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ABSTRACT

GENETIC CHARACTERIZATION OF PEAR CULTIVARS ( PYRUS
COMMUNIS) I N ¢ORUH RI VER BASI N

¢ oban Abdulbaki
MSc., Department of Molecular Biology and Genetics

Supervisor: Prof. Dr. Zeki Kaya

April 2019,93 Pages

The genu$yruscontains more than 20 different pear species which are used as food
source, horticultural, and ornamental purposes. Overall, pear is the second most
consumed pome fruit after app.communiss the most cultivated pear species in
Europe and Asia MinoHowever, more than 10 species of geRyruscan be found
naturally in Europe and Asia Minor. In this study8communigpopulations (one

wild and 7 cultivated) and P. eleagnifoliapopulation was used to reveal genetic
structure of those populatisiy using 11 SSR markers previously used in genus
PyrusandMalus. 84 genotypes dP. communisvere sampleftfom Artvin Province,
Turkey and20 genotypes oP. eleagnifoliawere sampledrom METU campus in
Ankara,Turkey for the current study.

Overall, theravere no null allees in the studied populationshdre is nauplicated
genotypesandno linkage between loci werdound. Expected heterozygosity, allelic
richness, and polymorphic information content were calculated to check the
usefulness of the studidoci. All loci were found to be highly polymorphic for the

further studies.

Structure analysis of the studied population® cfommunigevealed that there are

significant gene flow between populations. Therefore, no clear population

\Y



differentiation wasfound. AMOVA results supported this finding as most of the
differentiation was among genotypes within populatiorlowever, the wild
population ofP. communisvere found to be distinct from other populations. Thus, it
is summed as during domesticatiofiPo€ommunisthere were hybridization between
genotypes within and betwepapulations. As for the genetic structure analysi8.of
communisandP. eleagnifoliapopulations, it was revealed tHatcommunisandP.
eleagnifoliapopulations were significantldifferent from each otheas expected
Since those are totally different species an€ t geographical isolation, there were

no gene flow between those populations.

The study was one of the first studies conducted® ooommunispopulations in
Turkey.Thus, outcomes of the study are important for possible further studies which
will be conducted on genuByrus. Besides, findings are importambr further

conservation studies &. communiggenotypes and breeding studies.

Keywords: Pyrus communis, Pyrus eleagnifol&SR, population structure, Genetic

diversity
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¥Z

¢ ORUH HAWDAASIBULUNAN ARMUT K| LT R ¢EKKTL
(PYRUSCOMMUNI GENETKK KARAKTERKZASYONU

¢oban, Abdul baki
Yéksek i sans, Mo | eEClIl ggm¢ Bi yol oj i

Tez Danékmaneé: Prof. Dr . Zeki }

Nisan 201993 Sayfa

Pyrusci nsi s¢s bitkisikuwlel &kn&liasmel2 g dkent ifm z
i -eren bir cinstir. Téem bu terlerl e ber

yapélan i kinci yumukak - e kPicomharishviupame y v e

ve Anadoludda en -o0ok ¢refiambeyapelran 180
ar mut tereéenegn doj al pop¢l asyonuna bu cc
-al ekxmada, geneti k yap@.congnunigexp glldadygnu t(

doj al ve 7 bah-e pop¢ Peekagofoliap ooplinhaaks y oner

kul | anél dPyruscihs veMallsaicres i i -in kullaneéel méx
belirteciP.dmmuhis® malekéd er i Artvin i P.i ne be
eleagnifolia® r ne k| er i ODT}] Ankara yerlexkxkesinde
104 ol me®8B4P.cgmmanisie 20P. eleagnifolia® r n e j i kull aneéel deé.
Genel ol ar ak, pop¢l asyonl ar da nul I al e
pop¢l asyonl ardaki baze | okusl arda null

-0] al ma Ve | okusl ar da bajl ant é denge
kull anél abilirhmnjibreikl eash batmekeaidgot | ul
pol i morfizm bilgi i -eriji hesapl ande. B¢
y¢ksek °1 -¢de polimorfik bulundu.
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Pop¢l asyon yapé analiziyle beraber, pop¢l asy
ol dwjud undu. Bu y¢zden pope¢lasyonl ar arasen
bul unamadé. AMOVA sonu-Ilareyl a beraber - ek
ol maséndan zi yade bireyler arasemda ol duj u
communiéi n doj al p ojpesrl apoymnluanuyno ndliar dan ol duk- &
bul undu. Puc osmomuuni ,séhl il ektiril mesi s¢recion
pop¢l asyonl ar araseéenda h iPbqomndunizva .y o n ol dufj
eleagnifoliap o p ¢ | a ay arsléanrdé Kk i geneti k yapé anali zin
birbirinden tamamen farkl & ol duklareée g°r ¢l dg

pop¢l asyonl ar arasénda gen akékénén ol mamasEé

Bu -al ek maP.cbommukis, yed dae yafde&lkmad airldian bi ri o]
sebebiyl e, gel ecek -alexkmalar i -in °neml:i S
MalusvePyrusci nsl eri nde kull anél mék SSR belirte-|I

bu cinsler ¢zerine yapélrmeaat grhthimadiisioltaank & md
Bununla beraber elde edilen verild?, communist ¢ r ¢ n¢ geneti k kaynak/l

korunmasénda ve yabani t¢grlerin ehlil ektir me

Anahtar Kelimeler: Pyrus communis, Pyrus eleagnifoli®@ op ¢l asyon yapeése,
Geneti k -exitlilik
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CHAPTER 1

INTRODUCTIO N

Pear is one of the most produced and consumed tregdraiind the world. It has
been cultivated for more than two thousand years by human kind (Bell, 1990) and it
is used as a general name for more than 20 speciee{Bl|1996) According to

the Food and Agriculture Organization of the United Natio®g; it is the second
most producedoome fruit after apple with around 27 millio metric tons of
production peyear worldwide occupying an area of 1.6 millloectaregFAOSTAT,

2010). As for the production in Turkey, almost half a million metric tons of pear was
produced in Turkey in 2016 occupy an area of 25.4 thousahelctare§FAOSTAT,

2010; TUIK, 2017)

1.1. The Genus Pyrus

The family Rosaceae is an angiosperm plant fapolytaining approximately 3000
species and 90 genera including fruits like pears, apples, cherries and horticultural /
ornametal trees and shrubs like rog¢xtteret. al.,2007, Christenhusz and Byng,
2016) It is a welktdistributed family around the wiol; mainly in nondesert and nen
tropical forest areas of the Northern hemisphere. In Rosaceae family, thé/iggusis
(apples) and the genut®yrus (pears) are composed theost economically valued
fruits (FAOSTAT, 20D). Beside the mostly consumed spea$yruswhich are
consumed as food sourceByfus communis, Pyrus pyrifolia, Pyrus ussuriensis
some members of the gergrusare used as ornamental purposes around the world
such asPyrus calleryana, Pyrus koehnii. Pyrus nivalidtivars are usedtproduce
pear cider named per(iHummer and Janick, 20Q9n the Table 1.1, taxonomy of

the Pyrus communiandPyrus eleagnifoliaveregiven.



The genusPyrusis categorized under the subfamily Pomoideae in the Rosaceae
family. It is broadly accepted that gerfeigrushas 22 species (Bedt al.,1996) All

of its species can be naturally found in the temperate regions of the old world.
However, it is hard to defe precise number of species of geRysus.Terpo (1985)

stated that there are 52 different species, Browicz (1993) defined 38 species and
Kutzelnigg and Silbereisen (1995) suggested a list of 20 to 74 different sp2aies.

of thosespeciesPyrus commnis is mainlygrownin Europe and Minor Asia while
Pyrus pyrifolia, Pyrus bretschneideandPyrus ussuriensiare the most cultivated

ones in China and Japan.

Tablel.1: Taxonomy oP.communisandP. eleagnifolia

Kingdom Plantae

Phylum Tracheophyta

Class Magnoliopsida

Order Rosales

Family Rosaceae

Subfamily Maloideae

Genus Pyrus

Scientific Pyrus communis Pyrus eleagnifolia
Name

1.2.  The Origin and Distribution of Pyrus

The Maloideae subfamily has a basic chromosome number x = 17. The most accepted
theories regarding the emergence of gdhususare based on allopolyploid cross
betweerSpiraeoideae witlk = 9 andPrunoideae witkx = 8 which are two primitive

forms of Rosaceae family. Isozyme studies and univalent chromosomes during
meiosis supparthose theorie§Sax, 1931; Weeden and Lamb, 198ainly, pear

species are grouped into three: small fruits with three carpels (Asies),dgigger



fruits with five carpels (European pears), and the hybridba@se with thredour
carpelgSilvaet al., 2014.

The genu$yrusis thought tdbe originated from the highlands of southwestern and
western China during the Tertiary period (ardu60 million of years agofsince

those mountainous regions of China hosted large number of other species of the
family Rosaceae, importantly species freabfamily ofPrunoideaeandPomoideae,

this thought is supported with the previous theories regarding the origin of the genus
Pyrus.However, according to the fossil data, there have been some members of genus
Pyrusin Caucasus and Western Europe since the Tertiary period (Rubstov, 1944).
Besdes Vavilov (Vavilov, 1951) arguedhat it has three main diversity centers
around the world: Asia Minor, Central Asia, and Chiffaday, it is easy to
distinguish Eastern and Western pear morphologically. While Western Pear has an
elongated body and fublodied texture, Eastern Pear has a globular bodyavgémdy
texture. In Figure 1,Imorphological differences between those two types of pear can

be seen.

Figurel.l: Western pear, nameB. communis(on the left) and Eastern Pear, namely
Pyrus pyrifolia(on the right).



Due to its importance as a fruit today, it is highly possible to see members of genus
Pyrusall around the globe. Howevewrild populations ofP. communisis mainly
distributed in Europe and Caucasfisgure 1.2.) Besides, in overall pear production,
China alone, holds the 70% of annual pear production or the world by almost 20
million metric tons(FAOSTAT 20D). In Figure 13, world top producers can be

seen.

Figurel1.2 Distribution of wildP. communigZhoary, 1997)



Crected Wi mepchartnet T

Figurel.3 Top pear producer countrigsMap i s created by Abdul ba
mapchart.net by using FAOSTAT dafeop pear producers are colored Jed.

