 77% between the longest EST (CO066117) and Mal d 4.01, the 74% between
the ESTs and Mal d 4.02 and the 76% between the ESTs and Mal d 4.03 (Figure 6).
Therefore, the presence of these similar ESTs lead to suggest the presence of a new Mal d
4 isoallergen in the apple genome and according to the official allergen nomenclature (King
et al., 1995), the name of Mal d 4.04 was proposed. Interestingly, the ESTs corresponding
to the new profilin gene derived from flower tissue. This finding could indicate a minor
involvement of this gene in the apple allergen but further specific gene expression analysis
are needed to investigate the presence of Mal d 4.04 in apple tissues.

Table 3. Mal d 4 genes sequences in GenBank/EMBL. Genes studied in this work are highlited in yellow. All the
sequence lenghts are indicated in bp.

Reference
Gene genomic EST Tissue
seq

Total

lenght  Coding  Ex1 I Ex2 Int2 Ex3 LG

CN488488,
Co068373,
CN993251,
CO755896

Fruit,
bud , 2.017 396 123 343 138 1.278 135 9
flower

Mal d 4.01  AY792606

CV084691,
CN492781,
C0066892, Fuit,
Mal d 4.02 AY792610 CO756641, bud, 862/863 396 123 248 138
CO756641, flower
CN491268,
C0899800

CO755279,
C0867336,
C0867114,
C0O051739,
CV086318,
C0415968,
CN494198,
C0O067937

e D C0066117,
Mal d 4.04 BAC clone CN492105, Flower 1.120 402 129 531 138 187 135 2
CN996826

218/

219 135 2

Fruit, 1.030
bud, /1.032/ 396 123
flower 1.033

386/388

Mal d 4.03 AY792614 /389

138 248 135 8
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Figure 6: Alignment of apple profilin nucleotidic sequences: AF129426/AY792605 for Mal d 4.01; AF129427
/AY792610 for Mal d 4.02; AF129428/AY792615 for Mal d 4.03 and the ESTs CO066117, CN492105 and

CN996826.

The SNPs found by Mal d 4 nucleotide sequences alignments were used to design

a Mal d 4.04 specific primer pair, as it is reported in Figure 7 and Table 1.

CN492105-Md404EST
CN996826-Md404EST
CO0066117-Md404EST
AF129427-Md402
AF129428-Md403
AF129426-Md401

CN492105-Md404EST
CN996826-Md404EST
C0066117-Md404EST
AF129427-Md402
AF129428-Md403
AF129426-Md401

CN492105-Md404EST
CN996826-Md404EST
CO0066117-Md404EST
AF129427-Md402
AF129428-Md403
AF129426-Md401

Md4newFor1 —
ATGTCGTGGCAGACCTACGTGGACGACCACTTGATGTGCGATATTGACGGCCAGGGACAG]
ATGTCGTGGCAGACCTACGTGGACGACCACTTGATGTTCGATATTGACGGCCAGGGACAG]
ATGTCGTGGCAGACCTACGTGGACGACCACTTGATGTGCGATIATTGACGGCCAGGGACAG
ATGTCGTGGCAGGCGTACGTCGACGACCATCTGATGTGCGAAATCGAAGGCAAC——————|
ATGTCGTGGCAGGCGTACGTCGACGACCACCTGATGTGCGATIATCGACGGCAAC——————|
ATGTCGTGGCAGGCGTACGTCGACGATCGCTTGATGTGCGACATCGACGGCCAC——————|

kkkkkAkKkKAKKA K Khkhk Khkrkkx * kkkkkk KAk KKk Kk kkk Kk

CATCTCACTGCCGCTGCCATCATCGGTCTTGATGGCAGTGTCTGGGCCAAGAGCTCTTCC
CATCTCACTGCCGCTGCCATCATCGGTCTTGATGGCAGTGTCTGGGCCAAGAGCTCTTCC
CATCTCACTGCCGCTGCCATCATCGGTCTTGATGGCAGTGTCTGGGCCAAGAGCTCTTCC
CACCTCTCCGCCGCCGCCATCATCGGCCACAACGGCAGCGTCTGGGCCCAGAGTGCCACC
CGCCTCACCGCCGCCGCTATCCTCGGCCAAGACGGCAGCGTTTGGTCTCAGAGCGCCTCT
CATCTGACAGCCGCGGCCATCCTCGGCCACGACGGTAGTGTGTGGGCCCATAGCTCCACC

* kk ok kkkkk kK kkk kkkk * * kk kk kx kkk Kk Kk Kk*k Kk x

<«— Md4newRev1
TTCCCCCAGTTTAAGCCAGAGGAGATGACTGGTAT|CAACAAGGATTTTGAGGAACC|GGGC
TTCCCCCAGTTTAAGCCAGAGGAGATGACTGGTAT|CAACAAGGATTTTGAGGAACC|GGGC
TTCCCCCAGTTTAAGCCAGAGGAGATGACTGGTAT|CAACAAGGATTTTGAGGAACC|GGGC
TTCCCTCAGTTGAAGCCTGAGGAGGTGACTGGCAT|TATGAATGACTTCAATGAACC|GGGC
TTCCCTGCGTTTAAGCCTGAGGAGATTGCTGCAAT|TCTGAAAGATTTCGATCAACC|ICGGA

TTCCCTAAGTTTAAGCCGGAAGAGATTACGGCGAT|AATGAAAGATTTTGATGAGCCIAGGG
ok kK Kk kokk kkkkk Kk kkk kK Kk Kk kk kk Kk ok ok kK kK

60
60
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Figure 7: Rapresentation of the sequence variability in the Mal d 4.04 primer regions. The primer regions are
indicated with boxes and the identical nuceotides among sequences are highlighted in yellow.

This specific primer pair was used for the PCR-based screening of an apple BAC library.

From a positive BAC clone obtained from the screening, the full-lenght DNA sequence of

Mal d 4.04 was gained through 4 steps of primer walking. The primers used are listed in

124



Chapter 5

Table 1. The 2.111 bp sequence that was obtained (Figure 8) was analysed with a gene
predictor software and the results are reported in Table 2 and Figure 8. In particular, a
coding sequence of 402 nt was predicted, interrupted by two introns of 531 and 187 bp,
respectively.

TGTCCCCTCCCCCCACATTTCTCTCTCCTCCCTCTGTTTATAATTTGCTTTCTCAAAACCAACCCCAATGGAGTCCAAACCACAA

TATTAATAACTCCACCAAACAAACAAATCACCTCTTCCTTCAGAAAAATTCTCACAGCTATCTGTACACCAACAAACAAGAACACA
<— Md4newREV-STEP3

AGCATAACACAAGGCAGACTCTTGCACTACAACATCAGAGGTAATCGAAAA,AT_GlTCGTG GICAGACCTACGTGGACGACCACT

T M S W Q@ T Y V D D HL
Md4newFor1 — <— Md4newREV-STEP2

GATGTGCGACATCTCACTGCCGCTGCCATCATCGG|TCTTGATGGCAGTGTCTGdGCCAAGAGC

M C DI D G Q GAQHL T AAAI 1T GL DG SV W A K s

TCTTCCTTCCCCCAGGTCCAACCCTACCTNTTTACCTTTCACTATTTGCGTGCCTTCCCTTGTGCTTTCTTTTTGGACTTGTGTTG
S S F P Q

CTAGATAATATTTGGTTATATCGTCACACTGTGAATAGAGACCATCTCGAAGCTTGCATAGTCATGATCAACAATCCATGTTCAC
AATCTGACAACATAGTATATTATCATCGTTTTTGTTGTATGTTGTTTGGTGTTCAACATAGTTGCATTACATGCTTTACTTCATCTG
ATCCATACATTCAAAATATCATAAGATATTGATTTCTTATTGCCACATAATATATGATTATATTGTCCTAATGTGAAGCGAGACACA
CATTCAAGCATATTTTGTCATGATCAATAGTATGTGCTCACAATTTGACAACGTAATATACTTATATGGCCGTCCTTATTGTATGC
TGGTTGGTGTTCAATGTAGCTGATTGCACATGCAGCATTGTGAACTCTGTGGTTGATCTCTTTCATACAGAAATGCATGTGCTTG

Md4newFOR-STEP2 —  <— Md4newRev1

TGGATTTAATTAGGGTTCATTATAATGCAGTTTAAGCCAIGAGGAGATGACTGGTAGGGCCAC

LF K P EE M TG I NKD F E E P G
CTTGCTCCAACTGGCTTGCACCTTGGAGGCACAAAGTACATGGTAATCCAGGGAGAGCCTGGCGCTGTCATTCGTGGAAAGAA
H L AP TGULHULGS G TKY MV I QG EP G A VI R G K

GGTACGAGCCTCCCATATTGTCGATAATGTATCAATAACGTATCAATACATGTTGTAAACTATAATGATGTCAACACATCATCGAT

TTCATATCAACAATTTGTTCTTTTGTCCGTTCCATAATCGGACTACACATACTTATTGCACAACTTTTAAACTAAGATCTCCTTTGT
Md4newFOR-STEP3 —>

AATTGGTTTTTTTAGGGCTCTGGAGGAATCACCATAAAGAAAACTGIGGCAAGCTCTAGTATTTGGAATCTIATGAAGAACCAGTG

K G s G G I Tl K K T G QA LV F G 1 YE E P
ACTCCAGGGCAGTGCAACATGGTTGTI'GAGAGTTGGGCGATTACCTTGTTGATCAGGGCCCTGGCTAAATAATATTCTAC
cCv T P GQ CNMVYV E S W A1 TL L I R A

ATGTTCATGATCTCCTAGCATTCGATTTTGGATCTTATTTTTCTTTTTGTTTTGGGGTTTTGGTTCCCAGTTTGCATCTCCTTCATC
Md4newFOR-STEP4 —>

CAAAACCCTAAAAACTGGTGGTGAAGTTGTTGCAGIACAAACCATGTGACAAGGACTAAAAGCAGTTTGATGTTTGAAATTGTTT
GAATATTGCATAAACTCTATATTTTCATGATATATTTTTGTATCCTTTTATTCCCTCCGTGTTTCCCTTAATCTCTTGTGGTTTTTCT
TAAAGAATCTTTATCTGGCAAAAGCTTGCCAGCACATATTTGAATCGCTGGTTGTGAATTTATGATTTGGTTTTTTATTTTTCTCA
CAAAAGTCATGAGATGTGCTTGACATGTTTGGTACAATAATGAATCAAACTACTAGTTGCATTGCATATAAAGAAGGACGTGTCG
ACGAGATGAAAGAAACTTATTTACAACATAAATATTATTTTAATAATATCTTTAAATTAATAATATGCGTCAACCATGTTAATTNTTT
GATATAACAATACGTCATAGGCTTAATATATTGCAGATGTGATATCCCGATTGCATAAAACAATTCTTAGTCATTGATGCACTTAC
AAGTCACATTGCTAGTTGGTAACCAATGGTCTTCAAAGAATAAATCCTCCCATTTTGGCGTTTGATTAATGGTTTTGCTGGCAAG
GGAATATTTATCATCATTTTTNATTTTAATGGTGGGAAAATCCACCATCATGGATTGCCATG

Figure 8: Full-lenght DNA sequence of Mal d 4.04 from a BAC clone plus 222 bp of the upstream region and 769
bp of the 3’ - UTR region. The coding sequence is highlited in yellow; the start- and stop-codon are in bold and
indicated with boxes. Primers used for the screening of the BAC library and for the first step of sequencing are
highlited in black; primers used for the further primer walking steps are indicated with boxes.

The predicted Mal d 4.04 amino acid sequence showed, among the 4 Malus profilin
sequences known to date, the highersimilarity to other profilin sequences . In particular, the
highest homology was found wth a profilin of Ricinus communis (XP_002514198). Also
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profilins from Betula pendula (ABG48509) and Corylus avellana (ABG81302) reported an
high similarity, as it is reported in Figure 9. Among the Malus sequences retrieved from the
BLAST analysis,the Mal d 4.01 (AF129426) revealed an homology of 80% , followed by Mal
d 4.03 (AF129428) with 76% of homology and, finally, Mal d 4.02 (AF129427) with 72% of
homology. Most notably, in the Mal d 4.04 sequence the terminal portion of the protein is the
most variable region, compared to the other profilins shwed in Fig.9A. This portion
corresponds to the conserved G-actin-binding region (Radauer and Hoffmann-
Sommergruber, 2004). This characteristic feature of the protein might affect its biological
function and introduce the hypothesis of a function variability inside the gene family, as it is
reported for the Mal d 1 gene family (see Chapter 4).

A Majority MSUQTYVDDHLMCDIDG)GUHL TALA T¥GHD GSVIAQSSSFPQFKPEETTETMKD FDE PGHL AP TGLHL G5 TETIVINGE
10 20 30 a0 50 50 70 80
. AF1284z6-4.01.pro s FPEFKFEEI TIHMED FUE PR LA TGLHLE 0
Profilin from | iv792510-4.02.pro c Baaa X PEEGTG IMYD FUE POELAPTGLE
Malus AF129428-4.03.pro ! G 5 EIMIRKD FD

Maldd. 04Flo.pro A mgimlu:[-r\ P
- ABGA9509E . pendula.pro 50 ITGIMKDFREF
5’,,‘;',":;,2&2; ABG81302C. avellana. pro A 4
XP_D02514198R. communis. pro

Majoricy PEAVIRGKEGSGGITIFETGOALYFGIYEEFVTE GACHMVYERLGDVYLIDQGL -
—_— T —T— T

- AF129426-4.01.pro
P’°ﬂ',','|'u'sr°m AT792610-4.02.pro
AF129426-4.03.pro
Maldd. 04Flo.pro
Profilin from | ABG48509E.pendula.pro
other species | ABGO1302C, avellana.pro i
XF_002514198R. conuunis. pro [

VERLGDYL
(G-actin-binding region)

ABG485098 pendula.pro
85% ABGE1302C avellana pro
80% HP_002514198R. communis.pro
76% Mald4.04Fla.pro
o | AF129426-4.01.pro
72% { AF129428-4 03 pro
13.3

AYTIZE10-4.02.pro

12 10 g G 4 2 1]
Amino Acid Substitutions g0 00y

Figure 9: A) Alignment of the amino acid predicted sequences of Mal d 4.04 from the BAC library, Mal d4.01
(AF129426), Mal d 4.02 (AF129427), Mal d 4.03 (AF129428), profilin from R. communis (XP_002514198), profilin
from C. avellana (ABG81302) and profilin form B. pendula (ABG48509). B) Phylogenetic tree of the profilin
sequences with the percentage of homology.

The new Mal d 4 isoallergen was mapped in the Prima x Fiesta segregating
population. By direct sequencing with Mal d 4.04 specific primers, a G/T polymorphism
between the two parents in position 768 from the start codon (Figure 10A) was found. The
segregation of this polymorphism in 100 seeglings allowed the mapping of the Mal d 4.04 on
LG 2 of Fiesta (Figure 10B), very close to Mal d 4.02 position. Interestigly, the cluster
organization for Mal d 4 genes in apple is reported here for the first time.
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Figure 10: A) Portions of the two sequence chromatograms of Prima and Fiesta obtained with direct sequencing.
The G/T polymorphism is indicated with a box. B) LG 2 of Fiesta. The Mal d 4.04 sequence position is highlited in
yellow.
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Conclusions

The elucidation of the genetic basis of the apple allergy is hampered by the several
biological and medical factors involved in this complex reactions. First of all, the presence of
four classes of apple allergens and the fact that patients differ in their reactions to these
classes of allergens have to be considered. Secondly, the existance of different members
(isoallergens) for all the allergen classes may complicate the clarification of the role of
individual genes in the allergic reactions. In this work the mapping of two nel loci for the TLP
family (Mal d 2.02 and Mal d 2.03) and one new locus for the profilin family (Mal d 4.04) was
performed. In particular, the existance of other loci (LG4 and LG17) for the TLP in apple
respect the one reported up to now (LG9) was demonstred here for the first time. Moreover,
despite an overall conservation also among profilins of Malus and other species, the
predicted amino acid sequence of the new member of the profilin family revealed an high
variability in the G-actin-binding region suggesting the hypothesis of a different biological
function for this protein. Although further functional analysis, such as proteomic and
transcriptomic analysis are needed to well understand their biological characteristic and
their involvement in the apple allergy, the identification and location of the all the member of
the Mal d 2 and Mal d 4 gene families can be considered a fundamental step. In fact,
considering that for the conventional breeding it is essential to investigate the allelic diversity
of the apple allergen genes, this task might be accomplished only once a genomic basal

knowledge of these families will be acquired.

128



Chapter 5

References

Bolhaar ST, Zuidmeer L, Ma Y, Ferreira F, Bruijnzeel-Koomen CA, Hoffmann-Sommergruber K, van Ree R, Knulst
AC. 2005. A mutant of the major apple allergen, Mal d 1, demonstrating hypo-allergenicity in the target
organ by double-blind placebo-controlled food challenge.Clin Exp Allergy. 35:1638-44.

Breiteneder H, Ebner C. 2000. Molecular and biochemical classification of plant-derived food allergens. J Allergy
Clin Immunol. 106:27-36. Review.

Breiteneder H. 2004. Thaumatin-like proteins — a new family of pollen and fruit allergens. Allergy; 59: 479-481.

Fernandez-Rivas M, Bolhaar S, Gonzalez- Mancebo E, Asero R, van Leeuwen A, Bohle B, Ma Y, Ebner C, Rigby
N, Sancho Al, Miles S, Zuidmeer L, Knulst A, Breiteneder H, Mills C, Hoffmann-Sommergruber K, van
Ree R. 2006. Apple allergy across Europe: how allergen sensitization profiles determine the clinical
expression of allergies to plant foods. J Allergy Clin Immunol ; 118: 481—488.

Gao Z, van de Weg EW, Matos ClI, Arens P, Bolhaar ST, Knulst AC, Li Y, Hoffmann-Sommergruber K, Gilissen LJ.
2008. Assessment of allelic diversity in intron-containing Mal d 1 genes and their association to apple
allergenicity. BMC Plant Biol. 8:116.

Gao ZS, Weg WE, Schaart JG, Arkel G, Breiteneder H, Hoffmann-Sommergruber K, Gilissen LJ. 2005. Genomic
characterization and linkage mapping of the apple allergen genes Mal d 2 (thaumatin-like protein) and
Mal d 4 (profilin). Theor Appl Genet; 111: 1087-1097.

Hsieh, L. S.; Moos, M.; Lin, Y. 1995. Characterization of apple 18 and 31 kDa allergens by microsequencing and
evaluation of their content during storage and ripening. J. Allergy Clin. Immunol. 96, 960-970.

Krebitz, M.; Wagner, B.; Ferreira, F.; Peterbauer, C.; Campillo, N.; Witty, M.; Kolarich, D.; Steinkellner, H.;
Scheiner, O.; Breiteneder, H. 2003. Plant-based heterologous expression of Mal d 2, a thaumatin-like
protein and allergen of apple (Malus domestica) and its characterization as an antifungal protein. J. Mol.
Biol. 329, 721-730.

Marzban G, 1, Puehringer H, Dey R, Brynda S, Ma Y, Martinelli A, Zaccarini M, van der Weg E, Housley Z, Kolarich
D, Altmann F and Laimer M. 2005. Localisation and distribution of the major allergens in apple fruits.
Plant Science 169, 12: 387-394.

McKenna, S. T.; Vidali, L.; Hepler, P. K. Profilin inhibits pollen tube growth through Actin-binding, but not poly-L-
proline-binding. Planta 2004, 218, 906—915.

McKinney, E. C.; Kandasamy, M. K.; Meagher, R. B. Small changes in the regulation of one Arabidopsis profilin
isovariant, PRF1, alter seedling development. Plant Cell 2001, 13, 1179-1191.

Oh, D. H.; Song, K. J.; Shin, Y. U.; Chung, W. I. Isolation of a cDNA encoding a 31-kDa, pathogenesis-related
5/thaumatin-like (PR5/TL) protein abundantly expressed in apple fruit (Malus domestica cv. Fuji). Biosci.,
Biotechnol., Biochem. 2000, 64, 355— 362.

Pagliarani G., Paris R., Tartarini S., Sansavini S. Cloning and expression of the major allergen genes in apple fruit.
JHSB ISAFRUIT Special Issue 176—181.

Radauer C, Hoffmann-Sommergruber K. 2004. Profilins. In: Mills ENC, Shewry PR (eds) Plant food allergens.
Blackwell, Oxford, pp 105—124.

Ramachandran, S.; Christensen, H. E.; Ishimaru, Y.; Dong, C. H.; Chao-Ming, W.; Cleary, A. L.; Chua, N. H.
Profilin plays a role in cell elongation, cell shape maintenance, and flowering in Arabidopsis. Plant
Physiol. 2000, 124, 1637-1647.

Scheurer, S.; Wangorsch, A.; Nerkamp, J.; Skov, P. S.; Ballmer-Weber, B. K.; Wu"thrich, B.; Haustein, D.; Vieths,
S. 2001. Crossreactivitywithin the profilin panallergen family investigated by comparison of recombinant
profilins from pear (Pyr ¢ 4), cherry (Pru av 4), and celery (Api g 4) with birch pollen profilin Bet v 2. J.
Chromatogr., B: Anal. Technol. Biomed. Life Sci. 756,315-325.

van Loon L.C., Rep M., Pieterse C.M. 2006 - Significance of inducible defense-related proteins in infected plants.
Annu Rev Phytopathol., 44, 135-62.

van Ree, R.; Fernandez-Rivas, M.; Cuevas, M.; van Wijngaarden, M.; Aalberse, R. C.1995. Pollen-related allergy
to peach and apple: An important role for profilin. J. Allergy Clin. Immunol. 95, 726-734.

129



Chapter 5

Asero, R.; Mistrello, G.; Roncarolo, D.; Amato, S.; Zononi, D.; Barocci, F.; Caldironi, G. 2003. Detection of clinical
markers of sensitization to profilin in patients allergic to plant-derived foods. J. Allergy Clin. Immunol. 112,
427-432.

Westphal, S.; Kempf, W.; Foetisch, K.; Retzek, M.; Vieths, S.; Scheurer, S. 2004. Tomato profilin Lyc e 1: IgE
cross-reactivity and allergenic potency. Allergy 59: 526-532.

Venisse JP, Malnoy M, Faize M, Paulin JP,Brisset MN. 2002. Modulation of defense responses of Malus spp.
during compatible and incompatible interactions with Erwinia amylovora. Mol Plant Microbe Interact
15:1204—-1212.

Hoffmann-Sommergruber K; SAFE consortium. 2005. The SAFE project: 'plant food allergies: field to table
strategies for reducing their incidence in Europe' an EC-funded study. Allergy. 60:436-42. Review.

Vieths S, Scheurer S, Ballmer-Weber B. 2002. Current understanding of cross-reactivity of food allergens and
pollen. Ann N Y Acad Sci. 964:47-68. Review.

Chen L, Zhang S, llla E, Song L, Wu S, Howad W, Arls P, van de Weg E, Chen K, Gao Z. 2008. Genomic
characterization of putative allergen genes in peach/almond and their synteny with apple. BMC
Genomics. 17;9:543.

Liu JJ, Sturrock R, Ekramoddoullah AK. 2010. The superfamily of thaumatin-like proteins: its origin, evolution, and
expression towards biological function. Plant Cell Rep. [Epub ahead of print].

King TP, Hoffman D, Lowenstein H, Marsh David G, Platts Mills Thomas AE, Thomas W. 1995. Allergen
nomenclature. J Allergy Clin Immunol 96:5-14.

130



General conclusions

General conclusions

Apple (Malus x domestica) is a model for Rosaceae, because it offers many genetic
and genomic resources, like collections of expressed sequence tags (ESTs), bacterial
artificial chromosome (BAC) libraries, physical and genetic maps, molecular markers and
efficient genetic transformation protocols. Apple can be considered a model species also to
study fruit allergy because of the amount of information already available. Then, even if a
regular apple consumption is encouraged to enhance human health and prevent various
diseases, apple is one of the fruits more frequenlty reported to provoke allergic reactions,
although it does not rank among the most dangerous allergenic foods. Third, apple can be
also considered a model system for studying plant-pathogen interaction because, the first
resistance gene in a fruit tree species was found in apple and the Malus-V. inaequalis
system that is nowadays the most studied plant/pathogen interaction in fruit trees.

The main goal of this thesis was to go deep in the knowledge of apple allergen gene
families focusing mainly on the larger apple allergen gene family Mal d 1 and, at a lesser
extent, on Mal d 2 and Mal d 4 gene families. Starting from previous knowledge, new
advances in the characterization of allergen gene families have been reached using
different approaches. First of all, a genomic approach was used for the genetic
characterization of the allergen gene families of Mal d 1, (Chapter 1), Mal d 2 and Mal d 4
(Chapter 5). A methodological approach was then used in Chapter 2 to set up a tool to
discriminate and quantify the gene expression of each allergen gene with the use of a set of
highly specific primer pairs and the quantitative Real-time PCR technique. Finally, this
transcriptional approach was used to unravel the gene expression profile of each member of
Mal d 1 gene family in apple fruits and leaves (Chapter 3) and in response to one of the
most severe apple pathogens, Venturia inaequalis (Chapter 4). General conclusions are
reported below, divided for each chapter.
e Chapter 1
The study of large contiguos blocks of DNA sequences was a suitable approach to
characeterize the genomic organization of Mal d 1 genes on apple. Here, for the first
time, the complete nucleotidic sequence of the whole Mal d 1 cluster on LG16 of the
cultivar Florina was reported. This knowledge allowed to acquire many new findings on
the number and orientation of allergen genes, their physical distances, their regulatory
sequences and the presence of other genes or pseudogenes in that genomic region. By
this approach, three new members were discovered within the Mal d 1 gene family, co-
localizing with the Mal d 1 genes known to be in the cluster on LG16 and this result
clearly point out that other isoforms may be present in the apple genome. These
findings is also suggesting that the complexity of the genetic base of resistance and
allergenicity will increase in the next future with the increasing of current knowledge.
Also the anchoring of the physical and genetic map of this region has been successfully
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achieved suggesting a relation among physical (nt) and genetic distance (cM). New
lights has been thrown also on the Mal d 1 gene cluster evolution. In fact, in this work
the hypothesis of the duplication of Mal d 7 members could have occurred during the
polyploidation of the apple genome is further confirmed, as emerge from the presence
of many retrotransposons elements within the cluster. The availability of a
comprehensive inventory of all the genes belonging to a allergen family, especially in
the case of extended gene families like Mal d 1, is a basal prerequisite for further
studies. In addition, genomics data are useful to predict biochemical and
physiochemical characteristics of the protein regarding its molecular weight, secondary
and tertiary structure, thermal stability and resistances to proteolysis.

e Chapter 2

The accurate quantification of the expressions of different isoallergens is a difficult task.
To solve this problem, an highly specific tool for gene expression analysis was
developed and preliminary validated. A set of gene specific primers for the 20 Mal d 1
genes was developed. As a first application, this tool was applied on leaves and fruit
tissues of the cultivar Florina in order to identify the Mal d 1 allergen genes that are
expressed in different tissues. This specific approach regarding the expression of each
member of the gene family was performed here for the first time and also the presence
of transcripts for some genes have not been demonstrated before. The differential
expression retrieved in this study revealed a tissue-specificity for some Mal d 1 genes.
The possibility to distinguish the level of expression of each Mal d 1 gene expressed in
fruits (10/20) may be an useful tool to find out Mal d 1 genes candidates for the
determination of apple allergy. On the contrary, the genes expressed in leaves (17/20)
are probably more interesting for their putative involvement in stress responses. The
availabilty of this tool make it possible to evaluate the Mal d 1 genes behavior on
different samples and conditions creating the base to unravel their biological functions.

e Chapter 3

In this work the specific expression levels of 10 Mal d 1 isoallergen genes, found to be
expressed in fruits, was studied for the first time in skin and flesh of apples of different
genotypes. A complex Mal d 1 gene expression profile was obtained, with high
variability according to the tissue and genotype. Although we don’t know the exact
mechanism that undergo allergencity, an higher or lower level of gene expression in
fruits led to identify some Mal d 1 genes putatively involved in the determination of
allergenicity among cultivars. At this regard, the gene expression of Mal d 1.06A and
Mal d 1.07 resulted positively associated with the degree of allergenicity and, indeed,
considered putatively relevant for allergenicity albeit they were not the most expressed
Mal d 1 genes in apple. These results suggested a certain influence of both the
qualitative (which gene) and quantitative aspects (how much a gene is expressed) of
Mal d 1 genes transcription profiles in the determination of apple allergy. Which factors
are the main responsible for the differential expression of a particular Mal d 1 gene
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among cultivars is still under discussion. Since the high coding sequence homology
among Mal d 1 alleles, the non-coding regions, as upstream or intron regions, might be
the most important in determining the differences in their expression.

e Chapter 4

Screening for differentially expressed genes is one of the most straightforward
approaches to reveal the molecular basis of a biological system. Here for the first, it was
possible to monitor separately the expression of all the PR-10 genes in young leaves of
Florina after challenging with the fungus V. inaequalis. A clear modulation for all the
tested genes have been reported but with a peculiar expression profile for each gene for
what concern the direction, the timing and the magnitude of modulation. These
differences seem to confirm the hypothesis of a subfunctionalization inside the family as
proposed for birch PR-10 proteins, despite their high sequence and structural similarity.
Moreover, the modulation of PR-10 genes both in compatible (Gala-V. inaequalis) and
incompatible (Florina-V. inaequalis) interactions contributed to validate the hypothesis
of an indirect role for at least some of these proteins in the induced defense responses.
After this work, a putative involvment in the fine and complex network of the plant signal
transduction may also be suggested for PR-10 proteins. Considering the diversity in the
pattern of Mal d 1 gene expression among different resistant Vf-genotypes (transgenic
and wild type), the balancing of the different transcripts levels inside the gene family
seems to contribute to the different resistance phenotypes. Finally, a certain modulation
of PR-10 transcripts retrieved also in leaves treated with water confirm their abilty to
respond also to abiotic stresses. Taking into consideration the double nature of the
proteins encoded by Mal d 1 genes, as PR proteins and as fruits allergens, the
knowledge acquired in this work about the PR-10 genes putatively more involved in the
specific Malus-V. inaequalis interaction will be helpful, in the future, to drive the apple
breeding for hypo-allergenic genotypes without compromising the mechanism of stress
response of the plants.

e Chapter5

The presence of four classes of apple allergens and the fact that patients differ in their
reactions have to be considered in the study of the complex mechanism of apple
allergy. In this work two other classes of apple allergens were taken into account: Mal d
2 (TLP) and Mal d 4 (profilin). In particular, the existence of other loci (Mal d 2.03 on
LG4 and Mal d 2.02 on LG17) for the TLP in apple respect the one reported up to now
(Mal d 2.01A/Mal d 2.01A on LG9) was demonstred for the first time. Moreover, one
new locus for profilins (Mal d 4.04) was mapped on LG2, close to the Mal d 4.02 locus,
suggesting a cluster organization also for this gene family. The predicted amino acid
sequence of the new member of the profilin family revealed an high variability in the G-
actin-binding region suggesting a different biological function of this protein in respect to
the other profilins. Despite this, no information is available up to now regarding the
involvement of these genes in the allergic reaction but the identification and location of
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all the members of the Mal d 2 and Mal d 4 gene families can be considered a crucial
step for many further studies, as for instance the QTL association study.

Future directions

Apple allergy is a multifactorial-determined disease. Indeed, should be considered
globally from molecular biology, cell biology, agronomical and medical sciences, as well as
social and environmental sciences.

Considering the importance to unravel the whole composition of allergen gene
families, the genomic reseach of new members of these families becomes a huge task and
have to be continued. As regards Mal d 1 family, an approach suitable for this aim is the fine
investigation of the cluster on LG13 as performed for LG16. Moreover, thanks to the synteny
between apple and pear and also between apple and Prunus, other Mal d genes could be
found by using the information of allergen positions in one species as references for the
others. Finally, when the whole apple genome sequence will be available, the search of Mal
d homologues will be faster and most effective.

An important step forward to study apple allergens will be the development of
proteomic approaches. Unfortunately, to obtain recombinants proteins for all the Mal d 1
genes for their specific quantification will be hard due to the high sequence similarity. A
possible approach to solve this problem may be the development of monoclonal
recombinant variants for all known Mal d 1 allergens. Also the modelling of deduced variants
and the 3-D structures will be helpful to elucidate the IgE-Mal d 1 interactions.

Since the importance attributed to the amount of particular Mal d 1 transcripts on
apple allergenicity, further specific studies on the effects of cultural and post-harvest
conditions on Mal d 1 gene expression will be helpful.

The identification of high and low allergenic cultivars represents an important step
for understanding the apple allergy mechanism. Indeed, tests for allergenicity of cultivars
have to be improved and extended to a broad range of genotypes and patients. The allelic
diversity analysis on the high and low allergenic cultivars for all the allergens will provide the
genetic background to understand the basis of the low allergenicity. This step from genes to
alleles will allow the develop of molecular markers that might be used to effectively address
apple breeding for hypo-allergenicity but in vivo and in vitro tests will be still essential when
selected plants will be at the fruiting stage.

Still unresolved are the questions regarding functions and evolution of allergen gene
families. For instance, why the retention of many homeologous copies during evolution
occurred is not clear yet. The evolution of new functions or the distribution of exsisting ones
among isollergens may be possible explanations, together with a selection-driven
preservation of all the copies. For Mal d 1 genes, in particular, a pathogen-mediated
selection can be involved in the evolution of this gene family. Further gene expression
analysis upon other pathogens, mechanic injury or enviromental conditions will be helpful for
the comprehension of the specific biological function of each specific Mal d 1 genes.
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Understanding the functions of each isoallergen and their peculiar mode of action
(expression profile, activity, regulation) in the plant and in response to different biotic and
abiotic stimuli will be the challenge of further studies.

The knockout strategy for the introduction of hypo-allergenicity has been applied in
rice and soybean. The production of an apple plant with a significant reduction of the overall
expression of Mal d genes from an existing economically successful cultivar using the
silencing approach seems an attractive time-saving alternative than crossing strategies but,
in this case, the biological function of Mal d proteins, as allergens and as PR proteins or
profilin, have to be carefully considerated in order to not compromise the life of the cell.
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Summary

Apple consumption is highly recomended for a healthy diet and is the most
important fruit produced in temperate climate regions. Unfortunately, it is also one of the fruit
that most ofthen provoks allergy in atopic patients and the only treatment available up to
date for these apple allergic patients is the avoidance. Apple allergy is due to the presence
of four major classes of allergens: Mal d 1 (PR-10/Bet v 1-like proteins), Mal d 2
(Thaumatine-like proteins), Mal d 3 (Lipid transfer protein) and Mal d 4 (profilin). In this work
new advances in the characterization of apple allergen gene families have been reached
using a multidisciplinary approach.

First of all, a genomic approach was used for the characterization of the allergen
gene families of Mal d 1 (task of Chapter 1), Mal d 2 and Mal d 4 (task of Chapter 5). In
particular, in Chapter 1 the study of two large contiguos blocks of DNA sequences
containing the Mal d 1 gene cluster on LG16 allowed to acquire many new findings on
number and orientation of genes in the cluster, their physical distances, their regulatory
sequences and the presence of other genes or pseudogenes in this genomic region. Three
new members were discovered co-localizing with the other Mal d 1 genes of LG16
suggesting that the complexity of the genetic base of allergenicity will increase with new
advances. Many retrotranspon elements were also retrieved in this cluster. Due to the
developement of molecular markers on the two sequences, the anchoring of the physical
and the genetic map of the region has been successfully achieved. Moreover, in Chapter 5
the existence of other loci for the Thaumatine-like protein family in apple (Mal d 2.03 on LG4
and Mal d 2.02 on LG17) respect the one reported up to now was demonstred for the first
time. Also one new locus for profilins (Mal d 4.04) was mapped on LG2, close to the Mal d
4.02 locus, suggesting a cluster organization for this gene family, as is well reported for Mal
d 1 family.

Secondly, a methodological approach was used to set up an highly specific tool to
discriminate and quantify the expression of each Mal d 1 allergen gene (task of Chapter 2).
In aprticular, a set of 20 Mal d 1 gene specific primer pairs for the quantitative Real time
PCR technique was validated and optimized. As a first application, this tool was used on
leaves and fruit tissues of the cultivar Florina in order to identify the Mal d 1 allergen genes
that are expressed in different tissues. The differential expression retrieved in this study
revealed a tissue-specificity for some Mal d 1 genes: 10/20 Mal d 1 genes were expressed
in fruits and, indeed, probably more involved in the allergic reactions; while 17/20 Mal d 1
genes were expressed in leaves challenged with the fungus Venturia inaequalis and
therefore probably interesting in the study of the plant defense mechanism. In Chapter 3 the
specific expression levels of the 10 Mal d 1 isoallergen genes, found to be expressed in
fruits, were studied for the first time in skin and flesh of apples of different genotypes. A
complex gene expression profile was obtained due to the high gene-, tissue- and genotype-
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variability. Despite this, Mal d 1.06A and Mal d 1.07 expression patterns resulted particularly
associated with the degree of allergenicity of the different cultivars. They were not the most
expressed Mal d 1 genes in apple but here it was hypotized a relevant importance in the
determination of allergenicity for both qualitative and quantitative aspects of the Mal d 1
gene expression levels. In Chapter 4 a clear modulation for all the 17 PR-10 genes tested in
young leaves of Florina after challenging with the fungus V. inaequalis have been reported
but with a peculiar expression profile for each gene. Interestingly, all the Mal d 1 genes
resulted up-regulated except Mal d 1.10 that was down-regulated after the challenging with
the fungus. The differences in direction, timing and magnitude of induction seem to confirm
the hypothesis of a subfunctionalization inside the gene family despite an high sequencce
and structure similarity. Moreover, a modulation of PR-10 genes was showed both in
compatible (Gala-V. inaequalis) and incompatible (Florina-V. inaequalis) interactions
contribute to validate the hypothesis of an indirect role for at least some of these proteins in
the induced defense responses. Finally, a certain modulation of PR-10 transcripts retrieved
also in leaves treated with water confirm their abilty to respond also to abiotic stress.

To conclude, the genomic approach used here allowed to create a comprehensive inventory
of all the genes of allergen families, especially in the case of extended gene families like Mal
d 1. This knowledge can be considered a basal prerequisite for many further studies. On the
other hand, the specific transcriptional approach make it possible to evaluate the Mal d 1
genes behavior on different samples and conditions and therefore, to speculate on their
involvement on apple allergenicity process. Considering the double nature of Mal d 1
proteins, as apple allergens and as PR-10 proteins, the gene expression analysis upon the
attack of the fungus created the base for unravel the Mal d 1 biological functions. In
particular, the knowledge acquired in this work about the PR-10 genes putatively more
involved in the specific Malus-V. inaequalis interaction will be helpful, in the future, to drive
the apple breeding for hypo-allergenicity genotype without compromise the mechanism of
response of the plants to stress conditions.

For the future, the survey of the differences in allergenicity among cultivars has to be be
thorough including other genotypes and allergic patients in the tests. After this, the allelic
diversity analysis with the high and low allergenic cultivars on all the allergen genes, in
particular on the ones with transcription levels correlated to allergencity, will provide the
genetic background of the low ones. This step from genes to alleles will allow the develop of
molecular markers for them that might be used to effectively addressed the apple breeding
for hypo-allergenicity. Another important step forward for the study of apple allergens will be
the use of a specific proteomic approach since apple allergy is a multifactor-determined
disease and only an interdisciplinary and integrated approach can be effective for its
prevention and treatment.
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BAC
Bet v
Ct
EST
Fra a
IgE
LG
LTP
Mal d
MAS
OAS
PR
Pru ar
Pru av
Prud
Prup
Pyrc
gqPCR
QTL
R-gene
RNAi
Rub i
SAR
SNP
SPT
SSR
TLP
TMV

Bacterial artificial chromosome
Betula verrucosa

Threshold cycles

Expressed sequence tag
Fragaria ananassa
Immunoglobuline E

Linkage group

Lipid transfer protein

Malus domestiba

Marker assisted selection
Oral allergy syndrome
Pathigenesis Related

Prunus armeniaca

Prunus avium

Prunus domestica

Prunus persica

Pyrus communis

Quantitative PCR
Quantitative trait loci
Resistanse gene

RNA interference

Rubus ideaus

Systemic acquired resistance.
Single nucleotide polymorphism
Skin prick test

Simple sequence repeat
Thaumetine-like protein

Tobacco mosaic virus
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Appendix 1A

MC-12 clone sequence (from T7-End to Sp6-End)
Text underined in yellow: Mal d 1 genes (the coding sequences are indicated in bold)
Text underlined in gray: other genes

Text not underlined but in bold: retrotransposon elements
Text inside boxes: SSR primers

501

1001

1501

2001

2501

aagtgcagacatattaccatggcggggtattacttggcagctacgcaatt
attgagtttctgggattctcagatatcggtcaatcatattcccaggggat
ccaacttagcggctaacgagatggcacagctagcctcaggagtgccaata
catgagagaaaatatgggatagatgtcgagatccaaagaagaaaccttcc
ttccatcttagaaaggggattcagtctagatgtaatggtgctaaaggeccg
agatagaagattggaggtcacctatcattcatcatttgaaggatccttct
tcgcctacaagcaagaatgatagacagcaagcaaccaagtatgtcttatg
ggcaaagaacttgctaagaaaaactccatatgggttactgttgaaatgcet
tgggccaggaagaatccatgagggtaatggccgaagtacatgaatgagta
tgtggagcacatcaggctggaacgaagatgagatggttgcttaggaggta
tggttatttctggcccaacatggaaaaagattgcaagtcttatgececcgag
gttgtgaagaatgtcaaaggcatggacctctccagcatgtgecccttggta
cctttaaatccagtggtcaageccttggeccttcagaggatgggecgatgga
cttcatcgggcaaatatatccggcttctagtaaagggcataccttcataa
ttgtagcaacggattacttcaccaagtgggtggaagcatcagcagtaaaa
tccataacttcagccacagtcaagaattttatcgagaccaagattttgeca
catatttggggtgcccgaaactatagtgacggatcgtggaccatctttta
tttcaaaagaagttgaggagtttgcaagcaagtacaaaataaagatgatc
cagtccagtccgtactaccctcaatcaaatgaccaggcagaagccagcaa
caagatcctggtcaacattatcaagaggatggtgattgatagtccagaaa
aatggcatgaaaatctggggaacactttgtgggcatacagaacttctaag
agagcaggaacagggacaactccttatgctttaactttcgggcaagatge
aatgctcccecgtggaaatcaatgtaagttctgtaagaattcaaaatcaat
ttggattgcatagtgaagagtatatcgaagccatgtgtcaaggaattgaa
gacttggatgccgcccgaattgaagectttgaaccagattcaagaaggaaa
gcgagtcegttgecccgagecttataacaaaaaggtgaagatgaaatctttca
aagaaggggatttagtatggaagacagtcctcecctctaggagctcagete
aggggctttggaaaatggagcccgacatgggaaggtcctttcattattag
tcgegttttggatagagggggatactacttggeggaccttgagggaaaca
ggcataaacatcccattaatgttaatttcttaaagaaatattgtcctacg
ttgtgggatctcatagattgttatattgaagaggatgcagggtaaagtaa
gcttcgggatatcaatgtgcagtgtatatttactaatcattcaagaagat
ggaaagacaagagttgctgagataatgtatatttcatttcgacaaattga
tgaaatttacaaaagattcaaagctgacgtattacaatcaattctcctge
tggatgcaatggtatcttcagctgatcttcecgatgtcttcatggatagaa
cccaatcaggtgatcgggttgtgecggccaacatgagectggtagaggatce
ctcagacaggaccatcaccataggtgatggtcaagcccgacttatcacca
caataagcaggaagacaagccttcgagaggaaaccgcctgaccaagggtyg
ttggagatagcggggtgttcgaccaagggtgttagagatagcagtccttt
gatgaaagccctttttctcacgaaaagggagttttaggaaaccccactca
aagcctaaggaacccatttctcagtttctgaacgctcgaggaagatggaa
gagaatgctgaagaggatttgatggcttgacagaagaaattccaggccag
aatttatagggccccaaagggtagttcaaaggtcgtgagaagagcaaggg
gcacggggttgccttcatcttgtctagaaaacacgaagttccaaaagatt
gagatacacgcatgcggatattcaatcaatgatggcgcctgggattccaa
ccttaacattaattgaagggggcactgtttggatcaaaacttgaaacttt
gggctcaagaaaggagctagcccaaaaggaggcccgaagggaaagataac
cgaagcccagtcaaagcccagaaggcagaaatggcecttttctgacttgat
gcagctcatgaagaccacttgcttacctacccaaaggccaagtggtatag
gctgaccagctacacagcccataaaagtactttatgatggcagtacatgt
aaaaaaactgatgagtcatcacccttcaaaccgcattcgggcaagattge
tgctacaggagaccaagccgagatgtctatataagaagaaagagaaacca
ggaataaggacactcaatcaaacaaacaaatgcaagcacaaactctgccc

Retrotransposon protein,

putative

(ORF'1)
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3001

3501

4001

4501

5001

5501

6001

aaagccagatttgccttcaaaacgaagttgtagtcagcccaagcattcat
cccttgcgggataaaccttcactcaaactcttgtaatagctctgetacct
tgttcaaccttgctgtagtatcgattcatttttgtaaatctctctcecctce
cctgaagctttcatacccttgataaaccacaaagatatgaacctgcaaga
cgaccaagcttgcccgacaaggttaaaccttgcccgaccttetttgtttt
tgtcttttcattcattagcctagcaatatattgtatatttccagttatat
tcaagtagttatttctagcaaaatgactattaaaaggctttctcaatact
tggatccgatttgaatatatcttcagtgttcaaaccagatccaagtccta
agccctcgggcatgtaaatctgattagttaaaagtccttagectcaagge
ataaaaaagaaccttatgcggacttaacccatccacgacaatccttgata
aacgagaagtccgaagttacttggggcgcaagtaatcgacctacctctta
gtcttattgctattacattatgattatcatagaacgcttaagcatgggaa
ggatcctgataggaagcctcaaggcctacacctaaagccctacgaaggca
cctatttggattcattccgttctgcggtctaggacgtttgagtataagaa
cgaactctaatgggaagcctcaaggcctacacctaaggccccacgaaggce
acctatttgggttcattctacctctcgaactcggataatcagaagtataa
tagttataaagactcatgcattcacgagaacaaatatgatgtgttcgage
actggtttagttattgataggaagcctcaaggcctacacctaaggcccca
caaaggcacctattataactaacacggtttctcggggatatacatataca
accaaaactcgacatccatttcatatctgccatactaaagatggcagtgg
cacgcctgagcacttaaaagttaaccttgattgtgagcctcaaggcectac
atctaagaccccacaaaggcacctcttaaagttaactctgtceccttctcett
tcagcattgcccgacaagceccttgecccgacgcgacttgecccgacaaagece
gatagtgaagcagaagcccgacagcagccctcaaccagcaccaacctccce
ggggagctgtgtgctcgtcggccaggaaacatccccgacggaaattectg
acgcgaacactttctttagtccttttatttattttaattaattatctttyg
ctttcttaaatattttgtgttgctcagtttcaatagttagtggatttttt
cccatttaataagcttgctcgcattaaaattaatgggatatatagttaat
atgtacttgggttttttaattattattttatttttatattagtgtaatcg
atgagtagattgaatttgtatatgatgctcttcatagatgagttttcttt
caaacctttatatatgaataaactttatgatattagatttattgatgttc
cagtaattggatgggactgtttaaaactatcagttttgttatgcttcatt
tttattagataaattagattttcttttgatccatgtgcttatgtctatac
agataaagagagcaattagtgaggttcaagcattaggagcaatatttcac
tttcaaaggacttcatttggaggtgtctaaagaaaagtgaagtatttcaa
gtgacaatttccttgtttttaaaggcatatttggtaattcatgtgtagtt
taaatcacgggtggcgttgttaactttgcacctcttgtaatacaatttgg
tattcttagtataaattattggtggtgttgttagctttgtacatcttgtg
atacgttttgactatatgattattcatgaaatattgtattatagtaaatg
tgcaattttgttgtttctttatatattttaaattaatttttatttatttt
agaaaacattttataacaggctttatgtgtccacgagcactacaaaataa
aagctcatctaccatgataattttatcacgggctttatgtgtccgttata
aaaactacaaatttatgacgggcataagaagcacgtgataaataacaatt
ttataccacagacaaatttagtctgttgtaaaatagcagtgaatgatgat
gcgcaaagttgtacattgtaaatttactaagccaccatagataatgctca
tggtcaatactgtctgtatccatagcgecctttttgttatctacctcggga
aaaatgtgtggtattgtacatgcttaattgaaaattttggaggaggctgg
acaccaaaattttgcaaaatttcaaactatgtaattatctgtattattta
agaaaataaaaactgaaacaataatcgtttagaaccagataaacaccaca
ccacatccatcgtgcaaaactagaccagtaaaagaaatcgaagtagtttt
ctaaacgtatgtctatgaagtgcaattaaattctgaaacccactatccac
ttctcccacgacagtttcctccacaaaggaaaagctatgttgtttattcg
atcctctcacgtactttttttattgcaattttagtttatctggtttattt
ttatttatcgattagattcctccattactttggtattaaattctgcaatt
gttttgttgttttgggttcactgtatttctgactctccattatgtttatt
aggggttttgataaagctagatttcttgtttcatcgactttggggtagaa
ttgtacaatggctggccagtccaagagtgaatccacctacgatttcactg
gcaaggttggtttttgacaaaaaattattattttcctttteccatctacte
tacaatttgaagttttggtaaattatttttgaacattaacaatcgaacgce
tctcatattttgtttttaggtttactgggttgtatcagcaaaatcttcca
tctatttactcctcectttgttaaatgaatctctataatttaggtttgatt
tttatgcttcaggattcgtagtttacaatatattcttttaaatttctagg
ttaagtattggctgataatgectttctccgattgagttggetggegcagag
accaaattggagcggtcctccttgtggaggaatctgctagaattcettttt
gcgcaaattttctttetttagtecttttatttattttaattaattatcett
tgctttcttaaatattttgtgttgectcagtttcaatagttagtggatttt
ttcccatttaataagcttgectecgecattaaaattaatgggatatatagtta
atatgtacttgggttttttaattattattttatttttatattagtgtaat

Retrotransposon
containing

Reverse transcriptase (RNA-

dependent DNA polymerase);

putative NTP binding site;

RNase H; RNA/DNA hybrid

binding site;
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6501

7001

7501

8001

8501

9001

cgatgagttgattgaatttgtacatgatgctcttcatagatgagttttct
ttcaaacctttatatatgaataaactttatgatattagatttattgatgt
tccagtaattggatgggactgtttaaaactatcagttttgttatgcttca
tttttattagataaattagattttcttttgatccatgtgecttatgtctat
acagataaagagagcaattagtgaggttcaagcattaggagcaatatttc
actctcaaaggacttcatttggaggtgtctaaagaaaagtgaagtatttc
aagtgacaatttccttgtttttaaaggcatatttggtaattcatgtgtag
tttaaatcacgggtggcgttgttaaccttgcacctcttgtaatacaattt
ggtattcttagtataaatcattggtggtgttgttagectttgtacatcttg
tgatacgttttgactatatgattattcatgaaatattgtattatagtaaa
tgtgcaattttgttgtttctttatatatttttaattaatttttatttatt
ttagaaaacattttataacaggcattgatcatggtcaattagtaatccac
aacggtcgtagcgcatggtgtttaactctaatccatcaggggcactgtce
gtgattattatgtaattaacaacgtactttgtccatggtaaaagttatga
ctttttatcacgtctagatacttaacgggtatattgtccatggtgaattg
caatttaccacgggcattcatcgtgaaagatgtgggtttgtcttccagtg
gagccatgtgtcctcaataaaacaaagaatatattatacatctttcgtce
taataagtaggtagtaggatttgaatgccaatgctttcaagatggaaagg
aaagtggtcactactcctgttgtttatctgtctacagattttagggttat
tgattaatactatgttgtttatcagtctcctattcattgttattcaacce
ctacaatgactgccatctttacagaattgataagcccattgtttgtcaat
ataaaccccactttaatattcagttcaaaattcaaataaattaaaaaatc
ccaacaatttgggcttgaaggcccaatccagaactaacccgaaatcccca
accccaaaaattaggaattcttaaacttcggttcgatttcecggattttaga
atcatgtcccgaaaattattgattgggatttggttcgaaattcctacccg
aaccggccctagtgaaacccaatattttatctactataatattggacaat
accattaaaaagctgttctatataaacactctttcaagtgatcatgcact
ctttgaattaaaaattttcccttttataaattttttagattgtcaatgtt
gattceccttttatatcaatttagatttteccttgttattttttggatgtat
ttgttgatttgcccectaaacttgtatagaggtgtcaatttcetcttataa
actttaattttagccgattacctccatgaatttttataattageccaattt
cccacatgaactttaactttagccgattaacccectaaaatattatagag
taaattacacaaaactatctcaactataggtcaaaccacaatctcatacc
ttatggtttaaaaattgggagttttaacgaaaaactacatttttatacta
aaaagtcaaacatggtattattcattttatcctttattttgtccttatca
ttaaaactcaaagttttcaagccattttcattagtttttctttaaaaatt
acaatgtcatacctcatcttacgaatttattgcagtgttagacctcegte
aaattttctatcaatttttctattaaatgttgacgtgacttacaacataa
cccactcecctaccccgactaaattaaaaaattaattaaatattaaaatta
agaattaaaaagcgtgggatccacccccacaaacccatcattcttcecca
ttacaccgacgacatcccatctccaggcacccaacctcaccaccectgett
ccccagtacgcececgecgtectecctectcaaaccecccagaacagcagaage
caccacgtcgtcatgctcatcctecteggettecttcaagggetgetget
gccgtectcttettactettectecttectagecactectegtectegeegte
gtgctcgtcatcatacctccgectcagtctctcetetetetetetetecage
agtcacgtgctcttctcaaccgectaaccccaacaaggtecgggatcaagta
cgacgagtccaggttcactgtcatgtaccttgagatttcatgggcaagge
ctccatcececeggettctaccaggacgecgacactatecggeccaagtegtcecg
ccaccatcgccatcaatcgagtcaattttctgacgetgectaatttagtcet
gcgacgcttcecctcaatgtgtttectgcatcaaaacccactteccaattt
ttctttgaattctgttcggctactaagaaaatcacagaaacccactatct
tcggtgggggagagttcttggagectttggttcttccagaagagaaagggt
tgaagtggaggtggaaagaaggggaggagagcaacggagggagggggagt
cgaaggtgtggcggaggaggttgaggtggaggcaggtggtgaggttgggt
accggagatgggatgtcttcgatgtaccggggaagaaggatgggtttgta
ggggtaggtcccacgttttttaaaataaaaatttaaatgatttaattttt
aatattttaaatgatttaatttttttaatttttaatatttaattaatatt
atgtatccctttctagcatttctectagaattttacatgtcaaatggtga
gtgaaaaaaatatacagaaaagataactagcatttctcttatctccaaca
agtcacgcaccatttacttgatcaacgcataatcacatagagactactge
agggttagtctaataagaccttttgaacaaggaagtaaatccatgcccgt
accatcaagtatgagttctgtcttataggaccaattggaagtgecttttte
aaccatgtatgcaaagtgtgggaatttgcaagcagaatgcttatgaagta
gaatcccattgttcataagcattctcaatttctcagggaaaaagaagatg
aagatggtgatgttttttaatatttaatttatttttttatttatttttct
ataaagtaataaatattttcattattattgaagcattagttatgagggta
aagttgtcaatttattagcaaaatgttgactgaaggggctatgcacaagt
gaattaaaatataagagggtgttaatgtaatatttcaaacgtgaggagat
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9501

