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ABSTRACT

Urla had been an important center of viticulturel anne making due to its suitable
ecology for vineyards. It is also known that thare some grape varieties endemic to this
area. However, for various reasons, the viticulinrgrla started to diminish in the beginning
of the twentieth century, almost getting to thenpaf extinction in the mid-century. As the
interest for wines and wine grapes rose in the 499deyards have started to be rebuilt in
this area. However, mostly foreign varieties arevgr in these vineyards; the local cultivars
are non-existent now, except for some small vingy.aRebuilding of vineyards and wineries
would be very valuable for both economic and taieridevelopment of Urla. Detecting and
registering local grape cultivars and producinghkggality chateau wines from these grapes
would create a greater added value.

Five grapevines that might represent different wade grape varieties have been
found in Urla. Although these vines might represhistorical local grape cultivars, they
might also be some examples of grape varietiesafgahlready known. In this study the vines
that were found in Urla were compared to the blg@pe cultivars collected from the Aegean
Region, and to the major Turkish and the world wade grape varieties, using molecular
methods. For the molecular analyses, SSR (Simplee3ee Repeat) markers were utilized
first. 14 grapevine varieties that show close mfesthip to the vines found in Urla were
further analyzed with AFLP (Amplified Fragment Leéhd?olymorphism) markers. UPGMA
graph and genetic similarity coefficient valuedld AFLP analysis indicated that Urla karasi
4 and Urla karasi 5 belong to grapevine accessiensinly different from the analyzed
samples. However, in order to determine whethenairthe vines found in Urla represent
economically valuable novel red wine grape vargtteese should be further propagated and
their wine qualities analysed

Keywords: Vitisvinifera, grapevine, SSR, AFLP



OZET

Izmir, Urla’nin ekolojisinin by yetistiricili gi icin cok elverli olmasi bu y6renin antik
¢aslardan beri 6nemli bir Ggihk ve sarapcilik merkezi olmasini @amigtir. Ayrica yoreye
O0zgin Uzdm cgtlerinin de bulundgu bilinmektedir. Fakat, géli nedenlerden dolay! Urla
yoresindeki bgcilik 20. yuzyilin bsglarinda azalmgy yuzyillin ortalarinda ise kaybolma
noktasina gelmtir. 1990’lardan itibarersarapcilga ve saraplik Gizime artan ilgi nedeniyle
Urla yoresinde yeniden plar kurulmaya bglanmstir. Fakat bu bglarda ¢@unlukla yabanci
tzimlerin yettirildigi, birkagc kucik ba disinda yerli cgitlere fazla yer verilmegi
gorulmektedir. Urla yoresinin tarihini yansitangbdik ve sarapgilgin tekrar canlanmasi, bu
yorenin hem ekonomik hem de turistik acidan sgdilmesi igcin buylik 6nem ganaktadir.
Oyle ki, yerel tarihi Gzim ggtlerinin saptanmasi ve tescil edilmesi ile buigerle tesis
edilecek bglardan kalitelisaraplik Gzim Uretilerek 6zeato saraplarinaglenmesi buyudk bir
katma dger yaratacaktir.

Urla’da farkh kirmizi saraplik Gzim cgtlerini temsil edebilecg@ dustnilen be
asmaya rastlangtir. Bu asmalar, tarihi géleri temsil edebilecekleri gibi, hali hazirda
bilinen Gzum cgtlerinin 6rnekleri de olabilir. Cagma kapsaminda, Urla’da bulunan asmalar
Ege Bolgesi siyah tzum g#eri, belli bagh kirmizi saraphk Turk ve Avrupa Uzumleriyle
karsilastiriimistir.  Molekiler kasilastirmada 0Once SSR (Simple Sequence Repeat)
markdrlerinden yararlanilgtir. SSR analizlerinde Urla’da bulunan asmalarairyakdusu
gorilen 14 Gzum ¢éi AFLP (Amplified Fragment Length Polymorphism)ankérleri ile
daha detayli incelengtir. AFLP analizi sonucunda elde edilen UPGMA gtafre genetic
benzerlik katsayilari Urla karasi 4 ve Urla karaism incelenen 6rneklerden farkl olgunu
gOstermektedir. Bununla beraber, Urla’da bulunamedarin ekonomik dger tglyan yeni
kirmizi saraphk Gzam c¢gtlerinin 6rnekleri olup olmadiklarinin andmasi igin bu cgtlerin
cogaltilarak elde edilecek Gzimlergaraba glenerek kalitelerinin agurilmasi gerekmektedir.

Anahtar kelimeler: Vitisvinifera, asma, SSR, AFLP
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1 INTRODUCTION

Grape is one of the Old World (Europe, Asia, Afrigad the surrounding islands)
fruits domesticated in the land of Turkey accordim@rchaeological findings. It is the second
most cultivated temperate crop in the world aftiareo The importance of this fruit does not
only arise due to wine production, but also promuncof raisin (a dried grape), juice, table
fruit, and jam jelly. Despite being one of the gragultivation (viticulture) starting centers,
Turkey has insufficiently evaluated this vulnerabigt in the past times as a result of wars

and ignorance.

Grape cultivation followed the trade routes andratign of ancient tribes over the
2000 years, so its distribution extends over aelagyea. Currently, over 6000 varieties are
documented, including wine, table and raisin typdewever, problem arises while the
cultivar names are taken into consideration. Pocuthentation of new grape cultivar results
in the presence of variants within cultivars (clenethe substitution of local or regional
names for the original cultivars names, and traargtiion.In addition to these, synonymies
(the existence of multiple systematic names tolléle same organism) of the numerous
cultivars arose as it possesses wide distributi@hl@ng cultivation history.

Ampelography is the traditional methods of distisging the identity and
relationships amongy. vinifera (the most widely cultivated grape) cultivars basedthe
plant’s vegetative and reproductive traits. Howeteis method does not suitable for closely
related cultivars, because genotype-environmeatactions affect the results.

Apart from the traditional ampelographic methoadhemical and molecular markers
are also being used to characterize and classdpeggermplasm collections. Among the
molecular markers, the microsatellites are the evarlof choice for population genetic
analysis due to their multiallelic, abundant, hyglplolymorphic, and co-dominant nature.



Tandemly repeated simple sequence motifs that itoatdigh variation in repeat number
between individuals are the characteristic of therosatellites (Simple Sequence Repeats -
SSRs). High level of polymorphism of SSRs makesmthidispensable markers for
organisms where little information could be exteatcfrom other marker types. Applications
of microsatellite markers comprises of parentagértg, individual or cultivar identification,

pedigree reconstruction and studies of populatinrctire.

Up to nowVitis SSR primers have been developed by three groupmsnds and Scott
[29], Bowerset al.[43], Sefcet al.[45], which are mainly exhibit role in identifigah and
discrimination of cultivars in order to simplifyeghmanagement of cultivar collections and to
control the trade of plant material. Although thsefwlness of these markers has been
assessed in the vine-growing regions, due to pcesehthe predominant and null alleles for
certain alleles in some populations, the datagifan marker differ among the cultivars from

different regions.

Amplified fragment length polymorphism (AFLP) is ather marker system for
genetic studies, because this molecular markeresyss not affected by environmental
factors such as SSR. By the help of AFLP analyhis,whole genome can be scanwesl
large number of markers. In plants, production @frenthan 150 loci — specific bands
PCR technology provides genetic distance data letwwamples that can be very informative
for genetic diversity, phylogeny, and the geogragirigins of genotypes and gene pools of

plants.

Data, gained by molecular markers such as SSR &id®Aare combined with a
computer program to obtain genetic diversity relaghip among plant genotypes. Cluster
analysis is a common exploratory classificationlmodtemployed in most diversity analyses.
It is particularly useful in discovering naturalogipings among entries or items without
assumption on the number of groups or group strecfthe groupings are visualized as sub-
clusters and clusters connected by branches andadlesl dendrograms, phenograms or
simply trees. Unweighted Pair Group Method withtiAmetic Mean (UPGMA) the most

straightforward method for tree construction wasdu® visualize the cluster pattern.

Klazomenai (seaport of Urla) was the transitior lmetween Izmir and Chios, and it
was an ancient Greek city of lonia. The ruins of cidicate that olive oil was firstly exported



across the sea. In addition to that, wine produaadibthis region was proudly explained in the
ancient historical books. Although exports of olaieand the wine were observed by the way
of sea in this region, increasing number of migsdram the (ex-Ottoman lands) Greek Island,
Chios at the mid nineteenth century, wars, and rgme resulted in the diminishing of

vineyards.

The objective of this study was to regain the lagralpevine varieties of Urla for red
wine production, which have been vanishing for desaIn order to achieve this, molecular
studies was conducted on the candidate varietieshwiere thought to have historical value.
Comparative genetic analysis between candidatésties and the Aegean zone black and red
wine grape varieties, also most known red wine gragrieties of Turkey and of Europe
resulted with the enough knowledge about whethey #re the original historical local red
wine varieties or not. AFLP and SSR markers weextlus molecular analysis with such a
high number of grapevine varieties for the firgteiin Turkey. One or more cultivars may be
registered in the case of determination of uniqaere themvia AFLP and SSR markers.
Consequently, modern molecular techniques were fasdtle first time in registration of new

cultivars in Turkey.



2 OVERVIEW

2.1 Historical origins of grapevine

Formal agriculture was started ~ 10,000 years aga result of deliberate breeding
and working of human begins with the local enviremi After changing lifestyle from
migratory to sedentary, the first signs of hortictg were also started in the Old World. This
change in the lifestyle, so starting of horticudturobserved several millennia after
establishment of grain agriculture. As a conseqegtite first evidences of the fruit — tree

cultivation appear at Near East in Chalcolithictean (4" millennium BC) [1].