1.3. Population Genetics andVolecular Markers

Population genetics istaanch ofgenetics which deals with the genetic diversity and
change in the genetic diversity between and within populations. To do so, population
genetics uses genel/allele data to calculate differences andrgiesl between
individuals in a population and between populations. (Okasha, 2016) Therefore, it
uses mathematics, namely statistics, to analyze data under the most important
principle of population genetics: HardyWeinberglaw. Simply, Hardyi Weinberg

law states thatllele frequencies in the gene pool of a population remain constant



over generations. This stability of allele frequencies is secured under certain

assumptions:

i Mating should be random.

1 There is no gene flow or migration (New alletegnot be introduced into the
gene pool)

1 There is no mutation (New alleles cannot be produced by mutation)

1 Population size is infinite.

1 All individuals have equal chance to reproduce and survive (The gene/locus

cannot affect selection) (Hartl and Clat/@97)

If one or more of thosassumptionsre notmetin a population, in other words, if
there is inbreeding and/or gene flow and/or migration and/or mutations in a
population, or population size is small, and/or the gene/locus of interest influences
survivability or reproducibility allele frequencies may change over generations.

As for molecular markers, a molecular marker can be defined as a certain DNA
segment which reflects the genomic differences (Agarwal, 2008omprehend the
evolutionary rehtionship between individuals or populations, it should be highly
polymorphic (Cavall-Sforza, 1998) Today, such molecular markers are used in

many areas: Paternity tests, population genetics, gene mapping, forandies on



(S ¢ h Iret,2004¢ An ideal molecular marker procedure and/or a molecular marker

should have the followings:

1 It should be distributed equally throughout the genome.
1 It should be highly polymorphic.
1 It should show the difference between heterozygous and homozygous alleles

(It shoudd be codominant)

1 It should provide genomic / allelic differences easily.

1 It shoul dnét require prior informatio
1 It should be easy and cheap to use.

1 't shouldnét be affected by environme

Taken into considation those criteria, repetitive regions of the genome are useful
tools as molecular markers. Tandem repeats (TR) are the repetitive DNA sequences
that aredispersed throughout the genoffiomas, 2005)According to their motif

length, TRs are divided iattwo categories: microsatellites (or simple sequence
repeats (SSRs) with unit sizelD bps) and minisatellise(unit size within 1400
bps)(Mayeret al.,2010) TRs are very unstable when compared to other parts of the
genome. The mutation rate is betweer? 1@ 108 per cell cycle. This high rate of
mutations makes the suitable as molecular markef8erstrepenet al., 2005;
Gemayekt al.2010, 2012 As a sulgroup of tandem repeats, SSR markers have the
ideal marker criteria stated earlier. Besides, SSRs are very abundant in plant genomes
which make them even suitable for plant conservation, ecology and/or population

genetics studies.

1.4. Genetic diversity parameters

Genetic diversity analysis is the key point of the population genetic studies. To assess
genetic diversitysome parameters should be calculated: Number of alleles (Na),

number of effective alleles (Ne), expected heterozygosity (He), observed



heterozygosity (Ho), S h asmatistica (-is, Fst,rFit),or mat i on
fixation index (F), proportion of polymorphic loci (P%), allelic richness (Ar),

polymorphic information content (PIC), the probability of identity (PI), Garza

Williamson idex (GW), number of migramst(Nm), pairwise Fst values, and Hardy

T Weinbergchi-square statisticd.i et al.,2008; Nei, 1973, 197&etitet al.,1998.

Number of alleles is the observed number of alleles while the number of effective
alleles stands fathe alleles which are equally frequent and give the same expected
heterozygosity as the study. As for observed and expected heterozygosity, observed
heterozygosity is the total number of individuals which are heterozygous for the locus
and expected hetezygosity is the calculated probability of the heterozygosity.

One of the assumptions of Hartlye i nber g rul e was stated as 0
randomo in the previous part. I nbreeding i s
which can be defined as matingtiveen relative individuals instead of nonrelative

ones. This, eventually, causes to increase in homozygdbk#grefore decline in

fitness(Keller and Waller, 2002)The inbreeding coefficient (F) is the probability

that a random allele is identical witts ancestor / descent. As forsktistics, Fis

defines the increase in the homozygosity in subpopulations due to inbreeding where

Fit is the increase in the homozygosityndividuals due to nomandom matingFst

is also another{statistics parametehat estimates the decline in the hetggusity

caused by genetic driftVright, 1965; Neand Chessel983)

Allelic richness (Ar) is another genetic diversity parameter which defines the average
number of alleles per locus. It is an important meaurine future of the population
since it shows the persistence auhptability of the populatioGreenbaunet al.,

2014) Polymorphic information content (PIC) is used to check the genotypic
variation. The value is between zero and one. If there iampovariation, the value

is close to zero and if the allelic varat is high, it is close to ong&uoand Elston



1999) As for probability of identity (P1), it checks randomly selected two individuals
whether they are multilocus genotypes or not. Tiiggves an important information

about the usefulrss of the selected primer gro(fpaetkatet al.,1995)

GarzaWilliamson index (M ratio), is an indicator of population bottleneck. When

itdéds applied to the studi edichlisahe crificali f t h e
value, therefore, it can be said that population was subjected to bottlernleakfgh

past generationgGarza and Williamson, 20p1Lastly, pairwise Fst values and

number of migrants (Nm) are used to detect the differentiation batp@pulations.

They are important parameters to check whether there are gene flow between studied

populations or not.

1.5. Literature review of GenusPyrusand P. communis

Due to its economic value as a commercial fruit, géhussis a wellstudied genus

in terms of genetics, morphology, and population around the world. However, studies
about pear in Turkey are limited. As for molecular markers, SSR markers which were
developed fothe genusPyrusandthe genusMaluswere used inftaracterization of

the genusPyrus (Gianfranceschet al., 1998; Liebhardet al., 2002; Bassilet al.,

2004; FernandeEernandez, 2006\ishitaniet al.,2009;Inoueet al.,2009;Yue et

al., 2014)

Developed SSR markers were used by several scientists around the world to
determine genetic structure and diversity within and between populatioRs of
communis, Ppyrifolia, P. ussurensisand their varieties.Yamamotoet al. 2001,
2002a, 2002c, 200Baoet al.,2007; Katayamat al.,2007;Brini et al.,2008;Bassil

and Postman, 2010; Cat al.,2012, Sehiet al.,2012; Zhanget al.,2013; Ranaet

al., 2015, Liuet al.,2015) Besides, genetic diversity analysis and genetic linkage map



construction between species of geMmus and genusPyruswere performed by
using SSRs derived froRPyrusandMalus(Yao et al.,2010)

In Turkey, however, only two studies were conductethergenu$yrusin terms of

molecular markersA(l t € n b pAyk, - egD,2024. However, both studies used

materials frontlone banks located in Turkey.n t he f i r stal.,2014udy ( Ak- ay
population differentiation oP. communisaccording to their geographical locations

(7 ecographical regions of Turkey) were tested. Even though population

differentiation was shown in the studyiey summed as high gene flow between

populations. On the second study conducteByms,46 genotyps of P. communis

from Erzincan Horticultural Research Institute were used to reveal differentiation

between individualsSame as previous study, even though there was no or limited

multilocus genotypes; high rate of hybridization asthe flowbetween indriduals

werefound in this study.

1.6. Justification of the Study

Pear is an important pome fruit in Turkey due to its economic value. According to
FAO (FAOSTAT, 2016), Turkey produce half a million metric tons of pear in an area
harvested?25.4 thousandhectares Besides, according to YM8urkish Sector of

Fresh Fruits and Vegetab)estatistics (YMS, 2017), Turkey exported B®usand

metric tons of pear in 2017 with a trade volume of 20 million US dollars. By this
export value, pear is the "Onost eported fruit in TurkeyBeside the economic
value of pears for Turkey, pear has more than 600 cultivars in Turkey. Pear has been
cultivated in Turkeyor longerthan two thousand years. Along with the agricultural
cultivation, they are found harally in steppes anglanted in cities for ornamental

purposesWild varieties ofP. communisandP. eleagnifoliaare important trees for
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steppessince they are higiladaptive to those environmenthey can be uskas

reforestation.

Eventhough therare large number of cultivars, few genetic structure and diversity
analyss studieswere conducted on itntil today, only one study was conducted on
genusPyrusin terms of population structarand differentiation analys{s A k eta y
al., 2014) Therefore, this study is important for further studies conducted on genus

Pyrus.

1.7. Aim of the Study

The main objective of the study wasreveal the genetic diversity structure of Ehe
communiscultivars from Artvin Province and to determine the differences /
similarities between wild and domesticatfedcommunisandto compare withwild

P. eleagnifoliapopulationfrom METU campus in Ankarby using Simple Sequence
Repeatanarkers Besides, charcterizing cultivars in terms of genetic differences,
therefore, detecting important genetic resources was also aimed in the study.
Understanding the diversity of the populations, revealing of the possible sources of
the diversity between populations wetkso important goals of the study. Finally,
since there are less number of studies conductitigegenusPyrusin terms of SSR
analysis in Turkey, this studyasaimed to provide literature information for further

studies.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Plant Material T Sample Collection

Plant materials for the study were collected from METU campus in Ankara and North

i East part of Turkey (ArtvirProvincg. 84 green, fresh leaf samples Ryrus
communisnere collected from seven differevitiages, andhe samples from same

collection site were grouped and named as populations of where they were collected.