10001

10501

11001

11501

12001

12501

tttgtgaaaacttgttaaacttctagaggtgttattgtaattaacccaac
cattgcaacatatttatcacgtctgctttttcgaaatttcectgtgtgett
ctctctttgtcactttcaacatgaattttcaatataattgaaaaaccaca
tcgtatattagtttagttatgttataccaagtatatcgtcegtccaaaatt
aaactttttatcttttcttctcaatcatttgaccaaacttcttgttctga
acaagtagagctcaagtttacataggagaacacgtctgcacatttgttaa
tttaagggggcctttattcaacgaattttgaggtgaaatttatgaaattg
gaagggaaaaataatactccaaggtaaatatcatcaaataatttacattt
aactagtatatatatgttttatttattgagattaaaatcaaatacaacaa
ttgtcacagccegtcccagagttactaaataccgaggacgtgaaattact
aaaacgcccttaaacgggattaaggtgcgtaaatttggtatttgttttac
actaagatcctaaactagggttagaattatattagtatgtgttaatttaa

tttgtgtttggacttagggtggggtcctaccdcctaaatccctccccaaa| MC-12SSR384For

@cccgtgggatgtctctctctcatctcccttcacactctctctctctttc
ttcatttcagtatcactctctctctcttactetcgaactctetcaagete
tcggacaaacaccaagaacaatcacaaﬂcctacaccaacgtccgatctha
gatcaccacgacactccttaggacctcacgagcacgggaataccagtttt
aggtaagttctatttcgagaaccctagttttaaaacacccegtgtaatgg
cactgttcacgaacttaattttggttgtgttttaggttaaacaaagatca
ccacgagtcttaggaagttccaaggaggctcggagtgectegtttgaaca
aaatggacgtcgggatcgtcgggttcgagtttggeccgaaattgaagaatt
ttgaaaggtttgatcttgttgtttttaggeccttaaaacccttccaacgtyg
atagtacatgtgaaatgcttcattttggtataaaatgcgaagaaattggt
tgaaaaacgaaggagaatagtggatttgaaaattttccagaaaccggcga
acagccgccggcgaccggcgactcecgeccggagaagacagggaatctteegt
caagtttgacggaatattccgacgccgttagttaactttaacggaaaccg
ttagtttttaacggaatattccgggaatattcctaacgeccgttcactgta
gccgtecagtgtgectggcacgtggetgegegtgggecgegegtaggteccg
tgccacgtcaggcgegtgggggegegtgaggactccaaaaattattttaa
aaatatggggatgatcctgaggttgtgtaggtcactgtggtatattcata
tacccaatttgagcatcgtatgaagaattaattacctagtttggtttagg
tgcgttaattgtgcgttaaatgattgttttaagttatttcacttctaggt
ggaacatttaacgaggacgagcacatccaggggcgtcaagggggttacga
cccggcgacataccagtgagtgggcattgctttctatatatatatatacce
tatatactcgatttccccagaaatcaaatttaaatgaaaaatatattgaa
atgaaatgaaatatgatgtgattgccatgcatagaatgttatggatatta
tgaactgtcgtatgatgcatatatgtatgatggtgctgtggacgcacagg
taagtatttaattactgttatgttgaggatgatgatatattgagctcata
tcctgcaccatggtttagtgettatagtattcaccgecategecacgetege
cttggatccaagtagatgctggtcgtacagtccacgeggagtgggtacga
cgggccagtcgtagagtgttagtgagattatgactggtgggtgaccttag
gttattgtatacagatgattgatgagagaagcactagagcgaatattacc
atgagtcgttcagactacattaggtggttccgacttatgtgcagaaggece
ggacaggtcacgcggagtgactccggcagagagtgagattgatagatgtt
gagctctaggttcaatcgttcagggctattagagggcctcecgattgatta
tttcttttacctgattatattatgttaatgcattcatactacactgttga
aattggcatggtacattctttattgaatctgttataagattgatgattga
gacagttgagatatatatgctatatactatttttctgggaaagtatacag
gttttccaaaaaggggttataaatgtggatttatgaaatgttttggaaaa
gctttattttcgeccactcacgttttetgtttttegecectecaggttcet
agttgatagttgaggcgttggtggcctacgagactgcttcggecgttctga
cagactaaataaatgtaggattcacccgagggtgttgtaaattagttatg
ttcctacttgactgcacctagatgcttatgctctgtttatgtgtgtttag
tacactcttatgcacatagaatgctcggttgtaaataactgcaattagtg
gttttcgttgactcgtattttattattaaatcgtttccgettgegtttgg
ttacgtcacactcacgtgacggccagcacgtcctagtcttcgggttaggg
tgtgtcagtttggtatcagagcataggttgcagtcctgtataactaatga
gttcttctattgattttgttatgttttctgtcagaattatgccgecctcecgt
agagatcctcgccgtgctgctgagcecctaatttcceccgatataactcagtt
aggggcagcaatggctcaagcttttcaggctaatatccgtcctecctcaga
gaacgcccgtagagacgatgtataatctgaaactggaaacttttgaggga
aatgaaggttatgaaggggcagaaaagtggttagatcgaattgagcagac
ctttcaagtgatgcaaagtcagggaaacctgccagctaatagatgggtgg
agaccaccacctggtttttgggccgtgagccagctgecgtggtggataaat
cagtcgaggcacatggcacctgaaagggcagccgaatgggaggtatttaa
ggaaaattttatgaagagatttgttcctccggaatatatagatcgcaaga
aacaggaattcaccagtctgaagcagaggaatatgtctgcacatgagtac

MC-12SSR384Rev
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13001

13501

14001

14501

15001

15501

16001

tacaggaagtttactgatttatcccgttatgattctgatttagcgggtaa
tcaagcagaaatgcttcgtcgtttcaagctaggatctaagaagaagtaca
gaacgtttgccaatgcacttccctgtgeccgattatcatgagtattttgag
attctggtcaggatggaagactctgataatcttccggacagtgmggatga
agaggataagggtaatggtcagaagaaaaatgagaaaggtaaaggtgttt
ccattccaggacctcgtcagacgcagaatttcaagaaaagtggaatgagt
tcgagttcttccagtggtggatttagtgccacaggtccgaggagaggagg
tggtaggtttggtaatggacctagattttctggtcagagaggctttggta
atactggtagttcgggtcctccgttatgtcgeccgttgtaatttccgacat
catggggaatgtaggagaagcagtggtgcatgctttacatgtggtcagac
aggacatagagctatgtattgtccccagaatcagcagaggccccagcagce
ctgttatgccaacatcagcaccgactcaacagaactttaattcaggcagt
tatggccaaggtggtcgtggtggtgcttatcactatcagggtgatgctge
tccttatgctccgggacagtatcactattcccaggatceccttattttcaga
gtggatattctcaggatcagggaggttatacttcatatccgtctatgcecca
gctagcggatctcagtggtatcaagggggccagccccaacagagcggagt
tgctgctagtagtacagggtcgtttaggccgecctgecccaggcaggtcaag
gacgtactcatcagggacgaggtaaccagagtggcagaggtcgtggagga
cgacagtcagctcagggacgtgttaaccacatatcgctacaagatgctca
gaaccatccagacttgattatgggtacgttgaatgttcttggtcattttyg
ctaaagtcttgattgattgtggtgctacacactctgtgatttctcataca
tttgctcaaataacgcaacctcatccttcacctctagggtttgatttaga
gtttgctatgcctagaggggataaatgttatgttgatagtttttactctg
ggtgtccagtgatggtagataatgtcattatgcctgctaatcttatccca
ttagacatcgtggattttgatgtgattttaggggcggattggttgcatta
taatcgcgcccatatagattgttacgggaaatcagttacttttcecttcgtce
ctggactacctgaggttacttttgtgggtgaaagaagtggggtgaggcat
ggtgttatttccgccataagggcgaagaaattgttatccaagggttgtca
gggatacttggcacatgtggttttgaatgatgttgattccggtagtgtgg
aggaagtcggagtagtcagacactatcctgatgtatttccagatgattta
cctgggttgcctccagatagagatgtggaattttcgattgatttgecttece
aggtacgaaccctatctctttggctccttatagaatggcaccagcggaat
taagagagttgaaaattcaattgcaagagttaattgataaaggtttcatt
cagcctagttcttcaccttggggagctccagtgttgtttgtaagaaagaa
agatggaactttgagattgtgcattgattacaggcaattgaatcgggtga
cgattaaaaaccgttatcccttgcecctcecgtatagatgatttgtttgatcag
ctcaaaggtgcctgtgtgttttctaagatcgatttgaggtctgggtatta
tcaattaaagattaaagatgaggatgttcataaaacagctttcaggactc
gttatgggcattatgagtttttggtgatgccatttggattaacgaacgcect
cctgcagctttcatgagattgatgaatgaagtattccaggaatatcttga
caagtttgttattgtttttattgatgacatcctggtatattctaagtcga
aatcagaccatattcgacatcttaacttggtgttaaggaaattgagggaa
caccgattatatgccaaatttagtaaatgtgaattttggctggatcaagt
agcatttttgggacatgtggtatcagctcagggaattcaagtggatcctc
aaaagatagcagcagtggaaaattgggaacaacctcgaacggtcactgag
gtgcggagttttcttggtttggcaggttattatagacggtttgttcaaga
cttttctatgattgccttgccattaacgaagttaaccaggaaggatgtta
agtttgagtgggatgaaagttgtgagcaaagtttccaacagttgaagtat
tgccttactcatgcacctgtgttagtacttcctgatgataatggtaactt
cgagatctatagtgatgcttctttgaatggtttgggttgtgttttgatgce
agcatagtagagtgattgcctatgcttctaggcagttgaagactcatgaa
agaaactatccgactcacgatcttgagttggcagctattgtgtttgettt
gaagatttggagacactatctctatggcgagaaatgtaagatctttaccg
atcataaaagccttcagtaccttttcactcagcatgatcttaatcttegt
cagagaagatggttggaattgttaagtgattatgattgcacgattgagta
ccatccgggtcgtgcaaatgtggtagctgatgectctgagtaggaagectce
aagggcgacttaatgctttgtataccagtcgtgttcctcttctggcagag
ttgagatctactggagtagaattagaatgggaagagcaaagtgaagcttt
tcttgccaattttcaagtcaagccaattttaattgatcgggtgcttgcag
ctcaatcgttggatgaagaaattcaagaattgatcaatttaagaaatgaa
gggaagaagaaagatctcaagatccgaggatcagatggtatgcttatgca
agagaacaggatgtatgtgcctaataatgaggaactgaagaaagaaatct
tggatgaagcacattgttcggcttatgctatgcacccaggaggaactaaa
atgtatcataccattcgaccattctactattggccgggtatgaagagaga
gattgcggagtatgtgagtaggtgtattgtctgccagcaggttaaggectg
aaagaaagaagccgtttgggagattgcaaccacttccecgttcecccagtgg
aaatgggagaatataacgatggattttgtgtataagttgccacgtacaca
aaatggttttgatggcatttgggtggttgtagatcgacttaccaaatcag
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16501

17001

17501

18001

18501

19001

19501

cacattttattccagtaagggagaagtactctttaaataagttggctcag
ttattcatatcgaaggttgtaaagtatcatggtgtcccagtgaatattat
ttctgatcgagatccaagatttacttctaagttttggatagecttttcaag
aagctttgggtactagattgctttacagtacagcttatcatccacagaca
gatggtcagtcagagagaactattcagacactcgaggatatgttgagatc
ctctgtgatgcaatttggtgattcttggcatgatcgtttggatttgatgg
agtttgcctataataatagttttcattcgagtattggaatgtctccattt
gaagcactttatggtaaagcttgccgtacgccattatgttggtcagaggt
tggtgaaagaatacttgagggcccagagattgtggatgagactactcaga
atattcaggtaattaaatctaacctgaaagtggcccaggatagacaaaag
agcctagcggatcgacataccacggacagaatgtataatgtgggcgacta
tgtttttctgaaattatcgccttggagaggtgtggttcgectttggaaaga
aaggaaagctaagtcccaggtacattggaccttatgagatcactgagagg
attggtgaagttgcttacaggttggagctacctccagagttgtctaaggt
acataatgtgttccatgtctcgatgcttcggcattatgtgtcagatcctt
cacatgtgattcctcctcaaccattggaaattaatccggacttgacgtac
gatgaggaaccagtgactatactggattggaaagataagaccttgaggaa
taagaccgtgagcttggtgaaagtattgtggagaaaccattcagctgaag
aagctacttgggagacagaagatcggatgagagatatgtatccgaggtta
ttctatgacttttgatgttctggttagtgattggaatttcggggacgaaa
ttctataaggaggggagattgtcacagcccgtcccagagttactaaatac
cgaggacgtgaaattactaaaacgcccttaaacgggattaaggtgcgtaa
atttggtatttgttttacactaagatcctaaactagggttagaattatat
tagtatgtgttaatttaatttgtgtttggacttagggtggggtcctaccc
cctaaatccctccccaaaacccgtgggatgtcectcectectcectecatetecectte
acactctctctctctttcttcatttcagtatcactctctctectcttactce
tcgaactctctcaagctctcggacaaacaccaagaacaatcacaatccta
caccaacgtccgatctaagatcaccacgacactccttaggacctcacgag
cacgggaataccagttttaggtaagttctatttcgagaaccctagtttta
aaacaccccgtgtaatggcactgttcacgaacttaattttggttgtgttt
taggttaaacaaagatcaccacgagtcttaggaagttccaaggaggctcg
gagtgcctcgtttgaacaaaatggacgtcgggatcgtcgggttcgagttt
ggccgaaattgaagaattttgaaaggtttgatcttgttgtttttaggect
taaaacccttccaacgtgatagtacatgtgaaatgcttcattttggtata
aaatgcgaagaaattgggttgaaaaacgaaggagaatagtggatttgaaa
attttccagaaaccggcgaacagccgccggcgaccggcgactecgecggag
aagacagggaatcttccgtcaagtttgacggaatattccgacgcecgttag
ttaactttaacggaaaccgttagtttttaacggaatattccgggaatatt
cctaacgccgttcactgtagececgtcagtgtgectggcacgtggectgegeg
tgggccgegegtaggtcegtgeccacgtcaggegegtgggggegegtgagg
actccaaaaattattttaaaaatatggggatgatcctgaggttgtgtagg
tcactgtggtatattcatatacccaatttgagcatcgtatgaagaattaa
ttacctagtttggtttaggtgcgttaattgtgcgttaaatgattgtttta
agttatttcacttctaggtggaacatttaacgaggacgagcacatccagg
ggcgtcaagggggttacgacccggcgacataccagtgagtgggcattget
ttctatatatatatatacctatatactcgatttccccagaaatcaaattt
aaatgaaaaatatattgaaatgaaatgaaatatgatgtgattgccatgca
tagaatgttatggatattatgaactgtcgtatgatgcatatatgtatgat
ggtgctgtggacgcacaggtaagtatttaattactgttatgttgaggatg
atgatatattgagctcatatcctgcaccatggtttagtgcttatagtatt
caccgcatcgcacgctcgceccttggatccaagtagatgctggtcgtacagt
ccacgcggagtgggtacgacgggccagtcgtagagtgttagtgagattat
gactggtgggtgaccttaggttattgtatacagatgattgatgagagaag
cactagagcgaatattaccatgagtcgttcagactacattaggtggttcc
gacttatgtgcagaaggccggacaggtcacgcggagtgactccggcagag
agtgagattgatagatgttgagctctaggttcaatcgttcagggctatta
gagggcctccgattgattatttcttttacctgattatattatgttaatge
attcatactacactgttgaaattggcatggtacattctttattgaatctg
ttataagattgatgattgagacagttgagatatatatgctatatactatt
tttctgggaaagtatacaggttttccaaaaaggggttataaatgtggatt
tatgaaatgttttggaaaagctttattttcgcccactcacgttttctgtt
tttcgccecctceccaggttctagttgatagttgaggecgttggtggectacga
gactgcttcggcgttctgacagactaaataaatgtaggattcacccgagg
gtgttgtaaattagttatgttcctacttgactgcacctagatgcttatge
tctgtttatgtgtgtttagtacactcttatgcacatagaatgctcggttyg
taaataactgcaattagtggttttcgttgactcgtattttattattaaat
cgtttccgecttgegtttggttacgtcacactcacgtgacggccagcacgt
cctagtcttcgggttagggtgtgtcaacaatcctttttaatcatatccaa
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20001

20501

21001

21501

22001

22501

23001

agtgcaagtcaaagaattgctttggtacgataataaattgaaccacacag
ctgagtaaacagagaaagcaaaacacaagattgttgccagatggatggtc
gttgtaggcatcaggattggccacaaggtagttctcaataagcttga
acagaccatgggccttgtctttgecageccttaacatgttettetttgate
tcaacatctceccttagtgtggtagtggetggtgttcttgatgatggaace
actgccagatgccaccaacttaatttcataagagatcttctcaattttgt
cagaaatggcatccccttcaatcaagctatagctatagtcaaagttatcet
ttgtcaattcecctcaaccttgtgecttcacatagetgtattcactecectgt
caaatgaaaatgaaatataaattaagatgttagctagtattttcgatata
tatgtgtgtgtgtgttaaataggtaaaattaacaagttaatgaataaaac
tgtggaaattaaactaacecttcaccaaagctaactttcttgatggttcca
acaccgccatctcecctcgagaatttcaacagttttgactgettgtggage
aatcttcggaatgagattgtcagcatcaagaacaagggcattgtacaacc

tagcaggggggatgactgaggcgtattcggtttcgtatgtgaggacacc@
aﬂgatgatttttaagggcttggaaaatgatcaaggaaattaatgaaagga
ggatgctaggaggatgatcgatgttgaggtgagaaaatgttctctccata
gggtggtatttatagatttggtatggagggtatatgtgtaaagtaacccc
gctccttatgtataatttcaaatgcatgcataaaaataaaaacaaagaaa
aatcaatgtataaatgtattagtcaaagaaagccaccaatagaaacttaa
tacaaatttattatatgaagatattattgaaggtgtaacattatcttcga
cataaaagaaaagacaatcttacaatgtcggtgggctgtttgatgatgag
atgcttacaaaccataatttggataatggcacaggtggcgaggatgacac
aggagaaatatcatgatcagtacgtatagtataaggtataacatacaaga
acttggtctctgaaggctaattaggtgtaacttttttttttaatttttaa
tgcatatcaacaaaaaaaaaaaaaatacttgaacattattctctcacttt
gttgataccctaagaaaagaaagtacttgtattccttgattgaataaaga
ttattgttcaactaacacagtactaatgaggttatttaatgtaaattttt
atcacactatcatgttgattgttacgctataaatgttttgttagaggata
gatgtaattagtggacgtcatgaaattcttcattattgtattcacttttt
ttgagctccttacttttacattttaatgatgttataatgatgttaaaatt
caacttttaggctccttaatactgtaacaatgatgattttacgttgtgcet
tgtcattttacactatcgaagtataatattatacatgaacgtgcttgcat
tacaaaaatatcgttcaaagggatcttgtttgattttctggctccgectac
tgatcatagctatgaatacccttttttttttttaaaggtgtcgtagacta
ttgagtgtacaattttttgtatttatgaaaaaaatattcatccatgtaaa
aatgtgttagctatgtaaaatatatagaaaacttggatgaacactcatta
tatacttgtaaccaaacttttttgtatgttctagtattttatactataca
tatcatctattttgaaatttatatttccaatataattatatattttttag
tataagtaaatatttattgtatgttttataataaaattaaataaaactaa
aaacagacctcctagacggctatgctagtcgtaagctcttactecgtcgge
tgatttgcacgttttagaacgttggtatataaggatattattatttttca
atcatataaagtagaaaatattctatattttttctcattatccggtatct
tttatgtcagaccaagaaaaaacatgtttggatgatatgtatgttgaacg
tggacggatttttaggacaatcggctttttggacgtatcaagacaaattt
tggtaccaatttgcatgatcagattggtttagatggtagtttgttgaacg
tgggcggattttgaggacaatcagcttgttggacgtatcaaaacaaattt
tgttactaattgcatgatcagattgattaaacggataagacttgaaaaat
taattcctacttattcatttggcccgaatacaaaatgatccacgtctttt
gcatattaaacgtacataatcatttctattgtcaataaaaaaacgtctct
attgaaaagctgtttctttttttcaaatttattattatttaaggggagga
ggacagtttgaaactattagaatagttttgggaaagggagtttcgaatct
gggacgtgtgggtggaaaatagggctagaaaaaaattcccgaatatccca
aaatgtacccaaaaactcccgatcctgagttgaaaaaatctcgaaccaaa
aatcctgaaagtttcagttccacaaccccaaccgatcctgaaccattcecgg
tacgggaatcggtctcaccattttaagagtttggtaatcccaaaccaaag
cgaaaccttaatatatataatattctttttgttatgataattaattattg
gtgcttttgttttaggtaaagcggcttaagactgtctttcagcttcatge
cactacaacaaacaagctatctaaaacctataggggtgtttgtttactct
cattaaagtgtactggactgacaggactaagggttagtccagtcccatgt
ttgttcccaacatagactaggtttaatgagactaagtctcactcgctccg
acaaaaacgcttgctagggggtcttagcaagaccccccgaaaaggagcgg
actgctagtccctgcttcgeccccatctttgettecggttcaccectecececeg
ctttgccccatctctgecttcgecttcacccttececececgetttgatgtectte
ccttcccaaaaatcctaattgagcttcecgeccgtatttecctcectecccagaaaa
gttagaaatgtttatcagagagataaaaagagagaacaatggagtctcca
tgactttgctgacgagaggagcatcaaaaatcgggtacaatatttcggtt
tagttgggcaaacatggaacttcgattgtcgtcaggcatttatgtaaatt

Mal d 1.06A 1
MGVLTYETEYASVIPPARLYNALVLDA
DNLIPKIAPQAVKTVEILEGDGGVGTI
KKVSFGEGSEYSYVKHKVEGIDKDNF
DYSYSLIEGDAISDKIEKISYEIKLVA
SGSGSIIKNTSHYHTKGDVEIKEEHVK
AGKDKAHGLFKLIENYLVANPDAYN.
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23501

24001

24501

25001

25501

26001

tctcactattaaatttaatccccatttttttaactgcaatttgctccaat
atatgaccatctgagtagttgttagtatcttgtgtttgtgttctttgttyg
ttaattttgttttatgggttttattcggtgatgcttgttttatgaatttt
gttttttgtgtgcaaaaaacatgtataatagattgttgtatttgttgcag
gctatcggatttgagggcgatatgcgaatttttgtatatattttttatta
ttagaaaattatgaatgcaacaatgctagaaattgtaggatttgagggcect
tggatttgtgagttatctttgaaatctcaaattgtaggatttttttgctc
aatgatttctgcaatcaaggtttagggttctagaggcttgggttttgttyg
ggtttagctttcaatgattttccataatcgatttttgcatgttttttaaa
gagttaaggttgatgcattactcaggcatgagtttgttcttatgtatgcet
tgttatgatgaggttcagccaaagtcatagaaagtcgtcgtaggaatgaa
aaaggagactgagaagatcagtgtgatgataatttgggccaagatcaaaa
gttaggtcattgaaaagaagaaagggaagaatataagtaccacaaaggaa
ggaccagaatcctatatggaaaaatattgatacaagaagggacgcattga
tgaactaatgggtaacacccattataaaaaaagagagataatgatgtaaa
tcaaatatgattctctttccatctttggcatcccttatgtgcaataagat
tgctcatgttaagcaatgtgagacttgtttcttctttcttgtgtgaggta
tatcctaattatgtttccattgatttgttatgtttgtttttgctattagg
tttttgttggtgtttctcttggatgagatttaattgatatatgcatttga
ctagctatgttgcaactctgcataaaatcatttcttgatttgcagtttct
catggctgctgaagtctatttgaataggatagttgtatgtgtattgctga
gagcgaatcccagcacctgaattagtttgcatgatttgttgataccattt
gatgatcatagtgatgactggatttggttggtgcaaacttttcacagaaa
gagtttgtagtttaattttgtgctgaaatttgcaggtgaaaccactgttt
gaagaattgcccaggattgatggaacatatgggttggtatgtttcaactc
attaaaagtgcttgctggttattgtgctattaatttatatatagataaaa
atcgcagaaaagcatgctcaaggtgagcagtacgttgtaaataaagagag
gtagtcaaccaagtgctgaagccatatttacaattacataccggtttatt
ctccagtcccagtcgcataaacaaatggtaagggttcttgctaacaaaaa
gaagtaaagaaagcagtgacttgattcatcaagaattctgcttctctgtt
aaatcagttccaattgagccataagtagtcatcggtgttcctagttcettt
tggcggtgcttctccaaaagacattgatgttccaagttctctcagaagtg
cttctttagtagacagcaattttctaagtttatttgggagtgcttcttca
gaagacatcagttgatcgggtattgctgcttgagaagacattgactttcc
aaattctttttgcagtgcttcttcagaagacaccaaatttcctagttctt
tgggtagttcttcagaagacatcggttgatagagtaatgctgcttgagaa
tacatcgactttccaaattctttttgcagatgtcttctgttttttacact
aaactggcaatttttacaatgtctacttgcaagcaggtggtttcactgtg
gacatgctcaaagctttgtacactttgctttgttgctagaattgttgttyg
gttataagctgaaacgacgcgtccgaagttgggcttccaaacttctcaag
aagatcagagatgattgattgcaactggatcgcatttataatgatacatt
taaagtgttgttctccatagaagaatgattctccaacaatagttgttttc
tctagagggtgcaatttttattagctttccgcgattatagtaacactget
tctgacaattctgacatgatcaacatatattgttacccttcgtgttttat
tatgttaatgataaattttacaagctaaccatcaacagtgcctctttttc
tgtactttggaattgttgcatctgctgatttagcctcgecttgcatgatca
atgtgatttaagtcggatgaattctgaatatcaagtcggaagggtatttc
ttttgcttgtattgtctgccatgaatacttgttcatactctccaagcectta
ggttcttgtccttttcttgtttttccatcgaaatttcaatatgttgggcg
catattcgcttgaattttgtttcgtcattgtagattcttattttcecgtcat
tgtcaatacgaccaggtcatttttcttccecgtgttttacggaaagtttgt
attaaattggatatgtatgaaaaacagttgcatttacatctttctaagcet
actatcattatacatttatatttatctttctctacggatgctccatagga
ttagaaaaagatagctacttggtactttgacgatggtggtcttctagttt
tagacatactccttgtggaattcaaaccgtgtcgttgtcttatgactgag
ttcatgtgatagcaccttcagctcctttgccaacattggcatcccacagt
agaatacccctacaaattagctgatttctttaatatctcgattctttgtt
tcgttgctctactagatgcatgattagggtttcgttgctctactagtcaa
gtttggaacaatgctacttttgaataatgtatgtttctttcgttggcaag
aaaatttggtttttgtatttttattgagtctcactctcatccaatattat
taattttaataatatctttaatataaaaaaaacaattaaaatagaacaat
aatgtagtcctagtctgagcaaacaccaaattgatgatagtactgttttc
attatcttgcttctttgttcaacattgcaccaaacgcttcactaagttag
tacaacttaatctagtccaatccagtccagtttagtctctaaagctaatc
caatctgaaacagtctgatacaacaaacgtacccatatatctttcagcat
catttttcagtctgcatccacatgccatgtgttctcaataaaacaaagaa
taaattatacatctttcgtcctaataagtaggatgtgaatgccaaggcett
tcaagatggaaaggaaagtgatcaatactcctgttgtttatcagtctaca
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26501

27001

27501

28001

28501

29001

29501

gattttagggttattgattaatactctgttgtttatcaatctcctgttaa
ttgttaggggtgtgttatccacacactccattttacttctcacacacccce
ttgataatttatgtccgctgatcttcttcaattcatctgatccgacggec
gaaaattaaaaaggtgtgtgagaagtaaaatggggtgtgtggatatcaca
ccccaattgttattcacccccctacagtgactgccatctttacagaattyg
ataagcctattgtttgtctatataaaccccacttgggctaactaatattce
aatccaaaattcaaataaattaaaaaatcccaacaatttaggcttgaagg
cccaatccccaactatcccgaaatcctcecccaaacaaattaggaatcccga
aatttcgtttcggtttcggattttagaatcttgtcccaagaattattgat
ttgggattcagttcgaaatcccgacctgaactageccctagtggaacccaa
cactctatccacaattacccccatgaacttttataagtagtcaagttccc
catgaactttaactttagccgattacccccttaaaatattataaatagcece
aatttacccccctagecgttagattttaaaattttcatccatccaatttte
cattctttttgccccaatacattgtcatgtgttctccacgtgatcaaaat
ggataaaaatgaaattttttaaaatccagcgtcaggagaaaaattagcta
tttataaaagttcagggggtaatcggctaaaattaaagttcaatggggaa
attggctaattataaaagttcaaagggtaattggctaaaattaaggttaa
gggaggaaattgacacctctctacaagttcatgaggcaaattgacaaata
tgcttattttttaactgtgatctttttgtgtgcttcagattatgaataaa
tatctttattcaaaaatacaaatttatatttaacggttaaaaaaatagag
tatagaaagtccaaaataccataaaaaatggctttttatattagcacccc
acaaaatgttgaatgcaactcacattaaaatttagtattaaatgacttat
ttaccctactatgcaatgacaattttgactttattaggttaaaaaaataa
ttaaaaaaaattatatacaccccaaatcacttttaatgtattatttatgt
tctttaactatcaaaaccctttcaacccttcattgttgaacaaaactcta
accaatgaaactacaaacatgttgattgagaaaatttatttttgatgaat
gaaacacgaaatcgatgttttggaaacttcatatgaggtaagacttcata
tttttttattgttttagtgattttgatgacttcaataattattgaatctt
gcttttgatgcattcttcaagcttatatgttcgtattcatcttttaggga
tctcatggattaaatgaagaattaaacacctaaaattactaccaaatatt
aaaaactaaagacatgggttttaatggtgaaattgaaaacaacccacata
tgctttaaatctcaagcgacatcttttgtcaaaatttcagtagacatttt
ttgtccaaattaaggtgtatattaagaatgtggggtgtgagggtattatg
aggaaatatgtggggtatattaagataatttttaattgaaaaagcaaatg
tggagtgtattaagtatgtggagtttattcaataattggtggagtgttaa
tataataagcctaaaaaatttgttgctaacatagatcgataagttttata
agttgcgagtcattttcatgctcaataaatgtttgttaagttcgttgtgt
agtacagaagtagagatttcgggtcactacagagtgtgggcaataaaaag
gcaccgcaccgcaccgcagcaaggcgacaaacaaagtctttaaacaaaga
aaattcaaaggtaatgacaatatccaatgttgactgctagttgccattge
tgaaaccaaacccaaaagtcagaaaaagggagaacaaaataaaaacctca
gctacataggtttcctgcattaccaccaaagtttagttttaagaagaaac
aaaaatgtgagagtaattttttagatcgtaaaaatatcactatttctaaa
atctctgcctaacattggctaaatcttgtctacgecgctaggecggttgecac
accgtcctgactaattcataggcatttgaaaattaagaaatgacacatag
actgcctaggcgccctcecctagecttactcagacccgectaggcatcaactt
agatcgggactctcacttggacaaaaaatagataacttgcatattgcatt
attttctaatattataatttatatgtcatcatattttgcaatttatatat
ccaaatgtaattatgtattttttaagtataaacaaaaacttatttataag
gtatataataaatttacttaaatccgcttaaatctcgecctggceccgtctaa
gtgcccgacccctacccattgecccaactagtgectatcatcttcagaact
ttgaaaaatactatgagtagctgttgtgggtttaatatgctgaaacaatt
cgtgaagttcttactaaggctggttcggtatgggataccgaactgaaacc
accatcctgatttccaaactgaaatatttcggaacgggatttcaattccce
gaaattgaaccgaatttctaagattcccgaacttcaggatgcccaaattt
tttttcgaaatatcaggacggatcgggattgatacttcatgcccaaatcce
aattcatacgaagccaaattgcaccataactctgcaattcaaaacaaaaa
taaaaattctgtaaaaagctcaaaatgatcaaacaaacagatcccaaaac
aaaattcaaatcaaataaagaatcagatttacatcccattattattatta
ttattattattattatttgagaaatgactacaacccattaaaaaaaacca
cataattaatcatgaagacctgaaaggatggttgttgctccgatgecggtyg
atggcaagtgggcgaagcttgtagcgaggaacggaggatttgggttgage
agagatggcgcagatgaaagaagagctattttggggttttgggaatcgaa
aagatacagagtaggaagaagaagagagggaagaaagggcaacggtggca
ggacatgaagagacaactgttatggcagtagtcgtagccactgacctcag
aaatgcagaggcagaggagagaacagaggcgaagaagtgagaactcaaga
gagatgagagggttgaagattgaggcttcggtgagaaatgtgagagagtg
agagtgtgaaacccataacttagattggacggttgagattatatctcaac

149



Appendix

30001

30501

31001

31501

32001

32501

33001

caatccaacggtccaaatagtttataatttctagtttaaattaaatacat
attatatattaatatattgttgttcggttcgggattaccgaacttaaggt
ttatcgaaaccaaatcccataccgaaagtttcggactatttcggttcggg
ttaccgaagtttcgggattttcgggtttgggtttttttcggggcgagttt
gagaaatttctgatcgggttcggttttttcagecttttttttccagececcta
gttcttacactctaaattagaaacgaaatttcttcattatttcgactttc
caaaaatcaggttttaactttcatgaccgacaccaaatgaaaacagaaaa
ttcaaagttgaaagttggaagaccacctagaaacccggctccttcatagt
tccttaatttgtccaactcctecgtcgacaccgagcaaataatttggttgg
aaattaaattttttggagataatatgtccgataataactaaatgtagtaa
caattgcataaactggttgatgatctacaccgacagttcacagcttcaca
acacttgtggcctaaaatctcaacctcagttcatctataaataccaccta
taccattctcctcttcatctcaatatctcecctcggttcaaacaattctcett
aatcctttttgctcttcatttgatcattttttcaagtcaaaaaatcaca@
Eﬁggagttttcacctatgaaaccgagttcatctcggtcattcccccacct
agattgttcaaggctttcatcctecgacgeccgataaccttatecececgaaget
tgctccacaagcagtgaagggcattgaaatccttgaaggaaacggagggg
ttggaaccattaagaaagttaccttcggegaaggtttgatggttgtcect
atttctttatgctcaagtgtctctccttctttcteccttcaaaatatcage
aaaacctcatgaactcatagccttgtttcgattttctccatgaactttaa
attaggttataagccatctgatcttgaaagagaaatgacttcatatgcgc
cttttattttatgtatgtccattgatttttttttaatttattcaacacaa
tggacaaaaataaataaaggtgcataatgacgagtaaaaatcacttccct
cttttaaaagtgccaattatcccttgectcacatcgatttaggggtctta
aataacggaaattttctttttggggggggggagggggaggggattgtttc
ttgatttctcccatctttttagtatctgatgaataatatgatggtacaaa
atttgtggcaatatgacaagcattatttaaactaatttgaatatttatgt
ttttctaggcagccaattagggtttgtaaagcacagaatcgatgggattg
acaaggacaattttgtatacagttacactttgattgaaggagatggtttg
ttgtccgacaaaattgagaaggtagcttatgagaccaaattggtggcatce
tcctgatggaggatccatcgtcaaaagcaccagccattaccatgeccaagg
gtgatgttgaaatcaaggaagagcaagttaaggctggtaaagagcaggct
tcecggtctcecttcaagettgttgaaagetacctettggecaacectgatge
ctacaacatctgaagttattcatatttataatatgcttgagctccca
gcttaacagctgaaggtgtgaagggtgcgtttaaatatttcttgaccagt
tgttcatggtactagtagattgaatatctatatgttgtaatgtattctat
aataattcgatcggtattacctttaataaaaataaattaataatatactc
gagactcgaatttaaatttttacttataggtggataaaatgttgaagtgc
aaattttcttagtgtgtttttcttaaaatgttaaaagaaatatgttaaaa
gttgtcatacttcgaatttgtgtcaataatcatgttatttttaggaaaaa
ttagtttctggtccttagtttctaatatttattgactaagaccttatcag
tttttaaattttcatcaaagtctttagcattaatatattaatgaattaca
tgtaagttaatgttgtagcctattttatttgacaaaggtgatggggctgg
ccgcaaggagaagagagagtgagagagatgtatttgtaaaattgtagggg
aatatatatgttatccctcctacatagtgcctttatttatagtagtaaaa
ggagagaatatatttcttcatccccaaggaatacaagttgtaataggaag
ggataactagaatcaaatctaatctaggatttacacaatcacacttaaac
taggaaaatttacaacactcccccttaagtgtgtaaatactcaaggtaga
tttagcatcatgcagaagttgatgaagttgacttgtcgacactgattcta
aggaataacacttattctaaataaggtaggaacttgcataagtaagtgag
tctcactaaaaaaaaaccctaaggctatgacaaaaacccgatgagggaca
aagtccatagtctaaggaaaaatgtgtgagaaatgcaaagtcaaaagaaa
cgtctacgagacgtcatcagggatatgaccagcccaaggtgggtgcecctecg
ttaaaacctagttagatagcaaaaacccagtgggaaaaatgctcataatc
gtaaggaataagagtacattaagatcaagcaaatattcttcaggatactc
cctctgagtttaacacaattccaaagagaaatagcaatgttacaactcag
acagtttacgcatactaattccatgaacaagcttctaaaacgtcatcttt
gataatgatttagtgaagaggtcggctagattgtattgtgaacgaatttyg
cgtgactacaatcttctgatgctcatgttgttgatgtgaaaagaagaact
ttggttcaatgtgtttggtgttgtctcctttgatataagagttgttcgat
gcatgctacgttgtattcaaagatggccgttgggacatcaacgacaggat
aaagatctcaagagcttcgaatatggcctactactgctctcaaccaaaag
cattcccgagttgtttcatgtaaggcgataatttcagcttggttagacaa
cgtggcaactaaggtctgtttagttgaccttcaagagattgcagtgectc
caacggtaaagacataacccatttgaaaacgcaccttgtgcggatcagat
aagtatcatgcgttggcataaccaacaaggcgagaatcgactcgagaagce
agagggtgcggcatcactctaggattcatagggatagaacaaacccaaat

Mal d 1.10 |

(Mal d 1 m)
MGVFTYETEFISVIPPPRLFKAFILDA
DNLIPKLAPQAVKGIEILEGNGGVGTI
KKVTFGEGSQLGFVKHRIDGIDKDNFEF
VYSYTLIEGDGLLSDKIEKVAYETKLV
ASPDGGSIVKSTSHYHAKGDVEIKEEQ
VKAGKEQASGLFKLVESYLLANPDAY
N
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33501

34001

34501

35001

35501

36001

36501

ctgtagtacccttaaggtaacagaagatgtctttcacgccaatctagtgt
ctgcatgtaggtacattattgtatttgccaaaagattaacagtgaaggag
atgtcaggtctaaagtattaagctaagtacaataaagcgcctatagcact
tatataaggtactttaggctccaaaatctcttcatcatcctecatttggac
ggaagagatctcgttttgcatctagcgatcaaatgaccacaatagtactc
gaatgctttgctttatcctcattaaagcggegcaacaccttetgggtgta
gttcgattgatgtactaggattccatccgaacaatgectctatctecgagac
cgagacagtatcgagtcttacctagatctttcatctcaaattctgacttc
aagtgcgtggcagttttcgecgacctcttcaggagttttgatgacattcat
gtcatcgacatatattgcaacaatcgcaaatctggaatgtgacttcttaa
tgaacacacaagggcatagttcgttgttcatatatccctgactagtcaaa
tacttactcagacggttatatcacattcttceggattgtttcaaacecgta
gagtgaacacttcagccgtatcgagagcgtgttctggggtttagaaacat
ttgaactagtcaatgtaagtccttggggaactttcatgtaaatttccata
tcaagatccctatatagatatgcggttactacgtccatcagctacatact
cagtttttcaaaaactaccaaactgataaggtagcaaaaagtaatcacat
ccataatgggtgaataagtttcgtcatagtcaatcataaggcgttgtgag
aagccttgtgcaacaagacgagctttgtaatgcacaattttgttcttcte
attacgtttccgaacgaaaacctacttgtagccaaagagcttcacatgtg
gaagagtaggagccacaggttcaaacaccttatgttttgcaagcgaatcg
agttcgacttggatttcttgtttccagtttaaccaatcagttttatgtcg
acattcatcaatgaaatgcagttcaatgttatcgctcaacatgattgcaa
atgccaatgcatcgtcgataatcatatcatttctacgccacacgtcatct
aagctagcataatagactgaaatcccacgattctcggaatgaggatttgt
ctcttcaaggacacttccataatttagaatttcgtcatgaattggataga
atgagtaagcgatagtcagattcacggtaggctcttecgggaccttgtget
gtggatttcctcttecegggggtgtgaatcatttaaccaaggggtctgeca
tgcttttgtgtagggccaaatgattggctagecggtaatgtacgtggatce
actaagattggtgtcccaggcttccaggaaggaagtccatcgtacatttg
gtatatccgtctttgcaggegtatttgcagetggaatatgtgatcttgte
acgcgcgctaaattggtgaaaacatttggtatgctctgagectatacaatg
gagatctaatatacgctgcacttcagtttcagactgagtggtgcagggat
ctaaatgagacaaaatgggggtcatccacaataattcacgtcattcttca
agaacgttaacattcttatttgccectaatgacgggaaaactatctcata
gaagtgacgatccatgaaataagcggtaaacagatcgcatgtcaaaggtt
cttagtagcgaataatcgaatgagaatcatatctgacatagattctcatc
cttcactaaggccccatttttttacataagggcgaggagatcggcatata
tacagcacaacaaaaaacatgcagatatgataagtcgagttcgtatccgg
taaccaattgaatggcacaaaaatagttgggttgcaataggcctcaggeg
gaccaactttgttgcgtgccatattgcatageccccaagcagegatcaaaa
gtttggtacgtatgaccaacgatcgagcaatcatttgtaagcgcttaatg
aaagcatctgccaggtcatactaggtgtgaacatggggtacaaaatgttc
aacttcaaccccaactgacatgcaatagtcatcaaaagttttagatgtga
attctccagcattatccaatcgaatatatttgatcagataatcagggtgg
taagcctcgagcttgataacctgagctaacagtttggagaatgtagegtt
ccttgtggacaacaagcacacgtgtgaccaacgtgtggaagcatcaacca
aaaccataaagtatctaaatggtccgcatggagagtgaatcaatccataa
atgtccccctgaatctgttatagaaaaatgggaggattcaaacaaatctt
gtcataagaaggcttggtaataagctttcccattgaacatgtttgacatg
cgattccttggatcgaacctaaacttcaggctagtggatgeccegtgtgat
gatttaaggattcagcgcattgctattcatctaggatgtcccaaacgatt
atgccaaagtgtaatttcgtgegtggtcccagtagtagggecagecgtat
agtggaattctatagggcgtatggtcgtagtatataggccactcgagata
cgctccatcttttctagaatatacttttggccatattcgtatgaagttat
gcatataagtttaactccgttttctacatgggtttcaacgtggtaattgt
tatctctaatgtccttgaaacttaacaacgttcttceggaacgtggagaa
taaagtgtctcaacaatggtcaagattataccattggacaacattacacg
tgccttatcgtateccttctatcaggttggatatgecctgaaagggttgtca
aaggtgtattcttaggtatgaagttagtgaaatagatgcgttcactcaaa
acgatgtgtcattacactatctgccagacaactaacttccccattagtca
tacctagaatgaaaaattaatttgaatcggtcacatgcataaaaattcta
aaaacaaatatcaattcaaaataatttcatatattcaaggatggtaatta
atgaaaacttaatatccaaaaacaaatcaccaaaaaataatccaaacata
aaggaaaactgttcaaaaatcaaccaaaaaaaacaaatgaagggttcaac
cccattattcaattttaactaactaaaattgtttatgtctaacattataa
tcttccatatgggtggtatcctcttgaaagtcataaacctcecatcattgt
agtctttggttcgtccacttgtacgaagtttgattcaaacttcttacaac
gagaattatattcatctccaaccttcttgggagectcggcaaacacatgac

Retrotransposon protein,
putative, Tyl-copia

subclass

(ORF9)

1
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Appendix

37001

37501

38001

38501

39001

39501

40001

caatggtcctttgaaccacagcgatagcacatgtctgcatccatgtttca
agtgctttacccttattcttgaagttcggggecttagaaacgaggtttga
gagcttctggtctttgtttecctececttggatgggecttgactatgttgac
cttggtgggatggcttctagccactcttaccatgectcecttttggegtttt
gtacgttgatttgtgctataatgtgtttcaagcacaacagcatcccaata
ggtcaagcttgatgattattcatcaatagctagttctgcttttcagegag
aagtaaaatagagatcaaatccgagaacctagtgaacttctaagctctat
attgttgttgcaggacaatattagacgtagagaaggtcaaaaaggtcttc
tttaggagatcctctttagtcaaagttttgttacaaaacttgaaaagtga
tcagattcgacaaacttcagaattatattcattcacatacttaaagtctt
ggaagcgcaaatgttgccagtatgtcttgecttcaggcaagaataagtcat
tttgatgatcaaaacgatcagccaaagcgacccatagtgcacgtgaatce
ttctcagcaagatactcaatttgcaagacgtcatggatatgtcttcggat
gaagatcatagcaatggctttttcagctttgccaacagggttgtecegtcet
cttcttcaatggcaagacgcaagttctttgcagtgaggtggagecttcaca
tcatggacccacttgtggtagttctttccaaagatggtgaagttaagttt
gttcaaattcgacatgttcctatcacaaaatagatggacaagatgtggtt
agtgtaatggagaaaaaaatcaatccattcacataggagtagaatataca
ggttataatagacatgtattggtttaattttgcatgaaaaatttcgggtt
ttcatgggtgatgtttttaaatgaaaacttcaggtttttaaataaggcat
gtttttaagaaacttcaagtttcaaaataattatgaacttcatgttcata
tattccaacaggcaaacacaaatatatatacaaaaatatgcaaatagaac
ttcaggtctacgattgtaattgaattcattaattgaacttcgggccaaat
ttaaagtgtgagtgaaaaaactataaaacccaatttgtttaaaaatatta
aacaatagaactcagggcccaaaaatataggccaaagcccacgggtgggce
tgagcaaattttggttagggacaaaacaggccgtaacaggcaaaccccaa
aaaaaaatatcaatgcagcccgttgcacgcaggcccgaaaatttggtttt
ttttttttcacgggctaatcaagccttaatatgaatagtgggctgcagge
ccaatatagtaggccggatcatgtgtgacgcaatacgggggaacacatat
gcatcaggagagttgagatccggtgcggcacacaatgtcgggacaccata
accccttaggtcagtgttgggttgagccatgtattgggctgcatcatggg
agcccattctaaaaaaaaattctcttttttttttttctgecgggeccgagaa
aggtcagcccaaagatttggggcttagggtttcaaccaagaacaccccat
ccggagttgggtgcagtcactggggacaaaggccagtgccaccactgcag
acggccatattgtgggaaatttttctcggtgcaaggtcagaggttcgaca
acaagaaagttatgggggatgaaatgagtacctcgacatcgaggggaaaa
aaaacctaagaaattcaaattggaatttcacccaaattcgatgaaatttc
ttcgggaatttcaatgttatagaatcaaaattatgataccatgtcaaatt
tggtcacaaaattgcacgtcaaagccgtggtctcgttgcaagcgaagtag
attttctgggtttggacgccatgagagtcaggtttcaaatgagctttgat
gctccatgcttgctcggggtcatgggttcgaagaacccatgtggtgattt
tgattttttttcctttttttttttcaattcaattcatatataattcaatt
tcatgcatatgcaattcaatattttaatgtatgtacatatatttgatgca
attcgtagcaaatatcaaattcacataattcaacaattatgaatataatg
catatacaatttatgtagaatctaaaattcaaaaaaacgtaaagttgggt
catgcattatggtgaatattcatgctattagggctgcaaaaatatcgaga
taaaaaccgttgttttgaaagaacctaattacgtgatgatatggatgaac
tggttggatgcagaaaaactcttcaacgttagattcctaaacgtagccgt
agaagcgtgctgataacgtattgtaacctattttatctaacaaaggtgag
ggggccggcagcaaggagaagagagagtgagagggatgtgtttgtagaat
tgtagaagactgtgtatgttatccttcctacatagtgcctttatttatag
tagtaaaaggagagaagatattccttcatcctcaaggaatacaagttgta
ataggaaatgataactaaaaccaaatctaatataggatttacacaatcgc
acttaaactaggaaagtttacaatagttacataatttttatattaaaaaa
attagtaattgctttagagttttaatactcacacccttaataaactccta
attaattttcaattcaagcatttttcaaatataaaaagtaaaggtttttt
tcatcacaaatggtccctaaaattggcctaactcatcatgttggtceccttc
aatttgaaaatcaatcaatgtcatttctgaaattgactaccgcaaatcaa
cttggtccttaccgtttaatccgttaaattttctgttaatagggcataca
agtaaagccccgtgtccaattaaatagtgccatgtggaaaaatctataaa
atcataaaaagacgaatttaaaaacccataaaaaaatacccaaaactaaa
aaagaaaaaaagaaaagaaaaaagaagatgaagcaggcagcatcatcgtc
ttcctaagatgccataacccagccaccacttatgccagatcctaagcage
aaccactccttccaaatcccaaccaccagccaaaaccccttgattcectttyg
actctattcgttgatctgttggctcgaccagccacccattctcececctectge
atatcattccatcgaccaggcagtggcgttgtccgtgtgctgatgcgaca
cgtcttctatccatcgatctacttataacaccgcttgcaatttcgttctce
tttctgcaacacccacgttgctcctcttgaacccatattcttgetttctce
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40501

