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I INTRODUCTION

| INTRODUCTION

1. RIPENING OF FLESHY FRUIT

1.1 The fruit

The fruit is, by anatomical definition, a mature yvand therefore typically includes
carpel tissues in part or in whole (Giovannoni, 00A more accurate and inclusive
definition encompasses extracarpellary tissuesatigaincluded at the mature fruiting stage.
Fruits can be additionally separated into dehisoemtry fruits and non-dehiscent or fleshy
fruits (Giovannoni, 2001). In the fleshy fruit, thericarp is differentiated into three distinct
layers: the epicarp, the mesocarp and the enddtaepouter, median and inner layers,
respectively). Common to all fruits is the devel@mal process that involves three basic
phases. In the first phase (fruit set) there isdéhneelopment of the ovary and the initiation of
cell division. In the second phase, cell divisierthe predominant feature. During the third
phase, fruit increases in size mainly by cell egg@m Once the fruit cells have fully
expanded and the fruit matured, the ripening picessues. Each phase of fruit
development and ripening involves specific geneviigtas revealed by transcriptomic
analyses (Handa et al., 2012). Ripening has regaivest attention from geneticists and
breeders, as this important process activates éeveed of biochemical pathways that make

the fruit attractive, desirable, and edible for samers (Bouzayen et al., 2010).

1.2 Fruit ripening

Fruit ripening is a developmental complex processciv occurs in higher plants and
involves a number of stages displayed from immatarenature fruits that depend on the
plant species and the environmental conditions.irfQuffruit ripening deep metabolic
changes occur in the biochemistry, physiology aadegexpression of the fruit such as
chlorophyll degradation and pigment biosynthestversion of starch to simple sugars,
accumulation of flavours and cell wall softeningmgle sugar and organic acid
accumulation, volatile production and flesh softgn{Palma et al., 2011). These changes
are under the control of both external (light aathperature) and internal (developmental
gene regulation and hormonal control) factors.

According to the regulatory mechanisms underlyimg tipening process, fleshy fruits
can be divided into two groups: climacteric and -stimacteric. The climacteric fruits

exhibit an upsurge in the rate of respiration at dhset of ripening that is associated with
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increased biosynthesis of ethylene (Lelievre et1897). The role of respiratory surge in
climacteric fruits at the onset of ripening isl|séilmystery, but it has been proposed to be
related to coordination and synchronization of thening process in these fruits. Both
climacteric and non-climacteric fruits show similgranges in various metabolic processes
leading to pigment alterations, sugar accumulatiextural change, fruit softening, volatiles
production, and enhanced susceptibility to pathsgeut although ethylene plays a significant
role in the development of ripening attributes limacteric fruit, it is not required for the
metabolic shifts seen in non-climacteric fruits. eTimolecular distinctions underlying
climacteric versus non-climacteric ripening arernpoonderstood (Giovannoni, 2004).
Examples of common climacteric fruits that requtieylene for ripening include tomato,
apple, banana, and most stone fruits, whereas liraaeteric fruits, including grape, citrus,

and strawberry, are capable of ripening in the mdxsef increased ethylene synthesis.

1.3 Ethylene and ripening

The role of ethylene as the “ripening hormone” Imateric fruits has been firmly
established (Giovannoni, 2001). Affecting biosysikef ethylene during ripening in fleshy
fruit has been the foremost attempt for arrestiogt narvest deterioration. One of the most
striking characteristics of climateric as companéth nonclimateric fruits is their capacity
to produce autocatalytic ethylene. It has beendptrd that two regulatory systems of
ethylene production exist. System |, operatingadthkclimateric and non climateric fruits as
well as in vegetative tissues, would be respondiimebasal and wound-induced ethylene
production, while system Il would be responsible tloe upsurge of ethylene production
during ripening of climateric fruit (Pech et alQGB)

Ethylene (GH,4) is a simple gaseous plant hormone that is biohilyi active in trace
amounts, as little as 10 nL L-1 air (Pech et a003). It is important both in normal
development and for plant response to stress. Bumiormal development ethylene is
thought to coordinate events such as senescenseissibn, and fruit ripening. It also
affects growth of vegetative tissues including stermnoots and petioles. Ethylene
biosynthesis is increased in response to a largebad of stimuli including wounding,
pathogen attack, mechanical stimulation and droagidt is known to exert its effects, at
least in part, by altering gene expression. Effemts both transcriptional and post-
transcriptional processes have been identifiedkiben, 1997).

The ethylene biosynthesis pathway has been intelysstudied for its role in fruit

ripening. It's catalysed by two enzyme#CS (1l-aminocyclopropane-1-carboxylate
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synthase) andACO (1 aminocyclopropane-1-carboxylic acid oxidasejhbencoded by
multi-gene families (Figurel). The first step ise tformation of 1-aminocyclopropane-
lcarboxylic acid (ACC), the immediate precursor ethylene, from S-adenosyl-L-
methionine (SAM) byACS. The second step converts A@Cethylene through the action of
ACO. The former is considered the rate-limiting stéptbylene production (Kende, 1993).

Promotes ethylene
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Fruit ripening
Flower senescence
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PLANT PHYSIOLOGY , Third Edition, Figure 22.1 © 2002 Sinauer Associates, Inc.

Figure 1. Ethylene biosynthetic pathway.

The competence of climateric fruits to synthesizatoeatalytic ethylene is
developmentally regulated and requires as primtgy the stimulation oACS and ACO
gene expression by non ethylene regulatory faclidren autocatalytic ethylene production
proceeds via the up regulation by ethylene of ibsynthetic genes. Since bo#fCO and
ACS are encoded by multigene families it can be spésdlahat this transition to
autocatalytic ethylene production may be relatech toascade of expression of different

members of the gene families (Pech et al., 2003).
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1.4 Apple ripening
Apple (Malus x domestica Borkh) is a member of the Rosaceae family, subiljam

pomoideae, which includes many crop species sucpeas, strawberry, cherry, peach,
apricot, almond, forest and ornamental crab appéeies. Members of the pomoideae have
a fruit that consists of two distinct parts: ovasrived tissues restricted to the center of the
mature fruit (core) and the cortex or edible partaf the fruit which is derived from the
fused base of stamens, petals and sepals, whiemésgpo surround the ovary.

Apple fruit develop over a period of 150 days frpailination to full tree ripeness with a
simple sigmoid growth curve (Janssen et al., 20@8)ring apple fruit development
different overlapping physiological events, suchcadl division and expansion, starch
accumulation, starch decline and ripening, occdrlaad to the fully ripe fruit.

Apple is a typical climateric fruit, whose ripening issasiated with an upsurge in the

rate of respiration and ethylene production (Figtjre

100

Relative

changes

Fruit growing
(%) e

Cellular Celiular growing Climateric
division Peak

I Ripening I Svnnconcoi

Figure 2. Qualitative evolution of respiration rate, fruit growing, ethylene levels and commercial life
of Granny Smith apple (from M.Castro-Giraldez et al., 2010).

Due to its long history and widespread cultivatisrd more importantly its out-crossing
nature, apple exibits a high level of heterozygiyusind great variation in ripening behavior
and quality attributes (Zhu et al., 2012). The mipg season of apple can differ up to 3
months among the elite apple cultivars under tineesaeather condition (Zhu et al. 2012).
The rates of ethylene biosynthesis in apple fuiffer considerably among cultivars leading
to varied storage properties ranging from rapidt4pasvest deterioration to cultivars that

can be stored for up to a year under optimal candit
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A positive correlation exist between ethylene paiglin during storage and softening
(Barry and Giovannoni, 2007). Though apples castbeed under the controlled conditions
for considerably long periods, its storage capgbidepends on cultivars. In apple breeding
programs, genotypes with inherent long-term stoagbility have therefore been used to
develop new commercially acceptable varieties.

Considering the prevalent role of genotype in tldednination of apple ripening
behaviour, the knowledge of the mechanisms undgylsipening in each cultivar has to be
considered essential to improve growing and comialehandling practices. Due to the
preponderant role of ethylene in ripening processtivo enzymes involved in its synthesis
during fruit ripening, MdACSL and MdACOL have been deeply studied. Both genes are
reported to affect the loss of firmness after hsinand thereby fruit shelf liféACS is the
major geneACO still having a less strong but still clear effactd acting independently of

ACSduring apple ripening (Costa et al., 2005).

1.5 ACS multigene family

1-Aminocyclopropane-1-carboxylate synthase-geA€Y is the key enzyme in the
synthesis of ethylene and has become the hot sgbeistudy of ethylene. It is a cytosolic
enzyme with a very short half-life, its intraceiulconcentration is low and the active form
is labile (Kende,1993). It belongs to a family ofofeins that require pyridoxal-5'-
phosphate (PLP) as cofactors, known as PLP-deptrateymes. In particulaACS is
evolutionary related to a member of this familye #iminotransferase family. The crystal
structure of appléCS revealed that the overall folds and catalytic sitehis enzyme are
very similar to aspartate aminotransferases (Qaipgtaal., 1999) and that the enzyme forms
a homodimer. A lot oACS genes have been isolated and identified from etyaof plant
species including tobacco, arabidopsis, rice, ag&ato, tomato, pear, banana, etc. where
ACSis encoded by a highly divergent multigene family.

A typical ACS gene consist of four exon and three introns andt@bACS genes has
scattered genomic organization. The percent oskiaed homology of aACS genes may
be very different and even as low as 49% aminomigdtity as reported foArabidopss
thaliana. Some of deduced aminoacid sequenced@H isoenzymes are more similar to
those from the other species than to the member&CS family in the same species
(Jakubowicz and Sadowski, 2002).

The differentACS genes are involved in the ethylene synthesis ferdifit tissues and at

different plant developmental stages. They havéndisregulation and the main control

10
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point of enzyme activity is at transcriptional levéhe differential transcription oACS
genes during the course of development and in nsgpto various external cues such as
wounding, chilling, drought, auxin, ripening anchescence, is one of the mechanisms that
regulates the production of ethylene. However, rapidms of post translational regulation,
such as proteolitic processing and protein phosiation/dephosphorilation, have also been
proposed to explain the sometimes observed tigielation between ethylene evolution

and transcript accumulation ACS genes (Dal Cin et al., 2005).

1.6 ACS genes in apple

In apple at least fiv&\CS genes have been reported which inclMACSL (accession
no. U89156), MdACS2 (accession no. UO3294MJACS3a (accession no. U73816),
MdJACHA (Kim et al., 1992) andMdACS5 (MdAACS-5A accession no AB034992 and 5B
accession no AB034993). However, the isolationioérand eleve®CS genes in tomato
and arabidopsis respectively induce to presume dtrar ACS genes are also present in
apple genome. Tan et al. (2012) reported to haeatiited three newMdACS genes
differentially expressed during apple fruit ripeginut these genes are not yet characterized.

The sequence similarity of the overlapping segmentsIdACSL, MdACS2, MdACS3
andMdACS5 was found to ranges from 47% to 72,#8dicating that these gene are quite
different (Costa et al.,, 2005MdACS2 do not appear to be expressed in the normal
development of ripening fruit tissue (Wiersma et 2007) MdAC$A was isolated by Kim et
al. (1992) but it has not been publisched in alseta. Kondo et al. (2009) reported that
MdACSA is not produced during fruit ripening but ratherdsectly induced by auxin.
MdACSBB was reported to play an important role in applétlat abscission (Dal Cin et al.,
2005) as well as in wound response (Sunako et2@DQ). MJACSL and MdACS3 are
reported to be expressed in apple fruits (Wakasd. ,e2006; Wiersma et al., 2007), also if
with different expression profiles (Tan et al., 2D1They are the better studied members of
theMdACS multigenes family.

MdACSL was first found to be expressed in apple fruitaréidia et al., 2000; Wakasa et
al., 2006) so most studies to unravel the roleloflene in apple fruit ripening have focused
on this gene. ThMdACSL expression remains below detection levels throught of the
earliest fruit development stages and only at thening its expression strongly increase,
moreover its expression is enhanced by ethylen#'ssgonsidered to be involved in the
system 2 ethylene biosynthesis (Tan et al., 20I®p different alleles NJdACS1-1 and
MdACSL-2) of this gene have been identified (Sunako et1899). Most of the cultivars

11
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that are homozygous favMIdACSL-2 allele have a very pronounced reduction in ettg/len
production and this is well correlated with theremse of firmness and with a longer shelf-
life in respect to the cultivars, both homozygousheterozygous, carrying tiddACSL-1
allele (Harada et al., 2000). However some applévars homozygous foMdACSL-2
allele can also show different storage capabii{agg et al., 2009). Sunako et al. (1999)
also reported the absence of transcription fMARACSL-2 in a heterozygous cultivars but
they supposed that the promoter of this alleld &tihction, since a very low level of
transcription was detected in fruit of cultivar Filjat is homozygous favidACS1-2 allele.
MdACSL was mapped on linkage group 15 but the region meagreviously identified as
QTL for fruit firmness and it's at a quite largestdince from a previously identified minor
QTL (Costa et al., 2005). An insertion of a retosposon-like sequence (SINE) in the
promoter region of th&#1dACSL-2 allele has been found and proposed (Sunako et989;
Harada et al.,, 2000) as the responsible for theictexh of transcription and for the
consequent low ethylene evolution. Oraguzie &28104) suggested also that bldACSL
genotype and maturity season affect apple fruitesaig and that neither alone can
determine softening behaviouMdACSL allelic composition is also reported to be
responsible for pre-harvest drop rate: apple culsiwfACSL-2/2 trees have less fruit drop
than theMdACSL1-1-1 or 1-2 trees (Sato et al., 2004).

Only recentlyMdACS3 gene has been proposed to have a role in thiseiingene
production regulation. The expressionMHACS3 is detectable in immature fruit several
weeks before harvest, and decreases after thetrebpiession oMdACSL and MdACO1
and the burst of ethylene productiddACS3 is regulated by negative feedback mechanism
in apple fruit. SOMdACS3 is supposed to be involved in regulating systenttylene
biosynthesis and the transition to system 2 (Taal.et2012). Three sub-famildACS3
genes,a, b andc have been isolated but two of theandc) possess a transposon-like
insertion in their 5' flanking region which caude#ure of their transcription (Wang et al.,
2009).MdACS3a is the only functionaRCS3 gene in apple and three different alleles were
identified in different apple cultivars. Only onétbem show activity while the other two
are inactive, for the loss of enzyme activity réagl from an aminoacid substitution at the

active site and for a still uncharacterized lackrafscription (Bai et al., 2012).

12
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2. TRANSCRIPTION

Transcription is that process by which the inforomatresiding in a double stranded
DNA molecule (dsDNA) is transferred to a nascent®Riolecule. It's the first step of gene
expression and the synthesis of most eukaryotiteipm® is regulated at this level. In plant
cells genes are transcribed by enzymes known as-@@bendent RNA polymerase. In
eukaryotes there are three different RNA polymeraseNA polymerases | and Il
transcribe the genes that encode transfer RNAsoilmal RNA and various small RNAs.
RNA polymerase Il transcribes all the other gemeduding all those that encode proteins,
first producing pre-mRNA which can mature into mRN#olecules. RNA Polymerase Il
binds to a regulatory portion of plant genes lodatpstream of the transcriptional start site

(TSS) and that is referred as promatgion.

2.1 Promoter region

The promoter region consists of specific DNA sea@snthat act in the recruitment of
protein factors that facilitate transcription oftlprotein-coding region of the gene. The
RNA Polymerase Il promoter is composed of threeoreg core promoter, proximal and
distal promoter regions. Core promoter is a DNAigeghat contain common core DNA
elements, where the initiation complex, RNA polyass together with general transcription
factors, is assembled. It is located -50 to abel@t bBp relative to TSS. The DNA elements
in the core promoter region are necessary and cgrifi for accurate initiation of
transcription by RNA Polymerase Il but only in amefficient way. The region located
immediately upstream of the core promoter, proxinegiion, contains the most important
regulatory elements. In this region, gene specégulatory elements assure the binding of
regulatory transcription factors which can interagth the general factor and RNA
polymerase Il to promote transcription. Those DM#gences located on the same strand as
the coding region of the gene are knowitiasacting regulatory elements (CARE) while all
the transcription factors that are encoded at ajbeetic loci are referred to &reins-acting
factors. Othercis-acting sequences, distal element, are locatedheuntipstream of the
proximal promoter sequences and can exert contial @ukaryotic promoters in positive or
negative way. In plant they are usually locatechinitl000 bp of the TSS (Komarnytsky
and Borisjuk, 2003). In many cases, transcriptioegulation involves the binding of
transcription factors at sites on the DNA that moe immediately adjacent to the promoter

of interest. Theseis-acting module, called enhancers or silencers bealocated hundreds

13
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or thousands of base pairs upstream or downstréahe @ene they control, within coding
region or intronic sequences, and even in regiétiseochromosome structurally adjacent to
the promoter. They can work in either orientatidrarfell, 2007). It is thought that
enhancers act through the binding of activatingdcaption factors, subsequent recruitment
of additional co-activators and the formation of mNbops that bring these factors in
proximity of the relevant promoter. Many enhandements have been studied and it was
found that they are required for maximal transaimdl activation of a gene. By contrast,
very few silencers, that have the ability to reprgsne expression, have been characterized.
Gene transcription repressors can function by coimgpdéor DNA binding with activators,

by masking the activation interface or by diret¢eraction with general transcription factors

(Gaston and Jayaraman, 2003).

2.2 Promoter control of transcription

The complexity of specific gene regulation at theeleof transcription is therefore
dependent on the type, number, position and cortibimaf enhancers and silencers present
in and around the coding sequence of a particéae @nd on the activation of the enhancer
sequences, which is dependent on the presenceycabse activity within the cell of their
associated binding proteins (Potenza, 2004). Maeadt's difficult to believe that these
sequence motifs alone are wholly responsible for ARRol-promoter interaction.
Experimental evidences suggest that sequence-depesecondary properties of promoters
are also important in their function. Three of symwbperties that are often involved are
stability, curvature and bendability of DNA in protar regions (Farrell, 2007). A
supplementary layer of complexity is added by brigghe transcription factors together on
a promoter, by adopting a three dimensional conditjon, enabling the interaction with

other parts to activate the basal transcriptionhmacy (Rombauts et al., 2003).

2.2.1 Promoter regulatory elements involved in ripe  ning

Only few plant promoter are known to be constiteljvexpressed in most plant cells,
while the majority of them has a temporal and spaspecific expression. This fine
regulation is the results of highly coordinated reggion networks based on the interaction
between transcription factor amis-acting elements. So the promoter of each geneahas
specific composition of regulatory elements andegethat are co-expressed or co-regulated

are expected to have similar conserved regulatatf nDifferent cis-acting-elements that
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respond specifically to different internal or exigr stimuli have been reported in plants
(Komarnytsky and Borisjuk, 2003).

Different genes involved in the ripening processendeen identified but molecular
characterization of their promoter region have omgcently begun to unravel the
mechanism by which genes are regulated. Ripenicrmacteric fruit is mainly the results
of a combination of ethylene regulation and dewvedept control, moreover fruit specific
regulation of some ethylene regulated genes andlategy mechanisms that operate
separately from and in addition to ethylene alsistefGiovannoni, 2001). Theis-acting
elements that are involved in fruit specificity,datihhat mediate development and ethylene
control could be separated. Indeed, in the promagion of thecucumisin gene from
melon two distinct regions, one with a fruit specénhancer and an other that contain I-
box-like sequence, that act as negative regulatamyent, have been found (Yamagata et.
al., 2002). Although fruit-specific, ripening-redat and ethylene-induced genes have been
isolated and analyzed for a number of speciesmaosty essentiatis-elements have been
identified. A functional ethylene responsive elemmeras identified in the tomato fruit
ripening gene&4 an E8 (Montgomery et al., 1993; Deikman, 1997) thatif$edent from
the GCC box involved in the ethylene activationptdnt defense gene. Also some fruit-
specific elements have been isolated from diffeqgmamoter region. Yin et al. (2009)
identified a TCCAAAA motif in the promoter regionf &DP-glucose pyrophoshorylase
gene of watermelon, that function as a fruit-spe@fement by inhibiting gene expression
in leaves and the TGTCACA motif, an enhancer eldmeatessary for fruit-specific
expression, already reported in ttigcumisin gene in melon (Yamagata et. al., 2002). In
addition, elements that confer expression undetcipeondition could be present as seen
for the GalUR gene of strawberry whose expression is restrictethé fruit in a light-
dependent manner and whose promoter region is atkdamed by few known light-

responsive elements (Agius et al., 2005).

2.3 Promoter identification and analysis

Identification and functional dissection of the iy that harbor regulatory control
elements of a gene is an essential step in itschdracterization. The promoter analysis
should bring to the definition of a minimal promoteegion able to drive basal
transcriptional activity and to the identificatiai putative binding site for transcription
factors as well as enhancer or repressor regulaimgules. Local chromatin states, and

availability of scaffold attachment regions and DNAethylation sites, may further
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contribute to the activity of the 5'-flanking regioHowever, few promoters have been well
characterized compared with the number of genediesty partly due to complicated
interactions between a large number cof-elements in promoters and their associated
nuclear transcription factors.

Two different strategies are usually used at tlreesame to study promoter regiona:
silico analysis using computational methods amdivo laboratory experimentsn silico
analysis are based on the scan over the entireesegby a consensus approach. Different
web-based databases, such a Plant CARE and PLAfIEctcshort DNA motif sequences
present in plantis-acting regulatory regions, obtained from earlieblfshed research
works or from article reviews on the regulatoryioeg of various plant genes, and allow to
search for theseis-acting regulatory elements (CARE) in the sequesfcaterest. Also if
the results of this preliminatiy silico analysis should be carefully interpreted and \aadid

they allow more focused laboratory investigation.
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3. In vivo ANALYSIS OF PLANT PROMOTER

In vivo analysis is based on the generation of promopmvter gene fusion constructs
and their expression analysis in plant tissueseeding the expression level of reporter
gene, strength and spatial/temporal pattern of ptemactivity could be determined. The
promoter region is in general “chopped” in more kendragments to study the contribute
of different regions to the expression level. Thesmlysis allow also to identify, by
progressive deletion analysis, binding sites fanscriptional activator or repressor protein.
These results should be validated by gain of foncéxperiments, in which the sequence
under study is fused to a minimal promoter-repacterstruct, and with gel electrophoresis
mobility shift assay (EMSA) that brings to the itifoation and purification of the
correspondent transcriptor factor. The fulfilmemtim vivo analysis require the cloning of
the fragment to be studied in an appropriate espyas/ector and a protocol for its transfer

and analysis in plant tissues.

3.1 Expression vectors

A vector is a DNA molecule that is capable of regiion in a host organism, and can act
as a carrier molecule for the transfer of genes tiné host. Different kind of vectors have
been designed to perform specific function, expoaswectors have been designed to
construct gene fusions that replace native pronaftargene with another promoter.

An expression vector should have some essentidre=a a simple ways to construct
reporter gene fusion; a reporter gene that alldwesdietection of promoter in a quantitative
and qualitative way; resistance genes for seleafdransformed bacteria and plant tissues,
and all the sequences necessary for its replicatidracterial cells. If the vector should be
transferred imAgrobacterium tumefaciens a binary vector is needed (Lee and Gelvin, 2008)
that has the same features described above ptuenigfright borders flanking the region to
be transferred and replication function Agrobacterium host.

Different vectors or binary vectors have been gateer to allow the cloning of a
promoter region upstream a reporter gene, withseicton/ligase strategy that require the

presence of unique restriction site in vector saqaghttp://www.cambia.orgHellens et

al., 2005). This process however could be labowtakstime consuming so to overcame this
problem vectors that exploit bacteriophage lambiti&specific recombination system has

been generated. In this case target sequencessareaptured in a commercially available
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‘entry vector’ and are then recombined into varialestination vectors’ for expression in
different experimental organisms (Hartley et ad0@)

Different reporter genes are available and has hessd in promoter analysig-
glucuronidase GUS) from E.coli or Staphylococcus sp. that are usually used in plant
system, luciferase gené&YC) from firefly and green fluorescent protein (GFPOmM
jellyfish that allow a real time expression anadysDften two different reporter genes are
used simultaneously in transient transformatiomyasme for the promoter analysis and the
other one to check the transformation procedureléepe et al., 2003).

Resistance genes should be chosen in function ailahility of reliable selection
protocol for the tissue and species used in thestoamation assay to avoid the risk of
escapes or excessive loss of plant material. Wpél gene encoding resistance to
hygromycin, or thenptll geneencoding resistance to kanamycin are two of thet mesd
resistence genes employed in plant transformaltamt resistence genes are usually driven
by very strong and constitutive promoters such @aeiliflower Mosaic Virus promoter
(CaMV35S) to ensure successful selection, so itacaur that the activity of the promoter
of interest, often much weaker or more specifignfiienced by that of the plant selection
gene. In this case it would be better to removestiection gene at all, if it's possible, or
adopt a co-transformation strategy in which twotees bringing one the resistance gene
and the other the promoter of interest, are seggratansformed or co-transformed into
plant tissues.

Different expression vector, already prepared fammter cloning, could be purchased
or obtained for free, in case of academic reseanckhey can be generated by themselves

introducing in an existing vector the desired feagu

3.2 Transformation strategies

Chimeric promoter/reporter construct for functioaallysis can be introduced in plant
permanently, by stable transformation methodspatdcbe expressed only temporary in the
new system with a transient transformation strat&gsble genetic transformation involves
two distinct stages: the delivery of DNA into thecieus of a competent cell and the
regeneration of plant from the transformed celhg&klet al., 2009). Therefore it could be
applied only in species not recalcitrant to regatien and, also if a good protocol for
regeneration is available, it could be a lengthyimalative process, especially in perennial
plants as apple. Moreover, the analysis of promm&gion require the assay of high number

of chimeric constructs bringing to the generatibradhuge amount of transformed plants
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and also several transgenic lines should be arlgzeeach construct studied because copy
number and site of integration can affect transgex@ession. As consequence cost and
time of research considerably increase. Prior tabls transformation, screening of
promoter regions using a transient expression asgsayd be advantageous. Thus the
number of constructs to be studied in stable taansfd plants could be reduced to a
minimum, by disregarding constructs which performonty in the transient assay.