Wild population ofP. communiswhi ch wer e <collected in M
named as Panta. Furthermore, 15 sample were colledicdine Kk Bah- e o6 f or mi
Artvin Directorate ofFood, Agriculture and Livestodk Da | k € r makawk dtl ,age
Artvin. This population was named as Special Clone Collection (SB&3jde the

naming according to the villages in which the samples were collecsst,oadary

grouping was done according to the labels which are given by the locals considering

the phenotypic variations between the fruit samp8.different P. communis

phenotype were identifiedccording to the local farme(dppendix A) As for the

samplesm METU campus in Ankargreen, fresh leaf samplesRyjrus elaeagnifolia
genotypesvere collected. All the leaf samples were stored immediately in silica gel

i filled bags to protect leaf samples until the DNA extraction. Tfanmation about

the populations, their GPS (global positioning system) coordinates, altitudes, and
village name were tabulated in Table 2.1. Sample tree of a stigrad communis

and its fruit were photogphed in their natural habitafSigure 2.1.) Besides, fruit

samples oPyrus eleagnifoliavere photographed in Figure 2.2.
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Table 2.1: Detailed information of studied populations

Pop No | Species N Location | Latitude (N) | Longitude (E) | Altitude (m)
1 P.communis 12 | A.Koyunlu | 41.294 42.493 1598

2 P.communis 14 | Camili 41.480 41.900 508.4

3 P.communis 11 |Ki r az|41.265 42.493 1487

4 P.communis 6 Me k e | |41.315 42.470 1684

5 P.communis 10 |Meyd a|41.456 42.228 1726

6 P.elaeagnifolia | 20 | METU 39.891 32.778 908

7 P.communis 15 | SCC 41.253 42.355 1107

8 P.communis 6 Panta 41.456 42.228 1726

9 P.communis 10 {Vel i k|41.315 42.432 1398
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Figure2.1: A sample oP.communigree (on the left) and its fruits (on the right)
(Photographed.by M. Alev Atex)

Figure 2.2: Samples &f. eleagnifoliafruits (Photographed by Dr. Zeki Kaya)

2.2.  DNA Extraction and Quantification

Collected fresh leaves were dried by using silicafijet bags. Dried leaves were
crushed in mortar by the help of liquid nitrogen. Until the isolation of the DNA,
samples were put argdoredin -8 0 A C.. For isolation of the
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of CTAB (cetyltrimethylammonium bromide) protocol were used (Doyle and Doyle,
1987). Detailed and the whole information about the altered version of this protocol,

buffers, and all the other solatis were given in the Appendix B and Appendix C

Quiality and quatity of the isolated DNA samples were measured by using NanoDrop
Spectrophotometer (NanoDrop 2000, Thermo Scientific, USA). To test the quality of
the DNAs, optical density (OD) of the samples were measured in 230, 260, and 280
nm. After the measurement®D ratios between 1.8 and 2.0 for A260/A280 and
above 1.5 for A260/A230 were selected for further experiments. For other samples
whose ODs were not within the satisfactory range, isolation step was repeated until
their OD values were satisfactory. UntlCR (Polymerase Chain Reaction), samples

werestoredin -8 0 A C.

2.3. Methods

2.3.1. SSR Markers

In the beginning of the study, 19 microsatellite loci that were previously developed
for the genusPyrus(Yamamotoet al.,2002a, Yamamotet al.,2002b, Yamamoto

et al.,2002c, Nishitanet al.,2009) andhe genudMalus(Gianfranceschet al.,1998,
Liebhardet al.,2002)species were tested. 11 of those 19 microsatellite primers which

hadhighest polymorphism amgbodamplification were selected for further studies.

To carry on the experiments for further stages, 19 microsatellite primers were tested

in Polymerase Chain Reaction (PCR). During conducting PCR experiments, each

primer was tested in different reaction components and different annealing
temperatures by usjathermocycler (Eppendciaster cycler, Eppendorf, Canada)

to get optimal conditions. AsRCRreaction nix, 5x HOT FI REPol E Bl end
Mix Ready to Load (Solis BioDyne, Tartu, Estonia) was used. After the PCR

conditions wereptimized the mostpolymorphic 11 loci were selected for further

studies. The detailed information about thkested ones were tabulated iable 22.
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Detailed information about the PCR cycles and reaanixtures were given in the

Table2.3 and 2.4respectively.

After PCRis comleted 5 Ol of amplified products we
which was prepared by using TBE (FBerateEDTA) buffer. Thenthey were run
on agarose gel in 120 mA electric current for approximately 30 minutes. Visualization

were done under Ulight. (Vilber Lourmat, France).
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Table 2.2: Detailed information about the sele@&Rprimers

Primer Forward Primer Reverse Primer

name Genus | Reference

KU10 AGTATGTGACCACCCCGATGTT AGAGTCGGTTGGGAAATGATTG |, o gg&zmomﬁ al.,

BGT23b | CACATTCAAAGATTAAGAT ACTCAGCCTTTTTTTCCCAC Yamamoteet al,
Pyrus |2002a

NHO13a |GGTTTGAAGAGGAATGAGGAG CATTGACTTTAGGGCACATTTC  |Pyrus gg&%momt al,

NBl1l3a |ATGAAATATGTCGTGTTGCCCTTA  |CCCTTCCTCAGCATGTTTCCTAGAQ Pyrus gg&imomﬁ al,

TSUENH008 CTGAGGTCTCATTCGGTGATTCT CCTTCTCTGCTTTCTTCTTCACG | Pyrus yc')sor;ta”' etal,

NHOO7b | TACCTTGATGGGAACTGAAC AATAGTAGATTGCAATTACTC Pyrus \Z(gcr)”zimc’toet al,

Liedhard et al.,

CHO03g06 |ATCCCACAGCTTCTGTTTTTG TCACAGAGAATCACAAGGTGGA | Malus | 500

NHO08b | GGAAAAGAGAAGGAAGAAGAGAAGG | TGATAGGGGCATTTCGGTAA Pyrus ;gg‘zim"mt al,

CHO2B10 |CAAGGAAATCATCAAAGATTCAAG | CAAGTGGCTTCGGATAGTTG Malus | SIarTranceschi et

CHO2F06 |CCCTCTTCAGACCTGCATATG ACTGTTTCCAAGCGATCAGG Malus j'alrgrgaéances"h' et

CHO1F02 |ACCACATTAGAGCAGTTGAGG CTGGTTTGTTTTCCTCCAGC Malus | S'anfranceschi et

al. 1998
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Table 2.3: PCR components of e&2BR marker.

Primer DNA
SSR loci m;szi;() pairs Water ;I’oéa: )
(10e M) (20ng
NB113a
NHO013a
KU10
NHO007b 5 Ol o.5+0| 9 &
CHO03G06
CHO2F06 5 Ol 20
CHO1F02 3 Ol 0.6+0(10. 9
CHO02B10
NHO008b
TsSuEnh008 4 Ol 0.5+0]| 10
Bgt23b
Table 2.4: PCR cycle conditions of e88R marker
Number
Step |Temperature Time of Description
Cycles
1 94°C 4 min. 1 Denaturation
94°C 40 sec. Denaturation
2 Ta 30 sec. 30 Annealing
72°C 2 min. Extension
3 72°C 10 min. 1 Final Extension

2.3.2. Data Collection

11 microsatellite markers were selected according to their optimization and
polymorphism after the optimization of the PCR cycle temperatures and reaction

mixtures. Then, by using fluorescent dyes (Tamra, Fam, Hex), forward primers of
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those markers were labeled by SACEM company in Ankara. 104 DNA samples were

amplified by using newly synthesized fluorescently labeled primers.

To analyze fluorescently labeled PCRogucts, products wergrouped aghree

markers per groupccording to difference in their length and their dyethe Table

2.5, grouping of the markerswith their respective fluorescent dyes and their

annealing temperatures (Tagre given

Table2.5: Grouping of th&SR markersvi t h

their

respective fluorescent

Fluorescent Dye Annealing Temperatures
SSR Loci HEX |FAM |TAMRA TagdhC
TsuEnh008 X 56
Bgt23b X 53
Group 1 |CH02B10 X 56.2
KU10 X 56
NHO007b X 54
Group 2 |CH03G06 X 56.2
NHO008b X 54.6
NB113a X 56.9
Group 3 |[NHO13a X 57
CHO2F06 X 56.2
Group 4 |CHO1F02 X 59

Analysis of the fluorescently labeled PCR products were made by BM Labosis

Company

( ¢ an kAanglysis assay wWas pexformed by using Applied

Biosystems 3730 XL DNA Analyzer (Applied Biosystems, Foster City, CA, USA),
using an internal standard size mark@he GeneSan ROX labeled 400HD
(APPENDIX D).

When the analysis was done by BM Labosis Comipatectropherograms were

checked manually and allele sizes were scored by using Peak Scanner Software 2.0

(Applied Biosystems Inc., Foster City, CA, USA). Electropherogram of a genotype

which is heterozygous for NHO13a loowas showed idrigure 23. In Figure 24,
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electropherograsiof a genotype homozygous for NHOO7b locus and heterozygous
for CHO3GO6were presentedLastly, in Figure 5, an electropherograsmof a
genotype which is heterozygous for CH02B10, homozygous for Bgt23b and
TsuEnh0O8veregiven Read allele sizes were tabulated in an Excel file for further

analysisA part of the excel file can deundin APPENDIX E.

190 210 230 250

14000;
120004
10000:
EDDUE
60007
40004
2000:

Figure 23: A phenogram showing a heterozygous genotype for NH8E3locus.

75 95 115 133 155 175 195
10000 [ 7000
NHO007b CH03G06 [ 6000
8000 L o000
ocus -
6000 Locus F 1000
4000 [ 3000
F2000
2000 o0
0 T ? 7 0
H: 3315 H: 7339 H: 6573
|A: 2229.5 | 4: 4063.9 |A: 3T07.8
Si214 S:140.42 8:156.37
D: 2246 D:2438 D: 2601

Figure 24: An electropherogram showingganotype homozygous for NHOO7b locus and
heterozygous for CHO3GU&SR locus.

120 140 160 180 200 220 240
1000 | I : T uE hﬂlﬂs I I I I I I I I | I
CHO02B10 SuEn i
8000 Bet23b L
Locus gt 6000
6000 B
4000
4000 L
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0

1 T
H: 2{H: 430H: 10044 H: 9062
8 1A 2T A 61654 A 4360.2
S: 1]5: 1305: 135.62 518521
D: Z{D: 2330 2385 D: 2568

Figure 25: Electropherogram showing a genotype heterozygous for CH02B10 and homozygous for
Bgt23b and TsuEnhOOBSR loci
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2.4.  Analysis of Data

Allelic data were converted into GDA (Genetic Data Analysis, Lewis and Zaykin,
2001), GenepopRaymond and Rousset, 1995; Rousset, 20B68nAIEx (Peakall
and Smouse 2012) MICRO-CHECKER (van Oosterhout et al.,, 2004nd
STRUCTURE (Pritcharet al.,2000) file formats by using a Python script coded by
author (APPENDIX F and G, data types and Python scripts, respectheig)atted
data were used to import data into GDA software, STRUCTURE software, MICRO
CHECKER, GenAlEx and Rnvironmenfor further analysis.