41001

41501

42001

42501

43001

cactttcttacagcaacacacactctcacactgagttcttggaagggctc
tgcaactgttgccagaacgaggagcaagagggctcagactggattttttt
tataattattttatttggctaaataataatacatggcactaaatcattgg
ttgtgttggccacatgtgtgctatgttagcaaactaacagaaaacttgat
ggaattaaacggcaaggaccaagttgatttgtgataggcaatctcagaga
ttacattgattgattttcaatttcatggaccatcttgatggtgaaagtca
attttagggatcatttgtgataaaaacccaaaaataaatttggaataagt
ttgtaaccattaaatttttgtaaaaaattgatatgtatccattcttaaat
ataccaatttgttaaaattgtgccctttttttaaatgtacccatttttta
tataaatttcattcaatcttttctctaatccattttttttaacttatatg
ggtacattctatttcgttgatttgagaatgtatctatgtcaagtttaata
gaaaaattgaataatgttattaagcctaaatgatttgttagatgctattt
tgacttcagttgtttttctttttcttctactaatcctttecctatatgttt
gatttacaggcctcttgaattttgaattgtgattggaaattggagtacge
acatggagtataggtaaaaccactacttatttttcttattacttttcctt
aaatgtcttttgagtctgagattgagtctctttagattgtaaatttccga
caactatgcataccaagaaagccaatgtttttcttttaggtataaagaac
caaatacattaatatatatatatatatatatatatatcttcaacgaatgc
tttgctgtttttactttttaattgtttagttcaatggctgtttggatact
taaaaatattattcgttcaaatgtctctttggatgcataattaaatcgat
ataaattctgtctttttagatggataattaaatcgatatagattatgtta
ccgtttgttttatcagtttacttatttgaatcaaatgccaattctaatat
tctattgtcaagccctgaaattaaaacatagttttttcacattaaattga
gtttttccatgattgagaactctctttttgttcaaattgtgttaccagtt
ttgtgttttttttttcatctagcaggtggatatttaaattgtataagtcg
tgcgtaaaacaccataatcataaaaggcccttccgcatgcgegtgcaggg
aggctagttaatctttatggcgatgaggtgggacatgtgaaaaatacagt
tttttcttattttccaaatatcatatgaagaaaaaaaatcatggaaacat
actcttagatatgtttcgattcagaggcgtacatgcacttactcttatca
ttttcactagaattactgtagaattgcatatactttcaaacgaataaatg
tatataactatagccacttttaactcttatttattgcggggtcatggaaa
tagaacggtgcagtggtggagaaaagggcttagagatgcgtttttcttct
accaatgcctttttctgtagtaagtatacaagtaatagagagaaaaaaat
tgctcttcaagtgtataaggtcaaataggaaagtattatctgtattacat
agaaatcctactataatactacctatgttaaatattagttacaacacttc
tttttgagtgtgtaaatattcaagtagtagttgcatcaaatctttagata
ggaagtcgaagaagttgatgaagtcgtcttgtataggcatttatttatag
gcaacacgcgagctagtctcaaatagggaactgcatataggagtaaatct
cacaaaacctgaaaatagtaaaatctgatatggacaaaatccatagtgta
aggaaaaaagtgagtaaatgtaataagtcaaaattaacgtatctagaatg
cgagtaaaatgcacacaaaggtatgaccaacctataattggtgtctcttc
aaaacctcgttagacaacaaaaactcaatggaacaaatggtcccaatcgt
tggaaaagaatacactttaggtcaaacaaatatattacaggatattcctc
ttgagtttgcaaaactccccttgagaactacaagcgttgcagatcaaaca
gtttacgcatagtaatttcttaaacaagcttctaaaaagtagactttgac
aatgaggtcggcaagacaatttgactttaattttcggatgctcttgctaa
taatgggagaagaaaaacttcagcgcaatatgtttgctattgtctccttt
gatgtatcatttcttgatccggtcaatctaagcgacattgtcttcataat
cattgtcaggacatcaacgacgaaacgaaaacatcaatgatagaacgaag
tctggatgtgctctgaatatgctcaataaagctctcagtcaaaaacactc
atgtgtagcctagtgaagggcgagaattttagcatattcaaagaagtcge
aactaatgtctgtttggttgacttacaagatattgcgatgattgcaacta
tgaagacataacccatctgaaaatgtgtctggtgtgtgtcagataaataa
cctacgttaacatatccaacaaagcaagcataattccgaagaccaaaggg
gtgatccatagtacttttgtgataacaaaagatatcattaacatcattgc
agtgttgacatattgacgcgttactatatcttgctaaaagattatcaacg
aaagatgtgtttcaaaatgtctcattgaaactgccggattatacacactg
cattagaaatgaagatttaagtagattgaaacagaatggcaaaacattat
tggctgccaaacctgcaataattgttcacatgagcttatatctatattat
tacgccagaagagcttatggtacgaataaaactatttagtcaactatgat
tagttgatagagcaacaaaaaaaaaattattaattggttggttgaaatac
aaataatgaacgttgtacaggctataacttgcagaatccattgaattcgt
gataatatatgggtggtagaaatagtttaacaaaacaaaaataataattg
atttatttgtaaggaataaaagatgttcgatatactttaattgattccaa
cagctgctaggaaacttatatttaattgattccaatagctgctaggaaac
ttattatataagtagattagctagtactttggtaggggttttcactgtgg
gtagtattattcaagcatttctttttactcaaatatttttattaattttt
ttttattgatttttttcaattcatttaatttaacggtaaaaaatccaaat
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43501

44001

44501

45001

45501

46001

46501

gaatacgtaaaatataaaaatatgtgtgttgataacactattctttattt
ttacagaaagacataaaataaaatagtcagcataaatgttatcttgttct
atgatgaccttcctccagectttcggcagaattattgcgcaaactttttta
ctggtttttttttataaagtaaagttaattggccacattcatgagatact
acacgctcagctgtaagtttgaagcatgttgttgctgtccgtatgtggta
tttggtaatgtaaactgctccattaatccggatgaggatctctccagatt
ctctctacagggatcataaggatcttcacattctaatcgttcatcgtata
ttatgcgatcaattttcgtcaaatattatttatctttaattttaaataat
aaaattcaaataatttatgaccgcacaatgtataatgaatacctaatatg
tgaggattcttaagattcccacaatttggatccagatgggatccaaaccc
cattaatcctaccatttagttcatgtatgaatgaagcgattgaattttgg
tttcttaccattactttatgagagattatatccacacacttcaaattact
tctctcacatttttttaattttttaatattttatacacaccactaacact
tgatagaaaaatattaaaaaaataaaagggtgtgaaattggtgtgtgtaa
atataatctccctattttattaatctcaaatttcataaattagcctataa
cttgttagcaacaagcctaaacgcccaatcaaggaaaactacaatataat
accactaattctaaaaaatcttagcagcgtctgccactaagagatgttga
acagaagcagatcacttgatcgaaacaaattaaatttagtgatcacgata
aactaaggttaactagtttatcagccacaaaatttatctcatgataaata
aatacgacggagtttacaaatcaaaactttggattattttgtcacaatgt
agatatccatccccaagtataatcaggtaccataagttattcagecgtttyg
taacgaatttatttaattccaagtaaattaataaggagtttactccagtg
caagatatagaatttaatttagagaattttaacgaaaagtttccggttct
gttcattttaacgaaaaatcacatttttatattaaaaagtcaattctggt
actattcactttaccctttattttgtccttattgttaaaactcaaagttt
tcaagtactttttattaatttttcttttaatttatactaagaagttgttg
agaaagcaactagaaattaatgagagaaattgataggcaacgttgactgce
cagttgccattgttgaaacaaaaagaactctcaagtcttcaacaccccat
cctcatcctttcccaaattaaacaagtgaaaacaaaatttaccaagatga
taattaaccaagccaaactaaaaacgttttaacatttataattattggtc
aattttgtcataataatgtgtgctcttttatcctttggttgeccttttcac
ctgaactatatgatttaaaaagctccaaacatgttattttcaaaaagcat
cgatcgtctcttacattcctaccttttagaatgttaccatctaaatcaag
taagatctgcagactgtcactagaatctgaaaagcagccttgaaagttga
aaccctatgtgcatgcacatccagtaccggggatgatcatcaaagggaag
aattgaaaccatacatctagaaagcctttattttcttggctacaaaatca
ccggccgtcaaaatccagtggacctttttattaatctattcaaatgaget
ttatttgaccaaaacatggattttaattaaagatagtactatctacgcac
tcaattttaattctcacacattcctcataattttgtttgtcgagtcgaat
taattgaagaagaccaatgactacaatgaacaatgatgtgtgagaggtaa
aaatgagtgtatataccgtcacttagatatatccaatacacaagtgacac
aaattattaaacattttaagatccttgtaaatttgtagagatcgaatgat
caaaatgacaaaatgccccaaactctactcctataaataccacctctcag
tacccatctccaacacaaaactctcaaccttcactaaaaccatcatcctt
ggtagttgctttcttttgctcattctcaaccctcttttttctcatcg
gtgtctacacatttgagaacgagtacacctctgagattccaccaccaaga
ttgttcaaggecctttgtcctegatgectgataacctcatcceccaagattge
accccaggcaatcaagcatgctgagatccttgaaggagacggtggecctg
gaaccatcaagaagatcacttttggtgaaggtcagataattagcattgat
aattatttagatggtttcgcttaacaaattttatcaacacatatacatgt
tgatgttgtcaaactattacagcgctagtggatttctatatatatgatta
tgtgcggtttatattcatagtctaacaataaataattcatttgtctcaca
ggcagccaatacggctacgtgaagcacaagatcgactcggttgacgaage
aaactactcatacgcctacactttgattgaaggagatgctttgacagaca
ccattgagaaggtctcttacgagaccaagttggtggcatctggaagtggt
tccatcatcaagagtatcagccactaccacaccaagggtgatgttgagat
caaggaagagcacgtcaaggctggcaaagagaaggctcatggtttgttca
agcttattgagagctacctcaagggccaccccgacgcatacaacatt
aatatgtttctatggtattttgggtgtcacccttcagtcgaaggttgtgt
ggcttttctttgtatgctttttctagtcagcccaaagtagccatggtttt
gagcactttggctttgaaaaataagtttatggttgtgatcatcttctggt
tgccctttatgtatttgtttgaaaaaaaagttgcagactgtaagtgtatt
atctataaatataatgaaatcagttaatgtctcacttgcaaccattgatc
attttttttcttttattattattattttgactaacttcttgaaaacctaa
tagagattatattcacacacctcaaattacttctctcacacctttttaat
tttttaatattttctatacaccactaacacttgatagaaaaatattaaaa
aattaaaagggtgtaggagaagtaatttggagtgcgtgaatataatctct

Mal d 1.02 |

MGVYTFENEYTSEIPPPRLEFKAFVLDA
DNLIPKIAPQAIKHAEILEGDGGPGTI
KKITFGEGSQYGYVKHKIDSVDEANY
SYAYTLIEGDALTDTIEKVSYETKLVA
SGSGSIIKSISHYHTKGDVEIKEEHVK
AGKEKAHGLFKLIESYLKGHPDAYN.
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47001

47501

48001

48501

49001

49501

50001

caaacctaaaaatgttaattatacatcttttagaggcaaatctattgaca
cgggaaatttttgagtttcaccgattgattataaacaataatatgtttac
acatttttaaataaccatatgtccatccttttcatatcgtaacaagttgt
gatgggacaaattctctccttttcctaatcceccttaagtcttcaaaacatt
atctaacaaaaccagattttgtcacaactctgcagcataaccagaaccca
caaatattccaagtcatcaaattaagaatggcttccccecctgceccccaagag
ccaaaaacaaaccataacatccgctcaagagttggacatcgataaggtac
tatgaatgtagtattattagtatgtagttcttgacaaatttgaggtaata
cttacttttggttggaaaatacgacaacctaaattaggactcatgctttt
aaataactaaaagcgaaaagaaaaaaaattaaaccaatctttattaaaaa
tgtaagttaattttagaaaaacacttcaattgcttcatttaaaaagcatc
aattatgtgattcttaaagaaatcacgtcaagtgtttttaaaaccaaaaa
ctattttctcaaaagtgttttcaattattataaaaacacatttccaaacyg
agataattaaagcctactgctgctgtatatcccaaaagaaaagtaactgt
ttccaacgaaaatgctaagtaataaagactgctgctcagtaattatcata
aactttcgtgataacttataagtagttaaagatctactgagtaatttata
ttacacctttttttttatttacacatttttattaattttgatcattgata
tttttcaattcattcgatccaataattaaaaattaaaaataatatgtgct
aactaaaaatgaatgtatgaataaatatgtcttagaactagacaaacatg
aaccggctagtttagaaatacaatacttcaaatagataatacaaccacaa
atagaaaattcaaacagataaggagacggtccactagtttggtgacccat
gacctagtgcatgtgcatccatgatccatccacaaatgtgaccagataca
aattccaacaaatctgagaaagatattgcagaaagagaaaaaccattatt
taaaattttgaaccacatgtcattcagtattatagttagtggtattcttc
tttaagaagtaggattttctcctctctttattttcecctcttattcactcett
cttttatttgaacggtcacggttaggtcacgtcaatattttatattaatt
tttttataaaaagaagaaagacaaaatagagaatgtgagagtgagaggag
gggatggaaagataaggagagagaatcctagtccttattcacttgtaagt
aaaatgttttaggttcgaatcttgcagataacaaattcaataccaaatta
gattgttcattatgtaggttagccgaattccctcttceccttaatgtacat
tatcgttgcactaaaaaaattttatatataattggaacgactttcttgge
cggtagatcgtgtgacttgagcccgtgactcagtctccgtcaaccaagga
tttttagggttggcataattaaagtatgatgaaccagatacgaaaagaaa
taatgacgaaaaattaaaattgatgcagcttaattatccaaacaaaatgg
tgataaagaattaaagatggtagtttgcttcccgacaaggtcttctggtt
ttaaggaatacatccaaattaaaaagcatattaaaaagtcgttggttgcet
agactttttctttggagtacattgggtttattgtcatttgaaggttgcge
cagaggacccacaaattcaggattgaaagagtaaggcttaagacgtatac
gacaaaatacttcacgtacaacttacttacaatgtacatgagtattgaag
ggttaaataatactacgttttaagtgaaggtaataataccgtcgtgatgt
tgacatgacttgcttataaccctttactccactatttattgtaacaaaag
tttcttacgtgatagtagggttagagcaactctacttgaagccatcccte
tgagcaatttactatttaattcatcatgtgaacagtaactgtcctaatga
acagtaactgttttttgcatcttcacccatgcacttaaatagccctageca
ataggtaataaaatattattaatttttttttacaaaataatactaaataa
atttatttgtaatttcggataagatattttaaatcgttctcgttgcgeca
cgtgtcatttacccaaaacgactattattagtcatagatttcgacaaaga
ctcgaactttcaaaacatgtaaaatcaaagtaacaaactttattaactgg
aaattcacacccaaaagcacacagaaaaatccaagcaagatccataaggc
agcatgaattacatacacaatgaactgggtagaactcaacttatcatcaa
aatcatttcttgttttatttgtaccatcatataaaaccatttctttaaat
cagctltcaacatccaaatcccacaaalttttttaaacataaagcaacaaaa
tacacaatttaacgcatattccaaatcccaatcacaaaatgcatgagaga
gagagagagagagagagagagagagagagagagagagaagaaactgactt
gttgtgacaaaacccaactctcagaacctagtgaagtactca
agaacggagatgagattttttcagtcagtggattcaaa
gtgaaaaaaaaaatggatatttttaatggcagaagatatgatttgagggt
gaaatattggaaacccagatcaaaaagtaaagagatttaaagagattggg
tattggcatgtgagactgggcaagctgctgcgaacctaagaaattggttc
aactaaaacgggttcgactggaccgacgccaggcatggcgtcagcctgac
gtcacacccctcgggctgaagggctagcaatcecctcacgggectggecect
cgggctcccaccctcactcgggctgcecccaacgctgaagccgaacccaccyg
gccctcgggcectcectttectcectegectatcececcttgagcaaggtccaacecgtyg
gacttgctcttaaggggtgattttcagacgatcagaattcattccaaaac
ttgtggatctaattgaaagctttgaattattcgaataacaacaacttatt
atgtgttaaattatccaaactaattatttgttacatgaccacttgtgatt
gcgcatgtcaatatggaggagttgtgttagaaccaagaaatttgcaaaga

MC-12SSR744aFor

MC-12SSR744aRev
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50501

51001

51501

52001

52501

53001

53501

acttctgtaaagcaaggttcaaaagctcacttaaaaagggagaattctta
ttaaatgaaaaacaactactatggttattaaatagctttactcttgaact
agaagaaagagcaactgcccacgattttacaggtcctataattgtggtaa
agactatgtcaaaaatagagaaaatcaagtatagggattattggactcct
acatgactaacaaccctaaaaactagaaaccctagtagtaacggctagaa
atcttaacaacttcaacatcctcccttaaactgaataccacagatattca
gtctactgaaacttgcaaacacccagtaaacctcgcatcttcagaaaagc
atcaaccttcaatggttttgttaagacatatgcaatttgttcttgagttyg
aacactgcaccagctccaaaacccacttttgaccaaatctcgaagaaaat
gaaaccttgcatcaatatgcttgctacgaccatgcatcacaggattcttt
gaaagtttgatcgtcgaaacattatcacaatataccaaggttggactaca
ctgctcctgattaagactcttcaagatccttcttaaccatacaacttgge
atatactcgatgctgctgccatgaattccacttcaatggtggataaagta
acaactggttgttttttttaggaccaagaaacagcacctaaactcattat
aaacacgtaacctgaggtgctctttctatcatcttgaacaccagtatagt
cactatccgtatatccaataagctcatcaattcctceccttcttgtagaaa
atccccaagtcaatagtccttttaacgtaccttagagecttttttgttgt
ctgcaagtgagactcagttggacgttccatctatctactgatcaaactaa
atcgggacgtgtggctattatatacataaggtttcccaccatttgtttgt
aaacagtgctattagcttcgactccttgtgagtttaaaaccagggaccat
aggattaagaactgagttacactaatccacgttaaatctctctaagacct
cttgagcatactttcgctgactgataaagatcccatcaaaactttgtatc
acttcaataccaaggaaatatctcatttttccaaggccagtcatgtcgaa
ctctaccatcatagacttcttaaattgtttgaacattgtttcatcattge
cagtaaaaatgaaatcatcaacataaagacacactattaaaattttacct
cattctgctgtcttaatgaacaaggtatgctcataaggacacttgttgaa
tccctecttaatgaaataggactctatacgactatatcaggctcggggag
cttgtttaagtccatataaagcctttttaagtcgatataccttagactca
tacccattttgttcatatccaggtggctgatcgataaacacatctttatt
gatctccctatgcataaatgcagatttgacatcaagctgatagatcacct
aattcttttgagcagcaagggaaatgacaattcgaatggtgtctaggtga
gccactggtgcgaatacctctgcataatcgatctcatattcttgacagta
tcccttagcaactagtcgagectttgtacttgtttatttccacattctceat
tgagttttttcttaaacacccactttaatccaattgttttccctcatggt
ggtaactccatcaattcccatgtactgttcttectatatggettgtatcte
ttgatccataacttgtctccattttccaaacttcacatcttettcaaagg
tcgtgggatcttgattagtaaataacaccaagtcagccatgctagcattce
tcatcatcagatagaccttgacctgtttcataatctctcatccaaattgg
tggtcttcgagttcgtecctatacgaggtgagatctcatcattttgaatgt
ctccttcaaccaatgagccactttgatcagactcatattcagtctctcece
acaacttcatcaatttaagacttgaggtcaatttccttccttaatatget
aatttcttcatcaatatcccactcaagatctgccaatatagectcetttgt
gactgtcatcccaactccattgttgatcatcttcaaacacaacatctcgg
tttataactattttatgtaaaacaggatcaaatagtcgataagccttaga
ttcctcacttaccctaagcaatatgcacttataactecttggecatcgaget
tcacccttttgttgtcaggtacataaacatgagcaatgcaaccaaaaatt
ctgaaatgatccaacaatagtttgtgtccattccaagcctectcaggtgt
cttgttcttcacagcaaaagtagggcatcgattcaacacatgecatcgtcc
gattcactactgcatgccagaaagttttgggaatttactttgctgataac
atgtttcgcaccatattcattattgtgcgattcgtcatttctacgacact
gttttgttgggagtgtaagctgcctatgaatcccattctcatgacagaaa
tttgtaaactcatgcgaggtgaactctccttctcgatctgttctcaaact
tcttatgaatgccccaaattctttttcaactcgtgectttgaaggatttga
atgtgccaaatgcttttgacttttccattaagaaatagacccatgttttt
atgctgaaatcatcaataaaggtgatgagataccttttgttgttgttcga
ggtaaggttaattggtctgcatttatcagcatgcatcaactgaagaatct
tggaggctctccataagttttctttgggaaatagatctcgttgatgtcectt
cctaccaatcaatcttcacacaccctttgagaggctgtgaagtgaggcaa
tctttccaccatttgcttttgttgaagcactttaagcccattccggectga
gatgcccatagcgacagtgccaaagtcttgcecttgatctgtggtcaacgag
gagaaacaattttgttcctttggtggacaacaagccagcattacaaacat
tctattatgattcatcttggtctccatgattaaacctctctcagagtgaa
agatcttgcattttccatgttgaatgagtattgtaagccctttatcttge
aactgactaatgcttaacaaattatttttcaaatttggcacgtagaaaac
acatgtgatcacatgcacaatgacattcacctccattcgcacatttccct
tgccttgcacgtcaaactcgaatcatttcccggtttcactgattatctga
aaatgctatcaagctcacaaaacatgtcctgcttaccacatatatgattg
ctgtagccagaataaaaaaactatatgtgctccattgttgcctccttgaa

Hypothetical protein
(ORF13) 1
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54001

54501

55001

55501

56001

56501

57001

ctccacaagtgttatcaacaacatctcttcctttgtctccacatagtttyg
ttttctcttgcttaggtttcttaggacactcccactgaaagtgececctagt
tcatggcagttatagcattctagggttgacttatcaaaccctagcctacc
ccgtccttttectcectgectecgataagttecctecgatctegtectetttact
agactccatgggtgatttagagtgcttgttcatccaacacatgtcgattt
atcctttgctcatgcaccaaaagactactatgaagttcatctatggacag
ggtgtccagatcattagattccttaattgaacatacaacataatcatatt
tcaaagtcgtggacctcaaaattttctcaatgatcaccacatcatccatce
ttctcececegtgagttctcatattgttggttatggaaagtgtactcccaaa
gtagtcattgattgtttctccattcttcatgtgcagcacctecgaactcett
tgcgaagagtctgtaattgagcacgctttacatgtgcaatcccttgatat
ttttgtttcaaggaatcccatatatccttcttcagaatggtctccaatat
tgaccgatcaatggcttggaacaaatagttcttgcccttcaaatccttceca
gcttcagttcatctagagtcttcttctgtacttcactggaatctgatcce
cctactacagcagcgatccccatctccaccaagttccaatactttttgga
acgaagaaaattctccattagcatgctctagtagttgtagtgtccatcaa
accttggaatggctggttgcacgaaactgttctcaaataccatgtcttgt
ttcttcactctagcacctgggttgcaagectttttaatcaageccececgtage
agggctttgataccaaatgttagaaccaagaaatttgcaaagaacttctg
taaggcaaggtttgaaaactcacataaacaagggagaattcttattaaat
gaaaaacaactactatggctattaaatagccttacacttgaactagaaga
aagagcaactgcccacaattttacaggtactataatcgtggtaaagacta
cgtcaaaaacagaaaatgcaagcttttccctcaagtataaggattattga
actcctacgtgactgacaaccctaaaaattgagaaccctagtagtaacgg
ctagaaatcctaacaacttcaacaagttggtctagacagtctagactcat
gagtcatgaggcagagaaaaatataagaaagaaacgatcagagaaacgat
agaaacgaaacataaagtcatctgtatgtatattgagcattgacaactca
accttccttaattacctcttcagtcatctaagtattgagtatcatatttyg
acagctaaccccctgtattttttaaatacgtcaaactatttattttataa
ataaaatctaatgggacttagaagaagcaacttggaaaatatattatgcg
tgttgatttggagcaatctgatctgatctacataaaatcttctatatata
tttgcgtaaagaataagttttcttaatgtgatcaaatgtctaagectgtt
ttttaatgtaaataagaaatcgttcaaattggtgtaagcctaaaactagg
attaaggcttttgttttctttttcattgacaaatttattaagatcaccac
aatggtggaaatgtatagagtcattgcatgatggggtgggttagaactga
tgagtagattttacattacatattttaccctaatcttaatttattttggt
tattattttggaagaattttgatacttttaaatgtattttcaatatatga
gttccgacttcttctggggaaaaacgtgaccaaatggatgaattttggag
taattctagttggaggacgttcgtgagtcacttagcttgatcgtgtcaaa
atatcatatttttccaccaatcgattattttctgacaatagaataaaaga
gcagtgcgcaatgctaaagtgacattttgggcttgattacgagectttgga
gcccaagatgacctattttggagttggcceccttctggagatgtgttcaga
atgttccgatcttataaaaaaagctatcatgggccggatttggaagagat
ttgagggtaaaacatgactgaacagttgccttgcagattctcctagetta
attagaattttattctctataatattttatttttatttggtttcctagtt
tgataaaaggactttattagggattatgttatagctgatgagagggatat
aaggctttggctggccttactcttttgacgacttcttttaggcgactttyg
gagataggaaattggctaaggttcttgaagattttcagacttttacttta
aggtatttttaatctttttttttccataataatatttttaattatgaata
tgcgtaactaatcagttttgttaggacgaagccgtgagccttaacatgaa
tatgtaatttttatttaattgcttgtgattgattgcatgcatgctttgaa
ttatttatcactgttttaaactatctaattgtcataatgtttgatcacca
atacgtggagctaggaatttttcactgagtagatcttatgcttgatcacc
aatacgaggagctaggaatttttcaccgggtgggctagcttaaagattta
tatctttataaacaaaaaaacatgatattgtattttcacagtatcagcta
gctaaagaaaattttgacaaggtgagccatgaatttttgttattaaacaa
attaatacgtgtttaaattcaaataattccaaacttgtacatatacaaaa
attgatgagaaaaaagaatgtaagaaaaagagatagtttgtaaactgtat
tatatcattttatataatcaaaccaagagaatttggattagtgactaaat
atatggtaagctacattcgaaaatcaataaaaattatatgtcaaatttta
tttttcactaaaagctacctgggctatagcccaaggtagecceccttaaagtyg
gctccgccagtgaccaatatgatctttagaaaagtaatttgatataattt
tggtcaaaaggttctctgaaattgacgctagcttcatgtggttagtaatt
gtaatttcacttaggatgaacatcacgttttaagggttctattgtttttc
aaagggttttcataaaacttaatgagtgttttatgttcatatttgatcca
aacgtccagacgcgttacatgttagatatacgttatatgttggagattcc
aagtaggacatatattaagaaaatctaaccttcaaaatatgcatgggtaa
ttcataagtgataggaagaactacgtatgattgttaaagtgatagcagaa

Copia-type polyprotein
(ORF14) 1
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57501

58001

58501

59001

59501

60001

ccctattgtctctttaaattgattttctttaaattgttttatagtcaatt
tatttaattatttttattttaaattcgtttttaatattttaaatttcaaa
atcaacattttccaaactttgttttaaataattaattaagagttggtttt
aaatacaaattattcattcaattcctgtggaaaacgatcttacttcaact
actataatacgacaaccttacactcttacaagtattttaagtgtttttat
cactcattttgcaaatggtaaaaatcatatcaagaatcttattgttaact
aatctatcacctaatctgacataatttataaataaattagtatgcggagc
gatcgaatcgaaattgtttcacttcaataaaaactaaattgaaataagct
aatatatcaaaaagcatgcgaagctataaggaaaaaaaaagggtaaatta
caatttaccctctcaagtttgaggtcaattacgatcccatacaacatatt
taaaacattttaattttatatatttaatactatttcatttcaatttcatt
caaccattacttaatctgttaaattaaccgttaaaatagtgatgtggcaa
atatatggcccactttttgatgacttgtcaaataaaaataattgaatatt
atttaaaaataaacctaaattaaaataaagtggaccccacccagaaattt
gttcttgttgtcatcgttcatccaacactgccaccgccatcgtcgattgg
agccttgcaccctgccecctectcatcecctcagattccacggecctecgecacga
cggctccggcgatgtgacctatggecgttatcagectgcatageecgtttgac
ggcggagctcgtcgagattagtgggaaccattcttccagatccacgccge
cagcttcgtcgagccatacttcgattcctcccaccecececgtctatctgtaa
ccccacccatcctcgttagaaatcaaacagctaaaatcacttttctcecca
actaacctaaaccctcgcecctatggcccttgaaaactcgtcagcaaaaccce
agatgcaaatctgcttcccaaatcccactcttaaaatcctcacttceccta
atcccaaaacatgttgaaaaccaggatgaacccaacgcccctcacttecce
aaatctcacacgccacatacaaccaccctctcatccactttatccatcaa
caatccctcatccttcecttegtcggatttgaatcggacctcaageccaagtyg
gtggatgtggtccaggcaaccagctggaggacagcgtgaagaagctcaag
agccccaaaacttcacctgggtaggggaatttggaagccgcatccgcacce
ttcgcgcacctccgectcettcaggtgggtcgagecggtececgggttgttcaa
gcacgaccgagagaagaggatttttgggggtggggtatgggagaaagggg
tggctcgggtgagatttttgggggtgggtgatgggtggggaagacgaatyg
agatttttggatttgccgcgtcgttatttaacgatttacttaatgaattt
tttaaatatataatattaaaataaaatgataagtaaatataagaaattga
aatattttaaaaatataaaaaattaacaaagctagacgttaaaaagcgta
tccagacatttatttgtcatcatgtgctcatagtgtcaatcgtccatgac
acggaccctacctacttatcactgatcatgtccctcttgttatttgattt
ttggatcattactaacaaggcgcaatctcttcgaaaatatcaattaattt
taacaaggctaatttttttaatttgtaattcactgggataatgtaggaga
ctacatatttatactatattgatgtaccatttatgtgaagtgatgtatat
aattaattgatgtggcacgtacaaatggtacattaatatggtacatgtgg
tctcctaacgttgaatatgcgatccecctcattagtctcattgtgtcectgtca
aaaaaaagattgtatgtatgaacttatggatatccttaaccaaattaaga
tgtgttatttagtcagttgccaattatttcgtgtttttttttttgaaaac
tgaaaacttgtttagtaattaattttagttttaaaaaaatataaaaatca
aaattgaaagttacttttatgagattttaaattttcgcttggcttttaat
atcatttagtagtatggtctagcagtattcttctttctttgtaagtgaga
agtcttagactcgaatctccttgatagtgagttcgaaaccaatttatctce
accactaagtgtaaatatatatagtgtgttttcttttacaaatgatagca
ctagtgaattaagttgttaaaaggagaaaaactagtggagattaaaccca
aactatgatgcataaacatgattgtttttcatcatagcggtaaaacatag
tatgtgtaaatatatcgttatttgaaaaaaaaacaaaaaatttggcttgce
aatattcaaagtagtaactaaacaatttttcgttttaaaaactaaaataa
ttatcaaataaaccctgtaaatatatcgttatttaaaaaaaaaacaaaaa
atttggcttgcaatattcaaagcagtaactaaacaatttttcgttttaaa
aactaaaataattagcaaatagaccctgaaaaaaatatttcattaaaaaa
aaaaagccctttattaagaagcagctggaaacgcctcatgcattgtgtca
tttcaataaaaataaataaaaaagattcttttcttttgtctttcctgtag
cggattgggaaatcaaccttggaaataccgccccttacgttaaacataaa
tcgtcaacatcctcaacttcatcgttatatatattatcccecceccgaccat
tttttacaaaaacaggccatttgcttattcatttcatttttgtaaattcc
agcggtgt cttcactcgtacagatgagtatacttccccaatcectcece
ggacaggttgttcaaggccttggtccttgatgctcacatcctgatececcag
agctcatgccagaggctgttaagagcattgacaccctcgaaggtgacgga
agagcaggaagcatcaagaagatcaacttcgctgaaggcatgtaaataat
acctggctaccatacaacactgcgagtgaaatattctcgtactagactat
caatccaaagattctataccactatttgagcagatactctcacttttttt
tttcataaaagagaagattaggcgatgttagctctttaaattaggatgat
gcaaagcatccactctcaaactagctaaggtgaaggatgttttggtcccc
ctttgccgtccctctaaataaatatacacttatttgaatatgttgtatca

Mal d 1.12 |
MGVFTRTDEYTSPIPPDRLFKALVLDA
HILIPELMPEAVKSIDTLEGDGRAGSI
KKINFAEGSQLKSVINRVDEVDEENFE
VYAYTLVEGEPLVVEKLEYITYKAKFE
AASDGGSKNRLVSNYYTKGDIVLKEEE
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60501

61001

61501

62001

62501

63001

63501

gattgatagtttggccggcaacataatatatatgccggagaacacacccc
acatgttgatcattttataatgtaaaaagttgttgaatacatgtaataat
tttttcatgtaggtagccagctcaaatctgtgataaaccgggttgacgaa
gtcgacgaagagaactttgtatatgcttacactttggttgaaggagaacc
attagtagtggagaaacttgaatacatcacttataaggctaagtttgaag
ctgcatcagatgggggtagtaagaaccggttggtcagcaattactacacc
aagggtgacattgtgctgaaagaggaagaaataaaagctggcagggaaaa
ggccttggggatgtacagagttgtggaaacctatctcectccaaaatecctg
atgcctatgctatttttagggttggggt agggggcggtgggggtttt
gccttcactagcttgtggggattgataaatagaaatatgcttgacaatge
ctgtgactacggccattggaacatactttctccatgtattgacttcaata
aaaagaatttctccatgattttgacatactcattttcatctcctacaaac
tttccgttaatttcggtcatttgatcctcctctttcaacaatttaatggt
cagaaataaataaaaatgtacagagaataagatgggtgcgggaaaattat
tgccccttgectcttatttatttatttataaagecctataaggtttagaat
gggctcagcttgaaaggaacataaactatggggccacaatctcccaaaaa
ccaatccttgactgatgggctcagggatggccatttgacccatgggtact
tgtatccatggattcttttattctaataggatcataaataaaatggatta
gatgggtttgggtattttgttgagatcaagtcttctgcatcgaaaataga
tatgacctctctataactctaataagtttgacacatattaaatttattac
aataaaattaagaaaagttgaaataataaatacatgtcagtcacttatta
aaatcacaaagaaaccacacctattttgagtgcataaaatttagtctctt
ttttgttggggtctattatacccacttattaagaaaagatcataaacact
cctctcatggtttcgcecctccatgtctecttcecccattgecttcattgtcetce
tatgtctgtctcctttctcggtctecttcaccgagaccggcaaaccttee
attgccggcatctcatatccacctcecctecctttteccattectgtectetttet
cttttgttttttgttttttgctttgttttttgttttttttttcctttttt
tttgttttttttgttttttgtgtcttgctcteccttagcatttcagatcecg
caaggaaggaattaatgtcaaccaaattcttcttcttcttecttcecttettce
ttcactataattgacgttaaaaaagtagtcgaatcatgttcaatataatt
gacgttaaactgtaaaacaacaaagagtttataaaggttatactttgaaa
aagtcacataagcatttctgataatagaataaaatacaacaaaaagtgat
agaggcccatcaaatcataaagatcagagatgctggtgaaagctctcatg
ctaaaatgatgaagaaaagaggaaggttttgggttttctttgttctgatc
cttctgctgcctaaaggctggaaagcatatgttgagggaccattgataca
agttttcttatttgattttttatatttgttctttgatttagcctcacatg
catggcacatgactcattttaacgaaaattctaacggagttgatgaaaaa
gacaatagttgctcgttttgatgagttgagggatcaatggtaatgaattt
ttagttgagggaccattgctctaatttgattaaagctgagagacaatttc
tccaattcgattaaaattgagagaccattgatacaatttaccaaaaaaat
atcaatattgtactgtaagctatgattataggtcaatattttttttttta
gtcaaggtcaatattgttatagtgagtaaaacaaagagctaaatcatata
tgatttgatcatataattcatgtaagagtggtactaaacccatccattgt
tttatttgtccacccaattatattcccatccactataaaaaggtaaataa
taacattgctattttctcacccaccattattccaattataaccttttaaa
tatcttaagttctttaaattttattttctgtaatatgtatatataaatat
aaatatatatatacgtatatatacatgtaaatatatttatctcaagaaaa
aaaccaaccatgggacatatttagcagtaattcaaacaacaaacaagaat
ccatcaaggcagacatggaaggtgtgacgacccgtcecctacttttcactg
taattttctttttgttggtgtaaattgacggtcatacccttattggacaa
aaatggaatctaacgtggatgtggttttcagctttcagtttcattttcct
gggttcgtactaaaatagtactcatcgctatgaatgcgtaagcgegtgtt
agagtcgaatcagatctgtaacgaaaaagttacgctccgttaaagtatgt
tagtcacaggtaattttatacacgcgcgtacgaatttactgtgtcaaaac
attgtcgaaatgacatatttgtacataaaaatttgtacaaatccatctaa
tccctaaaagggatccggtcecttcectttcacacccatcaaccatcaaact
tttgctttttccttecttttecctcteccaccaatcaaattgttttcececctcaa
ccttgcacccaatcagaaatcaaaaggttctctccctcacttaaaacttt
catttcaaactctctctctcggtgaacaaccatagagacaccaccaccac
cacacaaacgtcgctccgacaacttccttcacctctgtcacgccacatta
ccatcaccactactagcagggttgctccgatgagatatgcgagtttctca
gcctaagaactaggacttacactgccaatgaccattaccactgctcactt
tccttctccagcgaaacttaattttctgatcaagaaacgatttgaagaaa
gaaactccccagatttttggaggcgaaccgtggccatcaggccactttca
aaccgtttccttgatcaacacaaaccacgactgagcttcaaataggtata
gccttgttcactacatttctagctttatattcatttttgtatcactgaaa
atggttaagaatcgaactagaaattagccttcaaagttgggaagaaattc
ctagatttctggaaatttggatccgtggtcatttggccactttcaggcecca

IKAGREKALGMYRVVETYLLONPDAY
A
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64001

64501

65001

65501

66001

66501

67001

aattcctggttaacacagaccacatttgaactttttgtgaatatggatcg
attcataacattcctaaatttaatttggctattatagaagtgtttttggt
tgagaatcaagctcgttaggggctcgggaagttggccaaaaaaactgcag
aaaatcgtggagaatgcgagtatacacgtattcacaagcgcatgaacgcg
cgtgaccacccacatgccatcggctcgtgcaacgecgtggtaggttgtgea
gcttcttgtgacagcacgtgacagcgcgtatggcttccggecgacatgtg
gttgacacgtgtgtgtctgtgacgtcgagtaaatcgattttatatattta
aaccctaggtttgagcaatctacggaggttttatttaagtttccatgtat
gttttattaaactaagttaataagtaatttcacatataagggaaacatat
ctcgaggatttgcgaggttaagcaaggctaggaggcttcgtttcgactge
gtatctgtaagtgggcagtttatttatacctatacatattgaaagtttcc
ctaaatgtggagttacttcacttttacgcttatattgccaagtattcgtt
attgtgatattaaatgtgataaatgctgttatatggttgggatattactg
tcatgactttcatacatatctgtacatgctcatcttgctgcactgatgtt
agtactcaccctagggctagggccagtccttcatgtgtatgttcacagec
ttggatccaagttaggtgccagtcttgttgggcatattgcattaggcgtt
ccgacttgtatgtgacgtgcttctgcaccagtcttcacgtgatcgtagta
ctagaacgtaatgattacacccagttctgttcgtgtcaaaaattatttgt
tcaaactcatgtgtcagcttagatggatgagcacttagctatacgtgatt
atcacatgactatattactacaacatttgatatatcatgacttggcatat
ttctggttataatgctgttgtattattgtttatatttgtaccatacttga
ccaatcccaaaactactgagcaccggtcaacgttataccgtcaaggacct
agaagagtttccctccaaccaggaggccaatcatagtacgacacgtgtca
acatcaaaagccaatcatagcacaacacgtgtcaacatcagaagccaatc
acaacacaacatgtgtcaatgtcagaacaaagctagaaactcttctataa
aaggagatcattctcccacaatatttccaaatgtcatttgtactaaatca
ttcacttgtactcactaaatgagagcttgaacctatgtacttgtgtaaac
ccttcacaattaatgagaacttctctactccatggacgtagccaatctag
gtgaaccacgtacatcttgtgtttgcttccctatctctatccatttacat
atctctatccatttacatacttatccatactagtgaccggagcaatctag
cgaaggtcacaaacttaacactttctgttgtaccaaaatcctcactgatt
ttgtgcatcaacagtttacatacttacatagtatgttttaaagaaactat
acttgttttacggtgagaggttagtatattaaaaaataaaggtttttaca
aaacgttgttttactgacccactcaactttgttcttcgecccctceccaggtt
tagtagttgtgcttgcgtgtaaacgaagactttggcaagatcttagtaga
tgggtaccttagcggtataaccctcaccctaattactgtactgttcttat
actctaccattacatgtgaaatgggtgcaatcccgctcacccgcacactc
ttttgttttaggcacttttaggtttaaatttattcactttttcacatcac
ttacccttatggttacgtcacctcacggtgatggccaacatgcttcgacc
ttcccaggtcatggtgtgtcagaaggtccacagttacctattttctaggt
caagctcgaagaaggatggagatggcaaaagatgtactagtacatatata
tcatcataaaaaaccaagtcagagtgccaattaaagattgaatatcaaac
tacggacaagaaatatgagtatgtcaatgcactgctgcactttggtacat
gtgtagtgagaattactttgcttgctccctttttcectttttattggattga
gggttatgttctgaagatatttaagagagaaaaaggaactgaaatgaggc
agattgacctttgttgatgcacaaaatcattgaggactttggtacaacag
aaaatgttaagtttgtgaccttcactagattgctctggtcactagtgtga
ataagtatgtaaatggatagggacacggaagcaaatacaagatgtacgtg
attcacccagattggctacgtccacggagtagaggagttctcattaattyg
tgaaaggtttacacaagtatataggttcaagctctcctttagtgagtact
agtgaatgatttagtacaaatgacattaggaaatattgtgagagaatgat
ctctatttatagaagagagtttctagtttcattttgacattgacacgtgt
cgtgttatgattggcttttgatgttgacacgtgtcgecgctatgattgget
tctgatgtcgacacgtgtcgcgctgtgattggecttctagttggagggaa
actcttctgggtccttgacggtataacgttaaccggtgctcaatagtttc
gggattggtcaagtatggtacaaataaccttcaaagacaaaactctcgcc
actcgctgcaaaaacaatcaaacctccaaaaccccaacaacaccactacc
cccaaagtttcagccgtgccaacacataagccctaccccatgeccaccttt
cgcagcacggtcatagccttataaccacccacatgcatggctccacccat
atattccccttcgctgtacacaatctccattccgeccagaattagattaag
gctgtcatccattgtgagagaaagggaatttgaaaagggaggagctggca
tcgacgccaccgttagggaggtgtgcgggtgtggattggttgggettgta
cagtagggtgggtttttaaatttttttttttcttttttttecctgeccattt
caactaatgatgatgtggcaaaatgttagtatttattgtttaagtcctta
aatgtcattttataagaggagatatttgtcattgacatttatattttaaa
gtggatagagtgataagacagtggggtgggcttaacatcttcatgtaatg
aggttcgaatgttttttggttaataaacaagatttaaatatattcacttt
cgatctttacagtaatgaaagggtataaaagtattctgatctaatattta
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68001

68501

69001

69501

70001

70501

cagtggaagaatacagttaatttccttccacgtatatttgtttgagectat
tttgatcttataggcttgcacgtgcaatgattgatgtcatttaagtatta
ttaaggcgagggaatattatggttttgacactaatcaatcttagtactaa
tttttggtgtcgctccctatttaaaatagtttaggctatcttattttage
gactcaatctgaaacaatagtcaatcagttgcgccataacattcaagcectt
cctccttgtgagaaaaggaatagaattttattcaaatattgcecctatttta
taaatggagataaatggtaataatatagattgttgcatcacaataggtgt
tacaaaatttgaagaggtgatggtggtgacttaacatcagtagggaaaca
taattggtcggtagtggtggtcggtaccaaattgtttccaaagcttgaac
aaactctacgagcaccaaaacttgaacattgcatggaaattaatgtagtc
ttgacaaagttagatttgattattgcttaatataagatgagctagatctt
ctttcagagcatgaaaataaaagatatcatgtaactttgaaaattccatg
tcactagaagcctgacatttcaagcaatcttcctcecctaaatgtaaaacat
accatgtacctttcagagcatgaaaatttcatgtgactccaagtcatcca
gtttgtcatttttaaagaggggaccatcggattccctccececcttgtcgaaa
agtccacattaggttacatttggtccaacttatacatcgcattccaccat
tacatattgcatacggaaaaaaatattattcataccaacaacttccaagce
aaagcagcagcagcccaccacctaaagttttgtcttcatcattcacattc
aaaaataattaatcggataacctttgctcctccecctcecectecttgatatttt
cacaaatcaaaacctttttttttctttcatcccaactcccgagtgttgtt
catcaagcaaggcaagcggtgtcaccaagatcagccagaagtttgtg
actcaggtgacgccacagaggatgttcaacgccttgatcttggatgecca
caacatctgccccaagctcatgttctcatcaattaaaagtattgaattce
ttagcggttcaggagaagttggaaccatcaaacagatcaacttcactgaa
ggtaaattgttaggcaaattaaaagtcaaccctctttttcttggaaaatt
ggataataaatcaaatctcaattgttgaaccgatcaaaattaaaccaaat
attaatgatatagacaatatattgaaaaacaaaatcattttggtcaattt
tccatttttctttctctgtttttacatgaaattcaatatctaatttgttyg
gggatgtgcagctagtcctatgaaatatgctaagcacaggattgatgett
tggacaaggaggcactcagctgcacctacaccttcatcgaaagcgatgca
acggatcacttgttggacaagcttgaatacataacatatgatgtcaagtt
tgaggggtatggaagaggaggatgcatctgtcatttgaccagcacataca
aagccaaagatgatatacagatcaaagaagaagacattgagcttggcaag
gatagagctattgggatgtatgaagttttggaagcctatctcatggegeca
ccctcgcgcctacgtcaaatttttaagaaaacttt cagtagtcgtat
gagtttttgggaattctgctgcgtacaatatatctaacatattgttcatg
ttgttttccttttttccgtaagtgecttttcttecttgttectttectaaact
ttattcttgttgtacaagattgtgattaagaaatatttagtttcggttct
aatttacttaatcaggggatctgttgtgtagaagtagtttatccattttt
tattatcagatagttcctccaaatatctcagcggcatccatcttaagtaa
agtggaagggtaaatctcagatgataaacagattggaattctagccggaa
attcttaattggcctctgtcaactgtttttattttagtaaatcacttctt
ttgatttactggagtggaaatgatttaaactcccgcaaaataagaaacta
gttgcagaaacaccctaaatttgcagctgatttaagaattacgaaagaga
tgaattgagtacaaagtggtatcagaaccgatatgagacgaggcctagaa
atactttgtaaattgtcataaaaaaggacctaatacaatcttgagcgcca
tcaaacacactaagccccaactcaagtttacttccgagattagcgaggca
gtccatgaccactttacactctctattacactctctataaatgtgttgta
cactacaggtctatctgtgattgatcaaatcttgacatcgatcccaatat
gataattacctcaggtgtaacatttttcgattgtgtgttgtgtgtgtatt
ttctctactacaattctgccttgtccaaacccaaaacatgttttctacca
aacaccaattgatcatccaaattaatcaaccacaacaagggaaagaacta
acacagcccatgtatattcttaaactttgttctaacatttaaaaagttac
aaaagcagagagaacttggaccttataagggatcccaaaggatgctacag
tgtgacaaattttgtaagcgcccatccatatgttttaaggacaataaatc
aatagtgacgggaatctaggaacgaataaggatccctatcaatataaaag
caaaaggaaaaaaaaattttttaagcccaacatatattttatctgttgaa
tcgttgaagtttgaaacccaagaaccaaaagtctttttttaattgacaat
ggaaatgtttaagtacgtttaatatgcaaaaggcacagaagaatcaaaat
aattgatcattgataatttcaaggatcatttttattgattttaaatcaca
acaatcaaattgaggtgctataataatctcattaccattttggctaaaaa
aatccttttttattaaggaaaactaatgaaaatgacttgaaaactttgag
ttttaacgataaggataaaataaagggtaaagtgaatggtaccatgattg
atttttagtgttaaaatgtggttttttgttaaagtgaatagtatcggaag
ttttttgttaaagttctcatattattaacagtatgtttagctggttcgat
ttgggattccgtaccaaaaatgggatcccaaattccgaatagacattttt
cggcatgagattctgaaaaccaaaaccgaaccgatatttcggtaatcctg

Mal d 1.11 |

(Mal d 1 n)
MGVTKTSQKFVTQVTPQRMFNALILDA
HNICPKLMFSSIKSIEFLSGSGEVGTI
KQINFTEGASPMKYAKHRTDALDKEA
LSCTYTFIESDATDHLLDKLEYITYDV
KFEGYGRGGCTCHLTSTYKAKDDIQTK
EEDIELGKDRAIGMYEVLEAYLMAHP
RAYV
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72501

73001

73501

74001

aatgttgggattcccaaaaaaatttcgggatttcggtacaattcgggatt
tgtcgaccttcctcaaattcatcgacgtggctaccgtctcecccggaggece
aaggctcagaactagaacgagatcaggaaccaccattgacctcaacgagc
tcacggaggtacgatattcaatgatggcggcttctaggttctaacaacga
tcattcctcacagatccaaggagaaatggagctctcgagttctcgagttc
tctctcgtaccatcattgaatatcgtaccatgtttttttcttagtctgac
ataaaaaagatacctgataaagagaaaaatatatataatactatctacat
ctaaataatattcctatactaaagttttaaaatgtgttagttggacggcg
gacaaaggcctaacgcatagacgtttatgcagatttttttattttattta
actttattgtataacatatagcactataacatatataattatactataat
acataaatttcacatgtaaaatatatgaagtagggttgggcacgggccga
gctcaattttgaagggatcggaccggatccggatttaaagaaaacgggcc
gagccaagacgggtccatcaaattttaatacagtaaccagacctaacccg
atccgttcaaaatgggccaattcggaccggatccacgggtcecetttttttt
tttcggttctcttcttcecttctttagatctceccgacgagectecgttgggatyg
gcgtgatctactaccacatgccaccaactatgtgacgagatcaacgtcgt
ctgacgacggcaacaaagtcacggcatcgacgacaccatgggacctggaa
aagcttcgcggccatgggacctggaaaagaggggttggtcttcgatgaag
taatcaacagcgtcaacgacaccgactgctcactccctctcecccactcaaa
ctcgtcctcecgtctagttttggaactcgtecctggaggctgtctagetett
atctgcaatctgaatcatcgtaaatccctaattgcgcgaagattccagag
agcttcaaatgttcggggacgatttcgctcctgaggctatcaacatggag
caaacctcgaggcgaagggcgtcgtctctcggatcgacgagcagttttgt
ggtgctgcgggagcactgggtgtggaggagggagatggecctctttgacat
cgtcatttaattggagctccttgatggggaggctgtcaagcaaggtagag
aagttgagggtgagcttagggaaaatgttggcgagggattctgtcaaggg
gccacattcggctccecgtttgaagagtcecctctatgaaggtctagatcectt
tggagtaggatgtaaagctcctgaaagcagaggagggcggagagggagaa
gatggtggtggagctcctgatgatgtcttcgaaaatcaatttgggggtgg
aaatcggttcgggccaagggcccgtttcttccaggatttagaccecgtcac
gccccgctattaacctagacccgectgeccccecgecccatgttgaattttaa
aattttggacccgtcctaaaccgcttagacccgeccccgatctgtgggtcece
aggatccgtttgcccacccctaatatgaagtactataacatattaaaaac
ctggaaactttgttacaagcacataatgattgttcatccaagtttttttt
atattttacatagctaacacatttttagatggatgaatccttttttctga
tatgtaaaaaatttcacaatcaatagtctacgataccttttttaaaaata
taaaaaaatatagggtattgatagctataattaaacgatatttttgtaat
gtaatcacgtattatactttgatagtttaatatgatgtccacaacgtaaa
tatcatcattatacagtattaaggagcccaaaagttgaattttaacgtca
tgttgtaactgttggatgttagaccctaatccaatagctaataggtcact
acagttaataaggattggtttggaatgtaagtagggttagggtttagtta
atatgctataacttggactccaagtaaagttaatattccagttaatttgg
gagaataaggactcctgattctatcctatttgaacagtatttggagatta
atatcttttacaataagaaaccttactgtcatcattataggaagatacat
tagagttaagttagtataaatactaagcaaaagtccctgcacataccatc
gaaacaaactccaaagaattcccttaggttcgagttgtatagtggtggtyg
agtgtgctgaaagccattgctaaagttctaggtgctgctcgaagttgttyg
tgtgctcgtgattgctacactgctaagaatgacttctcaaggtcagtgtc
ttgtggtgttttaatctacatgaacttgctaggtttgaaagtaaaaccag
taaaacataaaagtaaggaacctaaacagcccaccgacattgtaaggttg
tctttatgccgaatataatactcagcatcttcttecttctecttgtattat
taacccgaataatacttggctgcttaaagatgagtagaaactcttaatta
ctcaaaatttatcaaaattgtttgttgtctatttatagaacttcgtgttt
ataattaaaaccgttcatattataaatcacactataaagattgtgtatgce
aagaaatcaaataaaattaaggtcgtttagtcatcaaactgtttaaaaac
aaatgaacggtattggtaaaagcattacaaaccgtctatgtatttgctac
aatagattaactaaatgaccttagttttaatttttttttttaagagataa
tttttatagtgtgattcatagtatgaatagttctgatcataagcacaaaa
ccctgtgattaaaacactaaaagttttgagtagaaatttctacttatctt
taagtagccaagtattgttctattaaccctcaattcttgcacatttccat
tggatttctgaattgattggtggtcttagacaatagaaacgaaaatatta
ttttgtttttggaaaattaaaatattaataagttggcccaccagtagaaa
taagttgatttttcttttttctaatcaagttctagaattttattggtgge
tttctttgactaatatatttatgcattgatttttttttttatgccatgceca
attgataattaatatttcattttcatttcacatggacagcatccattgaa
aacttcaaattttgtcccaactcctttacacatgtaccctcecctcecccgaa
tctataaataccaccctctggagggagcattttctcacatcaacaccgat
catcctctttgcttcctcctttcattcttaattteccttgatcattttcta
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74501