Transient expressiois based on expression of heterologus DNA thatbisimegrated
into chromosomes. In this case the analysis of gepeession is not confused by position
effects, it's free from the interference of chromadgtructure and reflect the situatiom
planta. Due to the temporary nature of this kind of transfation it's not required to
regenerate transformed cells. These features maksiént transformation the better choice
for functional genomics and promoter testing esglcin woody trees like apple in which
stable genetic transformation is a lengthy andteglprocess with a low success rate.

The recombinant DNA could be transferred into cotmpicells by physical (direct) or
mediated DNA delivery methods. The first comprisgtisle bombardment, electroporation,
polyethylene glycol (PEG), or microinjection, trecend group of methods are based on the
natural gene transfer abilities of bacterial armdlypathogens (Jones et al., 2009). Protoplast
have frequently been used for transient expresaiwalysis of regulatory sequences in
promoters activated by external stimuli (Abel artee@logis, 1994), however to have more
reliable information omn vivo situation the analysis in intact plant tissues argans has to
be preferred. Two of the most widely used transientsformation system foin vivo plant
promoter studies has been particle bombardment @ugobacterium-mediated
transformation.

By biolistic method biologically inert particles ually tungsten or gold) coated with
DNA of interest are accelerated in a partial vacwand placing the target tissue within the
acceleration path, DNA is effectively introducedafG 1989). Uncoated metal particles
could also be shot through a solution containingADrrounding the cell thus picking up
the genetic material and proceeding into the livie]. A perforated plate stops the shell
cartridge but allows the slivers of metal to pdsseugh and into the living cells on the other
side. The particle gun methods require specifidadmsvthat allow to bombard DNA directly
into plant tissues and same parameter such asizbeothe gold particle, the distance
between the sample and the macro-carrier, the angdUDNA used in each bombardment

and the number of shots per samples should be iaptinfor each plant tissue.
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Agrabacterium transformationexploit the naturally occurring gene transfer syste
present in the common gall-inducing bacteridgnobacterium tumefaciens. This bacteria is
able to induce tumors by the conjugative transfea NA segment (T-DNA) from a
bacterial tumour-inducing (Ti) plasmid to planticdlhe plasmid T-DNA can be integrated
into the genome of the host cell and the tumor imoiggy genes on the T-DNA are
expressed. To allow its use for biotechnologicappse the plasmid has been 'disarmed' by
deletion of the tumor inducing genes. The only etakeparts of the T-DNA are its two
small (25 base pair) border repeats, at least bidnigh is needed for plant transformation.
The genes to be introduced into the plant are danm® a plant transformation vector that
contains the T-DNA region of the disarmed plasrtodether with a selectable marker (such
as antibiotic resistance) to enable selection ftantg that have been successfully
transformed. Plants are grown on media containintilpiatic following transformation, and
those that do not have the T-DNA integrated inwrtgenome will die.

Agrobacterium-mediated transient gene expression (agroinfitingti is based on
expression of non-integrated DNA. During early s&agf co-cultivation single stranded T-
DNA is transferred from the bacteria to plant celsice moved into the plant cell this T-
DNA becomes double stranded and migrates to thiEeusicOnly a tiny part is integrated
into the host chromosomes while not-integrated TADbbpies persist in the nuclei of
transfected cells where remain transcriptionallynpetent for several days (Hellens et al.
2005). Transgene expression and protein accumaletitocalized to the site of infiltration
and can be detected only 3h after DNA delivery kpeafter 48h and persist for 10 days
(Jones et al. 2009). This transformation methoddees applied with success in different
plant species, however because two living organigadicipate in the process the
efficiency of transformation is greatly influenceg the compatibility between plant and

bacterium and can vary from host to host.

3.3 Transient transformation of fleshly fruits

The increasing number of expression studies insfluas generated in the last years a big
amount of fruit-specific or ripen-related gene smwes. Understand the regulatory
properties of their regulatory regions can contebiw unravel complex expression patterns
and to planning with more awareness biotechnolbgicalies for fruit quality improvement.
Regulation of gene transcription however depensis ah interaction between DNA motif
and tissue, developmental and species specifisdrgmor factors. Also if in some case a

conserved heterologous regulation between differgmtcies has been demonstrated
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(Tittarelli et al., 2009) that is not true for &tle gene or plant species (Augias et al., 2005).
Gene studies in fruit as been performed especiallihe model plant tomato for which
transformation and regeneration protocols are comamal easy to be applied. However, the
generation of transformed ripe fruit can takeedi#ht years for perennial fruit tree species.
So the set up of good transient transformationgoad$ for the analysis of promoter in fruit
of different species has became a big challengebfotechnological researchers. The
specific physiological and anatomical featuresroit$ required an adaptation of the existing
protocol for transformation wittAgrobacterium or particle gun, in particular when ripe
fleshy fruit are adopted. These fruits are inddeatacterized by large vacuolated cell whose
walls undergo marked changes in their structure.

Augias et al. 2005 were able introducing a stepswofiotic treatment in the protocol for
particle gun to transform with success ripe strawbeThis methodology was used
successfully also for the transformation of immatuanelon (Yamagata et al., 2000), and
watermelon (Yin et al., 2009) and juice sacs frarmeg mature fruits of acid lemon and
acidless lime (Sorkina et al., 2011).

Specific adjustment to th&grobacterium-transient transformation method has also been
done to allow its application in fleshy fruit. Spole et al. in 2001 published an
agroinjection transformation method of intact fsuilt's based on the injection with a
syringe with a needle of transformed agrobacteria specific infiltration media directly in
detached intact fruits. The transformation rate eaaluated with two reporter gene GUS
and LUC in a qualitative way on apple, pear anchgea and with a quantitative assay in
peach, and strawberry. This method was applied sutitess for the analysis of promoter in
peach in which it allowed also to study regulatiop temperature of cold-inducible
promoter (Spolaore et al., 2003; Tittarelli et aDP9). It's applicability was also tested in
fruit of rough lemon (Ahamad and Mirza, 2005), dvahana (Matsumoto et al. 2009). A
modified injection methods with infection of stragvby fruits still attached to the plant
demonstrated that this method is also suitableafwalyzing gene functions during the
development of strawberry fruits (Hoffmann et €108).

Despite agroinjection has been applied with sietesome species, some problems has
still to be resolved. A high variability betweenuifrat different stage of development and
between different tissues has been observed irirggetion of mature and immature fruits
of rough lemon (Ahamad and Mirza, 2005). The spatkpression patterns observed with
agroinjection seem at least partially governed twystraints imposed by fruit architecture

and the ability of the bacteria to reach the défgrtissues in the fruit (Spolaore et al., 2001,
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Orzaez et al., 2006). Consequently, interpretatiothe spatial expression patterns obtained
by agroinjection should take these consideratiobns account. Particular attention should
also be paid to the choice of reporter gene in tfancof the species in which the
transformation assay is performed. Spolaore eR@D1 reported that in strawberry the
reporter activity related to protein amount washkeigfor GUS than for LUC while the
opposite occurred in the case of peach. The chafi¢eansient transformation method for
analysis of promoter region in fruit depends themeffrom the availability of optimized
species specific protocol. In some cases similsulte were obtained using agroinfiltration
or biolistic method (Augias et al., 2005), howettegse correspondence should be proved

for each species.
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I AIMS OF THE THESIS

Apple ripening is influenced by many environmerigaitors but the genotype is the most
important in its determination. Therefore, the kfenige of the mechanisms underlying
ripening in each cultivar has to be consideredragdeo improve growing and commercial
handling practices.

Apple is a typical climateric fruit, whose ripenitig associated with an upsurge in the
rate of respiration and ethylene production. Thesraf ethylene biosynthesis in apple fruits
differ considerably among cultivars and this vaitigbis reported to be at the base of their
storage capability.

Ethylene synthesis is catalyzed by two enzymA€S (1l-aminocyclopropane-1-
carboxylate synthase) am®iCO (1-aminocyclopropane-1-carboxylic acid oxidase}hbo
encoded by multi-gene familieACS is considered to catalyzes the rate-limiting sbép
ethylene production.

Most studies have focused on the climact®tdACSL gene to study the role of ethylene
in apple fruit ripening. Two different alleleMACSL-1 andMdACSL-2) of this gene have
been identified. Most of the cultivars that are lbaggous foiMdACSL-2 allele have a very
pronounced reduction in ethylene production ansl ihiwell correlated with the increase of
firmness and with a longer shelf-life in respecthte cultivar carrying th&1dACSL1-1 allele.
However, it is also reported that apple cultivaithwhe saméVldACSL 2-2 genotype show
different patterns of firmness loss.

The MdJACSL-2 allele is reported to have a very low expressién. insertion of a
retrotransposon-like sequence in the promoter negibthe MdACSL-2 allele has been
found and proposed as the responsible for the tieduof transcription in fruits and for
their consequent low ethylene evolution.

However, the specific expression of edddACSL allele has never been reported in
literature as well as any in vivo analysis of thél@&nking region ofMdACSL.

The aim of this thesis was to increase the knovdedg the molecular mechanisms
responsible for the different ethylene productiorapple cultivars. Considering the main
role of MJACSL gene in apple ethylene biosynthesis, the charzatien of this gene was the
main task of our research. The differential expoessf eachMdACSL allele was evaluated
by specific gPCR expression analysis and witinamvo analysis of their 5’-flanking regions

by transient transformation assay. Since the only protocol for transient transformation
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analysis in apple fruit reported in literature haser been applied in research studies a second
task of the thesis was its evaluation and optitiwagor promoter analysis.

Moreover, since th&#1dACSL genotype cannot alone explained all the storagahity
between some apple cultivars an assessment oeathyroduction on two apple cultivars
(Fuji and Mondial Gala) with the sanMdACSL genotype but different ripening behaviour
was planned. To better investigate the geneticsbatethylene production in these two
genotypes, a segregating progeny derived from tbeschetween Fuji and Mondial Gala

was also assessed.
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1. ISOLATION AND ANALYSIS OF MdACS1 ALLELES SEQUENCES

1.1. Plant material and DNA extraction

Genomic DNA (gDNA) was isolated using the CTAB nath(Doyle and Doyle, 1987)
from leaf tissue of the following apple cultivareoging in Department of Fruit Tree and
Woody Plant Sciences (University of Bologna) fiel&#orina, Durello di Forli, Mondial

Gala, Fuiji, Jersejmac, GoldRush and Mclintosh.

1.2. Assessment of apple cultivars MdACS1 allelotype
The MdACSL allelotype of different apple cultivars (Florinaui2llo di Forli, Mondial

Gala, Fuji, Jersejmac, GoldRush and Mcintosh) veaessed with primers specific for the
promoter region oMdACSL (Harada et al., 2000, sequences in table 1) by. AGR PCR
amplifications were performed in a 176 of volume containing 50 ng of DNA, 04M
primers, 1,5mM MgGl 10uM dNTPsS, 0,5 Unit DNA Polymerase (Fisher Molecular
Biology, Hampton, NH, USA) and 1X reaction buffa@ihe thermal cycler performed the
following thermal profile: 94 °C for 2 min and 3@c, 35 cycles of 60 °C for 45 s, 72 °C for
2 min, 94 °C for 45 s followed by a final anneliagd extension at respectively 60 °C for 45
s and 72 °C for 10 min. The amplicons were visealian an Image Station 440 CF (Kodak,
Rochester, N.Y., USA) after electrophoresis in 1,5%v) agarose gel and ethidium

bromide staining.

Region Primer name Sequence5' -3
ACS1-5' for AGAGAGATGCCATTTTTGTTCGTAC
Promoter
ACS1-5'rev CCTACAAACTTGCGTGGGGATTATAAGTGT
G ACSS For GGTGCAACTTCAGCGAATGAG
ene
ACS Rev CAGGTTCCGTGCAATGACAAGA

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

1.3. Apple BAC library

A BAC library from the cultivar Florina (Vinatzett al., 1998) already available at the
Department of Fruit Tree and Woody Plant Scientksversity of Bologna) was used. The

library consists of 36,864 BAC clones with an ageransert size of 120 kb, representing
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approximately 5 X apple haploid genome equivaldBfsC screening was performed on the
bi-dimensional pooled samples as reported by CB0&8). The horizontal pool consisted of
96 samples (plate pool) each containing all the BAghes from a single 384-wells plate.
The vertical pool consisted in 4 X 96 samples preghdoy bulking the clones of a specific
position (i.e. Al, A2, ecc...) from all the origind84-wells plates (96 clones/well) and
plasmids from the BAC clone pools were extractedguthe alkaline extraction procedure
(Birnboim and Doly, 1979).

1.4. PCR-based screening of the BAC library

The BAC library was screened fé(ddACSL promoter and gene sequences by PCR.
Specific primers (ACS1-5' for and rev, describeddarada et al., 2000) able to distinguish
between the twdMdACSL alleles were used for promoter screening and AGSSER
(sequences in table 1) for the gene with the sa@R Ehermal profile reported for the
assessment dIdACSL allelotype in apple cultivars. The positive BAGués identified
with the screening were picked up from the librapgularized and tested by colony PCR
with the same primers used for the screening. T&R Bmplifications were performed in a
17,5 pyl of volume containing 200 ng of DNA from BAC libsa pools, 0,1 uM
gene/promoter-specific primers, 1,5mM MgCIOQuM dNTPsS, 0,5Unit DNA Polymerase
(Fisher Molecular Biology, Hampton, NH, USA) and &action buffer. The amplicons
were visualized on an Image Station 440 CF (Koddkchester, N.Y., USA) after

electrophoresis in 1,5% (w/v) agarose gel and etiidromide staining.

1.5. Analyses of positive BAC clones

Plasmid DNA from each positive BAC clone was exwdcby alkaline lysis/PEG
treatment protocol (http://csb.wfu.edu/brf/plasmippdf). Approximately 2@ug of DNA
from each plasmid were digested with HdoRI overnight at 37°C. Digested fragments
were loaded onto 1% agarose gel and electrophoeds#fl V overnight. Profiles dEcoRlI-
digested DNA fragments of positive BAC clones wased to identify overlapping BAC
clones. Two BAC clones, one for edellACSL allele, positive for both promoter and gene
were chosen and sequenced by primer walking (BmFe@search srl Pomezia, Italy) with a
set of specific walker primers designed with the imer3 software

(http://frodo.wi.mit.edu/primer3/to cover the full-length sequence MIIACSL gene and

promoter region. Final assembly was carry out méywéth the CAP3 software (Huang
and Madan 1999).
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1.6. In-silico analysis

The two sequences obtained by primer walkiMpdACSL-1 and MdACSL-2) were
compared to each other and with two other Gene Batlessions (no. U89156 and no.
AB010102), both genomic sequencesMi-ACSL gene from cultivar ‘Golden Delicious’.
All sequence alignments were made using Clustalw2 t a
http://www.ebi.ac.uk/Tools/clustalw2/. The sequeneere also screened for the presence
of putative cisacting elements using PLACE (Higo et al. 1999) at
http://www.dna.affrc.go.jp/PLACE/
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2. EXPRESSION ANALYSIS OF MdACS1 ALLELES

2.1. Primer design

Alignment of the coding sequences of FlorMdACSL-1 andMdACSL-2 was performed
with the software ClustalW (http://www.ebi.ac.ukblg/clustalw2/index.html) looking for
SNPs amongMIdACSL alleles coding sequences. Specific primers paievekesigned in

SNPs containing regions with the software Primdit8p(//frodo.wi.mit.edu/primer3/ To

ensure high specificity and efficiency during gP@Riplification the following set of
criteria were used for primers design: the pringgths of 18-24 nucleotides, a guanine-
cytosine content of 20-80% and PCR amplicon length80-200 base pairs. Each primer
pairs was also tested with the software Primer8ele8.0- MegAlign for the formation of

primer homo and heterodimers.

2.2. Specificity validation of primer

Designed primers were first tested on genomic D§YBNA) of cvs Florina, Durello di
Forli and Mondial Gala (extracted as previouslyorggd in paragraph 1.1) for their ability
to produce an amplicon. The allele specificity ofmers was validated checking their
ability to give amplification only on the corresmiing BAC plasmid DNA. Each primer
pair was tested on two different BAC plasmids: gpataining the specific allele targeted
by the primer pair (positive control) and one camitay the otheMdACSL allele (negative
control). Where amplification was detected alsanégative control, the conditions were
further optimized in order to increase gene spatyfiby adjusting primer concentration
(from 100 to 60 nM) and annealing temperature (fi@nto 64°C). All the amplifications
were performed in a 17.5 ul volume containing 500hdPNA, 60-100 nM allele specific
primers, 1.5 mM MgG| 100uM dNTPss, 0.5 Unit AmpliTag Gold® DNA Polyrase
(Applied Biosystem, Foster City, CA, USA) and 1Xaction buffer. A gradient PCR was
used to assess the right anneling temperature decific amplification. The reaction
included an initial 2 min denaturation at 94°CJdualed by 38 PCR cycles (30 s at 94 °C, 30
s at 60-64 °C and 45 s at 72 °C) followed by 3 84°C, 30 s at 60 °C and a final
extension of 2 min at 72 °C. The amplicons wereialiged on an Image Station 440 CF
(Kodak, Roachester, N.Y., USA) after electrophaesh 2 % (w/v) agarose gel and
ethidium bromide staining.

To further validate the specificity of our primetise two Florina gDNA amplicons

obtained with each primer pair and the PCR prodatthe amplification of Florina flesh
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cDNA with primers specific foMdACSL 1-1 allele were sequenced (BIO-FAB Research).

Retrieved sequences were compared with that of Blages.

2.3. Plant material, RNA extraction and cDNA synthe  sis

Apple fruits were collected at the Cadriano Expertal Station, Bologna University,
Italy, from Florina, Gala, Fuji and Durello di Fobrtrees at different stages of fruit
development (T2 = one month before ripening; T3 sEening). Apple skin and flesh were
separately frozen in liquid nitrogen and stored-8@ °C. Fruits RNA extractions were
carried out according to Pagliarani et al. (20@8jtsg from 6-8 g of frozen tissue.

The expression of the tWwddACSL alleles was also investigated in cotyledon, |stdimn
and root of a Florina seedling heterozygousNmACSL gene and in Florina flower. The
plant materials were frozen in liquid nitrogen atadred at -80°C until RNA extraction. The
RNA was extracted from 0.1 g of leaves with thecBpen ' Plant Total RNA Kit (Sigma-
Aldrich) and quantified using a Nanodf8p ND-1000 Spectrophotometer (Thermo
Scientific, Wilmington, DE, USA). First-strand cDNWas synthesized according to Paris et
al. (2009) starting from 1ug DNA-free RNA. The cDNvas diluted 1:9 and its quality was

verified by the amplification witlactin specific primers (Paris et al., 2009).

2.4. Conditions of gPCR reaction

The gPCR reactions were performed in triplicate ifinal volume of 10 pl containing
5ul of Power SYBR® Green Master Mix 1X, 60nM of bgwrimer, PCR-grade water and
1:9 cDNA from apple skin and flesh or vegetatissties. Reactions were incubated at 50
°C for 2 min and 95 °C for 10 min to activate then@liTaqg Gold® DNA Polymerase,
followed by 40 cycles at 95 °C for 15 sec and 63f6C1min. The gene expression was
evaluated as presence or absence according teetbetability of the raw dye fluorescence
by the gPCR machine. Where amplification was detkalso in negative control the
conditions were further optimized in order to irage gene specificity by adjusting DNA or
primer concentrations. To ensure the absence obpegifc PCR products and primer
dimers, an heat dissociation protocol (from 60 8C96 °C) was also performed and a
dissociation curve for each samples was generdikd. StepOne Software version 2.1
(Applied Biosystem) was used to analyse the flmeese data. The gPCR raw data were
analysed with the standard curve method, and adiilm as reference gene. Primers used for
this reference genes were: MdActF/MdACtR reportedParis et al. (2009). In order to

minimize the influence of PCR conditions on genpression values, in each plate Huotin
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amplification was performed under the same conustias the relativldACSL primer pair.
Amplicons obtained with each specific primer paidawith primers foractin have been
used for the preparation of standard curves whastsisted in a ten-fold dilution series of
the amplicons over six dilution points. These staddurve samples were used as reference
for gPCR amplifications with the specific primeringa The optimal threshold was chosen
automatically by the StepOne Software version 2fdplied Biosystem) and was used to
calculate the threshold cycles (Ct) value for estamdard curve point. Ct values in each
dilution were measured in duplicate and were pibtigainst the logarithm of their initial
template concentration. Each standard curve wasrged by a correlation coefficient3jR
of the plotted points. The final results represtet transcript amount levels MdACSL
alleles normalized with the transcript amount lew&lactin, so they can be defined also as

relative expression levels. They are expressedbigréry Unit (A.U.).
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3. CLONING OF PROMOTER SEQUENCES

3.1 Primer design for promoter fragments amplificat ion

A series of forward and reverse primers, includengtail with Hindlll and Ncol
restriction site respectively, were designed to l#nthe promoter fragments for deletion

analysis, gain of function experiments and siteali#zd mutagenesis experiments.

3.1.1. Reverse primers

Two different reverse primers, each specific foe &dACSL allele, were designed
starting directly upstream from the ATG start codiora promoter sequence in which the
two alleles differ for 2 bp: PromS for th¢dACSL-1 allele and PromL for th&1dACS1-2
allele (Table 2).

3.1.2. Forward primers for deletion analysis

Specific forward primers (Table 2) were designddaldng the promoter sequences to
produce nested deletion constructs. C1 For, C2¢3 €45 For, C6-7 For and C6-7noere
primers were designed in sequence regions idéfticdhe two alleles and where used in
PCR with DNA of the BAC clones resulted positive the presence of the tWwddACSL
alleles; Cénot For and C7not For primers were daesigspecifically fotMdACSL-1 and
MdACSL-2 respectively.

3.1.3. Forward primers for gain of function experim ents

Three specific forward primers (Table 2) were destyto have amdindlll tail for
cloning, the sequence of the element to be testddre anneling sequence of the C1 For
primer. The C1tx1 For and C1-gtl For primers weseduto amplify with the reverse primer
PromL the plasmid DNA wittMdACSI-2 allele and C1tx2 For to amplify with PromS rev
the plasmid DNA wittMdACSL-1 allele.

3.1.4. Forward primers for site-directed mutagenesi s experiments

Four forward primers, C6tx2 For, C6tx2snp For, @780r, C7txlsnp For (Table 2)
containing the desired mutation (Table 3) were igtesl to specifically modify the
promoter regions of the twildACSL alleles. They were used with the appropriate revers
primer and DNA template (primers sequences andguaf@NA combination in table 3) in

a two steps PCR process.
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To specifically remove a retrotransposon elemesthfthe promoter region ¢ldACS1-
2 allele two 3phosphate-labelled PCR primers, C7sine-P For aend (Rable 2), were

designed just upstream and downstream the regibe tteleted.

Reverse Primer Sequence 5' — 3'

Prom L agtgcgtgccccatgg TTTGGTTAATTTTCTACTGTATGGA

Prom S agtgcgtgccccatgg TTTGGTTAATTTTCTTGTGTATGGA
tail - Ncol

C7sine-P Rev P-ACAAGAATTAATACTCGGGTCTAGTTT

Forward Primer

Deletion fragments

C1 For gctaaccgataagctt CAGTGTGACGTGTCATTCCT
C2-3 For acggattcagaagctt CCCCACGCAAGTTTGTAG

C4-5 For gctaaccgataagctt TCGCTCTTGGCATTTTCTA

C6-7 For gctaaccgataagctt CCAAATTCTCCTCTAAATGAACG
Cénot For gctaaccgataagctt CGCAAAACTCTCGGTACTGTT
C7not For gctaaccgataagctt CGCAAAACTCTTGGTACTGTT

C6-7noere For gctaaccgataagctt GTTCGTACCGGATTTTCGAG

Gain of function
experiments

C1tx1 For gctaaccgataagctt GGTTAACAAAAAGCAGTGTGACGTGTCATTCCT
C1tx2 For gctaaccgataagctt GGTTAACAAAAAGGGTTAACAGTGTGACGTGTCATTCCT
C1-gtl For gctaaccgataagctt GGTTAACAGTGTGACGTGTCATTCCT

tail - Hindlll

Site-directed
mutagenesis

C6tx2 For CCAAATTCTCCTCTAAATGAACGGTTAACAAAAAGGGTTAACAAAAAGTAAACTTTAACG
C7tx1 For CCAAATTCTCCTCTAAATGAACGGTTAACAAAAAGGAAACTTTAACG
C6tx2snp For CCAAATTCTCCTCTAAATGAACGGTTAACAAAAAGGGTTAACAAAAAGGAAACTTTAACG

C7tx1snp For CCAAATTCTCCTCTAAATGAACGGTTAACAAAAAGTAAACTTTAACG

C7sine-P For P-CACGATTAATGCTTCTATGTACACTT

Table 2. Sequences of the primers used for the amplification of promoter fragments. Restriction
site used for cloning the PCR products into the binary vector pPCAMBIA0305.1 are indicated in bold.
The underlined bases represent the sequence to be introduced or modified in the site-directed
mutagenesis experiments.