Olive, grape vine, fig and date palm seem to haenlhe first principal fruit crops
domesticated in the Old World, especially in therdoies bordering the Mediterranean Sea.
They emerged as important additives to the cem@adspulses in the Bronze Age after the
establishment of horticulture. The Latin words hsri{garden plant) and cultura (culture)
form the horticulture that requires a sedentamystyle. This can be considered as the main
difference between agriculture and horticulturewc8j although cereals and pulses are annual,
fruit trees are perennial. Thus, after several l®Mftom sowing, grains of those cereals and
pulses can be harvested; whereas, orchards ber 3ru- 8 years after planting. Therefore,
short harvest time of grains permits the move fpate to place while it is not possible with
horticulture [1].

Among these four fruit crops (olive, grapevine,, fa;d date palm) of the Old world,
grapes have contributed significantly to food prduwn in the Mediterranean basin,
providing fresh fruits rich in sugar, easily stdeatried raisins, and juice for fermentation of
wine. The latter became an important trade elenmetfite countries around this area, and also

around the world. By the end of the Tertiary erae tgenusVitis were to be found



widespeared throughout Japan, eastern Asia, nartérida, and Europe; mainly, within the
latitudinal band between 30° and 50° north (Figl)j@]. During its spread throughout this
latitudinal band, discrimination between -cultivatéshativa) and wild type $ilvestris)
grapevine, based on just morphology, became acdliffitask. Therefore, within their
extensive natural distribution, identification diet place or places that people first began to

cultivate vines for the production of wine is extey difficult [2].

Figure 1. Best areas for viticulture lie between the 10°C 288C annual isotherms, equating approximately to
the warm temperate zones between latitudes 303@hdorth and south [2]

Archaeo — botanical, cultural and historical data @mformative to comprehend the
origin of the grapevine. However, these data canbraregarded as conclusive evidence [3].
It is thought that thé/itis vinifera ssp.sativa grapevine has been domesticated in the Near
East region or in the Transcaucasian region (thehson portion of the Caucasus region
between Europe and Asia, extending from the Gre@Barcasus to Turkish and Iranian
borders, between the Black and Caspian Seas) [fjodgh wild grapes grew widely in
Europe and Asia, the original domestication of wgrapes has taken place between the
Caucasus, eastern Turkey, and the Zagros regiogreTiB some evidence supporting this
mostly accepted view, such as the remains of @i#ty grape seeds and evidence for wine
making found in Iran as early as the fourth millemm BC [5, 6]



Although wild grape was one of the food sourcesPafaeolithic hunter-gatherer
populations in many prehistoric sites across Euf@pedomestication did not occur until the
Neolithic period (c. 8500 — 4000 B.C.) [8]. Aftdret first domestication of the grape, trades
and conquerors (e.g., the Romans) caused graduadspf the grape cultivation all over the
Mediterranean region and Europe [9, 10]. Domestttgrapevine first appeared in the South-
eastern Mediterranean regions, Palestine, Southebanon and Jordan [11]. Afterwards,
during the first half of the 3rd millennium B.C.ouniesticated grapevines appeared in Minor
Asia (Anatolia), Southern Greece, Crete and Cypatishe beginning of the 2nd millennium
B.C., the Southern Balkans were the next counthasshowed up with the domestication of
grapevines [4], whereas their first appearanceomtisern Italy dates back to the second half
of the 2nd millennium B.C. The second part of the& millennium was the date for

domestication of grapevine in the Northern Italguthern France, Spain and Portugal [4].
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Figure 2. Movement of the grapevines at the ancient time [2]



During its journey from Caucasian region to the Kkeydanean and Europe, Turkey
especially Anatolia represents the unique locatMoreover, its surrounding areas might
have served as a secondary center of diversifitaie current grape varieties. Natural
hybridizations, mutations, and artificial selecgoresult in rich grape germplasm in this
region [6, 11, 12].

2.2 Domestication of the wild grapevine

One of the most widely cultivated and economicaityportant fruit crops is the
Eurasian grapeVtis vinifera L.) [7]. It is thought that domestication of theldvpopulations
of Vitis vinifera spp.sylvestris resulted in the cultivated grapevindAt(s vinifera spp.sativa)
[13]. These wild grapevines can be still found mad isolated populations along riverbank

forests from the Atlantic coast of Europe to Tailin and the western Himalayas [7].

The obvious difference between wild type and domatsd grapevine is the mating
system. The wild type grapevin&/ .yinifera ssp. sylvestris) is characterized with having
dioecious mating system resulting in anemophiloaination (whereby pollen is distributed
by wind); whereas domesticated grapeving Yinifera ssp. sativa) possesses a self —
pollination mating system (hermaphrodite; an orgianthat has both male and female sex
organs during its life). This trait, hermaphrodismgs the crucial trait for the ancient farmers
in order to guarantee the fruit production from thbole planted grapevine individual.
Nowadays, whole cultivated grapevines are hermajitero The domestication process
consists of the selection of hermaphrodite genatypeducing both larger and sweeter
berries of attractive colors and the developmeredfiniques for their vegetative propagation

[1].

The bizarre circumstance is the Lambrusco accessisimce they exhibit the
characteristics that observed in both domesticatetiwild grapevine. These accessions are
considered as ancient hypothetical domesticatedstms derived from wild grapevine [13,
15]. Their extreme position in the grapevine dfasgion is under discussion (Table 1).



Table 1. Comparative morphology of wild and domesticatemhbgvine based on Olmo [16].

Type Wild grapevine Domesticated grapevine Lambrusc o0 accessions
Mating Dioecious Hermaphrodite Hermaphrodite
system
Habitat Humis soils Dry habitats Dry habitats
Small and round, in several
Berry shape  Small, round or oblated Large and elongated case irregular; dimension is
very variable
Often branches, slender, bark Thick bark separates in Similar to domesticated
Trunk separated in very long thin wider and more-coherent  grapevine
strips strips
Small, rounded body, high Large, pyriform body, Similar to domesticated
Seeds width/length ratio (>0.70) lower width/length ratio grapevine

(<0.60)

Fruit clusters

Small, globular to conical,
irregular set, berry maturity
variable in cluster

Small, usually deeply three-

Large, elongated, compact
to well-fitted, berry, uniform
in maturity

Large, many entire, or with

Small, conical and irregular
set

Small, usually deeply and

lobed. Petioles short and three-lobed

slender, dull aspects

Leaves shallow sinuses, petiole

thick, glabrous to drowny

Dioeciousness (functionally equivalent structuresusring on different individuals)
and outbreeding are the two main characteristicshef wild type grapevine plants that
enhance the heterozygosity. This high number daérbefgosity, in fact, has a vital role for
the plants, since it prevents the presence of ¢let@tious recessive traits in the plant genome
[16]. Therefore, during the domestication procsséection of the highly heterozygous plants
is inevitable for agronomically important genotypétowever, selfing of these genotypes
results in decreasing the heterozygosity that léadsibstantial inbreeding depression within
the offspring.



2.3 Genetic variation in the Anatolian grapevine

Anatolia, or Latin name of Asia Minor, has a dier®pography and climate that
encourage a huge diversity of plant and animal canines. It is believed that together with
Transcaucasia, they are likely homelands of vitioel and the earliest ‘wine culture’ [1, 6, 12,
13]. Today, wild grapevine is not only grape plahie this region, but also hundreds of grape
cultivars are grown for wine and table grapes. Base the recent archaeological and
chemical evidence, the upland region of the Tallmintains in Eastern Anatolia, the
Caucasus Mountains (including Transcaucasia) aaednhtnithern Zagros Mountains of Iran
can be described as the starting region of winéuil[6]. Recent chemical analyses of
Neolithic pottery from Georgia (Shulaveris-Gorayldfastern Anatolia (Cayonu) confirm that
the same beverage was being produced over a breadoé& the mountainous Near East.
Moreover, it was dating back to the earfyr@illennium BC.

As Anatolia is considered as the cradles of vitio@, it is not so surprising that, more
than 1000 grape accessions exist in the Nationah@lasm Repository Vineyard at Tekigla
Viticulture Research Institute in Thrace, Turkey,[18]. Most of them can be considered as
indigenous to Anatolia, The white ‘Sultani Cekirdek (‘Sultanina’ or'Thompson Seedless’,
especially for table grape production), ‘Emir’, ‘Niace’ and ‘Misket’ and the red ‘Oklizg6zi’
and ‘Basazkere’ are the most striking and important ind@en varieties. The genetic
relationships among and between these gene poglapé cultivars were investigated in this
research by DNA profiling.

2.4 Cultivar Identification

Old practice of growing seedlings, which was natigast by chance not by the
breeding activity, resulted in a great genetic dhitg in the grape cultivars. According to
Alleweldt, more than 14.000 putative cultivars #ne evidence of this breeding habit [19].
Moreover, migration and trades are the main reasbtise dispersion of the grape cultivars
or populations from place to place. As a conseqaefitchese, high number of synonyms (the
existence of multiple systematic names to label same organism), and ambiguities in
cultivar identification are observed and they reguai reliable method to be solved.



When the crop improvement is taken into considematicharacterization and
identification of varieties, cultivars, sports, ackdnes become an important issue [20, 21].
Moreover, the importance of the identification aconformity analysis of the different
vegetatively propagated lines is coming from theneenical value of this fruit, in the
viticulture industry. One of the more interestingpacations of reliable identification tools is
for the characterization and discrimination of @ensince it is an important aspect in the
production of high quality wines. In particular, optems are observed around the
identification of young plants during the procegsnaltiplication and international exchanges.
The protection of varietal names also causes atedigdween wine growers and nurseries as

well as the concerns of breeders [22].