75001

75501

76001

76501

77001

agctcttaaaaatcatcat cggtgtcctcacatacgaaaccgaatac
gcatccattatccccectgetaggttgtacaatgeccttgtecttgatge
tgacaacctcatccccaagattgctccacaagcagtcaaaactgttgaaa
ttctcgagggagatggcggtgttggaaccatcaagaaagttagetttgge
gaaggtttgtttagtttccaccattttctccattaacttgataattttac
ctatttaatatatatggaataaggctttattgttgatggtggtgtaatat
atatctcgaaaacactagctaatatcttaatttctgtttcatttttccat
ttgacagggagtgaatacaactatgtgaagcacaaggttgagggaattga
caaagacaactttgtgtacagctatagtttgattgaaggagatgccattt
ctgacaaaattgagaagatctcttatgagattaagttggtggcttctgge
agtggttccatcatcaagaacatcagccactaccacaccaagggagattt
tgaaatcaaggaagagcatgttaaggctggcaaagaaagagcccatggtce
tgttcaagctcattgagaactaccttgtggccaatcctgatgectacaac
aacctttcatatggcaacaatcttatctcttgctttctctgtttatt
caattgtgtggtttaatttattatcgtgccaaagcaattctttgacttge
actttggatatgattaaggagtgatgttgtatttgatctttaatctcaat
aaataaaatgtatactagttatacgtaaattatctcatgatatttaactt
ggagtattatttttcccttttaattgtgtgaatttcacatccgatctgtt
acggtgtaaactcaatgacacatagaaaggaaaagaaaagttattccact
aaagttagaccaattaactcaaaagttgactgtttgggttgttgggatgg
aagattctaatggcgaaaagatgaaagactttaacattacgtttggacga
agaaaattaaaattactaaggaatttaaaatgatagaaattaaaatgacg
agattttattttctaaaatttgtaaattttcttgtttggtcaacctaaaa
gaacaatgaaattgaatacggaatttgttatttttaaactcccaatcgta
gaaattgagaagtgacacatatttatatggaatttgaacttgggatttag
agatcccaaattccaaatttttttgcacgcggaaattttaaatttctatg
tttatgaattcaaacaagagaattggtgcctgtcaatttataaattctaa
cgtttaccaaaattccatgtttatttccctcatccaaacatagcgtaaat
ttccttgaaaaaaaaaaaaaagacttgctgccatagcgttctggtgacca
ttatatccatcttcatatcccacaaattaccatttcagttgggctattct
tccagctcatgaacaaaataccttgctagtgggcaatttgtcatgtttga
atttcagaaaaggtcgtacccagtgcacaaggctcccgectttacgcaggg
tttgggagaggtgaatgtcggctagccttacccecccatttatggagagget
gctcccaagtctcgaacccgagacctaccgctcatgggcgaaggcacttyg
ccatcgcaccaagtgcaacctctatgtttgaatttcagaaagaaagaaaa
atttccaaaagcttattcaaattgccatggcttattgaaggggaagaata
gcgccacaccgccaccctagtgagtagtggaggtgtttagtgtccatcca
aatttatatgaatagaatatcttcttaaggaaaatcctccctctccaacc
acaaacctcaaactctgcaaaattttcaaccgtcggtceccttgttttgge
ttaggaccggcggtggcctctcctgectctttctagtgtececttectecat
agcctttccaatcctcgcectcecttaacccttceccececegteccgetectececcac
gagcctcactttcctttactatcattccgctatcecctcececccecttcectcaa
ttttcgctctggtacttggtgctgcccagcaccttctteccecccacttttt
cgtgggcaaccaattttcccaactttgttgcaatcctcagaccgattctce
gagatctattgccgtacagggattcctceccttgtctggggectagatcectge
gggtttgggttggtgttcatttggttgattggtgggtcggaccctecttce
tatggtttgctctttcggattttgtggctcttgttgattgtgttgtggtyg
gcactgccttgcgataaagttgctaatggcgagggtaatgcgatggtgtc
atgctaatggcgaggtttatgggttgtggtggcattttgacgacgatggce
agttctgactggatatcccctceccgecccacccttecgggtgtegteccg
gctacagctagcgtcccacgcecctcctgccaattctgectecgtgecatctgea
acccatgccttctgccaattctgcacctgcecttctceccactatggacacgte
ggttctttagcctaggtcctttggggggttttttttttttgtctgtattyg
cttcggcaagttgtgccgctacggcatttttgtagectcattggttgtga
tggcttttgtgagggtttaggtgcttggtatgtcacgtctcatctatgtg
gcatatctacctcactctttgttctagtggtgtagtttgtggggtggecg
tttaggggttttaataatttgcttttgtgctaattgatcactagagcata
tgtacccgtctggcacctttgtcattggttggttgtttgtggtaggggtyg
gatttttttgctaaattgccctgccaaccgaattgccaactgtgtcatat
cgattttgtgccaaattttttgtaccaatcggtaatggtacggtattgta
ccataccgaaatttcatggtacggtattggtaatggatatcattaccacg
gtattaccgtaccataccgaaaatacaatataatttataatttataaatt
atataatagataattatataacacatatttataatattccaataatttga
aaataaaaccctccttatgttagcattgttgttggtgactttgatctctt
gaaattgtggaaatcaaacacaaaagaattcctaactctttcacaaatag
ccaaaatatctttgtaacccccacttctactgttgctagtgaaaatgcat
ttagcctagggaggaggcttgttgacccttttagggtatccttgactect

Mal d 1.06B |
MGVLTYETEYASIIPPARLYNALVLDA
DNLIPKIAPQAVKTVEILEGDGGVGTI
KKVSFGEGSEYNYVKHKVEGIDKDNFE
VYSYSLIEGDAISDKIEKISYEIKLVA
SGSGSITIKNISHYHTKGDFEIKEEHVK
AGKERAHGLFKLIENYLVANPDAYN

163



Appendix

77501

78001

78501

79001

79501

80001

80501

aaaataatgaaggcactagtgcgtattagtggttggcttagggcagatga
agtaaacttctacaaggaatcaacagaagatatgcttttattttacaagg
aaatggaagaagagaaaataagaaagatatgctttaatttttttagtaaa
tttgttattaaatggttttcaattttaatccttcttgctgctaattaata
tgttttctttgtttgtaatgtaggcttggcacaaactcaatcttctacaa
gttcaatgcctcctccaaaagcttcgacatctcaaacttgaataattgat
caatgaattctccattttgaagtttacttccaattttcatctggtttgaa
actttaatttctatttggattgttaacttctatttggattgtaagcttaa
ttttcatgatgaatcttgatgcatcatttgaattattatatgtgtgaatt
gttaatgatgaataatagatgaatttaatctataatgtatgagataaggg
tacaaaaaaaaagttttgcccttgaattggattaaaaaaacacaaacaga
ttttgtcccaaaacaaaatggcaattaccattgtcataccatgccaaccg
aacttttggcaataccgaacttcggtataccgaaagtttagtacggtaat
ggtaatagattttaccaaaccgaaagtttggtacggtaattggtacaagg
gttttggtacggtaaccgtdccaaatccacccctagtttgkggtaatgaa
attttatcgcttctgtccaaaaaaaaatatataataataataataataat
aataaaatatatatatatatatatatatatatatatatatatatatatat
atatatatgaattgtagagagagaaaaaaggatgggagcagttgacaa
|tcggtgggagaacgtatgbtcgtccaagttagagctagggtcggtcctga
ggctttctttccttgtttgatacttggcatcaatttttectttetgttttt
tgtccaatactgaataatactcagcatttggacctcagaattttttcatt
gcacatgtattgggaactttccatcagattttcggacataattggtgtgce
tattcaatattcatttcaaaaatgacatgtgcattccacataattacttg
gcattcacaataattagttgaatttttctaaacgaattatattctaccgg
tggcctaatttctttgacaaatatacattgttgtacggaatttgaatatt
atatgtttcccttttcacatggacaacaaatattgaaaatttgaaaattt
gtctgaactccttttgttatagggcccactttccacacttacccttcecgge
cctaatctacgtctctaatgatcacattttttcacaacaatattaatctt
cctctttgcttccecctcatttcattcttaattttttggatcatttttcta
agctcttagaaatcatcaccatgtgtgtcttcacatacgaaaccgaatac
gtctttgtcatcceccectgetaggttgtacaatgecettgttettgatge
tgacaatctcattccaaaaattgctccacaagcaatcaaaactactgaaa
ttcttgagggagatggaggtgttggaaccattaagaagattggetttggt
gaaggaagtgaatacagctatgtgaagcacaaggtggatgggattgacaa
agataactttgtctacaattacagtttaatcgaaggagatgctatttcta
agataattgaatagaatttgacaagaataatccctctattactttctttg
aaatatatacatatacaatcctatacaatccttattgaataaggaaacaa
ataattaactttataaacaaaacctccctaataaaggactcacgaccaac
actcccccttaagttggtgcatagatgtcacacatgecccaacttgacaag
tgagtcttcaaactttcgactacacacagcatgcgtgagaacgtctgcaa
gttgctcctcecgatttcacaaacggtattgacacaatctttctetcaagt
ttctctttaataaaatgccgatcaacctccacatgttttgttctatcatg
ctgtaccggattatcggctatatctctegectgattgattatcacaatata
atctcatgatctcctttggecttgaacccaagececttcaagaagtttcecga
agccaaagaatttcacaaatgccgtgggccatacctctatacteggecte
ggctgacgatctcgataccaccttctgtttcttacttecgecatgtaacca
aattctcgcctacaaaagtaaaatatcccgaagtagaccgtcgatcacte
acatttcctgcccaatcagcatctatgaacccctcaacattcaaatgtce
atgcttctgatataaaactccttttccaggtgcagacttcaaatatgceta
agatacgcataacagcagccatatgatctacacttggtgaatgcataaat
tgacttactacactcactgcatatgcaatatctggtcgtgtgtgageccaa
gtaaattagtctccctacaagtctctgatatctecectttatcaattgatt
cctgattcggatccaaacatagatgatgtttttcaacaataggagtatct
actggcttacatcccagcataccggtttcttttaacaaatccaaaacata
cttacgttgtgacaagaaaatacctttcaaagatcgagcaacttcaactc
caagaaaatacttcaaatctcccagactcttcatttcaaactcagecgeca
aggttactctgcaactttgaaatctcatcaaaatcatctccagtaataat
catgtcatctacatagatgattaaagctgtcactttttcctgtcttegtt
taacaaacaatgtatgatcagaatgactctgataatatccaatcctttte
ataacttgagtaaacctatcaaaccatgcacgaggtgattgcttaagtce
ataaagagacttacgcaaccgacatactccggtatttctaccaacactgt
acccaggaggaaaatccatatatacttcttcctccaagttecccatggaga
aaagcatttttcacatcaaactgttttaatggccagtccatattagecage
taaagatatcagaacacgtaccgtattcatcttagcaaccggtgagaaag
tttcctgataatctacaccataagtttgggtgtatcctttagectaccaac
cttgctttgtacctatctattgatccatcagettggtatttgacagtaaa
cacccatcgacatccaactgttttcttececttectggtaatgacgtcacct

MC-12SSR744bFor

MC-12SSR744bRev

Mal d 1ps2
pseudogene

Hypothetical protein
(ORF24) 1
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83001
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84001

cccaggtattattcttctgtaatgccaacatttcttcatccattgeattt
gcccactttggatcctttagagectectccacacgggttggtacctgaat
agcctccatattgtccaccaaaatcttgegetctgatgcaagaccattge
atgagacatagttggctattggatacttcactttaccttcecggagaaaac
ctgtcaggtggtacaccccgattgtgtctecggtggcaatatatatgtatt
tacatcattacttgcatcagttacataattatccacaatacttacctcag
gtatatccagagaagattcattgggcagcacagtatagctaaagagagag
gggggtacggtagcagtagcagaatcgataaggaacgactgtggttgttce
tgatggcacggcaatctgttgeccgtggggttgectgaaggtactgecagecag
tttctgcaatagtagtatgttecctgagtatcatgaagectecgacagcaggt
actacgggaagaagtggcgagtctaccatagtatttctctctaggtccaa
ccatccaagatcaccacaaatgttctcccectggtgatcggaagatgaag
atacgggagcataaaacaattctgactcagaaaacgtcacatccatggta
acatacatatggcgagtctcgggatgataacactgataccctttttggtg
agaagaaaaaccaacaaagacacaccggagagcacagggatccaacttag
tacgatgaaacttgtgaatatgcacatataccacacacccaaatacccgg
ggggtgagagtaaaagtagacaccatcggtacatgttaagtgaggacttg
aagaggagtttgaaaatcaatcacccgagagggcatacgatttattacat
aaacagcataagtaacagcagctggccaaaaaaccttaggaacagaggcg
cccagaaggagagcacgagctgtttctaggatatggcgattttteegttce
agccacccaattttgectggggagtatgggaacaggttgtttcatggagaa
tgccttgatcacaaagaaactttgacaactcacgattaatatactcacca
ccattatcagaacggagaactttaatcacagatgaatattgagtctgaat
catctgagaaaacgatcggaaaaccatactcacatcacttttatttttta
agacatataaccaagtcatacgggtgcaatcatcaacaaacgtaacaaac
caccgaattccagaagaaggaacaataggagaggggccccaaacatcaga
gtgcacaagttcaaacggtaaagctcttttattcatactaggaggaaacg
aagcacgatggcttttagcaagaatacatacttcacaatgtaagtctgat
tcatttattccactaaatagactaggtaacaaatgccgtaaatatccaaa
agatgcatgtcctaaccgacgatgcaacaaccacacttcttgtaaattac
tagattgtgacgcgcgaacagcatgagctctgeccagtagegacgtcecgtcee
acatagtacaacccctctctcttagtgeccacgeccaattatctecttggt
ctgaatatcctgaagtagacaaaaggacggatacattagaacaacacaat
ccaattgttcagtaacctgtggtatggataacagatgatgggataaagaa
ggaacaagcaagcaatgatgtaagggaagtgacggagtgagatgcacagt
gccggcaccacacacaggtgccagagtaccattggtagttgatatatttt
tccggtgagatgtagtcatatattggaatatatttttatcatatgtcatg
tgatccgttgecccagagtccagaatccaacctgtatggtgetgagttte
ggaggctaagagaacacgtcccacggtacctgtgtcggaagacgagtcac
ccctagtacgagtcaataagttgtgacgaggatcactagaacaaggcacg
acctcctgggetgttggtgttgecgcagcaagggaggcacagectccact
ggaacccactgctccacgctcectttggcacgtaattttttctttaattccg
gaaaccaatcaggcactccatgcttagtaaagcacgtatcctcagtatga
cgagtttgtccacagaaagtacacttcaaatcatctttattttcteggtt
ggaagcacgagaatttaaagattgattagaagaattattagagcgagaag
caccagttggccgagaaatcatagccagggacggcacccctecttgattg
ttactaccacccatcatagtggcatgtcgttgagecttcacgecgaacaac
agaaaacacctcctcaacagatggtagtggctgagtacgtaaaatatcac
tacgcactttatcaaagacatcatccaaacccaccaaaaaagcatacaca
cggtcaagttgaatttcttcccgaagggttttgaaatccacagecacattce
catcttgatgggtctcctttgatctaactcctgecaaacggacttgagat
ccgcataatacacaccaacttgeccgaccttcttgacgaagtcggaaagat
ttaaccttcaattcataaatttgggaaatatccgaaccatcataataggt
ccgagccacctcttcccaaacttctttagcagtacgcaggtgaataaaaa
atcccatgatagcaggttccatggaattgatcaaccacccttttacgatt
gcattcecctgtctecccatgtttcatagtcagcaatctectecagecaggete
cttgatactcccagtcacaaaacccttectacctetteccagegatgtgea
tctctaaaaccttggaccaaagcggataatttgatccattcaatttcacg
gtgttgggtacagcagatacatcatgctgaagaacaacaggattcacggt
acgagcactgccttccaatttcaaaacaccactaccttccgcagatgecca
tattaccttcgggaacaaatcagagaaaaatgcacgttgaaaaacagtgt
cccaccacactgcaatacacacggcactactacccccactcacgcgaact
gaggtctgcgggaagaagggcagaaccaatccggcgggaggaaaggaaaa
acagggttacaggaaaaaaaaagggttacaggaggaactagggttacggc
taggctcgtgataccaaatagaatttgacaagaataatccgtctattact
ttctttgaaatatatacatatacaatcctatacaatccttattgaataag
gaaacaaataattaactttataaacaaaacctccctaataaaggactcac
gaccaacaaattgtaattatttttaattcttttttgcattaaaaataatt
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84501

85001

85501

86001

86501

87001

87501

atatacagaatatgacaacttatactattagcatagaattgaaaaagtaa
agaattattaaataatatttactgtacatagttaatcgcgttttgattge
gaacacattgacacttatgttcatgagtttcaaattgttttcgaaattgce
caccattggaaagaacaaaataatactaaccaattacaaatttcatcaaa
tatcaatcgtatcgtagaactcacaacttcatcaaacataagcacatgac
ttacacgagcctatagatcattttcctctaattcatataaaatcatttga
agtacaccaaaccttacatgtgcgaagttttccagacaacaaagaaaaat
aaatgatgtaatcctgaaaagactcgcgcaatacgcaattaacagtgagt
actactgtaaaaaggtcatattgtaaggacatagtgggcagaagggaagc
aaggatttttttttttttttgttgttgaaaacaaagcaaggatgttttga
ctgaataattagttttacaattcagtaagtgagaatgcgaagtaaaaagt
ctcatatcggtgatgatcttctactcatcccacctcattcggtttcttag
gtttgggaagctcgatcaacccttgctctaataaagatgtgaaaaaatct
tcaacatcctcatttctaaaggaatattctttgatttgtgttcttttata
aaaccttgcaagggttacaaaaagttgagttactttttatattattaatt
tttgtgatgtttactatatttatgtgatgagtagtacaattggtttgagt
gtttctatttaaaacacgactatttttaagggatgtgctatccacacacc
ccattttacttcccacacacctcattttacttctcacacaccctttgata
atttctgtccgttgatcttcttcaattcattccgatctgacggccgaaaa
ttaaaaaggtgtgtgagaaataaaatggggtgtgtggatatcacacccct
atttttaatagagtagaaaatgaccaaatagcacaaatttaaagatggcg
gagagataggtgggcgggcccatttttttttttttttatttgttggattt
atgataagggtaacgaagggaagagaaaaatccaaactttctgtatatta
atattttagttttatgtgcaatggaatttcacatgtgaaagggtgagtga
gaaagaaaacgatccttgccggatctattttttttttttatcttaaggat
tctacaattatgttcgtttatcgtacattatacggttagaaatgatttaa
aatttaaaattcaaatataaatcgcagagaggctactacaacatatttat
cacatctacttgtttgatatttccattagctagaaatgtgtacttctaac
tctatcacttccaaaagaaattttcaatgtaattgaaaccaaggttctaa
aagacaataggcactaaacgagcggcgggctgacacctattgectaggcecg
aactaggcggatttaagtaaatctattatatttcatataaataagtattt
gtttatacttaaaatatatataatttcatcataaactacaaaatagaatg
acatatatataataaagtattggacataatgaaaatatggggaacaagca
tataatgtgtgttcatttaagtattcaacaagtttttacaatttattgaa
aaataaataaaatgcaaaaagaaagttatctattttctgtctaagtaagt
cgcaacctagtcggtgcctaagcgggtctgggcaggtaggcggatgtcetce
agcaggtctaagcgccctttcttaattttcaaacgecctagtcattaataa
agacggtggccagccgccaagcgtccgectagecgectaggccaagectag
gcggcactaggcagggatttttagaatagtgcaatgaagacgagtggttyg
aaggaagttaatgttccacctcaaatgcggaataaggttgggatatgcaa
aagtcccttgagttttcaatgtggggcaaaattctgcatctttacatgceca
ccctcacatgtgaaaatactcaaataaaacacgtagacaacacatatcaa
ataaacatgtgtggtcattatacttttacacataagccaaatatgtttga
atttataaatgataaatacaattcacacatgaatctagcatcaaacatac
catattcagatcaatgaggattaagaaattaagaaacaaataaagtaatt
aggttttaaaagaaaacatgcaaacgcaagacagcaaactaccaaaactg
aaaagcaatgcgtagaattaatgtgagaattgacctactcgacctgctaa
tcgaaattttgtcatgaattaaaattatttttttgaattggtattataaa
atttgcaagttgattgtatgatcactattggtgaattgaaggtggaaaac
ctaaaccaccctcacaatgtatggaagtggttgtttactttggcaacatg
atttccaagttttgaacaaacgaatattatgttggtgtaaaacattaatc
gatcaaaatagcaaacattatcctctaccatcgtcatgaaaacggttttt
tgtttttgtacttatatatgtacttaaggttgtcttatgtgttccgatge
ttattcatgatgtacttttcaagaatttatctagtcgaacttgtgtttta
cattcttaacgttgtagttattttttcataatcgtaaaactttcctgtat
aatcaacattttcaaaagaaaaagaagtttgtatattaacttttgtttcc
ttttctaatgatagtgtgctagtgacccaatttgaatctcctacaagtaa
atgaaacacaaaacaaaatcaaaggtaaatcaaaatttggacgactttaa
tatttttctttaactaggtatcattggctgcatgattctcttcctttaaa
atttctttcctttctagtttgttcttatttgaacggttacaattaaatca
cgtcaacatcaacatttatgttaacttctttataaaaataaaaaaagatg
aagataaaatgttgatttctttataaaaatacaaataaaagatgaagata
aaagtaagaaagcatggcagaaaaggggagatgatttggaaggaagagta
tcaaactctgttagattcgagcacaatttattttctgcatttttgggtct
tcatgttcgaaattaataaaaatttgaacaaaaaataaataaaattttag
atcaaatgatttgactttgattcaaaattagataatttgaaaggtcaaac
cacaggaaacagataaaacgggaaggtaaatagcagagttaaaaaggaaa
agattatacaaaattacaaatggtaagcagtaaattaaggaaggaacttg
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88001

88501

89001

89501

90001

90501

91001

ttagttaatcaagttaatacctcgccaaatgatagacaagaggatttatt
gcaggagtgtgtctttgtgctctggagaatctggaagtctcggaatgaaa
tggtatttaatggagtccttgttaaccctatagagatggttcatgtggtt
aggaaacaaattttggagtttcgaagtgctaaaggtgctaaaggtgctaa
aggtgctaaaggtgctagagtggatgacagacatcaaatttggttgtgge
atcgatgattgggacatctatcattcagttaaatgaagcatttattttat
ttttcgttacgcaattgtagtgattcagagttcaaatgtgaaacatgtgt
catggctaagagtcatagtgcctcctttccecgtaagtgattttaaagecta
ctttaccatttaatttgatacattctgatgtgtggggtccggcaaaagtt
acttctaatggattcegttggtttgttacttttattgatgattgtactcg
gttgacttgggtgttcttaatgaagaataagagtgatgttcegttgette
ttcaagaatttttgtacaatggtgtctactcagttttagaccaaagttat
ggtcttcgggtctgataatggaggagaatatgtgaatcacactttggcecat
gtttttttcgtgattatagtattattcaccggacgactactctgtttaca
ctccaaaaaaatggtgtgtccgaacggaagaatcgtcaaataatggaggt
tgctcgctecttgatgttggataagtgtgttettaatcatttgtgggatce
atattgttttggctgctgtgtatttgatcaatggagttccaagtagggtt
cttgatttttagacactgcttgatgtgctacaaaaacatgtttctettgt
ttctatatcaaagcttcttatcatcagaggagtaaacttgatgcatatgt
tctccgatgtgtcetttattgggtatgectaacaataaaaaatgectataagt
gttatcatcctccgactcaaaaaacttatattaccatggatgtcacctte
cacgaggaaatttcatattttgtgaaaccctcttcecgactctceccatttcea
gggggagaggatgagtgaagtgcatattcgaatagatggtatagatgatg
tgttacagacagagttgggaacataacctattatgttgcecgtgatactgat
cagtcggctacagatagtgatcggtcacctgtcatccccgaactatttcet
acttacgacagatcagatatgcccagtgagttgtctgttagtatgtctga
cgaattaccttctgatgatcggttgcctgctgetggtatgtttaacaagt
tgcttgatgatggtttgtccagtgatgattcttctaacagtttgatacaa
gatgatggcatacatgaggtaaattctgacgatttttctacttatcagtt
gcctccacgagctaatcgtggaaaacctaaagtacagtatgagectgata
tgcatgccaaagccaaatatcctatcaacaattatgtgtttactcategt
ttgtccaaaccatatgcatcttacatatgtcagctatctagtgtatcaat
tccaacaaaattgcaagatactttgtctgaceccttagtgggttaatgeca
tgaaagttgagatggaagcttagaaaaagaattctacttgggatttggtt
cctttaccaaatgggaagaaatatgttggatgtagatgggtattcgctat
taagcagaaagcagatggttctattgaccggtataaagccagattagttg
ctaaaggttatactcaaacctatggggtggactatcaggaaacttttgct
catgttgccaaacttaatactgtgegtgtttttctgtccttaacagcaaa
ccaggattgtcctttgttgcaatttgatgttaagaatgectttecttecatg
gtgatcttaaggaagaagtttatatggatcttccacatggtatcagaaca
tctcttggaaaatgtgttgtatgcaggttacgaaaggctttgaatggttt
gaaacaatctcctagatagtggttttggaggtttacaatttcaatgaaga
agtttgggtatatccagagtcatttagatcatactttggttctaaagcga
caaaatggtaagctaactgcattgattatttatgatgatgacatgatagt
gactggtgatgatcagaaggagatacaacaccttcaaaagtacctagcta
ctaaatttgagataaaagaattgggtgaattgaagtattttcttggaatc
aaggttgcacgatccaagcatggtattttttttgtctcaacgaaagtatg
ttcttgatttgttagctaaaacatgtatgttagattgcaaacctgttgac
actctgatttagcagaatcatcggctgggcttatttctagatcaagttce
tactcataaggaacgatgtcaaaggcttgtgaggagattaatttatttgt
ctcacactcgccctgacattgettatgtagttagtgtggtaagtcagttt
atgcactcacatagtgaagctcatatggatgccgtaacccgtattttgag
gtacttgaaaattgctcctggcagagactcggttttctccaagaatagte
atttgaatgtcgaagggtatacagatgcagattgggcaggttctatcact
gatcggtgatctacatctggatactttacgtttgtgggtggtaatttagt
tacttggagaagtaagaaataaaaagtggtggctaggtcaagtgcagaag
ctaagtttcgtagtatgtctcatggtgtatgtgagttgttgtggttgaaa
aaattgttgaaagatcttaggtttaaacccgatggtgctatgaaacttca
ttgtgataacaaggctactattgagattgctcataatccagtgtaacatg
atcgaacaaaatatgtggagattggtcaacatttcatcaaggaaaagttg
gatgctggaattattatgtttccatttgtgtgatctgaagatcaacttgce
tgatgttcttactaagttgtgtctagtagtgtgttttccaactcgecttga
caagttgggcatgcgtgacatctttgcaccaacttgagagtgagtgttge
gagttatatattagttaaagtgtaaatagtagtttattgtctcatattgg
tgagtacatatgtaataccaattataactcctatatatactccactttga
agattaatgaatatataataaatttctaaatattgtgatatatatttttyg
gtatttaacatgtttagtttgataggaccttctttcaccatcacccaacg
acctgtccccgccccgacccaaatccgectectgageggctgtaggaggaaa

Retrotransposon protein,

putative

(ORF25) |
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91501

92001

92501

93001

93501

94001

acccacccaaagcgaccgaattggcctggtacaccagcaaagacacccgce
ctagagaaagttaagggcatctgtgagggccacaaagaaccgccacgatc
tctcgtgcagtattgggctacgaaaaacctagcagacatcaccteccttct
cggcttcgtctctttcatcgaagtttttagttcatctecctgcaacctttt
tgcgtccttcecgtttgcatcccatcatcatctccaatctctctcatagata
gctattatccccaaatcaattgatagttgaaaccctaaaatcccaaattg
gccccaaattcctgttgggattctcagacgagttctatttgcaggaatca
tccagagttcaaacatggtacgatccattatttttgtttactggaatttyg
ggattggttgtgcttcaactccatggcgaagatgtagagagtttgtaggg
acgagaaagctacggagatttcttagatgaagtgtgattgaaggggcggg
gtgggtgatggccggtggggattctcaggaagaccaaggggatctgagga
tttttgttatttattttttttaacttttctttaaataattattttaatat
tttaaattttttattaagtgtttagctacgtgacataaatgtggatgaaa
aatataacgaatatattatattgaaataaaataatactttatgtaagtga
aatgttctaaagatattgtaaggaattgaaatcgacctcaaacttaaggg
ggtgtattcaattgggattttaaaggattttaattcttttaatgaatcta
gggggtattcaatcaggattttaagtgattctctgaaattctaggtgtat
tcaattagaattttaaaatagtttattaaaatccttagaaatccaggtgt
attcaattaagattttaaagaagtttataacattccaggtgtattcaatt
agaaattgattttaaagaatttgataaagttaaggaattagagggaattyg
gagagatttcgtagtgtattttaagtatccacaaatctcacctcttccca
tgagatttcgagggaattgaatcaaaattttatatggaatctctacaaat
caattaaactccataaaaatccatggatttataaatccattaaaatctct
cacattctcaattgaatacacccccttaagatggtaaagtgtaatttacc
cataaaatattaatagatgcagtagaaataagttgatttttttttttcta
atcaagttctagaattttattggtggctttctttgactaatatatttatg
cattgattttttttattttatgccatgcaattgaaaattagtatttcagt
ttcctttcacatggacagcatccattgaaaacttcaaattttgtcccaac
tcctttagatatagggggttaattttacacacgtaccctccecctcecccaaat
ctataaataccaccctctggagagaacattttgtcacatcaacgttgatc
atcctctttgcttcctcatttcattcttaattteccttgattctttctaag
ctcttaaaaatcatcat cggtgtcctcacatatgaaactgaatacgc
ctccgtcatcecececccagectaggttgtacaatgetettgttettgatgetg
acaacctcatccccaagattgctccacaagcagtcaaaactgttgaaatt
ctcgagggagatggcggtgttggaaccatcaagaaagttagetttggega
aggtttgtttagtttcaactattttctccattaacttgctaattttacct
atttaatatatatacacccacatatatctcgacaatactagctagtatct
taatttctatttcatttttctatttgacagggagtgaatatagttatgtg
aagcacaaggttgagggaattgataaagataactttgtgtacagctacag
tttgattgaaggagatgccatttctgacaaaattcagaagatctcttatg
agattaagttggtagcatctggcagtggttccatcattaaaaacatcagt
cattaccacaccaagggagatgttgagatcaaggaagaaaatgtcaaggc
tggcaaagaaagggcccatggtttgttcaagecttattgagaaccaccttg
tggccaatcctgatgcctacaacaaccat cgctctggcaacaatctt
gtgccttgctttctctatttattcagectgtgtggttcaatttactatcat
accaaaacaagtctttgacttgcactttggatatgattaaagaataatgt
tgtatttgatttttaatctgaataataaaacatgtactagttatatgtaa
attatttgatgacacatttaacttggagtaatatttttcccttgcaatat
catgaatttcacattcaatctgctatggggtaaactcaattacacataga
aaggaaaagaaaagttatacgactaaaattagaccaattaactcaaaagt
caactgtttgggttgttgggatgcaaggttcttatgacaaaagaataaaa
gaccaaattccttgggaaaaaaaaaaaaaaaaaacccctcaaattaacaa
atgagcaaatgtggtctcttatatgtatgagtgtgtaaacttgacttcaa
cttgttcagaacaagaagtttggtcaaatgactaagaatagaaaagataa
aaagtctaagtttggataacatgactaaacttaaatattaatgtcgagaa
attttgaatttttctcttcccttctttaccattattataagtctaacaaa
ttaaaaataagcaagtggttctttgacacagtggtggaaagaagttgaac
ccttgcaaaacgacgtgggctcaaacattttttatgactaatctaacaaa
ctctatcatttgataaaaaaaaaacaaattaataataaaaacctaattaa
aatgggcccgcccacctatctctctctgeccaccttttaatttgtgetatt
gtcattttacactaataaaaataattaatgggtcacacggctttaccaaa
aataataggacaaaaaatctataactgctcgaaaattgatcattaataga
tcaaagggtattttgtgataaaacatgtaataaaaatcaataaaaattaa
aaaaagaaattaacttccaaagaaaagaaaacgtgcaactagagtccaaa
ctgaagaagttttgtgaaatgagagataatattcaaacctatgatataaa
aaatccactttctataaacgtggattcaaatcccttcacatgtttecgtte
ctcgaaatactagtatggaagctcatagcacgatcgattgtgacgagaaa

Mal d 1.06C |
MGVLTYETEYASVIPPARLYNALVLDA
DNLIPKIAPQAVKTIVEILEGDGGVGTI
KKVSFGEGSEYSYVKHKVEGIDKDNF
VYSYSLIEGDAISDKIQKISYEIKLVA
SGSGSIIKNISHYHTKGDVEIKEENVK
AGKERAHGLFKLIENHLVANPDAYN
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94501

95001

95501

96001

96501

97001

97501

ctgatggggtgtttgtgaatgtagggaagagaaattctcagaatttggtt
ttgtgtgggcgaagtgtgggctttgagagcaagccaaaactagcaggtga
tttgatggaatcggagaaggaacttcccaagttgaagttatttaataaat
ctaaacagtataagttgtaatattatatgtataattatttgtaattcagt
ttgtattgtgatcactccaaattttttttttttttgaaaatagagtacga
tattcattaataatagaggaatacgtacaaacaaagaaaatagtgcatat
aaagggtctagataaaagtcttgtcgaagatttcaacccagtctaagaaa
aaaaaatctcaccatttcatggttgtctaatgtatcgaaaatattagcat
ttttctcttecttttttggccgagactgaataatactgagcatttggacct
cacattttttttcattatcagactttcggacacaattggtgtgctactca
atattcatttgaaaatgacatatgcaatccacatattacttggcattcag
aataactagttgaatttttataaataaattatattctactggtggttgaa
tttctttgactaataaattgttgtacggaatttgaagattatatgtttcc
cttttcacatggacaacaaatattgaaaaattggaaatttgtctgaactc
cttttgttagaggggccactttccacacataccctttagctctaatctgt
aaataccgtctctggtgctcacattttgtcacaccaatgtcaatcttcct
ctttgctaattgcttccecctcatttecgttcttaattttttggatcatttt
tctaagctcttagacatcatcaccatgggtgtcttcacatacgaaaccga
atacgcctctgtcatcccectgctaggttgtacaatgececcttgttcecttga
tgctgacaatctcattccaaagattgctccacaagcaatcaaaactgccg
aaattcttgagggagatggaggtgttggaaccatcaagaagattagcecttt
ggtgaaggaagtgaatacagctttgtgaagcacaaggtggatgggataga
caaggataactttgtgtataactacattttaattgaaggagatgccattt
ctgagacgattaagaagatctcttatgagattaagttggtggcatctggce
aatggttccatcataaagaacatcagccactaccacaccaaatgagatgt
tgagattaaggaagagcatgttaaagctggcaaagaaggtttgttcaaac
ttattgagaactcccttggtgccaatcttggtgcatacaactaaaatcgt
ctatgatattgcatgatgtttatcgtcggtgtggatttcaatttttgectt
tttattatcatataccacttccactactggtctttgacatatactttgga
gttgtgatcaataaccatgtaatgttgtatttgatttcaatattcaatgc
attagtagaaaaaacagcttgcgcgacgaacaatatttcgtcgecgccaga
cgtacttgagcgacgaaaaataaacttcatcgcgcaaaatagagcgacga
ctagtttcgtcgcgcaagaacacttcgcgcgatgaataatctcaaaaaat
tgcacgacgaataatctctggcatcacataaagtgggcaagaaaatgtag
ggtggcgcgaaaaacttgcgecgacgaaatggagaatttgcacgacctata
attcgtcgcacaagttcctgttagttttgaccatttactgcaggtgaatc
cgaggaattaatactgcatttaatacaggtgtttgcgcgacaaaggattc
atcgcgcaaaggtcacaacccacctataaatattcgtttctgttgtccta
attcttcacatttctattatccttattcttcaaaattctgttcgtgatag
gatgacggataagaacaagggtgagactgtacatgatgcaaacccgcatt
atttaagggatcattttgagtttgcgcatgcgatcgttgtageccatgggg
aataattgtcccactgttgagtggtgttcttgggatgatgtacttgggaa
tgtgaagaaggatgtgatggatgaagtaatagtgagtatgtaattcttga
tggattaataattaagcttgtgaaatttttagttatatgttgaaattaat
tatttgcatttacgtgtaacagtgtaagtatactcttgatgatgatagga
acgaacagttgatgaagttgatggataatgcgttggatggaggttacaac
cgatggcgttatgaagtcttgcggaatggaccaggatcatccaaatagta
gttttaaatttatgttttgtatgacaatatttaaatttaaggtgtttttt
tatgttacgtattcgaacttaattatgtttcaattatgtatttggactta
attaggtttcaattcatgttggtttttttattgaaacctaatgtaagcac
cttatcctcggtttatatgtgtttacaatcttcaatgaatatcgtactta
tgctgaaaataattgtatggattaagtaattaattatatatagactaaat
atttaaggcattaattatttatagaataatatttcaggtattaattattt
atagaataaataattaatattttattcgtcacgcaatattttgagcgaca
atagcttcatcgcgtaaggaatctttgtgcaacgaacacatgtatttgtc
gcgcaaagcacggtcagcatgcgttcataccttccaattaaatgcacatt
gatgatgcattttgcgcgatgaatatttttgtcacgcaaaggtgtcctag
tgctatataaacacaatttcagagccctagttttaaaaaaaaaattgttt
aaaaaatgatggccgattctagagaaggtcccggcaaaaaaaaacttgta
gtgcaaatagagaggtatcgacgaaagcaagtgttgtactttgaaggtaa
aaatttggattaggcgtactccgaatttaagcatgacattgggaatttgg
tgcggagggattgttctctecgagtttgagtcttggaaaaaggtttctgag
gagctaaagaagtccatgctgggagagttatcggtaggtttggtaaataa
tgaataattatttttgttaaaacgtaatattttttaaattactaatttgt
tgttacttgcattaatgtaggttcattgggatgttgatgaaaccgatgag
aagcaacggatttatgtggatggacttttcaagcagagtcttctgecagtg
gaagtttgatgtgttgcaagtggaggattaaagttgattagggttgtttt
ttttttttttaaaggattttgtggactttataatttctatttgggatagt

Mal d 1lps
pseudogene

Transposon protein,

putative

(ORF29) |
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98001

98501

99001

99501

100001

100501

101001

aaattagttttgttaattaatttaatgtttaattaggtttgagtttctga
tttaaaataaaataaaattttacaatatatacaaataaaaataaaataga
aaaaaaattaaaaaaaatatgcattgtgcgacgatacattcattcgtcgt
gcaatgtgttgaaaagaataaattgtaaagtaaaggacataaaataaata
aatggtaaacttgcgcgacgaatacttattttttcattgecgcaaatgacg
tttgcgcaccatcttcecgtegegecaatggtgtttgegegacgaatacctat
tttgtcgcgcaatatcgttecgtccaaaagtgaactttttaatcttgatte
aaccatgtgcagattgtgcctctgcacgcatctecttcaattttgcetcaat
ccgtcatccgtcacctgtcattttcattttctctcaatttcatcatctaa
tactccctccattttettetttttgttgatecgagetatcteggtgtatet
ggtaagcgttttttgtcattacggtaaaagtattaatgtaaattcatact
aacgccattaattctgttgtctatagggatattgtgtgtgattagecgatt
ggtggagaacgattgagaaggtattttcttcgttttattttttaaacata
taaaactaattaaattatgttgaacttagtttgtattgtttattttgtgt
tgtgaaattatatttatattatgttgttaaatttgtacgtgacgtacaaa
tatgtgttgtgatgtatggagttaattgaaattaacttcgtacttgtttt
ttatttttagtaaaacttagtttcctgttcgaggattagttggatttegt
gcatggatgcaaaagcatgactgcagtccaattaattcttgaattgtcce
attatttgaacagtttgtgaatgcacagttaggatacgtagtttatggtt
gaaggattaagtttcgattgtggagatttcggtatcatctctgtacgtte
ttcgggttgtacacctgaagaattgtattgagatgctacaaaaattcatce
cacgtcgaaatctaatctgatgtaaccgtaaattacgtgacatggaaaaa
aatgccaaccaagagttattccecggggtgecgagagecttttecgttctceat
agccatttggaactaatgcatggaaaaataaagtatcgtatgtcgaacca
gtgtttcegtttactttttgggggttttcaagagaatgctteccgaaggaca
attgtttgccaaaagaccatagacacacacaaaaggtgttaaatggtctt
ggattgggttatgaaaaaattcatacttgcaaaaacaattgtattttatt
ctacaaagagaataaagcattggataaatgccctgtatgcaatgagtcga
ggttcaaaatgatatctcagaatagaatgactaagatcccacaaaaagtt
atgcgttatctgccectgaaacctaggttgcagegattgtatatgttgac
gcatactgccacagacatgagatggcataaggaaaaacgggtaaacaacg
atgtgatgcggcatcctgcagatggggaggcatggaaagagttcgatcga
atgttccccgagtttgectgetgattcectcgtaacgttcgattgggacttge
cactgaaagatttaatcecgtttggggttttaaaccaacaccacagtactt
ggccgattttcegtatttcegtataatttgecgecatggaaatgtatggaa
aaataatacatgatgatgactctattgataactgaaaatcctggtaagtc
aatcgatatatacttacggccgttagtggatgagctaaaagatttatgga
cacacggtgtgtgcacatacgataaatgtactagcatgatgttcactttg
agggctgcagtgatgtggactgtgaacaatttceccecgecatatgcaatggt
ttccgagtggagcactatgggttatatggcatgeccctgtatgcaagaaag
acataacatctagttggcacgccaaaaaagtttgttaccttagtcatcga
agatggttgccttgggaccacgagtggtgagagaatgataaagagtttga
cggggagaaagagcatcgtctcagacccagagaatggtccggtgectcaga
ttttggaacagcttaaccttttggattttgetectttagggaccaatgte
agtaggacaagaccttctacacatgaattggacgcataagtccatatttt
ttgagttctcgtattagtccaaactaaaattaagacacaacctcgatgtt
atgcatgttgagaaaaatgtatttgacacataggtcagcacaattctaga
tattaagggcaagacaaaagacacaatcaaagctcgtcttgatttggaac
gaatgggaataaaacggggtttatggatgaataggaacaatgataaagcc
ataagggatcttgcatttttttcaataaaaccgaatgataagaaagaatt
tttaaagcttttatcgtctgtaaagtttcccgatgggtatgettcaaata
tcgcacgttgegtgaatgttgaagggggtaaattagetggettaaagagt
catgactatcatgtggttctgcaacacttacttcctgtgggtattcaaca
tctecgeccgatgtagtgaaaccaatcatgttgttgtccagtttttttttge
aattgacgtcaagaacgttgcgaaaaaacggacgttaatcagttgcacca
tgacattgtgcaagttctatgcaagtttgaaaagatatttcctccactcet
tttcacaagtatgatacacgtgatggttcacttaccaaatgaggcattgce
ttgttggaccagtcaactttcaatggatgtatccaataaaaaggtatata
ttcctegtettttttattaatcaatattaaatatattacgattagtaata
tgtgtatcatatcgttttcttttggcaggecttecttggagacttgaagaaa
agtgtacgaaacaaagcaaagcccgaatgatccattataaaagecttgagt
ggcatataacgcgcttacattttgtggaatgtatttaaaggatgttgaga
caactttcaatcgtcctectcgcaataatgacgaaggtgtgagaaaggag
aaactttcagtttttgcccaaattgctcgaccattcggagatcctatttg
tggcgagtcattttccaagaaggacatggaggtagcacattggttcgtac
tcaacaattgtgacgagacactgtcatacctagacgagcatgaaaatatg
atgaagtaggcacatcctttatatttgtatgccaagaaatattgtgaatt
gtttcegcagtggtttgtcgaatatgtaaatttgaagtgttttgtattgg
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101501

102001

102501

103001

103501

104001

104501

acatatatattgtaccaattaagttgctcgaactatcaaatttaaacgtt
tgtctaatattaggtgaatcaactgaaagcatcgaattccececgegtaca
ctgaagagttatataacttggcgttcaaacgaattcgcgttgaattgtac
tcgggttgccatgtcaatggegtcaagttecttagcaggtgecacgagatga
caagttgtgtacgcaaaacaacgatattcatgtccccaggggaggecgaaa
gtacagacattgaattctatggtaaactaacaagtgtcgtgcaattgcett
taccaagactggtgccaagtgatcctatttaagtgtcgatggtttaatac
aaacccaaataggaatggaagtgtgaaaagagatcatggattactattag
tgaacattagcaaaacttggtacgatgacgacccttacatcttagcaacc
atggaaaaataaattatgtatctagatgaccttaaagccggaaggggttg
gaaagttgttcagaagatggatcataggaacgtgtatgttataccagaac
aaaaccgtactgacaacgacatcgacaatgttgctgaccaacgtcgaatc
ttcgatggaaagtggtgcggaaacactccgagatactaatcttatctaag
aaccatttcagatagaaggagtatcttcaattgaaataccgattcagtca
atcataattgacctcggtaatattgcacgatacgatggtacagtgcttac
aaacgacaatggtgacgtacctatcgatgatgaggaatgagacactgaaa
atgatgatagcaacgaaagtgaaagttattatagttcggatgaagattaa
ggcaatatatttgtaactttttttttgtaaaacacatgaaatggttaatg
cattatatagagtgatggaaaaaatggtataaatgattcccattttatat
gtgaattgctttgtaaataaatttggtatgttggtattttataataaatt
gtaaacaaaataaaaaaaaattaaaaaccattttaaaacataattgcatg
acgcataacaatttttggtcgcgcaagctaggcctggcaatt
cgacacgacaagcaaaatattaattttataattttata
accctaaaagaaattactataataattatatatattaatttaacaatttt
atacccctaaaaactataaaaattatatatatatatatatatatattaaa
tttaatttahaaaattggtgaccattggaktgacttaaatatacatacca
ttcaacttcttaagtgttatacgtacaaataaataaatttaaatctacta
aactaatggataccacaaaatcttatgttatacttaatgaaagtataaat
aaactctaagtgttagtgaatgtatctttttgatgggatacgcattgtac
gaaactaatttcaacgattcaaccatcaaacttgtttgtatatggttcga
gatcgcataagccgaaaatcacagaaaacaaacattcaaaaatcaagtaa
caggacaaaaaatttcgacggttataaacaaaaaatcatgatttaacagt
tattttaaatttacgcgggaatattgegtgacgaatacatatatttcatc
gcacaaagtatatttgcgcgacgaaatatatttattcgtcgcacaagtgt
ctgaaatttcaattaaggtgctttcttttggggaaattttaaaaaacttg
cgcgacgattgtttageccttgegagacaaagactctttegegecaagactce
tatattttaaccccececttcttecectcacttecectettettecttttte
cctgtgtgataccctctetctcattcatctgtatctecatettteteteg
gccgtegecgacttegtctccaagaggtcatttectetttagtttttattt
tcaattttctttatttacaaattggggattagaattaggatttttttttt
gttttecttttetttttcaaattggggattagaattagggcagtcgagtta
gatttagggttcgtaaattgggggttacatttaggttcttaaattagatt
ttttagggttcttaattggggttagecttttgatcttaaattaggggaacg
attttgggcaatgaggttagattaggttttcttaaattgggggttagatt
tagggttcttaaattaggggttcttaaattggtggcgattgtcatactge
aatcaagtttatgtccaagtgctcaggaagggttatcatagtgagggata
acaataggtttcataggtttgaagatggaaagtgcacatgcgaagattag
ttctgtaaacttccacatgecttcectttgtttttgttttctetatgattg
cacgttgctctcttcatcaaatatgcagacatgaacacatctagaacatg
agttcagcgagttggcatttttcatatttcaaatttttgttttctggaga
aaaggttcaggaatttgggattttttttttcatccaaatttgtgtttcct
ggagaatgatattgtgttgtaagtttttatattctagatgggtatttatt
tgctctcttgaagaaatttgtttatcttttttggatactgggtgaggttt
tttgtcaacgaatactttcattgctaataatgtcattctttaacaaaaat
actttcatatgataagattgtcattcttgattttttaaattttcaggaga
aaaattcactagcttttggacgtacactttggtcacctgcattactttat
ggtaattttaattactatttccataattttgttactttccattgectttcet
agtattgttgtttgacttcaagttctagtggtctgctcgaaagtagtcce
catagattttgatattgttgtggttaacttgcttttttaaggttcatttg
atgagaacttacatatcagaattatatgctttggttactctcttttcatt
ggttttctgattgtattcattgaccaatattgtgecttcgatttttttaaa
tagaaggttatcatctctgcttctagggagatgcaaaaaaggttatcagt
tatcttctgecttcectttgttttaattgtgttatagecacetgttatgtgt
attggcgtgatatattggactttgtaattcctaagatgcctaatgcecttte
gtcttctagctatgatgecttgtgtccatggttattgttgaatatgtgeca
tacttttttgtttccatccattaacttgggtgcatgttcttggtttctac
ctaccctcaaggagccaaattgctagcttgtgacttatttgtcaattgaa

MC-12SSRC744CFOR

MC-12SSRC744CRev
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Appendix

105001

105501

106001

106501

107001

107501

108001

ttcectgacatacacatagcacgtacatactagattttgectccaactge
tcctttatgctagtttcecttettttaagttataattgttgggtctatatce
tatatgagttgattagtttgtgtatagtacatcagttttaaattttgttt
ctgccaaacttgaattgggtttagaattagggtttttaaatttcgtttta
aatttaagttgaaattattagcatgtgtacggtaagttaaatcttagtgt
acgaaacaaattgatttccaattttgtagatgtcaaacctcattaaaacc
cgaagggcgatgacttctacacctagtccgacgactacatctactactge
catcactgctccggcaaagatggaccataggccaattaatctggttgacce
cagttggtcctccagtceccacaggegcaggecategtecgacttetttggtg
gcgttgectgttagcactcgacgtattcacecggegeccecegecactacgaa
ctagatgtttgccattgggatccacaattgatgecctcgggtacacggecca
agtatacaatcctaattcactcccttattcccatgttaactgaattttgt
tattttaggtgtaatttgttaacttatgtcatgtaaggattaaaaagttg
tcatcgttccaaaccttttattaaactattgtgatcattgtgttggatge
gtatattgtttatgttattttcaagattttgggaaatgttttaattatag
gggaggttatgccaaaattttagtaggattwgtkattagttttgggttaa
tgatttatttttcatctctttgcaacgaagaaaaacacccagggaccttg
tcggcaattgaagacggccaaggtcaccecgggtgaccaacggtcatatce
caatcgaatacgatgagtgacatcgggcagcatcaacggcggagtagcat
agtgcattagcccatgacattgggcatgtcgtgcagaccttttgeectag
cattgcctttttaatgecttttcatgtaaaatttatatatttatatttatt
actgtcttttattactaatactttcaaaatatttgttacattgcagacaa
actacaatttggaggacatggacgaggacatgttcacgtacctcaatcag
ctcttcteccgaacactacaagcagtggaagagtgaccctgecaccaatgtt
tccagcaatttgatgatccgecaggtcactctegatgagggttgtccgaag
gagttgaaggaccgacaagatagttgggtttgactttgtggtcattttca
ggagccaagcttatgctgegttttttattacgacttcecttttgttttactt
tttttttaatttttactaatgtttattattattttttattattattttet
taaagtattacaactaatacgtttatttttttttataacaaaagaaggcg
aaggcgaaggcgaacaagatcaatcaggagaataagactcttctccacca
ttcgggttcgaggcectttectecttataggatggaggecgegacggaaggtat
atattacatctttcatttccaattttaaaatgcecgctaataaattttttt
tttcttactaacattttceccttatttttttegatttcagaagggttcaaaa
tttccagagattgacgtctttgctaacatttatgttecggectaggaatga
gttgaccgagtcctttcatgtaagtaatttcttatgcattcaacatttat
actaattatttcaaattgttttctattaataatcctttttttttcacagg
cgactatggtggagaaaagtcagtcggtgcttcaagagtccgectectag
cttctctecggacacgectattgagtatgtggatceccectgagaatgecagg
gtttcacatcatgacagagacgttggaccagactttcggtcggagaccaa
ggacttattgtcgggggatggaaaatgccaagcggcgagagagtagagece
tcgtcatcctagcagtcaaatggccaggttacggetttgacgcaagaagt
tgctagcctaaggagtcagctagcatcttacaagtctcaaatgtcgatge
ttgtacaaaccctcagttccteccggaatacatctcecccatgtttatctaca
tcatcgccctcacagceccttecacactgagcaagcacagcaatcaggete
gtcgacctctgaccecegtccccaaccagcagcaagatcctttaaacgaca
ttcctatagatttttccgettttttttcatagttttgttecctgetttett
ttaaaactttatatttgtacatacattttttttatattataaataaaaat
tgtttttttatatattaatttgcttttttttgtcattagtatgaaatctt
tttttttcttttttttctttttttttgataaaaattacatttgcgcaaca
ctgaccagtcgtcgcgcattaccaagtgecctctaacatttttegtcatge
aaacttttcgagacaaactagtcacaaagtgcacttgtacccttttatat
cgtaagacgaaaaccttcgttcgtataactttagcccgacgagtaataaa
gcgtcgcacaatttttttttgcatgacgagtttgaaattgttcgtcecgege
aatgtcttttttcacgacaaaataccagctttttggtcaaaatgcaatcc
taaagaaaactagggtctttttcccattaatctaatggcaatcataagaa
aactagggtcttctcttatttacaatttaaaactgggtttttgggcacgce
aacgatttgggtgccaaggaagaattcgggttggctgtgattcaattaaa
tggtgcctcacaaagccgtggttgecgggtttctagagcttaaatgctcaa
tcccttgcaaatatatggggtttgtagecttatctgatgttcaataaattt
ggggaacatgagatagaagcctatgtgagagttcatgtgctatgcggget
atctggggaacaagtaaagatgcagggcgctgaagtagtgaagatctttg
agagcgatgacgaaggtttgatgcaagaacctgacattgtgaaaataaga
ttcaattttcattggatgctcaaggtaatggtggggattctegtacatga
ccagggggtaagctctgtgaattgtagctcctctaggtttataaattcta
tctctaatctttttatctttagacaaaatgaggatagatggatagttatc
tctagtattaattttattgactctatgtttgatgatgatgagtcctttat
catgccatgtcacaataatcttgtttgtgattataaaagtgttaattttg
atttctttgatgttacgaatgatcttgctttatacctagttgttgatatg