3.2 Strategies and conditions of PCR reaction to ge  nerate MdACS1 promoter

fragments

Different amplifications strategies were used teecsfically amplify each kind of
promoter fragments. All the fragments were ampldfy Herculase 1l Fusion DNA
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Polymerase (Agilent Technologies, Inc.). The PCRpldimations, if not differently
indicated, were performed according to the manufacs instruction in a final volume of 50
pl, under the following conditions: denaturation°@for 3 min; 35 cycles: 94 °C for 1 min,
58 °C for 1 min, 72 °C for 2 min and 30 sec; exim&2 °C for 10 min. Prior to ligation
the PCR products were double digested overnighlh Wiindlll and Ncol (Fermentas)
according to the double digestion reaction in maatuirer instruction and gel purified.

The C1, C2-3, C4-5, C6-7, C6-7TnoERE and C6-7nadgrfrents were generated with a
single PCR reaction at the above conditions.

For the generation of C6TX2, C6TX2SNP, C7TX1 and’X¥SNP mutated promoter
fragments a two steps PCR was performered. Spdoifigard primers described above
were used with the appropiate reverse primer irsbtPCR using 50 ng of BACs DNA. One
ul of the amplification product of this PCR, a methtpromoter fragment with Bcol
restriction site at one end, became the templata g@cond PCR reaction with C6For/Prom
S and C7For/Prom L primer pairs to allow the additwf theHindlll tail.

The deletion of the retrotransposon sequence frenptomoter region of thddACS1-2
allele was performed with a polymerase chain readiased on amplification of the circular
plasmid DNA sequence that excludes the fragmeiietdeleted (Pinera et al., 2006). The
expression vector containing the C7 fragment wasd uss template. The amplification
condition were the following: denaturation 95 °@ xnin; 15 cycles: 92 °C for 20 min, 56
°C per 20 s, 68 °C for 15 min; 16 cycles: 92 °C 20rsec, 56 °C for 20 sec, 68 °C for
extension time increased of 40 sec each 2 cyclegclés: 92 °C for 20 min, 56 °C per 20 s,
68 °C for 21 min; final extension 68 °C for 8 mibifferent plasmid DNA amounts (1ng,
5ng, 10ng) were tested as template. The amplifinatiroduct, after gel purification was
treated withDpnl (Promega) according to the manufacturer’'s insiwastand gel purified

again prior to a self blunt end ligase reaction.
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Construct Forward Reverse Allele Mutation Mutated Sequence Il’osition
Primer Primer DNA @
Template
C6TX2 C6tx2 Prom S 1-1 Insertion GGTTAACAAAAAG -1605
C6TX2SNP C6tx2snp Prom S 1-1 Insertion GGTTAACAAAAAG -1605
Single base | T-G -1603
change
C6SNP C7tx1 Prom S 11 Single base | T-G -1603
change
C7TX1 C7tx1 Prom L 1-2 Deletion GGTTAACAAAAAG -1754 to
-1743
C7TX1SNP C7tx1lsnp Prom L 1-2 Deletion GGTTAACAAAAAG -1754 to
-1743
Single base | G—>T -1742
change
C7SNP C6tx2 Prom L 1-2 Single base | G—T -1742
change

Table 3. Primers sequence and primers/DNA combination used for site directed mutagenesis
(a). All the position are calculated in respect of ATG codon on the respective MdACS1 allele
sequences.

3.3. Preparation of plasmid DNA

3.3.1 pCAMBIA0305.1 vector
To clone all promoter fragments a pCAMBIA0305.1 teec(Figure 3) was chosen

between the huge number available for free at CAM@anberra, Australia). This vector,
a derivative of pPCAMBIA 1305.1 (AF354045), is a quewt binary vector (9661 bp) with the
pBR3220ri andbom sites for high copy replication i&. coli and transmission by mating. It
contains the broad host range pM#iLfor low copy, stable replication i tumefaciens. The
expression cassette between T-DNA border sequésaasmposed of a GURUS reporter
gene with an intron from the castor bean catalase ¢o prevent expression by bacteria and
ensure detection of plant-expressed glucuronidetdatg. The expression of the GUS gene is
driven by a CaMV35S promoter. Just upstream trosnpter region, a truncatédcZ alpha
(functional for blu/white screening) containing aultiacloning site (MCS) is present. A
kanamycin resistence gene driven by CaMV35S pranaitews selection in bacteria. No

selectable markers for selection in plant are ptese

34



Il MATERIALS AND METHODS
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Figure. 3 Schematic map of the pCAMBIA0305.1 vector

3.3.2. Modification of pCAMBIAQ0305.1 vector
The original binary pCAMBIA0305.1 plasmid with ti@&aMV35S promoter in front of

the GUPlus gene was used as positive control.

This vector was instead modified to prepare theatieg control and the vectors with the
promoter fragments for the transient transforma@ssay. A restriction analysis of the
entire plasmid sequence was performed with ReBafseage (Roberts et al., 2010).

The binary pCAMBIA0305.1 plasmid was transferredDid5o competenEscherichia
coli cells by freeze and thaw method and extracted atkhline lysis/PEG treatment. The
CaMV35S promoter in front of the GPRs was eliminated with an overnight double
digestion at 37 °C of g of the extracted pCAMBIA0305.1 with 1U #findlll and 0,5 U
of Ncol restriction enzymes (Fermentas). The digesteshpilh was loaded onto 1% agarose
gel and electrophoreted at 35V overnight to sepatht linearized vector from the
CaMV35S fragment. The vector band was cleaned twéhVizard sv gel and PCR clean-up
system (Promega) according to the manufacturenictsdns.

This modified vector was used to obtain a promtess- vector (negative control —
pCAMBIA0305.1-35S) after filling-in the 5-overhaagwith Klenow enzyme (Promega)
according to the manufacturer instructions andho@&s blunt end ligation (200 ng vector
DNA, 2U Ligase, 0,.g/ul BSA, 1X ligase buffer in a final volume of 10) at 16 °C to re-

circularize the vector.
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3.4. Cloning of promoter fragments in the expressio n vector

The open modified vector pCAMBIA0305.1-35S was used clone promoters
fragments. The promoter sequences were inserteatebtdfe GU®Ius reporter gene after
the digestion with the proper restriction enzymébe insert-to-vector molar ratio for
ligation was fixed at 3:1 and the DNA amount of mpater fragment used in the ligation
reaction was calculated according to the followsggation:

_ 3xinsert lenght (bp) x 200
B 9661bp (vector)

whereX is the amount ng of promoter fragment requiredaf@:1 insert to vector molar ratio
when 200ng of the vector pCAMBIA0305.1-35S are used. Thatlon mix with 2 Unit -

DNA ligase was incubated overnight at 16 °C andl usenediately or stored at 4°C.

3.4.1. Transformation of competent E. coli cells

The pCAMBIA0305.1-35S negative control and the pCRBIM0305.1-35S vectors
containing promoter@USPlus fusion constructs were transformed into either 081
(Promega) or DH& E. coli competent cells prepared as follow. A dilution DXff anE.
coli overnight 2XYT (Appendix A) culture was performadd the bacteria were grown at
37 °C until the suspension reached ans£0f 0,6. After 10 min of incubation on ice, the
bacteria were collected by centrifugation at 50@® for 10 min at 4 °C. ThE. coli were
then resuspended in 5ml 100mM Cafith 14% glycerol and stored at -80 °C.

For E.coli transformation 3u of ligase mix were added to 1@0of defrosted competent
cells, the samples were incubated for 30 min ontleen warmed for 45 sec at 42 °C in a
water bath and chilled 2 min on ice. The bacter@aendiluted with 95Q SOC medium
(Appendix A) and incubated for 1 hour and 30 mi8at’C with shaking. An aliquot of the
resulting bacterial suspension (120 was plated on LB medium (Appendix A) with

kanamycin 50 mg/l.

3.4.2. Cloning verification and sequencing

Bacterial colonies were selected and analysed risert presence by colony PCR
amplification with specific primers designed on thector sequence (pc0305.1 For
TTTATGCTTCCGGCTCGTAT, pc0305.1 Rev GAGAAAAGGGTCCTAXCAAGAA) or
with ACS1-5' for and rev primers (Table 1). The P&Rplifications were performed in a
17,5 ul of volume containing bacterial cells as DNA teatpl 0,2uM primers, 1,5mM
MgCl,, 10QuM dNTPsS, 0,5Unit DNA Polymerase (Fisher Molecunlogy, Hampton,
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NH, USA) and 1X reaction buffer under the followiognditions: initial denaturation 94 °C
for 2 min and 30 s; 35 cycles: denaturation 940CA5 sec, annealing 60 °C for 45 sec,
polymerization 72 °C for 2 min; final extension A2 for 10 min. The plasmid DNA was
isolated from positive colonies with the alkalintmed.

Promoter fragments sequences were verified by Ddgfuaencing (BIOFAB Research -
Pomezia) using the pc0305.1 F/R primers. For coowrlarger then 600 bp, further
sequencing reactions were performed using intgmialers specifically designed in order to
cover the entire sequence. The single sequences agsembled by CAP3 (Huang and

Madan, 1999) and compared with the original one€logtalWw.
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4. TRANSFORMATION OF Agrobacterium tumefaciens

The Agrobacterium tumefaciens strain EHAL105, harbouring a resistence gene for
rifampicin, was chosen as vector for transientdfamation assay. The pCAMBIA0305.1
modified vectors containing the different promatetdSPlus fusion constructs as well as
the positive and negative control vectors were siemed to competenfgrobacterium
tumefaciens strain EHA105 by freeze/thaw shock transformatmoethod. In order to
produceA. tumefaciens competent cell, a single colony was inoculate8inm YEP broth pH
7.2 (Appendix A) supplemented with rifampicin (50ih@nd grown at 28 °C overnight at
130 rpm. 100 ml fresh YEP broth pH 7.2 were inomdawith 4 ml of the O/N culture and
placed on shaker at 28°C until the suspension eghah Ol of 0.8. The bacteria were
chilled on ice and collected by centrifugation 803 g for 5 min (4 °C). Agrobacteria were
finally resuspended in 2 ml CaC{20mM), divided in 0.2 ml aliquots into pre-chile
microfuge tubes, freezed rapidly in liquid nitrogeemd stored at -80 °C. For transformation
2 ug of plasmid DNA were added to 1Q0 of agrobacteria defrosted competent cells, the
samples were incubated for 5 minutes on ice, thdimerged in liquid nitrogen for 5
minutes and thawed in 37°C water bath for otherirh wfter, 1 ml of LB broth was added
and the bacteria were shaken for 4 h at 28 °C. Ti@€hul were plated on YEP medium
containing the proper antibiotics (rifampicin 50ingihd kanamycin 50mg/l) and incubated
at 28 °C for 48 hours. In order to verify the effee transformation, single colonies were
dissolved in 1Qul of NaOH 20 mM and warmed at 37 °C for 5 minuté<2 ul aliquot of
this bacterial solution was used as template foolany PCR amplification with the same
primers and under the same reaction conditions tmethe verification of the oE. coli
transformation. Bacterial colonies that providepaositive signal were grown for two days
in selective liquid YEP medium containing 50 mgéinlemycin and 50 mg/| rifampicin and
prepared for storage at -80 °C by mixing 1ml baaterulture with 0.5 ml sterile glycerol
(60%).
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5. APPLE AGROINFILTRATION

5.1 Plant material

Commercially ripe appledMalus x domestica) were purchased at a market in Bologna or
collected in DCA fields. Some immature apple fruitere also used. Different apple
cultivars (Florina, Golden Delicious, Annurca, Tapd&ala, Fuji and Pink Lady) were
tested. All the fruits were first washed in wateidad with Tween 20 (0,05%) and then
rinsed with autoclaved distilled water before iniee. The pH of the apple flesh was

assessed by litmus paper.

5.2 Preparation of agrobacterium suspension

Agrobacterium cultures (5ml) from individual colesiwere grown for two days at 28 °C
in liquid YEP medium pH 7,2 plus selective antiistat 130 rpm. 50 ml of YEP medium
pH 5,6 plus kanamycin (50 mg/l), 1 mM proline L, 2D acetosyringone and 10 mM MES
were inoculated with the saturated culture untilggdD.02 and incubate at 28 °C at 130
rom. The cells were grown to log phase ¢@.8) and recovered by centrifugation (10
minutes at 3200 rpm). The cells were then re-sudgmin infiltration medium (Appendix
A) at the desired concentration and incubated foodrs at room temperature with gentle

agitation before infection.

5.3 Infection methods

Different infection methods were assayed. All ekpents were carried out three times.
More then five explants were infected and threedtipn per fruit were done for every

promoter construct tested.

5.3.1 Agroinfiltration of intact fruit

The Agrobacterium suspension was evenly injected throughout the eviagiple intact
fruit by means of a sterile 1 ml hypodermic syringéier Spolaore et al. (2001)
agroinfiltration protocol or apple slices were suiged in an agrobacteria solution stirred
for 15 minutes or kept under vacuum condition fér rhinutes. Different agrobacteria

concentrations were tested: §0.9, 1.5 or 2.5.
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5.3.2 Sonication-assisted-agrobacterium transformat ion (SAAT) and vacuum

infiltration treatments

For SAAT, apple flesh pieces of about 0.5 cm of Apple seeds were immersed in 2 ml
Eppendorf tubes containing 1.5 ml of positive anegative control Agrobacterium
suspension (Ofy 1,5) or in infiltration medium pH 5,6 without bacia. The tubes were
placed in the middle of a bath-type sonicator &iaic90, LIARRE) and subjected to
ultrasound at 28-35 kHZ. The treatments differetbasonication duration (5, 15, 30, 60 and
80 sec). After sonication the explants were manmetdi under vacuum condition (water

vacuum pump) or submergedAgrobacterium solution for further 10 min.

5.4 Co-cultivation period

The outside of the injected intact fruits was draedl the fruits were placed at 20-26 °C
for 2 days or 6 days for the co-cultivation periottii GUS staining assay. The sliced fruit
were dried on sterile filter paper to remove theems of bacteria and stored in 90 mm
disposable Petri plates with filter paper under lilewet with sterile water at the same

condition of the infected intact fruits.

5.5 Histochemical detection of GUS activity

For the histochemical GUS assay the injected tisgtere sampled and immersed into 2
mmol/L X-GIcA (5-bromo-4-chloro-3-indolyl B-D-glucoronide), 200mM or 100mM
phosphate buffer pH 7, 0.1%(v/v) Triton X-100, Ommol/L KsFe(CN), 0.5mol/L
K4Fe(CN), 20mmol/L EDTA and 20% methanol. After 10 minutegler vacuum treatment
the immersed tissues were kept overnight in th& dar37°C. The tissues were rinsed in
ethanol 96% prior to be evaluated. The samples dreed on filter paper and images were
taken with the Image Station 440 CF (Kodak, Rodredd.Y., USA). The pH of X-GIcA

solution prior and after the introduction of apfiesh pieces was verify by litmus paper.
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6. TRANSFORMATION OF LETTUCE AND IN VITRO APPLE LEA VES

6.1. Plant material

Iceberg variety of lettuce was purchased at a nankBologna. The outermost leaves
were discarded and the adjacent inner four leaware wsed for the transformation assay.
All the material was first washed in water addedhwiween 20 (0,05%), rinsed with
autoclaved distilled water before infection andedron sterile filter paper. Leaves detached

from in vitro-cultured shoots of cultivar Gala werged in apple leaf experiments.

6.2. Preparation of agrobacterium suspension

The agrobacteria suspension used for the infeetias prepared as described for apple

fruit transient transformation.

6.3. Infection, co-cultivation and histochemical de tection of GUS activity

Lettuce or apple leaves were wounded with a stetdde in different point. Then, they
were incubated 10 minutes with stirring in an agaibria solution at Ofgy 1.5 or ORg
2.5. After infection, the leaves were blotted drnysterile Whatman filter paper and placed
on Petri plates with filter paper under the lid weth sterile water at the same condition of
the infected fruits. After the co-cultivation petithe leaves were cut and an histochemical
GUS assay was conducted at the same conditioredfult transformation experiment. All
experiment were carried out three times. More tlim explants were infected for every

promoter construct.
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7. ASSESSMENT OF ETHYLENE PRODUCTION BY GAS-CHROMAT OGRAPHY
ANALYSIS

Apple fruits of Mondial Gala and Fuji cultivars veeharvested at ripening stage and
stored at 20-25 °C for all the duration of the ekpent. Measures of ethylene were done at
harvest and every 7 days until 28 days after hawed.2 fruits/cultivar. A single apple was
sealed for 60 min in a single 1,7 | glass jar vathtight screw metal caps equipped with
rubber septa for gas sampling. For ethylene meamne10 ml headspace samples were
taken and analysed with gas chromatography (DarB®8&1carrier nitrogen and helium).

A segregating progeny of 121 individual genotypesivéd from the cross of Fuji x
Mondial Gala available at the Experimental statdrthe of Fruit Tree and Woody Plant
Sciences Department (University of Bologna) wasdud&uits at harvest physiological
maturity stage were collected from each seedlings stored at 20-25 °C for ethylene
evolution analysis at 21 days after harvest. Alsimgalysis for genotype was performed on
3-4 fruits/jar at the same conditions of the Fujdavondial Gala parents. The data were

analysed with the following formula:
X= (ppm/ hours x gram) x Volume of the jar x 1000

whereX is the amount of ethylene expressed in‘uhg
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1. ISOLATION AND SEQUENCE CHARACTERIZATION OF MDACS1 ALLELES

1.1. MdACS1 allelotype of different apple cultivars
The preliminary PCR analysis with primer specific the 5' flanking region df1IdACSL

gene of different apple cultivars worked very wdlhe results demonstrated that cultivar
Florina and GoldRush are heterozygous for M@ACSL gene promoter; Durello di Forli,
Jersejmac and Mcintosh are homozygous NM@ACS1-1; Fuji and Mondial Gala are
homozygous foMdACSL-2 (Figure 4).

= D
Rl & — e S — 1]
MdACSL-2
MdJACSI-1 3 el [ . —

1 2 3 4 5 6 7 8

Figure 4. MdACS1 allelic variation in different apple cultivars. Lanes: 1 - Florina; 2 - Durello di
Forli; 3 - Fuji; 4 - Mondial Gala; 5 — Jerseymac; 6 — GoldRush; 7 — McIntosh; 8 — Ladder

1.2. BAC library screening

The PCR screening of the pooled BAC library sampléd primer specific for the
promoter region oMdACSL gene revealed three clones carrying the Ig\CSL-2 allele
and ten clones carrying the shMtlACS1-1 allele (Figure 5). Ten of these clones resulted
positive also for the screening with primer spedidir the coding region and overlap among
the BAC clones was assessed according to theistigeprofiles (Figure 5). BAC 96N17
and BAC 22F23 clones, carrying both the gene amumpter region, were chosen
respectively foMdACSL-2 andMdACSL-1 further analysis.
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Figure 5: Profile of EcoRI-digested BAC clones. Lane 1, 100bp ladder; lanes 2-4, BACs with
MJACS1-2 allele; lanes 5-13, BACs with MdACS1-1 allele; lane 14, EcoRI-digestion of Florina
gDNA,; lane 15, Forina MdACS1 amplicon; 5Kb ladder; not digested BAC clone.

To sequence the full sequencesMdACSL alleles 10 primers were designed all along
the sequence (Table 4). The primer walking allowesl assembly of unique full-length

MdACSL sequences &985 bp for BAC 96N17 and 3752 bp for BAC 22F23.

Primer name Sequence 5' — 3 Position on
BAC 22F23 | BAC 96N17
HaradaOUT TCCGGTACGAACAAAAATGG -1341 -1479
HaradalN ATCCCCACGCAAGTTTGTAG -793 -853
Harada-1814 CAGTGTGACGTGTCATTCC -225 -225
Harada-1521 GATCAATGTCTTTAGATGG -515 -515
Harada-2237 GCATATATGTTACCATATGTAG +214 +214
Harada-2618 GATCCCAACCACTTAGTGC +577 +577
Harada-3168 CTCCGGCACAGCTTTTAGC +1125 +1125
Haradaoutnew CGCACAGGTTTTTATGTCTGC -1206 -1403
Harada For AGAGAGATGCCATTTTTGTTCGTAC -350 -1488
Harada Rev CCTACAAACTTGCGTGGGGATTATAAGTGT -862 -862

Table 4. Primers used for primer walking on BAC clones.
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The length of the 5' flanking region (until ATG ang was approximately 1903 bp and
2137 bp for theMldACSI1-1 andMdACSI1-2 alleles respectively, and it is assumed to include
the 5' untranslated region (UTR). The size of BdttACSL coding sequences was 1422 bp
corresponding to a protein of 473 amino acids. bmology between the twildACSL
gene sequences from cultivar Florina was very HiglustalW score = 99). Only seven
nucleotide substitution were found within the cagsequence but due to the redundancy of
the genetic code, six out of seven SNPs, were auming any amino acid change. Only a
substitution of guanine with adenine at positior68%f the MJACSL-2 gene is able to
determine a change in the predicted amino acidesemgufrom Gly to Ser at position 468.
Two more SNPs were detected inside the first amdree intron. More differences were
found between the two 5' flanking region MOACSL of cultivar Florina (Appendix B).
Using the nucleic acid comparison program CLUSTALWe homology among the
promoter regions of the twiIdACSL gene was assessed. The overall identity between th
two 5' flanking regions is quite high (ClustalW seea 98) but the local alignments between
different promoter regions (Figure 6) showed a wigwgiation. The two 5' flanking
sequences could so be divided into four regionsrdaag to their similarity degree (Figure
6). The position on the sequence of the differeatrter regions is indicated in respect of
the ATG codon. The first regions from -1 to -225lué two alleles have an identity of 99%
with only two nucleotide changes at -16 and -17 identity of the second regions (-851 to
-225) is of 98% and 7 SNPs were found. The thigiores, from -851 to -985 oM dACSL-1
and from -851 to -1123 oMdJACSL1-2, with a 60% identity are that with the bigger
differences as already reported in Sunako et 8B In more detail, a short interspersed
nuclear element (SINE retro-transposon) of 162flgm( -1045 to -884) is present only in
MdACSL1-2 sequence while in the corresponding regiorMafACSL-1 sequence a 24 bp
insertion from -908 to -884 was found. The fortgioms (from -985 to -1639 dWdACSL-1
and -1790 to -1123 oMdACS1-2) present 16 single nucleotide changes and a taneiesat
insertion of 13 bp from -1768 to -1743 in thielACSL-2 sequence. The identity between the

two alleles in this region is of 97%.
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Figure 6. Schematic representation of the promoter region of the two MdACS1 alleles . The 1-2-3-
4- numbers correspond to the four regions identified on the base of the similarity analysis.

Alignment of our sequences with that in gene bd&&76 bp, accession no.AB010102
and 5526 bp accession no. U89156) showed no diifeebetween the twddACS1-1 and
two MdACSL-2 coding sequences of Golden Delicious and Florfgapéndix B). A few
SNPs were found between the Florina and Goldercioek 5' flanking region sequences:
two nucleotide substitution at 220 and 858 positiarMdACSL-2 Florina sequence and 7
SNPs (461, 478, 499, 549, 555, 763, 1887, 1888esmgupositions) oMdACSL-1 of
Florina.

1.3. In silico analysis of the MdACS1 promoters

The screening of the two promoter regiongviofACSL alleles against PLACE database
gave as output a lot of putatiges-acting elements all along the two sequences. &belts
were evaluated singularly for each promoter andimgala comparison between the two
alleles to search for interesting differences. itfanalysis was done looking at the four
regions in which the promoters were divided onlihsis of similarity analysis. A very high
number ofcis-elements of light regulated genes, as GT1, |-BOX &ATA motifs were
found. They were arranged along all the promotgquerces and 5' UTR region while they
where not found in the region from -226 to -100Mré&TG. In particular a dimerization of
the GT1 element was found in the 16 bp tandem tejpeghe 5’ flanking region of
MdACSL-2. Also different transcriptional activator element RRIAT), gibberellin
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responsive element (GARE) and DNA motif involved gold induced response
(MYCCONSENSUSAT) were found. Only one Ethylene Resive Element (ERE -
AATTCAAA) was localized in both the promoter reg8 (1398 to — 1391 oMdACSI-1,; -
1626 to -1619 oMdACSL-2 ) in a zone with a very high concentration of otpatative
DNA binding elements.

While several putativeis-acting elements were present in both promotergwaviere
specific for theMdACSL-1 or MAACSL-2 alleles. Between these some of particular interest
are reported in table 5. The CCA1ATLHCB1 is relatedegulation by phytochrome, it was
found in the promoter region of abhcb gene inArabidopsis (Wang et al.,, 1997).
ELRECOREPCRPL1 is an elicitor responsive elemeniddn parsley, it's reported to bind
WRKY transcription factors. SORLIP are sequencesr-ogpresented in the phyA-induced

promoters (Hudson and Quail, 2003) while EF2conserare involved in cell cycle

regulation.
Allele Factor Site * Strand Motif $pecies
MdACS1-1 EF2 CONSESUS 323 - TTGCCCC Tobacco
MdACS1-2 SORLIPAT2 910 - GGGCC Arabidopsis
MdACS1-2 ELRECOREPCRP1 920 - TTGACC Parsley
MdACS1-1 CCA1ATLHCB1 1200 + AAMAATCT Arabidopsis

Table 5. Putative cis-acting element specific for each MJACS1 allele
*Distance from ATG codon.
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2. EXPRESSION PROFILES OF MdACS1-1 AND MdACS1-2 ALLELES

2.1. MdAACSL1 alleles primer design and validation

The sequences of the tvddACSL alleles derived from BAC clones sequencing were
aligned (Figure 7). Due to the high homology ofitliding sequences the choice for the
primer design was constrained by the position feiaSNPs. Three SNPs were exploited to
design two specific set of primer for each allélevas possible to design only one reverse
primer for each allele while two different forwaplimers for each allele were designed

exploiting two more SNPs (Table 6).