The grapevine is a vegetatively propagated plaat ffossesses more than 6000
varieties according to ampelographic studies [1#]. grapevine, ampelography and
ampelometry have been the main and traditionaypetdentification methods used for these
purposes. They are based on the possession afydartchemical profiles, e.g. phenolics and
terpenics, and on protein electrophoretic profdéshe samples [23]. Therefore, they are not
genetics markers, and hence, several false atomsuthave been made. In addition,
morphological characters are instable, and alsp ¢he not be used in the juvenile stages or
in the isolated parts as a result of clonal andirenmental variability [22]. Thus, the
requirements of the more rapid and reliable appro@c these problems underlines the
necessity of tools by which the genetic differenaethe clonal level can be observed.

Polymerase chain reaction (PCR) — based on DNA enddchnologies such as simple
sequence repeats (SSRs) or microsatellites, andifiashpfragment length polymorphism
(AFLP) is now available for many crop species, udahg barley [24], citrus [25], carrot [26],
and grapevine [27, 28]. A range of molecular maskbas been suitable for cultivar
identification of grapevine [29, 30]. In 1992, Thasnand Scott firstly revealed the
applicability of microsatellite DNA in the grapeliguars for genomic studies [29]. Moreover,
SSRs provide considerable resolving power for ateuwariety labeling [31, 32, 33],
pedigree reconstruction [33, 34] and genetic resianalysis [35]. SSRs have also been
used to differentiate closely related cultivars afgb it is suitable for fingerprinting [9, 36].
However, since the analysis of AFLPs offers thespml#y to screen a larger number of
anonymous loci than any other tool available as time, it permits the identification of
closely related individuals.
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Apart from these markers, isozymes [37] and rdsginc fragment length
polymorphisms (RFLPs) [30], as well as random afiegli polymorphic DNAs (RAPDSs)
have been widely used for identifying grapevine iatés until the understanding of
usefulness of SSR and AFLP markers become dominant.

2.5 Ampelography

Ampelography can be defined as the field of botamrycerned with the identification
and classification of grapevinédtis spp. Morphological characters of leaves, and stipst
fruit clusters, and berries are mainly analyzed emwohpared according to this identification
method [38]. It was firstly emerged in order toadisiinate the grapevines suitable for wine-
making. Moreover, especially in the M &entury, disease and pest resistant grapevines
discriminatedvia ampelography were the choice of planting, becawseulture had a
phylloxera (pest) problem that affects the plargegpevines severely in these days. However,
this method has some drawbacks. First of all, nunolbeexperts on ampelography is very
restricted. Secondly, environmental factors, irdlal plant biology, and life history have an
influence on the expression of morphological chi@rsc Moreover, morphological traits of
plants can be analyzed after 4 or 5 years. It ipngsible to look for these traits in juvenile
plants [38]. Also, visual comparison of the morggtal traits of some genetically related
cultivars is almost impossible as they have venyilar traits [39]. On the other hand, DNA
based classification methods eliminate these drek#a
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2.6 Simple Sequence Repeats (SSRs) or Microsatelit

SSR, also called microsatellite and minisatellise,a DNA region containing a
relatively short base pair motif that is repeatedandem, and motif of SSR can be described
as a particular sequence of DNA basepairs (e.g. AHL..). Thus, SSR contains two
distinct mononucleotide motifs (A/T and C/G), sisstthct dinucleotide motifs, and ten
distinct trinucleotide motifs. Delsergy al. (1983) [40] showed the presence of SSR motifs in
plant nuclear genome. Then, it is shown gradudlat SSRs are abundant across genomes
and reveal high level of polymorphism. It is estietathat 1&to 1¢ microsatellite loci are
widespread randomly throughout the genome of ewkasy This ratio provides a valuable
polymorphic source in eukaryotes as genetic markeneir distribution in genome is not
random across coding and noncoding regions. To bee nspecific, mono-, di-, and
tetranucleotide motifs were located in noncodingiae across 54 plant species. However,
triplet motifs are more common within coding regidvioreover, frequency of motifs is
variable between species; for example, although)(AG the most common dinucleotide
repeat in human beings, (AT)is the most common dinucleotide repeatAirabidopsis
thaliana [41].

After development of the PCR, the usefulness arallality of these markers on
targeting specific loci became more convenient tbhamg molecular probega classical
hybridization methods. PCR amplified microsatellibarkers comprise advantages by being
locus specific and highly polymorphic. High-resaut electrophoresis enables the
determination of allele size. The markers posses-dominant feature, so it is possible to
discriminate homozygotes and heterozygotes. Howekieridentification and establishment
of microsatellite markers in an organism have sodigadvantages. It requires the
construction and screening of genomic librariesl also the design and optimization of the
PCR primers. On the other hand, once the micrdsatptimers are optimized, they can be
used across closely — related species of the semesgThis is the case for thieis species
[41].
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2.6.1 Identification of cultivars of Vitisvia SSR markers

In 1993, applicability of the repetitive DNA for edtifying grapevine cultivars was
firstly shown by Thomast al [31]. This study also revealed that microsateBigguences are
abundant in grapevine and very informative for tdgimg V. vinifera cultivars. In the same
year, Thomas and Scott [29] demonstrated by pesglignalysis that the microsatellite alleles
had a co-dominant Mendelian inheritance. Moreotheir suitability for genetic analysis and
investigation of genetic relatedness were confirf#s]. Afterwards, SSR is used for wide
range of applications ranging from cultivar ideicttion to pedigree construction and
genome mapping. Other groups around the world @éds@loped additional markers, and all
published markers are available in the Greeis database.

Principle of SSR

Alleles

dinucleotide repeat

#1 —F  CACACACACACACACACACACA

CcCaCACACACACACACALC

Genotypes

» Forward primer

- Reverse primer !
—— Flanking sequance U S 39 UL M3 20

Figure 3. Representative diagram of a principle of SSR: Presseand absence of an allele affects the
genotyping of a dinucleotide SSR locus. If the widlial only possesses the allele 1 or allele 2lletea3, it
results in an expected band pattern. Whereas ihitividual possess the combination of these tetes, such

as allele 1 and allele 2, expected band pattetinesk two alleles is observed at the same time.
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GENRES#081 was a European Union research projatatimed to develop reference
microsatellite profiles for true-to-type identifit@n of grapevine accessions. In this project,
ten European laboratories worked with six micrdbegeprimer pairs to comprehend the
reproducibility of different methods and to startize the allele scoring by defining reference
alleles [38]. VVS2 [31], VVMD5, VVMD?7 [43], VVMD27[44], VrZAG62, and VIZAG79
[45] were set as markers of choice as a consequanides project. It is demonstrated that
these six microsatellite markers are convenientgi@pevine cultivar characterization as a
result of their high degree of allelic polymorphismd high discrimination power. Therefore,

six microsatellite markers are known as a standara@f microsatellite markers.

As a consequence of GENRES#081 and other resegrahatel to this project, VVS2,
VVMD5, VVMD7, VVMD27, VrZAG62, and VrZAG79 were uskin this study.

2.7 Amplified Fragment Length Polymorphism (AFLP)

AFLP was firstly described as a new technique f&fADfingerprinting in 1995 by
Keygene NV, Wageningen, and The Netherlands [46L.FAanalysis is used frequently for
characterization of cultivars, parentage analysientification of clones, establishing the
genetic relationship and molecular mapping [47,. 48based on the selective restriction
fragment amplification techniques, which resultsihighly informative pattern of 40 to 200
bands. AFLP analysis has a polymorphic bandingepatiue to

I. Mutations in the restriction sites,
[I. Mutations in the sequences adjacent to the rastmisites and complementary
to the selective primer extensions,

[ll. Insertions or deletions within the amplified fragrtee

Although SSR and AFLP are the two useful classemalecular markers, they are
different in their nature. SSR shows a co — dontinaheritance and high reproducibility,
whereas AFLP is preferred for its multiplex natarel is found useful for the identification of

clonal variation in grape [48].
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AFLP analysis has a various applications in plaotecular genetics;

e Phylogeny and diversity: As many as 150 loci — specific bands productioa
multilocus PCR technology provides different AFL&terns. It is informative about
genetic diversity, phylogeny, and the geographigias of genotypes and gene pools
of plants.

e Breeding: Since AFLP markers are widespread throughout thelevbhromosomes
and inherited in a Mendelian way, this technologs Hour major applications in
marker — assisted breeding.

e Variety identification: Production of F1 hybrids is valuable because thegsess
superior agronomic performance than their pardmatozygous lines. Nevertheless,
self — pollination in the female line and pollerorft other male lines result in a
contaminating variety. AFLP analysis allows thecdimination of these varieties.

e Germplasm management

¢ Indirect selection of agronomically important praps (traits)

e Backcross breeding [49]

For AFLP analysis, small amount of DNA is digesteith two restriction enzymes;
one rare cutting (lik&coRI) and one frequent cutting (likdsel). Then, ligation of adapters
prevents the rejoining of restricted fragments, alst allows both pre-selective and selective
amplification of the restricted fragments. Pre-stde PCR primers are designed according to
the EcoRI andMsel adapters and it contains extra one nucleotidd (delective nucleotide)
in order to provide the first selection. Afterwarasthe selective PCR part, the fragments are
256-fold reducedvia the increasing number of selective nucleotide heed. Finally,
visualization of the fragments can be achieved ldyef Staining, autoradiography, or

automated laser fluorescence sequencers.
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2.8 Grape in Turkey

Horticultural Paradise, Turkey is one of the Mexddaean countries that has suitable
ecological conditions for most of the fruit specidsis considered to be an important
germplasm source for lots of fruit. Cultivation tife more than thirty different fruit tree
species from Temperates to Citrus and the othetrapibals observed for centuries.
Moreover, these high number of varieties of framsl nuts are indigenous to this area, such as
apple, pear, quince, cherry — sour cherry, plurapgr hazelnut, pistachio, almond, walnut,
olive and chestnut fig. Turkey devotes an approtahyal.8 million hectares to the planting
of fruits/olives and 0.7 million ha to the plantio§ nuts. The total annual fruit production of
Turkey is around 15 million tons (including grapgs].

