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ABSTRACT

FOUNDER EFFECT
IN REINTRODUCED ANATOLIAN MOUFLON
OVIS GMELINII ANATOLICA/ALENCIENNES 1856 POPULATIONS

Kayim, Mehmet
M.Sc., Department of Biology
Supervisor: Prof. Dr. Aykut Kence

September 2008, 119 pages

Reintroduction of Anatolian mouflon population abAlgs Protection & Breeding
Station to its former habitats (Emremsultan WikliDevelopment Area in Ankara-
Nallihan, and Karadain Karaman) started in 2004. The magnitude of gene
change among Boz@8aand reintroduced populations was evaluated by 11
microsatellite loci. Study populations revealedselaresults (tst.dev.) — Boztla
population:ng = 2.9091 (x1.1362)A: = 2.0250 (+0.9537)H, = 0.3830 (+0.2717),
He = 0.3956 (+0.2746); Nallihan population; = 2.9091 (¥1.1362)Ag = 2.0592
(x0.9451),H, = 0.4086 (£0.2977H. = 0.4052 (£0.2767); and Karaglpopulation:

N = 2.5455 (£1.1282)A: = 1.8809 (+0.8758), = 0.3388 (+0.2775)}H = 0.3607
(x0.2716). Population differences for major gengticameters were not significant
(p > 0.05) by comparisons with pairgeest. Also, temporal change in genetic
diversity for Bozdg population was investigated by comparison withgeral data.
Temporal changes in genetic parameters were foandet not significant and
possible causes for differences were argued. Axditly, genetic diversity and PI
computations for different traps were verified @oednpared to uncover any potential

bias due to the catching method. Comparisons dideweal significant differences



illustrating the homogeneity among traps. On theepthand, simulations detected
the higher sensitivity of allelic diversityA] to founder events thaf® and

heterozygosity Hl, & He) levels which supports heterozygosity excess niktfoo

bottleneck analysis. With the same simulation agigJyobserved genetic diversity
within reintroduced samples were found to be inrdregges of expectation (99% CI)
indicating that translocated individuals were cmosandomly. Bottleneck analysis
based on heterozygosity excess method (one-talstdfor heterozygosity excess:
Pswm = 0.28515prpy = 0.06445p,» = 0.02441) and allele frequency distributions
method (normal L-shaped) could not detect a regenttic bottleneck for Bozda

population. However, simulations determined tha@séhtwo methods are prone to
type |l error. Bottleneck detection failure for thidy population is probably due to

type Il error instead of other sources of erroe Mkolations of model assumptions.

Keywords: Anatolian mouflorQvis gmelinii anatolicareintroduction, conservation

genetics, microsatellites, founder effect, popalatiottieneck
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YENIDEN ASILANAN ANADOLU YABAN KOYUNU
OVIS GMELINII ANATOLICA/ALENCIENNES 1856
TOPLUMLARINDA KURUCU ETKIiSI

Kayim, Mehmet
Yiksek Lisans, Biyoloji Bolimu
Tez Yoneticisi: Prof. Dr. Aykut Kence

Eylul 2008, 119 sayfa

Bozdgz Yaban Hayati Koruma Sahasrnda bulunan Anadolu avialiKoyunu
toplumunu oOnceki y@ama ortamlarina (Ankara-Nallihan’da bulunan Emrdtasu
Yaban Hayati Gejtirme Sahasi ve Karaman’da bulunan Kagdaeniden alama
calismasi 2004 yilinda Bamistir. Bozd& toplumu ile yeniden glanan toplumlar
arasindaki genetik farklgin derecesi 11 mikrosatelit lokusunda sardmistir.
Calisma toplumlari yakin sonuglar vertir (xst.sap.) — Bozda toplumu: ng =
2.9091 (+1.1362)Ac = 2.0250 (+0.9537)H, = 0.3830 (+0.2717)H = 0.3956
(x0.2746); Nallihan toplumun, = 2.9091 (£1.1362)Ag = 2.0592 (£0.9451)H, =
0.4086 (+0.2977),He = 0.4052 (+0.2767); ve Karagatoplumu: n = 2.5455
(£1.1282),Ac = 1.8809 (+0.8758)H, = 0.3388 (+0.2775)He = 0.3607 (+0.2716).
Eslestiriimis t-testi ile yapilan ve temel genetik parametrelesyatan toplum
karsilastirmalari anlamli olmayanp(> 0.05) farkhliklar vermitir. Ayrica, Bozdg
toplumu icin genetik cgtlilik temelindeki zamansal dgsim gecms verilerle
argstirllmis.  Genetik parametrelerdeki zamansal gigienin - anlamh  olmadil
bulunmy ve farkliliklara neden olabilecek olasiliklar tgittnistir. Ek olarak,