Putative non-LTR
retroelement reverse

transcriptase

(ORF30)

’
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108501

109001

109501

110001

110501

111001

tcaaatgtgaaaagtgaggaggctgaatctaaggagaacactagaaatat
ggtttatgcttttcttaaagtagaggttggctctatgagtgcagggeccca
aaataggaatgatgagtccaaagaaaagagtatgtgaagtggatgctgtt
aaaaatgggcctagtggtggtgaccctcatgccactattaggatactgag
tccaaaaaagagaatccaataggaaattgcaattaaggaagagtttagtt
atcttgaagaattagattgattaagtgtcttgcatggaactgtaggggta
ttaggagaaatgaatttcctagtaattttaattttatatgtagtttaget
aaattggacattttttgcttgatggagattaaggtggatgttcataaggt
ccctaggaacttttattccaagttttttgacaatatttttttatttgatce
caattggccgatctggaggcctctgettatgttggaatagtactaagget
tttgttagtataatttcttcctctccgagatatatccattgttctataaa
ggacttagttactaatttagagcaattagttactttcatttatgccttte
cccaaaaacatatgcagtgtgacctgtgggaggaggtcctcaagttagat
ccaattcataatccttggtgcttagttggagattttaacaatattgttga
gctttcagagaaggttgggggtaagcaaacccataccacggacatgaaca
attttatcaattttcttaatcgtggcaaccttttgtctttaaatgtgtct
ggagttccttttacttggactaattgtcatacagatcatacggttgtttt
caagagattggatagggtggtggctaaccctttatggttaaatatgttcc
ctaattatcatttgcatacctatcctatttttggttctgatcatagttct
attttattatctctaaattctagtgaggagaagaataactacttctcegtt
taaatttgaggctatgtggcttaatcatcctcagtttaaaacgtttttge
aaaattttggcattgtgaccctagtattaatcctaaagataaattcagag
tgtgtgctggtaagtttaaatttctagtttgtaaatggaacaaggacact
tttggcaatttaaaggagaaaaagaaagaattgttatataaaattgatga
gcttcaaaaacaaattatgtttaacaactctgttgatttgatgatggaaa
aatctctgtgagatgaattgaatcatgtgttaatttgtgaagaaattatg
tgagcccagagagctaaaactaattggctgcaacttggggataagaatac
taaattctttcaaactgtggctactattcgttaaaaaaaagaaatgaaat
tacaaaagtcaaagatgagaatggtttttggtggtctgttggtcagggece
ttgaacaggtttttgtgcacgattttaaaaagcacttttectgtgacagt
cctcecteggatgettacctaagtaatttageggatatcactcaaccettg
tgtttctaatcatcataatgaaagtttgttgtctcttgttacagatgagg
aaatttgggatgctgtgagtagtattggagctcttaaagcectgggtcett
gatggtttaagtgtggccttttttcatggttgttgggaccaaattaaggg
ctctgtttectgtttggtcaaagattttttccaaaatggttccagettaa
gactcataaatcatactaacatcactttagttcctaaaatatataatccg
gaaaatgttagcaactataagcctattagtttgtgtaatgttggttataa
aattttcacaaagatcatcattaagagactaaaacctctattagatcttt
gcatctctcaaaatcaaggtgtttttgectcecgggtatageccaatcaggat
aatattcttattgctcacgaaatgtttgctgatttcaataggatgaaagg
aagaactggagctatgggtgtcaagctggatctggaaaaggcatatgatt
agttaaaccgggattacattcggtatgttcttcttagatttggttttcat
aatcatttggttgaattagttatggaatgtattacttctccttccttcta
tgtgcttataaatgggcgacctcattgttatttttatccgaagtagggaa
ttcgactaagggaccccttgtcceccttatattttcatcatttgtatggaa
ccgttaagtagacagcttaataccctaacaaataacccaaagtctcatat
tggtattttgtcctcacctagaggatttaaaatctccaatctagtgtttyg
ctaatgactgtctcctgtttgctaaggccacgccgaggggtgecgaggaat
attcttcaaatccttaatatgttttctaaaacggcaggccaacaaataaa
ctttcataagtcgtccttgtattttttcaagaataccacttctccaacta
gaattgatattgttaatattttacatattcaacataaaactactattgtt
aagtacctaggaattcataatattgttttctagaaagaccaagttaatgg
taatgagttacttaagagggttaagcaaaattagctggttggaaagcaag
cactctttcaagagcggggaggcttactttacttaactctaatctaacgg
gtatgcctaatcatgttatgtcttgctttaagtgtcctgacaagattgtc
aataagcttactaaagagtgtagggatttttttctggggtaaggacaaga
aaatctatccagtggcttggaattcggtctatgctcctaagaaaatggga
ggtttgggagttagaagacttgatcattttaataatgcttgtctcgctaa
gttgggttggaaggtaatgactaacgaggataacttgtgggtgaagttag
taaaaagtaagtaccatagaaaggaaaattttctagataataaaatcatt
ctttttacttggaaaggtatcttgaaaagtagggatgttattcttaaggg
tatgagatgtagagtgggtaatggtaaggacattttgttatggtcccaca
attgggtttttccttacccattgttccatctcttacccaatattgacaac
caaaacattaattgggacttgaaagttaatgaatttattgataattattg
ttgggataggagaaatctttcgcaagtggttagtaatgaaattgtgagga
aaatttgcaatattacaattcccttgcaggattccaaagatgtactagtt
tggggtccaaatacaaatggtaagttctctgttaaatcagctacttggat
ccataaagggacgttgactcaatctacaaagcataagttaattaataaga

Hypothetical protein with
Heavy-Metal-Associated

(HMA) domain

(ORF'31)

’
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111501

112001

112501

113001

113501

114001

114501
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115001

115501

116001

116501

117001

117501

118001

gcctctcatggaggtatggccctaaattaatggcaatcacatgcttccac
attacatgtatcagtccatgcttacattaatttttccgtgtctcgaatge
agaaacctcgggtgacggagattcatgtccggatggactgtaacggatgt
gtgcagaagatcaagaaagcgctacatggcatcaatggtaagaaattaag
aatccatgtttttttttgttttttggtttttggtatgtttcttacactaa
gaacccagcttttattagcttgtagtttttttatgtttttgagtgaggtyg
ttttttttttcttctgcaggtatatatgatctttacattgacttcecctca
acaaaagttgacaataattgggtgggcggatccggagaaggtagtaaagg
cgattaagaagacgaggaagattgccaccatatgttcccacacagaacaa
caaacggaacctgctccaccaccgccagagcaagcgccggagaatggttce
tccagctcctgaggcagcaaacccceccctecttcagaagcaccaccaccgg
ctgaagcagctccgccagctgaagtggccccgeccagcagageccaccaaga
gaatccccgceccgcecctgaaaatcccacacccgagccaacagtaccacctgt
gtctgctgagaccaaccccggccaacaaatacaccaccagagaccaagag
acgttggagaaactcataccatataccaccacccacctgattatggctat
agatatggctactcccaaggctacaatggctactggaacagataccataa
cagccaaggacctccacaggagcctgcccatatcccecgecccgatgggac
ctcctccaatgatccacgccccaatggaccctecctccaatgageccacgec
ccgggtcctccecceccgatgagceccacgtcecccaatgggtectecccececgatgag
ccactccccagtggttcctccecececgatgageccacgecccgatgtgtcececca
ccccacctccgectatgcatgtgacacacagctacaacacatacagacca
tcaccttatatcacagaatttgaatatatccagccacccccacaaccctc
acatttcagcaggatgaaccattacaacgagcatttcagcagggcgaaci
bttacaacgaggagcagcdcgacgtcaacggcaacggaaacatcacatca
atgtttagcgacgaaaatccgaatgcgtgtaccgtaatgtagagagagag
agagagagagagagaacggtacaaaaggaggggtactgtt
caagaacgttaatggagaatatgttagcaggaaaatataa

tttaatggaattatatttttcttaatcgtgtgatattatgggaagaaaga
atgagattccaagcttgtaagcgaagaaagaattgatcctaaatcctctc
caacagggctactacatactgccggcaacctggagtttcccaaatcgtgt
tctgccgaaagtaatctgaaaaaccattgttcccagtttctctecctcaca
gaatgcacaacaccaagttccaagatcaaacttctgctctggagaggagce
ttcctggcttaatattcatcggagaaatcttactcgggattttctaattt
atagatatacgaacaattttcaattacgagcaaagaccctttcttataat
taagtagtgatattttggacaaaatgcgaatgaaccgaacgcctaatata
caattaccagcaagataaatagtacgcggtaacacaatttatacaaaatc
gcttgtgcttttgcaagtcacagaataattgatatcttggagaattctaa
atttcgtcaccatggtaatgggtagaggggtaaccccagaggaaatgaaa
actgtgggtgttgaacttggacagggccagaaaccgagcattaaaagttyg
cctgattaacgaacggggatgttgaacagactgcaccgcatcgagccatt
ctgtcctaaatccacaaggtgcacaggaaatgcaacttatgagcagaaaa
ctgcaaaataaaccataagccatgaaatccaataacacaactgtgttcca
tgtcgtcatatattcaatatcaactaaaatgttccaaatccttgagaaaa
actaagcatggaccagctagaccgtaattagacacccaattcaaaagaat
acatctactccgcaatgtagcagaaaccaaagcatgagacttcgtggacc
taattctggtggtatttaaacttaagcaatctagtgtaataatcaatcaa
acagtagacgaatagtgtaggtacaccaagtcatctccatacacactttt
tttttcctacaaagaatgcaagcatcatcacaagtaaatcaggagacaaa
agaatgaatgtcactacggcaaagtttgactacctcccatcacaaaatce
tactgatcatcatcactgcttatgtcagaatcatcgttttcttccccata
gtgaatttcgtttacatcttcatcgtcatcttcgctttcatccatttegt
gctcgtgtgatgaaatttgagtttttgcgtgggttgeccttgtcaatctat
tcatccagagcaaaaacaaatattaaatatcaaaagactaaaacacttgg
tcaactaaattactgaattcaagttagaatatgaggttgtatatacctgt
gccatcacaagttgcaaacgacctgatacttgtaataaaggctgaatage
tgcccctctggatttggtaacctgcaaggagaacaacatcaattaagtge
ttcatcaaatatattattacctaagatcaaatctggtttctttaggaggt
attgagagttttggatgatgtcccactataaggcagataataaatccaaa
aactgttgatatttgggtggaatttgtgtgaaaattcattttgttagagg
taacactataagacattgacggtagtctaaccaaagaatcatctaagcat
tggctttgtctatcaaggggtaatgggtaatggtataccatatgtatagg
tctaaagcaggcacctagcagcactgtggggaatagtacgaaactgcaag
tcaaacacaaatcttcataggctaccgtattccttcacggacaatattca
aaagaagatcttcatcaaccaccaatcttataatgaaactgtaagtcgag
ttttccatattgtttttcagaataattggattacaacttatacaaagtga
aagaagacagagggtaaaaacattgcttacccagcaacatgtcatttttt
ttagaacaaacaataaaatttattaaaacaataacatgaattacaaaata

MC-1217P5SSR316For

MC-1217P5SSR316Rev

Hypothetical protein with

Glycosyl hydrolases domain

and WD40 domain
(ORF 32) 1
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118501

119001

119501

120001

120501

121001

121501
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122001

122501

123001

123501

124001

124501

125001
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taccccatgccaatgctgcaatcttctatgcacacaatatcagaagaatc
tgaaagcacagagaaaattagtacgaatttcgccaaaaaggcgaaaagtt
tctctcattcaattatttcaaacaagaagggaaaaatcaggatgcacaga
gaaaataactttgtaaaagtgggcaggaagctcaaattttagccaacatt
tctacttccattcattcgggataagaacaatacttcaacgtaaattcata
gcaggaagtcaagagatgtcacaaacctgggactatgccgacagtatgag
gggagtccggaggagcagatacagagatgttgtgaacatgtacattactg
cattgtattcgattataaataaataaaaatatcttctttaaccgagaaat
gaatgcaaatgaaagaacaagcacccgctcatcagtggccttagctaaca
cacctgcaatagactggatggatgttgtaagcgggagcattcacgaatgt
gaggttcgaaaccaccacgtatttagacataacgaaaaggagctcg

Appendix 1B

MC-20 clone sequence (from T7-End to Sp6-End)
Text underined in yellow: Mal d 1 genes (the coding sequences are indicated in bold)
Text underlined in gray: other genes

Text not underlined but in bold: retrotransposon elements
Text inside boxes: SSR primers

1

501

1001

1501

2001

attccatggctagttgtatccgaaaagtagcaaaagaggtattaggagag
tccaagggctttgccacacaccaaaaggaatcttggtggtggaatgagga
ggtataaacaaaggtgaaggctaagaaggaatgttgtaaagccttataca
aggataggaccgatgaaaatggtgaaaggtatagaaaagcgaagcaagag
gcgaagaaagctgtgagagaagctaagttagcagcttatgacgatatgta
taagcgactagataccaaagaaggagagttggatatctataaactagcta
gagcaagggaaaagaagacaagggacctaaaccaagtgaggtgcatcaag
gatgaggatggaaaggttcttgctacagagaacgcggttaaagataaatg
gagaggttattttcataatcttttcaatgaaggacatgaaaggagtgctt
ctttaggggagttgagtaactcagaagagtgtagaaactactctttttat
cgtcgaatccggaaggaagaagtggttgtagectttgaagaagatgaagca
tagaaaagcagtaggcccagacgatataccaatcgaagtgtggaaagttt
tgggagagacaggtataacatggctcattgaccttttcaataggattttg
aaaacaaagaagatgccaaatgagtggcgaacgagccctttggtgectat
ctacaagaataagggcgacgtacaaaattgcatgaactataggggtatta
agctaatgagtcatacaatgaagctctgggagagagtcattgagcataga
ttgaggcaagagacacgggtttcggacaaccaattcgggttcatgeccagg
gcgctcaaccatggaggcaatctatctcttacgaagattgatggaaagat
atagagatgggaaaaaggatttacacatggtctttatagatttggaaaaa
gcgtatgatagggtctcaagagacattatttggaggattttagagaagaa
aggagtacgagtagcatatatccaagctataaaggatatgtatgaaggag
caaagactgccgtaagaacttatgaaggacaaaccgaaagctttcccata
actgtaggattacatcaaggctcatccttaagtccttacctttttgegtt
ggtaatggatgagttaacaggacatattcaagatgatattccttggtgta
tgcttttcgcatacgatatagtgttgatagatgaaactcaggaaggggta
aatgcaaagcttaacctttggagagaagtgttggaatctaaaggtctttg
cctaagccgatcaaagacagaatatatggagtgcaagttcagtgcaaatg
gaagccaaaacgagttaggggtgaggatcggagatcaagaaataccaaag
agcgatcgttttcgttacctaggatctatcttgcaaaagaacggagaatt
agatgaagatctcaaccatagaatacaagctggatggatgaagtggaaga
gtgcatccggegtgttgtgtgaccgecgtatgeccactgaaactcaaggga
aaattttataggacggcaataaggccggcgatgctgtatggcacataatg
ttgggcggtgaagcatcaacacatacacaaaatgggtgtagcggagatga
ggatgcttcgttggatgtgtgggcacacaagaaaggataaaattaggaat
gaggatatccggggtaaagtaggagtagccgaaattgaaggaaagatgag
agaaaattggttacggtggtttggacatgtgcaaagaaggcctactgacg
ctccgattagaagatgcgactatgggacaaaggttcagggtcgaaagggt
agaggaagacctaggaaaactttggaagagactctaagaaaagacttaga
gtacttggatctaatggaggacatgacacaggaccgagcacaatggcgtt
caaagattcatgtagccgatcccactcagtgacttggattttccaagtct
tcaaccgagaagttttcctcactcggaaaattaagggaatactacctcaa
cctacatgctccactcacaaagcttcaacatacaagcttcaacaaaagaa

125046

RNA-directed DNA polymerase
(ORF33) |
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2501

3001

3501

4001

4501

5001

aattcagagaacttagcgaagaaggctttggtgtatttaacacaatacgt
tgaaatgaaggaaagctatttattgatatccccgataagtcataaatatg
tacatatacatgagtcaaaataaacaaacaagagggagccttcacaaagg
ttgcttaggagaagtctcagcagtcggtagagccccagaaagagcaggca
ctggagggggatcatttggagcctcagtactggacagaaccctagaagga
ggaggcagcagaggttgatcatttggagcttcattacgcggtacagcccce
agaagacgaaagcaataaatgcctttggaacaaacccacaaatctctgat
gatcaagtaaaacctgaccatcggattccttcatctggtcaagecttcecte
ttcatgtttgtagtatagtcatgtgtgagctggtgcaactgtttattcte
atgcttgaaccctctaatctcctgtttgagactcatcacttcagccgtca
atgattcaacttggcgggttcgagcaaataggcgttgggccatgttagac
acagaacctgcacactgaacactgagagccagagaatccttaacagccaa
ctcatcagaccgtttggaaagtagtctgttatctttgggagtgagaaggt
tcctggccactaccgcagecggtcatatcattcatcatcacggaatcccca
acggtaagaggaccagtaggggagacgaaggatgggcgccatatgttgtce
tggagaaggcgtggctgccttttcaacaaggttcaagtcaaaacaacggt
cgaaggaggtcggacaaatcaagatcttagaagtgcaagaatggagcttc
tactggtggagattcaagtgtgctttggaacttaatgccagcctctataa
aaatctgcactcgacggagcttcagaaatcgaagaggcatttgctttctce
aaaagctgggctactcagagaccccgagacaattgctttctcaaaagttyg
ggctgctcaaagaccacgaaggccgatctcagaaatcgaagaggcgctta
ctttctcaaaagctgggctgctcagagaccacgagagccgatctcagaaa
tcgacgaggcacctacttttccagceccttgtcagcacctgtcagetttgeg
gaaattatgggcattatgtcgaagatttctggtgaagtagaaagcacatg
aatcttactgttcaatcacccacttcccacacgcaacattagctcatggg
taccacagataactttgccaaagttttctgacaaagttgagacacgtgaa
gcttgcagctcccactacaccgctctgaccaagaagggtaaaagaatage
aaagaaacagcactaacaaagtttagacacataaattttgaaggtctage
taccatattattacctacaagggtaaaggaacagtaccactgctggataa
ttggaaagtccctgtgtgtcaacctctgtgcttcatggcaagatagacta
gcaaacatgcccaaccttttctcacattcgagaaaacactcccaacaaga
ttgctttctcaaaaatcgaagagacaccgctttccgaatctcgagagcecca
gacccctagcaggattggtttctcaaaaatcgaaaaggcatcgttctecg
aatctcgagagccagatctctgacaggattgcttgttcgaaaaccgaaga
ggcaccactttcccaacttcaagagccggatctceccttggataaagettgt
ctgtaatctttacacgcaacatcagctttccagataccacagaccacttt
ttcaaagtgctctgacagagttaaaacatgtgaagctggcagctcccact
accgtgttatgaccaagcagggtaaaggaatagcattactacttgttgtt
agggagactcctatatatgttgacctccatccccaacaaacaggcagacc
tgcaaaaatgctcaacccttcctcatatctgagagggcactcccaaagaa
gccttttgaaatattcagectttctttccecceccgataatacctectgcaaac
aagctatattagagcaagaatatctcatatcatcagggttaaaagcaaga
gtatcccatatcatgttttttccctgtcecttttectttggecttgttctta
cctgcaagacaaggagaaagagagcaatcaatcaacacttggaatcaagt
ttccagtcagaaactgactacctggaaccccttacttgattacttacctg
gcattgctctcgagtactcatcttcaacatcttatgcttccagggaagat
accgcatctacctgaggaacatatagggcaagtgagaaagatacaaggaa
gcatgtggagacaagcgtaacagcacacgtgccgatacatccactactcect
gtcaaaagcaaaagtatcccatatcagcagggtcgaacgtactatagatt
tgatggacttgttttgaccctcaaattcttcagtcggecttatactctgg
aggaaaccagaaaaccctccagcccagttcaagaataagcctatggaaag
ttacttcttcaaaagtaaaagtatctcatatcatctcttctcatttttcet
tctctttatccttcatgctgecctgcaagatagggagaatatgaacaatca
gccggaagtcgaaatcaaagttctgatctgggactgattgcttggagetce
tgattgcttaccttgtctgtcacctctttcagcagatceccttagetcgge
gacttggaagactcctactacatggtttgtatcgcgcttgaccaagectg
aaactacaagtaagcttcaagtgaaattgatacattaccttgtgcatctc
caccagttaaagataccacccctggatagaggaagagtacttccagaaaa
gatgccacatctacctacgagacagataaggcaagtcaagacgataccac
actccggaacttagaagtttcgtgattacgagatcattcgcccacaatat
ttcctaatgtcatttgtattaaatcattcacttgtactcactaaaagaga
gcttgaatctatgtacttgtgtaaacccttcacaattaatgagaactcct
ctatttcgtggacgtagccaatatgggtgaaccacgtacatctggtgttt
gctttcctatctctatccatttatatacttatccacactaatgaccggag
taatctagcgaagatcacaaaagcgaccgttttcgctacctaggatctat
cttgcaagagaacggagaattagatggagatctcaaccatagaatacaag
ctggatggatgaagtgtaagaatgcatcecggcgtgttgtgtgacegtegt
aggtcactgaagctcaaggaaaaattttataggacggcaataaggccagce

Putative reverse transcriptase
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5501

6001

6501

7001

7501

8001

8501

gatgttgtatgacatagaatgttgggcggtgaagcatcaacacgtacaca
aaatgggtgtagcggagataaggatgcttcgtgggatgtgtaggcacacg
agaaaggataagattgtgaatgaggatattcgaggtaaagtaggagtagc
cgaagttgaaggaaagatgagagaaaatcggttacggtggtttggacatg
tgcaaagaatgcctactgacgctceggttcgaagatgtaactacgaaaca
gaggttcggggccgaaggggtagaggaagacctaggaaaactttggaaga
gaccctaagaaaagacttagagtacttggatctaacggaggacatgacac
aaaaccgagdgcaatggcgttctaggattchtatagccgaccccacttag
taggaaaaagctttgttgttgttgttgttgttgttgttgttgttgttgtt
gtatctcgtttatttttattttttttatgtatcatctcaaaagttctcca
attcatttcacaattggatgaacttgtbgtcaatccatcctttgcaadtt
aggtacaccatttctatatgtataccaccatgaaattaaaaaaataaaaa
agcacacaattacttaaatatatatatatatatatatgattctatcaagt
aaaaaaataataaaacattatcccaataatttatataaatatataacata
tatatatatgattctatcaagtaaaaaaataataaaacattatcccaata
atttatataaatatataacatatatatatatatatataatgtatgtatat
attccaagttgtttgaaatgataaaaaccccacgtagtgcgtggtttatt
aaaggttaaaaaccaaataatatccctgtatttctgacccctccacccca
cctctaacacgccacccaatatttccacagctcatatcattatcacactt
tgacccgttttttacagtattctaattagtactgaaaaaataatcaaggg
tatattcaatataattgccaacaagatcctctctagattattttggagag
aatcttaggaatttgtaaatcgtgttcgtttatcgtacatagtgcggtca
atttttgttagttattgtttgtatttaattttaaataaaaatattcaaaa
taatttctgactgtacgatatacgatgaatgaatataattcgcagatctt
tgagatcctcacaaaaaggatctaacgaggatccgaatccatataattgt
atgcagacaagtgacttagaataatccactagaaatttcaatataatata
tggagttagcacaccacacttaattattttccaatcaagttgtagaggct
gcttcgtgatttctttgactaaaattaatgtaagaaattggtattgtcct
attagcgtgggcaacatcataggaaacctaattttccaaactcccctcecat
gaattctcttttctccgcatttccttctaactttgataatttttttttta
acaaacgatattatttacgttaaagagaggcggtggacttagcctcacaa
ttgactagcgataatgtggttcaaaattcgcttttggcgagaatcgaacc
taagacctttcactcataagtgaagatgaataccactagaccctagtact
aagtgacaactttgataattttttaagctcttaagaaatctcaatggtat
aaggaaaattttattgaataaaaaaaagttacacctaattgatgagtgga
atataaaccttacttctttgaaacaaaatgaaatatacatgaaaccgata
agagacattaatctgtccccacttaaggcaacaagaaaaatacaaataaa
acagaggagacataaactggatccttcttgaaagcaaaacaagatataca
agaaaaataggttaggaataaaaataaaagttataaagctttgaaacacc
gaaagaaatatgttaggaataaaaataaaataacacattaggaaagcaag
tctaacatgtatgccaggatggacactaatttaaaaatcgaaaaccagac
aagctaagaaaattccattgcaagaagtaagaactgccaacgatatgagt
catgctacaccaaagatgaggaaaacaagatcttaaatcttcatcatagg
tgtgtgagttcataggcgtatttatggtatgatttgcaaaatggtctcca
aggaaaactaaatcagatttttcatttcatcgtcactttaatttatgcta
ttatgtggtagagatccaaatgtattcaattattatggattctcatctga
caagcaaattcatgtagctataaaaatggagcttaacattgttgagtgca
aaacaaaaacttgcaagaatcatcagatccataaatttcattttatttat
tattgcaagtaaaggaaatactgtaagagtatgagtataattcttacaag
ttttgggataattgatattataaagaagtctaaatcatgttgacaagagt
taatccaatcatattggtatattgaggactcttgtgtttgcttgtttata
ggactcctactaatacaaggaatgcagtcttgtattccttgtaggattgt
tatagggcaatccatgtcttgtagtataaaaccacaagccccttctctca
caaaaatacgctcttattgttccaattacttataacttggagatcattga
gttttgtagaaaggagaaggttgtgtgtagattcgtccatggcttcttca
tccatgaacatgtctgtgttaaacttagaaacacagcaacttttcaaatc
aatttcataacttaggccttacgggaaggctttgttatatacactacaac
atacaaactttacaatttaaaatacaggtgacagcacgccacacatgcag
cagcaccatctgctgtcttctgacagcacacatggaaaagacttcgtcaa
acagtctgcagatatgtgttcagatattacttcagtatttgcatatgtag
aacatatttgatgcgttggttgtgatttagttggtaaattcttgtattct
tggctaagtatattataaagactgttcttattcttacatgtggtatcaga
gccattgaatttaacaactaaattcgatccaaaatcgtttcctaaaatct
gcaacatataaagtttgtctatttgttttctaaagaacaaggaatacaac
gtcgtttataacatacactttggttaaaaaatttatgaccgttggctgtt
gaaaaaacaaagaatagggttttgtttttttcaaaaattttgaccgttac
cagtctgaacgagaagagaactggcgattctcgatatgggttggagattt

(ORF35) |

MC-20SSR96ClaFor

MC-20SSR96ClaRev
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9001

9501

10001

10501

11001

11501

12001

tctttccacgcctgcataattgaagatgtatgtatcaagttactaaagta
tatctctatttaaacatcataattttgattttgaatgtattgctttcget
gcagttggttatgatgtttgtagattaagataattttggtttattaaccc
tcttgttttattagtgtaatgaataaacttgtattctgatatgctaattyg
tgttattaagaaccattgaataaagttcatcttgtttctcttgttttatt
gaaatctgaatgagaattgtctttttctgggaattggtgccgacgggatt
ctgaccgataactttggagatgattttggttcgccatgtctgtaatggta
tgaggtccataggaatttggagtgatggcaatccgcatggatgggtctcg
agcattgatggataatttgtttcgttgatttggagccgaggaattgctat
tgggttgacgaatatgggtctagtgatgcattcgggtaactcagttcatt
gtttcatccatgattaattgttctcctatatgtgcgattacgtagecattt
tgattttctttgttactgtagcgtgctttgaaggaccgtcttgtagcectac
cttttttgccgtgcttctcaagectttgtggctgatttecttttegttgttyg
tgactttgtcatcatcatctttcaacattcacaaggttcgtctcgecatgt
cttttgctttaattaagcaatttttttttcttgccgeccccactcatatge
ttatgttgccttgtttgttttgttgcagccatggtatttttcaagtgett
taagagcaataccatcaccattcttgtgaaggaaggtgattcgcaagtta
ggggaacgatgttgaagctttgtgcgcagttgactaacccaaaagegett
gttcttcctatgaaatataacttgatgcatatcaagtcgtggtcttctga
agtattttgggaggtgacagatgttggtcgactaaatacgaagaagaacg
catgtacatcgaggattcttatcttgaatcctttgcaccatgttettgat
aactcaccggcttcgtttgagettcttggtgatcacatccttagecagagt
tgtgacttggaatagcactttgtcgactactggagaagccatctttgttg
agttttattgggaatggcttgaagatgtcttgagtctatccaaagatgtg
cttactaacgtgggcctttatcatgcecgtatatgcatctttgtttagtta
tgatcgatatccttctgtccttegtgecattcattgagecattggtgttcag
cgaccaacacatttcacacatcacaaggggagatgtcgatttcactttag
gatctccacaatataggagtcttgccgatccagggtaaattttacgacga
ggttgttcttaacgtgaagaaaatttatcatcgcaatagtcgaggattge
ttgcgagttaccgctatttgttttgggcatatcacaagetttcettatgag
actcagggtaaaccagatgtgaatatttcttcatggatccgattttggta
ttaggatgccatgaagtacaaaaagctttcgaagaaaagtggtcgtaaaa
agaccactaagccagagggagactcagacccgtcaggtgccattggtttg
gctaagtgttgtgccecctgetgagttgaaagtgtttaagaatcttggegt
agcattagagcacatggaagaatcttacctagccgttttcttagettatt
ggctttgtaagtttgtttttcccaaagecgatgttaactttatccgecct
agaatcttcaaaatggctagcaagatgactacaggtgaatctttcagcca
tgctattccagtcttagccaatacttatgatggcttaagtgttgtttcga
actctgcaagcactgaagatcgtgttgcggtacttcectaccactatgtg
tatggttggttggctgagtactttggcattcatttttcttegtcaagttt
agacaagtcggggctttcttcatcatcttcaatcaagectggggectttga
tgacaaggtactctggcgtgttttctacaaagagttttgatgatttgcag
gcacaagcgttgtttagaagctgtgacggtttgaggatggaccatcttge
gagaggtggctcggcacggcgaggcctcatagatgattcacacctttgtt
tctcagacttgtcttatttcacaagtcttcgetcaaggtatgtttetttg
cggcaatgagactgatgtattgttcagtcgtatagtectcatcgtttcag
caggcagtttggctttgtgataggagcatatttatgcgacttaattaget
tgttttcttgcattaatgttgttaggtcctagttattttaatattttaag
ctattttcegtgtgtttgtaggtctaaagggttaaagtagcaagaaagtgce
aatttgaagcattttggagcagttttgggcttagaatggatagcacatge
ttggagcaaggtggatggacgaatttgaagatcaaagaaggctaagaacg
agcaaagaaataaaggaaataaattcaagacaaaagaaatcaaagagccc
agcaataaagaaggaatgttagccaaattaccttattttgtcctaatcct
ttcctaatcctacaccacctaatttccaactgcaaggaggatctctaatt
attttaggacactaaataaatgattctagaagacctaatctcattcctga
tatgtgccgcacctttcttacectttttecttgecttgtatgactttece
cttttctectagtecttgetgecatatcttettaccatttetteccaaaate
tgccacatatcttctttceccecttttcectcaaatttgtgtegecacccecacat
tccctttettcatggattctaacatttaattacecctttttecttatggat
ctggagttctaatctttctccaaaattaattgtgatgtgattcecetttcet
ctttaaataaaaggttctgccgcaccacttgagaattctcttgaacacaa
cacacaccattccaaattcacaaccccatccgtcatcacccattcaccat
acaccaatcatccaattcacaaaaccattcacccataccttgtgeccgcag
caaagaagaagaatgaagaccctggacgtgcttgccattcaagcttggat
tgctggaacattcttaggtgtaatccatcttttgttttecgatgtttaatt
taagttatctttgttttgecgaacatgaggagctaaactcgttttagctaa
aggagaattcaaagccatgaacatatttgcaatataaattgattacttcce
agttatgatttcataaatcatgaatctaatttacttaactgtttgattca

Hypothetical protein with PMD,
Plant mobile domain

(ORF36) |
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12501

13001

13501

14001

14501

15001

15501

gaccttattattgttcgttgattaaggatgcatacttagtttgcatgcat
gaatttgatgctagaatataagggagtttcatctaattgttatgaactta
tattcgtaagtagtggaggttgctagtcacaatcgtgttaagtaaattce
ttgtcaatgcttatgattttcacaaagcttaatgatctttgattgtatct
ctattatgttgctcatgtagggaactattgaagaataattttgttgctga
tgtgttatccatccaattcaatgacttaaggaaaatctgagggttaatta
gtgctgttcacgattaatctggggegttgaggtttatggtttattggaaa
agcaactggaaatcgatttgtatgcaagtgtgtcatgtgtagagaatgac
cctctagctagccaatcacccatattttcccecccaatttegtgecaaattt
gtttaagtctttaatctacttgtctttactttaaatttgtcaaaaaccca
atcccctttactttgtegtgtcaaattagttagaatatatccaaacttgt
gtttttaagtgttttgagtcaagttaaaatcaattttcgtccaaatcacce
ctttattgtctagttggagtctatttgattattttgtgctattttgagtce
tctttagtttgtttcgagttctttgagtctagttaagtgttttcaaacct
agttttgtgtttttgagtcagttttaagtagattagcaatccctcataat
ccccggectagaacgatccatacttacatctttactacaattgtcaataa
gagggtctaatttgtgtgctagtttatatcacatcactttgtctagcata
tgtcaggcaagctaaaggaaaacgcacaatcagaatccttccaagccegtg
tatatgcattaggagtcttgcactecgtgcatgtacaaatgtttctatcac
cctgttggccaaagacaagttcacgagtaatccagtgacctgtgectttg
taggctggtggtcaaaggtatatcataaagacttgggggctgcaagtgac
actaattcttctcattcacgtaatgatgcgeccgagtgcagetcatttgea
agatagacctatggctttagctcctcaacaccegtgettgtcttetcaac
atttggatgcttctaaagaggtgggtgatgaagttgattcacacgaggat
aaacttgttttgtgacagcgtccacaagttttgaacaagcgactgtatga
aggtgctctaaatgacagtgacattaatttccatcataagaagaagaaag
tgtttaggcctcecttagtttgatgaacgtgtgtcacataagaaaaatata
tgtatttccttctttcecttatgatttcecttetgetttcattggtttagettt
tgtttctaacacctttctttgtettcecttttggetgggtettettettett
ttgatttggcgaacgcgggcattcattcctttacgaagatattatttgga
ggcaatctacctctagacgaggagattaaggattctcctggtgcagaget
tgttccaaatccaccaagttgccctagtttgectatatgtaagtgtaggta
tgcaatagcctatcatgcgtctaacacctttgecagectageteccgagate
tcacttagagggccgaaccttagtggcactcagcagettatccattgceat
taaccttcgegeggeccatcaatatcaaaageccatattgagaagaagattt
caaagtgcccattagaggaccttgcattgctcaaggaggacttgeccgaag
cttgtttctacgattgacaaccttaacgttgattcctecgetcttgagagt
caagattgctgaacttatggtcgcctcaattgagtattattctttgeatg
ttgtttctttgaagaagttgaatccaaaggttaaagctcagcatcttgeca
ataataaacttatcaattgcccaagtttggtcttctcagcaagctacttce
ggaaggttatcaagccatagagacttctttagcttccatccaagegegte
tataagtgttggcgcgagagcaagagcagttggaaatcgaagcatcacga
cttcaaagtgttctctcggagcaggaagctaccttttctcataatcaaga
tgagattttatgcctagagcaagagaaaggtgcggccatggaagtgccca
ccttatatcctaccgatgtagagactttgaagacttttgaaggettgett
gaagatcgtcaccgtagttttagggacgtagctttcaagtagtgtcttce
attttttgtactttaagccttcectttgttattgetcttttttgtaataagg
gctagtttggtattgctgtgctctaaacaaaaaaaaaacagettttgttg
tgctgtgaaaataaacaatttgaaataaagcagtagagtttttggtaaac
tttttttgtaaaagtgcttttagaaaagaaaaaaaaagcaatgttaaagt
gtttggtaaatttttatgtaaaaccgttgcaactgtgtaaaatgactaaa
aaatttatgatgttaaatttacataataaattttttatcatttcttttat

tatgacatttataagatttatataaagtatttataaacagttgtgagett

acttttaccttttttattaagatatttataatttttttta
ttctattattttctctaagagtcgtttattctatacctttecttatttta

tttttgtagaacctttgtatattctatcttecegecgetcactecctetet
cccttttetcetetetgtetectetetgtectetectacctaatectaaggaag
gctaggtcgtcggggaaggaaggctagatcgcatkaaccgattcaactcd
t caggacttaccgtcgatgttagecggtgaaggcatcgaggectttce
cattgagattttgggtgtcaagcaaaagggtgcaaatctagcattcttta
tgcaacccagattttgacaaagcccagaaatctgacgaagaggcctcaaa
tttcgacaaaacccagaaattagatgaacctttcgececgetcettgtectag
aaatccgaaaaagctcagagtcgaagatggcggaagagagacgtggcaag
gttgacaacgaagtcgacgattataatgtataatttatttaattgctaaa
ggccattttgggttttggaaaatttcattaaaagcctcagcgecctcttge
gaaatcggcttgcgcaaaagctaggcaagcaaaaaaagctagtttttcaa
agatgggttttgcatctttgtgtttttcattttttttcacccaaacctgt

MC-20SSR96C1For

MC-20SSR96C1Rev
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16001

16501

17001

17501

18001

18501

19001

gaaaaaaaaagctaatgttgaatgtttaccaaacataaaaaagctgggag
cttttttttattcctacttttttcagaagcacctcagtaccaaaccaagg
ctaaggctttgtagccaaattcttcctttaaagaaataaagtattcacat
tttgaatttgctctttattcttcaaagtgtttttgtttttgttgatgatyg
tgactatacttgaagttttgaaatttcaagttgcctacgtctccttggtt
aagagggatcaagtcatgacgtggttcaaatgagtgatggattgtttttt
acagttttggtggagattttgatgatgattttgatttttgattttgtcgt
tcacagtttatgcttttgtaggcctggagcattgggtgttgectttttag
ctcgtgcaaacaaggagcattgtatgtcaccttttaagctcatgcgaacc
aggagcgttgtgtgtcgccttttaagecttgtgcgaataagaagegttgtyg
ccgtgtgcattttaggctcatgcaagtgaggagcattgtgececgtgtgcag
tttaggctcatgcaggcgaggagcattgttgccatgtgcagtataggttc
gtgcaaatgaggagcattgagtttggtttaggggtaatatcgctttaaaa
acctaccgttgatgggggccaatttttaagccgtcttcggeccatgattaa
gtaggcatcgttggtgtagacctattgtattacgtaaggttcatcctact
ttgatgtgaacttgcattttgttttgtgagttgtgatgataggctttcgt
aatgccaagacaagatctccagtttggaaagaccttgggcgaactttttyg
ttgaatgtcttggatagccgtgcttggtaacagtccaagtgttgttgage
ttcgagccttctttecgttgagtgecttctaactcttgaagtecgtggetttyg
tattttcctcttcagtcaagcctttttatataatcatctttagtgaaagg
atttgactttcgagcggcataacagcttccacgccatatgcaagagaata
aggcatagcttgggtaggagtcatgtgtgtcgtcctatatgcccaaagtce
cttcgcttattcttttgtgccagectttectttgttcggeccaattacctte
ttcaagaggttgcacaacgttttgttgaatgcttctacaagaccgttgge
tggagcatgacacataaaagacttgtgctgcttaaacttgtatttcttge
agagctcgtccatgagtcggttggagaactgttttccattgtcagtgatg
atgtagtgaggcacaccatatcagtagatgatatgctctttgatgaaacg
aacaacagtttccttcttaacttcctttgggggtacggctttagcccact
tggagaagtagcatgttgcagctagtgcacttacgaacataggttttgge
tcctcecgtttgtgecccaagttgagectectttgaggtcattgactacgacttyg
cccccatcecctcgagttgtggtggtgcagcagtgatgtcttectecgaggat
tttgtcttctttgtcttcttggattgtgatatggaagacgtattggacct
cctcttcagtgttgtcctcttgggcatgttggecgtgaagattageccagtyg
tagataatggtgcgcttctttaccttcagttatctttttatgccaacttc
caaggttgcttggcttttcatcctagaaggaattgggcttcgaacgtcgt
ccttctgatagacgtcaagcttttcttectttggegttgtcecttgttette
ctagaaggcttattggttttttcatgtctttccatagccgaccgtcatgg
aggagagctagctgtgttgctttgttttttgggttttaacaaccttttga
aaacagagctttagggtgttggcgtgttaagccttttgaagatggagatt
ggtcttgaccaccaatgagatcaagtgccgagattctgggttttgaacaa
ttcagcctatcgaagactgacgttcgaggggcgggtttacgectcatcttyg
attttgttcaacgcttgaaatcttcacaggtgtattcggtgtaaagccaa
gtccagctttgttgttgtcaactcececgtaaccatgectcattcaacttett
tttagtctcgatgaggtcatgttctttgttgttattcttcectttccaagat
ttgaagaggaggtgaaatcgtacccagcctttgacatgactttgtaggtyg
tttgggtcgaaacattcttecgatcattttggttcgaagagagecttggtte
cgtccectttagecaggggttttaagaaaccttgtggtggttttgaaactt
tagtgtcgecctagctgtgttagaggtaaaattgcatttgtettatgecage
tttacatcgecctttgtgcagttgtgtgttagettttcecttattecagttte
gaacggggattggccattctttcttcttaatactgggatgtattgaaaga
cgagtgtgtttggtccttttgaaggegtcacactctettggttgttaagg
gctttacaggctcatcatcgtctttgtttgaaaatggtacagtttccecett
cttgtttcttgggcacggecttgecactcettatttettaggtgeggetttg
cctgtggatttgatttecttttggaaaagcttegtgcaccatgtetttate
catgtagaacttggcgtccgtgaagtgtgatttggattcggtgaaaggcet
tagtgtcgeccttgtatcatctttgctcattttactttaagecattgatgaa
gagtggacggcacggcaccacttcattctcgtagatccaaggecttcecta
atagcaagctgtaggaagttcttgcatcaatcacgtggaatagecgtgcett
tatttaagttcgccaatggtcatctccactcgaatcatgeccatcegetcet
ttatcttccttggttaaaaccttggattatgaggcagetttgagatagtt
catccaccttgatgttgattatggtcattgttgactttgeccatgatgttt
atggccgctccattatccacaagcatgeggttgactttgtgetececttac
gtacccaaagacaaagaaagaacagttgtaaggctttgatcccagcaaca
agtctttatcagtaaagttgattgcatcatgggcagcacaacacgtggca
tattcatgtggccgaagattcaageccttegtcectttgtttgegtegggact
caccaagaccgttactaatgcttttcecgcatctcattgggaaattgcageca
cctcctegatgectaaagtgtgteggcaggecttetttaggtgtgaggate
ttcececttectecgatggcaatagetttaccttttaagggetcettctatcete

Hypothetical protein (ORF38) 1
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19501

20001

20501

21001

21501

22001

tatttcaaccatgtgacaagcaacagtaatgcattgttggaagaagtcat
tcgagaagtactcgtgtaaggaaatgggaatgtgtggttcttgttccata
ggttccccagegtacgttggcttaacatctcectgacgtettttttgggett
cctattgttgcggcagegatgetttetececttgttecacatttgtecttg
tggcttgtggtcttagecttecttatatttttgtaggtcaccaatgtccat
cattcttcatcgtcagtaagtgcattttggtcacttgeccccagegatgg
ttatgcaaaacgtgcagtacggcttgagcattgacgggagtggtcatgcece
ttatttagagaggtacgagatcgaatgatccaaacatgatcgtagtagtg
tacattgcggtcgtgtcttccaggtcgagtttgatttggecttgttgtge
cagctttatgatgagctccttgagaacgaagcacttgccaataggatgac
tcacgatatgatggtatttgcagtacctaagatagttaacgecgattcatc
tcttcagggcgcttgcattcggatagectcaatcaccttetttteccaacaa
gtcgtctaacattgcagccacgtcaaagtcaggaaaagggtacgtcettcet
gctccagctcectcaaggtgtectttgtacctgtettgggtgegagaatge
tccectcectcetttatcetcattcatettgttettagaggatatettgacggg
cgtagatgaggtcttgataggggtagtattgacggtaaaagcttcattgg
cgagcttcttceccagttttgtctacctttgaggcaaacaccttatecttt
tttaagccggtgatcagctceccttcecttecccatgattggcaatactcagete
catgtcatgggagcaagttgccatctcctcaaatgttctecgattttatge
cttggaggatgtaatgtaacccccagtgcatgccttaaacacacatctca
atggtagaggtttcaaaaagccgatctttgcaatccaaatttaatgaacg
ccacttattgatgtagtcaatgaaacaggttcatccttccactgttttat
actcatcaactccagcatgtttacggtgtggcgagtgttgtagaatggat
tgaggaattccatttcaagctggtctcagctattgatagactcgagctca
aggtcggtgtaccagtaaaggcattacctttcagcaagtgcatgaattge
ttgaagaggtagtctccctacgtcccagtgttgttgcaagtttcaatgaa
atgggcaatatgttgtttgggattgcctttcccatcgaattgcatgaatt
ttagcggctgataacctcttagcatccttaaggtgttaatcttcettagag
tacggctttgaatacagcacgaagtcatgtgagcttccttegtactacge
attgattgtgctcatgatcatcttttgcaactttggatagagagaaatcc
catgagcatcgtagcttggttcacctctagettatecctcagetttcetcta
ccagaggcttctctttctegtcagtttectcatttggcagatcaaccttt
gggtcagctttctcatcgtgetgegtcectttggacagttgacaagtgtaac
aatctgcaagtcattttccttcactgtctttgtcagetttgecaattgett
cattcatttgggccaactgctccttaatggacgtcgcaccaatagtcata
acttgcatggctacaggatacaagctgatgcttgagtcagcatcagaagt
caacaactcggaatacctcatcgggectttcecttcecttggegetecttageg
aggggagggtgatcacgggctcgtgactcaggtgctcttgetcatttgge
aaagttgatgtaggggtggaaggcacggcagagagagctcttgecttgtt
tcgattgtaacacccaaagtgecctccacttacggtaatgatgttcecttgtt
cttcacattgattgcgggaacagcttgatcctttcttgatgecatgtgtg
tttcttgtggatttaaaaacatagatgataagcaaagaagtcccaatagg
cgtgccaaatttgtaaacacgaaaattctgtaatgaatgaaacgagaaca
cgtgtacaaagtagatttgtattgatgaatttgtaaggttacaatctctg
tttacaattttcctctgatacagtcttcaaatttgatgtagatgcataga
ttgttaattcaagggtcgagatgacttgatctcaaacgaacgataaaaca
attgcttcgaattttgagcttgaaacgatgcgtagatagtcttcacctta
ggtttagggcagcggcaaaggtggtgttgatgtaggatttegttgattca
agggtattggagacttgatcttgaaacaaatgttgttacaagttttgage
tttcaacaaagtcttgaaggaatcagcacaggtgcttgttgattcttcaa
gggaatgctttggttttggtcgaaagaaagctttggetttggttgtgecat
tcttctaagagaagtttggcagcatattagtcttcaaagatttggcagag
gttttccttttgtgagaattttagcccttcaatgtagaaattgtcgacct
tatgcttgtcttgggaccttgtacttatagacttccaaagtcatgecttt
gggtggatttggctttgatttgtgtcttgattcgtccatgggagaattta
ggcatgttttgtatcttaacttecggccattttececcttgettggecgaatt
atagggctttcttgectattttgtgagcaatcttcaattcettgettgttt
tatgaagacgatttagggcctgtttgatatctaacttgagaacgaaactc
aaatttttattttttttctaaaaacacgttttgatttaaaaatttaaaat
tcaaaaccttgtttggtatgcattttctcaaaactaatccaaacagaaaa
agtcaaacgcccaacccaagcaattacctgaccatcgcctcecectetcate
cccagcggcaaaagaccaatttcccaaccaccgecatccectcactteecta
gtggtgactcctttggctatttaccaactccttactccaaactegegetg
acaaaggctaatcatgttggcggtctcaaacctgagatccaatgaccata
gggaagatgtggtggctatggtggatgcaagtgagaagagataagattga
agaggcaataaagaagagaggactgaagaggcgagagagattgatttgtc
ttggccgaagggagaaggatagaggtggtggctatggtggatataagtga
gaagggattggaaaggtaacagagaaaagaggattgaaaagggaataggg
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22501