The most important fruit crops in tonnage terms grapes, apples, oranges, peaches,
peaches — nectarines, apricots, mandarins, lenimss,plums and cherries (in decreasing
order of importance). From these fruits, grapewwas harvested 3,667,000 tons in 1998 in

the world, and Turkey supplied 6.3 percentage etdtial world production [50].

2.8.1 Viticulture

Viticulture has been an important horticulturalgiree for centuries in Turkey, which
has a quite riclVitis germplasm. Currently, it has about 400 local t&s and 50 of these
varieties are economically important. Total vineyarea of Turkey is 549,000 ha. The three
main regions are Aegean, Mediterranean and Cehtatblia [50].

Only 2 — 3 percent of 3.67 million tons of freskage production is being processed
for wine making. Among the native wine grapes, Emiarince, Kalecikkarasi, Okiizgozu,
Bogazkere, Calkarasi, Papazkarasi and Adakarasi;caadyri cultivars, Semillon, Riesling,

Cabernet Sauvignon and Gamay are being used forguiglity wine production [50].
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Table 2. A list showing percentages of fresh grape consgmiays [50].

Grape Molasses Production (Includin86.9%
Vinegar)

Table Grape 26.7%
Seedy Raisin 17.5%
Seedless Raisin 16.3%
Wine Production 2.6%
Total 100%

2.9 Urla (Clazomenae, Greek: Klazomenai)

Urla is a district ofzmir Province, the third largest city of Turkeythalocated at the
western coast of Anatolia. It is situated on thadrto Ceme fromizmir and holds typically
Aegean characteristics. It used to be an impodalttiral centre in antiquity. It was originally
the site of the lonian city of Klazomenai, with pedly the most ancient regularly used port
in the world [51].

According to the oldest ruins documented in Urlantvback to the 8000 BC, the
Neolithic period, and the importance of this citsvcoming from its harbor, where both
exporting and importing of goods were possible. &ahieque Clazomenai was famous with its

olive oil and wine exported to various Mediterramead Black sea cities.

Figure 4. Map of Urla region
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As Urla peninsula is located on the transition lihat connect$zmir and Chios, it is
obvious to expect Urla region to become a part ashmercial network. However, at the
beginning of the sixteenth century, §Ge harbor became the most important commercial link
among Europe. Therefore, the commercial routes mpritom Western Anatolia passed by
Urla and ended up in @me. This route resulted in an increase in populaggriculture, and
commerce of these two cities. In 1566, non — MuslimUrla was 1500, whereas Muslims
was 3500. Nevertheless, after this date, Urla wafeped by the migrants form Chios Island,
who were looking for better living conditions. Thére, at the mid-nineteenth century,
Greeks made up the majority of the population.him late nineteenth and first quarter of the
twentieth centuries, Urla was exporting raising&toopevia its harbor. However, afterwards,
grape production diminished with the migration ofe€k population from Urla in early
Republican years. As a consequence, Urla harbbitsosconomic importance, and became a

holiday village [52].
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3 MATERIALS AND METHODS

3.1 Materials

3.1.1 Plant material

Grapevine accessions from both Turkey and abroa@ wsed in the experiments. All
plant materials were kindly provided by the Natio@ermplasm Repository Vineyard at
Tekirdgg Viticulture Research Institute in Thrace, Turkéy.addition, five grapevines that
might represent different red wine grape varietiese collected from Urla. ~100 mg leaf
sample of each grapevine accessions was weightedtared at -80°C until DNA isolation

was done. Grapevine accessions are listed in Appénd

3.1.2 Chemicals

3.1.2.1 Enzymes and Buffers

Proteinase K (20 mg/ml) — Applichem

RNase A (100 mg/ml) — Qiagen

GeneJET Fast PCR Master Mix (2X) — Fermentas
Recombinanfaq DNA Polymerase (1 yll) — Fermentas
PCR Buffer (10X) — Fermentas

MgCl; (25 mM)- Fermentas

dNTP Mix — Fermentas

3.1.2.2 CHEMICALS AND SOLUTIONS
e CTAB Lysis Solution

e CTAB Precipitation Solution
¢ NaCl Solution
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3.1.2.3 Commercial Kits

¢ DNeasy Plant Mini Kit — Qiagen
¢ |RDye® Fluorescent AFLP Kit for Large Plant GenoAmwalysis — Li- Cor

3.1.3 Equipment

Equipment used in this research are listed in AgpeB.

3.2 Methods

3.2.1 Simple Sequence Repeats
3.2.1.1 Total DNA isolation

Plant materials stored at -80°C were first meclalyicdisruptedvia TissuelLyser
(Retsch). Then, Qiagen DNeasy Plant Mini Kit prolowas followed exactly to isolate the
total DNA from fine powdered leaves of differentassions of grapevine cultivars frozen in

liquid nitrogen.

CTAB DNA isolation procedure developed by Doyle dhlyle (1987) was also used
with the samples that possess a problem duringS®Re — PCR analysis. Especially, this

protocol was applied to grapevine accessions delieitom Urla.

3.2.1.2 Spectrophotometric Measurement and Dilutioof DNA Samples

Nanodrop Spectrophotometer and/or agarose geltrepdworesis were used to
determine the concentration and purity of the DN&lnples. The purity of samples were
evaluated via Nanodrop calculation of 230/260 ratio for polydsamde and salt
contamination, and of 260/280 ratio for protein teomination. Pure DNA must be
approximately 1.8-2.2 for the former ratio, andnitist be around 1.8 for the latter one. All
DNA samples were diluted to a final concentratidd® ngfil optimum DNA concentration
for the SSR — PCR analysis.
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3.2.1.3 SSR PCR

3.2.1.3.1 Primers

The cultivars were genotyped at the following mgaiellite loci: VVS 2 [42], VVMD
5, VWMD 27 and VVMD 27 [43], ssrVIZAG 62, ssrVrZAG9 (Table 3). The markers
investigated here have recently been chosen ageasab for the screening of grapevine
collections in Europe covered by the GENRES#08&aneth project.

Table 3.Standard set of microsatellite markers used ingtudy

Name of the primers Sequence of primers Isnezgsti Tm Agzlr(]egléepbg;)h
VVMD5-F ctagagctacgccaatccaa 20 56 226-246
VVMD5-R tataccaaaaatcatattcctaaa 24
VVMD7-F agagttgcggagaacaggat 20 52 233- 263
VVMD7-R cgaaccttcacacgcttgat 20

VVMD27- F gtaccagatctgaatacatccgtaagt | 27 56 173-194
VVMD27- R acgggtatagagcaaacggtgt 22
VVS2-F cagcccgtaaatgtatccatc 21 (534 129-155
VVS2-R aaattcaaaattctaattcaactgg 25 |52.1
ssIVIZAG62-F ggtgaaatgggcaccgaacacacgc| 25 50 185-203
ssrVrZAG62-R ccatgtctctcctcagcttctcagce 25
ssIVIZAG79-F agattgtggaggagggaacaaaccg| 25 50 236-260
ssr'VrZAG79-R tgcccccattttcaaactcccttee 25
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3.2.1.3.2 PCR Amplification

Extracted grapevine genomic DNAs were PCR-amplifisthg six pair of primers
specific to flanking SSR sequences. PCR reactiare werformed in a 25 volume and the
content of the reaction mixture is summarized e Tlable 4.

Cycling parameters were: one cycle of 95 °C fori; 180 cycles of 95 °C for 50 sec,
50 °C for 45 sec, and 72 °C for 90 sec; final esttanfor 15 min at72 °C.

Table 4. Stock and final concentration of each componemh®fSSR — PCR reaction mixture

final

PCR stock Unit Each MM conc | unit
MQ 14,9 640,7 n.v.t.
PCR buffer 10x 10,0 X 2,5 107,5 1,00 X
MgCI2 25,0 mM 1,6 68,8 1,60 |mM
dNTP 2,5 mM 2,0 86,0 0,20 | mM
PrimerFW 10,0 uM 1,3 53,8 0,50 uM
PrimerRV 10,0 uM 1,3 53,8 0,50 uM
Taq 1,0 U/ul 0,5 21,5 0,02 | U/l
DNA 50,0 ng/ul 1,0 43,0 50 ng
Total 25,0 1075,0
# Sample 43

To the samples that did not give any polymorphiR®&nd pattern, GeneJET Fast PCR
Master Mix (2X) (Fermentas) was applied accordmd &ble 5.

Cycling parameters were: cycle of 95 °C for 1 n3i;cycles of 95 °C for 1 sec, 50 °C
for 25 sec; followed by 10 sec at72 °C.