CAGCCA
GCAGCCA
MdJACS1-1 GGCATTTGTGGGGGAGTATTACAACGTCCCTGAGGTCAHIGESCCAAAGCAGCCA 3667
MdACSI-2 GGCATTTGTGGGGGAGTATTACAACGTCCCTGAGGTOABTGGAGCCAABSGCCA 3900

kkkkkkkkkkkkkkkkkk

TTTAAGCCACTCG rt ACS1- 2bF
TTTAAGCCACTCA rt ACS1- 1bF

ACTCAAGAAGACAGTCGCTCACA rt ACS1- 1aF
CGAGAAGACAGTCGCTCACG rt ACS1- 2aF

MdACS1-1 TTTAAGCCACTCAAGAAGACAGTCGCTCACAAAGTGABIGBCTATCCTTCGATGA 3727
MdACSI-2 TTTAAGCCACTCGAGAAGACAGTCGCTCACGAAGTGGGIGBTTATCCTTCGATGA 3960

Kkkkkkkkkkkkkkkkkkk

MdACS1-1 CCGCGGTCCTATTCCCGGTAGATGAA 3753
MdACSI-2 CCGCAGTCCTATTCCCGGTAGATGAA 3986

*hkkhk Khkhkhkhkhkhkkkkkkkkk

CCAGGATAAGGGCCATCTACTT rt ACS1- 1R
TCAGGATAAGGGECCATCTACTT rt ACS1- 1R

Figure 7. Alignment of a portion of the coding region of MJACSL alleles. SNPs between the two
alleles are indicated in gray. The gPCR primer sequences and position specific for MJACS1-1 or
MdACS1-2 are reported in red and green respectively.

The different primer pairs were first tested by wemional PCR on gDNA of Florina
(MdACSL 1-2), Durello di Forli MdACSL 1-1), Mondial Gala MJACSL 2-2) and on
plasmid DNA of 22F23 and 96N17 BAC clones. Manyoeaff were spent to avoid the
generation of unspecific amplicons by optimising RP@onditions. The annealing
temperature and the primers concentration for diogiions were adjusted for each primer
pair in order to obtain an amplification signal ymh the positive controls represented by
the BAC clone containing theIdACSL allele under study. The results of gradient PCR

experiments suggested 63°C as optimal annelinggeatyre and 60nM as optimal primer
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concentration (data not shown). Under these camgitamplification signal was obtained
for all the specific templates (Table 6) validatithgir ability to produce an amplicon. No
unspecific signal was observed in the water confrbe rtACS1-1aF primer wasn't able to
amplify the Durello di Forli gDNA while the tACS4aF gave unspecific amplification
with gDNA of cultivar Durello di Forli and DNA of BC 22F23, so these primers were
rejected. The other two primer pairs, rtACS1-1bF/HRd rtACS1-2bF/2R, gave
amplifications only with the expected templatesh€zb ) so were used for further analysis
with real time PCR.

Allele Primer name Primer sequence 5' — 3'
rt ACS1 1aF/IR  rt ACS1 1bF/1R
RT-ACS1-1aF ACTCAAGAAGACAGTCGCTCACA &
—
§ RT-ACS1-1bF GCAGCCATTTAAGCCACTCA
<
'§ RT-ACS1-1R TTCATCTACCGGGAATAGGACC
RT-ACS1-2aF CGAGAAGACAGTCGCTCACG
N
a RT-ACS1-2bF CAGCCATTTAAGCCACTCG
O
<
g RT-ACS1-2R TTCATCTACCGGGAATAGGACT

Table 6. Sequence of MAACSL1 allele-specific primers for real time PCR and amplifications on
DNA of different apple cultivars and the two BAC clones 22F23 and 96N17. Bold nucleotides in the
primer sequences indicate SNPs between the two MdACS1 alleles. Genotypes: Flo- Florina; Dur —
Durello di Forli; Gala- Mondial Gala. CN — negative control.
One more corroboration for the primers specifigiys obtained by direct sequencing of
the two products of the amplification of Florina §B with the two allele specific primer
pairs and that of Florina flesh (T3) cDNA obtain®dthe amplification wittMidACSL 1-1

specific primer pair at the optimized conditiongy(ie 8).

49



IV RESULTS

"t ACSL-1bFAR g MAGS 1
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FES88, 5k 28 &0
- o - a)
Flo-ACS1 1/1 ctcaagaagacagtcgctcac aaagtgggttt------------------ 56
Flo-ACS1 1/2 ctcgagaagacagtcgctcacgaagtgggttt----- ~ —emmemeeeeee 56
cDNAFIoT3 ctcaagaagacagtcgctcac aaagtgggttt
BAC22F23  ctcaagaagacagtcgctcac aaagtgggttt
BAC96N17  ctcgagaagacagtcgctcac gaagtggottt b)
-

Figure 8. a) Specific amplification of MdACS1-1 (tACS1-1bF/1R) and MdACS1-2 (tACS1-2bF/2R)

on Florina flesh cDNA (T2 and T3 indicate the harvesting time, one month before ripening and at

ripening respectively. Florina gDNA (Flo), negative control (C), BAC clones 22F23 and 96N17. b)

Alignment of the sequences of Florina gDNA, Florina flesh (T3) cDNA amplicons, obtained with the

two allele specific primers, and BAC 22F23 and 96N17 sequences. The SNPs between the two

MdACS1 alleles are highlighted

As shown in figure 8 the alignment of the produstssequencing with the two BAC

clones confirmed the expected single target segquand so the ability of the designed
primers to discriminate between the two allelesesehprimers were then used in real time
PCR experiments to study the expression patteeadt allele in different tissues and stages
of development. These primers are suitable for gRERe expression analysis with the
SYBR-Green chemistry. In fact, they amplify sharipdicons (from 75 to 93 bp) to ensure
the efficiency of the Tag polymerase processivithe analysis of the amplicon melting
curves obtained with each primer pair providedrthfr validation regarding the primers. In
fact, at the optimized conditions, single peakthim heat dissociation curves were obtained

indicating also the absence of primer dimers.

2.2. Expression levels of MAACSL alleles in the fruits of different genotypes

The expression levels of the tWddACSL alleles were evaluated firstly in flesh collected
at ripening stage of different apple cultivars. TMEACSL-2 allele was found to be not
expressed in any cultivars even if the specifianpris were amplifying a band of the
expected size with genomic DNA as reported abovgu(E 8a). The expression of
MdACSL-1 allele was not detected in the flesh of the M@ACSL1-2 homozygous cultivars
Mondial Gala and Fuji while it was found to be eegsed in both the heterozygous cultivar

Florina and the homozygous cultivar Durello di Foflhe expression level in Florina was
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however more than double than that of Durello diiFxs shown in figure 9. gPCR analysis
on gDNA of all these cultivars was also performethvprimer pair for both thé&1dACSL
alleles. Slightly differences for the cycle tregsh@Ct) value were foundactin Ct around 25
for all the cultivars;MdACSL-2 allele Ct of 27-28 for Fuji and Gala respectivelyda
MdACSL-1 Ct of 28 or 25 for Durello di Forli and Florinespectively.

ACS1-1 expression in different apple cultivar

500

HH

400 -

300

RQ (AU)

200 -

HH

100

Florina T3 Gala T3 Fuji T3 Durello T3

Figure 9. Relative MdACS1 1-1 expression in different apple cultivars with different ACS1
composition: Florina (heterozygous ACS1-1/ACS1-2), Gala and Fuji (homozygous for ACS1-2
allele) and Durello di Forli (homozygous for ACS1-1 allele). T2 and T3 indicate the harvesting time,
one month before ripening and at ripening respectively. Data are reported in arbitrary units (AU) as
mean normalised expression. Bars represent the standard errors.

2.3 Expression levels of MdACSL1 alleles in different apple tissues at different

developmental stages

The expression levels of the tWwdACSL alleles were then evaluated in different apple
tissues and in skin and flesh of fruits of the igalt Florina at different developmental
stages. Also in this case ftdACSL-2 allele no detectable amplification was found iy an
of the analyzed tissues. Very low or undetectaklell of expression was found for
MdACSL-1 allele in vegetative tissues. In particular, it wes expressed in stem and root,
and only a weak expression was observed in cotgledeaf and flower. Almost
undetectable was the expression in Florina skiff2atstage while no amplification was
found in Florina flesh at T2 stage. An accentuatiiérential expression of this allele has
been found between skin and flesh of apple at mgestage, with very low expression in

skin and a very high abundance of transcripts pleafesh (Figure 10).
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Figure 10. Relative MdACS1-1 expression in different apple tissues and stages of development.
T2 and T3 indicate the harvesting time, one month before ripening and at ripening respectively.
Data are reported in arbitrary units (AU) as mean normalised expression versus fruit flesh at T2.

Bars represent the standard errors.
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3. In vivo ANALYSIS OF MdACS1 PROMOTER

In order to reveal the causes of the lacMOACSL-2 expression in ripening fruits and to
determine important regulatory regions, that dtive expression of th®IdACSL gene, a
detailed promoter analysis is required. The studye activity of the promoters directly in
apple fruit is the most desirable option. It coblldone preparing chimeric constructs with
the promoter or parts of it fused to a reporteregand introducing them into plant cell. The
Agrobacterium-transient transformation assay allows the simutiaeeanalysis of different
promoter::reporter constructs in short time so tiisthodology was chosen for our

experiments.

3.1. Optimization of transient transformation assay

Some preliminary experiments were done to verifg #ificiency of a protocol for
agroinfiltration of apple fruit reported in litdtae and to optimize an assay to test all the
chimeric promoter constructs produced in this wdrke optimization experiments were
performed with two control constructs: a positisentrol in which the reporter gene
GUSPlus is under control of the constitutive CaMV35S poter and a negative

promoterless control.

3.1.1. Positive and negative control constructs

In the pCAMBIA0305.1 vector thesUSPlus reporter gene is under control of a
CaMV35S promoter so it is just ready to be useplasitive control construct instead, it was
necessary to remove by double digestion reactienCthMV35S promoter to prepare the
negative control (promoterless construct). On thsisof plasmid restriction analysis results
Hindlll and Ncol enzymes were chosen for the digestion becauseetiieesces that they
cleave (AAGCTT and CCATGG respectively) are presenty once in the plasmid
sequenceHindlll recognition sequence is in the multi-cloning siCS) while that of
Ncol is very close to the CaMV35S promoter sequendeetexcised (Figure 11). However
the cut with these enzymes produced also the relnodvaart of theLacZ gene sequence

resulting in a loss of gene functionality.
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Removed region

two bands of expected size, one of 762 bp correBpgrio the CaMV35S promoter and
part of theLacZ gene and the other of almost 8899 bp corresportditite linearized vector

pc0305.1 For

GCTCACTCATTAGGCACCCCAGGCTTTRIOATGCTTCCGECTCGTATGTTGTGTGGAATTGTGAGC protracZ
GGATAACAATTTCACACAGGAAACAGCTATCGACCATGATTAC

GAATTGAGCTCGGTACCC@EEAGCCTCTAGAGTCGATGCAGSCATGCAAGCTT MCS

EcoRl Sacl Kpnl Snal BanH Xbal Sall Pst | Hi ndl 11

GGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACC
CTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCRBINGERATAGCGAAGACGEZ
CCECACCCATCECCCTTCCCAACACTTCCECACCETCARTEEEEAGTIRT TGAGCTTGGAT

CAGATTGTCGTTTCCCGCCTTCAGTTTAGCTTCATGGAGTCAAAGNAGABGACCTAACAGAAC Prom
TCGCCGTAAAGACTGGCGAACAGTTCATACAGAGTCTCTTACGABTBAGFAGAAAATCTTCGT CaMV35S
CAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATAT CAMEIATIACTAGAAGACCAAAGG
GCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGAGRICAGCTATCTGTC
ACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATPGTGRBATAAAGGAAAGGC
CATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACRTENEEAGCATCGTGGAA
AAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGAREIIGACGTAAGGGATG
ACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGRNAG CATTTGGAGAGAAC

ACGGGGGACTCTTGACCATGGTAGATC TGAGEETAAATTICTACTCTTEATITCITCSITAS Satlasen]
GACCCTTTTCTC Ncol pc0305.1 Rev intrdfii

Figure 11. Detail of T-DNA region of pPCAMBIA0305.1 vector. In bold letters the sequence of
pc0305.1 primers

The product of the double digested pCAMBIAQ305.ttoe loaded on agarose gel gave

(Figure 12). The digestion reaction produced aoreetth two overhangs end.
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10000 bp—> & ¢ i+ | <— Linearized vector
7000 bp—> « 4
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Figure 12. Double digestion of pCAMBIA0305.1 with Hindlll and Ncol enzymes. Lanes: 1 - 1Kb
ladder; 2 - not digested pCAMBIA 0305.1; 3 — digested pCAMBIA 0305.1

The gel-purified linearized vector itself was latesed for the preparation of chimeric
promoter fragmentsaUSPlus construct while it was necessary to re-circulaitize prepare
a negative control promoter-less construct. Thebtdodigestion reaction generated two not

compatible overhang ends so it was necessaryfitieig with Klenow enzyme to generate

blunt ends for the re-circularization of the vedtgra blunt ligation reaction (Figure 13).
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LB
/ Hind il
e

.—35S prom
. — Ncol

_GUSPlus

---GTCGACCTGCAGGCAT@BCCT CaMV35 CATGGTAGATCTGAGGGTAAATT---
---CAGCTGGACGTCCGTAUJGCGA pronot er GTACCATCTAGACTCCCATTTAA---

RB
CaMV35Sremovalby Hind Il and Nco | double digestion

LB
/ Hind lil
[

. —Nco !

---GTCGACCTGCAGGCATGCA CATGGTAGATCTGAGGGTAAATT--- _-GUSPlus
---CAGCTGGACGTCCGTACGTGA CATCTAGACTCCCATTTAA---

N
RB

Filling-in of 5" overhangs L

B
l / Hind i
'

—-Nco i

---GTCGACCTGCAGGCATGBECT CATGGTAGATCTGAGGGTAAATT--- __GusPlus
---CAGCTGGACGTCCGTACGTGA GTACCATCTAGACTCCCATTTAA---

| LB “Re
Blunt end ligation 7

|

---GTCGACCTGCAGGCATGBBCTCATGGTAGATCTGAGGGTAAATT---
---CAGCTGGACGTCCGTACGTGAGTACCATCTAGACTCCCATTTAA---

—— GUSPlus

RB

Figure 13. Schematic representation of the negative control, pPCAMBIA0305.1-35S, preparation
process.

The product of the filling-in and ligation reactioras cloned irk. coli. The transformed
colonies couldn't be distinguished from the nohdfarmed ones by blue/white screening
because théacZ gene was not more functioning. It was so necestaesign specific
primer pair to test the colonies by PCR.

The primers (pc0305.1 For TTTATGCTTCCGGCTCGTAT, B3@b.1 Rev
GAGAAAAGGGTCCTAACCAAGAA) were designed on plasmidNA sequence just
upstream and downstream the removed region (Figjljeand used to test transformed
colonies. The PCR product was of the expected Jimeverify that no unexpected base
change has been occurred during the vector motiificgrocess the DNA extracted from
the colonies resulted positive with the PCR assag sequenced in the modified region.
The output of the sequencing reaction confirmed e Klenow reaction reconstituted the
recognition sites of the two restriction enzymetliie right way (Figure 14) so that the
prepared negative control pCAMBIA0305.1-35S veat@s identical to the original one

except for the elimination of the 35S promoter.
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Hi ndlll / Ncol
AAGC CATG(

Vector Vector
dl |-
- »
[=1n] [0 loo 110 lzo 130
"CTAG AG T CGAC CTGCAGGCAT GO\ AGC TCATGGHTALAG ATCTGAGG GTLAL LT TT CT

Figure 14. Detail of the sequence of pPCAMBIA0305.1-35S negative control at the Hindlll and Ncol
junction.

3.1.3 Transient transformation of apple fruits

Experiments of agroinjection of apple fruit condieticcording to Spolaore et al. (2001)
protocol with CaMV35S:GUS(positive control) and promoter-less (hegative control)
constructs resulted with very faint blue stainidzgserved on fruits transformed with both
constructs (Figure 15). To verify if this pattemmas due to plant GUS unspecific activity,
the pH of X-GIcA solution after the introduction iofected fruits as well as the pH of apple
fruits were assayed by litmus paper. The Pink LAdyh showed a pH of 3.5 and when
immersed in the substrate solution it was ablehemge the pH of X-GIcA from 7 to 5. At
this pH value plant unspecific GUS expression cecun So we increased the phosphate
buffer in X-GIcA solution from 100mM to 200mM. Théollowing transformation
experiments, in which this modified solution wasedisfor GUS histochemical assay,
showed no GUS staining in apple infected with negatontrol construct and very well
defined dark blue spot on apple flesh transformgl GaMV35S GusA (Figure 15). So this
optimized solution was used for all our GUS histroital assays.

The transformation efficiency of the agroinjectioh apple intact fruits was not very
high. A consistent variation of transient expressiwas observed within a series of
transformations performed in the same apple frad #he reproducibility of different
experiments was quite low.

In order to increase the transformation efficienayg tried to facilitate the bacteria
penetration into the tissues by using differeneéatibn approaches.

The immersion of flesh apple pieces in the infettsplution at different bacteria

concentration, with or without vacuum treatment,swasted. Some GUS staining was
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observed in the experiments with positive contrbilevno blue was visible with negative

control construct independently from the vacuunattreent. The blue pattern was slightly
different from that obtained with agroinjection imed: huge dark blue areas rather than
single blue spots. However, also with this approash were not able to reach very

consistent results. Furthermore, the fruit slicesay faster then the tissues from intact fruits
and also present more brown areas.

Different concentrations of bacteria solution walgo tested to increase the number of
transformed explants. The highest concentratiotedesORy, 2.5, gave slightly better
results in experiments with intact fruits while mlifferences were found in term of
transformation efficiency in experiments with apgliees (Figure 15).

Sonication-assisted Agrobacterium-mediated transdtion resulted even less efficient
than the other methods because only an apple sesmdted transformed with the
CaMV35SGUSPlus construct (Figure 15). No one of apple flesh SAAffection
experiments at any sonication duration, with orhaitt the post sonication vacuum
treatment, worked.

To test if apple cultivars or ripening stages cdudde any influence on transformation
efficiency, different apple cultivars at differedevelopmental stages were used in our
preliminary transient transformation experimentsindrca, Topaz, Gala and Fuji never
showed GUS expression while Golden Delicious, Riakly and Florina gave some blue
spots. Golden Delicious was the cultivar with tighlest GUS expression in term of number
of transformed explants and number of blue spgidexs. No differences were observed
between apple at commercial ripening stage or imraaines.

Different co-cultivation parameters were testedinorease transformation efficiency.
Relevant differences were observed in term of nurobéransformed explants and number
of blue foci when the co-cultivation temperatureswehanged. Experiments in which
infected tissues were kept at 20 °C gave highécieffcy than that with 26 °C. No effects
were instead seen when the co-cultivation time exdsended from 48 hours to six days in

agroinjection of intact fruit experiment.

3.1.3 Transformation of leaf from lettuce and in vi  tro apple plants

Transformation of apple leaves fram vitro culture resulted in very small blue spots
when they were transformed with positive contral an blue staining with negative control
(Figure 15). However the efficiency was very londahe blue spot were very difficult to

analyze due to the green background color of thecle
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Lettuce leaves were transiently transformed wittolgcteria solutions with positive and
negative control. No GUS activity was found in asfythe experiments for the negative
control while a very strong GUS staining was ol#dinvhen leaves were infected with the
CaMV35S:GusPlus construct The staining was not restricted to few blue spbtsg, the
majority of the leaf was stained with a very datlebcolor (Figure 15). No considerable

differences were found when different concentratigrobacteria suspensions were tested.
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GUS STAINING
X-gloA solution with 100mM phosphate buffer X-ghoh solution with 200mM phosphate buffer
e
Unspecific staining Posifive control Megative condrol
INFECTION METHODS

Agroinjection - Apple intact fruit ransformed by injection of agrobacteria suspension at different concentrations
by means of a sterde 1 ml hypodermic syringe

00, 25 oo, 1.5 oD, 15

Immersion - Apple shces infected by mmersion in an agrobacteria suspension 0D 1.5 for 10 minutes.

Positve control

SAAT — Apple seed infected by 30 second sonication treatment

TRANSIENT TRANSFORMATION OF LEAVES

GUS expression in apple leaves - apple leaves from i vitro culture infected by immersaon in agrobactena

SASPENSIoN.
GUS expression in lettuce leaves — lettuce feaves infected by i ion in agrobaciena suspension.
Posdive control Megative conirol

Figure 15. Optimization of Agrobacterium-transient transformation assay. For all the transformation
experiments, except where differently indicated, was used a suspension of agrobacteria with
pCAMBIA0305.1 binary vector (positive control).
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3.2 Analysis of MdACSL1 promoters by transient transformation assay

When a reliable protocol for tHe vivo study ofMAACSL 5’ flanking regions was set,
different chimeric promoter and promoter fragmef@s:SPlus construct were prepared and
tested after their transfer to tAgrobacteriumtumefaciens strain forin vivo analysis.

The linearized vector pCAMBIA0305.1 without the D35S promoter (see negative
control preparation) was used for the preparatiochameric promoter fragmenGUSPlus
constructs. The promoter fragments were generaéeB@R so specific forward and reverse
primers were designed for their amplification. Thow the cloning of the promoter
fragments into the vector, the primers were desigmi¢h three distinct regions: an anneling
zone, with sequence designed to recognize thefgpgoomoter sequence; a recognition
sequence for the proper restriction enzyrHendlll or Ncol) and an extension of some
generic bases to allow to the enzyme to property(€able 2 at page 31). The primer
designed with these criteria where used in amplitm reactions as described in the
materials and methods section. The PCR producte deuble digested witHlindlll and
Ncol and ligated in the expression vector. Thanks totune different overhangs ends
generated by the restriction enzyme the promotagmfients could be inserted in the vector
only in the right orientation. The chimeric plasmidere then transferred into

Agrabacterioum tumefaciens and used in transient transformation experiments.

3.2.1 Analysis of the four identified promoter regi ons with deletion constructs

The first experiments were directed to analyzerdhe in the transcriptional process of the
four different 5’ flanking regions identified witie similarity analysis. So the position of the
deletion fragments was decided on the bases ¢ tlegfons as well as taking into account the
bioinformatic results. The fragments were thoughbé nested into each other so that the
longest one comprise the sequences of all the o(kégure 16). Seven different promoter
deletion fragments called C1 (-225 to -1), C2 (-8p11), C3 (-851 to -1), C4 (-985 to -1), C5
(-1123 to -1), C6 (-1639 to -1) and C7 (-1790 tp \kere prepared. Even and odd numbers
where used respectively for fragmentsMdACSL-1 or MAACSL-2 promoter region. The 5'
flanking region upstream the C6 and C7 fragmehtsrémaining 264 and 346 bases at the 5'
of the BAC22F23 and BAC96N17 respectively, wereaustsidered in our experiments.
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Figure 16. Schematic representation of promoter deletion fragments design. The 1-2-3-4 numbers
correspond to the four promoter regions identified on the base of the similarity analysis.

All the primers prepared for the amplification betdeletion fragments worked and the
PCR products were of the expected size: C1 22&8P@mnd C3 851 bp, C4 985bp, C5 1123

bp, C6 1639 bp, C7 1790 bp, (Figure 17).

L C+ C-C1 C3 C5C7 C2'C4C

1500 bp—>
1000 bp—>

500 bp—>

Figure 17. PCR amplification, with primer designed on vector (pc0305.1 F/R), of the full-length and
5’ deletion fragments of MAACS1-1 (even number) and MdACS1-2 (odd number) promoters. C+,
pCAMBIA0305.1 positive control. C-, pCAMBIA-35S negative control.

The purified amplification products were digested digated into the binary vector in
front of theGUSPlus gene. To verify if the ligation occurred, all thgdted product were
used as template in a PCR analysis with primergyded on the vector (pc0305.F/R).
Amplification bands of the expected sizes were iobth for all the constructs also
confirming that the insert-to-vector molar ratio 2L chosen for the ligation reaction was
suitable for the reaction.

The chimeric promoteiGUSPlus constructs were then transferred Eo coli. and
different colonies for each chimeric constructsevabtained. The majority of them resulted

positive to the PCR screening with the pc0305.1 priRers and with primers specific for
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each fragment. To further corroborate the accucddie cloning process, DNAs extracted
from the positive colonies were sequenced. Theskdjuences of C1-C2-C3 fragments were
covered just with the two primers designed on tlasmid DNA; for C4 and C5 an extra
step with HaradalN primer was done; for C6 and @igrhents one more additional step
with primer Harada For was necessary to cover wlleséquence. The sequencing of each
construct showed no difference from the originausmces obtained from primer walking
on the two BACs. All the constructs were successftiansferred intoAgrobacterium
tumefaciens. The transformation efficiency was not very high dodsome constructs only
one colony was obtained. Also in this case therdefowere tested for the presence of the

right plasmid by PCR and at least one positive plor all the constructs was obtained.

Transformation in apple

This deletion constructs were used in transiemsfamation assay of apple Golden
Delicious slices to verify the functionality of owonstructs in their native contest. As
expected we didn't obtain a complete reprodugibdind the transformation efficiency was
very low but in some experiments clear blue stginivas obtained and not only in the
tissues infected with the positive control but alaothat with C6:GUSPlus construct
(Figure 18). The pattern and intensity of GUS s$tajrwith this construct was comparable
to that obtained with CaMV3535USPlus construct. Any GUS staining was found in the

tissues infected with the promoterless and theratbletion constructs.