23001

23501

24001

24501

25001

25501

aagggagtacatcaaatgggatagaggaaagaaagggagagaaagacggg
agtgataatccataaaataaaaggtctaaatacacactttttgtgttttc
atccaatagcccttgttttcaaatattttttegttatggttttgagaatt
gtattcgaatccactaccaaacaaagattttaaatttgtgactcaaaact
tgtttttgagttaaaaacattggatccaaatcaaatatcaaacaggccct
tagctttctttececggttttgggagctatttgggeccecttgecgattttaa
gaagatttcttccttttgeccaacttttgggaaggttttgtacttectttg
cttgatttgtgccatatgtctttgatgacttatccatttgtgataggtca
tatgtcacgttgagctttgtgatgcaccttttgtatacaatgaaatttac
atgtctacaaatgcccccacttcaaacattaaaataaacaaaaacaaatt
aggccgataaaaataaaataaaataaaccaaaacaaattaggccgataaa
aagaaaaataaaaataaacaatagctaatattatgaaagaaacggacaat
aaaagacaattaaaaacaaaaaacaaaaaaacaaaaaggaaagaaataaa
acaaaacagaaaatataacaaaaagaaggaaatgaatgcacctggggagg
attcgaagtgacgacatggtgcaagaaacagaggccccggaaaaacaatg
aaaaagaaagcactgaagtgtagcgcgcttgtatcgaatccgtaacctge
tggaacaacataagttgctgagcctcttcacacgggccacacatgetgat
gggaaccctaaggccatcttcaaccgaagggtccagagggccagatgate
gaaaatagtacgaaaaccatctccaactgagggccaggccagagggctgg
ccacttccagccagccagccagccaaccccgggctageccagaattttttt
aaatgtgtcggttataatcgacactaatacatttatagtaaataatatga
atgtattcctgtcggttaaaactgataggaatgctttgaatttttttttt
ttacagttttattattattttttatttacaaaatttttcctataacttat
atttttaatatttttttcctataatttttattttacaaaatttgtttcat
atttttttttatttccattttttcctataacttctatttaacaaaatttyg
tttcattttattttaaattctatttttttttccaataacttcctaagcecca
ttatacaacattaaattaaattaaattaagtaacatgaaacaacattaaa
taatattaaccaacataaaaattctacaacataaaaaaaacatttaacaa
cataaaacttaaacaacatttaagttgtagcttttaaataataaattatg
tttggccctatggeccecctttggeccteggttggagacgggggcaaatatgg
tcatgtactgttcattaaaatattaatatcttagaggatcttggaggacc
agagggctaaaacgagccctctggctageccatcggttggagatggectaa
cgagcttcaatataaatggagcccgcectttecttatttecctcactgectgece
attcagatgtgcctcattgccgccaaaataaaaataaattcaaaacgtaa
ataaaaagttatgtacaaacataattaactaagaatataataaacacaaa
ttatttaaaacaatcccctgcaacggtgccaatttcttgatatgaatttt
tactacctacaaaagtaaggataaaaatacttaaaaatacttgcaagagt
acaaggttgtcgtagtatagcagcagcttaagcaaggtcgttttctacaa
ggattgaatgactaatttatgtaaataccaaatcttaattaattatttga
aaacaaagattggaaaatgttgattttgaatttaaaaataataaaaacga
atttaattaaaaaggttaaagaaattagcaacgtaaagaaaataaagaaa
aacgttttgaaaaccaaattgtaaaagcctagggttccaccatcccttta
acaatcatatgcaattttatcaattacttatgaatttctatatacatgct
ttgaaggttaggttttcctaatacatatttcccttgtgatgttcaagega
aaacgtatatctaacatgcaacccatatgtgatgttcagattaaatataa
acatgcaagactcattaagctttgtgaaaaccctttgaaaaccatgcgac
ccttaagagcgtgatgttcgccttaagtgaacttacaattactaatcaca
agaagccctcttcaatttcaggttgatgttccaacagaaattgcatcaaa
ttacctgtctaaaaaccctaatggtcgcgaatcactaagacaattagata
gtttaatcacagtgattaagaattcaaagcaagcatgcatccgttcataa
gcaaattaataaaatcacatattcatgctaaggcgaggcttcaccctagce
aaacggaaattagttacaaacaactataaacaaaggagttttattgaaat
aaaaaaaaaaagatagaaaacaccttgaaatacaaatcgtcaaagcctag
ctaagttctctaaattgatgcctcttccecctctaatggctaaatagectt
atttatactactacaaaataaaaccctaagggggtgtttgtttgaccgga
ttaagggggactagactagactagactgtagtcccttgtttggtctggac
aaggatgaggtttaatgggactaaaggggactcgtcccgactgaacgttt
cgctaaatgttcttaaggagacccctcaatttcaaggggactgctagtct
cgttctctccecectgeccgectgatcecctegtegtectectttetecttegece
tcttceccttttgattcgcatcttcacccactececcttgggecttcactatcee
cacctaaaagcctaaacccagacctcaaacaaaaactgaaaaacaattca
ctgattaccttcctttcttcttecgtttaattcactctctttctcagcaaa
atcatcatggttgcaaccaccagaccaccatcagacgaccatcaccagaa
gctcgccatcgatctcecgecattcgtgecgecgacccagatgcaagtcaggac
cgaaagcgtaccaaatgtccaagtaccagttggggttttcttcggtggtyg
gggaagaagctgagaaacttgtgaaatttagtagaaagttgtgaaatttg
gtatttgaattttgtgatatgtgagaaacttgtaaattttgggccttatg
ttttgttattcaagagaagcggaggtggggtttgacgggaaaagaggtag
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26001

26501

27001

27501

28001

28501

29001

agggagaaggaagagaggtttgacgggatggagaggtggggtgaaaaatg
gttacagagattgtataagtaaaaagaagaggattctataaaataaaaaa
aaggaaaaaggaaaaagataaagtaatagtaaaatattaatttaatataa
aataatataatattgcagtcctgcttcttagtccgacgctgcaccaaacc
cttcactaaattaatccagcttagtctaatctaagccagtctaacatagt
ccctgaagctagtccagtccgagatagtccgattcaacaaacgcactcta
aaaggttttagaataaaactaggaaacataataaaataataaaacagaaa
ataaaaggtttcctatttgaactaaaattcggacttctcagaaaattagt
cttttgaccgaccaaatcaactccgatttggtccaaaaatgtcgecttttyg
aaagcttgagacatcccctacaaatcctcagaggaaatcgtccttaaaat
atgcaatcttgacctctaaaaaactcaaaacgtctagaaacgtcaatctg
ggaaagctgcgcgctgggtctttattttttcgeccacggtcaaacggecttyg
gtagaaaaatctgaaactttgacataatcatgtttaaagaggcatgaaca
tccttcaattgaaatcacttcaaaattcatccgtttgatcactttttget
ccagagaaagtcaaatgtcctacattgaaaagatataacgaagtttcaaa
attgtaccaaaataaccaataaactataactaagaatagggtaaaatata
tggtataatatggactcatatgtagcctaattttttaagcatcaagcaca
cttgccacaagcagccaactgcgccaaggaaggcattgccatccttggaa
ctacggttgaaggtgaggtctaatgcagaagtcattaacttatttgttta
ggtcttatgtcgttgtttcatagtatataaacttgaattatatgagattt
tgaaccaaaaaagtacactttgtagaatagaaagacgataatttggtgtt
aaagaaaaaaaaaattgaaggaggggatcagtacaatgctattgactcct
ccgataaaaatcagtagtatagtacccaaatttcctcctactccaatttt
tttttttttttggtgttatttttttcttctagctacattatttaatttaa
ttaagtttatttggtttttgttcattgttgagtttaagtgtatgtttgta
ttatgattaataaggaaacaacaacacaagaatacaagatatatagggta
aggagtaatcaacacactgatcacctttgaatcattcctacacggcagcet
ccataaaataaggagcagaaagtaagtcaagggaaaaagctaaaaagcta
taaccaccctataagtatgggaaagaagatacatgatataactagaagta
aggtgacaactacaccctaataatcaacctaaccaatagctccaaatacc
cactcttgactttcattactccccecctcaagectgggttcagaatgttgatyg
gaatcgagcttggatagaagacacttaaactgatttggaggtaatggttt
ggtgaaaatgtcagctaactgatcaacactccttgtgtagagagtttcaa
tcacttgagctttcacctgagcacagacatagtggcatcaacctcaatat
gttttcttegttegtggaacactggattagatgctatgtgecattgecaact
tgattatcacagtacattgacataggttgccttgtttggaacctcaaatce
actcaaaagacccttaagccatattaattcacatgttgtggatgccatca
atctatactcagcttctgcactagattttgcaatgacattttgecttctta
ctcttccatgttactagatttcctecccacaaacgtgtaataacttgtggt
agactttcgatttatttggtttcctgecccagtcagcatcacaataaccaa
taacttgagtgttatcatttttattcataagaattcctcttccaatcgat
cctttgagataccaaagtattctcttaacaagattgaagtgttctatggt
aggtgcatgcatgaattgactagctaagctcattgcaaatgtaatatcta
gtcttgtgatagttaaataaattaacttaccaacaagccgttgatagcaa
ccaatattaggcagaggtttaccttccaagctaagcttgagettgetgte
aaaaggagtttgaactggcttggcatccttcatgtttgattcecgtgagat
gatcgaggatatatttcctctggttaagaaataaccctttacttgatgag
gtcatttctattcccagaaaatattttaaccttccaagatctctgatgga
gaacttctgttgtagggagaccttgaggtttgtgatttcatcagcattgt
ccctgtgattattaattcatcaacatagatcaacactacaagttttccaa
ccactcatgttcgaacaaacatggatgagttttcatgacttctttgaaaa
ccagttttttcaagaaccgaattgagtttggcataccaggctcttgggga
ttgttttaatccataaacggatttgtgcaacctacaccccatgeccaggcet
cattgtattgatgatgtcctggtggtagecttcatgtagacatctccaagg
tcaacatgtaagaatgcattcttcacatccatttggtatagagaccatca
tttattcacaacaacagacaataacacccttacagtgttcatcttggcaa
ctagagtgaatgcttccttatagtccacagcatatgtttgagtgaatcct
ctagccaccaagctagctttgtatctttcaatcgatccatctgagtggaa
tttgatcttgtatatccacttactaccaactgcattttttttttttgtga
aagtctaactacactccagttgttgtgtttggtgagagcacgaagctctt
cctccatggcatttcteccacacttecttagcagettgettettgaaaggtt
tgaggctcacagtgattggtgatggtgttcaaataggcagcataagattg
tgaaactttttggtcggacatgaaaccactaattagatgtgaacatagca
tgtgcacctaaagactttaaggtgtgacagattaacatcccttectttta
acactgccattagagatttaaactccaagacttgactaggtaatctgttt
atgatatatgcagctatcatgaccccttgggaccaaaatctttttggtac
tttcatgtgcaacattagtgctcttgttttttcaagtagatcacggttct
ttatctcggctatgtegttttgttgtggagtaccaacacaactattttga

Hypothetical protein with
domain for Reverse
transcriptase (RNA-

dependent DNA polymerase)

(ORF40) 1

a
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29501

30001

30501

31001

31501

32001

32501

tgcaaaattccattattgcttgaatattgtttcatgatgtgtgacatata
ttccgagccattattagatctcaaagttggatttgggaattgaaatgatt
tttgacaagattatgaaagtctatgaatgctcaacaacttcactcttaga
tttcaaaaggtatagccaagtaactcccaagaaatcatctatgaaagtta
caaaatacttatacccatcaaaagaatcaaaaaatggcccccatacatct
gaatgtacaagttcaaaaacttgtttagtcctatttgaggatgaaccaaa
aggtaacctattagatttacaaaagtgataagtaacacacaggatcactt
atttacaaaggtttggaaacaaacttgacaaaatgggctcggatggatga
gctaatctttgatgccacaggttttggtcttgacttaagttatacttgac
ttgaaatcccttgagaaataaagtctcattggataggtaatagagaccat
ctaagaaaaaaccttcaccaatctttttcttggtgatacagtcctgaaaa
atgacagtgtaaggggagaaagtaattgagcagtttaaggcatgtgtgat
ttttccaactgagagaatttgaaaaaagaatgaaggaacgtacaaggctt
tagactttatattgtcaaacactagatgtaattttttcattcctaacatt
ttagctcecctecccattagcaactaaaacatgtgaagatgtaggaagttt
ttaaaatcatggagcttgtaaaattggtttgtcataagctctgtggcacce
aaaatctatgacccacaaatcatgcaattgatttatatttagagtagttt
tgaaagttgtcaatataccttgcatgttgtcctgagtgagetttttcecgag
tcggccagaaaacctgcaaactttcccagcaaagcaattgagtttecatt
tccaaaggtagcagcttcatcactcccagagacttcecttettcatttgaa
ggtatgcagcaaactcatttatgagtgtggtaggattagaggtaaaattc
aaaagatcatctgagcctctaattgatagggataaggcatgattagettt
gtaactggagaactgaggcttcttttgaataaacctttcatttttcatga
agtctagtttaagctcagggtgaagaatataccaatgatccctcacatgt
ccgatggcatcacaatgtttgcatttgagatgaggatttcttcecttgta
tttcttatcattggagaagtatttcttatcactggaaaagtaagccctag
cttccgaggcaatcgtegtggtaccagegttcataacatttttectcatt
tcttecectttgaattgttgcacaaacattggcaaacgtgggaagctctgg
tttcatgagaatgtggctacgtaaatcctcatatttagaccccagactag
agagaagctggaaaatttatcttcctcaacccttttaagaagcaggtttg
agtccgttgtatgaggacaatatacctccaactcattcaacatacctttt
agacttccaagaagctgaacaaaaggttttccatcttgttgecatgectcge
gatatccattttaagttgaaacacacaggttgcattattctaatttccat
acatctcttgcatggacttcgataactagaaagatgactcagaatagctg
aatatctcagctatcttcctctccatggagttgaggagctatgacatgac
caactgatctttgttgagccaagattcataagtgcgagaggaagcatcag
aagcttcgatacttccatttatgaaccctagctttgatcttceccttgtata
gcaagtgaaactgcccttaaccatggtaagtagttaaactcatttagaag
cacagaacttaacctttgatttggatttacatcgatcttggttgaatttyg
gtgaccggctccaagtgagctatcagcctctgactcgaagatagggtttt
cgtcagccatggaagaatacttgaagaacagagcaacaagtatcacagag
acaggttattcttactctgataccatgttgagttttaagtgtttgtttgt
attatgattcataaggaaacaacaacacaaggatacaagatatatagggc
aaggagtgattaacacattgatcacccttgaatcactcctacacgacaac
ttcataaaacaaggagcaaaaagtaaggtaaggcaaaaagttaaaaagct
ataaccaccctataagtatgggaaaaaagatacacaatataactagaagt
aagatgacaactacaccctaataatcaacctaaccaatagctccaaatac
ccactcttgactttcaatattcatttctcccttttaattacctaatttga
tatgatgatcataagaaggtatagttcgtgaggtatttgatgctttaaat
tgttcgttttctggatttttgcttaataattttgaaatattttcttgaaa
atgattgttaaaaaaaagtgcatttagtgtagcctatttaactaaagcat
tataagtaagaaatttagtggtatgattagtggtattcctcttaacttgt
aaatgaaaggcatctttggttcgattctcagcaaaggcgaagttgaacca
cattataggaagcccattgtaaggcttagcccactccacactcceccttagt
gtacatactatcgtttgttcaaaaaaaaatctaaagaattatagaaagag
gtacggcaacacagagaggtgaattatgaggtgtgtattatctcacccca
ttgtgcctttgtttataatagtagggaaggtaaattccctaccctttagg
tattacattacaatcaggaagctataaaaaaaatggtagaatcccataaa
gatttactaggatttacaaaatcacattcaatttctaactaaattaaaat
cgcaacaccctcccecctgagtgtgtaaaaactcaagtaaatggtgcatcat
gtcttcatcgatgaagtatagttgatgaaattgtcggcacatgatcgaat
gcgagtctcaaatcaacgaaagaatgcatatatagtaaaactcacaagac
ctcactatggtaaaacctaggatgggaggataaaaaagagaatttgcagt
aagtcaaaaatatacgtcttcagaacacaagtagaacgcacacaagggta
tgactaacctaggatggatgcctaaaaccttgtcaggtaacaaaaaccca
gtggggaaaatgctcctaagtgtaggaaaaaaaagtacattaaggttaag
tgagtatacttctagatactcccctgagttttacaaaacttccaaatgag
aattacaatcattgcaaataaatagttacgcatactaattcctcgaataa
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33001

33501

34001

34501

35001

35501

36001

gttttgttgaaggctgatgttagtagtgactttatgaagaggtcgacaag
gttgtatggggtcagattgcttgacttcaatctcttgatgctttgectgat
gtgatgtagacgtaatgtgcttagcattgactttgttgatgtatcgtatc
ttggtctagtagatacatgcagcatagtcttcatggactttgttggtgga
tgaaaaactgcaagttttcgaatatgctcaacaagagctctaaaccatgt
ctttcatgtgtggcatagtgaggtgcggtgggccttgaaacgatccgaaa
atttcgcaactaaggtctatattttcgcctttaagatattgcgttatcce
taaaggtaaagacataaccatttaggaagatgtcttgtgcaggcttgata
gttaacctgcgttagcataacaacaagttaaacacatcccgaggaccaag
ggggttgaatctgcttgagatcgttgggctaaagctcaaatccatagtac
cttcagtgtaatggagaaacatcttttatgccaacttaatggctatatgt
aggcccagtgcttcatcttcaccaatagatcaacaatgaagaagatgtca
tatttaatgcaatgaattaagtacaacaaagtagaaaattaaacttatat
atgcaacttcaggttacataacctcttcaagggtctcatttgcatatage
gtatgaatgatccaaggtatactcaaaaggtaacaccttccgggtgtagt
tcgactggtggactagaataccttcggaacaatgcttgaactgcaggtca
agacataacgagttttcccaagatccttcatctcaaatttcgtcacatge
ttggtagtttttgaagctcttccagagtcatagtgagattcatgtcatcg
atataaactgcaactctagcaattcggaatatgacttcttaattgaacag
acaagggcatttaatcatatccctgactgatcaaataatcacttagatgg
gtataccacatctacccaaaattgcttaatctaagtgaacgcctcatttg
aattgagagggtgttctatggtctcatactatttgaattagtccatgtaa
ttctttggcaacttacatgtaaatctctgtatcaatatcccaatgaaaaa
aaattaatcattttgatatagctgtaatcaagaagccttgcgccataatg
cgtgcattacatgtcattgtttcattcatttcattacgcttcatttccca
cttgtaacacaacaaggctacctcggacagtgtaggaacaataggtccaa
atatacttcagtaaggaattaaacgtagattgtaatttcagttgttcaat
tagttttaaattatttttatatatataatgaggcattttttcttaattac
taacattgtgaaaaggggttaaaaaataatcatattttcattcaaatttc
tgttgtttaatttcctacagtccctacgectteccgcaacgectgtgetcatt
aagctgtttggctcccaatgtaactttcaagaaataatctttaatcaaat
aaactttggagtttttctatccaaactgttgaactccagaactttgctgt
tctactcttgtaatccttttagecctgecgeccactattatatgaataaaaaa
tcaaaacaagttgcaggaaagctatgaagcaattgatcatgaattttcct
accctccaactactaaataacgaaagtactgtctctctgcacattgtaaa
cattagtaattggatgtaatatttcttctaacagaatcgaaaagcaaaaa
gaaaaagaaaaaaaaaagaaccttaacatatttgaatataacagttgata
attctaaagcattaagaaaaataatcaagggtatattcgatataattgta
cttggcaaccagaattgactcactatgaatgcggacaagtgatttagaat
attccactagaaatttcatgatatatatggacttagcacaccacgcttga
ttttttattttttttagatcaagttgtagaggcggcttgctgctttctect
ggccaaaattaatgtaagatattggtatgtcctattagcatgggcaacat
gtcacagcccgtcccgagattttcttattaaggacgtgaaatgtcggatt
tgcccttagecgggggctatggtacgtgtgtgtgacattatttggattaat
tctatataagttttggatttaaattttagttttataaaattttggttagg
gaattagatgatggagggtgaggattggatgttggaccatttaaacccce
tgctctctcgeecctteccegtagecactctetetetcatecectcacggettt
ctctctctctcactctecgaagtgtacggacgagacccaaaaccatccaaa
actcagtggatcgaagcaaacaaggtgacacctatcccgaggacgagcge
atccagggacgtcacgagggttacgacccatcgacttatcagtgagtggg
caattttgttttcgtattacctatatactactgttttcccagaaaatgeg
tttatatgaaattatatttctaaaatgccatgcatgcatattatgagtta
tgaattgataattgatgcatatatatgtgtgaattggtgccgtggacgca
caggtgagtatcaggtgagtttatatggtttatatgaatgaatgatgatg
tgattgcgttgtgagctcataaactgcacctttggtattagtgecttatag
tattcaccacaccgcacgctegecttggatccaagtaggtggatgtegta
cagaccactagaggtggttccgacatgccagtcgtacagaccatagaagg
gttccgactggtgggtgactttagattatgtgcacagatgattgatgaaa
gaagcactagagcgtattatttcaccatcttagtcatacagactactata
ggtagttccgacttatgtgcagtgtaatgccgtacatgtcacatttggtg
actccggcacggccgtacaggtcacagttggtgactccggettgatggga
tattgagctatagaatcagccgtacaggaccactacagggtctccagttg
atttattatttcaccttagttatattgatgcattcatattatattttgge
atggcatggcatattctttctgagatgttatgttgatagatggtaagctg
agttttgatgatatatatatatatatatatgtttatatactatttttctg
ggaaagtatacaggttttacggtgaggggttagaaacgttttaaataaat
gtttttttggaaaatctttggeccgectecgtaaggaacatagggaatceceg
ccgtacttctgaacctaatttcectgatattactcagectaggggaagcaa

Retrotrasposon protein with

domain for Retrotransposon gag
protein; RVP_2, Retroviral aspartyl

protease; RT_LTR; RnaseH
(ORF41) |
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36501

37001

37501

38001

38501

39001

tggcccaggectttacagaatgcaattcecgtectectcecccectectcaaatg
acacccctggagaccatgtacaacttgaaattagatcattttatgagtga
taagggtcacgagggggcagagaaatggctagatcatattgaaaagacgt
ttcaggtgatgcaaagtcaggggaactttcctgctgataggtgggttgag
accactacctggtttttgggctgtgaactagcagecttggtgggaaaatca
gactaggtacatgtcacctgagacggctgctgactggaaagtattcaaag
agaactttatgaagagatttgtccctccagagtatattgatcgcaagaaa
cagaaatttactcgattgaaacagaggaatatgtcagcacatgagtacta
caaaaagtttactgatttgtcacgttatgaccctgatacagctggtaatc
aggtagagacgcttcgacgtttcaagttgggaactaagagaaagtggcgg
acttttgccagtgcacttccctgtgecgattatcatgagtttttegagat
tttggttaggatggaggactccgataatgttcccagtgagagtgaggatg
acgaggacaagaatgatggtcagaagaaggatgataaaggtaaaggtatc
tttattctgggacctcgcaagactcagaactttaagaagagtggggcgag
ttcgagttcttctagtggtggatatagtattactggcccgaggagaggtyg
gtggaagattttctggtggacccagatttcagaggcagagggattctggt
agagctggtggttctggecgctcegtggtgecgtegttgttattttegtca
tcatggtgagtgcaggaaaggtggtggtgcttgttatacttgtggacaaa
cgggacatcgggcttctcactgtcececcagggtcagcagagaccccagecag
accactatgccacctccaacgccgattcagcagagetttggagcaggecaa
ttatggccagtcgggtcgtggtggtgecttaccactaccagagagatgetg
ctccttatgcttctggaccttatcagtatcecctaggagecttattcetcag
acggggtattcccaggactttgggggttattcttcettattcttecatgee
agctggtggatctcagtggcattagggaggtcagccecgttagggggaag
ttgctgctggtggtgcaggatcatctaggcagectagtcagttaggecat
ggacgtactccccaggggcgaggtaatcaaggcatcagaggtegtggtgg
acgacagcaagctcaggggcgtgttaatcacatctcgcttcaagatgetce
agaaccatcccgatttgatcatgggtacgttaaatgttcttggtcatttt
gctagagttttgattgattgtggtgctatgcattctgtgatttctcatac
gtttgctcaaatgactcaacctcaccecgtecgectctaggatttgatttag
agtttgccatgcctataggagataagtgttatgttgatagtgtgtatctt
aggtgtccagtgatggtagaggacgtagttatgctagctgatcttattce
attagatattgtggtttttgatgtgattctcatagcagattggttgcatt
ataatcgtgcccatattgattgttatgggaaatcagttactttttatcegt
cctggacaacccgaggttacttttgtgggtgaaagaagtggggtgagaca
tggtgttatttctgeccataagagcaaggaagttattatcgaagggttgcee
aaggatatttagcacatgtggtgttaaatgatgttgttcctagcagtgta
gaagaagttggtgtggtcaggcattatcctgatgtatttcctgatgattt
gccggggttgeccgeccagacagagatgtggaattctcectattgatttgette
caggtactgatcctatatctctaacteccttatagaatgtctcatgetgag
ttgagagaattaaaaattcagttacaagaattacttgataaaggtttcat
tcaacctagttcgtcaccttggggagctccagtattatttgtgaggaaga
aagatggaactctaagattgtgcattgattataggcaattgaaccgggta
acgattaaaaaccgttatccattgecctcgcatcgatgatttgtttgacca
gctgaaaggtgagtgtgtattctctaagattgacttgagatctggttatt
atcagttgaagattaaagatgaagatgtacctaagacagctttccgaacc
cgttacgaacattatgaatttctggttatgccatttaggttaaccaatge
acctgcagctttcatgaggttgatgaacgaggtattccagcaatatecttg
ataaatttgttattgtttatattgatgatattctggtatactctaaatct
aaagcagatcatatccgacatcttaacttggtattaaagaaattgaggga
acatcagttgtatgccaagttcagtaaatgtcagttttggttgactgaat
tggcatttttggagcatgttgtatcggectcaaggaattcaagtagatcct
caaaagatagcagcagtggagaactgggagcaacctcgaaccgtcactga
ggtacgaagttttcttggtttggcaggttattaccgacggtttgttcagg
atttttctatgattgctttgececgttaacggagttgaccaggaaggatgtt
aaatttgagtgggatgagaattgtgagcggagtttccagcaattgaaata
ttgcctcactcatgctceggtattggtacttectgatgatageggtaatt
ttgagatttacagtgatgcttccttgaatggtttgggatgtgttttgatg
cagcataatagagtgattgcatatgcttctcgatagttgaagaatcatga
aaggaattatcctactcacgatcttgaattggcagccattgtctttgect
tgaagatttggaggcattatttatatggtgagaagtgtaggatcttcact
gatcacaagagttttcagtatctatttactcaacatgatcttaatcttcg
tcaacgaaggtggatggaattgctgagtgattatgactgcactattgagt
atcattcgggtcgtgctaatgtggtagctgaagcactgagtaggaaacct
caaggtagactcaatgctttatatgcttgtcgtgttccececttettgetga
actggggcaactggagtaaagttggagttggaagatcgaagcgaagcecttt
tcttgctagttttcaagtcaggccagttttggttgatcgtatactcgaag
ctcagatggtggatgaagaaattcaagaaatggttcaattaagaaatgaa
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39501

40001

40501

41001

41501

42001

42501

gggaaaaagaaagacctcaggattcgagaatcagatggcatgcttatgca
ggagaacagaatgtatgtaccgaataatgaggaattaaagaatgaaattt
tggatgaagcgcattgttcagcttatgcaatgcacccaggaggaactaaa
atgtaccataccattcgaccattttattattggccgggtatgaagaggga
aattgctgagtatgtgagtagatgtattatttgccagcaagtcaaagcaa
aaaggaaaaagccttttgggcgaatgcagccacttceegttcceccagtgg
aaatgggaaaatataactatggatttcgtgtataagcttcctcegtacacg
aaatggatttgatggtatttgggtgattgtggatcgacttaccaagtcag
cgcatttcattccagtgagggaaaagtatcctctgaataaattggctaag
ttgttcattacgaagattgtgaagtatcattaagttccagtgaatattat
ttctgatcgagacccaagatttacttttaaattttgggtagettttcagg
aagctcttggtacgaatttgctttatagcactgcttatcatcctcaaact
gatgggcaatctgagaggacaattcagacgttggaggatatgctgagatc
ttcagtgttacaatttggtgattcctggcattatcgtctggacttgatgg
aatttgcctacaataatagttttcactcgagcattggtatgtcaccattt
gaggcactttatggtagggcgtgtcgtacaccattgtgttggtctgaggt
tggtgaaagagtgttagaaggccctgagattgtggatgagactacccaaa
atattcaggtgattaagtctaatctgaaagcagcccaggatcgacagaag
agtttagctgatcgacatgccactgatcgagtgtataatgtgggcgattg
ggtatttttgaaattgtcaccwwggagaggtgtggtatgatttggaaaaa
gaggaaagctaagtccgagatacattggaccttatgagatcactgaaaga
attggtgaagttgcctactggttggagttgeccteceggagttatctaaggt
ccataatgtgttccacgtctctatgcttcgacattatatttatgatcctt
tgcatgtgatccctcectcaacecgectagagattaattcggatttgacatat
aatgaggaatcagtcactatcttggattggaaagataaggttctaatgaa
caagacggtgagtttggtgaaggtgttgtggaggaaccattctgtagaag
aagctacctgggagacaaaagatcaaatgagagagatgtacccaaggttg
ttctatgggtattaagcggtttatttgattgtgggaatttcggggacgaa
attctataaggaggggagattgtcatagcccgtceccgagattttettatt
aaggacgtgaaatgtcggatttgcccttagegggggetatgttacgtgtg
tgtgacattatttggattaattctatataagttttggatttaaattttag
ttttataaaattttggttagggaattagatgatgdagggtgaggattgg#
gaccaactaaaccccctgct ctctcgececttcectegtagecactcete
tctctectecectcacggttttetetetetetetcactetegaagtgtacg
gacgagacccaaaaccatccaaaactcagtggatcgaagcaaacaaggt@
hcacctatcccgagaacgﬂgcgcatccagggacgtcacaagggttacgac
ccatcgacttatcagtgagtgggcagttttgttttcgtattacctatata
ttactgttttcccagaaaatgegtttatatgaaattatatttctaaaatg
ccatgcatgcatattatgagttatgaattgataattgatgcatatatatg
tgtgaattggtgccgtggacgcacaagtgagtatcaggtgagtttatatg
gtttatatgaatgaatgatgatgtgattgtgttgtgagctcataaactge
acctttggtattagtgcttatagtattcaccacaccgcacgectcgecttg
gatccaagtaggtggatgtcgtacagaccactagaggtggttccgaaatg
ccagtcgtacagaccattagaggggttccgactggtgggtgactttagat
tatgtgcacagatgattgatgagagaagcactagagcgtattatttcacc
atcttagtcgtacagactactataggtagttctgacttatgtgcagtgta
atgccgtacaggtcacagttggtgactccggcagggccgtacaggtcaca
gttggtgactccggcttgatgggatattgagctatagaatcagccgtaca
tgaccactgcagggtctccggttgatttattatttcacctgagttatatt
gatgcattcatattatattttggcatggcatggcatattctttctgagat
gttatgttgatagatggtaagctgagttttgatgatatatatatatatgt
ttatatactatttttctgggaaagtatacaggttttacggtgaggggtta
gaaacgttttaaataaatgtttttttggaaaatctttggttttactgacc
cactcacctttgttttgcgccecctccaggttctagttagecagttggtgge
tcacgaggtctttttaggcattctgacagacgttctgcatgtaggactca
cctgcgggtgttatactttaattatggtcctacttgactacacttatacc
tacgctctgaattcgtgtgttttactttataactctctcttgtatgctag
taggttatgctgctagtggttggtttaaattccttcatatttctattata
tcttgctttcgtgtcgcacttttggctacgtcacactcacgtaacggecca
gcacgccttgattctaggatcggggtgtgtcacaacattcatgggaaaat
taattttccaaactcccctcatggattctctttecttcatatttattcta
acttttagataattttctatgctcataaaaaacttcaatggtacaagaaa
aattattgaataaaaaaattacacctaattgagccgaatataaacctcat
acctctaaaacaaaatgaaaaatatacaagaaaaaaagaggagacataaa
tctaaccctctttaaggcaacaagaaaaatacaaataaaagaggggagac
ataaaagcgatccttcttgaaagcaaaatgagatatacaagaaaaatagg
ggatgtcatgagcctaacccctctaaaaattataaagctttgaaacacca
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MC-20SSR96C3Rev

190



Appendix

43001

43501

44001

44501

45001

45501

46001

aatattttcggaataaaaatataataacacattaggaaagtgaatctaac
ctgtatgccatgatgtgcactaatctgaaaaatcagaagccagaccaact
aagaaaaattagaatgcaagaattaagaaccgccaacagatgtgagtcat
gctacaccaaagatgaggaaacaaactcttaaatcatcatcgtgggtgtg
ttagctcatggacgtatttatggtatgatttgcaaattggtttacaagga
aaatgaaatcagattttcatttcatcactttaatttatgctattacgtgg
tagagatccaaatgtatccaatttttatggatttatgattagttggtagg
gtgcatttttgctcacccacatgaactttggtgtatgctcaccatacact
ttattagttgtcatgtgtctcatcttctaaccctagtaaacttgttaatt
aatatatctttttaaatttttaaaacaagccatccctcttattccactgt
aactctgatttattttataaagaaaacttaacaaatgtccccgccaagaa
aatatatcccaaatcgaaaaaaaattcaaaatctgtatgtgcacagaaat
gtcctcgccaagagagaaagggctggttcectttaggtgaggecgetatcga
attttatggctgcaatggtgcagccgtcgaagttgtctcecggetattgtt
gtatggccttcgattaccgagtcgacgatcatatagtcatagtggaagaa
aaggtaaaaacaatgttctcatcgtcatcatccaatctttggeccgtgggt
gggtgggtgttcatggggttgctgggtggagaagttgaaacactggaggg
tcgattcttatgtgactagcaaactcatgtagctataaaattggagctta
acattattgtcccgataatattgataaaaagcttgcaagaatcatcagat
ccataaatttcatttttatttattattgcagatgaaaggaaatacagcag
cattcactctttaatcaaaccttcaatattacggtagaagccagttttcg
aagggaaaaaaaatataaaggggattaaaaccacaccaatatttcatgga
aaagatgacacgagattgaatcacacatgaatgcagcagaaaacaatgtE
E]gttgtaggcatcctggtgctccaagaggtagttctcaatcaacttaaa
gaggtgggaggccttctetttgecagecttcacttgttettecttgatet
caacatcacccttggtgtagtagtgactggtgctcttgataatggaacca
ctgtcggaagctaccaacttagtctcataagagatcttctcaattgtcte
agagatggcatctccctcaatcacactatacttatacacaaagttgtcect
tgtcaagcccatcgattctgtgecttcacatagectgtatgtgectacectteca
ccaaagttgatcttcttaatggttccaactcctccatctecttcaaggat
ctcagtgctcttcactgecttgtggtgcaatcttggggatgaggttgtcag
catcaaggacaaaggcattgtacaacctagcaggggggatgacggaagta
aactcggattcgtatgtgaaaacaccgatt ctgagatatgtttagga
agtgggaaaataataaccgatgaagaggaagactaaaaaagagatgatgt
attgggagattttgagctgtgaagaagtgaggaggattattgatatttat
aggctgaggctgaaggtgttgatcaaagggtttacgcaagctcctaactg
ttaaatgggttctattcatcgtagacgtgggaaccattacttttgtacaa
ggaattttgtaatgtaatcaaggaaatgaccatctggaaattgaataaag
aaatgcccaattgctccgcgaggtggactgacctaatcttecttttaattt
ctcagtcatttcctattttataagaaaaagagtaatgttattcatactat
atttttatactacatttctatactactttaggttgcatctgatgtgaacg
gacacatcatttgaaaattttgctaaacccaaggaaaagaaagagaaaga
ctctttgtataccacaatcatcatttaattaactaatttttcttaattat
tagtttattaaataatgaactaaatttaaaaatctgattaattcaaatga
tgtggttgtccacatcaaatgacacctaaagtgatatgaaaatgtgatat
aaaaacatgatttgaatagcattcctctaaaaaaaatgatcatatatatt
agcccaaataaaacaatattgtctgtgggctcttgaaacccgecttgggeg
gcatgcgcccatagactggctgatatgaatcattaagcaaagctgagaga
aaaataattttagagaactttaacgaaaagcttctagtactgttcaattt
aacgaaaaatcacatttttacactaaaaagtcaatccttgtactattcac
tttaccctttattttgtccttatcattaaaactcaaagttttcaaacaat
tttcattagttttcctttaattttatcctaatgacgtacaataatttagt
tttttttgtccgatcatacaatgcaatgcggatgcggtgtgtattgcecget
gttatacacagccgacttttttaataattcaatttttgttgtcgcattgt
ttagcatttgttatcgcatctttgatcaacgtttcccgtgacggttgeca
cctactgactcgtcaaactagggatttaaagttgattaggttttttatga
caagcactaaatgtattgttgagagtatcaattgcatattagacaaatat
agaatcttgcagtgcttatatgtatattttttatattgtcaattgatttt
ataatagaatctcaactttcttcatggtatcaaagctgactattcattcg
acgtgccctggctcaattttctgggatcaaattcacctceccttaagttggg
ctttcgaaactcctgcttaaaaatattgggcctcgaagagatgcattgge
tctagtcctcggatttggatcctctecctgagectaaggagaggattcaaat
cccttgtcctcaatgatgactcggectttcgaaaaactagagcacgcecgtac
tgaaggcattttttaaatcacgatgtgctacgcgtgacttacacgtttta
aatgtatttatatgcgtaaattgacaaaatgaaagtcaaatattgaagta
aatgaataatcttagatcgtgctaaaaaaactcctcacaaaccaatcaaa
gcagctaaatttacatgataaaatcgttttttcaattttcatctacattc
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Appendix

46501

47001

47501

48001

48501

49001

49501

tattgaatttacattaagaatagagaaaataatatttaataaacaactga
ttgagtcacattattatgcacgtgcaaaagaccttttttagataatattg
ttttcagaaaaaaaaatcatttgacaattaatttaattacattattatge
acgtgcaaaagacgttttttataaccgacattacacgcctcttaggatgt
tttgaacgtgtttaaaaatggagaaaataatatttaataaacaactgatt
gagtcacattattatgtatgtgcaaaagaccttttttagataatattgtt
tttagaaaaacaaatcatttaacaactaatttaatcacattatgatgcac
gtgcaaaagaccttttttataaccggcattacacgeccttttaggatgttt
tgaacgtgttcaaaaatggagaaaataatatttaatgaacaactgattga
atcacattattgttagcctattgtgaggtactaatttaaaaaatgtacaa
aaagaattaattattaaacaaacgctgttagaatgacaaaaatacccctg
cattatttggtattattttgggttgcctttgaaattttttgttttggggt
catttttgtccaaaaatttttggtgaagcttgtgaccccaaaagaggttyg
ttggctttatatttaaaaattatgttagctccaagtatggtgacttgatc
aattcccaatgtgggaattagtttcccttgtgacctcgtgtcaggceccact
aatcagcaggtgtgttagagaatatgaccttaactttcttcatagtatta
gagcggactattctttcgacacgtctcgacccccatttttgggectcaaat
ttacctccttaatttgggctttcgaaaagttgecgectagtaccaacttgag
gatattgactgattggtttcgaaaagttccgttgacactagtccctgaat
gatgattgggctcttaaaaaatttgcattagctttggaatgttggecttga
ttagtttccaatgtggcatttggtttcecctttgtgaccccatgttaggceca
actcgtgaggctgcatattggagaataggattgtatattagttatatgac
ataatatacaattactatatgagagtttccaccagtaatattatcgagac
attttgtgacaaaactcaatacccaataatatgtgattaagttgggacaa
tatcaacaatattggaggtagaccatgatgggcctaaaaagtttcttcat
gatattagagcatgtggtcatgcgtgtgatgtccaatcgctacacgtgat
gtacatcgctttatttgtattgtacatgtgttagacttaaaaattcgcca
cacctaagaggttatgttgagagtaaatctcacaacggagaaagaaatga
cattgcatgtgcttatgagtaattgtgctactccccatattgccaattgg
ttttgtagttgaacctcaactttcttcatatagtagaatacataaaatga
acaaagaagcatgcatgcataaaacaaaactaaagtcatgacatagagtc
gattaaataatgtacaaatattagctcgacttattattgctcattactat
tcgagctcaatcaaagaagtccattctaaatatcatctcaaagtttcaaa
aacactaatgtaacgatattttaaatcaatcatccgaacttgtttgacta
aaacacttggcaacgcataacattgcaatataatgagagtccttgtgttyg
atcatgtcaaattatccaagacaccgtctaaatgctcacttccaacaaca
ccgatattgtctctaacttattaattcccttgcacacttcaacacgtgtg
aggttttattacaaaggcctcgatatatgttggtgtgaggtttggatatt
taaactgttattttctctgtctctacctaatgtgggatattcaacacgac
cctccacttgggacccaactagtgaatcacacatgagagaatcacatatc
gacaaccacgaggtactcacccaacacgtggaccaagggacctaacatca
tcacactgggccaaagcaacccacgcatcacatggtagtatgatcctgcet
ttctagctccgatactaagtcatatgggtacaatcatctacgaaaataac
aacccactttaactcccaacatagtactaacaggggaaagcctcacatat
cacatgtcatgatcgaagatcatgcaaatggcataatgaaatttcaaatg
atataaacttgcacatagaatattcctctccgcaccacatcacatgtcat
gatcgaagatcatgcatatggcataatgaaatttcaaatgatatgaactt
ccacatagaatattcctctctgtctctcecctaatgtgggatattcaacac
gacccttcacttgggacccaactaataaatcacacgtgagagaatcacat
atcgacaaccacgaggtactcacccaacacgtgggccaagggacctageca
tcatcacacaagaccaaggcaacccacacatcacatggtaatatgatcct
gctttctatagctctgatactaagtcatatgggtgcaatcatctacaaaa
ataacaacccacttaactcccaacatagtactaacaggggaaggcctcac
atatcacatgtcatgatcgaagatcatgcaaatggcataatgaaatttca
aatgatataaacttgcacatagaatattcctctccgcaccacatcacatg
tcatgatcgaagatcatgcatatggcataatgaaatttcaaatgatatga
acttccaaatagaatatttctctatgtactcgaggcacattagccgaccce
cacttaatgggaaaatactttgttgttgttgttgctactctcaaagggta
catgtttggagataaaaaagaagcataagtgggagtaaaattaagtacaa
aaaaataaatgactagcaccataaacttgggggagtcgggatataattaa
gtaacctatacccaccaccacgaaacatggataaagctaaagaatttcat
gcataaacactaattttagcatcggagtagtttctttcaagcccttctce
gccctcttacacgtgggttaactgtttatgattcataaagaatgttaagg
ttgtactgtaaaaccaattggcattaatttttggatgtagaattcactga
acaactaattattggctttagggtgagtggccaaggtctcatatacatat
catatatgcaaaacagttatcagacatctaccaatgtgcaatcactttta
tacaactgtaggaaaataaaggattgtaaagaatcttaaaaggattttca
gggtttatacagcatctttggcagtggatagcattatcccattatttgga
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Appendix

50001

50501

51001

51501

52001

52501

53001

agcccgtttaacgtcggtacaaaatgaattttcaagcaaaaaaacgcata
gtacatatgatcaaccacaggaaaaatatccatgcacgtcgccactaaga
tcgaaataagtttggagacaatcgattttaatgattgaatgtacttcaat
gtaagcctgattttcaacatcaaacactcctcccacaagccaccaactge
gcagagacaggcattgccacccttggaatcacgattggaggtgaatctag
tgtagaagtattatcttgcttttagagtattttaaacttgaattataaga
gattttgcatcgaaaagtatactttgtagcatgcaaagtgacacgccccg
actatgatatctccaaatatcagaataggcacgtgttagctgacacccaa
gggtgacgaagccattttaatatacatgcaagtggtattggtaaacaaaa
gtaaataaaatatgcaaacataaagaaatatgcaaatgcggaaacgtgtt
cagagtatacaactaatcaagaataaagtgaaagaattactataaaaatt
acgaacaaaggaatgagtcctacactaagaagactcgaagatatctatgt
ggaagtgccctaacgtcgggatcgtatgcecctctgttctaaatcctaaatg
gggcacaaaacagagggtgagttgaccaaagtttataataataatactaa
taataagaaaaccattctctttctgaacatactaaccctctgttttgaaa
actcatatagtactacatattaggttttctgaaaattctagcatgccatg
aaaatgttcgtaaaagatgtatgtataaaacagtgctcagtaatgatgac
atagtagcccaaaggcaaatccataaaaccttcgtaaactcaaaataata
aagtactcaactaggggtacgtatcatagttgcccaaaggcataaccatc
attcgaaggtgaagttgtacgacactgggttacaccagtgaaaattatgg
taggtcccatcacccgaaggtgaagctatacaactctgagttacatcaaa
gaagaaatatacataacacgctgacactagccgtagctagtgaagctgtc
tgacactaattttgctagtgaagctgggggtaggtcataaatatcctcaa
ctatgttctatggctatagatgtatacatactcaggttgtgtgtatgtgt
tgtatgattacccactagataagcacataaaatgtatctcaaaaaaaaac
caaaacctcatcacctgaaatcataagaaatttcataaacgtgatttcta
taaacataccattttataaaccgtaaatagataaaccataaatatcttgt
aaaagcaatttaaataaatcataaattctccataaaccataaatatagaa
atccgtaaaatataatataaaacatactcaattcattaaatatgaaatgt
atggaagcctaatgttctataaaaaaacatgcaatttgagaaggggtcca
ctcacaaaaactctgtcgtcgaagagccgtgtaaatttaagaaaacaggg
ttgcattaacatacacacctaagaacataaaaggaataattaataaaacc
ctacttaaacgattgaatttgggaaatggagtgcggatttagaatcaagg
cgtcgaattaccctaagaggggtattggaaaaaatttgtaaaaaaatcaa
cgagaagtcaaccgagcatcgagccaatcaactacgttaaaactttggaa
ttccactaaatgcatgtcaaaaacaaacttggagcatcgaaattagatta
ggagagttcctgagaaaatttcgtaaaagtcgacataaggaaaaatattc
ctagaattttctggtcaccggagccgctgeccggeccgeccgggaacccaccyg
gaattgcagaaaatggccagaaatatgggcacttttcaaatggctatatc
tctctcatttctcaaccaaattcgacccataatatatcaaaacaaagata
agaacaagattatacctgtttggagtctaaaaagaggccagagatggcca
taaaacgcctgcaaaggtgtggaggtcaccgaaaactgggaaaaattcaa
atggttataacttctttaatactcaatgaaattgaatgattcaaaaatga
aaatcatacctctcgacgagacgaagagaattgtacttttcttgatgget
agcttgtcatggtttggccgaaaaataaccaaaaatgtcgccgectgatt
tcattatgatcccaacgatctggaaagaagtttgaggttaggttgggtgt
tctagatccgtgagaatgagacaaagcttgtggtgttctttgtttgagtyg
gtggtggttgggaaagttgtgcacagtgacaaagggagagatgggagagc
gggagagttccagagaaaacacacgagggagaaggtggaagtggtatgtg
ggccccatggcaacaataattatttaaaataataagataatattaaaata
tctaaaatagtaattttacaaaggtatcttttggatttgtagttccgtaa
agtctccgtcgtagtttcgaaatcgagtctacttacacccacatgctegt
aacatcgagcactacaagaatatactaacataatgagtcatacgtcacac
aatacgagggtcaacaaaaaatgatttctccttgaaaggcaatttcatac
ccacactttaaaattataaaaatcgtaatattcgggacgggccgttacag
aaagacgataatttggtgttattaaaaaagattgaagaaggaggggatcg
gcaaaatgctacgacccccagacaagagtcgacatagtacagactcctcce
gacctaaggtcaataacgtattaccgatcctcacctttttcaacattttt
tgtggttttttttttcttgctacgttattttatttagttgagtttatttyg
gttttcgttcttttttcactattaattatctaatttgatttaattatttyg
tttctttacaaaattataagaagatgtagtttctgggggtattaaatgct
ttaaattgttcctttcttttttecttttttectttetttttttttttttttt
ttggatttttgcactcatttttcaaccattattctttactcattttcaat
tatttaaagatggatttgattgtatctttcactcattttcatggatgtgt
ctacaggtagacgatgtctctattaggcatggatagaatatgtatattgt
ggtattgtagagaatattagacttagagagaagtcccagaaagagataga
tgtcccattgataaatactcaggctagagtatttatagggatcttaagag
tctttgtagggaaagtaatctttatcaaatcgacagactgtctaggagga
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53501

54001

54501

55001

55501

56001

aatctaatataagatactcaaccctcctataatcttgattatgttgeccta
atcctcagaatatcctaatttgaccttaaatagggtttccttacttggga
ggcaagtaatatcttcaataggcctatgcctagcttgeccggactgtgttt
catgggctatgggcattccgatccttcttgtcacatgtcatgggecctaga
aaatcatggtcccatacacgacttttccaaacagtcttcttgaatgaaga
ataaaaaagatatgttgccatcagtgttttagttagggttaagatggtgt
tcaagccatgaatcaagattgaagtaaccagttttggaatcattgaagat
gttgttcaaaaccaatggtgaaggtgtaggattttgggaaattatgagtt
ttgctaaaacttgttagaagaagatgttgaacgctcgaagtttaaaagca
gaaagtcttgttaagcaaaagacaagataagagaaagaaaaagaatccag
gggttttatggatgaatcagtaagaagccttacggtttctgtctgagaat
ctaggaggaatgtcggggtatgctatgtaatgattgcaagaatcgaacag
ctcgggttggtctttttgcgttgcccaacgaaatttttaaaagtgactge
ttaatttctaaggcagtcatattaaagcaaagaccaaagaccttttggta
gctactttgtctagaaaatcgtggcacgtgagtagctgagttcgaacagce
cgtccctaagaatctggcacgtagtaggagcaaagagaagtgtgttagtc
gatgcaaggttgtcacgtaaattgggattgaggcaattaatgcaagatag
taggtcatttaaagaaggccaaattggattattcatccccgtagtcatag
gaaacttgcatgatgatccctgtggtgaaaaaattagaaaataaaccctt
gtggtcaaaaatgttagcaaatttagtttaaaagtaagatttttgttaaa
tgacagttaaaagtataggtaaaactgtattttcagttccaattgacatt
taaaataaataatttttttataacaattaacaaaaaaaataatgcttaat
tttttaaataaaaaaagccgcaattcaatgtcaattggaactgaaaatac
agttttaccccaacttttaaccgtcctttaacaaaaatcttacttttgga
ttaaatttgctaacattctagaccacaagggtttaattcctagtttttte
atcacggatgtcatcatgcaagtgtcatatgaccacagggatgaacaatc
caatttagcctttaaagaatattaatttcttaaaaaccattatgccaagt
gtcaatgggcaaagatttcagaagtggagggcaatgtttaggcctaaaat
accaacttaggctgagatgggttgacctgggttgaaaaggccacgatact
tggcttagtaagtatccctaggccagtgggectttttageccaagacaggg
ttggttcgactgagtcctcataaaagtaagattatgttaagattaagtge
atatgtgctcagttgagtcctatgcaaactgaaattgccaaggatcataa
taagtcttggataaatacaaactatcacagggtcataatgcctacacgat
tagataaagatgaaaaagttgcatgatgagatcaaattcagagacctagt
tagagtcaaagatgatgagtctggatgaagttttggctaaaaagggaatt
aatgagataaaagaaatattcaagtaaatgtcgagcaagcatagtcccat
cgaaactctgcctcgatagacttgttatcataaaagccttgcecctataaat
aaaggaggctctgcaacattggtgctagggccgtctataaattttttagg
cccgcggcgttgccaaaaaatttccecctaacttcatataataaaattattt
attttcacatgtaagacatcgataaaattatacttagaaaagcagttcaa
actcaataatttaaaaacacagactaatttattttgtatcaagagaagga
aaccaaaaaactcttggcttacaagtagatagacgataccacctcgatca
tcatttgcctcgcagttataccttgtgtttcactcaatagggctggtcca
tagaattttgaggctcggcgcgacaccaaaaaatgtgccttaacttcata
taagaaattatttattttcacacataagacatcgataaaattatacttag
aaaagcagctcaaactcaaaaatttagaaacacggagagactaatttatt
ttgtatccagagaaggaaaccaaaaaactctagtctcacatgtagataga
tgatgagttttgttttccatctgaacctttaaaatatttttgtattaatc
gtgaggtgtttttttctcatttactaaccttgtcaattgagactaaaaaa
ataatgatgtttctgagtctttaattatatgtataagtaatgaatgggca
ctaaattaaacattttgataacacgtcatatgattcgcaaatttgctcta
aaattttggaatacgtattactctttatagaagattagacttgaattcaa
acgaatatttaaaaatagcaacccacatatctactagctagtagctaaaa
ataaattaacaaccaaaaaaatattcgtaaaaattgaaaagaataaacac
gcatatagcatttcgaacttagaaaatctcgttaattttaaacaacaaaa
accattgcttctaattaaacttattgatcatttaaccaaatttaataaat
ttatactcttatgaaaagaaatttgtaaaaattggaaagtaaatgagcat
atgtggtgttttgaacccaagacctctgcattattttcaaatgacaaaac
cactacttctagttaaatttctttgtcatcaatccaaattttataaattt
atactcttatgaaaacatatataaatataccaccctaataattttggtgce
cccgaatttttttgggccacggacaatcgcecctacccacactgggecctggg
acggccctaattggtgcecctttttcaactcaacaaacaactcaaacactct
atgtataaccattctcacacccttaagcaaaacactaactatgatatccc
tcccatcaatacatcttcaatttgaataagtgaacaacactagttcagga
attcccaaacttcccactaatctgggctcttcattttcttgaacccaagg
cctatatgtgttccatctgaggccctaattgctcaagtgcagaagtcaac
agtgcattcgacaccacaaccaccatatctactatactcgcccaatcgag
cttggtcgcgagttagcacgccggcatatagaaggaggacgtaagatcat
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56501