yakalama tekminden kaynaklanan olasi bir istatistiksel yaglhespit etmek igin

Vi



farkli kapanlara ait genetik gi#ilik ve P1 degerleri belirlenmg ve kasilastiriimistir.
Karsilastirmalar kapanlar arasindaki tistige gosteren anlamli olmayan farkliliklar
sunmytur. Ote yandan, simulasyonlar alelik sigegin (A) kurucu etkisine,
polimorfik lokus orani P) ve heterizgotlukH, & He) seviyelerinden daha duyarli
oldugunu tespit etmgi ve toplum darbgazi analizi icin kullanilan heterozigotluk
fazlasi metodu desteklenghi. Ayni simulasyon analizi ile yenidensianms
orneklerde gozlemlenen genetiksitidi gin beklenti aralginda (%99 GA) oldgu ve
bu sayede tanmis bireylerin rasgele secilgi gosterilmitir. Heterozigotluk fazlasi
metoduna (heterozigotluk fazlasi icin tek-kuyrukilcoxon testi:psyw = 0.28515,
Prew = 0.06445p,v = 0.02441) ve alel frekansi gilamlari metoduna (normal L
dagilim) dayanan toplum dar@iezi analizi Bozda toplumu icin yakin bir genetik
darb@az tespit edemestir. Fakat, simulasyonlar bu iki metodun tip 1l &stna
egilimli oldugunu belirlemgtir. Calisma toplumu icgin darbgaz tespit bgarisizlgl,
modelin varsayimlarina uyumsuzluk gibi bir hataraynin yerine buytk olasilikla

tip Il hatasindan kaynaklanmaktadir.

Anahtar sozcukler: Anadolu yaban koyunQyis gmelinii anatolica yeniden

asllama, koruma gengii, mikrosatelit, kurucu etkisi, toplum dargaz|
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CHAPTER 1

INTRODUCTION

1.1. Current & Historic Range of the Species in Tukey

Anatolian mouflonOvis gmelinii anatolicaalso known as Anatolian wild sheep or
as Turkish mouflon, is a subspecies endemic to &urlEor many reasons, this
subspecies came to the edge of extinction in thg rexent history. According to
TURAN (1967), the population size declined down to 355 individuals in
Bozdaslar region of Konya Province where the last popafabf Anatolian mouflon
was subsisting. Formerly, Anatolian mouflon popiolas were found in Nallihan
and Polath in Ankara, Sivrihisar and AraidbabaBskisehir, Emirdg! in Afyon,
Karadg in Karaman, and Epli, Karapinar and Bozdain Konya. Consequently,
the historic range of this subspecies was oncerirayapproximately 50,000kfin
Central Anatolia (BNFORD & ALSTON, 1877; TURAN, 1984). These populations did
not survive, and extirpated between 1940s and 19A@song many possible
reasons, habitat fragmentation and destructiondgti@n, hunting, poaching,
disease, and food competition with domestic livelstthat is caused by heavy
grazing seem to be critical ones responsible ferdistruction of these populations.
Later, a conservation program began in 1966 fomptiaéection of the last survivors
in Konya-Bozdg region and for the recovery of the population. Bos purpose,
Bozdgy Wildlife Development Area (WDA) was established Bfinistry of
Agriculture (now Ministry of Environment & ForesityTherefore, from the time of
extirpations to the beginning of reintroduction gnam in 2004, the only range of

this subspecies was BozZda



Reintroduction program currently involves two fommbabitats of Anatolian
mouflon, Nallihan in Ankara and Kargglan Karaman, and still ongoing with great
efforts. Hence, the current range of this subsgeorolves three regions in Turkey;
Konya-Bozdg, Ankara-Nallihan, and Karaman-Kargda

Along with Anatolian mouflon,Ovis gmelinii gmelinii also known as Armenian
mouflon, is the second subspecies found in Turamilarly, this subspecies had
also faced population losses and severe size dsclkrmenian mouflon is listed as
vulnerable (VU A2cde, ver.2.3; 1994) in 1996 IUCNedRList of Threatened
Animals, but currently needs updating (from IUCNi@&l website). A conservation
program was started for Armenian mouflon with trstablishment of Van-Ozalp
Protection & Breeding Area (PBA) in 1971 on a 1B0f8a area to the east of Ozalp.
However, current status of this subspecies in OR&A is known only roughly due
to the unsystematic management of the conservptimgram. The geographic range
of this subspecies includes Armenia, Azerbaijaan,liraq, and Turkey. In Turkey,
the distribution covers the region from the southMmunt Agri to the north of
Mordaglar mountains in Hakkari and from the east of L&fem to Karada (KENCE

& TARHAN, 1997; ARIHAN, 2000; ABAYRAK et al, 2007). Some group of
individuals of this subspecies may perform seasomngtations by moving to Iran in
autumn and migrating back to Turkey in sprin@gf€E & TARHAN in SHACKLETON,
1997, p.134-138).