Table 5. Stock and final concentration of each componeith®fGeneFast SSR — PCR reaction mixture

final

PCR stock Unit each MM conc | unit
MQ 6,0 258,0 n.v.t.
PCR buffer 10x 20,0 X 10,0 430,0 10,00 X
PrimerFW 10,0 uM 1,5 64,5 0,75 uM
PrimerRV 10,0 uM 1,5 64,5 0,75 uM
DNA 50,0 ng/ul 1,0 43,0 50 ng
Total 20,0 860,0
# Sample 43
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3.2.1.4 Agarose gel electrophoresis

PCR products of the reactions were firstly sizstionated by agarose gel
electrophoresis. Gels were prepared at 2% coratenirusing 0.5X TBE buffer. Prepared
gels were run in 0.5X TBE buffer at 100 mV of camtvoltage for 40 minutes. In order to

determine the size, intensity of each band was eoedowith a marker (Fermentas).

3.2.1.5 Polyacrylamide gel electrophoresis (PAGE)

The positive PCR products, obtained form agaradesigctrophoresis, were separated
on denaturing 7 % polyacrylamide / 8 M urea gelslsGvere prepared using 10X TBE buffer
and Acrylamide:Bisacrylamide mix (29:1). Gels were-run in 0.5X TBE buffer at 100 V
for ~ 1 hour. Before loading, samples were dendtdoe 5 min at 95 °C and immediately
immersed in ice. After cleaning the wells by pipe&jtin order to get rid of excess urea, PCR
samples mixed with 6X loading dye (including suefosere loaded into the wells. Gels were
run at ~160 V, approximately for 6 hours. Resulesewisualized using a solution consisting
of Ethidium Bromide and 0,5X TBE buffer.

3.2.2 AFLP

After the SSR — PCR analysis, 14 grapevine acaesslmat exhibit higher similarity
score than 0.5 were compared with the 5 grapewnesaions belong to Urla region and also
with the wild typevia AFLP analysis.

AFLP analysis was performed according to IRDye®oF&scent AFLP Kit for Large
Plant Genome Analysis kit (Li-Cor). As mentionadthhe AFLP procedure, high quality and
enough quantity of DNA are critical points. Accarglito spectrophotometric results of the
templates, although 1 pl of each sample was entughtain 100 ng of genomic DNA, this
amount did not give any polymorphic band as a tesuAFLP analysis. To optimize the
quantity of DNA, 3 pl of each sample and 1:10 dintfactor after pre — selective PCR

analysis were used during the AFLP procedure.
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IRDye® Fluorescent AFLP Kit providesMsel and 8EcoRI primers which result in
the 64 primer combinations (8x8). Among these G#h@r combinations, M-CTC was the
primer of choice for thé/sel forward primer. All 8EcoRI primers were selected as reverse
primer. As a consequence, 8 primer combinationgwsed to discriminate the 20 grapevine

accessions.

3.2.3 Data Analysis

Polymorphic SSR and AFLP bands were scored manaallyresent (1) or absent (0)
across all the genotypes. In using molecular madiéa, amplified fragments are considered
as alleles. Thus, the degree of dis/similarity leettwo genotypes, is a direct description of
allelic variation [53]. Genetic similarity (GS) cdre loosely defined as the proportion of
molecular markers common between the two indivislbeing compared. Computation of GS
is directly translated to comparing the number @t of marker fragments of (apparently)
similar size separated by electrophoresis. Gedeiance (GD) is the complement of GS (i.e.
GD =1 - GS). The choice of the method to translbée marker data to a data matrix for
analysis is critical. In genetic diversity studigse two most common GS coefficient are
Jaccard’s [54] and Nei and Li's [53]. For this studaccard’s coefficient was used as it is

deemed most appropriate when using a dominant mbkkeAFLP.

The MVSP software package version 3.1 [55] was useedalculate Jaccard’s [54]

similarity coefficients among the genotypes asofoh;

Sj = Nj / (N +Nj+ Nj)

where § is the similarity index betweerth andjth genotype; IN is the number of bands
present in both genotypes; i the number of bands presenttimgenotype, but absent it
genotype; and Nis the number of bands presenitim genotype, but absent ith genotype.
Unweighted pair — group method with arithmetic ageng (UPGMA) was used to construct
a dendogram. Also, principal components analysiSA)Pwas also carried out to show
multiple dimensions of the distribution of the ggypes in a scatter plot.
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3.3 Rooting of grapevine cuttings

Hardwood cuttings from each of the 5 Urla grapewaceessions brought to Sabanci
University from Urla region on thé"6of March. The length of the cuttings was approxeha
25-30 cm. Each cutting was gently scratched ab#sal parts, and kept 5 sec in 1 g/1 L IBA
(indole butyric acid). Then, they were planted oh gerlit:torf mixture. Until the first shoot
formation observed, the grape scions were kepgtengrowth room. Finally, they were taken
to greenhouse to adapt to the natural envirometibréetransferred to the National

Germplasm Repository in Tekirgla
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4 RESULTS

In this study, 5 Urla grapevine accessions thathinip represent the local historical
grape varieties were analyzed by SSR and AFLP matkeinvestigate the possible genetic
relationship with the already known grapevine asiogs. Thus, it was aimed to find possible
distinct grapevine accession or accessions fronoiiles provided by the National Germplasm
Repository Vineyard at Tekirdag Viticulture Resdmlstitute.

4.1 SSR

A total of 98 grapevine accessions were analyzel standard set of SSR markers.
Of those, 5 are Urla accessiois Yinifera ssp.sativa), 79 are Aegean accessioNs \inifera
Ssp. sativa), 13 are Europe accessiong. (vinifera ssp. sativa), and one is a wild-type
accession\(. Vinifera ssp.slvestris). Sample number 76 was out of the study. Gel pastof
the investigated six microsatellite loci are listedhe Appendix C.

4.1.1 SSR marker VVMD7

Polymorphic SSR — bands were genotyped manuallprasent (+) or absent (-).
Figure 5a is a representative gel picture of th& &&&rker VVMD7. Polymorphic bands of
VVMD7 were scored according to the presence ofr8lbalemonstrated with red rectangle in
Figure 5b. It is clear that sample 41 consistsrdy one band present in the middle; whereas
sample 42 possesses two bands, one present inddke rand the other in the bottom. Sample
44 is different from sample 41 and 42 that it Hestop and the middle bands. If these three
samples’ band pattern is used to form the MicroBaftel" sheet to analyze these samples’
similarities and differencegsia UPGMA, it would be as shown in the Table 6. Alage
accessions were analyzed according to this schandeTable 7 exhibits the banding pattern
of all samples analyzed with SSR marker VVMD?.
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Figure 5. atop 7% polyacrylamide / 8 M urea gel was used to s#pahe PCR product of the SSR — marker
VVMD7. Red rectangular highlights the genotyped dmrMarker (M) used is GeneRuler DNA Ladder Mix
(Ferments) b.bottom Genotyped bands.

Table 6. Example of a Microsoft ExcBf sheet formed to construct dendogram the dendogiarihe MVSP
software package version 3.1

Sample 41 - + -
Sample 42 + + -
Sample 44 - + +
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Table 7. Genotyped data of all the samples analyzed danegtudy with SSR — marker VVMD?7.

VVMD7
No ID Name of the cultivars top middle bottom
1 646-48 Kizil Uziim - + +
2 Bogazkere + + -
3 492-45 Duman + - +
4 454-45 iri Kara - + -
5 734-03 Algbynek - - -
6 791-64 Aydin Uzimii - - -
7 639-48 Kadin Parmagi + - +
8 Okiizgozii + - -
9 593-48 Alyanak + - -
10 588-20 Calkarasi - + +
11 491-45 Siyah Gemre - - -
12 549-20 Muhammediye (Mor Uziim) + - +
13 786-64 Terzi Nasuf - + -
14 824-35 Efe Piskiili + + -
15 849-35 Eksi Uzim + + +
16 850-35 Kara Uziim - - -
17 592-48 Pembe Cekirdeksiz - + +
18 552-20 Fesliken - + -
19 446-45 Antep Sami - + +
20 693-03 Siyah Parmak - + -
21 784-64 Mor Uziim + - -
22 502-20 Siyah Dimrit - - -
23 536-20 iri Kizil + + -
24 500-20 Yediveren - + +
25 626-06 Kalecik Karasi - + +
26 547-20 Yanal Uziim + + -
27 651-48 Yerli Kara - + +
28 848-35 Zeytin Uzimii - + +
29 539-20 Eksi Kara - - -
30 821-64 Haci Eylp - + +
31 484-45 Cami - + +
32 440-45 Kirmizi Sam + + -
33 779-03 Isparta - - +
34 638-48 istanbul Dimliti - + +
35 538-20 Esek Memesi + + -
36 825-35 Yediveren - + +
37 Papazkarasi - - +
38 589-20 Kinali + + -
39 438-45 Saraplik Uziim - - -
40 696-03 Manda Gozii - + -
41 488-45 Siyah Misket - + -
42 648-48 Katl Kara - + +
43 782-64 Mor Razdagi - + +
44 Adakarasi + + -
45 641-48 Pembe Cavus - - -
46 489-45 Siyah Misket - + -
47 543-20 (534-20) Aslkara - + -
48 594-48 Siyah Dimrit - + -
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No ID Name of the cultivars top middle bottom
49 852-35 Sik Kara - + +
50 647-48 Kara ibrahim - + +
51 597-48 Sofra Karasi - - -
52 495-45 Hasan Uzimii - - -
53 452-45 Nar Uzimu - - -
54 496-45 Pembe Sam + + -
55 546-20 Tavsan Bobregi - + +
56 780-03 Sdébii Dimrit - - -
57 785-64 Sahin Tirnagi - - -
58 599-48 Kayasar (Kayzer) Dimliti - - -
59 643-48 Kara Biizgulu - + -
60 857-09 Foca Karasi - - -
61 823-35 Haci Azman - - -
62 134-11 Kokulu Kara - + -
63 142-17 Foca Karasi - - -
64 498-20 Eski Kara - - -
65 499-20 Hirsiz Calmaz - - -
66 605-48 Aydin Karasi - - -
67 822-35 Gelin Dudagi - + +
68 792-64 Siyah Razaki (Razdag1) - + -
69 556-20 Kinali Tirnak + + -
70 487-45 Haci Hidir - + +
71 485-45 (486-45) Pembe Uzim + + -
72 688-03 Hevenk (Gelin Parmagi) - + -
73 554-20 Pembe Gemre - - -
74 650-48 Tavsan Bobregi - + +
75 542-20 Sultaniye Tatl - - -
| 76 | 43445 | = syahGeme | - | - | - |
77 555-20 Deveg6zil + - +
78 702-03 Veyisoglu - - -
79 553-20 Buzgulu - + -
80 236-17 Karalahna + + -
81 138-17 Karasakiz + + -
82 179-31 Sevgi Karasi + - +
83 Ozel Koleksiyon Bagi Gamay + - +
84 Ozel Koleksiyon Bagi Carignane - - -
85 Ozel Koleksiyon Bagi Hamburg Misketi + - -
86 Ozel Koleksiyon Bagi Pinot Noir - + +
87 Ozel Koleksiyon Bagi Alicante Bouschet - + +
88 Ozel Koleksiyon Bagi Syrah - - -
89 Ozel Koleksiyon Bagi Merlot + + -
90 Ozel Koleksiyon Bagi Sangiovese - + -
91 Ozel Koleksiyon Bagi Cabernet Sauvignon + - +
92 Ozel Koleksiyon Bagi Cinsaut - + -
93 UK1 Urla karasi 1 + + -
94 UK2 Urla karasi 2 + + -
95 SE Urla karasi 3 + - +
96 MK Urla karasi 4 + + -
97 MB Urla karasi 5 + + -
98 S Urla karasi 6 + - -
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4.1.2 SSR marker Zag79 and SSR marker Zag62