C- C+ C6 c7

Figure 18. GUS histochemical assay of apple slices infected with suspension of agrobacteria
harboring pCAMBIA0305.1 positive control (C+), pCAMBIA-35S negative control (C-), pPCAMBIA-
C6 and pCAMBIA-C7 MdACS1 promoter constructs.
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To have a more reliable and clear results we adapie ‘lettuce leaf system’ to test alll
the prepared promoter constructs. All the transétion experiments were done under the
same transformation conditions used in our prelamin transient transformation
experiments of lettuce leaves. Transformations whth positive and negative constructs

were performed in all the experiments.

Transformation in lettuce

Very high level of histochemical GUS activity wabserved transforming with the
positive control (CaMV35S3USPlus) and no staining for the promoter-less constrast,
expected (data not shown).When the promoter deletmstructs C1, C2, C3, C4, C5, C6
and C7 were used to agro-infect lettuce leaves @Gtility was observed in transformed
tissues with all the constructs, except the C7 ttoos also if at different levels (Figure
19). The highest activity was observed in leavéscied with the C6GUSPlus construct
that showed blue areas comparable with that of CaBBS/GUSPIus infected tissues. All
the other constructs (from C1 to C5) showed simmiksults with only a few spots. The
C7:.GUSPlus construct showed a lack of expression comparablihdt observed for the
promoterless construct. Since the level of GUS esgion increases dramatically only with
the C6 construct and thMddACSL-2 promoter stop to work when the forth region iseid
further transformation experiments with specifimsiucts were assessed to study more in

deep this distal region.

3.2.2 Analysis of the forth promoter region

As resulted from thén-silico analysis, this region is characterised by 16 SKRSERE
element and the tandem repeat in M@ACSL-2 promoter with a dimerization of the GT1
element (Figure 20). The effect on GUS expressiwrllof these elements was evaluated in
transformation assay experiments with specific tans: C6-7noT, C6TX2, C6TX2snp,
Cé6snp, C7TX1, C7TX1snp, C7snp for the analysiheftandem repeat region; C1-GT1, C1-
TX1 and C1-TX2 for the gain of function analysis GfT1 putative is-acting element;
C6noERE and C7noERE for the analysis of the etkyl@sponsive element (ERE). The
accuracy of all these new constructs was verlfiig@equencing with the same primers used

for the C6 and C7 constructs.
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MAACST-1 H SNP ~‘~ 4SNPs — ERE ~|—_11.3NPS —{-—ATG
—_—

C6 C6 noERE C4

Tandem repeat
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Bl GT-1 core element — GGTTAA Ethylene responsive element - AATTCAAA Single nucleotide polymorphism

Figure 20. Schematic representation of the forth MAACS1-1 and MdACS1-2 promoter regions and
histochemical analysis of the Cénot, C6noERE, C7not and C7noERE promoter deletion constructs
in lettuce leaves.

Tandem repeat analysis

To evaluate the role of the tandem repeat regiomgeising the two GT1 elements and a
SNP inMdACSL-2) two deletion constructs, the C7nd3USPlus and C6noTGUSPIus in
which this region is not present at all were pregddiFigure 20).

The amplifications on the two BAC clones DNA witimer designed just downstream
the tandem region gave products of expected sizé3lp for C7noT and 1594 bp for
C6noT. This amplified fragments were successfullyested and ligated into the expression
vector. Both the cloning ik.coli and inAgrabacterium tumefaciens worked well and it was
possible to obtain different transformed coloni€he results of the sequencing process
confirmed the accurancy of the process. TAgrobacterium tumefaciens with these
chimeric constructs were used in transformatioreerments. GUS expression was observed
not only in tissues transformed with C6ndJUSPlus but also with C7noTGUSPIus. The
level of expression induced by C7nd3USPlus was comparable with that of
C6énoT:GUSPIus or positive control, and higher of that producedtbg closer chimeric
constructs C4 and C5 (Figure 20). Any expressiotn@freporter gene was ever found with

the negative control. These results suggestedthigtregion is actually very important in
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the transcription control, so the effect of GT1nedmt and the SNP close to it were
singularly evaluated with specific chimeric consteu

It's reported that a single GT element cloned @gastr of a minimal promoter enhance
the reporter gene activity, but the introductiorsetond GT element in near proximity leads
to a reduction in activation of the minimal promot8o the presence of the GT1 element
could explain both the increase of the reporteivisgtwith the full promoter construct of
the MdACSL-1 allele and the inactivation of tiddACSL-2 allele. To test this hypothesis a
dimerization of GT1 element was introduced in thiginal MJACSL-1 and one copy of this
element was eliminated froMdACSL-2 original promoter by a two steps PCR process as
described in material and methods section. Bottpthmeer pair for the first and the second
amplification worked very well and bands of the ested size were obtained. Also the
cloning in the expression vector was concluded witlocess bringing to differeiit.coli
colonies positive for the presence of the C6T&RISPIus and C7TX1.GUSPlus
constructs. The DNA sequencing confirmed that ofid €lement was added to C6 in the
C6TX2 and one was eliminated from C7, generatifi@ XL, without introducing any other
unwanted modification. The constructs were sucoégstransferred toAgrobacterium
tumefaciens and used to infect lettuce leaves. The tissuectatewith C7TX1::GUSPlus
constructs showed also in this case GUS activityesallt that supported our hypothesis,
however also the leaves infected with C6TXRISPlus construct where characterized by
very extended blue areas with a slight increas@W$ activity observed in respect of the

original C6 construct (Figure 21).

Gain of function experiments

To further test the GT1 element also gain of fuorctexperiments were done. The
putative GT1cis-element ofMJACS1-2 promoter, from -1768 to -1763 (GGTTAA), was
fused alone, with its flanking region CAAAAAG or inits dimeric form
(GGTTAACAAAAAGGGTTAA) with C1 shortest fragment tgenerate respectively C1-
GT1, C1TX1 and C1TX2 fragments (Figure 22). The kfoptions with the specific
prepared primers gave three fragments of expeazedG1TX1 265 bp, C1TX2 271 bp and
C1-GT1 258 bp) that were successfully double degksand ligated in the modified
pCAMBIA0305.1-35S vector. The chimeric C1-GTAUSPIus, C1TX1:GUSPlus and
C1TX2::GUSPlus resulting constructs were cloned first in E.Calnd then in
Agrobacterium cell successfully. The sequencingadh construct confirmed also in this

case the accuracy of the obtained sequences. Tlity abthese sequences to increase o
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decrease the GUS expression driven by the C1 psonficigment was tested by lettuce
transformations experiments in which CaMV35S:GUSPpromoterless and C1 constructs
were used as controls. None of the tested constwas found to inhibit the C1 activity
while they seem to induce a slight increase of Gfression in respect of C1 construct
(Figure 22). None of them was able to enhancetteagth of C1 promoter fragment at the
same level induced by 35SCaMV::GUSPIus construct.

Promoter Tandem repeat region sequence and it schematic GUS staining on
fragment representation lettuce leaves
‘t‘ " £
6 GETTAACAAMAAGT —— ~Ma
6 -
) GETTAACAMMAMGGETTAACAAMAGS — = — b
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cmiL GETTAACAAAAAGS =S A&
¢ 9 ')

CeTH2 GETTAACARAAAGGGTTAACARAAAGT

CITH1snp GETTAACAAAAAGT
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- =
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Figure 21. Analysis of the tandem repeat region. C6 and C7 are the longest deletion fragments
with original MdACS1-1 and MdACS1-2 promoter sequences. All the other reported promoter
fragments derive from C6 and C7 specific mutations in the tandem region. The red characters and
squares indicate the GT1 element. In blue and green are indicated the MJACS1-1 and MdACS1-2
promoter sequences respectively.
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Figure 22. Schematic representation of chimeric constructs for GT1 element (GGTTAA) gain of
function experiments and results of GUS histochemical assay on lettuce leaves.

The two promoters differ in the tandem region nolydor the presence of the GT1
element but also for a single nucleotide changete$oif this SNP could play an important
role in the transcription control other four difet promoter constructs were produced: the
C7TX1ISNP:GUSPlus and C6TX2SNPGUSPlus with both GT1 and SNP mutated,;
C6SNP:GUSPlus and C7SNPGUSPlus with only one base changed. All the promoter
mutated fragments were successfully amplified aadsferred to the expression vector.
The sequencing of DNA of C7TX1SNBUSPlus and C6TX2SNPGUSPIus containing
colonies confirmed that they were identical to @d &£6 constructs except for the desired
mutation: the base change—G at -1742 and the deletion of the GGTTAACAAAAAG
region from -1754 to -1743 of C7; theJIG base change at -1603 and the insertion of the
GGTTAACAAAAAG sequence at -16050f in C6.

The results of the sequencing of C7SKRISPIus confirmed that a promoter fragment
identical to C7 except for only one base change geterated. The C6SNBLISPlus
sequence on the other hand revealed two singleeoticbd changes in original promoter
construct C6, one as expected is the@ substitution at -1603 and the other is &G

single base change at -1604 is probably due tsa tlaange in the synthesized primer. All

69



IV RESULTS

the chimeric constructs were in any case trangfeseccessfully inAgrobacterium
tumefaciens and used for transformation experiments.

All the constructs induced the expression of tiporeer gene, even the C7SNP with only
one nucleotide change in respect of the C7 coristhat instead never showed GUS
activity. The GUS expression induced with the C6SM3 slightly lower than that of C6
original construct. The blue area obtained in #sswransformed with the constructs
C7TX1SNP:GUSPIus and C6TX2SNPGUSPlIus were not dissimilar to that induces by

constructs with single mutated element (Figure 21).

Ethylene responsive element evaluation

To test the putative effect of the ERE motif twormaleletion constructs C7noERE (-
1471 to -1) and C6noERE (-1332 to -1) were desigoedave the 5' end almost 150 bp
downstream the ERE element. All the primers prepé&vethe amplification of the deletion
fragments worked and the PCR products were of #peated size: C7noERE 1470 bp,
C6noERE 1332 bp. The sequencing of the cloned feaggnconfirmed the cloning of the
right sequences. Also in this case the level pbrer expression in tissues transformed
with these constructs was higher than that obtainigd C4 and C5 deletion constructs

(Figure 20) by which differ for approximately 35p ht the 5' end.

3.2.3 Deletion of SINE insertion

A “site directed mutagenesis of the whole plasmagproach was tried to delete the
SINE insertions from C7 construct. The positiortle# two designed primers in respect of
the SINE insertion is showed in figure 23 a. Udimg Herculase 1l Fusion DNA Polymerase
and a PCR amplification program with very long @sien time and high cycles number we
were able to obtain PCR product of the expectee sizn when the smallest amount of

plasmid DNA was used as template.
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Figure 23. a) Primers sequence and position for SINE deletion. b) amplification products with
pc0305.1 primers from the ligase reaction product and E. coli transformed colonies with this ligation
product. Lanes: 1, 1 Kb ladder; 2-3, amplification of ligase products; 4-5, control amplification of
pCAMBIA0305.1-35S::C7 and pCAMBIA0305.1-35S::C6 not modified vectors; 6, transformed E.
coli colony.

These products were treated widpnl enzyme that specifically cleaves fully methylated
G“*°ATC sequences, so it should chews up the bactegatierated DNA used as template
but not the PCR product. The resulting fragmenhwaitunt and phosphorylated 5' and 3'
ends were purified and used for a self-ligationctiea to circularize the plasmid. The
products of the ligation reaction were transfertedz. coli and different colonies were

obtained. However when the colonies were assayethéopresence of the right construct,
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two different bands were found, one correspondmgexpected product and the other
ascribable to the amplification of original DNA tplate (Figure 23 b). To completely
eliminate this contaminating DNA, a small amounttloé product of the fist amplification
was used as template for a new amplification reacind the product of this reaction was
digested and ligated. However when the produdteiigase reaction was assayed via PCR,
again we found the unexpected band. So it was pesiple to prepare the C7-SINE

construct.
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4. ETHYLENE PRODUCTION IN APPLE FRUITS

4.1. Ethylene production on Mondial Gala and Fuji

As expected, a marked difference for ethylene dimiuwas found between Fuji and
Mondial Gala. The first cultivar is unable to puoe ethylene while in Mondial Gala there
is a strong ethylene burst starting at 7 days &féevest (dah) and reaching the maximum
from 14 to 28 dha (Figure 24). On the base of tdta we decided to assess ethylene
evolution at 21 days in the segregating progeny.

60
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o1
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3
Q 30 -
2 Fuji
£z
e} Gala
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10 /

0 ‘

Harv. +7 +14 +21 +28

Days after harvest

Figure 24. Ethylene evolution in the two parental cultivars during a 28-day period after

4.2. Ethylene production on the progeny Fuji x Mond ial Gala

The seedlings showed a large variation in ethyj@mogluction from 0 to 182,4 ul/g h.
The data summarized in figure 25 show a bimodatildigion. About 37% of the seedlings
produce a very little amount of ethylene as th@ parent, the 43% an intermediate
ethylene value between the two parents and 8% peodthylene in higher amount then

Mondial Gala.
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Figure 25. Ethylene production in 121 genotypes of Fuji x Mondia Gala population at 21 days after
harvest.

In order to further analyze these data, the 12lowypes of Fuji x Mondial Gala
populationwere then classified in respect of ripening dateree groups: 35 early (13- 27
August ), 60 middle (17 September ) and 26 lat®©¢tober) ripening plants. When the
ethylene data were evaluated in function of thbsee groups a different distribution was
found in respect of the ripening date. The edgdgning genotypes produce more ethylene
than the middle- and late-plants. The 73% of the-tgening seedlings produce less then
1ul/g h and none of them showed an ethylene vahjerrthan 50 pl/g h (Table 7).

Table 7. Distribution

Ripening classes
Clighsﬁzne early middle late
<0,5 8,6 28,3 50,0
05a1l 57 8,3 23,1
1.1a10 42,9 16,7 7,7
10.1 a 30 25,7 23,3 11,5
30.1a50 2,9 15,0 7,7
>50 14,3 8,3 0,0

of Fuji x Mondial Gala progeny in function of ripening date and ethylene

production.

We knew, from our previous research, the allelimposition of 58 of the 121 seedlings
used for the ethylene production analysis: 28 ssgsllare homozygous favidACO1-1
while 30 are heterozygous for this gene.
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This information was used to elaborate the ethylgai of the Fuji x Mondial Gala
population in function ofMdACOL1 allelotype. In the classes with higher ethylene
production there are mainly seedlings heterozydousdACOL (Figure 26)

40%

35% -
H MdACO1 1-1
30% |
25% | B MdACO1 1-2
20% |
15% -
10% -
0%

0,5 06al 1.1a10 10.1a30 30.1a50 >5

Seedlings percentage

Ethylene classes

Figure 26. Distribution of 58 genotypes of Fuji x Mondia Gala population in function of MAACOL allelotype and

ethylene production.

Also this 58 genotypes of Fuji x Mondia Gala pogiolawere organized in respect of
ripening date in threegroups: 20 early- (13- 27 August ), 23 middle- @&ptember ) and
15 late- (1 October) ripening plants. The seedlisg grouped were analysed in function of
MdACOL1 allelic composition and ethylene production (Fegu7). All the seedlings
homozygous foMdACO1 produce always low level of ethylene irrespectif¢he ripening
date. The early ripening seedlings that are heygmrs for MJACOL1 produce more
ethylene than the middle- and late-ripening segdlin
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Figure 27 . Distribution of 58 genotypes of Fuji X Mondia Gala population in function of date of
ripening, MdACOL1 allelotype and average value of ethylene production.
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V DISCUSSION

1. STRATEGIES FOR APPLE PROMOTER ANALYSIS

The sequencing of the apple genome and its puidicdVelasco et al., 2010) allow
scientists to more rapidly identify which genes vitle desirable traits that could be
incorporated into new varieties, including fruitadjty feature desired by consumer. So more
genes are expected to be characterized in thefutasas.

The full characterization of a gene comprise thecfional analysis of it's 5’ flanking
region that is responsible for its specific expi@spattern. For this reason the setting-up of
a reliable protocol foin vivo promoter analysis is an essential step to fullpl@k all the
gene information derived from the availabilitytbé apple genome sequence.

As discussed in the introduction, for promoter gsiala transient transformation assay is
preferable, in respect of generation of stablesfiammed plants, due to the high number of
constructs to be tested. In our study, for exampidy for the characterization of the
MdACSL promoter region a total of 20 different promotewnstructs were prepared.
Moreover, since regulatory network can differ bedwelifferent species and tissues the
study of promoters in their native contest is dedse. MdACSL is a ripening-related gene so
apple ripe fruit is the better tissue in which tiady its expression.

The only available protocol for apple fruit tranmgi¢ransformation in literature is that for
the agroinjection of intact fruits reported by Sk et al. (2001), but it has never been
effectively used in apple studies since its pulilice Another group of researchers tried to
optimize the biolistic methods for transformatiohapple fruit tissue (Biricolti personal
communication) but with no success. So we decidedibpted thégrobacterium transient

transformation assay for our research.

1.1 pCAMBIA 0305.1 and its derivative binary vector s

The use of arAgrobacterium tumefaciens-mediated genetic transformation to express
heterologous DNA in plant tissues entail the prafian of a particular kind of expression
vector, a T-DNA binary vector, that is then tramsfd to an appropriat@grobacterium
strain containing the virulence genes requiredTf@NA processing and transfer (Lee and
Gelvin, 2008). Different kind of binary vectorseaavailable. We decided to use a free of
charge pCAMBIA vector that is based on restricligase strategy for the fusion of
promoter sequence in front of the reporter gene. dftoice of the vector type, between the

big number of different pCAMBIA vectors availableas driven by the following criteria:
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small dimension, for an ease handling; a reporégegalready successfully tested in apple
and the presence of a strong promoter upstreanrejparter that could also be easily
removed to insert our promoter fragments. The wvethtat better corresponded to this
description is the pCAMBIA 0305.1 which contain &% reporter gene, already used by
Spolaore et al. (2001) in apple fruit, driven b€aMV35S. The absence in this vector of a
gene for selection in plants allow to have a veofasmall dimension without affecting our
analysis since we opted for a transient assay iichwthe regeneration and consequent
selection of transformed plant tissue are not resogs Moreover the chimeric
promoter::reporter constructs generated with thlastar could be anyway used for later
generation of stable transgenic plants by a ccsfommation strategy. The presence of the
CaMV35S promoter upstream the GUS sequence allitwede as positive control without
any other modification, while the constitutive prater CaMV35S was removed to insert
our promoter fragments. The linearization of thectoe and its purification from the
removed promoter required some work and time but perticular problems were
encountered. More difficulties were found in thgation of the promoter fragments,
especially the longest ones, but anyway all thgamedd fragments were successfully fused
in the binary vector confirming the choice of a $maactor as helpful in the different steps
of the cloning process. The major drawback waseatstthe loss of théacZ gene
functionality due to the removal of CaMV35S promotedeed, the loss of the blue/white
screening methods required the screening of thesfosemed bacteria colonies by PCR to
identify the positive ones. The open vector withthé constitutive promoter was also re-
circularized to generate a negative control to wata the level of background in our
experiment. Although some work and time were neddegrepare the vectors, this new
generated promoterless binary vector, pCAMBIAO3&SS, as well as the linearized
pCAMBIA0305.1 vector without the constitutive protao could be used also in future

transformation experiments to assay promotershadrgilant genes.

1.2 Agrobacterium-mediated transient transformation of apple fruit

The results of our preliminary experiments to testagroinjection method of apple fruit
highlighted some problems. At the same experimexgadition reported by Spolaore et al.
(2001) for GUS histochemical assay, we observed dpple fruits infected with both
positive and negative control constructs gave amlgvdistributed blue staining with very
faint colour on all the flesh area and for all tested explants. This high GUS staining

background in not desirable because it can malieutfthe interpretation of the results of
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analysis. Since the reporter gene in our expressetor is interrupted by an intron from
the castor bean catalase gene the blue stainireyva@oswith the negative control could not
be due to bacterial expression. One of the reasioie huge application @&USas reporter
gene in plant transformation experiments sincénito®duction to the scientific community
in 1987 (Jefferson et al. 1987), was the firm Hehat plants lack intrinsic GUS activity.
On the basis of this opinion and when an interdi@®JS gene is used, all the GUS
expression observed in the transformed tissuepstaile only to the construct under study.
However more recently it has been reported thatatt GUS activity could be detected in
all the plants and in almost all the organs (Suetal., 2006). The t8phylococcus sp-
derivedGUS gene that we used in our constructs, as well asrbst widely useét.coli-
derived glucuronidase, has optimum activity at pei However, as we demonstrated in our
experiments, the pH of the apple fruits ranged fBto 4 and when immerse for 12 h in
the standard GUS assay buffer, with 100mM phosphatier, they induced the change of
the pH of the solution from 7.0 to 4.0-5.0. So,aeacluded that the observed GUS staining
obtained with negative control construct was theilteof unspecific plant endogenous GUS
activity. The histochemical GUS assay protocol wascessfully optimized by increasing
the buffering capacity of the phosphate buffer.sTbhange was sufficient to avoid the
unspecific staining of apple flesh transformed widgative control and to obtain a lot of
small blue foci or very dark blue area when appsues were transformed with positive
control allowing robust comparison between the tonss.

Despite of the optimization of the GUS hystocheiniassay, the application of the
Spolaore et al. protocol for our research expertmegsulted very problematic. A very high
variability in GUS staining strength and frequertwstween different apple samples and
experiments was observed. Even though apple tnanstbwith the negative control never
showed any blue spot, not all the apple piecesteéewith positive control in a single or in
different experiments resulted blue stained. Threselts are clearly due to differences in
the transformation rate.

The efficiency ofAgrobacterium-mediated transformation is influenced by experitaen
variables that affect the virulence &ftumefaciens and the plant's physiological condition.
Also the compatibility between plant and bacteriwegarding the ability of the bacteria to
reach and attack plant cells and the availabilftym efficient T-DNA transfer machinery
encoded by plant cells, could influence the resniita transformation experiment
(Wroblewski et al., 2005). Therefore, to reach dficient transformation rate the

optimization of Agrobacterium tumefaciens — plant interaction is probably the most
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important aspect to be considered. For this reasotried to make same adjustments to the
transformation protocol to reach a greater repdéyaand reliability of the results.

The most relevant improvements in term of numbédrarisformed explants and number
of blue foci was obtained when the infection anecattivation temperature was kept at 20
°C. This results is in agreement with the studyDifen at al. (1997) that reported as
optimum forAgrobacterium infection a range of co-cultivation temperaturenssn 19 and
22 °C. They also found in their experiments that ttansient expression of reporter gene
markedly decreased when the temperature was imcteitsm 22 °C to 25°C, and
expression was low at 27 °C and undetectable a€29

The increasing of the length of co-cultivation pédrifrom 48 hours to six days didn’t
resulted in significative change in GUS expressindicating that 48h are already sufficient
to induce transient expression as already repokgdSpolaore et al. (2001). The
experiments with infection solution at differentctexria concentration confirmed that an
higher concentration (Qdgy 2,5) is useful when intact fruit are infected tdielli et al.,
2003), while no differences were observed whenedlitruits were used. Probably the
hypothetic greater transformation efficiency dergvifrom a more concentrated bacteria
suspension is clouded in sliced fruit by their éastlecay. Also two different staining
patterns were observed when intact apple fruit pplea slices were transformed by
agroinjection or immersion in agrobacteria solutioespectively. This could be explained
by a different agrobacteria diffusion in apple fiedue to the different techniques applied.
Although high variability between fruit at differestages of development has been reported
in agroinjection of mature and immature fruits oigh lemon (Ahamad and Mirza, 2005)
we didn’t find any difference between apple at ca@reial ripening stage or immature ones.
Some differences were found using apple fruitsitieiknt cultivars, however due to the
reduced repeatability of the experiments, we caopdiinty assert that the transformation
rate is genotype dependent and not rather dueferatices in the physiological condition
of the single fruits.

Since adjustments in the main parameters of tharggction protocol didn’t allowed to
obtain good results, we also tested the sonicaisistedAgrobacterium transformation
(SAAT) and vacuum-infiltration methods to try tociease the transformation rate. By
SAAT the plant tissues, subjected to a brief pergddultrasound in the presence of
Agrabacterium show a large number of small and uniform wounds tr&t expected to
produce an easier agrobacteria access into thet talant cells or tissues. In addition, the

use of vacuum infiltration after sonication may \pde additional entry sites for bacteria.
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Indeed, the intercellular spaces of mature appteié are largely filled with air that could be
replaced by agrobacteria solution thanks to thetipedifferential pressure which results
when the atmospheric pressure conditions are ezktBifferent tissues respond in different
ways to SAAT so the best treatment for each tigsemds to be empirically determined
(Trick and Finer, 1997). We tried different sonioattimes covering the range of that
usually reported in literature for different kind tissues but none of them was able to
produce apple fruit transformation.

This transformation method is reported to work vieNarious tissues of soybean, wheat
and maize as well as in epicotyl segments of sweatge (Trick and Finer 1997; De
Oliveira et al., 2009) but only one report was fowvith the application of this methodology
for transient transformation of fruit tissues (Matsto et al., 2009). Moreover, the attempt
of this researchers to increa&grobacterium transient transformation of immature banana
fruits by SAAT failed and rather they observed nigainfluence on transformation
efficiency in some transformation experiments. Rl sliced fruit tissues are already
sufficiently wounded and the cells in ripening frare very frail so that even the shortest
sonication time could be sufficient to induce ieesible damages to the cells.