1.2. Taxonomy

As given above, there are 2 subspecie®wak gmelinii(BLYTH, 1840)in Turkey;
Ovis gmelinii anatolicaVALENCIENNES, 1856) andOvis gmelinii gmelinii(BLYTH,
1841) (ALBAYRAK et al, 2007). However, these two subspecies were Yfirstl

classified not a®©. gmeliniibutasOvis orientaliS(GMELIN, 1774).

The classification of genu®vis (LINNAEUS, 1758)is problematic and there are
usages of various taxon names among different esI{itENDLEDER et al, 2002).

The problem mostly arises from the classificatiormouflons and urials. In 1997,



IUCN/SSC Caprinae Specialist Group classified otuflons and urials in a single
species a%). orientalisand Anatolian mouflon was classified & o. gmelinii
together with Armenian mouflon (Status Survey armh€&rvation Action Plan for
Caprinae, edt. by David M. Shackleton, 1997). Hoeveeurrently the classification
in 2000 by IUCN/SSC Caprinae Specialist Group isepted, where mouflons and
urials are not identified in a single species@sgs orientalis but mouflons are
classified a®vis gmeliniiand urials a®vis vignei Thus the oldest namgmelinii
(BLYTH, 1840), is now applied to mouflons. This is beeam®uflons have 54 (2n)
chromosomes (BNcH 1998; KRIk¢l et al, 2003), but urials have 58 (2n)
chromosomes (BNCH 1978; $IACKLETON 1997; HENDLEDER et al, 2002),
however hybrid forms may have 55 (2n) and 56 (2mpmosomes (WLDEZ et al,

1978). Currently accepted classification of Anatolmouflon is;

Domain:Eukaryota(WHITTAKER & M ARGULIS, 1978)
Kingdom:Animalia(L., 1758)
PhylumChordata(BATESON, 1885)
SubphylunVertebrata(Cuvier, 1812)
ClassMammalia(L., 1758)
Subclas3heria (PARKER & HASWELL, 1897)
OrderArtiodactyla(OweN, 1848)
SubordeRuminantia(ScopoLl, 1777)
FamilyBovidae(GRrAY, 1821)
SubfamilyCaprinae(GrAy, 1821)
Genugvis(L., 1758)
Specieggmelinii (BLYTH, 1840)

Subspecieanatolica(\VVALENCIENNES, 1856)

Additionally, the number of species in gerbsis (L., 1758) may show variations
among the classifications of different authorsiL8N & REEDER (2005) have
classified five species in the gen@sis (L., 1758);0. ammon(L., 1758),0. aries
(L., 1758),0. canadensigSHAw, 1804),0. dalli (NELsON, 1884) andO. nivicola

(EscHscHoLTZ 1829), where mouflons are placedOnarieswith domestic sheep.



Variously, IUCN/SSC Caprinae Specialist Group hksssified seven species of
genusOuvis (L., 1758); argali sheep which lives in Asia @ ammon domestic
sheep a®. aries bighorn sheep which lives in North America andeSia (QWAN,
1940) asO. canadensisdall sheep (or thinhorn sheep) which lives intmeest
North America asO. dalli, mouflon asO. gmelinii snow sheep which lives in
Siberia ag0. nivicola and urial ag). vignei In this classificationQ. gmeliniiand

O. vigneieach owns six subspecies (Table 1.1).

Table 1.1.Classification of mouflons & urials.

Species Subspecies Common Name

Ovis gmelinii
gmelinii (BLYTH, 1841) Armenian mouflon
anatolica (MALENCIENNES, 1856) Anatolian mouflon
laristanica (NASONOV, 1909) Laristan mouflon
ophion(BLYTH, 1841) Cyprian mouflon
isphanica(NAsoNov, 1910) Esfahan mouflon
Musimon(SCHREBER 1782) European mouflon

Ovis vignei

arkal (EVERSMANN, 1850)
bocharensigNAsoNoOv, 1914)

Transcaspian urial
Bukhara urial

cyclocero{HUTTON, 1842)
punjabiensigL YDEKKER, 1913)
vignei(BLYTH, 1841)
blandfordt

Afghan urial

Punjab urial

Ladakh urialor Shapu
Blandford urial

Source: IUCN/SSC Caprinae Specialist Group.
* Uncertain, can be an ecotype.