Gel pictures shown in Figure 6a and Figure 6b veeiadyzed as the gel picture of the
SSR marker VVMD7. Sample 41 and 44 have two banelsent at the bottom and at the top;
whereas it is clear that sample 42 and 43 poskeswp and middle bands (Figure 6a). The
presence of middle band in the sample 45 discritegthis sample from the others. Table 8

demonstrates the banding pattern of all the sampitisSSR marker Zag79 and SSR marker
Zag62.

Example of the gel picture of SSR marker Zag62 skasvn in the figure 6b that was
analyzed in a same manner with the SSR marker VY Zag79.

I

P vl

300bp —
200 by
41 424534445 4/

3 001213 14 15 17 12 .19 20

Zag62

Figure 6. Red rectangular highlights the genotyped bandseRBeler DNA Ladder Mix is used as the marker
(M) (Ferments)a. left 7% polyacrylamide / 8 M urea gel was used to s#pahe PCR products of the SSR —

marker Zag79b. right 7% polyacrylamide / 8 M urea gel was used to sé¢pdree PCR products of the SSR —
marker Zag62.
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Table 8. Genotyped data of all the samples analyzed dihiegtudy with SSR — markers Zag79 and Zag62.

Zag79 Zag62
middle bottom top middle bottom
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No
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4.1.3 SSR marker VVMD27, VVS2 and VVMD5

All SSR — markers did not show polymorphic bandtgrat with all analyzed grape
accessions. SSR marker VVMD5 was the marker thigtgave a PCR product with 26 grape
accessions. After agarose gel electrophoresise tbesiples were loaded to PAGE (Figure 7).
During the analyses of the SSR marker VVMDD5, preseof 3 bands was investigated as
done with the other three SSR markers. HowevertherSSR marker VVMD27 and VVS2,
presence of two polymorphic bands was investigiigdas shown in the Figure 7 with a red
rectangular. Banding patterns of these three SSKkemsga were translated to Microsoft
iI'M

Excel ™ data as present (+) and absent (-) (Table 9).

300 by

T 200k 3l

I

der Ladder Ivix

Figure 7. 7% polyacrylamide / 8 M urea gel was used to sdpathe PCR products of the SSR — markers
VVMD27, VVS2, and VVMD5. Red rectangles highlighietgenotyped bands.
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Table 9. Genotyped data of all the samples analyzed duhegstudy with SSR — markers VVMD27, VVS2,
and VVMDS5.

VVMD27 VVS2 VVMD5
No top bottom top bottom No middle bottom
1 - + + + 1 - -
2 + + + - 2 - -
3 - + + - 3 - +
4 - - + + 4 - -
5 - - - - 5 - -
6 - - - + 6 - -
7 + + + + 7 + -
8 - - - - 8 - -
9 - - + + 9 - +
10 - + + - 10 - -
11 - - - + 11 - -
12 + + + + 12 - -
13 + - - - 13 - -
14 - - + - 14 - -
15 + - + + 15 + -
16 + - - - 16 - -
17 + + - + 17 - -
18 + + + + 18 - -
19 + - + + 19 - +
20 + + - - 20 - -
21 + - - + 21 - -
22 - - - - 22 - -
23 - - + - 23 - -
24 - - - - 24 - -
25 - + + - 25 - -
26 - - - + 26 - -
27 + - - - 27 - -
28 + - + - 28 - -
29 - - + - 29 - -
30 - - + + 30 - -
31 + - + - 31 + -
32 - - + - 32 - -
33 - - - - 33 - -
34 + + - - 34 - -
35 + + + - 35 + -
36 - - - - 36 - -
37 + + - - 37 - -
38 - - - - 38 - +
39 - - - - 39 - -
40 - + + + 40 - -
41 + + + + 41 + -
42 + + + + 42 - -
43 - + + - 43 - -
44 - - + + 44 - -
45 - - - - 45 - -
46 + + + + 46 - -
47 - - - - 47 - -
48 - + + - 48 - +
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VVMD27 VVS2 VVMD5
No top bottom top bottom No middle bottom
49 - + + + 49 - -
50 + - + + 50 - -
51 - - - - 51 - -
52 - - - - 52 - -
53 + - + + 53 - -
54 - + + - 54 - -
55 - - - - 55 - -
56 + - + + 56 - -
57 - - - - 57 - -
58 - - - - 58 - -
59 - - - - 59 - -
60 - - - - 60 - -
61 - + + - 61 - -
62 + + + + 62 + -
63 - - - - 63 - -
64 - - - - 64 - -
65 - - - - 65 + -
66 - - - - 66 - +
67 + - + + 67 - -
68 - + - - 68 - -
69 + - + - 69 - -
70 + - + + 70 - -
71 + - + + 71 - -
72 - - - - 72 - -
73 - - + - 73 - -
74 + - + + 74 - -
75 - - - - 75 - -
e r-r - -t - Jtaf - ] - |
77 - - - - 77 - -
78 - - - - 78 - -
79 + + + + 79 - -
80 + - + - 80 + -
81 + - + - 81 + -
82 - + + - 82 + +
83 + + + + 83 - -
84 - - - - 84 - -
85 + + - + 85 - -
86 + - - - 86 - -
87 - + - + 87 - +
88 - - - - 88 - -
89 + - + - 89 + -
90 + - - + 90 + -
91 - + + - 91 + -
92 + + + + 92 + -
93 + + - + 93 - +
94 + + - + 94 - +
95 + - + + 95 - +
96 + + - - 96 - +
97 - - - - 97 - -
o8 + + + + 98 - +
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4.1.4 Data Analysis

After translation of polymorphic banding patterriglte SSR markers into Microsoft
Excel data, present (+) and absent (-) signs were cldaagd. for the former, and O for the
latter. The MVSP software package version 3.1 weeduo calculate Jaccard’s similarity
coefficients among the genotypes to construct #eddgram of Unweighted pair — group
method with arithmetic averaging (UPGMA) (Figure 8)able 10 summarizes the grape
accessions that exhibit close relationship to thda rape accessions using Jaccard’s
similarity coefficient. These 14 grape accessioesewurther compared with the Urla grape

accessions by AFLP — analysis.

Table 10. Similarity matrix data was obtaineda Jaccard’'s similarity coefficients between Urla gga

accessions and the grape samples that have a Bigiilrity value than 0.5.

UK1&2 | 0,545| 0,467 | 0,385| 0,333| 0,571 | 0,538 | 0,417 | 0,364 0,4 0,5| 0,538 0,417 0,3| 0,538

UK3 0,308 | 0,692 | 0,636 | 0,538 | 0,571 | 0,538 | 0,545 0,25| 0,077 | 0,286 | 0,429 | 0,545| 0,083 | 0,667
UK4 05| 0,333| 0,333| 0,286 | 0,429 | 0,385| 0,25 0,3| 0,333 06| 0,385| 0,25]| 0,222 | 0,385
UK5 05| 0,214| 0,182 | 0,154 | 0,417 0,25| 0,333 | 0,667 0,8 0,3| 0,364 | 0,333 06| 0,25
UK6 0,308 | 0,692 0,8| 0,667 | 0,467 | 0,667 | 0,545| 0,154 | 0,077 05| 0,429| 0,417 | 0,083 | 0,667

2 7 9 12 15 18 21 32 47 48 49 71 72 83

PCA analysis of the samples was calculated by #lp bf the MVSP software in
order to reduce multidimensional data sets to loswerensions (Figure 9). As a result of the
PCA analysis, samples were divided into four dddteclusters (Table 11).