57001

57501

58001

58501

59001

59501

aattacttgacatgcgtgccacacaagcattgtaatttctagactaaaca
atatcaaaactacgatgtagaggacgatgtttgagtcaaaggtgattagt
tgaaaatgcgctttacctataaaattgttaaaagttgttatgtgatgagt
ccatattataccatatattttaccatattcttagttctagtttattggtt
attttggtagaattttgatactttgttatatattttcaatgtaggacatt
cgacttcatctggagcaaaaagtgatcaaacggatgaattaaggtaaaca
tcatgctcttaagggttgcatggtttttcaaagggttttcacaaagctta
atgagtcttgcatgtttatatttgatctgaacatcacagaagggttgcat
gttagatatacgtttttgcttgaacatcacgaggaaaatatgtattagaa
aacctaaccttcaaagcatgtatgtagaaatttataagtaattggtaaaa
ttgcaattgttaagaggaagcggaaccttaggcttttacaatttggtttt
caaaacattttcctttgttttctttactttgctaatttctttaacctttt
taattaaattcgtttttattatttttaaattcaaaatcaaccttttccaa
tctttgttttcaaataattaattaagatttggtatttacataaattattc
attcaatctctgtggaaaacaaccttacttgagttgttatactacaacaa
gattgcactcttacaagtgtttttaagtgtttttatccttacttttatag
gtggtcattatgtaacaaaatattggattataatatgtagatggaaatta
gatcatataacactcacattaacctttcaatataggttttcgtttttggt
gtacccagagggggcgttgagggggagcgaaaggtgcagttgcataaggce
ctcaaatttgaagggacccccaaattttttgccatctaatgttatatatt
tagaaaattgcttttgttagtactttaaaatctcattatacattcctcat
aagagtaaattttgttcccttctaaatataaaagggtaatactagagata
ctaaatttgtgaactaaatgatgagtcaccaattggaaatgatcacgttt
atcaatgcttaagtaataattcaatcatcaacttatatgtcatttaattt
acaaaattttgtctacaaatttagtatccctggcattactcaatataaaa
aattttagtacactgacatattctgattgtcaataataacaccctaaaaa
caatagttttccaattttattatataataaggttatatattcaagtgaac
tttaaagttagagttttgaagttttttttcttcatgtttgattgtttaag
attgcactgcttttgattatctagtgaaggttatgtttatagctttttta
attaatgacatttgtaaacttgcaatcagtgttgatttaagcgattgttt
tataacatcaatacattgttttactttttttaatattatcttaacgaggg
gtccttttataaatttcgcacagggcccccaaaatctcagagacggecect
aggtgtacctttcataaatgaggaccagctgaccaagggaaagcaacctg
agaaacaatgaaattcatcacttcctcttagattttctaattttcagttc
aaatggttttgttattaatcacggggaagtgttgtctatactgtcgtttyg
tgggaaataaaataaggaaacccataaattaaccattatgtgcatggaac
atgtgcgtaagtgcaatttgatttaaaatacactgctggcgatcgggtcg
atcgcgggttgtccctcactactgaataatgctcatgccgatcgattgtyg
aatgtacataaagtagaccacaaacactaattattaaaagtcgcatttaa
taaaaaaaaatgataaacagctaattattagtgtttaaccagataaaaca
attgcttatatcatatagtttgttagtgcatccccagttggtttcatatt
tgaatacacaaccgaaaaaaaaaaacagagttgttgaggagaatatcgca
cattggagagatgaagtttccgtcaaagatgtagaaaacgtctccattat
tgcagtccgccatttttttttcacagcttctcatatccttcectectcaaat
ctctcttttgctttttgggacttctcctccagattcaagataacagtatt
tttttttttttttaaatattggaaacaaaatgttgaatttatgttaagcect
tattatattaacacttcacaaattgttgaataaaccccacatacttaata
caccccatatttgctttttcacttaaaaattatcttaatacaccccacgt
actttctcataataccctcacaccccacattctcagtatacaccttatat
tttgtacatataccccacattttctatacatcccatatttctcaaatctt
ataacactcatttttaattttcaaagactgaatctaaccatttgaacgtt
tagtttgccgaaagatttcaaatcatcagcaatggcttcattgtgaaggt
cccatgagagctgggttgatgaaaactcccttcaatagaaatccccgtaa
attattactcttagaaatttaagtgttgaaaatgaccttgtgaagggtca
tctgaccttgtgaagccaaccatggctcatttttaaagacataattgaag
cctgtatcatatagtatgtttgtacctttgtttttgcaactaaacgatat
atgtcaggtacatctaattgcttgtgatgcttaggataggcctgtagaca
tcgaaatttcggaaaatttcgtgttcacaaggccacttgcccatacagat
catacttgtcaatgagcttgagcacggttgtaagaacaaccgagctacta
tttgacatttcttcaatgtcatctttgttgccaagatgataattaatatt
aaattttaatgtgagagtgcattcaacattttatggggtgctaatataaa
aagcctttatgttattttggccataaaaatagaattttgttagggtttca
aaagtcattttataaaaggttaaatatgtcactaaaatttccaataaaag
tgggtgggaaaatagggttgagaggtgggtttatcatcactctaaataag
gtttttatcacaaatggtctctaaaatttaccatcaccatcaaggtggtc
tctgaaattgaaaatcaatcaatgtagtccctggaaataggtgtcgcaaa
tcaatataatccttccgttacaattctgttaaaaatttcattaagtgetg
atgtggcacataaatgggtcccacaagatttacgggtttttatcacaaat
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60001

60501

61001

61501

62001

62501

63001

gatccctaaaattgactcacaccatcaagatggcccttgaaattgaccta
caccatcaagatggtccctaaaattgaaaatcgatgaatgtagtccttaa
aaatatgtgtcgtaaatcaatatgatcattccgctacaattctgtaaaaa
aaattgttatatgctaatgtgggtttaataattaatttaaaaagttgttt
aaatacatttttgcacgataaaacttttttcttatagtaggacctactcc
gaaaagatatctcttccataaattcttaaaggcacaaagcttaaccaatg
cccaataggggatttagaaagaaaaatacatttataagaaatgcataata
agatttttggaatgtcaatgacacgtccctaaatttttactaaaattgta
ggatctgtgttcttagtccttggtgaggttctcccaaaaatgttacaatg
gaatagatagcctctaacttcaagttatattgtaggtaatgatttttcat
ttggaagggattagaagagactattgatacacgaaacttctccattctaa
ccataccattttggaaaagaattgcaatggataaattttcttcttaagta
atccatctcctacctctatgtttgccacaaaatttttcatttttceccttta
acataccttgaaaagtaatggtttatccattcaaatccaaccctttttat
caaatgagacccacttgataatcctattaccttcaaatgatagtagtttt
agcattgtaagctttcacacgcatgtaattagttgttaatgcatatttct
tttaatagtagaaaatgatcttgcaagattaactctttgaaaatagtcac
atgcataaaggaatgacagtgacaagaagaaaaactgattgcaaatcttt
gaattttattctatagctagacacacaagaaagaaacactacacatttac
aagaatactaccctaattacaaatagtatgcagttccagaagttcaagtt
aggtggccttgacttgcatttcaaagatgggctagctgcaattggtcaaa
attaattgcccatcgtttgatcaaccttcagcctcaccctataaatacca
tacctcctccctcacttcttcacaactcaaaatctcccattacaccatcect
tctttttcataaatttctttttctcactttccaaacacttcgcagaatc@
Egggtgttttcacatacgaattcgagttcacttccgtcatcccccctgct
aggttgtacaatgcctttgttcttgatgectgacaacctcatcectaaaat
tgcaccacaggcagtgaagagcactgagatccttgaaggagatggtggag
ttggaaccattaagaagatcaacttcggtgaaggtagcacatacagctat
gtgaagcacagaatcgatggggttgacaaggacaactttgtgtaccagta
cagtgtcattgagggagatgcaatctctgagacaattgagaaaatctcgt
atgagactaagttggtggcttccggcageggttecegttatcaagagcate
agccactaccataccaagggtgatgttgagatcaaggaagagcatgtcaa
ggctggcaaagagaaggcctcacatctcttcaagttgattgagaactace
tcttggagcaccatgatgcctacaacatt cttctgccecctagcectaca
atgattttctaagtattgataaaaaaaaactttgtgtcctctttggtatc
agttaatgaattgttcgtgtggttttcattttctttctttttttettttt
ttttttacttctaaaacactattctggcttgtaattggagctttgattga
agactcaatattgtatttccttacatttatcaatgaataaaaggaaaatc
atggatttgataatatatttgaatgtttctttttaacaataggtttgatg
agttggtctccttaagtgtggccatgtcgaaattcaggaagggtggcage
tgtaagccttgagagccgaccctgttaggcatcgaagatgcectecttaag
gattcttctttggaaccacatcacataagagatgaccatttaacaaaccc
aacgtatctaacatctaattagggcccaatttaagcatgcatatcctaaa
tacggaatcatatttctaaatgaaatgctcatgttaaaaaaaaaaaagac
atgctcattaaaagtaatttatttcgaatctgtaccgaagccgcggagtce
gctgtttagagtgatgtgaccagcggggtcagagtctcctttgaaatatt
taacccgaggcagagcaatgggtcatctccgatccgecgatcatagttgat
actccgagtggaggtggctcaggcttgaaaggtcgaacttaagctactgg
ggattgctcagagtggattggatctgtgattccgecgttcgtcactccgac
ccgagggctaccaaccagcagctccaataaattttagggtgtgatatcca
cacacccctttttatttttctcacacctttttaatttttaaccgtcecggat
cggatgaattgaagaagatcaacggataaaaactaactaaaggtgtggga
gaattaaaaatgaatgtgtgaatagcacatcctaaaatttatggagttga
attagttagtggggacttgacttgcatttcaacgtgggccacctgcgage
agctccagcgggaccaaatccceccttgcgagtaggcaatccaatccattca
ttccccecctcaaaaaccctccagecccaatccagggatgggectceccagggga
gcccaattcttccatcaggcgataatctattggcccagecgectggectac
ataacctaagactgatgtcatcgtaacgttaaccacaacttaaattatta
aaaattcgttaaaaataaaaaattaattaataataaaaaataaaaaaaat
ttacataaatacatgaccatgttctttttttttttttttttttataacca
tgttctttcactttatcctacatttcaatattttcaaatactttcaacca
agcttttattattattcgtaaataaaaataatattttaatatcaatagcc
tgaactattcagtttagagatgcaaatgcacttgaacaattactgttcac
tacagaaattactgtttacataagggaactgagttgcttataacccatga
ggcattttagagtggaaatgctctgtcaaacattgattgctcattggaca
aacagttgttatgaacaataattgaggttcgtcgaccttgtggtaagcgg
cgcattttcttattcaatatccagatggtccctceccttcececcttgacaaa

Mal d 1.07 |
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Appendix

63501

64001

64501

65001

65501

66001

66501

aatacaaaattacatgtacataaattaatggttcccacgccaacgaatag
aaccaagcaggaactaccataaataaaccttttgatcaaccctcagectce
actctgaaaatacatagctcctccctcacttcttcacagctcaaaatctce
ccgttgcatcatcttceccttttcatcaaatttttttctcactttccaaaca
tttcgtagaat cggtgttttcacatacgaatccgagtcgacctccgt
catcccecectgetaggttgttcaatgegactgetettgatggtgacaaac
tcatcgccaagcttgcaccgcaagectgtgaagagegttgagatccttgaa
ggagatggcggagctggaaccattatgaagatcagcttcggtgaaagtag
cacatatggctacgtgaaaaaaagaattgatgcgattgacaaggagaact
ttgtgtacaagtacagtatgattgagggagatgctatctctgagacaatt
gagaagatctcttatgagactatgttggtggcttccagcaacggttcgat
catcaagcgcacctgccactaccacaccaaaggtgatgttgaaatcaagg
aagagcatctcaaggctggcaaagagaaggcctcccacctcttgaagttg
gttgagaactacctcttggagcaccaggatgcctacaacatttt ctt
ctacctcttcactgattttctatgtgttgatcaaaactttgtgtcctctt
tagcatcaatgaattatgtggttttcattcctttatttttaacttctgcet
tctggaatactatttaggcttgtaattcgagattttgagtgaccagtgaa
tattgtatttccttaaatttacaaatgaataaaaagaaaatcatggaggt
ttgataatatatttgtattttttttgtgcaccttggtaatgaatttaaag
cttcattttataagtatatgtgacccaaacttacatatgtaattcatatt
aatcaccaactgatctttttaagagcaaatttcaactaaagattataata
aacttatataatatccaagtggttagagtgttgaattttcatttgtgtcc
cgagttcgaaactcctcatttcttaaattattgtaatattttttaatgat
aggcattccctcaacttaaataataacccaaacctgaactaatccctcecce
aaccataccccaccatcccaatccagacctgacccagtccttcecccaaate
tcaaatgaatgggattgcgatagagttgcatgatcgcaaccatttcattc
gagctctacataaacctctcccgcaaaacgagcagtggtgatcggttecg
ttcgagaatttctcaaaaaaaaagcagtattatcataggccacatttgga
agcggagctttttgaacttttgattattctcctgatggcggcgatgacta
cgccgctgcatgagtcatggtcgcatggtggctaattggtgactgcgaaa
ggcgggatctaccggcgatagactaagggcctagaccagagagtgcaagg
atgagaagatagagaggagtagggatgggcaatggttatgcgggcgggta
accgcggttaatttacccataaccgtttatgttcatacccgtataaccat
ttacccgttgggtaattgcctaaacggttatactcatactcataaccgtt
tataaacggttaaccatactcatagccgcatacccatttaaccgtaaccg
tttaatacccgtttacccatttattatttttaacccgtttatcttctttt
ttttttccattaccctttttcaccecgtctacatgttttttaacaacttga
aaattaaaaaaaaaattgtcataatttttttttaacaattaaacaccgtt
aaaaaaaaattcatcatacatttccatattttaatttttttaagtcctta
taccattccaataattgaaataatagtttacgaacaatatttttaattgt
taccaatgaaggtaaatataatatttgctaagtattattgggttacaaaa
attgtttagaaggcatttctgtcaatttcacggttacccacaatgaattt
aaattaatttggccaattccttgatgatgagaatcatcattcctgtagta
gtgttattgagagaatgaccgatgaattccttgctaatttattggttget
aagtattattggatcgagaacatggtttgtgttagttttacatatataaa
ataaatgggtaaacggttacccgtttataaccgtagttaatacccataac
cgcccatttaaatttcgtgggtaaacggttatacccataaccatttattt
atctaaacggttacctataaccgtaaccgtttaatttaaatgggcgggta
accgcggttacccataaccaatgagtatttgcccatccctagagaggaga
cttttccggcaacgaggacaacggttgcagtgggcggaggttaggtgggg
tgggtgaagggattaaaccagaaaaaataaaacaaacaacaaaaatggtg
atatctaggaaaaaacatttcaatataaaaggaacacggtggtatattac
gtgtttttatataaatggtgagaaattttattttttaagttattaaattt
ttaacacacaaattccatcatttgtattgtgacacatagtgtatcacctc
gtgtactggtcacactgaaaaatctctcaatatctagggacgcattcgtt
ttttttttaataaaaagaaattaaataatttttatcagttggaatggaac
aaattagcaactacgtcaatccataaatatggaatccattgttacaacat
cattacttaacaaattctctaatagatgtataactttgcaacggatttgt
gagtttatgtatgacattgaaatgtgcaaaagatgaacatgcatttgtta
tataacctaaagttgcagtggtaaaatgtaattttccaataatttttcat
tttgacaagaatagaatagggttagatgaaagaaatcgggtaaattacac
aaaattacctcaactatgggtcgaactacaattaggagtgggcatgatgce
ggttcagtgcaattccacccttaaatcgaaaccggaaccggaaaatatca
acagttcggtttgatgcgattccacttaaatttattactagaaccttacg
gttcggtctacaccggtttcgattcggttcttgeccggtttacggttttga
atactaaattatttgaacaccaaatcattatgcattcaaatatatcttct
aaaaatgattatataaagttgcatccaagacatcttttctaatgtaaatg

Mal d 1.09 |
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67001

67501

68001

68501

69001

69501

70001

tccttggtagtagcaccgagtcaacaaaaaagataactaaaagaaatata
cattgatcagcaaacttgtcatatgtgtcagttgtcatgagtctcttggce
acataattgattggacaatgcaacaaaagtcgatagacacattacctctg
tggtatcaaaatgcttgtccaataccaaaattttttgecttttttcatttyg
ccgtataaacaatcttgattcttgacccactatattggtcagtcagtcaa
caaatcaaattaaaccaaataaaaaccaaaaatcattctccaatactcat
tttatttcactagaaaaaccatggaaaagagagataacacctatttgtaa
ccacttataaagtgaaaattatgacattttcatagccttgaatttaaaca
agacatttcaataatatagatcatgcaagtattaagctacagtcaccaag
cagtatactgtacagactaatctaagcaattcaacaagcataaccttatt
tgtaggcttcaacaatcatccagttaaaaattaaaatgctagtaatctag
cctacacaaccttaattaaagatttgcaaaaacaaaaaacacaaaaacta
ctacaaaagaaaaggagaaaagccacataaagtattgtcatgtattatga
tgctgaatcccagtctgagaataaggaaaaagaccaaaattttctaatta
aaaatattaaaatttctaagaccaaaatttgtaaacattaagtggttccc
aacaacataaaccatgcccacacttccttatatcagactcttgtaccatt
gaattagcttaaactgcatacttccttttatctatgtcaaaagattttaa
caatgcttttagatcatatagcaatggaagtttgatcagcttcacacttc
caatggaactcaaccatattcctaatctcaaatatgagaatagatagaga
aaataccaaggaactgtctaagctgtcacggaggacggatcgatggagga
cgaaatgtctaagctgtcgcgaggagggatgatgagggccgttgcagttyg
aggttgtgggctgaatcgctgatattttggatgagaggtctgaggtcgtyg
agtgggtgggtggtcgccggtcggetetctgtgtgaaatgggatggggga
atcaagaaatggagtgtgagtgtgtgaggccgtgaggtcagcgacttagt
gcgaatgaaccctaattgggataaaatccaatgctttgcaatttggtgaa
acaaatttttcaccaatcataccatgacatgtgtgtatatatatatataa
ttaaattatttattattaataaaacgattcggttcggttatggccggttt
atgatcattcgaaatcggaaccaaaaccggtttgaacggtccggttcgat
ttttggctcaaaattgacttttccgatcaacacggtttttttcgattttt
ttttcatacggttcgatgcggttttgcagtttggcagtttttatgecccac
ccctaactacaatctcatacctcatgcttttaaaattacaatgtcatacc
tcatctttcgaatttgttgcaatgttagacctccgtcagtttttctttaa
atttctctgttaaatgctaacgtagcttgaggcgggcccacttcectagte
taactagattaaaaaattaattaaatattaaaaataaaatcatttaaata
tttttataaaaaaaaatatggaacccacccctacaaaccatcaccctcac
ccttcttctccagttcacccgcatcecctgeccgecgecatecttectectcecaa
acccccagtagcaaccaccaccactactatccaacgacgtcgtcatagtce
ctcctcctcectcaacttaaacataaggaagcaacaaaaacaaaaatccca
tacgaaacaatttatcaaaatatgcaggcaatctactttgtttatccaaa
tccatcaaacaaagcaaaagcaacaccaatttcacatctttacaaaaaaa
attcagaaaccccaacaagctgaaatccctaatttatcaaatttcaccat
tattgatcactaccccaacaagcttcaaaacagcatcgttgcaatctgta
gtcgacgctactggctttttggaggcggtgactagatcgggaatggcagt
cgtttagtagtgaggcctgtgagctccaatcaattaggagcaatgggtcg
gaggctatgatcggatcgagaagaggaggtttcaagagatgcagccttgg
gttcaccgattcaaagttttcaaacagcggcaacaatggtagccatttge
atgggcgagcttccaatgcacgaggtcggagagctcgactcgagttcatg
gtggtggctaagaagagagttttatttttcttttcattaattctttttta
aaaaaatcttattttattaatatttaattagttttttaatccggttgggt
tagggagtgggtcatccgtctaccatgtcagcatttaacagaaaatttga
caaaaaagttgatggaggtttgacattacaacgataagttgatgtataat
attgcaatgtttaaaagataaggcatgagatttatatgagacccaaagtt
gaggtggtaaaatgtaatttacccaaagaaatttctcttttttgtaatcc
tacgattttaaggaggattggaatagataagttttcttcttaagtaattc
atctcttactccatgattgtcacaaatttttcatttctttcttcaacata
tcttgacaatagttttttacctattcaaattcaatctcctatatcaaatg
aggcctaagtgatcattcttttaccttcaacattaaagtaattgcagcat
tgtaagctttcacatgcatgtaatttgttgttgatgtatggttttctcaa
tagtggaaaatgatggggcaagattagctcttcaacaatagtcgcatgca
ttacataacgaactgacaatgcaataggaaatttagtatacaaatgaaaa
gacaaatataattcttatcctattctagaaaaccctaacacaaaccatat
aaaaacactctaacatagaactgaaccaagttgttagcttttccaataaa
ttttacagagtttaattagttagtacgtacctttcaaatagtatgcacca
gcaaaaaagcatgagcgatgccgcgagtttacaactctaattccgecttaa
ttacaacaatgtttataattttattccaattgtactcgtgtgtaccatat
ccctctacaataccccaccaccaaagggggttcatgattcattgtgacge
atgctttaaattcaggaacttttattccttttttgttctttaattattaa
atttataatccttgagcgatacatatcttatattaagaagacatcataca

198



Appendix

70501

71001

71501

72001

72501

73001

ataacaatgaatgttttacactgtgcaagtggagcagctttcatttgcca
atttctcgtgcgataatgcaagctccattgttgaattaaaaaaaagtaga
taaaattgaacccaaaaggcaaaagccttctctaacaaatagatacatat
aaacagtcggttgggatatagatatgggtgtacctagaagaatagagatg
cactgagtcggagagagcaaagaatgatagtggaattttgaacgaatact
ggacgatgacgaactgcacggctagagctgttggtggcggtgattctgceca
gcgaaagatagttagaaaaaagtattcaataaatcttacagaactgtaat
aattcagtcatgagcttcagatcattggcatttcaataataaggattcat
aatttcaaattttaatatagaattaacagtttacaaaattagaggtagct
gatggcatagcgtaccggcttcaagtatgctaaagttagacataatcttce
agtatgtagaggtgttttcgtttctgaattttccctgcaacggttcacag
ctggtttctacaaattttgaaaacgggagctgttagtatggatgtgtgtt
aaatttatctcgtaacaataggacgtataagaaaacgaagtgaaggtgca
tatataattcatgtttccctctctttttcatctactcaatcagatatatg
cgagtactaaattagtgcatttaaattaaaaagagttgacagaggcataa
ttggagaaagaaaaggtctttatatcaataaaaatcaaaagatgctttat
aattggacatagaaaatgaggaaaatgatagggacgaaacaaagaagggc
cattaaaattttgacagaggcattctcagcaagtaaaaaaacagaggcat
tcccaaacagacaatacaatattggaaaataataactgaggaggaaaaat
aaaaaccaaaaaaataaaaaaattgtaaacctcggtagcaacatagaatg
cataagaattaagcatttgtttttgagggcttgagtttgttttctaattt
gaagcaaagaatacttgaatgaaatgccaaataaaaaccccaaaacgatg
attaaaatatgatattgagaaacataatacaaaaattatatctgatattt
aaattgattggcctatctgatgtttattcagttcaagtatcaattcaaat
atcaaatagtgcttcgaatattagaaagattatgcaacctgcaattcaaa
tatctgaaattggcctgcttttgcaaaagtgcccaaaattcaggggttac
tcaatttcatgtttgaaagccattctgtaattgaaaatccaaaattcaga
ttcctttccaaagtctcaacaacactataactgaccacaaatccaaaaaa
ccagttcaacccccaactttgaccatttttcactttcaattcgcatatca
tcactaaataaaaccatccaagtcaaaacatattaagaacataggtggag
agctgaatctaaggttctggaatcacatatgtattcccaaatcagtgtga
aaacaatgaagctatgattacaaaaggctatgctaattttttgataaaca
cattgtatcaaatgttagatttattaaccaaatgtaaaaggagatggtag
agatcaccgacatctgtatcaaaaggtttagtttattaacgaaattatta
gtacaattgttgcatcttaatatgtatctaaatatatccaccttgattta
gtgaaagtgatgttggtggtggcgttggagaggggacgaagaacaaagaa
aaatcaaaacagaaaaatacacaactaattcatcaatcaataccatctcc
ctcatgcgaaaaaacccagagtcccaaaaactacagaccaataacagttt
gatctgattacaacaattagatggccaaatggaagacccaaaatctctct
accgcaaacgctcatatgcaaccacactccttacactcecctgtectettte
cctggcccctgcttcaccaaatgacccgttttccatataccttgcataat
ctttcttggaagcattacattttctttttgaageccttcttaccttgagge
ctaattggaaaacgggtcgacctcgacgcttgttcaatcgggggecgtttce
aagcacttcttctgcatcatcttcatcacaatcatgcgaggcatgatcgg
gtgtagagtgtagatggacgttgttcatgaaaacttctggaccgacagac
acaattttgaatttaggacaatctttgataatattccaacattcaaacca
ggtgaatgttttgcttttgcttttgecttttggcaccataccaagcttgtyg
cttgaagttcctacacaatgcgggaggataaataattataatgagaatag
gtaacaaataaataatacaaacaaataattataatgaaagtaggtaacaa
ataaataatacaaacaaataattataatgaaagtagctaacaaataatta
taatgaaagtagctaacaattaaataatacaaacaaataaataatatatt
gttatctgatccgctaaattttccccacttcgaatattaccactagctgg
tgccaaggtgtctctccacgtactaaacacttggctaagtaatttccaac
gactggacatcgattctttagttctttgcccacccattttctcaagataa
ttggtatgaataagactccacatttctcgcaactgcatctcattaccecgt
aagcgaatcatgagtaacttgaacccagctggtatacaacgcaacatctt
caaaaagtgtccaattcgtacctgcttgagtagtcattttgttggaaaaa
aaaattggattcaaactttgagagaaatataggaatgtggttgaaagtat
ttgagaaaatatgaaattgtggtgtaaggtagaagataatgagaaagtat
ttatagaaaagtaaaatcaaatttttttataatttttcataatttttttt
ttcggattttaaagaattttttacattttttttaaatttttattcaccta
attaatctctaccatttcagaatttttaactgtttattcctttttttttt
aatttacaaagcctaataacgtggaccgttgatcttagatcaaacagatg
aaattaaatgaaaatttttaaatgttttttatcgttggaaatccaacggt
ccataaaataaggccattgcaatcaaacagacatggggaagccacgtggce
ttccccaacggtaacttttcaaaacaggcgtcgecgggeccccagggetgtt
tttttgttggaagacgtgcgcgtgaagcacacgcgcttgacgcageccte
gggctctcgggctggcaatccacgeccgggecctgecttectecgggectecgect
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73501

74001

74501

75001

75501

76001

76501

gtcactcgagcttcctaacgctggagecctatccececccaacaatttgetcee
tgtttgaaagcctggcccceccgagcaacctecctececgetggagttgetttaa
acgttataggtatattctcacctctaccttttagggacagctccagagecg
atcaaatccgttaggagtgggcaatctaatgcatcattcattctccctca
aaaacccttcagcccagtccagggcatgggctccaagggageccaattct
tcaatcaggcgataattcaatagcctaacgcctggectatgttacccaag
gttaatgtcatcgtgacgtcagccacaatttaaattattaaaaattataa
aaaaaattaattaatcaaaataaaaataaaaattatataaatatctaatc
atgttcgttcactttacaacatttcaatatttttaaatactttcaaccaa
tcttttattttatccgtaattaaaaataaagttatctttaattattttat
aaaaaatattttaataccaatagtctgagctattcattttaaaagtaaaa
atacacttagataattactgtttatctcaaataattgagttgtctatage
ctgagggcattttagggtggaaatgctcagtcaaatgctcagtcaacatt
gattggtcatggaacaaacagttatgataaataattgaggttcgtcgacc
atgtggtaagcggggcattttcttaatcgatatccagatccagatggtcce
ctcccctctccagaaatacaaaattatatgtagaaaaattaatgctccca
cgttgatgagtacaccttttcatcaatcctcagcctcactctataaatac
atacctcctccttcacttcttcacatctcaaaatctcccattacatctte
cttctcatcaatttttttttttttctattttccaaacactttataaaatc
ggtgttttcacatacgaatccgagaccacctccgtcatcccccctgc
taggttgttcaatgcgactgctcttgatggtgatgaactcatcgeccaage
ttgcaccacaggcagtgaagagcattgagatccttgaaggagatggtgga
gttggaactgttcagaagatcatcttcggtgaaggtagcacaaatggcta
cgtgaaaaaaagaattgatgtgattgacaaggacaactttgtgtacaagt
acagtatgattgagggagatgctatctcagagacaattgagaagatctct
tatgagactacgttggtggcttctggcageggttccatcatcaagegecac
atgccactatcacactaagggtgatgttgaaattaatgaagagcatctca
aggctagcaaagagaagtcttcccacctcttgaagttggttgagaactac
ctcttggagcaccaggatgcctacaacatt ctcttctgeccttttcaa
tgattttctgaagtgttgatcacaactttgtgtcctcttaggcatcagtyg
aattgtgtggttttcgttcccttgtattteccttacatttacaaatgaata
aaaataaaatcatgggggtttgatgatatatttgcatgttcctttttagg
ggaaacttgatataagacaatttttttagtcaatggtgcaatttattaaa
ataagtccaattccttaaatttaattatttaattatcaataattatctat
tcaatgataagatttattataaaaatcaaatttattcctaattatctctc
tgattatttctttttatttagttttttgttatttcttgttcttcctcttyg
ctttgaaccccatttatagatttaattttttatttttataatcaacctat
atcacaggttaacaggactcactcataaaaatcatccatgtttttaatac
aaggagtataaaagaaataaaaacatgtaattagataactaaactcactt
ataaaaatcatccatgtttttcgactttgatctaaaagccccttettttt
atgcaccttggtaatgaacttagagcttcattttataactatatgtgacc
caacttatatatgtaattcatattaatcacctattatttttttaagagca
aatatcaatcacctaaatattttaataaacttgtataatatctgagtgga
taggctgttgattttcaccatgcgtctcgaatttaaaattttatcttcett
taaattattgtaatagttttgaacgatgtgcatgcccataatagtaaatt
taaaaataaataaataataactcatattgtcacccatgcatccctattca
aaacttctcccttttacattatgtaataattttgaacgcttcectttattt
ttaatagtaatattttttttaaagtaattcatataataaaataattatac
atctactctatgatacccgatcaatttaaaagcattacattttctagttyg
tatatgagttaccaatataacacgtcaattagtaaatgattgtaatatta
tattatatttgataacgtgacaagtatgccaatctacctactccttcata
ttagccggccactaattaaaaatgtgacaattatcatttcatttttttat
tttttaaaatgagacaactggtggcaaaccacagttaattttttttttta
tccaaataagctatgaagaatttcaccgtgctcatgaccacaatcaagca
gtcaaatatcatttcatttggcctagtacttcatattagccggccactaa
ttaatattgttaaagtctttaaattgataatgtgacaaatatcatatatc
attggacctactacttcatattagccggccacaaagcatacgccggttac
cacttcaaagataatagtaaaggatataatcagcttatattatatttgga
tgataaatttaagatacaaagaaattttccagttacataatttgaaataa
tttaatttaatttctagaatttgtgaattttttttgttccgtcaataaaa
gaacaataaaatttaaatacagaatttaatgagtatataaagtcattaat
agataaatgagataaagttattagtaaatgtgttagcagtaatggcaacg
acgtggtggcaatagtggtagcagtagtgatgttgtgcagtggtggctgt
ggtggtgacgtacgctggtatgatgatggtgggtggtggtggcaacaata
gtgatgatgataataggtggtggtgacggcaagaacagtgacattggtat
gtggtagtgacatgtggtggtggccgettttggttaagtttatatttttt
gtttttatgtactatcaaaatttgaaattttcaaccatttacgtgaaatt

Mal d 1.08 |

MGVFTYESETTSVIPPARLFNATALDGDELI

AKLAPQAVKSIEILEGDGGVGTVQKIIFG

EGSTNGYVKKRIDVIDKDNEVYKYSMIEGDA

ISETIEKISYETTLVASGSGSIIKRTCHY

HTKGDVEINEEHLKASKEKSSHLLKLVENYL
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77001

77501

78001

78501

79001

79501

80001

taaacttgagaattgaaggtctaagatttaaaaaatttcttcttegtgtg
aaaaatctaaatttctatgtatgtaaattcaaataagagaatttatgcat
gttaatatatataaattctaaatttagtcgaaacttcaaatttatttcct
ttattcaaacgtaatgttattgaccagagctaactaaatgagttgaacca
actgctataagacaaaggctgcaattccaacagtgattcctatctctcac
acaaaatgaaacgactattttatagcatcatatctacaattcacaagtga
ttcctatttctcacacaagacaaaacgatgattttaaagcatcacacttt
ccaactagatgacctgaccactacacggcgaggcccatatcgttaaccta
aggatcataacacaaatcaatctcatctaacatgcaattggagaatccca
tttcegtttttcecttgtaaaccacttagtaattcacaccataaatacactca
tgagtgtaaagaattttggaaacctcaaactgatgctcattgacaagtaa
ctcaagcttgcgatcactaaagctcaatttgtggtttttgagattgacat
aattcttcattttgatctctgagacgtcaaaccaatataaatgatccatg
agcttgtccaccgtcaatcgttgtagtcattctatgaaaatcttcagtaa
atcattttgtctcattgtttattaaattgagagtatttttatcattttat
gaagaaccaaaatgattgaacgatgtacaaaatcaaggactacttgtatc
gatttcaaatttcaaacaccaaagtaaggagttgtatcaatctcacggac
tattttagctaaaatgcgtttataaaatcaaggagcaatcgtccgtcaat
gggccggttcaaggcccacataaattggactggtcatgecccacccatgtg
cccttacaaacgcatcccagggtagattcgcacaagtcagttegtttgag
tttacacttggaccggggcaggcacgtcaatttcaaagaggaaaggacag
tgtagtaatttcacagacatcgtatatacagagttcttctagaacgaacc
ccacaagaacacgcagaagctgttctcgactcttegttttectteggttt
cccaaaaacaaaatcccttcagectttecegtectgetctcgaaacagttceca
ccttgtctactgaatceggttttecteccaatgtcaggegtttegattgete
ggattcggggagagaatcggttctacaacccaccagctgtacgacaacgg
cagcagcagcagcgacaaaagctacaggaagagaagcatcagaggcagte
ggtggattcagacgactgtgcgacttcatacagttctggttegggtcggg
aagtggtgagcgatgctacgaatttggatcggtttttggagtacaccgca
cctgtggttgtggcccagtatttteccgaaggtattgcaaatcaatcttaa
aaatttcttttggatttgaaaactttatgagagattgaaattttgaagtt
ttgggcatatgctatcgctgataattttaaatttttgttatcttttaaac
ttggatggaagttttcaactttaaaatttcttgttttgggttceggtgeg
ttgtttttgtaattgtgtaattgtgtagaagtggttcttatgtgtttcca
tttggtgatggatagacaagtgtgaagggatggaggactcgtgagtcaga
attacatccatactttgtgcttggagatttatgggaatccttcaaggagt
ggagcgcttacggtgegggtgttectettttgttgaatgggagtgactcet
gttatccagtactatgttccttacttgtcecgetattcagetctatgtaga
cccatcaaagccatcaacgagaacaaggtgagcaatatatcaaagtattg
acactttcaatcaattcaaattatcttttaatgttgctgctcatttctga
cttatgggttagacatgaatgtcattacgtggggaaactgtcggagcaaa
atttgaatttagtgaggtagattctgctgttcatttttatgtgatcaatt
tatttgtaatcattagttacctgataataagacagatctgtaaatgtatg
atggttaagtaatctcatccactattgcagatacaacttggttgattggg
ttacaatttttatctacttatagttatggcttagaggtcgcacttggtge
gatggcaagtgccttcgecccatgageggtaggtctecgggttegagacttyg
ggagcagcctcttcataaatgggggtaaggctageccgacattcacctcecte
ccagacccagcgtaaagcgggagecttgtgcactgggtacgaccttttta
tagttatggcttagagtatacgaggataggaaatgtcgtcttatcaatct
atgttcagaaaatggctgtggtagtagacagtgggaaagatatattgtga
tgataggttgtgaaagacaaaatatggtagtggagtgctgttgtttgaga
cagcagtgagacatcttataaacaatgggtgacaagatctttgatataat
tcatggtagcgtacttggatatggtgttacttggtgttgaggtgagacgt
ctgatggtttatggcttaatctcaacttgaattggcaaaacattgcacag
aattacatgctaatggctagtttgaactgtattttccctttcetttagtge
aacatgctagtactggagccaaagaattacctatctttatcatttgtgag
ataaattgtgcagagcctccgtgcacactaatagctagttttgaatgtac
ttttcctttagtgaaacacaaaatcaattttagttagttgtgagttaaat
tgcgcttagaggtacacaaaatcaatgttcactcagatgaaatcaatctg
ttggcctagtaagtgttcttgtcacataattttccacatgtgtgecatgtt
gttacaggaggcctggtgatgagagtgatgcagagtcatcgagggagaca
agtagcaacggcagcagtgattatggaacagaaagaggatttaacaatgt
tccttatagtgetttaagttggcagaatgectgcagatgtaaatggccatg
gttggaataaaaccttcccgagaaataaacccttaaatggttcectcaagt
gatgaaagtggtgaggcttgcaaccctagtcagcttatatttcattatat
ggagcatgatcaaccatttggtcgtgaacctttggctgataaggcaagtc
acgcatcatctcagaacacttaatacgttgagttttccattttcatttat
aagtttgatggtaacatgcactcattgctaccttccaacagatttcagtt

Hypothetical protein with a

conserved domain with unknown

function: DUF789
(ORF47) |
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80501

81001

81501

82001

82501

83001

83501

cttgcatctcaatttccagagectgaggacatacaggagctgtgatttatce
accttctagttggctttctgtagectgttatgetttattttactectegt
aaacacaggattgatgcatatgttatcataaatctaaaattgtttctgtg
tatattcttgttaaaggtatccgatatataggatacctacaggtccaaca
ttgcagagcctagatgcatgecttcttgacctttcattcectategactce
cacaaagggtacatctctatctctatgtacatatgtattatatatttgtg
tacgttcatgcacttgcttgttttgcaaatcacgttataatatatcatgt
tgtcgggagcaggtgcaagecgectgatgaacttcagtgtggtggtgcacga
gctagagacaaccaaaatgccgatttcaaactatcattgccaatctttgg
gcttgcttcgtacaagttcaaggtttccttttggaatctaatggagttta
caaatgccagaaggctgattctctattgcgagcagectgacaactggctca
ggcgattgcaagttaatcatcctgatttcaatttctttgtgtegecacage
attccaaagaggtgagaagggaatttatctatgatcagctcgcagttatc
atcccagtgtaaaagggataaaacgtactgatgacaaaaactctattcac
tggccagtttttcatgttattggttggatatcagttcgecactectgtegt
tatattacatagacttggcccttgatatcttatattatcatcaaagcaga
attaagagtgattttggctctgtgagggctttggataggctgaaagaaga
atagtgatgacattatcgttaataaaggccttttaatttggggagtgtge
ttcagaatgggcgtcatgtattgcatcaggcattatgattacgactctte
ttagtctatttgctgtatcgcagtttggcagtttaggtggaaggaacata
tgtcagtagctgtttgacaatcttctgttactgtttagttgatgacgatg
aaaatatattaacttataattgtttatatatctccgtatatgttgaggtg
ccttttgtttagtatgtttgatcacaccgtgtgtatgaactaacagtaaa
gttcaacgcaaacatgttctgtttaatgtatattctgatcctacagtaaa
ttatcagtgagatatgatgaacaaggtgggtgtgtccttgcactcatgcet
cactcttctgatggcaaatgaactttaggatgtgccggecggaggactttg
atgcaattgcgatgctgttgcaacatttcaagccaatcatgcattatcat
gcgtggttttcecttggaatgttgeccacagtgacatcecctagtegteggtaag
ttcctectgtgectgacctacatctggacaggtatagggtettgatgggt
gcacatgggagtgttattccagggacttgttatagaccagcattctaact
ccaatggaatacctggtgagtttcttacactccaaatctgatcaaggcta
agcccgattcggaaagccagecttgtcecttcecccatttcaagecatgttatt
agtgtgcaatttatgcaaatatgtgttatttagtgaaaacaacgactcac
gatagtagtacttccatggcacgagtacgtatacagtgcgtctacgttga
ggttgtgcagactgctgaatttaccgcaacatttattctttttettttga
aaatttgaaagatttgattacaatacttacgtgtattcaatataatcatc
agttcaaccatcgaatgaagattttattatatacataattcaaaagaatt
acatataattactagatgggattatattaaatgcatatatatatttgtag
ccaatcctaaaattgaaagctttaatcaacctgaaagacaaatttgctat
atctggtttggtattgatagaatcatagactaaaagcttacttatgttta
tagccaaacgccgagccttgatgecttccaaaacaataaatatggcaacct
accataaacgcttgaataatggtacttttatgtaccacaaacactgagtt
caagcttcgaacccacaactaccacttaagttaaatccttgtataaacca
atggaggaaattaatcgcaacctcacatgacatattgcgtcgctaacgta
gttttgacaattcacttgaatgtcgatgagattttacttcgagcaaataa
tttctagcaagtggtcgttttacattctcttttgectcegeatgecacttat
ctttcttttttttatattatgagaattaaataaatcaaaagaaattaatt
gacaaaaaaccttcgggtaatgattttcacaattttgtttactctatttg
cacattgcactcacatcccecctccectcacacccaacacaaaaaatctac
gaaatcttattcatgtatgaaaaaaatgtgcaaactatccattgtgacat
cacacccaacgcaaaaaatctacgaaaccttcctgtatgaaaaaatatge
aaactatcccttgtgacatcaaggcaccgctttcacaaggecgtcecttgg
tactagaattcgattgaaatatacgttacgttcaaaacatgatcaatgaa
gaaatgaaaaaaatcttgtctcaattgaaaataaaaaataaattactcat
taaaaaaacttattcgctctaatccttaaaatgaaaagatcagaaggaaa
attttatttcatgtcaaactccttccaaacgaaaaatcactcaccectce
ccactaccttcagtgaactttccaactcaaatccattcttagacaccaat
ttataagctatcaactcgaatctattcttagacaccaaacgagcctgaag
tgccectatgeccatatctaacctaaagtgtcactattccatttgattttg
tatcccgacttgggatcagtgcaaattaattcecctgacaaccttgggcaa
gttatcagaaacatacagaaagatagcaaacacagaaagtggataaatta
ttccatattttcattatgcacataaaggtttgagtacattacaaatagat
agatgttctgatcatctaactattaccgcttgttacataaatagcaccac
gttcttcectctegtattacttgggtctgtgetectggtectattaactta
tcatttccacatctcccactacactattaactcataaatcatcaaaaata
gtcgacatcagcagtccttgaacaaactcacacctecegegettgetecte
ttggtccttgegagataacggtggectgttgaacgecttectgttgcaaccat
agaccagtgttagaccttgaagaaatcatagtaaattcaccgcacacaac
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84001

84501

85001

85501

86001

86501

87001

ggaaacacgtaaataagcacgcatgatttatctgttgtacatccagacct
caacacaatcccttaatactatccctacttatctgttgttctatatteccg
aaacaaaaaacaagatagaggactctcatttattactcaggcaccaaaac
ataaaaagaaaagataaagataaaagttgtaaagtggtgatgatgttcat
acctttccgagacctcttectttgtgetctecttcacaaaagatggttca
actaaaggatgggtctttgtactgacatcctcatcaaccgtgggagggtt
atatataaaggaagacaacaaaggatcagcttcagtgtttgaggaaagga
acgaagaccctcctagtagagattgtaaacttccttceccecgecagttettte
cttaacatagaaaatgttgacccagatcccctgegaagtttectettgeg
ctgaacgtattgtatggtcaaggagcacatgacccttacttaggacttaa
aaatattgacaaactcaaaataaacatgtaagcaagagttatcaaagttt
ttatgcaagaaaaataccatgccagcagattagagtgactgatggaaata
caggaagtgtcaacaaaaggaacaaggtcatggtgacaatcgatcacatt
taataactagtctgcttgctggccagacacattaagatatgtgaaagtga
tttagatacttgaacataatttttggttaaattgaggaaattttaaggat
aaaggttttatgattcctgtcacgccgttatttagatggectttaaccaac
tactaaacgataaaaatcctccttgcattaaccaactaatttttatggca
caatgagaatgcatgtaaatcataaccaaaccaaacatagaagtccaaac
aaaaggatatctttaacaaactcccatgttgecgtagtaatatggctcaca
aggtttgctcccacccttttecgecacaaactggacagacctgeccaaatgga
aaggaatgaacatttagttccataaaaatccacgagagaaggacatccca
attgataacaatgggcaagatcataaacaatccaagaggaacattacttc
cattctattaattaaaacaacaattagacctgaaagattatatatctgta
tatcaaaaaagaaaataactacaagcttggctcaaacccatcataaagac
cttcaacccaacacacaaaactagcaaagaagaataacaatattgtcggt
ctattaaaggcaacattgtcggtcaccatcatatatactacatgaaccac
ataagcagtcatgacaaactcactaaaatgaccccccaagatggeccact
aatttgcaactcaaccctactcaaacaagccccttgcacaagcagagecca
aaccccaagagaaaaccaagtaaactgctagcatccttttgecatgactcg
acaatgatacatatctctccccagaagttcactcactctcectttgtaaatt
acaaaactagtgaaacaatcacaacaaaaaactgctgctttctaagccaa
aacgaaaactagactaccaacaaaacgcaatcattaaaatttataaggga
aaaacaacggaaagctcaacagttcgtatttccacacatttagaacaacc
actttccgaattaagctagaaactaattaattacactgtaaaacttcaaa
ttaaacaaaaaaataagtgaaatagaacaaaataccccgttcttagectce
cagcggatgctcctcatcgatgtggcagcaaagecccaaggacatcaaaat
cctcggcgcaaaaaggacacaaaaactcggcectttaaatcategteeeccg
tcagtttcttcecgtgecgaaaacagatctgcaccaaccaaccgcaatcaaca
cccccaaaaaccaacccataaaaaaaatcaagaaaatcaacgacaaacaa
tgaacactgccaggaacagttcggcaaactcaccggatcgecgacagatac
cgcctecgacgagggggt cgagaagagactgctccacgaattatcagagtce
catttcttatgcagtgcaaaatcaaatcacggcgacggcgaattcggage
tccaatcgaaatttggggtccgaatttgtgaaatttgaaaccctagaaaa
aaattggagacggtagataaagcgagtgtggtgtgagagtgtgaggaagc
gaccaagaaattgcgagtgaggagagagagcacgcagcaggaactctcta
ccaaacttccggagcgggttaaaccgccecctttatagtacccacgtgeccgg
aaatgccctcgtacattccggtgaatttcgggggatgccactatctacct
gagccgtgcgatttttctacgcatgtggatttcattggacggatgacgtyg
tggtgactttataggttttatctcttttggggttttcttcaattgagatt
ggacagattttagttcttctaataaatttacaagtatttaatgaaaattt
taataatttttccaaatataatgtgtatttagtcattattttaagataat
ttattaccatcttcaaaaacaataatactattcttactgtgtaattgtac
cccaattatataccatcttaggtggcatatgatgtagttgtccacgtcat
ttcaattaatcagaacttttattcaattaaaatcaatttaaaaaaaaaaa
aaaaaaaaaaagctgcttaaattatgactacgaggagtttggttccacga
ctcctctgggttttacgaggagtctgectttcaagtttgecteccttecttece
ccttccctcectcatgccaattcttcaccaccacaatctaaatcaacttggt
tttttaaatgatggaaattttcatgtgcaatttttccagctgcecctgcacce
cttgaaattcaaccaaaactttcagaattgatccgaatgttgtaacttac
tacaatctttaacataacaaaattccactttgtttaaaattttatattac
aacagacccaattattttttttgaatctcgggaacaatttgaccgaatgt
aagcatgggtactcagattttagaacttgggtagtgattgcataagctaa
ttaaagttatagtctttaaagtgaaagattcatgatttttgtgcacaata
caatttcagtagttgtagtgcaaataacaaaattctcgcacattgcaatg
gaggacgtagaaattaaattgaaatagcttaattctttctagctaaacaa
cactaagcaattaaatgaacaaaaatatgagagagagagagagagagact
gatggagtttctcgggggttctcaggtggatcacaaattgaacggaggag
gacgagagggtcaaagatcagaggaggagcacaacccagatagcccatcc
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87501

88001

88501

89001

89501

90001

gtcgttggagctccgaggagtttgctttcaagtcttctecttecttcecce
ttctctttcatgacttccttctecttcectetttgattgttttttaaattaa
tcatttaattgttagttttttaaattaattttaattgaataaaccgatta
atttaatttatgtagatgttcacattagatgccacctaagatgatatata
attgcagtacaattacatggtaagaatagcattactcttttaaaaatctg
gttgtatttaaacatgattgtaaataagtttattacattttaggtatatt
taatgaacttttattttaaataattttaaaaagttgaggaatttgagggt
attaaatttttttttatattgtatttcaagcattcacaaacgtctcatct
ttctgagatttaaaaagaattgaatcaaagttttatataaaatgtctaca
agacagtttagctctgttaaaattgaattttataaagttattatataaaa
tccatcaatattcaagaatttatatgactctattacatgaaagctctaca
agccacttggttgattttgtgacacgacgcggttttagectttccatgatc
tcgccttcecgectcacacgttatggaattttgatacaagtaatctatcagag
aaaattggaactaaaatgtcgacatccgtttgttagcagacaggacaaaa
taatgaattcaaatattagtcctagttgtcatttaatattatagtctagt
aatgtaatgtttgtactcatttgtaagtgagatgttttaaatttgactct
catcaaaagcacatttcaaccacatcatttttaactcattgtgagactta
actaggcatggtaattcctgatacgacccgatacgatacaacacgaaatt
aacaggtgttcggatcgacacgataacgaatcggttcattatcgggtaat
ccaataagcatctattaaaataatgtgttggttcaggtatacatgtgggt
aacacgatacacgttaagcaaaatattaattttataattttataacccta
aaaaatactataataattatatatattaatttaacaattttataccccta
aaaactataataattatatatatatatatatatatattaaattaaatatt
aaaaattggtgaccattggatcggcttaaatatacatatcattcaatttc
ttaagtgttatacatacaaaataaataagtttaaatctacttaataaata
aatatatatatatatatcagtgaacttgatgggatacgaattatgtgaaa
ctaattttaacgatccaaccgtcaaacttgtttgtatatgcttcgagatc
gcatcagcaaaaaatcgcaaaaaacaaacattcagatatcaagtaacgag
acaaaacttttcgacggttatcaacgaaaaatcatgatttaatggttatt
ttaactccgattttgatgattttttacagctacactccttgaccctatat
gaatacaatgaataaactcgatcttcaatttaaaatattaacactagttt
atacttaatgaaagtatgaataaattcttaggtgttagtgaatctattgt
tttgatgggatacgcattctatgaaactagtttcaacgatccaattgtca
aacatgtttatatatacttcgagatcgcataggccaaaaattgcaaaaaa
caaacattcagagatcagtaacaggacaaaacttttcgacggttataatt
gaaaaatcatgatttaacggttattttaactctgattttgatgatttttt
ttttacagctacactccttgaccctatatgaatacaatgaattaattcaa
tcttcaatttaaaatatttacactagtggataccacaaaatcttatgtta
tacttaatgaaagtataaataaactctaagtgttagtgaatctatcgttt
tgatgggatacgcattctacgaaactaatttcaatgatccaaccgtcaaa
tttatttgcatatgcttcaagatcgcatacgccaaaaatcacaaaaaata
aacatttagtgatcaagtaacaggacaaaacttttcaacggttatcaacg
aaaaatcacgatttaacggttattttaactctgattttgatgctttttta
cagctacactccttgaccctatatgaatacaatgaatgaatttgatcttce
aatttaaaatatttacactagttgataccacaaaatcttatgttatactt
aataaaagtataaataaattcttaagtgttagtgaatctattattttgat
aggatacgcattttacgaaactagtttcaacgatccaatcgtcaaacatg
tttgtatatacttcgagattgtatgcgccaaaaattgcaaaaaacaaaca
ttcagagatcaagtaacgtgacaaaacttttcgacagttatcaacgaaaa
atcacgatttaacggttattttaactccgattttgatgatttttttacag
ctacactccttgaccctatatgaatacaataaacgaattcgatcttcaat
ttaaaatatttacactagtagataccacaaaatcttatgttatacttaat
gaaagtataaataaactttaagtgttagtgaatctatcgttttgatggga
tacgcattctacaaaactaatttcaacgatccaatcgtcaaacttgtttyg
tatatgcttcaagattgcatactcaaaaaatcgcaaaaaacaaacattca
aagatcaagtaacgggacaaaacttttcgacggttatcaacgaaaaatca
cgatttaacgattattttaactccgattttgatgattttttacagctaca
ctctttgaccctatatgaatacaatgaatgaattcgatcttcaatttaaa
atatttacacttgtggataccacaaaatcttatgtcatgatgatcgatga
aaattgaagattttgtaaaatgaataacatgcaagctttgagttccattt
gcaatgtttaaacttttgagaaaggcttcacaaccttgaaaacaaaaact
ctttcattttgcatatccttgcacgtttaatattttgtaatagactagta
gtgtatggacgtttgtttattaagctattattttcgagtgtagatgtagt
acttaaacgacaaatgtgttttaatgttttgaagtaatatttatgtggta
atgtgtggtatgtgcaaatttaagaaaataaaaatttcttaacgggtcat
aatgggtcgggtcactttacccgtaaggaccctttaagataacaagtgtg
acacgacatgacccgttttaaataacaagtgttacgaaaatgacaaacac
aacccgtttgccaggcctagacttagcccattctcectcactcecttgtttgge
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90501