1.3. General Characteristics of Anatolian Mouflon

The appearance of Anatolian mouflon is much difieged from the domestic
sheep. It has a look of a very agile animal withdiegs longer than forelegs, high
shoulders and breasts, and also with their longlender bodies. These physical

characteristics contribute to the lifestyle in theuntainous Konya-Bozgaregion



where the elevation ranges between about 1000 %6 7asl. Anatolian mouflon
individuals are generally seen on wide and smoiih ietween 1000m and 1500m,
instead of rocky hills where the slopes are vergtie&@. The body length varies
between 105 to 140cm, and the breast height istéfbto 90cm. The tail is short,
ranging between 10 to 12cm and thim@, 1989). Both the body length and breast
height is generally greater in males. Males are késavier than females by weighing
about 45 to 74kg, whereas the females are abotd 86kg. Only the males of this
subspecies own horns whereas both the males aradef®1{18-20cm) of the eastern
subspecies). g. gmelinij have permanent horns. However, the horn tipseofti@l
Anatolian subspecies are more distant than themastibspecies and the length of
their horns can reach up to 75cm. Anatolian mouffales start to grow horns after

4 months following birth.

The longevity of Anatolian mouflon is 15 to 18 ygafhere are 2 techniques that
are used for age determination in this subspegigs.can either be determined by
counting the annual rings in the horns of malesweieer, this method is
inapplicable to the females t®. g. anatolica The other method, which is
determination of age from incisor teeth structisejot very efficient and generally
is used for ewes. By this method, only individuabdsinger than 3 years old can be

classified since incisor teeth development stofes #fis age.

The fur color of Anatolian mouflon shows seasoratiations by being pale brown
in the summer and reddish brown in the winter. $lane also shorter and thinner in
the summer period. The fur color can well camowflége individuals within their
habitat. They tend to shed their fur in the begignof summers during May and
June. For males, the hair color starts to darkesr dfyears and a light saddle occurs

after 3-4 years but saddle may not form in someviddals.

Male and female mouflons reach sexual maturity rales and 1.5 years,
respectively. Breeding takes place during Novenaloer December, while ewes give
birth in May and June after 148 days of gestatiemion. While young ewes

generally give birth to only one infant, older ewgsnerally give twin births.



Females care their offspring until December. Thisr& strong sexual selection
during the rutting season due to female choice gnpatential mates, and inter-male
competition for access. Generally older rams witigéer horns are preferred by the
ewes. During this season, the sexually dominanerf@ins a group with the ewes
and after breeding period, the group separatescéj@xcept for the rutting seasons,
males do not hold harems.

Anatolian mouflon generally feeds with steppe vageh. Gramineae family
constitutes about half of its diet. The remainimgtpnostly consists dfeguminosea
and Umbelliferaefamilies. Members oFabaceaealso constitute an important part
of their diet. Anatolian mouflon is resistant torgh However, during fall seasons,
they eat bulbs dErodium sppby digging the ground. This contributes to tiveater
requirement besides nourishmentA@g, 1989; KAYA & AKSOYLAR, 1992).
Anatolian mouflon also feed with additional food.gf alfalfa) supplied by the

wardens especially during snowy winters when f@odat easily accessible.

1.4. Conservation of Anatolian Mouflon

The first considerable conservation program for tAlian mouflon was started in
1966 when a 42,000 ha area in Bag#daregion of Konya province was converted
into a protection area by the Ministry of Agricuktu Although this was the first
important progress, there had been other consernvaitttions for this subspecies
prior to this management plan. In 1937, Anatoliaouffon was officially taken
under protection by legal restrictions (Land Hugtioaw No. 3167). By this law,
together with wild sheep, hunting wild goat and rob&és was also prohibited.
However, this was not enough to secure the populstof Anatolian mouflon and

the need for a more sophisticated conservationraetnerged in later years.