36



UFPGHMA,

e

L

L

| : : | : : : Jreners
-0.2 ] 0.z 0.4 0.6 na 1

Jaccard's Coefficient

Figure 8. Dendrogram obtained by cluster analysis of Ja¢saithilarity coefficients among grape cultivarsngsSSR markers by polyacrylamide electrophord3sGE).
The scale bar represents simple matching distance.
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Figure 9. Principal components analysis of all the grapessions.
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Table 11.PCA analysis yielded a scatter plot that proddcesdistinct clusters.

Cluster | Cluster Il Cluster 11l Cluster IV
Bogazkere Algoynek Duman Kizil Uziim
Irikara Okiuizgo6zii Alyanak Kadin Parmg
Aydin Uziimi Kinali Siyah Gemre Muhammediye (Mor
Calkarasi Siyah Dimrit Siyah Misket Uzim)

Terzi Nasuf Hasan Uzumu Hirsiz Calmaz Efe Puskulu
Eksi Uziim Foca Karasi Devegozii Kara Uziim
Siyah Parmak Eski Kara Veyisaoslu Pembe Cekirdeksiz
Siyah Dimrit Aydin Karasi Sevgi Karasi Fesliken

Iri Kizil Alicante Bouschet | Hamburg Misketi Antep Sami
Yediveren Syrah Urla Karasi 6 Mor Uziim
Kalecik Karasi Merlot Zeytin Uzimii
Yanal Uziim Urla Karasi 4 Eksi Kara
Yerli Kara Haci Eyup
Cami Isparta
Kirmizi Sam Esek Memesi
Istanbul Dimriti Manda Gozl
Yediveren Kati Kara
Papazkarasi Mor Razd&!
Saraplik Uziim Adakarasi
Pembe Cawi Siyah Misket
Asikara Karalbrahim
Sik Kara Mor Uzimii
Sofra Karasi PembeSam
Tawan Bobrgi Sobu Dimrit
Sahin Tirn&| Haci Azman
Kayasar Dimliti Kokulu Kara
Kara Buzgulu Foca Karasi
Siyah Razaki Gelin Duda|
Hevenk Kinali Tirnak
Pembe Gemre Haci Hidir
Karalahana Pembe Uzim
Karasakiz Tawan Bobrgi
Carignane Sultaniye Tath
Pinot Noir Blzgula
Sangiovese Gamay
Cabernet Sauvignon Cinsaut

Urla Karasi 1 Urla Karasi 3
Urla Karasi 2

Urla Karasi 5
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4.2 AFLP

IRDye® Fluorescent AFLP Kit for Large Plant GenoAmalysis (Li-Cor) was used to
analyze the samples that have a close relationgittpthe 5 Urla grape accessions as a result
of SSR — analysis. Total 20 grape accessions waakyzed. Figures 10 and 11 demonstrate
the AFLP gel picture with th&coRI primers that labeled with IRDye 800 nm (E-ACG, E
ACT, E-AGC, and E-AGG). Figures 12 and 13 show AfR&_P gel picture with théecoRl
primers that labeled with IRDye 700 nm (E-AAC, E-BAE-ACA, and E-ACC). Samples
were loaded in the following order; marker (50-3§0sizing standard), SE, MB, MK, UK1,
UK2, S, 2,7,9, 12, 15, 18, 21, 32, 47, 48, 49,721 and 83. Polymorphic AFLP bands were
genotyped manually, and total 131 polymorphic bamdee analyzed by the MVSP software
package version 3.1. Jaccard’s similarity coefficias selected to obtain the UPGMA graph
(Figure 14). In addition, PCA scatter graph was lomed with the data obtained from
UPGMA into two — dimensions (Figure 15).

Table 12. Similarity coefficients of the grape accessiondyael by AFLP analysis

UPGMA ~ Jaccard's Coefficient
Similarity matrix
se mb mk ukl uk2 5
se 1
mb 0,69 1
mk 0,468 0,423 1
ukl 0,398 0,474 0,42 1
uk2 0,611 0,546 0,433 0,489 1
S 0,748 0,584 0,411 0,446 0,667 1
2 0,708 0,712 0,409 0,454 0,588 0,693
7 0,758 0,637 0,458 0,429 0,63 0,702
9 0,793 0,669 0,475 0,457 0,595 0,68
12 0,607 0,571 0,427 0,451 0,545 0,556
15 0,805 0,678 0,491 0,46 0,658 0,703
18 0,653 0,581 0,481 0,434 0,615 0,593
21 0,521 0,482 0,406 0,461 0,51 0,509
32 0,539 0,514 0,396 0,358 0,457 0,5
a7 0,611 0,518 0,448 0,426 0,505 0,545
48 0,664 0,589 0,456 0,465 0,594 0,661
49 0,729 0,629 0,4 0,405 0,565 0,684
71 0,535 0,509 0,389 0,427 0,51 0,523
72 0,686 0,643 0,418 0,438 0,591 0,685
83 0,578 0,57 0,443 0,421 0,544 0,613
se mb mk ukl uk2 5
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Figure 14. Dendrogram representing the genetic similarity agngrapevine accessions. The dendrogram was cotestrapplying the UPGMA clustering method to the
Jaccard’s similarity coefficients of genetic simii@s based on AFLP analysis with two primer conaltions.The scale bar represents simple matchsatagrdie.
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Figure 15.Principal components analysis of the AFLP results.
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4.3 Rooting of the Grape Cuttings

Rooting percentage in different grape accessiongec from 17% to 90%. Best
rooting efficiency was observed in Urla Karasi ablE 13 summarizes the rooting capacity
of the grape cuttings.

Table 13. After two and half month (6 March- 229 July) each of the grape cuttings of the Urla
grapevine accessions exhibited distinct rootingcap.

Number of grape cuttings
ID that rooted Percentage of rooting
Urla Karasi 1 2/12 17% (0,16667)
Urla Karasi 2 9/10 90% (0,9000)
Urla Karasi 3 6/16 38% (0,375)
Urla Karasi 4 5/6 83% (0,833)
Urla Karasi 5 8/9 89% (0,88889)
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5 DISCUSSION

The total vineyard area of Turkey was 560.000 ha ttal grape production was
3.650.000 ton in 1998 according to FAO. For therfer one, Turkey was thé"4ounty after
Spain, ltaly, and France; and for the latter, iswathe & place after Italy, Spain, France,
USA, and China. In Turkey, Aegean region comprigesl biggest portion in both vineyard
area (33%) and grape production (43%). Thereforapey production, for purpose of both

wine and table, is very priceless in Turkey [56].

Molecular marker database for grapevine accessiassestablished in the European
countries, such as Greece. However, in Turkey, codde characterization of the grapevine
accessions has been just started. Few articleisped in 2006, target the characterization of
the grapevine accessions endemic to Turkey; edjyedlze ones special to Anatolian region.
This study is the first research on grapevine acasof Aegean region and aimed to
comprehend the possibility of finding historicallilgportant grapevine accessions.

Scope of the study comprised the SSR and AFLP seslpf the 5 Urla grape
accessions, assumed to be the local historicalvied grape varieties, and the Aegean zone
black and red wine grape varieties that are alsstrkoown red wine grape varieties of
Turkey and of Europe. A total of 98 grapevine as@ns were analyzed (sample number 76
was out of the study). The GENRES#081 project piewithe knowledge required for the
selection of the SSR — primers used during theystudMD5, VVMD7, VVMD27, VVS2,
VIZAG62, and VrZAG79 were the markers of choice aasonsequence of this project.
However, SSR — analyses of the samples is not énmugonclude a true and reliable result;
because, although SSRs have been used for fingengriand for differentiation of closely
related cultivars, AFLP analysis has the possyilitf screening a larger number of
anonymous loci than any other tool available [9, J®erefore, AFLP is an inevitable tool
for identification of closely related individualéfter the SSR analysis of the 97 grapevine
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accessions, LI-COR 4300S DNA Analyzer system waseh to handle the AFLP part of the
study. This system provides advantage over cldss#édd P method which requires
radioactively labeled primers, as it is designedptform AFLP analysis with specific
infrared dyes labeled primers (IRDye labeled) t@dietter and accurate results.

The genetic similarity among the different accassiobased on the presence or
absence of the amplified fragments, was calculatedaccard’s similarity coefficients [54].
Using the SSR data of genetic similarity, grapewaceessions were grouped in clusters as
shown in Figure 8.

In the UPGMA graph, if there is a line combiningledst two samples, in fact, the
samples are labeled as “same” with this line. Tioeeg as a consequence of the SSR —
analysis of the 97 grapevine accessions, it wdredahat Urla Karasi 1 (UK1) and UK2 are
the samples of the same grapevine accession (Fgjuta addition, it is clearly observed in
the UPGMA graph that there are 3 distinct linesrafstam the one between UK1 and UK2.
First of these three lines combines the grapevaoessions of Sultaniye tatl (75) and Foca
Karasi (63); next one is between the grapevinessames of Syrah (88), Foca Karasi (60),
and Algéynek (5); and the grapevine accessiongibti®imriti (53) and Nar Uziumii (56) are
last group combined with the line. However, it && noncluded that the grapevine accessions
that these 3 distinct groups include are the symoey of each other; because they did not
produce same number of polymorphic banding pattasnhe other samples. Therefore, their
SSR profiles are not enough to make a reliable losimn. Moreover, UK1 and UK2 are the
closest samples to the UK4 with the 0.8 similadbgfficient. The important outcome of the
study is that UK3 and UK4 belong to different ckrsgroups from the rest of the UKs in the
PCA scatter graph (Table 11).