So, even ifAgrobacterium transient transformation of fleshy fruit has begplied with
success in different species such as tomato (Orebet, 2006), peach (Spolaore et al.,
2003; Tittarelli et al., 2009), strawberry (Hoffrmast al., 2006) and rough lemon (Ahamad
and Mirza, 2005), it was not possible yet to obtainoptimized protocol for apple fruit. In
conclusion, by using the best optimized conditifmsagroinfiltration, only the stronger
promoters showed a rather stable and strong GU$essipn (35S and C6) while no
expression was detected for all the other delat@mrstructs. An alternative to the promoter
analysis in native contest is a transient or stdbletional analysis in an heterologous
system. For the analysis of genes in fruit systeirmato has usually been used. Indeed,
common regulatory mechanisms are conserved at tbiecolar level among widely
different species that exhibit climacteric ripeniafjfleshly fruit. Tomato allow a quick
generation of transformed fruit and a continue ysialduring the different stage of fruit
development. This model plant has already been wustd success for the analysis of
promoter region of appl&CO andPG genes (Atkinson et al., 1998). Another system that
guarantee a fast screening is the transient expresslettuce leaves. Lettuce was found to
readily express the recombinant prot@hglucuronidase (GUS) following agroinfiltration
and to be a good and reliable system for the stigyomoter sequences (Wroblewski et al.

2005). For these reasons and for the easy avajabie decided to perform our
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preliminary promoter constructs screening in thistam. As expected the GUS assay of
lettuce leaves infected with our positive and niegatontrol showed highly reproducible

results with a very strong staining induced by ¢bastitutive CaMV35S promoter and no

blue spot for tissue infected with promoterlessstaict.

Also if a conserved heterologous regulation betwaiffierent species has been in some
case demonstrated (Tittarelli et al. 2009), thpression levels can vary drastically and
regulation often does not work properly in an hatayous system (FUtterer et al.,1995) so
the results should be carefully interpreted andipbsvalidated in homologous contest by a
stable transformation approach. Stable transfoonaif apple, for which reliable protocol
are already available, is a feasible choice touatel few of the most interesting promoter
constructs in an homologous system. Very receatlyinteresting alternative to study apple
promoters in their native contest is the use oflyefiowering” transgenic apple. These
plants were developed by Flachowsky et al. (20@/shorten apple juvenile phase, using
the BDOMADSA gene of silver birch, and are able to flower ie first year after sowing.
Transforming these plant again with the promotenstacts of interest a quick

characterization of apple regulatory region inttlovn contest could become possible.
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2. MJACS1 CHARACTERIZATION

ACS gene is generally considered the rate-limitingyemz in the ethylene biosynthetic
pathway (Kende 1993) and so teACSL gene, one member of the apple multigene family
predominantly expressed in apple fruit, has beemnsidered directly involved in the
different apple ripening behaviour. Although, apamed in the introduction, different
studies onMdACSL have been published a functional analysis of MGACSL gene has
never been performed. To better understand theafotbis gene in the control of apple
ripening we decided to analyze more in deep itgesgion through gPCR analysis and

vivo characterization of the promoter regions of the alleles.

2.1 MdACSL1 gene of apple cultivar Florina

The first step in the characterization of a gendtdsidentification and isolation. A
preliminaryMdACSL genotyping analysis of different apple cultivarewhd that Florina is
heterozygous for this gene. This result along Withavailability of a BAC library of apple
cultivar Florina (Vinatzer at al., 1998) allowed tgs isolate the sequence of the coding
region and 5’ flanking region of both tiMdACSL alleles. The alignment of the sequences
of the two BAC clones containing each a spedfidACSL alleles, with that of cultivar
Golden Delicious from gene bank, showed as expeuwtdy few base change differences
between the two cultivars while the structural elegeristics of the gene were corresponding
to that described in Sunako et al. (1999). A tspACS gene organization consisting of
four exons and three intron (Jakubowicz and Sadow2902) was found. The alignment of
the promoter regions of the two alleles showedrg kggh identity of the two sequence and
confirmed the presence of the retrotransposontioseand a tandem repeat MdACSL-2,
and of the 24bp insertion MAACSL-1 allele as previously reported (Sunako et. al 1989).
total of 25 single nucleotide changes betweenwioeatleles were also found.

Since transcription is a finely regulated process vhich interaction between
transcription factor proteins and specific DNA rathn modulate the onset of the process
and the level of expression, each of the foundedihces in the sequences of the two alleles
could be hypothetically responsible for an altemratin a protein/DNA recognition step
(modifying the DNA recognition site or the DNA fgldnd led as consequence to a change

in the transcription level.
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2.2 MdACSL1 allele differential expression

The expression of thMdACSL gene in apple has been studied all along the irigen
process in different tissues. While all the studiescord orMdACSL expression in cultivar
homozygous or heterozygous f#dACSL-1, contrasting expression data have been found
in literature regarding thRIdACSL gene expression studied in cultivars homozygoughi®
MJACSI-2 allele, so that it was not clear if tMEHIACS1-2 allele is transcribed or not.

To try to resolve this brain-teaser we decideddbup a qPCR analysis. gqPCR is a
precise and quick method for measuring gene expregkarionov et al., 2005) especially
to distinguish among highly similar genes. Whers tmethodology was applied for the
studies ofMdACSL allele in literature, the primer pairs were desd in sequence region
identical between the two alleles so they wereahé to distinguish between them. To have
more information about the transcriptional behaviafi the two MdACSL alleles we
performed an accurate set up of gPCR experimeetsfgpfor each allele. Our sequencing
and alignment of the coding region of the two FlatMdACSL alleles confirmed the high
homology found by Sunako et al. (1999), with onlgenbase changes between the two
sequences. The design of primer pairs was theretorditioned by the SNPs position and it
was possible to obtain only two primer pairs speddr each allele with one or two SNPs in
the forward primers and one SNP at 3’ end for thesrse one. To reach reliable results the
primer should be validated for their specificity.eVévaluated the primer specificity with
different methods. A specific amplification on ttvo BAC clones carrying th#dACSL
alleles was obtained also if to guarantee theifigigcof the amplification it was necessary
to apply very stringent conditions with the riskreflucing the efficiency of amplification
and so the final expression value. The specifiaigs also tested with a melting curve
analysis in which the presence of only a singl&kpdar a sample assured that the amplicon
was allele specific and not a mix of different alomhs. Finally the amplicons sequencing
confirmed without any doubt the allele specificaf the tested primers because a single
SNP was included within the amplified sequence.t@n basis of the results two primer
pairs for gPCR, each able to recognize and amplify one of the two alleles afldACSL
gene were efficiently designed. These primer pagee used to evaluate the expression of
the two allele in different apple cultivars, tissaed stages of development. For the data
processing the standard curve method was prefeatethe comparative Ct method.
Although the standard curve method requires th&iaddf the standard samples in all the
plates and for all the tested genes, includingreeiee gene, increasing the time and cost of

analysis, however it simplifies calculations anaidg problems currently associated with
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PCR efficiency assessment. In this way the compasisamong results obtained with
different primer pairs and in different gPCR plaéies more reliable.

In all our experiments amplification signal f8dACSL-2 was never detectable. Since
we were sure that the primers specific for thiglallfunction, they were indeed able to
amplify genomic DNA of apple cultivars homozygouws MdJACS1-2 allele, we concluded
that this allele is never expressed. SIM®#ACSL is reported to be involved in system 2
ethylene this finding indicate that this system midpe absent in fruit homozygous for
MdACSL-2 or controlled by other genes.

Our results are in contrast with that of Sunakalet(1999). With their RT-PCR and
restriction analysis on poly(A+)RNA fractions exttad from climateric fruit of cultivars
Fuij (MdACSL 2-2) and Golden DelicioudMdACSL 1-2), they found that thIdACS1-2 is
not expressed in the heterozygous Golden Deliciousyhich the mRNA is transcribed
exclusively fromMdACSL-1 allele, while theMdACSL transcript in cv Fuji was derived
from ACSL-2 allele. Also in their Rna gel-blot analysis with probe in the 3' UTR
MdACSL region the signal in Fuji was very faint. So tleeycluded that the promoter of the
MdACSL-2 allele still functions. Tan et al. (2012), on thher end, in their real time PCR
experiments on Red Fuji, a cultivar homozygous NmACSI-2, found that theMdACSL
was not expressed and hypothesized that the smalira of ethylene detected in these fruit
could be the results of system 1.

Our gPCR analysis showed that thielACSL gene is expressed in flesh fruit only at
ripening stage, indeed no expression at all wasdan Florina flesh collected one month
before ripening while a very high level of expressivas detected in flesh at full ripening
stage. These results were expected on the basiiterature data, which reported that
MdACSL expression in fruit is not detected until the rijpgy stage. As ripening progress
there is a 100-1000 fold increaseNtWACSL expression (Wiersma et al. 2007) that reach
maximum abundance on 10 day of storage at roomdeatye (Tan et al., 2012).

The analysis in different apple tissues confirnfedidata reported in literature oVBACSL
predominant expression in flesh fruit. A small ambaf expression was found in Florina
skin only at pre-climateric stage. Similar reswire obtained by Kondo et al. (2009) when
MdACSL expression was studied in skin of pre-climateniit§. The very low expression in
our case could also be ascribable to a small amafuitesh remained on the skin. We also
found very low expression in cotyledon, leaf andtraf florina seedling and in flower. This
result is in contrast with Wakasa et al. (2068&)dies in which no expression was found in

young expanding leaves, in vitro-cultured shoatsts emerged from seed and receptacles
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and pistills of full-bloom flowers of Golden Delais. However, also Wiersma et al. (2007)
found a small amount oMdACSL expression in apple leaf. This predominant gene
expression in fruit compared with ones in vege&atigsues after all support the role of the
MdACSL gene in ripening process. However, also if veny,lthe presence dIdACSL
expression in tissues other than fruit preveneitgployment as fruit-specific promoter for

tissue specific transgene expression in fruit @epypothesized by James et al. (2001).

2.3 Transcription regulatory elementsin ~ MdACS1 promoter

Transcriptional inducibility of different members$ wmultigene ACS family is the main
regulatory step of their activity. Obviously givémat this is a multigene family that operate
in different tissues and developmental stagesthatit's induced by different stimuli, an
heterogeneous group of regulatory elements hasfoeed as reported by Jakubowicz and
Sadowiski (2002).

Our in silico analysis of the promoter regions of the tMdACSL alleles gave back a
huge amount of putativeis-acting elements potentially involved in the regolatof this
gene. However, a great number of them are unliteelglay a role in the studidddACSL
promoter considering their function in the promotdrere they were identifiedVidACSL
gene is one of the main actors in fruit ripeninggass. Ripening related genes can have
different regulatory modules that control their cfie expression, as discussed in the
introduction. The knowledge of the spatial and terapexpression profile dIdACSL as
well as of the internal and external stimuli thadiuce its expression can help in data
interpretation. Our results of gPCR analysis reaga@ developmentally-regulate expression
of the MdACSL gene. Similar result are reported in literaturepression analysis of
MdACSL gene in fruit of trees located in two localitiéfeting in elevation and season day
degree sum (Dal Cin et al., 2007) demonstratedttieincrease iMdACSL transcript at
100 days after bloom precede the onset of ethygmodution especially in fruit from low
elevation site. At this stage the gene expressippeared so to be developmentally
regulated. In the late stage of ripening when ttstesn 2 of ethylene biosynthesis is largely
established, thtMdACSL trancription level correlate with ethylene evabutiindicating that
it is ethylene relatedMdACSL seems also to be sensitive to temperature regihee:
transcript accumulation was observed earlier at ébewation site in which daily average
temperature is constantly 2° C higher than in theewolocalities. The involvement of
ethylene in the regulation oMdACSL expression has also been demonstrated by

experiments with 1-methylcyclopropene (1-MCP), #ylene antagonist, and ethephon, an
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ethylene releaser, as well as by characterizatidransgenic plants with reduced ethylene
production. MdACSL was blocked completely by 1-MCP and enhanced fstgnily by
ethephon treatment (Tan et al., 2012). Moreovet @btained from apple plants silenced
for eitherACS or ACO genes didn’t displayed autocatalytic ethylene potidn suggesting
that ethylene is required for sustaining the stestdie level of ACS mRNA (Dandekar et
al., 2004). An other plant hormonepropyl dihydrojasmonate (PDJ), is reported to tyea
increase the transcript level &idACSL (Kondo at al.,, 2009). Finally the differential
expression oMdACSL in different apple tissues resulting from our egwmion analysis,
suggests also a not fruit-specific but tissue-diffidial regulation. SOMdACSL gene
expression appears to be developmentally regulagthylene induced, tissue and
temperature controlled. The screening of our secpigvith PLACE database to search for
cis-acting element reported in other gene similarutated however gave as output only an
ethylene responsive element (ERE) that is reporbedonfer ethylene induction di4
tomato gene. This results is probably due to toetfat despite a great number of ripening
related genes has been isolated, very few ripecifgpeis-acting elements and transcription
factors has been identified in fruit species agwbrded in plant CARE database.

Instead a huge number @k-acting elements originating from light-regulatezhgs (GT;
| box; GATA) have been found. However, until nowetd is no evidence for light or
circadian clock regulation of MECSL in fruit and the light greatest impact during fruit
development has been reported on pigmentation agffarently little effect on additional
ripening phenomena.

Some additional information could be derived by panson of MAACSL promoter
region with that of homologous genes in distinceses. This gene, called orthologs,
usually retain very similar functions in distingbexies therefore their promoter regions
probably contain similar regulatory motifs. The fdgenetic relationship oACS sequences
calculate by El Sharkawy et al. (2004) placed exHdhe appleACS sequences very closely
in branch with putative orthologs froRyrus communis andPyrus pyrifolia. Also a BLAST
analysis that we performed with oMdACSL promoter sequences (data not showen)
resulted in a very high omology with promoter regiaf this species. However only very
short promoter sequence of tAeACSla, the ortholog oMdJACSL, is reported prevening a
comparison of the most important regulatory regisnally located between the — 200 and -

1000 bp in respect of the transcription starting.si
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2.4. Functional regions of MdACS1 promoter

The spatial/temporal expression of genes is thdtsesf precise regulation networks that
involve the interaction between DNA motifs and thebgnate transcription factors.
Therefore, it is expected that tMdACSL promoter presents defined regions able to drive
its specific expression mainly in fruit at ripenisgage. Moreover the completely absence of
MJACSI-2 allele transcript suggests that some of the ifledtdifferences between the two
MdACSL alleles could be responsible for the loss ofrdaagcriptional activity.

A common strategy to identify important regionspromoters is the analysis of the
promoter and its progressive deletion fragmentanmn vivo system. For this reason we
prepared promoter deletion constructs for MUACSL alleles, taking into account the four
regions identified in the promoter on the basisiofilarity analysis, and analyzed them by
Agrobacterium-mediated transient transformation of lettuce grplatissues.

The transient transformation with full promoter seqces of both thtMdACSL alleles
(C6 and C7 constructs) confirmed the results ofgRECR expression analysis in apple fruit.
The C6 construct containing 1639 bp of the 5’ flagkregion ofMdACSL-1 allele was able
to induce GUS expression in infected lettuce leatdsvel similar to that of the CaMV35S
promoter. This result confirmed that this promdtagment is fully functioning and able to
drive transcription oMdACSL-1 allele, whose transcript was effectively detedte@pple
fruit by gPCR. The reporter expression was deteatgdnly in lettuce but also in the apple
flesh at levels similar to that of the CaMV35S. pisthe limited repeatability observed in
apple system, this result is very important becausggests that our promoter is functioning
in its native contest as well as in an heterologmuss and that the expression in the two
systems is comparable.

gPCR analysis foMdACSL-1 allele showed a predominantly expression of thedeain
ripe fruit while very low expression was found kirsof immature fruit, cotyledon and leaf.
However when tested by transient expression asisaychimeric C6::GUS fusion construct
allowed gene expression in both apple fruits atitdide leaves at comparable level. This
discrepancy could be imputable to the use of aerbleigous system but we cannot exclude
also that the promoter sequence used in our studigsse length was arbitrarily chosen,
doesn’t contain regulatory region for the modulatal expression in different tissues. Yin
et al. (2009) for example found that a TCCAAAA nmaB necessary for fruit-specific

expression in watermelon by inhibiting gene expogss leaves.
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The C7 construct, representing 1790 bp of MdACSL-2 promoter region, wasn’t able
to activate transcription of GUW&us reporter gene as expected on the basis of outineal
PCR results in which the expression of M&ACSL1-2 allele was never observed.

When 667 bp and 654 bp (the forth regions) weraieéted starting from the 5’ end of C7
and C6 constructs, to generate respectively canstr@5 and C4, a change in the GUS
expression was observed for both promoters. Thel t#vexpression decreased dramatically
in C4 infected tissue in respect of that transfatréth C6 suggesting that these 654 bp
should contain enhancer elements. Similar resutltsraeported in literature in which a
particularly high efficiency was obtained when fitemoter fragment changed from about 1
Kb to about 2 kb and plant 5' fragment of aboutti3skowed a strength higher than that of the
constitutive CaMV35S promoter (Spolaore et al. 2088 we could not excluded that in the
5’ flanking region upstream the C6 and C7 fragmethtst we didn’t consider in our promoter
analysis, are present more regulatory elementseder we didn’t considered in the design
of our promoter fragments the 3' UTR region, bus iknown that in this un-transcribed region
can be located further regulatory elements abt®mtrol transcriptional activity.

An important role of the forth region in the contf MdACSL transcription was
suggested from the activation of tNEIACSL-2 promoter with its elimination from the C7
construct. Indeed, lettuce leaves infected witls thinorter construct (C5) showed GUS
activity unlike that inoculated with C7. The lewal expression was similar to that obtained
with the corresponding construct C4 of thMelACS1-1 allele. C4 and C5 constructs were
designed comprising the most variable promoteroregdihe third) between the two alleles.
This region included the SINE element in the C5stautt and the 24 bp insertion in the C4
region. The comparablBUsS activity obtained with the two constructs (C4 &) and the
re-activation oMdACSL-2 promoter with C5 construct both suggest that tidESelement
could not be alone responsible for the loss of mtemactivity as was hypothesized by
Harada et al. (2000). At the same time these esuljgested a role of the forth region of
C7 fragments in the loss of transcriptional actomt

Reducing further the sequence of the two promadéts’t change the level of GUS
expression as observed in lettuce leaves transtbmitt C2 and C3 constructs (comprising
only the first and the second promoter region) shatwved blue staining areas comparable to
that induced by C5 and C4 constructs. Only a diiglotver GUS activity was found in
experiments with the shortest C1 fragment demotisgyahat this 225 bp are sufficient for
accurate onset of transcription. Our findings aregreement with that reported in other

studies in which GUS activity just above the baokgd started to be detected with
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promoter fragment of about 200bp (Spolaore et @032 E. Silfverberg-Dilworth et. al
2005). However many studies on plant promotersrtepmodulation in GUS strength with
promoter fragments of different sizes (Spolaoralgt2003; Yamagata et al., 2002; Yin et
al., 2009) and it is also known thas-acting element with positive or negative functare
usually localized in a region of almost 1000 bgplant promoters. So, some variability in
the induction of GUS staining between our deletbmmstructs was expected. Without a
guantitative analysis however it is not possibledistinguish clearly if the similar GUS
staining results observed in tissues infected WifhC2-C3-C4-C5 constructs correspond
effectively to similar GUS activity or if significd, even though rare, differences occur. It
could also be hypothesized that the heterologotisicke system lack specific apple
transcription factors able to interact with thesenpoter regions. When C1-C2-C3-C4-C5
constructs were used in transient transformatioapple fruit however we didn't found any
GUS expression. Since the transient transformationlettuce confirmed that they are
functioning, and so no mistakes in construct praEar were done, the absence of reporter
expression in fruit could be due to an inefficitmhsformation rate in apple system that make
difficult to detect the reporter gene activity dnv by promoter fragments with very low
strength. Indeed, also in lettuce the activityni$ teletion constructs was very low in respect
of that of the longest promoter construct C6 thas whe only one that showed GUS staining
in apple. We also didn't prepared promoter fragnstmairter than C1, so we can not ruled out
if the observed GUS expression in tissues infeatigldl this construct is effectively the basal
level generated only by the binding of the RNA podéyase complex or if C1 include already
some binding sites for proteins that interact witis complex and enhance transcription. All
the evidences suggested to investigate more iiil thegaalmost 600 bp in the distal region of
promoters that seem to be responsible both fohitjieest expression found in tMACSL-1

promoter and for the loss of functionality of tiedACSL-2 promoter.

2.5 Regulation of MdACS1 transcription

The forth regions of the C6 an C7 fragments difterthe presence of 16 single base
changes and for the insertion of a 16 bp tandereateip theMdACS1-2 promoter. Then
silico analysis for CAREs in these zones revealed thditmerization of a GT1 coreis-
acting elements is present in the 16 bp tandematepsertion of théldACSL-2 promoter
region while only one GT1 element was found at shene position in thé1dACS1-1
promoter. GT elements are regulatory DNA sequenseslly found in tandem repeats in

the promoter region of many different plant germas depending on promoter structure they
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can have a positive or negative transcription fiemc{Zhou, 1999). The transcription factors
that recognize this element are transcriptionalvatr that can act directly through
stabilization of the pre-initiation complex (Kaplaevy et al., 2012). They can bind to
DNA either as a dimer or bind two GT elements & #ame time. Modification and
dimerization between GT-factors as well as thdirmction with other transcription factors
appear to play a major role in producing a distregulatory function (Zhou, 1999).

It's reported that a single GT1 element cloned ngash of a minimal promoter enhance
the reporter gene activity, but the introductionao$econd GT element in near proximity
leads to a reduction in activation of the minimadmoter (Mehrotra and Panwar, 2009). So
the presence of the GT1 element in the forth regibthe promoters could potentially
explain both the increase of the reporter actifaynd with the C6 promoter construct of
MdACSL-1 in respect of C4 and the inactivation with C7 ¢ong of MAACSL-2 allele.

To test this hypothesis a dimerization of GT-1 edatnwas introduced in the C6
fragment (C6TX2 construct) and one copy of thisnelat was eliminated from C7 fragment
(C7TX1 construct). The removal of one element frhra C7 fragment as hypothesized
determined the activation of tiMdACSL-2 allele but the expression level was lower than
that of the fullMdACSL-1 promoter construct C6. However the introduced @Gitetdization
in C6 doesn’t caused the failure of transcriptisreapected, but rather a slightly increase of
GUS activity was found. Also the gain of functiorperiment with GT element in both
dimeric form or as individual element didn’'t showadclear regulatory activity of this
putative CARE. These results seem to suggesthantrease in GUS expression observed
in C6 in respect of C4 infected tissues and the tdSGUS expression observed when the

more distal region is added to C7 are due to diffeevents.

2.5.1 The enhancer region of MdACS1 promoter

When the tandem repeat zone and other adjacentsé&s bahere eliminated in both
promoters the GUS activity, induced by the tranmsfion with the resulting C6-7noT
constructs, was detected at similar levels for ltbéhpromoters and comparable to that of
C6. This result allow us to assert that in bothnputers the almost 600bp between C4/C5
and C6/7noT constructs contain an enhancer-likendgr high-level gene expression. This
region is responsible for the substantial diffeeeimc GUS activity between the basal level
found with C1-C2-C3-C4-C5 deletion constructs amel highest one observed with C6 and
C6-7noT construct. When these 600 bp were scangaidst plant CARE database a very

high concentration of putative DNA binding elememtas found. In particular different
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transcriptional activator element (ARRIAT) and athylene Responsive Element (ERE)
was found in both the promoter regions. Since M®ACSL gene control the ethylene
production in the autocatalytic system 2 the rdlERE ascis-acting element was evaluate
with specific promoter deletion constructs thatrtsjast downstream this sequence. The
GUS activity obtained with these constructs wasyveimilar to that observed with
constructs that include this element so it seenag this not directly involved in an
increasing of promoter activity. Moreover, thisuksllow to further delimitate the region
with the enhancer module to 261 bp between -17321491 and -1593 to -1332 in
MdACSL1-2 andMdACSL-1 promoter respectively.

2.5.2 The loss of transcriptional activity of MdACS1-2 allele

The final 57 bp at 5 of C7 construct eliminatedtie generation of C7not construct
resulted in some way responsible for the loss o&@ikity. Further analysis with constructs
that taking into account the SNP just downstrearthéotandem repeat (C6snp and C7snp
constructs) or both the SNP and the tandem re@&tX2snp and C7TX1snp constructs)
showed that even the single base change aloneetarmine the activation of transcription
in MdACSL-2 allele. The remark that the promoterMf8ACSL-1 remain active also when
the exact distal region dfldACS1-2 is reconstituted in its sequence allow us to amtel
that the 57 bp sequence are not essential foraieat of MJACSL-1 transcription and that
C7 distal region cannot be responsible alone ferinhactivation of the allele but probably a
joint action with other promoter regions with digti features between the two promoters is
involved. It's difficult on the basis of our datdadfy the precise mechanism by which
repression occurs. We cannot exclude neither chamgeecognition site for specific
transcription factor proteins nor more complex gemin secondary DNA structure as
responsible for the failure of the assembly ofracfioning transcription complex.

In any case these new findings call attention ageinthe SINE element, that is the
remarkable difference between the promoter regiothe two alleles, no more as unique
responsible but as co-actor in telACSL-2 lack of transcription activittHHowever, we cannot
also excluded the involvement of the 24 SNPs sedlttdong the whole promoter sequences.