2.4.1. Quality of the Markers and Detecting uninformative loci

Firstly, allele dropouts, null alleles, stuttering and typographic errors of the studied
SSRIoci due to possible DNA degradation or prirsgie mutations were checked by
MICRO-CHECKER w®ftware with Bonferroniadjusted 95% confidence interval.

Presence of null alleles was checked by using the Brookfield 1 equation (1996).

Beforegoing through analysis of the datgenepop formatted data file was imported
into an R script to check misg data and by usingopprpackage Kamvar, Brooks

& Gr ¢ nwa)l latyswige Biinpson index, evenness, expected heterozygosity
were calculated to cheétir determininguninformative loci. Cloné correction assay
was also performed to check distinct multilocus genotypes (MLGS) in R bythsing
same package. MLGs were also checked by using GenClof#r@dudHaond and
Belkhir, 2007). Bycomputingindex of association,inkage disequilibrium of the
studied locwastested(All R scripts can be found in APPENDIX H)

Lastly, HardyWeinberg equilibrium of the loci and the populations were testdd
GENEPOP(Raymond and Rousset, 1995; Rousset, p8068ware. Markov Chai
method was used to calculatev®8ues with parameters 4000 dememorizations,
100 batches, 1000 iterations
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2.4.2. Locus and Populationwise genetic diversity analysis

Locuswise genetic diversity parameters; mean number of individuals (N), number

of alleles (Na), number of effective alleles (Ne), allelic richness (Ar), polymorphic

i nformation content (PI C), Shannonés inf
(Ho), expected heterozygosity (He), fixation index (F), number of migrants (Nm),

and F sttistics (Fis, Fit, Fst) were calculated by GenAlEx software. As for
populationwise genetic diversity parameters, number of alleles (N), number of
effective alleles (Ne), probability of identity (Pl), percentage of polymorphic loci

(%P), observed and exgted heterozygosity (Ho and He), fixation index (F) and F
statistics (Fis, Fit, Fst) were also calculated by GenAlEx software (Statistical
formulas can be found in APPENDIX I)

2.4.3. Genetic Structure Analysis

To determine genetic structuamd differentiatioramong the populations &fyrus
communisfive different methods were used. Firsthairwise Fst values and number
of migrants were calculated and results were tabulated by using GenAlpwpod
(Kamvar, Br ook s )andadeggne{yoabad,2008p8ckafes of R.
Based on the calculated Fst values, PCoA analysis were perfaoreee how

populations are differentiated.

Then,STRUCTURE software was used to deterngeaetic structure of populations

by individuals with and without prassigned ppulation information. Based on
allelic data of individuals, Bayesian clustering methods were appliee software
were run three time®ne with the samples includii®y eleagnifoliacollected from
METU and twowith only P. communissampleswith and without prior population
information The runs were done with 10 replicates, 250,000 Markov Chain Monte
Carlo (MCMC) replications after 50,000 burning length for 1 to 8 clusters. The true
number of clusterggp K s t) wereicalculated sia STRUCTURE HARVESTER
(A web-based software;arl and vonHodt, 20)2For the calculated K, CLUMPP
(CLUster Matching and Permutation Prograsujtware was used to find coefficient
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matrices(Jakobsson and Rosenberg 20@ihally, CLUMPPoutput was used as an
input of POPHELPER software to visualize the restarcis, 2016

Later, a phenogram was constructed using GDA software based on UPGMA

(Unweighted pair group method with arithmetic mean) cluster analysis.

Since STRUCTUREssumes populations are panmictic and markers are not linked
and uses Bayesian clustering algoritrenother clustering algorithm (such as K
means clustering) was needed to use to check STRUCTURE results. Thus, DAPC
(Discriminant analysis of Principle compent) analysis was performed to group the

populations by using R package of adegédembart, 2008)

Lastly, Minimum Spanning Network (MSN) analysis was performil the data to

visualize the relationships between individuals rather than populégarsng poppr

and magrittr packages of RKa mwar , Tabi mB.Evethoyghwmi8N d, 201
analysis gives more informative results for clonal populations, it is an important
visualization methodbr relationships between individuals and populati®esides,

the studied population includes local names based on phenotypic variations assigned

by locals (Appendix A). To check the relationship between phenotypic classification

and genotypic variations, MSN is an important tool.

2.4.4. Analysis of Molecular Variance (AMOVA)

Two AMOVA assay were carried obly using ARLEQUIN (Excoffieret al.,2010)

to portionthe genetic variance between individuals, between populations, and within
populationsFor the first assay, all individuals of both speciéscommunisandP.
eleagnifolig were used. In the second offe,communigndividuals were grouped

according to their geographical distiribution.
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CHAPTER 3

RESULTS

3.1. SSR marker selection

The selection process of suitald&R lociwas started with 19 SSR markers. Those
19 SSRmarkerswere screened to acquire suitable ones for detecting polymorphisms
amongd4 genotype®f P. communig104 wherP. eleagnifoliagenotypes included).

Out of those 19 SSR markers, 11 were selected fireuanalysisvith high allelic
polymorphism Due to the allele size differences betwd&ncommunisand P.
eleagnifolia,allele data (alleles, number of alleles, and allele size ranges) were given
in two different tables (Table 3.1 and Table 3.R) both tables, the loci which are
marked with asterisks (*) (KU10, CHO03G06, Bgt23b) have similar allele size
between both species, the others are significantly distinct. Missing data were found
as 0.96% (Figure 3.1)

Figure 3.1: Peeentage of missing data in each locus and population
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Table 31: SSRIoci allele size range iR. communis

Allele Size | Number of

SSR Loci | Range Alleles Alleles

NB113a 136-158 12 136, 138, 140, 142, 144, 146, 148, 150, 152, 158, 158

NHO013a 185225 12 185,191, 193, 195, 197, 199, 205, 209, 211, 215, 219, 225

NHO008b 185 211 9 185 191, 193, 195, 197, 201, 205, 207, 209, 211

KU10* 228280 18 228, 230232, 234, 236, 240, 248, 250, 2288,260, 262, B6, 268, 270
274,276, 280

CHO03G06* | 136172 13 136, 140, 144, 146, 05152, 154, 156, 160, 16268, 170, 172

NHO07b* 120142 11 120, 122, 126, 128, 13032, 134, 136, 138, 140, 142

TsuEnh008| 134144 6 134, 136, 138, 140, 14244

Bgt23b* 187-229 18 187, 189191, 193, 195, 197, 19903, 26, 207, 209, 211, 213, 215, 27
223, 225, 229

CHO02B10 | 120132 7 120, 122, 124, 126, 128, 130, 132

CHO1F02 | 161-183 11 161, 163, 165, 167, 171, 173, 175,177, 179, 181, 183

CHO2F06 | 150196 15 150, 154, 156, 164, 16870, 172, 174, 176, 178, 186, 190, 192, 194, |
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Table 32: SSRloci allele size range iR. eleagnifolia

Allele Size | Number of
SSR Loci | Range Alleles Alleles
NB113a 140-180 14 140, 144148,154, 156, 158, 160, 162, 164, 170, 172, 174, 176, 180
NHO13a 161-199 12 161, 165, 167, 169, 171, 173, 175, 177, 181, 185, 187, 199
NHO008b 155 187 12 155, 157, 159, 161, 163, 165, 167, 169, 171,173, 175, 187
KU10* 224286 13 224, 230, 232, 234, 24042, 244, 250, 252, 256, 260, 262, 286
CHO03G06* | 140172 9 140, 144, 146, 150, 152, 154, 160, 164, 172
NHO007b 120152 10 122,126, 128, 130, 132, 134, 136, 148, 150, 152
TsuEnh008| 134158 10 134, 140, 142, 144, 146, 150, 152, 154, 156, 158
Bgt23b* 175233 16 175, 183, 195, 197, 199, 201, 203, 205, 209, 211, 213, 215, 217, 22
233
CHO2B10 | 146196 8 146, 162, 186, 188, 190, 192, 194, 196
CHO1F02 | 181-211 9 181, 193, 195, 197, 201, 203, 205, 209, 211
CHO2F06 | 132-158 7 132, 136, 138, 142, 14648, 158
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Table3.3: Estimated null allele frequencies of SSR loci for the stugi@@mmunigopulations

A.Koyunlu Camili Kiraz/Mekel|Meydan|SCC Panta Vel ik
NB113a -0.0802 -0.0515 -0.0828 0.0323 0.0164 -0.0062 0.1756° | -0.0411
NHO13a -0.0038 0.108 0.0793 0.272F 01713 0.0842 0.282r | 0.0761
KU10 0.0579 0.0502 0.0279 -0.0827 0.0423 -0.006 0.0323 | 0.0426
NHO008b -0.112 0.0482 -0.0121 -0.0313 0.0831 0.05 0.129 0.0341
CHO03G06 |-0.0611 -0.0479 -0.0023 -0.0909 0.0476 -0.0419 0.0698 -0.0286
NHO0O07b -0.0134 0.064 0.0649 -0.0313 0.0805 0.1187 0.0123 | 0.0296
TsuEnh008| 0.0637 0.2666 0.1436 -0.0313 0.1011 0.1045 0.0609 0.1111
Bgt23b 0.241r 0.0535 0.0876 0.1566 -0.0141 -0.0297 -0.0753 | 0.1957
CH02B10 |-0.1604 -0.1556 -0.0746 -0.1379 -0.1429 -0.0438 -0.1892 | -0.1834
CHO1F02 |-0.0951 -0.12 -0.1173 -0.0909 -0.084 -0.0432 -0.0732 | -0.0899
CHO2F06 | 0.1076 -0.0687 0.0211 0.0625 -0.0795 0.0076 0.0476 0.0368