91001

91501

92001

92501

93001

93501

aatggtaattgtattttggatgagatattaactttaggcttaattgtaag
aatagttttcgaaccttattcctagtttaattttatatcacgaactctta
tattagtctctttagtcttcaaactcaacaatgtatttacaattagtcat
tttcgctaacgtacatttagaggtatattagaaacttcataccaacatta
aaatcgcattgcccaatattaacagttgctaaagtctaaccattttcatt
ttgcatatttaaagttcaaatttcaatttgttttaagttttagacattaa
ttattacttaatactttggtctagtggtattctttttaacttataagtgg
gaggtcttagattcggttctcaccaaaaacgaatttgaatcacattatta
tggctgacccattgtgagccttagcttagtcccccaccectttattgtaaa
taatatcgtttgttaaaaaagaaaatgttttagatattaatttataaaat
tttatttgttgtaaaatcgatggtgggtgcagtggaataaataaacaaga
cacaaaatttacaaggttcctctacagtcattgggactgaagtacgtctt
cggggcagcagtggtgctttcattataatttagaataataggggtacata
aataactctctctattatctcctctectecttettetecttttetttettee
tcttcecgtgagtctctcacttecttectectecttcettcacatgettttatag
gaaaaaattactgtagcaacactattcactttacaaaatttccacaaatg
aatagtgaaaatactgtggataaatagtaacaaattattcatgtgagcca
tttacatattattcacaacactccccttggatggccacaagtcttcgatt
gactcgttaaaatcttgatctgttttggatgctccecctctgatgagtatct
tcccctgatcttaaatcatttagtttgatcattaatcattctgecttcagt
ctcttagcaaaaagagttaccgaaaaaggtggtttacttgttgttaactt
tccacaggtttgttcttgaactgggctagagggctttctgctagacttge
atcaaaggtctgaatttacttcttttatctggagcggaatttgattcaag
ggtggtggacacttgatcttgaatcggacttgtgatttcttcaaggactt
cgaggcttgatcttgaatgaaattagacaatgatgagcttcacgcggcaa
gtgatctttggctttgtcagggatgaatcagcacgtgtttgttgcgecttyg
tctccaaatgcttcaatgtattattttcacttgeccttacttgttccectt
gcataagtggtattttccttagtttccccccatgcatgtgtggcatctte
tcttctgggatttgtccactgatgcaagaatggaatgtaacccttgcecatt
tggatggttcatcatttcttagtgactggagacccagctccaacaacagt
tgaagatgactactcgagagcaatactaggtaagcaatcaagaaagattc
caggcagtcggttccttaccgagagtttgagtggaggtttcgacatattyg
ctttctttatcattgtctttgcaaataagaataaggataaaggaaatgac
agggagattgcatgatatgggatactcttgctctcgtccctgatgatatg
agatactcttgctcttatgtgacttgttttgaagaggtgttctcggagaa
gaagaaaactgagtatttcgagatactttgttgaagatgcattctcggag
atgaggaagagtaaggtattcttgcatgtctaccttgttatagagaataa
aggtcgacatatataaagatttccccaatagtaggtagtggtgtggatgt
ggctttgtcatccatgcttgtcggcaacagtgttgtagtaggaatagtaa
gatttacacgttttctactttatcagagatctttgacaaagttgcacgtg
atatctaaaagctgagattgcgtctgagaaatgttgaagaactttctctt
gaaaatctagctttttgaaatttgagagccgtgectcttcaatctctgaa
caagtggctctgttgcctcttcttttatagagacatcaattgtattcaag
agtatgcttagaaagttgcagcctgtagaatttttctectttttgcactt
ctgagattttatttgacctcatttttccttcatcatttctgaaaaatgge
ttgcccatctaacatttgcttagatttgagtcttaggactaatacaggca
agccgcatcaggataatatatggtgccecgtctttcecttatcttcaaatggt
cctcttacggttggggactctctgatgaagaatgacataatcgctacaat
ggtagctaggaatcttctcactctcaaggataacagaatctcttcaaacc
ggtctgatgaggcacccgttcaagactcattggctctcagtattcagtgt
gcgaactctgtttctaatatgggttaacgcctacttgcacaaactcatca
agttgaatcattaatggttgaagtggcaagtcttaaacaagatattagag
ggctcaagcacgagaatatagtgttacacatgctcgcaaataattactca
acaagcatgaaaagaaagcttgactagctactagaatctaaaggtcggac
tcaaagtgacaatcaggggttcaagtctttattccaaagacattcattgt
ctcaactgtttagagtttcaccaagtactgaagcttcacatgagcaacct
ttttgaaggctccctcatgttttcatatgtatgtacatgtctgtaattte
tcaacgatatcaatagataagctttattttattcaatgtattgtgtcaaa
tacaataaagcatatacttcactaaaatgtggtacttctggaccaaatca
attcatcttctccctcacgaggatgaatgatttttcttagtgtctaaata
ttaataaccacttgagtgttcaactcatgatcttcaatccatatgattct
ttaatatcataaacatcatgaataagattcgtgttggtagattattcgat
ctgcagctcgaaacaatatttttctcaacaccttataatatttcttgact
ctttaggagtctcaatttaatatcatcaactcttgcaagagattttagta
tgttgcaacaataccataatgattgtactcattaaggcaatttataccat
ccattggtattaagtacataatttatgttttacccttccggggcttactt
caagcaatttgaatccttcagggattttttacacatcatgacacattttc
ctttggaatttatacagagcaatttgctcccatgtatacttgagggattt
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94001

94501

95001

95501

96001

96501

97001

acttatggagatatgatgtgtgtgactcacaacccttcgtatataattct
ccattcatatgaactcgtttacaaccttgtatcatatcatgtgagtgtat
ttcactgtattacaaatgcccaatgtaacctccttggttcaacacctttt
ggctatttgtattatatttaaatatatagatccatttttccacattctta
taaaattgtaatggaattgcctttcttcattttggccaattattttgttyg
acgaaaaagaacgagactcaatatcaacacagctcattgatgaatttagt
aactacttgtaaaaaccaaaattaccattggttatcatcaatctatgatc
ccgtattctcatgtgcatgcgcatgcataaaagctttttatttctttgta
tatccattgcctcttcaagggcattacattatctcttccatgatagtcgt
atttcagagaatgcagatcataacctcttcttaagcgcgttatagagett
ggattttaatctctacttctgggagttaagtcattggaacctatatgtct
atcatgtttcatgcatgagacatcaatattcccatgtccgtggattgtcce
tttatgggacgtgtatccatgcggtgactgtcatatttctggcatgcaac
agttatgcttctggcattcatatgaactcgtttacaaccttgtgttatat
catatgagtgtatttcactgtattacaaatacccaatgtaacctctttgg
ttcaacaccttttggctatttgtattatattcaaatatataggtccattt
ttccacgttcttacaaaattgtaatggaattgcctttctccattttgacce
aattattttgttaacgaaaaagaacgagactcaatatcaacacagcttat
tgatgaatttagtagctacttgtaaaaaccaaaattaccattggttatta
tcaatctatgatcccgtattctcatgtgcatgcgcatgcataaaagtttt
ttatttctttgtatatccattgcctcttcaagggcattacactatctcectt
ccatgatagtcgtattttagagaatgcggatcataacctcttcttgageg
ttatagagcttggattttaatctctacttctgggagttgagtcattggaa
cctatatgtctatcatgtttaatgcatgagacatcaatattcctatgtct
gtggattgtcctttatgggacgtgtatccatgcggtgactgtcatattte
tggcatgcaacagttatgcttctagcattcatatgaactcgtttacaacc
ttgtgtcatatcatgtgagtgtatttcactgtattacaaatgcccaatgt
aacctccttggttcaacaccttttggctatttgtattatattcaaatata
taggtccatttttccacgttcttacaaaattgtaatggaattgecctttcet
ccattttgaccaattatttttttaacgaaaaagaacgggactcaatatca
acacagcttattgatgaatttagtagctacttgtaaaaaccaaaattacc
attggttattatcaatctatgatcccgtattctcatgtgcatgcgcatgt
ataaaagttttttatttctttggatatccattgcctcttcaagggcatta
cactatctcttccatgatagtcgtattttagagaatgcggatcataacct
cttcttgagcgttatagagcttggattttaatctctacttctgggagttt
agtcattggaacctatatgtctatcatgtttcatgcataagacatcaata
ttcccatgtctgtggattgtcecctttatggaacgtgtatccatgecggtgac
tgtcatgcttctagcatgcaacagttatgcttcgggaatgcaatagtttce
ggagtgccatattcttcctctttcaaatgactaaaccttttgagtctaaa
ggtctgccacgcttcaggcatgcaacagagaaatcatttactgecctcact
atattgtccaacagggacattaattcttgtaggcacatttgcaacaagta
tatgtgatttcatcactttcttgcatcattaaatgcatctggcatttgat
tgatatatcgttacatcattaaattattttgtcttcgttttcatgttgat
tgcttcatgaatcaaaataagacaaattctcttcecgttcttctggaacagt
cgtttctcatcattcttctggaatgatatttcctcatcattcttctggaa
cgatgttattttctccccctaacggcaggaaaattgtcttatcaaaacaa
tgttattttcctcatcatatcactaaaaggtatggatgtttgatctaaaa
aattcaaaactgaggcgcctatatcaaaaaatccctaagctaaatcgaat
tcaagggttaaacgagactcatttagttggagaactaagactcagtatat
aagctactcagtactatggtccaatagtattcatcttcacttgtaaatga
gaggtcttatgttcgaatctcgtggatggtgaattcgataccaaattaga
ttgccattgatgacttaaccaaccccttagtggtaaaatatatcgttgta
ctaaaaaataaactcagtatataaatttgggagtaaaggagttgttataa
gctctctagaacatttatagaaatatagaagacaaattgagtatgacgac
tttttaaatgattttggtatttattttgcagtcattcctatagattatta
acatatgcttgcagattaagttgttcatgcttcttcttcttcttaagtaa
cactgcggacagaagacttgaaactcctctgcaaaaggtcgacgacgcca
aggttgaggtcagaagtcatgtttggaagtatcgacgacggcaaagttga
catccgccatggccctgtgttttggaccctctctagggaacttgtacaac
tcactaagtccatcaggagagatctctggaggaacctttggcctgtcaat
agcattattcgaacccaccgttcgtttttteccttgtttgagtgectatttt
aattaatctaatctaaactaagggagggggtttcgaacttaggtgtagag
gagagcgcactgctctatccaacctgtctacacaatatgtgatcttaccg
tataatttcctcaactcatgccagagccagggtgtccactgtccagatac
agccagtcaggaggaatttcgaacgagcaggagctgaattccttgatcaa
gaagtgcaaatagaagccccatacattgtgagctgcaaataaaactctct
cctggtagttgccggcttctgatgtattaaaaagaatcggaatcaactcce
caccatcctacacaataaattctaatcagttattgctgccaattcttctt
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97501

98001

98501

99001

99501

100001

100501

gatgcagaatgtaaaactgccgcaagtaacctaacgtataatgagtggect
ccactactaattgtgtcgacgccttttgcataaaaccgctattagccgeca
gattaaaattctcaaggggaaactagaaggaggtgaaagaataacaaacc
tcgggacatctgaatgtgtcaccatgtcagttgttataccgtggatgecta
gaatttggaacatgttattgagggttcatcagggtttggaagcaactgtt
agcgtgatttcagtaacatgtcctatctttctgcaatccagtggtttcaa
gatccagaacaaatattttcacaagaacatccaaaactccgtagtccaaa
atcttggttgagcatcggagtattgtatgcttctgaagcatttcaaaggt
gatttgcttagagtagctagtgttgatcttcccaaagatgctaatcgaga
gaaggtgattggactccaattaggtacttgcaagttggaatagcacatga
gcatgccctcatttctcectcagecgacttggaatagcacatggagcatgcece
ctcatttctcctcagcgactggaaaatataatttaacaaaccataagatt
tgtagccatttcgaagggacttggcagttaacagaggttgaataattcaa
ctttctaacaagaaccgaaataccagtggcatttttgagttacttaaatc
aagcaaattcaatcctgattgtcttttgtggctaccaacaatgccacagt
gttcatgctcaaaattaatgtgggttaggtcagtttgacagtcatccagt
ccctttgcacccaaatcgaaatcctctgteccccagggecgteecctttgeg
ctcgagttaaaatcccctatccccgtcecctaggtcaagettettecttcea
agtttagtgttttggactccagcatatgacccaattttatgtattgtttt
tagtttaatttttagaaaacttgattttaatccttggcaaagatgacctt
ttgattaaaaccatgagtaagatcaaaatctaattttagtcccttgatac
attaataacctcatttattaattatattttgattttttaattatttatct
gtttctttctaatttttaatgtattaattttatttcattataatttttat
tttcatttcattcatcgtaatatattttgttgtgaacatttagataaact
aatttttgttatacaatatattttgatgtactttatcttcttcatttagg
tatattaaattcattataatacattttggtgcatacgtttgggtacacac
atttcggtacatatatttcgatacaaatatttaggtacattaattcaata
taatacatttttggtactaacatttcggtacacacatttaggtacattaa
tttaatattaatacatttcggtgcatatatttaggtacatacatttcggt
actaacatttaggtacattaattgagtctttcaaatttgaagaatgttaa
ataaaattaataaattaaaaaattcttttttggtcaaaaaataaattaaa
atttgtgcattaataaatttaaatatttaatgggtgacattaacattaat
tattttgaattaaggacacattagggactaaaatcaatatttaatctaac
accaggttttttttaaattttaatcttcttgaaggattaaagttcaaaac
ccctttaatttttctgtttaaaaaaataagcacataccatttacactaaa
gaggggtccatgccattttaggaatctgcaatgccagecctgatcttettt
tattcatcaagacaaacaaaacaaacccttaacaacaaaaatgaacacct
ttcacgtgtaattattttttgcttagcttcttctcgaaagaagtatgaac
cctagccttcatcatcattcatttgaaattctccttctctcacttectcet
tggtctctttctttttcaaattctaggtctctctatactagtgaagggge
gaatcaaaatatatgattagatttaaaagattgcaataaaaaactatgag
tttaatcttttttaatttggtaaacttgaatttatatttcattgttgtag
atatattatgtttgatgtgttacttttttgttctggtaaagatgttcata
aatgataatatgataatatatataagaattaattataaatgagtttttat
cacaaatggtctttgaaattcacattcaccatcaaaatggtccttcaaat
tgaaacttaatcaatgtagtccctgaaaatagatgccgcaaatcaatgtg
gtctttccgtcataattatgttaaaatttccgttaagtgttgatgtggceca
tataaatgagcccacaagatttgagggtttttttatcacaaatggtcecct
gaaattgaatcacaccaacaagatggtccttgaaattgacccacaccatc
aagatggtccctaaaattgaaaattcaatgaatctactccttgaaaatag
ttatcgtaaatcaatatgatcattctgccacaattttgtaaattttttta
ttatgtgcttatgtgggtttaataattaatctaaaaagttgtctaaatac
ctttttgcacaatgaaattgtcaaaggcacaaggcttaaccaaggcctaa
gatgggatttggaaatagttttcaaccaataatagacacacctcggttat
aacctcattatctcaagatagacctcgccgttctttgagtcactagacca
ccaaggaagcgtcgaacaagctctccaagattaaggttgtgaggatgttyg
atcgcctaaatgttaacggtgatgtcccagaagtcgttgccaatcagecca
agccgtcaccaaaggtgatctcgacccaggttcaattcggtgaagggttt
tgaagtctgtaaaggtgggtgtattgagatttttatttaagagaatagac
agggaatgaggtaaaggaatgtggactgagattggaggtgattgcaggat
tgtgttttggggttgacaactttttattaactattaaattattaaacttyg
ttgatgcacaaatccgaaggggttttggaacaacataaatccgaccgtga
atctgcaagatatataaataacacaagatgtatcgtggttcaccccaagg
tttgggctatatccacactgatattgtatttctgagggagagagagctct
gaatatgagagtgagagctttgagaggatgagagggcttgtgaggectctce
cctaattaagagggtaatgggtcattttatagaataagggctcttcactt
attacatatttgtccattcctttattacataattacatttaagtccccce
gagtatttatacgaggtctaaatacggaggcccgaagtatggtataaaca

HEAT repeat-containing

protein

(ORF'49)

1
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101001

101501

102001

102501

103001

103501

104001

cggagctcacaacctctgaaccttatcgcgacgccattgaagaacca
aagaaccaaagcaggtctctctgtgtgtctctctatctcectectetgtettt
ctcttcttgttacgtattttcttcaggagctcctccggatccagtegttyg
agttgtgagagagagagagagagagtttgtggtctttttctgaagaggtyg
aaagagatcagaagcaagggagaggtagagagagttttggggtccgcgaa
ggttttctggaaaaacccaaggagggaggttctaggttcttgggttgtge
agattcacgatggtgagatgaaaaaaatgaaagagaaccgacatagcttt
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104501

105001

105501

106001

106501

107001

107501

tcgtgtcgattcccacagatggcgccaaatgttgatgcacaaaaccggag
gggttttggaacaacataaatccgaccgtgaatctgcaagatatgtaaat
aacacaagatgtatcgtggttcaccccaaggtttgggctacgtccacact
gatattgtatttctgagagagagggagctctgaatatgagagtgagagct
ttgagaggatgagagggcttgtgaggctctccctaattgtgagggtgaaa
ggtccttttatagaataagggctcctcacttattacatatttgectttte
ctttattacataattacatttaaatcccccgagtatttatacgaggtcta
aatacggagaccctaagtatggtataaacaaaacctatttgtattttttt
ttaatttaattagacttgtgtgatccatttatgtgtcacatcagcacata
acaaaatttttgacagaattgtgacggaataactacattgatttggaaca
cttacttgtggggctacattgattgattttcaattttagggaccattttyg
atgctgtgggttaatttcaaggaccaatttgatgtcacagtcaatttcaa
tgataatttgtgagaaaaaatgacttatgagacctatttatgtgccgecat
tagcatttagcgaaaattttaacaaaattgtgatggaatgaccacattga
tttgcaacacgttttttcaaggactacattgattgattttcaatttcaag
gatcatcttgatggtgaaagttaatttcaaagatcgtttgtgataaaaac
tcattataaataaaaatacaaattatatgatcactatccattgaaagacc
tatgaattgaatgaccttctaacaaggactcacctaggccccccecctaaat
cttagggttagccttgccecgtttecgtgaactagaatagtttaaaatagaa
aaccgcctggtaaagaaaacatcaacttgaagtatttcatttgectgatg
tgttcgaaacgggaaagaaactacatttcatttgcaaatttgcttgaage
tggaaaaaaatagttattgtgattatataggaagggggagtgggggtgag
agtagcacatgcggaacccgcgtcaaggcaaggccctectectecgeatt
ctgaactaccagagtcctcgagctgcgcgecggagaaatttttcattgtga
tcgaaatatggatcgtacaccacttgtttttatataaattgtgagaaatt
ttattttttaatacatatattccaccatttatataataacacgtagtata
ccactctgtttcgatctcttatgtgcacgcgacttgcagtctttaagtaa
ttgagtttcagaatttggcgcttcactatttcctcatgctctcteccagtt
ttgggccttttggatatgtagcatttgatgtgatatgttttgcatgttag
gctttgaataatttaggccctttttcattttceccctttgttgggtcattgt
ataggaaacctcattccttcacctcecgettttttettecttcacgttgagtyg
ataggtaaagagcaggtatacttaggtgcgcaatctttggcactccagtt
acgattaccgaatcttcattatatgctagtcacgaccgcaagagtttgtt
ttttacaaaacaatataaagattatttcacaaaagcattcatgtttaggt
aattcatgtgtcgaacaaattgacagttttaataccaattaagattttta
tgaagagaataatacttttagactatagtactacttgctatttaaaatct
taattaagtaaggctaacacgccaacgtacagtatatgatgcattatcgt
tatttaactcatattatgaattatcaaccaaatatcaacactatctagaa
catgtgacaaagcactactcttttaaatcccttttaattagtaactaaca
agtaggaaaattgtaagttaatatagggattaattggcaacgtgcgagtt
agctacatgtgcagtgggaggcaaagatgatcaaatccttaaaccgattt
tgtgaataaatatgtgataatccatcgtggaaagtgggacgcaggatctc
gcaggtgctgcttctgttatgttatgttaacttgcaccatgtccatgtge
attcatcctaggaaaataaataaataaataaataatttagaccatgtgcecc
tgcacctaactattgttttataggggaaacaactgtgttgtggtggttgt
tttatggggccaccggccgccggccacaccgttgcaatatagecatatag
gaagatgactttcaattatgcaatcatcatttatatgaatgcattgtgca
atttgtgtagattccttcactagttttattgggaaaaattaatataccta
ggttatgatccgattagtcataaactataggctagttttagaacaatatt
tttagctccaatggaaatccctaaaaatatgtatacaactgaccattgga
agatcgaaaacggtataacatgagagatttttttttgcgaccatttcaat
gtatgacaagtctattacatgagtgaatcactttttcaacacatagaaaa
taataattggctaagagaatctccaaaggagatgtcaaaatgtctacata
agctataacagttaaaaaaaaaagaccacactaatgttctccaaccgaaa
tgtcaaatcttatgtgacgatgacatggattggtagtaagagagttgctg
tcaaatttgacagcaacttcaaaattaattatgaatgctttttattaatt
ttttattggtttaatcatcattgcaattaatattgttgttgtcccgttte
ccttttgttcaatcgaggaacgatccctcttgttaaaaagaaatggtgaa
tgatccggatttcataattattaaataccttttattaagtttttattaat
ttaatcatttattttataatataataaaataataatttaatttgacatat
cggatggacaataaaactttaaaagatgtcaaaatgcaatatagattgtc
aaatttaaattttatattcaaaatttaacatttctttaaaagatgctcta
agtgatgtcaaaatgactatgaaatagttgttaaagagaatctctcgtta
agagtggagagagaatcacaaaccagaggccaaatttatgacatgcatge
aggtatattgtaacaaagaagagacagtcacaaaatagatatcaagtctt
gtgataaaactttaaccatgtagagctgcatgtgcatgtgattaagttgt
gacatgatcattggtgataaaaccagacacaagtgggaaggtttttaact
ttgtgatcatcatcggatttcattcttggcatagtagctgtatatatctt
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108001

108501

109001

109501

110001

110501

ccaatgaatcaaaccctatatataaacagtcaagttggggttggggttaa
atcgaccatggacctacttagctaactctactacaatgcgcgcaccttgce
ttgcgagcctggcaaaagatgatacgagcctgtgagaggttgatttattt
gcttggatgacaggtggttttcgcaagcttcacttcaataattcttcectte
tgttgaattcataacattttctagatatctgcatgtggacgtgaacattg
cacaagaagttggatgtcgggaggaagcagaaactagctgccacgtgcectce
gtcatcgtcatcatccatacttcctttctttttgtataattattgaaagt
cctaatgttaccaaaaatggttttaaatagatgggacaacaaacccaccc
gggaccctttgatcctttacgaccaccaccctaataaaaaatttaaatcg
gtttatatttcaaagaactttaaagaaaagctttcaattctcagtactgt
ttattttaacaaaaaaatcatatttttatactaaaaagttaattataata
ttatttactttactatttattttgtccttatagttaactcaagttttcaa
gtcattttcattagttttacttatattttatcttgtacagtgtgcactca
gatcacaaccttaagtattttctaatcaccatataatgtctagttgtaca
ataccgataacatatcggatcgatctaccttaaaatcaaagtttattttt
tcactttttatatatgcatgcaccactcggcagcctatctttcttcagac
ttcatcagtttatttaccctacttgttggttctggaagatgatcgagaac
attgacaagtatggtccaatttttacgtttgtgaaaactcaatttactgg
aaatctatatgggttgagagttgatacgataactacattgagaacttgta
ttgcactgaagaagttataaggacatatgcatgatgcatgtcctaacacc
aaaacttcatcccatcttcatatactacgtaccaagcaaatatacccatg
aattgattctttaccaaaaaattactcatttattagtgtaacagtttgag
aagtatatatactcagaaacagtaacgaattcaaagttctaacattacaa
agtcacattcaaagttctaaaaagcaataaacgttaatcacagccagtgg
cggatccagaattttaaactcggggagttccaataataaatgtcaaaaaa
tttatagacaaaaacaacattgaaaatttaaatataatacatttcattaa
aaaatcatatgcaaaacaatattacaaattataaaatcataattcaagcg
tccattacgaggtttcataagttactagggagtacctaagttattgatta
tctaatatgaaccactaaatttaaaacaccggtcaaataaaactctcccce
aaactcactctatctttcaaaccaaacataccatttttctcttttactag
tttccaaacatccactttctctctcactaagaaaacagttgtcatacctce
caccaaccgcctccctccccattctecccgaageccatggcagectccaccce
caaatttcaccaacccatgacatgacatatcatatccatcttactaacct
tatgtaggaaatttcacccataagaaaaattactaaggtggttgaaataa
tttggggaaatttgggcttatgtactgccccgeccagacgacagagaaagg
ttggaggagaagtgggtggcaccgatggatgagaccatggcagaagcaaa
gaggagagaggctagaaggatccttattttctttcttctccgtgaacggt
catcttctccgtgggcggtcatcttctccgagaagaagacaaccactgeca
cctgcaacctacaacctgcacagaccttatgctcgagtacgaggggtcct
cgaaaaatttatagcagcgatttaggaccactgacggatcctgggacctc
ccaggtccctatgtggatccgtacttgatcacagctggtataaactgatg
aattttccctcgcatgcacgaacaatatactcgaacctcecctcectattttgt
gtccctagtgacgagccgcgatagggacgecgtaagaggggcgcacgtacyg
ttacaactgaggggccccacaattctttctaaaacaccgatgagggtcge
aaccccatgcctcttcececgegttggeccagectctecececgcaaacgcatceecg
cccttecttceccatttgtacagtcaageccggggeccgecggttgegetaagg
acgccaccacgtgtccgtccgatttcecctggtttagcaccgectcagecacyg
tcacgtctgcgttgceccttecgtecgectgatgtcgtggacgagecccagagtgg
gcctagtgggtcccgacccgagtcatctcaatacttggettaagtecttyg
tgggtgggtctttgactcgctgttcatccatcattgctggtacttggtgt
agcacagcttagctggatcttgctgtaaaatttggattaaaatattgcag
tatccaacgaaaaaaaagggtaaaagtaaaaccctcaaggaatctgtaaa
aaaaaatttattggataatcggagtgaggacatgcatggatgcatgecttt
gttttttactttttgttaacaatcaacttaaaagtggtaaaaagagagca
acaaaatggtgtgaatgatgatgggaagggcatgcccacaagtgattttyg
acagtgattagatgcaagtgatgttaatgtagcaacaagagaacatgtga
gagaatgggtaagtgagatgcaagccttttagtcaagggcaaacaaaaat
ggacaatgattgttaaacaacccaagaatgtgcaacaatggcacccaaaa
catgtgaaaggaagttgggtgaaaaaccaaaaagagaaataacagttgtg
gacacgcgtaagtgattatgatctattgatgcatgatgagagttgtttag
gttttcttgtacttgtgggtttagagagcttacatggaccatgacgtcat
aatatagtagtgaatatgtttcatgtaagttattctcgtggatttaggtc
tttttatgcaattgctttaattaaccttgtatcttgtttctttatgatag
aattatgaaattcttgaaatttatcttgaagcttttattttcaataaaac
ttgtacacacatctttttctttaaatcataagcatctactaaaatgatgt
accatgaaacaatgacagccaaaacatatacaagaatgtacgttgaaaaa
ccaaaaacaagagaatgcaacaattctatgggcgcaagcgatgatgagtc
ggtcatgtctcgtggacttactcgcaaacatgaacgactaacgatatage
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111001

111501

112001

112501

113001

113501

114001

atacagttcaaatataaattacgtcgtttcttccatgtaggttttcacat
ccaaaagcaaaaaagcaattaagatgaaaactttgtcaagagatcacagg
tatatattctcacaaggcgcatgcagaacaagactgaggctactatcata
tcatgtggtagtgttggtttgaaaagtaagtttggagaggatgtgtgett
ttgcttgattgggacttggggagatgacactcatgatttaagtggcattt
gccaaaggagatgggggaaagttagcaaaagtagctttggactttttcte
caacttccacggtatgccacgaggcaattcaacagtagcagcagctccaa
tcacctgtaacctacccaagggagccacaagcatcgcaattttgcattge
atttgcatttcgatatagtttaatggacgagcgtgaaatcaagctcgggt
ttacacacaaatattattccatttttttgcgttaaaagcaaaccctaaat
tactaaacccatcaaaagctagaacaagaaacgataaatagtaattataa
aattaatcagtaactttatggatttaaatctctgctgggaaagcctagaa
aagccagagcttaaagcataaagggcaaccacactcgcagacgcagaggt
ttcatttgctggtttttcttgggecctggagaggagagtgagttttaaggt
cacaaatttacagagtttttcttttcctgtgacggtgagagatgaaaagc
aaagggagcttggcgtttgttcatcgtaatagagaaaatgctagactaac
agggaatatacggtttcagaatatggttagttgctttagcatggctgtca
cagcttttcttgcataaggaatcggaaagcaatacttttttatatttaat
tatagtttacaggattaatatattggtttagtttgctgattcagttccge
tgtcttggattctatggtataaattgtgattacttggtaaaacttcaagt
ttctattcgaggtcttagattcgatttttttctacgatctagctgataaa
agaagaaaaactgtcactattaatttgagttaatgtctatgcggaataaa
gttaatgttccacctcaaaaccaatgcggaataaagttgggatatgcaaa
agccccttgagttttcaatgtggggcaaaattctgcatctttacaagcac
ctttacatatgaagatactcaaacaaaacacgtatacatcacatgtcaaa
taaacaggtgtgatcgttatacttttacgcataagccaaatatgtttgat
ttacaaatgataatacaattaacacataaatctatcatcaaacataccat
attcagagcaatgaagattaagaaattaagaaacgaataaagtaactagg
ttttaaaagaaaacatgcaaacacaccacaccacaccacaccacaccacc
aaaactgaaaagcaatgcatctgcaagtgcagggaggatgagtcatgact
aggaaatgagagagcaaacaatataggccaagtaagccttatcctgataa
atggccccccaaaggacacgtgtcgagagggggaaacgggttgagaatgt
ggtaactggtgggaaagtaaaagctggacacagacagcaacagcgcagcg
cagcagagaattacaccggttaactcaacggaggtaaaaaaattaataac
tcaacggagcagcttttgggaaaagaaacaaaagctcattgaacggactt
ccgcagccceccttgtcectgttecgttectgtectgcatcacggggaatcatgt
ttgcctttggactaatggatttgtacctaattttcttttgtttttcecttte
ttttttgctctcttgtccttaaaattgaaaattttctccacagagttgtt
caatcacatcatttcttgagtatattttcataatgtatagaatttcatgt
aatttaccataatctgactccattgcgtaacgttagtgtaaaaattgacc
tacttgacttgctaatcgaaattttttcataaattaaaattatttttttyg
agttggtattataaaatttgcaagtttattgtatgaccactattggtgaa
ttgaaagtgggaaacctaaaccaccccaacaatgtatggaagtggttgtt
tactttggcaacatggtttccaagttttgaacaaacgaatattatgttgg
tgtaaaacattaatcgatcaaaatagcaaacattatcctctacatcgtca
tgaaaatggttttttcgtttttgtacgtatatatgtaaggttgtcttagg
tgtctcgatgcttattcatgatgcacttttcgataatttatctagtcaaa
cgtgtgttttatatttttaacgttgtagttattttcataatcttaaaact
ttcccgtatagtcaacatttttgaaaaaacaagaagtttgtctatatttt
aacttttgtttccttttctaatgatagagtgctagtgacccaaattgaat
ctcctacaagtaaatgaaactcaaaataaaatcaaaggtaaatcaaattt
ggacgactttattatttttctaaccttaatatttttctttaactaggtat
cattggctgcatgattaaattagtaaaggagtaggattctattcctttca
aatttctttcctctctagtatttttctatttgaacgatcacgattaaacc
atgttaacatttatggtgacttctttataaaaataaaaacaaaagaaaaa
gtaagaaagcatggaagaaaaggaaaatgatttggaaggaagagtatcta
actctattaaattcaaatacaatttattttcagtatttttacgtcaacat
gttcaaaatttaaaaataaaaatttggacaaaataaattaaattttagat
aaactgatttgactttgattcaaacattggataatttgaaaggccaaacc
acaggaaacagataaaacaggaaggtaaatagcagagttgaaaaggaaaa
gattatacaaaattacaaatggtaagcagtaaattaaggaaggaacttgt
tagttaatcaagttaattattttttattttttatttgtatatgagctgga
tccactcttccaggagtgacccacctctgaataaaatattcaattattaa
aaaaaggtaacaaataaataattaaattcataaaataaacccaaaacaca
gacaattagagcttggaagcagagacagacaagtccagctctttcaactt
caatccgaagaatatatacacacacacacatacatacatacatacataca
taataaaaaatttctcagctgaaaatataatctttttcaattctgttgcet
tttgctcaactgggttctttgagttttgaattgggtatgaatcaaaaccg
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gagcttaagcatgtaattcgggttatctggtaggggatttttatatataa
ttatatatagatagagagatatcttgcagtttattcggtttccgagattt
aggttttttgaagct

114501 MC-20SSR96C2For

MC-20SSR96C2Rev

Multi-domain protein
(a sensor histidine kinase
and a response regulator)

(ORF50) |

115001

115501

116001

116501

117001

117501

ctcctacagtattttgtatgattgcagatctggtgtatatagttgcggeca
atggaagtcatttctttctgcatcagatggtggatattcaagtttgtttc
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118001

118501

119001

119501

120001

120501

121001

tacaccaaagaaaaccagagtgcgtaatttcacaaatcatatctttcgtt
gtgaatatcatgatgtgctgtttttaggagataaaagatgaggatgatgg
ataaccgaggtggatcgaatatgtctaaagatatttgttgtgcacaatac
tgctgcatggtaggcaaagcatacatgcaaaatttagaggggctagaaag
aagcatcgttttctggggtgccggtgaaacttgtcctecggttttaggett
catcttgagtattctagggtaggttttgatacttcttctaactctaataa
cacatgaagcttgccgttagtgaatttcttttgccecttecteccgetgece
tttccttctecgttccaggaattgagtttgatgtacatatcttctatttgg
ttactcaagacataagtctggggtattcttttctggttgtttttcttgta
cttaaaatttctaggaattcttgtatgtcccctattcttaataatcttcet
cctatcttagttctgaaggctttggtgtatttaacacaatacgttgaaat
gaaggaaagcttatttattgatatccccgataagctacaaatatgtacat
atacatgagtcaaaataaacacacaagagggagccttcacaaaggttgcet
taggagaagtctcagcagtcggtagagccccagaaagagaaggcaccgga
gggggatcatttggagcctcagtactggacagaaccctggaaggaggagg
catcagaggttgatcatttggagcttcattacgcggtacagccccagaag
acgaaggcaataaatgcctttggaacaaactcacaaatctctgatgatca
agtaaaacctgaccatcagtttccttcatctggtcaagcttcecctcttcat
gtttgtagcatagtcatgtgcgagccggtgcaactgtttattctcatgcet
tgagccctctaatctcctgtttgagactcatcacttcagccgccaatgat
tcaacttggcgggttcgagcaaataggcgttgggccatattagacacaga
acctgcacactgaacactgagagccagcgaatccttaacagctaactcat
cagaccgtttggaaagtagtctgttatctttgggagtgagaaggttcctg
gccaccaccgcagcggtcatatcattcttcatcacggaatccccaacggt
aagaggaccagtaggggagacgaaggatgggcgccatatgttgtctggag
aaggcggggctgcctcttcaacaaggttcaagtcaaaacgacggtcggag
gggccagacattttcaaaggtgttgaagagagaagaggtcggacaaatca
agatcttagaagtgcaagaatgaagcttctactggtggagattcaagtgt
gctttagaacttaatgccagcccecctataaaaatctgcactcgacggagcet
tcagaaatcgaagaggcgcctgctcagaaatcggagaggcgcecctgectcag
aaatcgaagaggcgtttgctttctcaaaagctgagctgtttagagatcac
gagggttgatctcagaaatcgaagaggcttttgctttctcaatagttggg
ctgctcaaagaccacgaaggccgatctcagaaatcgaagaggcgctcget
ttctcaaaagctgggctccccagagaccacgagggccgatctcagaaatce
gaagaggcacctacttttccagccttgtcagcacctgtcacacgcacact
cagctttgcggaaattatgggcattctgtcgaagacttctggggaagtag
aaaacacatgaatcttactgttcaatcactcacttcccacacgcaacaat
agctcatgggtaccacagataactttgccaaagttctctgccaaagttga
gcacgtgaagcttgcagctcccactacatcgctctgaccaagaagggtaa
aagaatagcaaagaaacagcactaacaaagtttagacccataaattttga
aggtctagctaccatattattacccacaagggtaaaggaacagtaccact
gctggataattggaaagtccctgtgtgtcaacctctgtgettecgtggecaa
ggtagactagcaaacatgcccaatctttactcacattcgagaaaacactc
ccaataagattgcttgctccaaaatcgaagaggcaccgtcecctceccgaatcet
cgagagccagactcccaacatgactactttattaaaaatcgaagagaggg
taaaggaacagtaccattgctggataattggaaagtccctgtgtgtcaac
ctctgtgcttcgtggcaaggtagactagcaaacatgcccaacctttacte
acattcgagaaaacactcccaataagattgcttgctccaaaatcgaagag
gcaccgccttccgaatcttgagagccagactcccaacatgattactttcect
caaaaatcgaagagacactgctccccgaatcttcgagagccagaccceccta
gcatgattgctttctcaaaaatcgatgaggcatcgttctccgaatcaatc
gaagaggcgctcgctttctcaaaagctgggctgecccagagaccacgaggg
ccgatctcagaaatcgaagaggcacctacttttctagccttgtcagcacce
tgtcacacgcacactcagctttgcagaaattatgggcattctgtcgaaga
tttctggtgaagtagaaagcacatgaatcttactgttcaattacccactt
tccacacgcaacaatagctcatgggtaccacatataactttgccaaagtt
ctctgccaaagttgagcacgtgaagcttgcagctcccactacatcgectcet
gaccaagaaaggtaaaagaatagcaaagaaacagcactaacaaagtttag
acacataaattttgaaggtctagctaccatattattacccacaagggtaa
aagaacagtaccactgctggataattggaaagtccctgtgtgtcaacctc
tgtgcttcgtggcaaggtagactagcaaacatgcccaacctttactcaca
ttcgagaaaacactcccaacaagattgcttgctccaaaatcgaagaggca
ccgtcctccgaatctcgagagccagactctcaacatgactactttctcaa
aatcgaagagagggtaaaggaacagtaccattgctggataattggaaagt
ccctgtgtgtcaacctttgtgcttcgtggcaaggtagactagcaaacatyg
cccaacctttactcaaattcgagacaacactcccaacaagattgcttgcet
ccaaaatcgaagaggcaccgccctccgaatctcgagagccagactcecccaa
catgattacttcctcaaaaatcgaagagacactgctctccgaatctcgag

Protein COBRA precursor,
putative

(ORF52) 1
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121501

122001

122501

123001

123501

124001
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124501

125001

125501

126001

126501

127001

127501

Appendix

gatcgtgag
gataatgagaagattgagggccatgatcggaggccagttcctggagcecccg
agtccatggcttttggttttcttggggttccccaaagtttggatttttga

atttggagaaacagatagggtttatatatbtgcgactgtttctgtgtgdg
ctttttttcaaacgcgtagagagagagagagagagagagagagtaacgtt
ggattgtaaattatgtaatactaatactgcatagtggaagctgtaatttg
acaatatttttttgtttaagtttttaaaatatatgttttatgtatfttgty]
bccgtctttgaatgaktcaattccaaaagtctttgaatgtttgaacgcaa
atggcaagaaagtgcgtgggtagaaaatactagtgctaagactgctgcett
gtgtttgttttgagcgtgaaaaggtccttttgtctttgtctcaacggaac
ccttccecctectettettatttgattttgaatctgtgttecgttaatecggtt
gagggagctgatcgtttcggatagaaatgttctcttatcaaacttgagtt
aatagacaattaaattatgtatttatcagtcgtacgtttaggacaatggt
tacaagtagaacgctcaaacaaaagtcaatgcgatcaaattctcgatcca
ctgtctgtcaatataagcatcttatgttgtctgataatttgtaagagaat

MC-20SSR96C4For

MC-20SSR96C4Rev
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128001

128501

129001

129501

130001

130501

131001

gataacgctttgaaagaattctgtttcatgtaaataattgggtaaccagce
aaagtcaatgcatgtcaatatgttgcgggcacgtccttttgtctgaaget
catagataccaaaacgtggctcactcgtttgcatttggacctatatgtta
tgttaatggactctgcctggttttccacaatctgaccattgecggececctte
acatgggcccaattttgaaaggcctctacatgcagattattttgagaggt
acaatttgggttggatcaaaatcttaatctgtttatgtttagtttgattt
taaacccgtttcgggccggttagaattaagtaaaacctcecgtttcaaccce
acccgatctcaattggttattgattgggttgagttgggctgagttgggtt
gatgcttgtctgtccatgttaactcaaatctaacccaagttatattctga
tttctttcaaacataatactgacttcgcttcatattatacaagctacgta
taaattttgggatgaaattacttgaaatttggtggtgattttcatttggt
caatgattgatgctatttagtttgacttttgtgtgaatgttaatttatga
aatgaattctaactagtattgacattatctagttcaaatttttgaaaaat
ctttcagaataaataagatattaaaagattgaacttgataaagttgagca
acccgaataaacctagacctaaatgaaacttgatcccgaaagagcctgeca
tgaatccaaacccaacccaagtccaaattgtgatagttgaatattagaga
tcaattgacattcaatccgcccgacccgagttgcacctctaaatcecttatt
gtaacatatgaatatcttgaaaaggatttttattgttacattaaaccatg
aagatgaccttatacagagagagctatccccaatagcttagattaaataa
ttatttgattaaacaataaccatccaattatgagattttgtttggaccct
tggatgtaagaggtttgttatgaccatcaactgaaagaaaattttgttgt
aaaattatactaatctcaagttatatacctttttattcccccccccaaaa
aaaggttgttattattattatttttagggggagggagaggattcgaaacc
agtgtcaaagttagaaatttacaataatgaggcatgaataagaagcttac
aaaaactaaatatacttttatttctaattggcaacgacatattctcatat
tttaaaacatcgtatcacaacatcatttacaatagaatcaaatacacttt
tcattacatataaccaagttattattcgaccattgactttcattcatttt
tcattgtatacaaccaaattatcattcaatcattgattttccacacgatg
tgaatccttcacaatggtgatcactaaaaaagctatccctattgtggata
ggcagtagttttggtatgttttaattaaaaaatattaataaatggtctct
ctattttgcttttcttagctattacagggtcatataaaaattcaaacggg
agatattcgaagtggttggggtcagtggcaggcaatgtctccatgttgge
tctgcaactgttcaaaactactacaataattaagaagagagcaagtttta
aatccgagacacatagtagatagccaacatcctatatctaccattcgacc
acatgcatctcaagttgtacacctaaaaaactattgattatgctacagtg
ttagtactaggttagaagatgaacagacagaagagttagacattacatca
catgagacctctctataagacactcaacggccgtcaactcacaagggtca
acctttaaccagttaacactaaaaacggacatcaactattgaacttgaag
gaggacaatgacacttttatgatttgggacaaatctaccttagtggaatg
cattaactcgttaaaattgacctctcattccaccagcaaattaaatggtg
attaggacataatagcaaacaaggaaatctattacgtcatcattactata
tatccgctcacgtgagttttttgcatacacacaaacggatattacaattg
taaagaaaaagttctcttgtctattagtccgttgatcaaacacaatcttt
ataaaacaaaagatttacttacacacacaactaacatcaatttctcaatc
gtcaaccgtttgtatgcatgtgaacgagtaactcttatgtatcaatcaag
gatggaaccaagagtttattacaagatgggctagcctgaatgtggttttyg
tttagtggtatcaatcaacccactgccaatccttaatgtgcaacattage
aaggttataaaagacgctaagctttagtcaggatgactaggcgggggcct
atgcaggtctaggcgcccttcttaattttcaaacgecctaatgattaatcg
ggacagtggctaactgcctagcatttaggcgaggecctaggtggagctaga
cagagatttttaggacagtgaacgttagtaacatctatcaatggccgcca
accactcacatataattgattaaaaataatgctatcatgttactatacta
ggcatgtggtttgagaataaagcgtgaatgaagttctcttcaaagaaatc
aaaaggggccaagaatattatagcaagtgagactgcctaccacacatgca
actaccttgtccgataagtatatgcatgatcaaatcgatcgagttccecct
tttcacttttgtttgaaagcctatgagagatgcttgcttaatcaatgtca
aggtagaggggccaattagtaactcacttttggatcggaatatttaattt
tcatgcataatcctatgatttcatgaagtgatgtacgtattacaacgcta
atggcaattagacaaggtgtataatcacaatttgctcttatttagtttge
atccgtgctcttgagaggtatttgcacgtatttaaagtatatttttatat
gagtataatatttattacttatttactatttacttgaagtgtgatgatca
tgcctttttttggtttgcaagtgtaactgaaccaacctatatatgaagca
agaattacccgggttttggattttggatttggcatcaaactaggctatat
ttcacacttgtaagaacttaagaaaggtaattagttattttatatcatga
ttcacactcttgaggcgaagtacgtagaagctacaggccattaagaaaat
aacaaaagtcaaaaggtgatcacgatcagtgaagtccaagattctttcaa
ttttatatttgaagctttttgtaattaaacattaattttcattttctaat
tagaatttaatatgcacatcatgatctttttacctttaattagaaagtac
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131501

132001

132501

cggccgggttgggattcttttgaaacctttgtgtaataccagcaaatctg
aactagcaatatattccactgcatgcctttttttttttaaatgttgaggg
aactctttcaaaagtagaatattttttgtatgaattttttgctatctcac
agttaaatgttaactcttgtcgtaacattgtgccaaaaatatgaagggta
gagagtttatggagagtctcatcagcattttttttttaacaaatgatagt
attatatttaaattatttaaatcatggggacgggaattcgaacttttata
caaacagtaaaatacgctactatctaactaacttgactaaacttaaattt
acgcgcattataacaagtaattaaagaatgttaaacatggtttttcectttt
tgttggaatgcaaacatggttagtatttccacttaatacttatacatcga
gatgaaactaaagagacaaaataaaattaaagagacaaaagggccgacat
ctttcaatgatctttgtatagactagttgctccaccggagttaatttggt
aaaggagaagggcattattttttaatgttttgtgaccactaattgtccac
tcaaacagccagctggaaagttccatgtggagattgtgatcttataatat
ttccaaaatacatattacatgcatggcacaaaatatatgttgatttgatt
aaattaaaaattaaaaattaaaaacctattgagaataattatttaccagt
aacatttatgtaaattcataggaatttatcttagcttaagaagttggttyg
ttcgtcggttggcaccaatggcaagagaggctcattcatttccecctectag
tcatgccaactcattgcacagaaatcaaacacaagatttcggataaaaaa
ataatgattcttaatcatttgagttataaatttcgtatatttctcggtat
tttgattaacatcaagagagaaattccgtgacggtgaagtattttattat
atttatgttatacagaagaatcgggttcctgtttgtttatttctgtgcac
ttatagttagccgcgtgaaaaatgcatcactgcactcacccatattgcectg
gtggccatgtgatcgacctgcactgcactgcatgcattattattattatt
attacttatccaacattaattactaaatggagactctgaaattactcgac
ctcttaaccctaattactcagtggtcggtgggaaaaaaaaatggtataag
agctaattagctgagtaataacccaacttaaataataacaatctaattta
ttaattttcgaaccaaaaagagccgaatctctttattttctgtgatgecca
gctggcccatatctttgtgctctttaacaactcattccttatcacttatt
tcttgtcaagaagtattttgtattctgacgaatatgaacatgtatataga
tataatacaatgttgttcctacgtgtataacttagacaaatttaatcttt
ctcctccattttataccagattaagaatgtatgtgatgttccattgacca
tgcagctttttaattatatatacatgtgtatatatacgaacaaacattct
aagatcatctccaatcattgggttaaaacttaaaatgtttaacctataaa
atttaggttttaacccataaacaatttttctcctccaacccttacgagtt
aaatttttagcccaaggttattaaagaatgaatttaggataattttttct
taaagtaaccttttaaaaaaaattatatatgtacactatcataatttaat
tttatgaatattttaacctaaaaatatttagattccaataaatattgaaa
attcactaaattgacatcataaaactcgtagaacactatgaaagattatg
aaacacagaaaataaatttttttaattactttagacgttggatttaaatt
tggaccgttagatctttttttttactgttgaatttgatcatattagattt
tagccgttgaattcgagctcggtacccggggatcctctagagtcecga

132896
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Appendix 2

Mal d 1 sequences added in the alignment of Chapter 2

GeneBank accession

N. Gene Allele Source* num.

1 Mal d 1.01 Mal d 1.0105.01 PM AY789236
2 Mal d 1.0105.02 FS AY789238
3 Mal d 1.0105.03 PM AY789237
4 Mal d 1.0109 GD AY026910
5 Mal d 1.02 Mal d 1.0201.01 PM AY789240
6 Mal d 1.0201.09 PM AY789239
7 Mal d 1.0209.01 DS AY827660
8 Mal d 1.0201.02 FL Not yet
9 Mal d 1.03A Mal d 1.03A01.01 FS AY789263
10 Mal d 1.03A01.01 GD AY822722
11 Mal d 1.03B Mal d 1.03B01 PM AY789264
12 Mal d 1.03B02 FS AY789265
13 Mal d 1.03C Mal d 1.03C01 PM AY789266
14 Mal d 1.03C02 GD AY822725
15 Mal d 1.03C03 GD AY822726
16 Mal d 1.03D Mal d 1.03D01 PM AY789267
17 Mal d 1.03D02 FS AY789268
18 Mal d 1.03E Mal d 1.03E01 PM AY789270
19 Mal d 1.03E02 GD AY822729
20 Mal d 1.03F Mal d 1.03F01.01 PM AY789271
21 Mal d 1.03F01.02 PM AY789272
22 Mal d 1.03F02.01 FS AY789273
23 Mal d 1.03G Mal d 1.03G01 GD AY789273
24 Mal d 1.03G01 FS AY789274
25 Mal d 1.03G02 FL Not yet
26 Mal d 1.04 Mal d 1.0404.01 PM AY789242
27 Mal d 1.0404.02 PM AY789243
28 Mal d 1.0405 DS AY827665
29 Mal d 1.0406 IM AY827666
30 Mal d 1.05 Mal d 1.0501 PM AY789245
31 Mal d 1.0502 FS AY789247
32 Mal d 1.06A Mal d 1.06A01.01 PM AY789250
33 Mal d 1.06A01.02 GS AM283491
34 Mal d 1.06A02.01 PM AY789248
35 Mal d 1.06A03 RD AM283501
36 Mal d 1.06A02.02 PS AY827692
37 Mal d 1.06A02.03 IM AY827698
38 Mal d 1.06A02.04 DS AY827700
39 Mal d 1.06A02.05 FL Not yet
40 Mal d 1.06B Mal d 1.06B01 FS AY789251
41 Mal d 1.06B02 PM AY789252
42 Mal d 1.06B03 PM AY789253
43 Mal d 1.06B02 FL Not yet
44 Mal d 1.06C Mal d 1.06C01 FS AY789254
45 Mal d 1.06C02 PM AY789255
46 Mal d 1.06C03 PM AY789256
47 Mal d 1.06C04.01 DS AY827726
48 Mal d 1.06C05 RD AY827727
49 Mal d 1.06C06 IM AY827728
50 Mal d 1.06C02 FL Not yet
51 Mal d 1.07 Mal d 1.0701 FS AY789257
52 Mal d 1.0702 PM AY789258
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53
54
55
56
57
58
59
60
61
62
63

Mal d 1.08

Mal d 1.09

Mal d 1.10
Mal d 1.11
Mal d 1.12

Mal d 1.0703
Mal d 1.0801.01
Mal d 1.0801.02
Mal d 1.0801.01

Mal d 1.0901

Mal d 1.0902

Mal d 1.0903

Mal d 1.0903

Mal d 1.1001

Mal d 1.1101

Mal d 1.1201

FL
PM
PM
FL
PM
GD
GD
FL
FL
FL
FL

Not yet
AY789259
AY789261

Not yet
AY789262
AY822720
AY822721

Not yet

Not yet

Not yet

Not yet

*PM=Prima, FS=Fiesta; GD=Golden Delicious; RD=Red Delicious; IM=Ingrid Marie; PS=Priscilla; DS=Discovery;
GS=Granny Smith; RG=Royal Gala.
All the sequences derived from genomic DNA except the sequence of the cultivar Florina that derived from the
plasmidic DNA of the BAC clones
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