To verify the role of the retrotransposon insertiwa started to prepare a modified C7
construct without the SINE element. The most comioproach to delete DNA sequences
in plasmids uses naturally occurring restrictiote g$ollowed by ligation of the plasmid
(Allemoandou et al.,, 2003). However, in our seqeetite available sites for restriction

enzyme didn’t allowed the precise elimination o tBINE insertion. For this reason we
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tried a PCR-based technique that takes advantdgde @ircularity of plasmid DNA to
amplify the entire plasmid except for the regiorbédeleted (Pinera et al., 2006). Although
the amplification of the pCAMBIA0305.1-C7 plasmmith specific primers designed just
upstream and downstream the SINE, worked and ¢fagidn process of the amplification
product was successful, it was not possible toieate plasmid DNA template. All the
transformed E. coli colonies were found to contain both the originatl ahe mutated
plasmids. The DNA template contamination is themmawback of this technique and not
even the suggested treatment wipnl enzyme (Pinera et al., 2006), that is able tovelsa
specifically the plasmid DNA template, was sucfidss our case. Therefore, the lack of
the availability of this construct doesn’t allowtedruled out the role of the SINE element in

the loss oMdACSI-2 transcriptional activity.
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3. GENETIC CONTROL OF ETHYLENE BIOSINTHESIS IN APPL E FRUIT

In general there is a good correlation betwbBRACSL genotype, ethylene production
and apple fruit storability (Harada et al., 200@st et al., 2005). However, sometimes the
MdACSL allelic form was not correlating with storage catgncy (Oraguzie et al., 2004).
Moreover, Zhu and Barrit (2008) found that appléticars with the samevMdACSL 2-2
genotype showed different patterns of firmness.|bs§i and Mondial Gala are two apple
cultivars homozygous fdldACSL-2 allele, that are expected to have both a good!stidya
on the base of th&CS genotype. However, Mondial Gala, a summer appée ith Italy
ripens in the second decade of August, is chaiaeteby a poor storage quality becoming
soon overripe while Fuji, a late-ripening cultivahow no firmness loss for at least a
month, even at room temperature (Gussman et #3)1®Dur ethylene measurement in
apple fruits of these two cultivars showed thaythave a markedly different production of
this hormone: only a trace amount of ethylene wetealed in Fuji fruit during storage at
room temperature while a higher amount is prodigeiondial Gala apple fruits.

As consequence of this experimental evidence, ttindeme production rate observed in
different apple cultivars cannot be explained dinyheMdACSL allelic genotype but other
ripening related genes should be involved in itetiad. The bimodal-like distribution
observed in the progeny Fuji x Mondial Gala couwdfirm that other genes are involved in
ethylene production. When a threshold af/d h is used to divide the seedlings more
similar to Fuji from the others, the observed eggtion is about 38% and 62%
respectively. Therefore, a system of at least teieg has to be hypothesized to explain the
observed variability.

The storability of harvested fruits is also consédeto be influenced by the association
between théMdACS1 andMdACO1 allelotypes: the influence 8dACO1 genotypes on fruit
firmness is significant when combined wittdACSL 2-2 but not withMdACSL 1-2 (Zhu and
Barrit, 2008) so that homozygousity fldACO1-1 further reduces ethylene level within an
homozygousMdACSL-2 background (Costa et al., 2005). Our finding alight shift of the
distribution of Fuji x Mondial Gala seedlings horggaus forMdACO1-1 toward the classes
with lower ethylene production could support thypdthesis.

The analysis of the ethylene production in genatypieFuji x Mondia Gala population
showed that the early-maturing seedlings produceeathylene than the middle and late
ones but only for genotypes heterozygous MdACOL. Instead, all the seedlings

homozygous foMdACOL produce always low level of ethylene irrespectifi¢he ripening
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date. Therefore genotypes homozygous MIACO1-1 seems to be not influenced by
ripening date that seem instead to have a rolédheéncontrol of ethylene production in
heterozygous genotypes.

In the light of our results one of the other gemesddition toMdACSL, responsible for
the bimodal distribution observed in our experimerduld beMdACO. The different rate of
ethylene production in Fuji and Mondial Gala, bbtimozygous foMdACSL-2, could so be
explained by the differenMdACOL allelic composition and the different ripening elat
Mondial Gala that has a functional alleleMdACOL and is an early-ripening cultivar produce
more ethylene than the late-maturing cultivar Rbgt has both thé1dACOL alleles not
functioning. However, only this gene is not ablexplain all the ethylene variability found in
the Fuji x Mondial Gala progeny so at least anogjegre should be involved.

In tomato it has found that differeACS genes are involved in the ripening process. Four
of the nineACS genes reported,eACSIA, LeACR2, LeACH andLeACS5, are expressed in
ripening fruit (Barry et al. 2000LeACSIA and LeACS6 were assigned to the system 1
ethylene whileLeACS2 and LeACSA are involved in the system 2. Also arabidopsis ha
elevenACS genes and one pseudogene suggesting the possibilipre family members
in apple, as well. The only othéfdACS gene known to be expressed in fruit is the
MdACS3. Only recently a crucial role of this gene in doatrol of the ethylene biosynthesis in
apple fruit has been proposed. This gene is exgntgesor toMdACSL and is suppressed after
the burst of ethylene production suggesting atfondn system 1 ethylene biosynthesis in
apple fruit (Tan et al., 2012MdACS3a-G289V, a null allele ofMdACS3a, is reported to be
responsible for low ethylene production in appletffWang et al., 2009). A relationship with
date of ripening is also been proposed. Early-raitille maturing cultivars may easily enter
the system 2 stage regardless of thdolACS3a allelotype while the null genotype is
considered to influence the initiation of ripeniofyonly later maturing cultivars (Bai et al.,
2012). MdACS3 genotype alone however cannot explain the fullcspen of ethylene
production by which ripening progression is conél(Bai et al., 2012).

Therefore probably the ethylene production in agplé is regulated by at least these
three genesMdACSL, MdACO1 and MdACS3 with a supporting role of environmental
signal related to the ripening date.

On the basis of our results we can formulate arothgsis for a possible genetic control
of ethylene regulation in apple fruit.

TheMdACSL doesn’t segregate in Fuji and Mondial Gala asntedan table 7.
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ACS1 | ACOl1 | ACS3

Mondial Gala -/- +/- +/-

Fuii - [-I- +/-

Table 7. Allelic composition of Mondial Gala and Fuji apple cultivars for ACS1, ACO and ACS3
genes; + indicate a functional allele; - indicate a not functional allele.
Fuji does not produce ethylene because of thedfitie functionality ofACO1 that catalyze
the last step in ethylene biosynthesis (eveniinatfonal copy of thé&\CS3 is present). Mondial
Gala fruits are able to produce ethylene becauskeopresence of a functional copy of both

ACS3 andACO1 genes. The expected segregations is showed ingabl

Mondial Gala
ACS3 + ACS3 -
ACO1 + ACOL1 - ACO1 + ACO1-
Fui ACS3 + 12,5% 12,5% 12,5% 12,5%
uji
ACS3 - 12,5% 12,5% 12,5% 12,5%

Table 8. Expected segregation of ACO1 and ACS3 genes in Fuji x Mondial Gala population; +
indicate a functional allele; -indicate a not functional allele.

On the bases of the combination between the diffeafieles of the two genes, the

expected ethylene production in the progeny plantsported in table 9.

a Mondial Gala Fuji b
1 ACS3 - ACOL1 - ACS3 - 12,5%
2 ACS3 - ACOL1 - ACS3 + 12,5%
3 ACS3 + ACOL1 - ACS3 - 12,5%
4 ACS3 + ACOL1 - ACS3 + 12,5%
5 ACS3 - ACO1 + ACS3 - 12,5%
6 ACS3 - ACO1 + ACS3 + 12,5%
7 ACS3 + ACO1 + ACS3 - 12,5%
8 ACS3 + ACO1 + ACS3 + 12,5%

Table 9. Expected genotypes for MAACS3 and MdACO in Fuji x Mondial Gala progeny.
a) expected allelic combinations b) expected frequency;, + indicate a functional allele; - indicate a
not functional allele, in gray are indicated the not functional allelic combinations.
The first four combinations should originate seaghi with fruits not able to produce
ethylene as Fuji due to the impossibility to conplthe ethylene biosynthesis for the lack

of a functioningMdACOL1 gene. All the other allelic (6,7 and 8) combinati@are supposed
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to guarantee ethylene production because at le@saltele ofMdACS3 and MdACOL1 are
expected to be functional.

However, we cannot exclude that other genes acdvie in the fine regulation of ethylene
production in apple fruit. Three oth&CS genes expressed differentially during apple fruit
ripening have recently been found, also if not gledracterized (Tan et al., 2012), and more

information could came from the recent availabitifyapple genome (Velasco et al., 2010).
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VI CONCLUSIONS

The expression analysis by gPCR andithegivo analysis by Agrobacterium-mediated
transformation approaches allowed to characterizerim depth thiMdACSL gene.

For the first time, a set of allele specific primdor MJACSL gene and a protocol for
gPCR using SYBR Green chemistry have been develapddptimized. Their application
to assess the expression of the two alleles dfisCSL gene in different apple tissues and
stages of development has demonstrated that:

- MdACSL-1 expression is ripening-related, confirming the prathant role of this

gene in the ripening process;

- MdACSL-2 allele is never expressed in any apple tissue agesof development.
SinceMdACSL is reported to be involved in system 2 of ethylpneduction, this
finding indicate that this system is not functiomafruits homozygous fomMdACSI-

2. Therefore, ethylene production in these genotypast be controlled by other
genes;

- MdACS1-1 allele is expressed predominantly butenatiusively in the apple fruit.
The presence oMdACSL expression in tissues other than fruit prevent its
employment as fruit-specific promoter for tissueafic transgene expression in
fruit crops.

The only protocol available in literature for tréere transformation of apple fruits was
evaluated and further optimized. In particular, scadjustments in the GUS histochemical
assay of apple transformed fruit allowed to elir@nall the unspecific background staining,
so that now a reliable evaluation of the transfdiam results is possible.

This optimized protocol allowed us to verify thepeassion of the function&dlldACS1-1
allele directly in apple fruits by using a chimedonstruct with 1639 bp of its promoter
region. The scored GUS activity has revealed giression comparable to that of the
constitutive promoter CaMV35S. However, this prologeems not suitable for the analysis
of promoters with a very low strength as well dsew promoter constructs with very
similar strength should be compared. The comparableression obtained with this
construct in both apple fruit and lettuce leaveswsdd that our promoter is functioning in
its native contest as well as in an heterologowstesy and that the expression in the two
systems is comparable. This result allowed to etalwur promoter in that heterologous

system with the awareness that the data shouldreéudly interpreted.
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A promoter-less binary vector and a linearized aeaiithout any promoter but ready with
sticky ends for the easy ligation of DNA fragmentsave been generated starting from
pCAMBIA 0305.1 vector and are now available for gnemoter analysis of other plant genes.

Our work based on the Agrobacterium-mediated taan®ition of lettuce leaves with
different promoter fragments confirmed the reswfs gPCR expression analysis and
allowed the identification of important regulatorggions in the promoters of the two
MdACSL1 allele. In particular it was found that:

- the first 1639 bp starting from the ATG codon ie 8i flanking region oMdACSL-

1 are sufficient to drive an expression comparable that of CaMV35,
demonstrating to contain important elements foratgilation;

- the first 225 bp contain all the elements necesiairthe onset of transcription;

- the first 985 and 1123 bp of the 5’ flanking regimihMdACSL-1 and MdACSL-2,
respectively, showed a comparable and basal ldvekmression. This proved that
the SINE insertion iMdACS1-2, the 24 bp insertion iIMdACSL-1 as well as all the
single base changes between the two sequencessmitbgions are not able alone to
induce a change in the expression between theltelesa Moreover, it suggests that
in this region are not present cis-acting eleméie¢ g0 modulate significantly the
expression level.

The in vivo analysis also allowed to identify:

- aregion of 261 bp between -1732 to -1471 an@316 -1332 inMdJACS1-2 and
MdACSL-1 promoter respectively that contains an enhankerdone for high-level
gene expression;

- aregion of 57 bp between -1790 to -1733ddACSL-2 certainly responsible also if
not alone in the inactivation of tiMdACS1-2 allele.

On the bases of our results we can hypothesizeghbanactivation of théVIdACSL-2
allele is the result of an interaction betweenitentified 57 bp region and other promoter
regions with distinct features between the twoledleAlthough by now we cannot explain
which specific repression mechanism occurs, outirig will help in the design of further
specific experiments to determine if alterations tiee recognition site for specific
transcription factor proteins or more complex clem@n secondary DNA structures are
involved. The already started experiment for thaeal of the SINE insertion, the main
difference between the promoter region of the tikades, is expected to better highlight the

process. Moreover, further studies addressed tatifdespecific cis-acting element in the
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delimitated enhancer region identified in this stihd their cognate transcription factors
will help to complete the knowledge on the regolatf theMdACSL gene.

Furthermore, an increase in the knowledge on thiecatar mechanism responsible for
different ethylene production in apple cultivars lheen effectively addressed.

We demonstrated that at least two other genesditi@uto MAACSL may be involved in
apple fruit ethylene production and that genetid anvironmental factors related to the
ripening date are able to further regulate theletieyrate production. An hypothesis that
could explain the difference between Fuji and Mah@ala have been proposed and in the
next months a coordinated action is already plarioadravel the genetic bases of ethylene
production in these two genotypes. In particular,the frame of the EU project Fruit
Breedomics, an lllumina SNP chip of 20Kb recenttyeloped (December 2012) by FEM (S.
Michele all’Adige, TN) will be used to genotype thwole progeny. So, we expect to built a
highly detailed molecular map to be used for QThlgsis and to correlate tidACS3 and

MdACO allelic composition of each seedlings with itstfethylene production.
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APPENDIX

Appendix A

Media

LB medium
NaCl

Yeast extract
Tryptone

pH 7.0

2XYT
Tryptone
Yeast extract
NacCl

YEP

NacCl

Yeast extract
Tryptone

pH 7.2 or 5,6

SOC medium
Tryptone
Yeast extract
NaCl

KCI

MgCI2
MgSO4

Glucose

Infiltration medium

MS salts

APPENDIX

10 g/L
5g/L
10 g/L

16 g/L
10 g/L
5¢/L

5¢/L
10 g/L
10 g/L

20 g/L
5 g/L
10 mM
2,5mM
10 mM
10 mM
20 mM

4.3 g/L

111



APPENDIX

MES* 10 mM
Sucrose 20 g/L
Acetosyringone 200M
Proline 1mM
pH 5.6

*2-(N-morpholino)ethanesulfonic acid
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APPENDIX

Appendix B

Alignment of BAC96N17 and BAC22F23 sequences WMHACSL-1 (accession no.
U89156) and MdACSL-2 1 (accession no. AB10102) Golden Delicious gene bank

sequences.

| Single base change between MAACS1-2 alleles aiwi@®®1-1 allels
. Single base change between the two BAC clones

BACO96N17  —mmememmememmememmemeceemececoeeee e TTTACACATGCCGG 14
MDACS1-2 AAATCTCTGCATTCTTTGTCATACTTGTGAAGAACCACCAAGCACCTTTACACATGCCGG 240
BAC22F23  --memmmmemmmmmmmeeeeeeee e

MDACS1-1 AAATCTCTGCGTTCTTTGTCATACTTGTGAAGAACACCAAGCACCTTTACACATGCCGG 240

BAC96N17 TTCCTCCATCGCCATTAGCCAAAACCCTGAGTCGITGTTTATTCGAGATCAAGTCATCA 74
MDACS1-2 TTCCTCCATCGCCATTAGCCAAAACCCTGAGTCGITGTTTATTCGAGATCAAGTCATCA 300
BAC22F23  smmeeecmeemesscmeescecccceeeeeeee e

MDACS1-1 TTCCTCCATCGCCATTAGCCAAAACCCTGAGGCAINTGTTTATTCGAGATCAAGTCATCA 300

BAC96N17 CGATTTTCGGATCAACAACACACACTTTTTTTTCACCCAGAAGATCGAATCAGAGGATTA 134

MDACS1-2 CGATTTTCGGATCAACAACACACACTTTTTTTTCACCCAGAAGATCGAATCAGAGGATTA 360

BAC22F23  ------- CGGATCAACAACACACACTTTTTTT-CA CCCAGAAGATCGAATCAGAGGATTA 52

MDACS1-1 CGATTTTCGGATCAACAACACACACTTTTTTT-CACCCAGAAGATCGAATCAGAGGATTA 359
*%

BAC96N17 AAAATTGTAGCAGAGATTGTAACCCTAAATTCATTAATACCAATTATTACTTTGTATACG 194
MDACS1-2 AAAATTGTAGCAGAGATTGTAACCCTAAATTCATTAATACCAATTATTACTTTGTATACG 420
BAC22F23 AAAATTGTAGCAGAGATTGTAACCCTAAATTCATTAATACCAATTATTACTTTGTATACG 112
MDACS1-1 AAAATTGTAGCAGAGATTGTAACCCTAAATTCATTAATACCAATTATTACTTTGTATACG 419

BAC96N17 TATTCTTGGGTTATTTATTGCAAGAATTTCGTGTTTACAACTCTTTTTCTAGCACTTCCA 254
MDACS1-2 TATTCTTGGGTTATTTATTGCAAGATTTTCGTGTTTACAACTCTTTTTCTAGCACTTCCA 480
BAC22F23 TATTCTTGGGTTATTTATTGCAAGAATTTCGTGTT TACAACTCTTTTTCTAGCACTTCCA 172
MDACS1-1 TATTCTTGGGTTATTTATTGCAAGAATTTCGTGTTTACAACTCTTTTTCTAGCACTTCCA 479

BAC96N17 TCGACTTATAAGTAATTTAGGCTATTCTTATATTA CCAATTAATTTTTAGTGGAATCTCA 314
MDACS1-2 TCGACTTATAAGTAATTTAGGCTATTCTTATATTA CCAATTAATTTTTAGTGGAATCTCA 540
BAC22F23 TCGACTTATAAGTAATTTAGGCTATTCTTATATTA CCAATTAATTTTTAGTGGAATCTCA 232
MDACS1-1 TCGACTTATAAGTAATTTAGGCTATTCTTATATTA CCAATTAATTTTTAGTGGAATCTCA 539

BAC96N17 ACTTTTTTAAAATTATTTATCTCATGGAAAATCCA AATTCTCCTCTAAATGAACGGTTAA 374
MDACS1-2 ACTTTTTTAAAATTATTTATCTCATGGAAAATCCA AATTCTCCTCTAAATGAACGGTTAA 600
BAC22F23 ACTTTTTTAAAATTATTTATCTCATGGAAAATCCA AATTCTCCTCTAAATGAACGGTTAA 292
MDACS1-1 ACTTTTTTAAAATTATTTATCTCATGGAAAATCCA AATTCTCCTCTAAATGAACGGTTAA 599

Tandem repeat
BAC96N17 CAAAAAGGGTTAACAAAAAGGAAACTTTAACGCAAACTCTTGGTACTGTTCACTTTAAT 434
MDACS1-2 CAAAAAGGGTTAACAAAAAGGAAACTTTAACGCAAACTCTTGGTACTGTTCACTTTAAT 660
BAC22F23 CAAAAAG------------- TAAACTTTAACGCAA AACTCTCGGTACTGTTCACTTTAAT 339
MDACS1-1 CAAAAAG------------- TAAACTTTAACGCAA AACTCTCGGTACTGTTCACTTTAAT 646

*kkkkkk *kkkhkhkhkhkkk *%

BAC96N17 GAAAAATCATATTTTTACACTAAAAAGTCAATCTT GGTACTATTCACTTTACCATTTATT 494
MDACS1-2 GAAAAATCATATTTTTACACTAAAAAGTCAATCTT GGTACTATTCACTTTACCATTTATT 720
BAC22F23 GAAAAATCATATTTTTACATTAAAAAGTCAATCTT GTTACTATTCACTTTACCCTTTATT 399
MDACS1-1 GAAAAATCATATTTTTACATTAAAAAGTCAATCTT GTTACTATTCACTTTACCCTTTATT 706

* [************** Kkkkokk
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BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

ERE
TTATCCTTATCGTTAAAATTCAAAGTTTTCAAACC CTTTTCATTAGTTTTCCTTAACAAA 554
TTATCCTTATCGTTAAAATTCAAAGTTTTCAAACCCTTTTCATTAGTTTTCCTTAACAAA 780
TTATCCTTATCGTTAAAATTCAAAGTTTTCAAACC CTTTTCATTAGTTTTCCTTAACAAA 459
TTATCCTTATCGTTAAAATTCAAAGTTTTCAAACCCTTTTCATTAGTTTTCCTTAACAAA 766

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1
*

AATGGTTTTATTATAACAAATGATTCTAGTGTTTT CCTTG-TTTTGTATACCTAATTCTA 613
AATGGTTTTATTATAACAAATGATTCTAGTGTTTT CCTTG-TTTTGTATACCTAATTCTA 839
AATGGTTTTATTATAACAAATGATTCTAGTGTTTT CCTTG-TTTTGTATACCTAATTCTA 518
A-TGGTTTTATTATAACAGATGATTCTAGTGTTTT CCTTGGTTTTGTATACCTAATTCTA 825

BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

*kkk

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

Kkkkkk kkkkkkkkkkkkkkkkkkk

HaradaOUT
AAGGAGATAGAGTGATGATGTTAAATGAAGAAAAA-AGAGAGA GT 672
AAGGAGATAGAGTGATGATGTTAAATGAAGAAAAA-AGAGAGATGCCATTTTTGTTCGT 898
AAGGGGATAGAGTGATGATGTTAAATGAAGAAAAA-AGAGAGATGCCATTTTTGTTCGT 577
AAGGGGATAGAGTGATGATGTTAAATGAAGGAAAGAGAGAGATGCCATTTTTGTTICGT 885

*kkk * kkkkkkkkkkkkkkkkkkkkkkk

harada For

ACCEEARR TCGAGGTTGACTCAAATCAAAACATGTTTGGTAATTGGAGTAATGAACTG 732
ACCGGATTTTCGAGGTTGACTCAAATCAAAACATGTTTGGTAATTGGAGTAATGAACTG 958
ACCGGATTTTCGAGGTTGACTCAAATCAAAACATIGTTTGGTAATTGGAGTAATGAACTG 637
ACCGGATTTTCGAGGTTGACTCAAATCAAAACATGTTTGGTAATTGGAGTAATGAACTG 945

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

Hara
AGCA ACTTAAAAGGTAAAAAAAAGGTTAAAAAAAAAAA-C 791
AGCAGACATAAAAACCTGTGCGAACTTAAAAGGTAAAAAAAAGGTTAAAAAAAAAAA-C 1017
AGCAGACATAAAAACCTGTGCGAACTTAAA-GGTTAAAAAAAAGGTTAAAAAAAAAAAAC 696
AGCAGACATAAAAACCTGTGCGAACTTAAA-GGTRAAAAAAAGGTTAAAAAAAAAAAAC 1004

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1
*%

*kkk B e e e e e T e s

TTTAACGAAAAAATATCAGTATTGTTCATTTTAAC GAAAAATCACACTTTTACATTAAAA 851
TTTAACGAAAAAATATCAGTATTGTTCATTTTAAC GAAAAATCACACTTTTACATTAAAA 1077
TTAAACGAAAAAATCTCAGTATTGTTTATTTTAAC AAAAATTCACACTTTTACATTAAAA 756
TTAAACGAAAAAATCTCAGTATTGTTTATTTTAAC AAAAATTCACACTTTTACATTAAAA 1064

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

**l I I l*** **l***************

AGTCAATCCTGTTACTATTTATTTTACCCTTTATT TTGTTTAAAACTCAAAATTTTTAAG 911
AGTCAACCCTGTTACTATTTATTTTACCCTTTATT TTGTTTAAAACTCAAAATTTTTAAG 1137
AGTCAATCCTGTTATTATTTATTTTACCCTTTATT TTATTTAAAACTCAAAGTTTTTAAG 816
AGTCAATCCTGTTATTATTTATTTTACCCTTTATT TTATTTAAAACTCAAAGTTTTTAAG 1124

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

*k I*********** ********I

TATTTTTCATTAATTTTCTTTAAAAAAAATAGAAA GTGAGAAAAATGCCCGACAAAATTA 971

TATTTTTCATTAATTTTCTTTAAAAAAAATAGAAA GTGAGAAAAATGCCCGACAAAATTA 1197
TATTTTTCATTAATTTTCCTTAAAAAAAATAGAAA GTGAGAAAAATGCCCGACAAAATTA 876

TATTTTTCATTAATTTTCCTTAAAAAAAATAGAAA GTGAGAAAAATGCCCGACAAAATTA 1184

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GTTGTGGCTACTAGAGTCAAGAAGCATATGGACAEGGTGGGTCGCTCTTGGCATTTTCT 1031
GTTGTGGCTACTAGAGTCAAGAAGCATATGGACEGGTGGGTCGCTCTTGGCATTTTCT 1257
GTTGTGGCTACTAGAGTCAAGAAGCATATGGACOBGGTGGGTCGCTCTTGGCATTTTCT 936

GTTGTGGCTACTAGAGTCAAGAAGCATATGGACEGGTGGGTCGCTCTTGGCATTTTCT 1244

BAC96N17
MDACS1-2

ATGATACTTGTTGTCGGTAAGGTTTTGTAAACAAAMCTAGACCCGAGTATTAATTCTTGT 1091
ATGATACTTGTTGTCGGTAAGGTTTTGTAAACAAMCTAGACCCGAGTATTAATTCTTGT 1317
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BAC22F23
MDACS1-1

ATGATACTTGTTGTCGGTAAGGTTTTGTAAACAAAMACTAGACCCGAGTATTAATTCTTGT 996
ATGATACTTGTTGTCGGTAAGGTTTTGTAAACAAMCTAGACCCGAGTATTAATTCTTGT 1304

BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

*k%k *

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TTCACTAGTACATAACAGCATATTTACCACATCAATTCCATCACGGGCATCAACAGCTCG 1151
TTCACTAGTACTTAACAGCATATTTACCACATCAATTCCATCACGGGCATCAACAGCTCG 1377
TTCTTTGT T-emememenes L I p— --- 1010
TTCTTTGTT 3 8 1318

* * kkk

SI NE | NSERTI ON
TGGTAGAAACTATTCAATTACCACGGTTACATGTAGATCGTGGTAGATAACATTAATTCA 1211
TGGTAGAAACTATTCAATTACCACGGTTACATGTASATCGTGGTAGATAACATTAATTCA 1437