*Null alleles may be present according to Brookfield 1 equation.
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Identifications of mll alleles were performed according to Brookfieldl equation
(Brookfield, 1996) by using MICRE&@HECKER software. Even though some loci
are appeared to have higher null allele frequencies, itfovasl that they @ not
affect the further statistical analyses significanierefore, it was assumed that
there was no null allefepresent and the estimation$ genetic parameters were
carried out without excluding the null alleles in loci

As for linkage disequilibrium (LD) assessmegoajrwise indices of association were
calculated and heatmap was created by using poppr package in R (Figure 3.2). Index

of association value between CHO3G06 and NHOO7b was calculated slightly higher

than others as 0.29. However, the pairwise index of association values of the samples

vary between0.29and-0.113. Thus, no significant linkage LD was found between

studied loci. To check whether there alenes in the studied populations, cldne
correction assay was permrfdobameak o Tpvop wleatoi

found to be cloned herefore, one of the clones was excluded for further studies.
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NHO07b
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0.0
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Bgt23b
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CHO1F02

CHO2F06

CHO3G06
TsuEnh008
CHO2B10
CHO1F02

Figure 32: Pairwise index of association of 11 loci
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3.2.  Genetic Diversity of Loci and Populations

3.2.1. Genetic Diversity of Loci

As for locuswise descriptive statistics, mean number of individual (N), mean number
of different alleles (Naynean number of effective allel@de), allelic richness (Ar),
private alleles (Pa), Polymorphic information content (PIC), Shannon index (I),
observed heterozygosity (Ho), expected heterozygosity (He), fixation index (F), and
Hardy-Weinberg equilibrium (HWE) werestimated and givem Table 3.4. The
average mean of different allele was calculated.@6 ranging from 5 to 938.
Besides, numbensf effective allels was found as .44 ranging from 268to 6.65.

Informativeness of each locus is related to Allelic richness, Polymorphic Information
Content, and Shannon Ind&hich varied from 363 (CH02B10) to ®9 (KU10),

0.62 (CHO2F06) to 83 (NHO013a), and 22 (CH02B10) to 2028 (KU10),
respectively. Since markers with PIC values higher th&nabe considered as
informative, all the studied markers doeind to banformative.

Observed heterozygosity of the logaried from 055 (TsuEnh008) to @7
(CHO1F02) with a mean of. B4 while the expected heterozygosity range between
062 (CHO02B10) and 84 (KU10) with a mean of.@6. With a negative Fixation
index, excess of heterozygosity was observed in NB113a, CH03G06, CH02B10, and
CHO1F02. The rest of 11 édwere withpositive fixation indices.
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Table 34: Locuswise descriptive statistics

SSRLocus | N Na Ne Ar | PIC | Ho He F HWE
NB113a 1050 N6 | 750 N7 |53 14 [523{078 ({08106 [080MD |-001%6 |ND
NHO013a 1050 N16 | 762N ®8 |57 4 $® |532]/083 |[057N®M8 (081 M® [03109 |ND
KU10 103884 |[938N® [665%® |599/082 (080 0D |[084NM®2 |0.04N®4 |ND
NHO008b 101201 [662K8® |[407 6 |463(070 07106 |[075M0® |006NM6 |NS
CHO3G06 |[103 814 [(6881060 |424 M® |467|/063 (07809 |07 40D |-005004 |NS
NHO007b 10384 [688ND (49080 |49 |[080 [0.70N®4 |07 8 0® |0.09N ®4 |ND
TSuEnh0O8| 1050N 65 |53 8 D |38 3 B |423[067 |055N M6 |0.72N®3 | 0.25N @7 | ***
Bgt23b 1000 N20 | 775N @0 |51 3 %® |525/088 (06508 |[0790N®2 |018N®9 |ND
CHO02B10 |[1050K@& [500 M® |26 8 KND |[363[076 |08 4 0® |062N®M2 |-0.36 0D | **
CHO1F02 |[1038Nd@ |750 N¥E |54 9 MO |539[077 {097 0®» |08IN®2 |-020 0D | ND
CHO2F06 |[1050N@ [712R0 |407 N® |474|/062 [072M0® |[0750D |004N®5 |NS
Mean 10.38\0.33 | 7.06N0.20 | 4.74ND.16 0.75 | 0.74N0.02 | 0.76N0.01 | 0.03\0.03

N=mean number of individuals with amplificatioNa=mean number of different alleles, Ne=mean number of effective alleles,
Ar=allelic richness, PIC=polymorphic information content, Ho=observed heterozygosity, He=expected heterozygosity, F=fixation
index, HWE=Hardy Weinberg equilibrium (ND: naleviating,NS: nonsignificant,***:p<0,001,**:p<0,01,*:p<0,05)
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Table 35: Locuswise Fstatistics

Fis Fit Fst Nm

NB113a -0.01 0.05 0.06 3.95
NHO013a 0.29 0.35 0.08 2.94
KU10 0.04 0.09 0.04 5.56
NHO008b 0.05 0.13 0.08 2.99
CHO03G06 |-0.04 0.02 0.06 3.75
NHOO07b 0.09 0.16 0.07 3.27
TsuEnh008 | 0.24 0.29 0.07 3.33
Bgt23b 0.17 0.25 0.09 247
CHO02B10 | -0.35 -0.32 0.02 9.62
CHO1F02 | -0.20 -0.14 0.05 4.80
CHO2F06 | 0.04 0.11 0.07 3.15

Mean 0.03 0.09 0.06 4.17
SE 0.06 0.06 0.01 0.61

In Table 3.5, locusvise Fstatistics (Fis, Fit, Fst) were given. The mean value of Fis
(inbreeding coefficient within individuals) was calculated &3@nd ranged from

0.35 (CH02B10) to 0.29 (NHO13a). Asdr Fit (inbreeding coefficient within total
population) and Fst ifibreeding coefficient within subpopulatignghe average
values are 09 and (06 respectively. The mean number of migrants was estimated
as 417 and with a value of .82 in CH02B10which had the highest value of number

of migrants vhile Bgt23b hd the lowest value of.27.

3.2.2. Genetic Diversity of the Populations

Regarding population wise descriptive statisticaumber of individual¢N), mean
number of different alleledNa), mean number of effective allel@se),private alleles
(P1), percentage of polymorphic lo¢?oP) GarzaWilliamson index(G-W index
(M)), observed heterozygosifio), expected heterozygosifie), and fixation index
(F) were calculated andivenin Table 3.6 All populations have high polymorphism
rate with100%.

32



Table 3.6 Populatiorwise descriptive statistiasf population genetic parameters.

Population | N Na Ne Pa | P (%) Ho He F

A.Koyunlu | 12 727N ®4 |[456N (12 |2 |10000% (0.7 6006 | 0.7 6 0® |-0.02N D8
Camili 14 764N 62 |46 9 %® |4 |10000%|0.7 3 0® |0.7 6003 |0.0 3 ND
Kiraz/|11 BO0OR® |[492M9® |2 [10000%|0.75N®5 |0.78\002 |[0.0 3 NGO
Mekel |6 582N @5 |443N010 |1 |10000%|0.75N@®6 |0.75 D |00 1 N9
Mey da (10 636 RBD |[454N®B3 |1 [10000%|0.73N®M4 |07 6 0D |0.04N @7
SCC 15 79149 |513N0H1 |2 [10000%|0.7 6 [0 |[0.79N®2 |[0.0 4 ND
Panta 6 536N ®8 |403 %4 |3 |10000%|06 4 0D |07 1 0® [0.10 NO
Vel i k{10 80N ®4 |557 M8 |1 |10000%|0.77N®5 |08 1 0D |00 3 ND
Mean 103 8 ® |7.06N @0 |4.74N Q6 10000%| 0.7 4 [0®» | 0.76N @1 | 0.03N M3
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The mean number of different alleles was calculated=& Yhe Na varied between

809andx83 6 as Vdtheihightsy(®9) and Panta (86) hal the lowest. The

number of effective alleles (Ne) varied betweedBdand 57 and the average value

of it was calculated as. . Similartot he Na val ues, Utheé¢ i k°y popu
highest (557) Ne and Panta populationdthe lowest (4,8). Between ppulations,

private allele count rangebetween 1 to 4All populations had at least one private

allele. All private alleles were given in the APPENDIX J.

The average observed heterozygosity was calculated7d4safid the expected
heterozygosity is @6. The observed heterozygosity raddgetween @ 7 ( Vel i k° y)
and 064 (Panta) while expected heterozygosityiedfrom 081 ( Vel i kly) to O
(Panta). Out of 8 populations, excess of heterozygosity is only seen in A.Koyunlu

population with F value 0f,02.

3.3.Genetic Differentiation and Structure of the populations

3.3.1.Pairwise Fst and Number of Migrants

Pairwise Fst values range between 0,023 (be
(bet ween Panta and Mexkel i) nbgentswergfrompopul ati o
3,421 to 10,646In Table 3.7, pairwise Fst and Nm values were given. (below

diagonal is pairwise Fst and above diagonal is Nm). Besides, in Fi@ueel®atmap

of pairwise Fst values was given.
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Table3.7: Pairwise Fst (below diagonal) and number of migrants (above diagonal) between populations

A.Koyunlu | Camili |[Ki r gMe k ¢ Mey d anSCC Panta| Vel i
A.Koyunlu | - 8.737 | 7.246 |6.363 | 4.426 7.793 4126 | 10.272
Camili 0.028 - 10.644 | 8.464 | 5.096 9.681 4792 | 10312
Ki r azl0.033 0.023 | - 7.229 | 7.674 9.609 4462 | 10311
Me k e | i 0.038 0.029 |0.033 |- 6.712 8.167 3.421 | 10599
Me y d a i 0.056 0.047 |0.032 |0.036 |- 8.73 3.758 | 7.256
SCC 0.031 0.025 | 0.025 | 0030 |0.028 - 3.693 | 9.26
Panta 0.057 0.050 | 0.053 |0.068 | 0.062 0.063 - 4.855
Vel i k {0024 0.024 | 0.024 | 0.023 | 0.033 0.026 0.049 | -
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Figure 33: Heatmap of pairwise Fst values between populations.