Table 10 summarized the samples exhibited a siiyilaoefficient value higher than
0.5. AFLP analysis of these samples and the grapeaccessions of Urla demonstrated a
different result from SSR analysis. Although UKldauK2 could be considered as two
samples of the same grapevine accessions as a4 0eS8R data, after AFLP analysis, it is

clear that these two samples belong to distinqpeyrime accessions (Table 12, Figure 14).

Figure 14 provides the data for genetic relatedonésse Urla samples with the other
14 samples. UK3 (SE) has the highest genetic gityilaoefficient value (0,805) with the
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sample number 15 (EkUzum) (Table 12). Also, their closeness in theGMA graph
confirms this result. Sample number 9 (Alyanak)793) and 7 (Kadin Pargg (0,758)
follow the sample number 15 (EkUziim). It is also interesting that sample numier
(Alyanak) and number 7 (Kadin Pargnapossess a high genetic similarity coefficieniuea
(0.877), and this genetic similarity coefficient tile highest one among whole similarity
coefficient data of the analyzed samples. These gvapevines belong to Mia region of
Turkey. However, as they have similar but not shaxeding pattern with the AFLP markers
(Figure 10, 11, 12 and 13); it can be concludethag are different, but very close grapevine

accessions.

Genetic similarity coefficient values of MK (UK4nhd UK1 in the Table 12 are not
higher than 0.5. This indicates that these samipddsng to grapevine accessions certainly
different from the analyzed samples. UPGMA graggo alonfirms this result. MK and UK1

were obviously less similar samples to other arsdyanes.

Table 14 explains the nodes and the groups thastrwam the UPGMA graph.
Construction begins with the most similar sampled and with the least similar samples.

Therefore, Table 14 is another way showing the gesenilarities of the analyzed samples.

Table 14.Groups and the nodes of the UPGMA graph of AFLP

Objects

Node Group 1 Group 2 Simil. |in group
1| Kadin Parmgi Alyanak | 0,877 2
2|Node 1 Eksi Uzim | 0,848 3
3|se Node 2 0,786 4
4 | Node 3 Sik Kara | 0,744 5
5 |Node 4 Bogazkere | 0,737 6
6 | Node 5 Fesliken | 0,716 7
7 | Node 6 Hevenk | 0,705 8
8 | Node 7 s 0,686 9
9| Node 8 Siyah Dimrit | 0,673 10
10| Node 9 mb 0,641 11
11 | Node 10 uk?2 0,605 12
12| Pembe Uzim Gamay| 0,6 2
13 | Node 11 Muhammadiye | 0,584 13
14 | Node 13 Asikara | 0,577 14
15| Node 14 Node 12 0,556 16
16 | Node 15 Mor Uziim | 0,529 17
17 | Node 16 Kirmizi Sam | 0,505 18
18| Node 17 ukl 0,438 19
19| Node 18 mk 0,434 20
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6 CONCLUSION

Molecular marker techniques, AFLP and SSR wereesstally used to characterize
grapevine accessions found in Urla region invaggan this study. Our data suggested that
two grapevine accessions of Urla region, MK (UK4daJK1, possess a lower genetic
similarity value from 0.5, therefore they can baxsidered as different grapevine genotypes
from the analyzed grapevine accessions selected the Gene Bank. Moreover, although
SSR analysis concluded UK1 and UK2 as a samplaeoame grapevine accessions; AFLP
analysis demonstrated that these two genotypesimgrtbelong to distinct grapevine

accessions.

In summary, SSR and AFLP analysis of the total @pegvine accessions resulted in
relatedness of the already known grapevine acaessiod five grapevine varieties that are
found in Urla, which could be as new red wine grapes. As a consequence of the study,
new vineyards might be established for local calgvwith historical and economical values.
However, they first should be propagated and furstiedied as to their wine quality features.
These new varieties then might have a positive anpa the local and regional viniculture
sector which might provide an alternative to thenirs, who are in difficult situation because
of the decrease in the tobacco cultivation in tbgian. Moreover, growing of historical
grapevine varieties may have a positive effect les tburism in Urla region, besides the
economical impact from the production of new chate@es from those cultivars.
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APPENDIX A

List of Grapevine Accessions

No Ornek Kodu Cesit Adi

1 646-48 Kizil Uziim
2 Bagzazkere

3 492-45 Duman

4 454-45 Iri Kara

5 734-03 Algdynek

6 791-64 Aydin Uzimi
7 639-48 Kadin Parnga
8 Okiizgozii

9 593-48 Alyanak
10 588-20 Calkarasi
11 491-45 Siyah Gemre
12 549-20 Muhammediye (Mor Uziim)
13 786-64 Terzi Nasuf
14 824-35 Efe Piskilu
15 849-35 Eki Uzim
16 850-35 Kara Uziim
17 592-48 Pembe Cekirdeksiz
18 552-20 Fesliken
19 446-45 Antefgami
20 693-03 Siyah Parmak
21 784-64 Mor Uziim
22 502-20 Siyah Dimrit
23 536-20 Iri Kizil

24 500-20 Yediveren
25 626-06 Kalecik Karasi
26 547-20 Yanal Uziim
27 651-48 Yerli Kara
28 848-35 Zeytin Uzimii
29 539-20 Eki Kara

30 821-64 Haci Eyip
31 484-45 Cami

32 440-45 Kirmizam
33 779-03 Isparta

34 638-48 Istanbul Dimliti
35 538-20 kek Memesi
36 825-35 Yediveren
37 Papazkarasi
38 589-20 Kinali

39 438-45 Saraplik Uziim
40 696-03 Manda Gozii
41 488-45 Siyah Misket
42 648-48 Katl Kara
43 782-64 Mor Razda
44 Adakarasi
45 641-48 Pembe Cayu
46 489-45 Siyah Misket
47 543-20 (534-20) fkara

48 594-48 Siyah Dimrit
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No Ornek Kodu Cesit Adi

49 852-35 Sik Kara

50 647-48 Kardbrahim

51 597-48 Sofra Karasl

52 495-45 Hasan Uzimii

53 452-45 Nar Uzimii

54 496-45 Pembgam

55 546-20 Tagan Bobrgi

56 780-03 Sébi Dimrit

57 785-64 Sahin Tirng

58 599-48 Kayasar (Kayzer) Dimliti

59 643-48 Kara Bizgulu

60 857-09 Foca Karasi

61 823-35 Haci Azman

62 134-11 Kokulu Kara

63 142-17 Foca Karasi

64 498-20 Eski Kara

65 499-20 Hirsiz Calmaz

66 605-48 Aydin Karasi

67 822-35 Gelin Duda

68 792-64 Siyah Razaki (Razugp

69 556-20 Kinali Tirnak

70 487-45 Haci Hidir

71 485-45 (486-45) Pembe Uzim

72 688-03 Hevenk (Gelin Pargha

73 554-20 Pembe Gemre

74 650-48 Tagan Bobrgi

75 542-20 Sultaniye Tatl

76 434-45 Siyah Gemre

77 555-20 Devegozi

78 702-03 Veyisglu

79 553-20 Bizgulu

80 236-17 Karalahna KL
81 138-17 Karasakiz KS
82 179-31 Sevgi Karasi SK
83 Ozel Koleksiyon Ba Gamay G
84 Ozel Koleksiyon Ba Carignane C
85 Ozel Koleksiyon Ba Hamburg Misketi HM
86 Ozel Koleksiyon Ba Pinot Noir P
87 Ozel Koleksiyon Ba Alicante Bouschet A
88 Ozel Koleksiyon Ba Syrah S
89 Ozel Koleksiyon Ba Merlot M
90 Ozel Koleksiyon Ba Sangiovese SG
91 Ozel Koleksiyon Ba Cabernet Sauvignon CT
92 Ozel Koleksiyon Ba Cinsaut Ct
93 UK1 Urla karasa 1

94 UK2 Urla karasa 2

95 SE Urla karas! 3

96 MK Urla karasi 4

97 MB Urla karas! 5

98 S Urla karas! 6
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APPENDIX B

Equipments

Autoclave

Hirayama, Hiclave HV-110, Japan
Certoclav, Table Top Autoclave CV-EL-12L,
Austria

Micro Centrifuge

Eppendorf, 5415D, Germany
Hitachi, Sorvall RC5C Plus, USA

Deepfreeze

-20 °C, Bosch, Turkey

Distilled Water

Millipore, Elix-S, France

Electrophoresis Apparatus

Biogen Inc., USA
Biorad Inc., USA

Gel Documentation

Biorad GelDoc EQ System, USA

Heater

Thermomixer Comfort, Eppendorf, Germany

Ice Machine

Scotsman Inc., AF20, USA

Magnetic Stirrer

VELP Scientifica, ARE Heating Magic Stirrer, Italy

Microliter Pipettes

Gilson, Pipetman, France
Eppendorf, Germany

Microwave Oven

Bosch, Turkey

pH Meter WTW, pH540 GLP MultiCal, Germany
Refrigerator Bosch, Turkey

Spectrophotometer Nanodrop, ND-1000, USA

Thermocycler Eppendorf, PTC-100 Mastercycler Gnatgli&ermany
Vortex Velp Scientifica, Italy

Tissue Lyser

Retsch
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APPENDIX C

DNA Isolations

5 3E B ME UKIUE2 &5 SE ME LIK UED TE2 I

20070308
Mewr DM & isolations

ﬂul'] I”"”W '

11;-1-1 424344 4546 47 43 49 50 51 525 55 56 G061 62 G364 T
AAESRAAAAL BN A A

M4 66 6T 62 GaT0T1TAT

M = GeneFnler 100 bp ladder M= GeneFuler 100bp Ladder
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