*kkkkkkkk

CCACGGTCAAATTCTGGCCCGTTGTTAAAAGTAARAATTCACCACGATTAATGCTTCTA 1271
CCACGGTCAAATTCTGGCCCGTTGTTAAAAGTAARAATTCACCACGATTAATGCTTCTA 1497
------ AAGCCGATTAATGCTTCTA 1038
—————— AAGCCGATTAATGCTTCTA 1346

kkkkkkkkkkkkkkk

HaradalN
TGTACACTTATAATCCCCACGCAAGTTTGTAGGTATGCCAGGTAATGGTGAACGCCCTA 1331
TGTACACTTATAATCCCCACGCAAGTTTGTAGGTATGCCAGGTAATGGTGAACGCCCTA 1557
TGTACACTTATAATCCCCACGCAAGTTTGTAGGTAMTGCCAGGTAATGGTGAACGCCCTA 1098
TGTACACHTATAATCCCCACCCAACTIIIGIAGH TATGCCAGGTAATGGTGAACGCCCTA 1406

BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

HaradaREV

CCCACTTCCCAGTCCAAGCAAATAGTGAGAAAATAATTAATGGATGATACTAGGAAAAT 1391
CCCACTTCCCAGTCCAAGCAAATAGTGAGAAAATAATTAATGGATGATACTAGGAAAAT 1617
CCCACTTCCCAGTCCAAGCAAATAGTGAGAAAATAATTAATGGATGATACATGGAAAAT 1158
CCCACTTCCCAGTCCAAGCAAATAGTGAGAAAATAATTAATGGATGATACATGGAAAAT 1466

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TAAATTTGGAGATAAAATTTGCAAATTATATAATA TGTCACCTATACGACTTAACACATT 1451
TAAATTTGGAGATAAAATTTGCAAATTATATAATA TGTCACCTATACGACTTAACACATT 1677
TAAATTTGGAGATAAAATTTGCAAATTATATAATA TGTCACCTATACGAATTAACACATT 1218
TAAATTTGGAGATAAAATTTGCAAATTATATAATATGTCACCTATACGAATTAACACATT 1526

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

Fh KKKk *******.(*

TATCAATATTTAAATAATAAATCAATCATCAACTA CCATATAATTTAGTTTCCAAAATTT 1511
TATCAATATTTAAATAATAAATCAATCATCAACTA CCATATAATTTAGTTTCCAAAATTT 1737
TATCAATATTTAAATAATAAATCAATCATCAACTA CCATATAATTTAGTTTCCAAAATTT 1278
TATCAATATTTAAATAATAAATCAATCATCAACTA CCATATAATTTAGTTTCCAAAATTT 1586

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TATTTACAAATTTAGTCTTTAGTATTACCCTTAAT TAATTATTTAATGTTGATTAGTAAA 1571
TATTTACAAATTTAGTCTTTAGTATTACCCTTAAT TAATTATTTAATGTTGATTAGTAAA 1797
TATTTACAAATTTAGTCTTTAGTATTACCCTCAAT TAATTATTTAATGTTGATTAGTAAA 1338
TATTTACAAATTTAGTCTTTAGTATTACCCTCAAT TAATTATTTAATGTTGATTAGTAAA 1646

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

*kk

Harada 1521
CACTAAAACTTCATTGCTTTGGGATTTGGGAGTGTTGAAGGTCCTTCATGATCAAAGTC 1631
CACTAAAACTTCATTGCTTTGGGATTTGGGAGTGTTGAAGGTCCTTCATGATCAAAGTC 1857
CACTAAAACTTCATTGCTTTGGGATTTGGGAGTGTTGAAGGTCCTTCATGATCAATGTC 1398
CACTAAAACTTCATTGCTTTGGGATTTGGGAGTGTTGAAGGTCCTTCATGATCAATGTC 1706

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

kkkkkkkkkkkkkkkkkkkkk kkk

TTTAGATGGTGGAGCAAAAGCGCGTACAATTAATATCATGTTGTTTTTGGATTTTTATT 1691
TTTAGATGGTGGAGCAAAAGCGCGTACAATTAATATCATGTTGTTTTTGGATTTTTATT 1917
TTTAGATGGTGGAGCAAAAGCGCGTACAATTAATATCATGTTGTTTTTGGATTTTTATT 1458
TTTAGATGGTGGAGCAAAAGCGCGTACAATTAATATCATGTTGTTTTTGGATTTTTATT 1766

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GAATCAAAATACTTGGATCATAATGTTAAGAAAAAGAACCAGAGAAATCTAAAGAGACTT 1751
GAATCAAAATACTTGGATCATAATGTTAAGAAAAAGAACCAGAGAAATCTAAAGAGACTT 1977
GAATCAAAATACTTGGATCATAATGTTAAGAAAAAGAACCAGAGAAATCTAAAGAGACTT 1518
GAATCAAAATACTTGGATCATAATGTTAAGAAAALGAACCAGAGAAATCTAAAGAGACTT 1826
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BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

TCTTAAAAGTGAGATTCTTCATAATTTATTTATCA TGTTTTTGGTACAATATTTATAATA 1811
TCTTAAAAGTGAGATTCTTCATAATTTATTTATCA TGTTTTTGGTACAATATTTATAATA 2037
TCTTAAAAATGAGATTCTTCATAATTTATTTATCA TGTTTTTGGTACAATATTTATAATA 1578
TCTTAAAAATGAGATTCTTCATAATTTATTTATCA TGTTTTTGGTACAATATTTATAATA 1886

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

*kkk

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TCGGCGCAAAAATTAATGTTAAAATGTAAGATAAAGAGAATTCATAGAAAGCACAATTT 1871
TCGGCGCAAAAATTAATGTTAAAATGTAAGATAAGAGAGAATTCATAGAAAGCACAATTT 2097
TCGGGGCAAAAATTAATGTTAAAATGTAAGATAACAGAGAATTCATAGAAAGCACAATTT 1638
TCGGGGCAAAAATTAATGTTAAAATGTAAGATAAGGAGAATTCATAGAAAGCACAATTT 1946

Harada-1814
TAAGATAATCTCCTTAACATTTATAAAAAATATGA CTACTCAGTGTGACGTGTCATTCCT 1931
TAAGATAATCTCCTTAACATTTATAAAAAATATGA CTACTCAGTGTGACGTGTCATTCCT 2157
TAAGATAATCTCCTTAACATTTATAAAAAATATGA CTACTCAGTGTGACGTGTCATTCCT 1698
TAAGATAATCTCCTTAACATTTATAAAAAATATGA CTACTCAGTGTGACGTGTCATTCCT 2006

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TTGTTAGACAAATAATTTCTATATATTTAAATTTA TATTATTACTTTTTTGCTATATATA 1991
TTGTTAGACAAATAATTTCTATATATTTAAATTTA TATTATTACTTTTTTGCTATATATA 2217
TTGTTAGACAAATAATTTCTATATATTTAAATTTA TATTATTACTTTTTTGCTATATATA 1758
TTGTTAGACAAATAATTTCTATATATTTAAATTTA TATTATTACTTTTTTGCTATATATA 2066

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GACCCCTCCAGTCCAACAACATCCAATATCCCACTCAAACTTGTAATCCAAAACCAAAA 2051
GACCCCTCCAGTCCAACAACATCCAATATCCCACTCAAACTTGTAATCCAAAACCAAAA 2277
GACCCCTCCAGTCCAACAACATCCAATATCCCACTCAAACTTGTAATCCAAAACCAAAA 1818
GACCCCTCCAGTCCAACAACATCCAATATCCCACTCAAACTTGTAATCCAAAACCAAAA 2126

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

CCTCAAACTCTCTCTCTATTGCTTTCTCTTCCTTT CCACACTTCTTTCTTACAGCTTGTA 2111
CCTCAAACTCTCTCTCTATTGCTTTCTCTTCCTTTCCACACTTCTTTCTTACAGCTTGTA 2337
CCTCAAACTCTCTCTCTATTGCTTTCTCTTCCTTT CCACACTTCTTTCTTACAGCTTGTA 1878
CCTCAAACTCTCTCTCTATTGCTTTCTCTTCCTTTCCACACTTCTTTCTTACAGCTTGTA 2186

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TCCATACAGTAGAAAATTAACCAAA ATGCGCATGTTATCCAGAAACGCTACGTTCAACTC 2171
TCCATACAGTAGAAAATTAACCAAA ATGCGCATGTTATCCAGAAACGCTACGTTCAACTC 2397
TCCATACACAAGAAAATTAACCAAA ATGCGCATGTTATCCAGAAACGCTACGTTCAACTC 1938
TCCATACAGTAGAAAATTAACCAAA ATGCGCATGTTATCCAGAAACGCTACGTTCAACTC 2246

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TCACGGCCAAGACTCCTCCTACTTCTTAGGTTGGRAGAGTATGAGAAGAACCCCTACCA 2231
TCACGGCCAAGACTCCTCCTACTTCTTAGGTTGGERAGAGTATGAGAAGAACCCCTACCA 2457
TCACGGCCAAGACTCCTCCTACTTCTTAGGTTGGBAGAGTATGAGAAGAACCCCTACCA 1998
TCACGGCCAAGACTCCTCCTACTTCTTAGGTTGGEAGAGTATGAGAAGAACCCCTACCA 2306

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TGAGGTCCACAACACAAACGGGATTATTCAGATGGTCTAGCAGAAAATCAGGTAATTAA 2291
TGAGGTCCACAACACAAACGGGATTATTCAGATGETICTAGCAGAAAATCAGGTAATTAA 2517
TGAGGTCCACAACACAAACGGGATTATTCAGATGGTCTAGCAGAAAATCAGGTAATTAA 2058
TGAGGTCCACAACACAAACGGGATTATTCAGATGETCTAGCAGAAAATCAGGTAATTAA 2366

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

Harada 2237
TTATTATAATTTACGAGCTTAATTTTTTATTACTA CCATGCATATATGTTACCATATGTA 2351
TTATTATAATTTACGAGCTTAATTTTTTATTACTA CCATGCATATATGTTACCATATGTA 2577
TTATTATAATTTACGAGCTTAATTTTTTATTACTA CCATGCATATATGTTACCATATGTA 2118
TTATTATAATTTACGAGCTTAATTTTTTATTACTA CCATGCATATATGTTACCATATGTA 2426

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GTTATATTTAGTATATAAACTTTGTGCCCGTTTCAATATTTTTTTTTTCTAGCTCTGTTT 2411
GTTATATTTAGTATATAAACTTTGTGCCCGTTTCAATATTTTTTTTTTCTAGCTCTGTTT 2637
GTTATATTTAGTATATAAACTTTGTGCGCGTTTCAATATTTTTTTTTTCTAGCTCTGTTT 2178
GTTATATTTAGTATATAAACTTTGTGCGCGTTTCAATATTTTTTTTTTCTAGCTCTGTTT 2486

BAC96N17
MDACS1-2

TGATCTTCTCGAGTCATGGCTGGCTAAGAATCCAGAGCAGCTGCATTTAAAAAAAATGG 2471
TGATCTTCTCGAGTCATGGCTGGCTAAGAATCCABAGCAGCTGCATTTAAAAAAAATGG 2697
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BAC22F23
MDACS1-1

TGATCTTCTCGAGTCATGGCTGGCTAAGAATCCABAGCAGCTGCATTTAAAAAAAATGG 2238
TGATCTTCTCGAGTCATGGCTGGCTAAGAATCCAGBAGCAGCTGCATTTAAAAAAAATGG 2546

BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

AGAATCCATATTTGCAGAGCTTGCTCTCTTCCAAGTTATCATGGCCTTCCCGCGTTCAA 2531
AGAATCCATATTTGCAGAGCTTGCTCTCTTCCAABTTATCATGGCCTTCCCGCGTTCAA 2757
AGAATCCATATTTGCAGAGCTTGCTCTCTTCCAARTTATCATGGCCTTCCCGCGTTCAA 2298
AGAATCCATATTTGCAGAGCTTGCTCTCTTCCAABTTATCATGGCCTTCCCGCGTTCAA 2606

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

AAAGGTAAACTTATAAATTATAATAATTTATAGTA TAAGCTCACTTTTCGTTAATGCAAT 2591
AAAGGTAAACTTATAAATTATAATAATTTATAGTA TAAGCTCACTTTTCGTTAATGCAAT 2817
AAAGGTAAACTTATAAATTATAATAATTTATAGTA TAAGCTCACTTTTCGTTAATGCAAT 2358
AAAGGTAAACTTATAAATTATAATAATTTATAGTA TAAGCTCACTTTTCGTTAATGCAAT 2666

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TAAAAGCTACTACTAGAACAAGTCTTCTAGCCAGTGCATGTCTAACTCAGCTTTTGATT 2651

TAAAAGCTACTACTAGAACAAGTCTTCTAGCCAGTGCATGTCTAACTCAGCTTTTGATT 2877

TAAAAGCTACTACTAGAACAAGTCTTCTAGCCGGTGCATGTCTAACTCAGCTTTTGATT 2418

TAAAAGCTACTACTAGAACAAGTCTTCTAGCCGGTGCATGTCTAACTCAGCTTTTGATT 2726
*k

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

ATTTTTTTCTTACAGGCAATGGTAGATTTCATGGOGGAAATCCGAGGGAACAAAGTGACC 2711
ATTTTTTTCTTACAGGCAATGGTAGATTTCATGGGGGAAATCCGAGGGAACAAAGTGACC 2937
ATTTTTTTCTTACAGGCAATGGTAGATTTCATGGCGGAAATCCGAGGGAACAAAGTGACC 2478
ATTTTTTTCTTACAGGCAATGGTAGATTTCATGGGGGAAATCCGAGGGAACAAAGTGACC 2786

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

Harada 2618
TTTGATCCCAACCACTTAGTGCTCACCGCCGGTGEACTTCAGCGAATGAGACCTTTATC 2771
TTTGATCCCAACCACTTAGTGCTCACCGCCGGTGKACTTCAGCGAATGAGACCTTTATC 2997
TTTGATCCCAACCACTTAGTGCTCACCGCCGGTGRACTTCAGCGAATGAGACCTTTATT 2538
TTTGATCCCAACCACTTAGTGCTCACCGCCGGTGXACTTCAGCGAATGAGACCTTTATT 2846

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TTCTGCCTTGCTGACCCCGGCGAAGCCGTTCTTAICCTACCCCATACTACCCAGGGTAC 2831
TTCTGCCTTGCTGACCCCGGCGAAGCCGTTCTTATCCTACCCCATACTACCCAGGGTAC 3057
TTCTGCCTTGCTGACCCCGGCGAAGCCGTTCTTATCCTACCCCATACTACCCAGGGTAC 2598
TTCTGCCTTGCTGACCCCGGCGAAGCCGTTCTTAICCTACCCCATACTACCCAGGGTAC 2906

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GTATATTAACCTTCACTTCATTTTTTTTTCTTTGT TTTTAACAAACAATTTGAACTGTAA 2891
GTATATTAACCTTCACTTCATTTTTTTTTCTTTGT TTTTAACAAACAATTTGAACTGTAA 3117
GTATATTAACCTTCACTTCATTTTTTTTTCTTTGT TTTTAACAAACAATTTGAACTGTAA 2658
GTATATTAACCTTCACTTCATTTTTTTTTCTTTGT TTTTAACAAACAATTTGAACTGTAA 2966

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GACCTACTTTCTTAGTATTCTGACGTGGGGCATGACTCCATTTCGGGATAAGAAATAAC 2951
GACCTACTTTCTTAGTATTCTGACGTGGGGCATGACTCCATTTCGGGATAAGAAATAAC 3177
GACCTACTTTCTTAGTATTCTGACGTGGGGCATGACTCCATTTCGGGATAAGAAATAAC 2718
GACCTACTTTCTTAGTATTCTGACGTGGGGCATGACTCCATTTCGGGATAAGAAATAAC 3026

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TAAACACTAATTTCATCCCTAATAGCCGAGTATTTTCTTACGTGTCTTACAGATTTGATA 3011
TAAACACTAATTTCATCCCTAATAGCCGAGTATTTTCTTACGTGTCTTACAGATTTGATA 3237
TAAACACTAATTTCATCCCTAATAGCCGAGTATTTTCTTACGTGTCTTACAGATTTGATA 2778
TAAACACTAATTTCATCCCTAATAGCCGAGTATTTTCTTACGTGTCTTACAGATTTGATA 3086

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GAGACCTTAAGTGGCGAACTGGAGTCGAGATTGTXCATTCACTGCACAAGCTCCAATG 3071
GAGACCTTAAGTGGCGAACTGGAGTCGAGATTGTECATTCACTGCACAAGCTCCAATG 3297
GAGACCTTAAGTGGCGAACTGGAGTCGAGATTGTRCCATTCACTGCACAAGCTCCAATG 2838
GAGACCTTAAGTGGCGAACTGGAGTCGAGATTGTECATTCACTGCACAAGCTCCAATG 3146

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

GCTTCCAAATTACTGAAACCGCTCTGGAAGAAGCTACCAAGAAGCCGAAAAACGCAATC 3131
GCTTCCAAATTACTGAAACCGCTCTGGAAGAAGCIACCAAGAAGCCGAAAAACGCAATC 3357
GCTTCCAAATTACTGAAACCGCTCTGGAAGAAGCTACCAAGAAGCCGAAAAACGCAATC 2898
GCTTCCAAATTACTGAAACCGCTCTGGAAGAAGCIACCAAGAAGCCGAAAAACGCAATC 3206

BAC96N17

TCAGAGTCAAAGGAGTCTTGGTCACGAACCCATORACCCATTGGGCACCACAATGACCA 3191
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MDACS1-2
BAC22F23
MDACS1-1

TCAGAGTCAAAGGAGTCTTGGTCACGAACCCAT@RACCCATTGGGCACCACAATGACCA 3417
TCAGAGTCAAAGGAGTCTTGGTCACGAACCCATCMACCCATTGGGCACCACAATGACCA 2958
TCAGAGTCAAAGGAGTCTTGGTCACGAACCCATGWCCCATTGGGCACCACAATGACCA 3266

BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

GAAACGAACTCTACCTCCTCCTTTCCTTCGTTGABACAAGGGCATCCACCTCATTAGCG 3251
GAAACGAACTCTACCTCCTCCTTTCCTTCGTTGABACAAGGGCATCCACCTCATTAGCG 3477
GAAACGAACTCTACCTCCTCCTTTCCTTCGTTGAAACAAGGGCATCCACCTCATTAGCG 3018
GAAACGAACTCTACCTCCTCCTTTCCTTCGTTGABACAAGGGCATCCACCTCATTAGCG 3326

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

Harada 3168
ATGAAATTTACTCCGGCACAGCTTTTAGCTCCCCACCTTTATAAGCGTCATGGAAGTTC 3311
ATGAAATTTACTCCGGCACAGCTTTTAGCTCCCCACCTTTATAAGCGTCATGGAAGTTC 3537
ATGAAATTTACTCCGGCACAGCTTTTAGCTCCCCACCTTTATAAGCGTCATGGAAGTTC 3078
ATGAAATTTACTCCGGCACAGCTTTTAGCTCCCCACCTTTATAAGCGTCATGGAAGTTC 3386

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TCAAAGATAGAAACTGTGATGAGAATTCCGAAGTTGGCAGCGAGTTCACGTTGTCTATA 3371
TCAAAGATAGAAACTGTGATGAGAATTCCGAAGTTGGCAGCGAGTTCACGTTGTCTATA 3597
TCAAAGATAGGAACTGTGATGAGAATTCCGAAGTTGGCAGCGAGTTCACGTTGTCTATA 3138
TCAAAGATAGGAACTGTGATGAGAATTCCGAAGTTIGGCAGCGAGTTCACGTTGTCTATA 3446

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

I****

GCCTCTCTAAGGATCTTGGCCTTCCGGGTTTTCGATTGGCGCCATTTACTCCAACGACG 3431
GCCTCTCTAAGGATCTTGGCCTTCCGGGTTTTCAATTGGCGCCATTTACTCCAACGACG 3657
GCCTCTCTAAGGATCTTGGCCTTCCGGGTTTTCGATTGGCGCCATCTACTCCAACGACG 3198
GCCTCTCTAAGGATCTTGGCCTTCCGGGTTTTCGATTGGCGCCATCTACTCCAACGACG 3506

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

*kkkk:

ACATGGTTGTGGCCGCCGCTACAAAAATGTCAAGU TGGTCTTGTTTCTTCTCAAACTC 3491
ACATGGTTGTGGCCGCCGCTACAAAAATGTCAAGUTGGTCTTGTTTCTTCTCAAACTC 3717
ACATGGTTGTGGCCGCCGCTACAAAAATGTCAAGO TGGTCTTGTTTCTTCTCAAACTC 3258
ACATGGTTGTGGCCGCCGCTACAAAAATGTCAAGQUTGGTCTTGTTTCTTCTCAAACTC 3566

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

AGCACCTTCTCTCCGCCATGCTATCCGACAAAAABTCACTAAGAACTACATAGCCGAGA 3551
AGCACCTTCTCTCCGCCATGCTATCCGACAAAAABTCACTAAGAACTACATAGCCGAGA 3777
AGCACCTTCTCTCCGCCATGCTATCCGACAAAAABTCACTAAGAACTACATAGCCGAGA 3318
AGCACCTTCTCTCCGCCATGCTATCCGACAAAAABTCACTAAGAACTACATAGCCGAGA 3626

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

ACCACAAAAGACTCAAACAACGTCAGAAAAAGCTGTCTCCGGCCTTCAGAAATCTGGCA 3611
ACCACAAAAGACTCAAACAACGTCAGAAAAAGCTGTCTCCGGCCTTCAGAAATCTGGCA 3837
ACCACAAAAGACTCAAACAACGTCAGAAAAAGCTGTCTCCGGCCTTCAGAAATCTGGCA 3378
ACCACAAAAGACTCAAACAACGTCAGAAAAAGCTGTCTCCGGCCTTCAGAAATCTGGCA 3686

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TTAGCTGCCTCAACGGCAATGCTGGCTTGTTCTGIGGGTGGATATGAGGCACTTACTTA 3671
TTAGCTGCCTCAACGGCAATGCTGGCTTGTTCTGIGGGTGGATATGAGGCACTTACTTA 3897
TTAGCTGCCTCAACGGCAATGCTGGCTTGTTCTGTGGGTGGATATGAGGCACTTGCTTA 3438
TTAGCTGCCTCAACGGCAATGCTGGCTTGTTCTGIGGGTGGATATGAGGCACTTGCTTA 3746

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

*hkkkhkhkhkhkkkkkkkkk kkkk

GGTCCAACACCTTTGAAGCCGAAATGGAGCTCTGRAAAAGATTGTATACGAAGTTCACC 3731
GGTCCAACACCTTTGAAGCCGAAATGGAGCTCT@BAAAGATTGTATACGAAGTTCACC 3957
GGTCCAACACCTTTGAAGCCGAAATGGAGCTCTGRAAAAGATTGTATACGAAGTTCACC 3498
GGTCCAACACCTTTGAAGCCGAAATGGAGCTCT@BAAAGATTGTATACGAAGTTCACC 3806

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TCAATATATCTCCTGGATCGTCTTGTCATTGCACGAACCTGGTTGGTTCCGTGTCTGCT 3791
TCAATATATCTCCTGGATCGTCTTGTCATTGCACGAACCTGGTTGGTTCCGTGTCTGCT 4017
TCAATATATCTCCTGGATCGTCTTGTCATTGCACGSAACCTGGTTGGTTCCGTGTCTGCT 3558
TCAATATATCTCCTGGATCGTCTTGTCATTGCACGAACCTGGTTGGTTCCGTGTCTGCT 3866

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

TTGCCAACTTGCCCGAGAGAACTCTGGACTTGG@AGCAGAGACTGAAGGCATTTGTGG 3851
TTGCCAACTTGCCCGAGAGAACTCTGGACTTGG@GAGCAGAGACTGAAGGCATTTGTGG 4077
TTGCCAACTTGCCCGAGAGAACTCTGGACTTGGON GCAGAGACTGAAGGCATTTGTGG 3618
TTGCCAACTTGCCCGAGAGAACTCTGGACTTGG@AGCAGAGACTGAAGGCATTTGTGG 3926
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BACO96N17
MDACS1-2
BAC22F23
MDACS1-1

GGGAGTATTACAACGTCCCTGAGGTCAATGGCGBGCCAAAGCAGCCATTTAAGCCACT 3911
GGGAGTATTACAACGTCCCTGAGGTCAATGGCGBGCCAAAGCAGCCATTTAAGCCACT 4137
GGGAGTATTACAACGTCCCTGAGGTCAATGGCGBGCCAAAGCAGCCATTTAAGCCACT 3678
GGGAGTATTACAACGTCCCTGAGGTCAATGGCGBGCCAAAGCAGCCATTTAAGCCACT 3986

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1
*

BAC96N17
MDACS1-2
BAC22F23
MDACS1-1

CGAGAAGACAGTCGCTCACGAAGTGGGTTTCCCGBATCCTTCGATGACCGCAGTCCTA 3971
CGAGAAGACAGTCGCTCACGAAGTGGGTTTCCCGGATCCTTCGATGACCGCAGTCCTA 4197
CAAGAAGACAGTCGCTCACAAAGTGGGTTTCCCGIIATCCTTCGATGACCGCGGTCCTA 3738
CAAGAAGACAGTCGCTCACAAAGTGGGTTTCCC@®FATCCTTCGATGACCGCGGTCCTA 4046

k%

[ | )
TTCCCGGTAGATGA wrmmmememcmmmcmces e 3985

TTCCCGGTAGATGA—mmmemcmmmmmemccs e 3752
TTCCCGGTAGATGAAAGGTAGCCTGGTCTGAGTABGAAACCGCTAAGGAAAATTACAT 4106

*kkkkkkkk
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