3.3.2. UPGMA phenograms

Two UPGMA phenograms were constructed; one with #hlgommunissamples
and the other witlsamples fronboth P. communisandP. eleagnifolia.(Figure 34

and Figure &) The Apant ao popul ati on i s geneti c;
populationsit i s f ol l owed by fAMeydancéko popul atio
respect o Panta and Meydancéek, are dgeAsetically c

for P. eleagnifolias a mp | e s, expectedl|l METUD hies tyodpst abhf on
relatedto the P. communigpopulations. (Figure 3)
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Figure 34: UPGMA phenogram based on coancestory identity of stueliedmmunipopulations
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Figure 35: UPGMA phenogram based on coancestory identity of stieliemmunigsndP.
eleagnifoliapopulations.

37



3.3.3. Population Genetic Structure

Three STRUCTUREnNalyses were performed: One including samples from METU
and the othetwo with only populations oP. communisThe analyses with onlk.
communis populations were conducted with and without prior population
information. However, in both cases, deltaw€re estimated as 2. Therefore, the
result of the analysis of with population information was not included. The graph of
delta K and Evanno method using each delta K were shown in Figuen8.Table

3.8. Individuals in the all populations were clusterstb two grous not relatedly

with their original populations, except the wild population Panta. The members of the
populations clustered into the cluster 1 witekmbership values rangibgtween 40

% and 85.7 %. However, all members of the Panta wenedféa be in cluster 1.
Proportions of the population clusters and graph of cluster membershif of 8

individuals can be found on Table3and Figure J, respectively.
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Figure3.6: Delta K values graph of 8 population®fcommunisvithout priorpopulation

Table3.8: Evanno method using delta K

information

K Reps Mean Stdev | Ln'(K) |ILn"(K)| | Delta K
LnP(K) LnP(K)

1 10 -3739.41 | 0.27 NA NA NA

2 10 -3526.73 | 0.57 212.68 128.09 | 224.07
3 10 -3442.14 | 5.81 84.59 37.31 6.42

4 10 -3394.86 | 8.95 47.28 2.74 0.31

5 10 -3350.32 | 16.18 |44.54 5.12 0.32

6 10 -3310.90 |55.94 |39.42 7.58 0.14

7 10 -3263.90 |28.94 |47.00 36.65 1.27

8 10 -3253.55 |59.28 |10.35 NA NA
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Table3.9: Assigned individuals gbopulation intawo clusters according to STRUCTURE analysis

Pop N Cluster 1 Cluster 2
A.Koyunlu | 12 9 (75%) 3 (25%)
Camili 14 12(85.7%) | 2 (14.3%)
Kirazl1il 7(63.6%) | 4(36.4%)
Mekel ii6 3(50%) 3 (50%)
Meydalt9 4 (44.4%) | 5(55.8%)
SCC 15 6 (40%) 9 (60%)
Panta 6 6 (100%) | 0(0%)
Vel i kq10 6 (60%) 4 (40%)

M Cluster! [l Cluster2

ARovunlu  Camili Kirazh Megeli Meydancik 3CC Panta Velikoy

Figure3.7: Graph of clustemembership of the studie® &dividuals

As for the population structure analysisfFoftommunissamples from ArtvirandP.
eleagnifoliasamples from METU campus, delta K value was calculated as 2. The
results of with and without prior population information did not affect the results.
Graphical representation of delta K value and Evanno method based on delta K values
were shown in Figurg.8 and Table 3.0, respectively. Assignment of the individuals

to each cluster and theimembership valuesiere given in Table 311 Finally,
graphical representation of membership assignment of the individualsrovaged

in Figure 39. Differently from the previous STRUCTURE analysis, two clusters
were separated two populations Bf communisand P. eleagnifolia. While all
members of. communiswere clustered into the cluster 1, all members ofRRhe

eleagnifoliapopulation were clusted into cluster 2.
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Figure3.8: Delta K values of total analysis Bf communisandP. eleagnifolia
Table3.10: Evanno method using K
K Reps | Mean Stdev Ln'(K) |Ln"(K)] Delta K
LnP(K) LnP(K)
1 10 -546987 | 0.9129 NA NA NA
2 10 -480854 | 0.7863 66133 43693 55569
3 10 -458414 | 1981 22440 11492 5.79
4 10 -447466 | 2031 10948 63.93 3.14
5 10 -442911 | 2711 4555 36.54 1.34
6 10 -434702 | 13.89 8209 4521 3.25
7 10 -431014 | 3219 36.88 7.66 0.23
8 10 -426560 | 29.18 4454 2223 0.76
9 10 -424329 | 32.66 2231 15005 4.59
10 6 -437103 | 25147 -127.74 NA NA
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Table3.11: Number of individuals and themmembership values isach cluster

Pop N Cluster 1 Cluster 2
A.Koyunlu | 12 12 (100%) -
Camili 14 14 (10®%) -
Kirazl11l 11 (10®%) -
Mekel |6 6 (10(%) -
Meydal9 9 (10(%) -
ScC 15 15 (10®%) -
Panta 6 6 (100%) -
Vel i k{10 10 (10®%) -
METU 20 - 20 (100%)

W Ciustert  HH Ciuster?

FP.oommuris samples F.eleagnifolia samples

Figure 39: Graphical representation of cluster assignment of each studied individuals (Cluster 1 is

composed of onlf?. communisamples, cluster 2 samples contains éhlgleagnifoliapopulation)

3.3.4. Minimum Spanning Network (MSN) Analysis

To understand and visualize the distance between populations and individuals
Minimum Spanning Network(MSN) analysis was carried out Similar to
STRUCTURE analysis, individuals are separated from each other not related with
their originatedpopulations. Only Panta population members were clagelyped
together at the bottom of the graph in FigudO3(Individuals with number betwae
70-75).
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Figure 310: Minimum spanning network analysis of the Bd&communisndividuals.

Beside the population differentiation, MSN analysis was performed once more for

the samples with known local names given by local farmers. It is founthtratis

significant correlation between the genagyygdsamples and their corresponding local
namesWhile most of the individuals within the same group were closely grouped
together, individuals in the groups name:
found to be genotypically distantto eachotido r eover , i ndi vidual s
population were found in the center of the other populationBigure 311, MSN

map of samples and their corresponding names can be found.
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Figure 311: MSN map ofsamples with known local names
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Figure 3.12: MSN map d?. communisandP. eleagnifoliaindividuals.

Lastly, MSN assay was carried out by using all studied genotfedegnifolia
genotypes were closely grouped at the bottetnof the MSN map (Figur8.12).
Besides, three main groups were observed: MER\&legnifolig Meydancék

SCC f.communi}and the rest of the populatior’®. €ommunik

3.3.5. Principle Coordinate Analysis (PCoA) and Discriminat Analysis of of
Principle Components (DAPC)

Principle Coordinate analysis shows that 95% of total variation isiexg bythe
first three axes with 48%, 36%, and 11¥he frst coordinate separateKi r az | €,
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Meydancék, Spdaak adoheicollecaopd pul ati ons from Pant a,
Camili, and A.Koyunlu populations whitbesecond coordinatgistinguishedPanta,
Meydancék, and Kirazlée populations from A. Kc
SCC populations. Finally,the same dataset was used to teearaphical

representation of discriminant analygiBigure 3.B). Similar to the result of
STRUCTUREanalysis DAPC analysisvas failed to cluster individuals to distinct

groups. However, as with PCoA resulse DAPC results showed t hat
and Ranta populationsvere most distinct populationg/hile the other populations

were closely grouped togethé@rigure 3.14)

Principal Coordinates ([PCoA)

Panta

heydandik

Coord. 2

camili Velikay

A _Koyunlu i sCe

Coord. 1

Figure3.13: Principle Coordinate analysis based on Nei's distance of studied 8 populations
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DA eigenvalues

Figure3.14: DAPC analysis of studiggopulations

3.4. Analyses of Molecular Variance (AMOVA)

AMOVA was carried out two times: One with two species and the other was
including onlyP. communigopulationsln the first analysis, great percentage of the
total variation was found to be amoggnotypes between populations as 85.53%.
12.85% of total variation was found to be among species. Lastly, small portion of the
total variation (1.61%) was found to be among population between species (Table
3.12).

Table3.12: Analysis of molecular variangesultsof P. communisandP. eleagnifoliapopulations

Variation Sum of Squares| Sigma Percentage of total
variation
Among Species 51.10 0.67 12.85 %
Among Populations 43.44 0.08 1.61 %
Between Species
Among Genotypes 883.90 4.49 85.53 %
Within Populations
Total 977.88 5.24 100 %
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On the second AMOVA, putativgroups of P.communiswhich were derived
STRUCTURE, DAPC, and MSN analysigere tested. Most of the variation defined
among genotypes within populations as 97.78%. Small portion ofatietion was
found to be among groups as 1.87%. Lastly, little variation was found to be among
populations between groups as 0.3G%ble 3.B).

Table 3.B: AMOVA results ofP. communigpopulations

Variation Sum of Squares, Sigma Percentage of total

variation

Among Groups 22.50 0.08 1.87 %

Among Populations 18.77 0.01 0.35%
Between Groups

Among Genotypes 696.0 4.35 97.78 %
Within Populations

Total 737.27 4.43 100 %
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CHAPTER 4

DISCUSSION

4.1. SSR Markers Quality

The study wasconducted by using 11 microsatelliteci markers previously
developedfor the genusPyrus and the genusMalus. KU10, Bgt23b, NHO013a,
NB113a, TsuEnh008, NHOO7b, and NHO08b were developed for and previously used
in the genusPyrus (Yamamotoet al.,2002a, P02b, 2002c; Nishitaret al.,2009).
CH03G06, CH02B10, CHO2F06, and CHO1F02 were developeddgenusMalus
(Liedhardet al.,2002; Gianfrancesclt al.,1998)

During scoring microsatellite loci, null alleles, allelic dropts, stuttering and
incorrect allele sizes due to misreading cause errors. In the studied popufations,
significantnull alleles, large allelic dreputs, stutteringvere not detectedAlleles

with incorrect allele sizes were read again and corrected. Only in some popjlatio
some loci showed null alleles. Generally, null alleles are resulted from mutations in
the flanking region, poor quality/quantity of DNA and primers during PCR,
amplification of shorter alleles, and slippage during PCR (Chapuis and Estoup, 2006)
Howeve, deficiency of heterozygosity due to inbreeding or Wahlund effect can be
misinterpreted as null allele evidend&hakrabortyet al, 1992) In the study, no

significant null allele was found.

In studied 11 SSR locglele size ranges highly differ beéenPyrus communiand
Pyrus eleagnifoliasamples.Furthermore observed allele sizes &. communis
sampleswere within the limits of previously reported studi@ao et al., 2007,
Katayamaet al., 2007) However, in some loci, some allelegere found to be

different from previous studieKimura et al., 2002; Caoet al., 2012) Those
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differencescouldbearisen due to the geographical distribution of the species. Since

there are environmental differences between studied and previously reported
populatons, environmental factors could alter the allele sizBssides, due to

economic importance of pear speciasthropogenidactors are also important for
thsspeciesd genotypic variations; di fferent

propagated by huma around the world.

Differentiation among populations due to isolation, genetic drift, asexual
reproduction, and linkage between alleles cause linkage disequilipkyepow and
Burt, 2001) In the conducted study, no significant linkage disequilibrium was found
amongloci. According to previous studies, NB113a, NHO13a, NHOO7b, NHOO08b,
and CHO1FO02were found on different chromosomes of 3, 8, 1, 10, and 11,
respectively in an interspecific hytd of P. communisand P. pyrifolia Nakai
(Yamamotoet al.,2002c) In another study conducted on the same spdadig$l3a,
NHO013a, NHO008b, CHO3G06, NHOO7b, and CHO1F02 are found of different
chromosomes of 3, 1, 17, 14, 16, and 10 (Yamanettal, 2004) Bgt23b and
CHO02B10 are found on same chromosome in both studies. TSUEnh008Db is found on
13" chromosome of apple ant! Bhromosome of pear in another study (Ceébal.,
2009; Cheret al.,2015) Similar to the literature data, no significant linkage between

loci was found.

4.2. Genetic Diversity of Loci and Populations

4.2.1. Genetic Diversity of Loci

He, Ar, and PIC are important parameters for
in genetic diversity analysis. In studi8&R locj all loci hadhigh Ar (>0.3). Besides,

polymorphic information contentasalso higher than 0.5 in all lothatmake them

be useful for genetic diversity analysis. Therefore, it is suggested that all markers

studied can be usegffectivelyin further genetic diversity analysis lncommunis.
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Some loci shoedslightly higher/lower values of diversity parameters theevious
studies (Yamamoteet al., 2001; Baoet al., 2007; Brini et al., 2008). Those
differences in the values of expected heterozygosity, allelic richness, and
polymorphic information content can be explained by geographical isolation and
human activities. Since those studies were performed in distinct areas around the
world, the evolutionary histories of the samples are distinct as Wh#refore,
different alleles can be found in distinct populatio®esides, since pear has

agricultural value, human activities play significant role in its dispersal.

While 7 of 11 loci had a positive fixation index, 4 loci sh@d excess of
heterozygosity. One of those fo@H02B10,was significantly deviated from HWE
since some excess of heterozygotes can affect H&ldgberg equilibrium. Excess

of heterozygosity in those four loci canrfesulted from disassortative mating in pear
cultivars. For genuByrus,it was shown that there is s@ticompatibility as a type of
disassortative selection (Kiet al., 2002; 2006). As for the other seven loci with
positive fixation indices, one of thesTsuEnh008was also deviated from HWE.
This deviation can be a result of inbreeding. However, small population size, artificial

selection, and/or mutation can be also the reason of this deviation.

Locus wise Fstatistics analysis is an important assayunderstand population
differentiation and inbreedingmongpopulations Loci shovwed negative fixation
indices (Fis) NB113a, CH03G06, CH02B10, and CHO1F02. Besides, NH013a,
NHO008b, NHO07b, TsuEnh008, Bgt23b, and CHO2a@l relatively higher Fst
values with lower Nm values. Therefore, it can be said that differentiation of the
population was mostly determined by those loci.
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4.2.2. Genetic Diversity of Populations

Genetic diversity analysis was performed to the studiguilptions to reveal the
conversationadndevolutional properties of the populations. Polymorphism, private
alleles, expected and observed heterozygosity (thus, fixation index) were calculated.
Percentage of polymorphic loci was calculated as 100% fatwadied populations

which states that all populations were genetically diverse in terms of studied loci.

Private alleles count is another genetic diversity parameters for populations. Private
alleles show uniqueness of the samples. According to SI&kitkin, 1985), private
alleles are also indicators of migration. Logarithm of the number of private alleles
and logarithm of number of migrants are linearly related to each other. Besides,
private alleles are also important for the future of the poulaince they define an
individual as unique. In the studied populations, number of private alleles ranged
between one to four. Camili and Panta populations had relatively higher private
alleles (4 and 3, respectively) than the other populations. Therdfose poplations

are more important thatihe others in terms of conservatiddince Camili is the
remotest village among studied villages, it is expected to observe more private alleles
in this population. Besides, since Panta populatimomposed otvild cultivars of

Pyrus communist is not surprising that it has different alleles than other populations.
While commercially valuable cultivars are spread between villages, individuals in
Panta population are not cultivated and spread betweenilges. Therefore, it has
more distinct individuals and private alleles.

Observed heterozygosity values of the populations were estimated between 0.64 and
0.77 (Panta and Veli k©°y, respectivel y)
heterozygosityof the wild population named Panta is lower than all of the other
populations. It can be explained as hybridization mueste occurredduring
domestication of the cultivate®. communisindividuals since hybridization is

common in Pear species (Vak al, 2006) Since wildPyrus communisdividuals
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are grown naturally and others are spread village to village, it is expected that others
have hybridized more to get more yieldowever, since Panta population has few
numberof individuals, this outcome malye wrong due to sampling errors. This
putative hybridization can be tested by analyzing more individuals in Panta
population and some other possible hybrid sources in the region.

4.3. Genetic Differentiation and the Structure of the Populations

Pairwise Fst values of the populations were ranged betwe@28 Gand M68.
Accordingly, Nm valuedbetweenpopulation were varied between.@d and 342.

Most of the Fst valueamongpopulations were fountb besmall which states that
differentiation betwen those populationgs not much Since there is natural
predisposition to hybridization in gend®yrus and the human factors (grafting,
artificial hybridization), hese populations are expected to be genetically cldbe
each other (Silvat al., 2014) However Fst values between Panta and any other
populations were found significant (>0,08ince Panta population is the wild
cultivars ofP. communisdifferentiation between Panta and other populations is not
confoundingWhile wild cultivars are exposed to mostly natural selection, others are
exposed to artificial selection. This artificial selection over generations increased the
genetic distance between wild and domestic cultivdiareover, these results are
consisted vth other studies conducted on wild and domesticated cultivars of genus
Pyrus(lketaniet al.,2010; Volket al.,2010; Cacet al.,2012)

As for Unweighted Pa#Group Method with Arithmetic Mean(UPGMA)
phenogram, two phenograms were created in theyst®de for P. communis
populations studied in Artvin region and one includeceleagnifoilapopulation
collected in METU. As pairwise Fst values, differentiation of Panta population from
other populations waslearly visualized in the first phenogram. Bés Panta and

Meydancék popul ations, al | of t Biece ot her

Meydancék village is |l ocated on differe
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villages, it was an expected resWthenP. eleagnifoliapopulation was addedto
the analysis, expectedly, METU population separated from all other populations
mostlydue to the comparison of two different spediesides, geographical isolation

between those populations prevented hybridization.

The STRUCTURE analysis using ollycommuniggenotypes revealed the presence

of 2 gene pool€Even though delta K was calculated as 2, these two clusters failed to
group individuals into two accordingly their population information. In the previous
assaysdifferentiation between populations is found possibly due to hybridization and
human factors such as grafting and vegetative growth of samples in different
populations. However, STRUCTURE analysis showed that due to mostly
hybridization between sampleadapopulations, each individual in each population
felled into different clusters. Only the members of wild population, Panta, were
includedinto cluster 1 with a 100%embership valueTherefore, it can be said that

the members of cluster 1 @doserto their wild relatives. Furthermore, minimum
spanning network (MSN) analysis was confirmed this result visually. According to
MSN results, most of the individuals dmind to bemore relatedo theindividuals

from different populationsather than the indigduals in their own population$hese
results confirm that there are significant gene flow between populations. Therefore,
populations cannot be differentiatétbwever thesecond MSN analysis showed that
individuals which were classified and grouped Ibgal farmers based on their
phenotypic variationswvere found to be clobeassociated witleach other. Most of

the clusters were grouped and differentiated from other clusters. However, seme pre
defined clusters were failed to-ckuster in the MSN anadys. Even if the results
increased the resolution of the clustering, due to gene flow between
populations/clusters, there were no clear differentiaticastly, MSN analysis
showed that there are three main gene pool wPealeagnifolia population is
included. One . eleagnifoliap opul ati on, the second one

SCC, and the other pool includes the rest of the populations.
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When it comes to th®. eleagnifoliapopulation, expectedly, this population was
separated with all otheP. commuis populations.Even though populations are
composed of two different species, interspecific hybrids are common in ggruss
(Van der Zwetet al., 1974; Montanariet al., 2013; Rubstov, 1944Therefore,
geographical isolation of these populatioam®terreason for this differentiation.

Same with UPGMA analysis, Principle Coordinate Analysis (PCoA) and
Discriminant Analysis of Principle Coordinates (DAPC) analyses showed the
distribution of the populations. Even if STRUCTURE analysis showed theo¢ & n
population wise distribution of the samples, it can be seen that the wild population
Panta and Meydancék population were disc
result confirms the previous result of that Panta is the most diverse population from

the others.

Lastly, to reveal the source of differentiations, Analysis of Molecular Variance
(AMOVA) assay was performedhn the first AMOVA assay, populations from two
species were usedhs.53% of all variance were fourtd be among genotypes within
populationslt is not suprising to attain this result consideritite previousa s s ay s 0
results. Besidg 12.85% of total variation was found to be among species. Lastly, a
small portion of the variation, 1.61%, was foundogoamong populations between
species. On the second AMOVA assay, 97.78% of the total variation was found to be
among genotypes within population. Besides 1.87% and 0.35% of the total variation
were found to be among groups and among populations betwegrs grespectively.
These results supported previous assays:/
populations.

It is important to state that all of the assays indicate gene flow between populations,
possibly as hybridization. It is known that hybridipat between individuals is

common in pear species (Culley and Hardiman, 26@28diman and Culley, 2010;
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Zhenget al.,2014) Therefore, geographically close populations as studied ones show
high hybridization. Besides, vegetative growth such as grafsngommon in
agricultural activities for pear species. Thus, grafting an individual outside of its
original population facilitates gene flow between populatis.nce Kkavkat
most populated center of the studied region, human factors on distrilmftion
commercially valuable plants are important. Gene flow between individuals and
populations, therefore, is an expected result of human activity on agriculture and
trade. However,a assess the genetic source of those hybridizations, it is important
to exend the study area. Since pear species can be hybridized amer
intraspecifically, during extending study area, not only cultivars of species of genus

Pyrusbut also genuMalusshould be collected and analyzed.
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CHAPTER 5

CONCLUSION

Species of genuByrusare one of the most important tree fruit group in terms of their
economic value and consumption rate. Overall, pears are the second most consumed
and produced tree fruit after apples. As for Turkey, similarly, pear is the second most
produced pome fruit after apple. Therefore, due to its economic value, genetic

structure analysis and conservation of genetic sources of pears are important.

In this study, 8 population &. communisamples from Artvin Province (84 samples

in total) ard 1 population of. eleagnifoliasamples from METU campus (Ankara
Province, 20 samples in total) were analyzed with 11 SSR markers. No null allele
was found in the loci studied. Only some loci showed null alleles in some specific
populations. Linkage disgilibrium analysis showed that there is not significant
linkage between loci. Besides, out of 84 samples, 83 samples were found to be
multilocus genotypes. According to locusse parameters as Allelic Richness (Ar),
Polymorphic Information Content (PIC)Expected Heterozygosity (He), and
Shannonés index of ldentity (1), al |l ma
KU10, NHO08b, CH03G06, NHOO07b, TsuEnh008, Bgt23b, CH02B10, CHO1F02,
and CHO2FO06jvere found to be informative amén be used further analyseshin

communis.

Population differentiation analyses (pairwise Fst, DAPC, PCoA, MSN, and UPGMA)
reveal that the wild population Panta is significantly differentiated from other
populations. However, population structure asat/(STRUCTURE and MSN) and
AMOVA showed that all the individuals in the populations highly admixed with each
other. Even though MSN and STRUCTURE suggest that there are two main clusters,

those clusters are not related with the original source of populatherefore, these
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results show that individuals in the populations are hyb8ofee the villages are too
close to each other, especially the ones oth

individuals is an outcome of human activities.

The study regal that the cultivars ¢f. communisare highly hybridized. Even though
sampling area is narrow, and number of samples are few, it was seen that
domesticated cultivars are highly heterozygous than the wild population. Therefore,
it is important for the frther studies to extent the sampling area and to increase
number of wild populations to understand the domestication process of Anatolian
pear. Besides, by doing so, the original source of this hybrids can be found and

conserved.
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APPENDICES

APPENDIX A

SampledP.communisgenotypes

uma leydancék
uma leydancék
uma leydancék
tanta(YabasA Kk é s éz fleydanc ek
(abaja Ar mudfleydancek
tanta(YabasA Kk é s éz fleydanc ek
b°rstell a leydancék
tanta(YabasA Kk é s éz fleydanceéek
(ansilya leydancék
1 K € leydancék
0 tanta(YabatA K € s éz leydanc ék
1 uma leydancék
2 (asitava leydancék
3 evracul leydancék
00 sozola l i k°y
01 cara el i k°y
02 bozdoj an el i k°y
03 Isket el i k°y
04 larj] Armudu (el i k®y
05 (é K Ar mudu el i k°y
06 bahara el i k°y
07 lul eki ya el i k°y
08 (s msi z le kel i
09 a n a Kaman .Koyunlu
10 (a] Ar mudu le kel i
11 sozola le kel i
12 (a] Ar mudu le kel i
13 (si msi z le kel i
14 anta(YabatAk é s éz Jlek el i
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15 evracul el i k°y
16 arankKkor .Koyunlu

17 lyanak .Koyunlu

18 (abaj a Ar mu d\Koyunlu

19 rgevul .Koyunlu

20 sma Armudu .Koyunlu

21 evracul .Koyunlu

22 al Armudu .Koyunlu

23 Develi Armudu .Koyunlu

24 rgevul .Koyunlu

25 ez erikKken el i k°y
26 bal Armudu .Koyunlu

27 [ e KArmut .Koyunlu

28 asila Armudu (i razl e
29 banga (i razl e
30 lanizor (i razl e
31 lar Armudu lekel i
32 0z Armut (i razl e
33 Kek Mehmet [irazl é
34 (utupasila (i razl e
135 Kuri kt ava Kirazl é
136 Karasesela Armudu Kirazl é
137 Arpa Armudu Kirazl é
138 Asma Armudu Kocabey

201 Salum Savuray Camili

202 Caniviray Camili

203 Panta(YabaA Kk € s & Z Camili

204 Bulducay Camili

205 kekeray Camili

206 Zr‘;ddg) a( Beyek|camii

207 Didivanay Camili

208 Jomay Camili

209 Saselay Camili

210 Kurssukanay Camili

211 Seselay Camili

212 S(Z)aray Camili
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213 Ha-e-uray Camili
214 Ke¢- ¢k Baj AfCamili
215 Karnushapi(Samaha) Camili
301 Cetrula SCC
302 keker SCC
303 Harg SCC
304 Bebera SCC
305 Ya] Ar mudu [SCC
306 Goaha SCC
307 Loj SCC
308 Kiraz SCC
309 Bardak SCC
310 Acara SCC
311 Yarar SCC
312 Kabaja Ar mu|SCC
313 Kansilya Kirazl é
314 Naj sit SCC
315 |l kék Mehmet |SCC
316 Go K SCC
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APPENDIX B

Genomic DNA Isolation

DNA isolation was performed bysing an alternate version of CTAB (cetyl

trimethylammonium bromide) protocol. (Doyle and Doyle, 1987) The whole

pro

1.

cedure is given below:

0.1 gram crushed | eaf tissue was-put ir
heated 2X CTAB solution.

.8 00 Od groantded sotution was poured into 1.5 ml Eppendorf tube, and 200

Ol-mércaptoethanol and 5 Ol Proteinase K
.Tubes, then, were placed on water bath
hour.

4. After incubation, tubeswerege r i f uged at 15000 rpm, 4

5. Supernatant were placed into another tube and mixed with phenol up to 80% of

10.
11.
12.
13.
14.

its volume.

.Sol utions were centrifuged at 15000 r pn

. Supernatant were placed into another tube and chlorofoamigalcohol (24:1)

were added into it up to 80% of its volume.

.Tubes were centrifuged at 15000 rpm, 4
. Supernatant were placed into another tube and equal volume of cold isopropanol

added into it.

Tubes were placedint@ 0 UC fgbtr overn

Samples were centrifuged at 13000 rpm
The pellet was washed with 500 OI, 70
The pellet was let dry onto blotter for about 60 minutes.

The pell et was resuspended with 75 Ol
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APPENDIX C

BUFFERS, CHEMICALS AND EQUIPMENTS
Buffers and solutions for DNA isolation
2X CTAB: 2 gr CTAB (Cetyl Trimethyl Ammonium Bromide), (SIGMA)
4 ml (pH:8) 0.5 M EDTA, (FLUKA)
10 ml (pH:8) Tris HCL, (SIGMA)
28 ml NaCl is completed with 100 mL distilled water
Phenol (AMRESCO): Pure phenol
Chloroform isoamyl alcohol, (FLUKA) : (24/1)
Ethanol: 70% in distilled water

b mer capt o (6&tlhGavimrg I: 17,5 ml b mercapto et

ml with distilled water

TE buffer: 10mm Tris HCL (pH:7) 10mm ethylene diamine tetra acetic acid
disodium salt (EDTA)

Isopropanol, (FLUKA): Pure Isopropanol, ice cold

Buffers and solutions for PCR

Sterile water

Tag DNA Polymerase (SI GMA Red Taq): 1U/ O
10X PCR buffeiincluding MgClI2 (SIGMA)

dNTPs (SIGMA): 10mM

DNA: 10ng/ Ol

Primer Pairs: 1006M

77



Reaction mixtur e: 5x HOT FI REPoI E

BioDyne, Tartu, Estonia)

Agarose Gel Electrophoresis Buffers and Gel System
10X TBE Buffer: 108 gr TrizmaBase, (SIGMA), 55 gr Boric Acid, (SIGMA)
Running Buffers: X TBE prepared in distilled water
Ethydium Bromide (SIGMA):4 mg/ ml
Agarose,(SIGMA): 3 % Agarose Gel

40 ml EDTA, (FLUKA) (0.5 M, pH:8) completed with 2000 ml with distilled water
Low molecular weight DNA Ladder (SIGMA)
Equipments

Autoclave: Yamato

Centrifuge: N ¢ v F048

Electrophoresis SystemThermo Scientific
Thermocyclers: Eppendorf Mastercycler

Deepfreezer: U J U-Rreezer

Magnetic Stirrer: Labor Brand Hotplate 1-81
Refrigerator: Siemens

UV Transilluminator: Vilbor Lourmant

Vortex: N ¢ v dM110

Water Bath: Memmert

Oven:Dedeoj | u

Micropipettes: Gilson

pHmeter: Hanna Inst.
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APPENDIX D

Analysis which was performed by BM Labosis Company
1. PCR product registration by customer.

2. PCR product + HDi formamide + size standard * size standard type : 120LIZ,
350R0OX, 400HD, 500LIZ, 600LIZ, 1200LIZ

3. Denaturation

4. 3730x| running by using Dye set: set for internal standard size marker
400HD , DS33 set for internal standasize marker 400HD

5. Genemapper v.5 analysis
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APPENDIX E

Raw Data Sample
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