In 1989, a 5,000 ha area in Bogd&/DA was fenced as a Protection & Breeding
Station (PBS) and a captive population within PB& wstablished from about 40 to
50 individuals (ARIHAN, 2000). The fences were electrified in 1996. Adkgntial

predators €.9. wolves, lynx, caracals, dogs...etc.) were evacuditech PBS to



prevent deaths caused by predation. Surroundingeferalso prevented food
competition with domestic sheep from surroundintiages. However, with the
establishment of fences, the population within BgZdBS was totally isolated from
the exterior population of Anatolian mouflon andugh the mouflon population

within Bozda WDA became subdivided into two subpopulations.

There is still a small population of Anatolian miouf persisting outside Bozga
PBS, but recent observations show that the sizéeopopulation is not more than
100 and is thought to be declining. However, set@meations for this population are
not trustable and imply contradictions. Accordirmy ARIHAN (2000), the size is
around 50. It is thought that there are more ttBA@ domestic sheep in the nearby
villages since most of the local folk earn fromcioreeding. This leads the exterior
population to an extensive competition with donestock, in addition to predation
and hunting. Thus their number did not show a v@ogitive change over time.
Whereas the size of the population within BazdBS increased fairly well until
years 2000 and 2001 when there were about 1008 fyaDepartment of National
Parks, DNP) and 1400 (DNP) inhabitants, respegti¢€igure 1.1). However, this
number decreased since then and currently, thelgtopu size is estimated to be
about 600 (Figure 1.1). Since Bozd®BS has a limited carrying capacity, the
reason for this decline can be assigned as oveirdmre because population size
rised up to 1400 in 2001. Additionally, since thegimning of 2005, there is an
increase in the rate of deaths caused by an unkuisease. In 2007, this desease
was identified as paratuberculosis. According te fredictions, paratuberculosis
spread faster with overdominance as the physicaedess among individuals has
increased. Recent observations show that many ithdils in Bozdg PBS are
carrying this disease now. However, appointingdbesequences of the disease as
the major reason for this decline in populatioresi still questionable. For a more
reliable inference, in addition to the ongoing watklemetry studies for
demographic analyses, paratuberculosis needs @lbe tnvestigated with genetic
analyses and urgent action plans must be startatdingly. Furthermore, diseased

individuals should be detected and not be chosereiotroductions.
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Figure 1.1. Temporal change in Bozg@opulation size.
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1.4.1. Reintroduction

1.4.1.1. A General Overview of Reintroduction Progams

Reintroduction is repopulating a suitable area withe historic range of a species
or subspecies by the translocation of individub&ét vere either held in captivity or
free-ranging. The aim behind this scenario is tatdsh a self-sustainable, viable
population to increase the chance of survival eftdxa. For a reintroduction study,
the site where the individuals are repatriated Ehawt own any conspecific
population of any size, however if this criteriannot met, the study can be termed
as restocking (KEIMAN, 1989).

For the success of a reintroduction program, theeemany precautions to be taken.
Defining the reasons behind the extirpation of fermatural populations is of great
importance for the success of the reintroductioogmm. In addition, feasibility

studies on the species that is being reintroduced@ortant and a wide knowledge

on the behavior and ecology of the reintroducecisgeor subspecies may greatly



contribute to the choice of reintroduction sitesEKiAN, 1989). Reintroduction site
must have suitable carrying capacity in order tppsut the increasing size of

reintroduced population (8\MBELL, 1977).

Generally, newly reintroduced individuals tend tmw unordinary behavior and a
stressful mood due to the changes in their enviemim In order to soften these
types of effect, a pre-release reintroduction may riecessary to prepare the
individuals to the food, climate and other locahdiions of the release site which
can readily increase the post-release survivaT@Det al., 1988; KEIMAN, 1989).
Especially this holds for the individuals that &nenslocated from a captive-breeding
site and are captive-born. In addition, post-redetmaining (80TT-BROWN et al,
1986) may further increase the survival chancehef teintroduced individuals,

however not every species may need such traininditonings.

The monitoring of reintroduced individuale.d. radio-telemetric monitoring) after
release is crucial for the assessment of causedeath and survival in the
reintroduction site (SoTT & CARPENTER 1987). Long-term monitoring is especially
useful in perceiving the final situation by acqugiinformation on the demographic
parameters and viability of the entire populatiowl éhus, for taking new decisions
and precautions for the management of the reinttimu program. Long-term

monitoring may also serve to conceive better orenefficient strategieseg. new

release strategies) for the current and futurensnction efforts.

Moreover, for their close relation with experimdndétudies, reintroduction actions
may serve to other purposes of rather theoretiasaarches in ecology, evolutionary
and behavioral biology. By being expensive and defimg studies relative to
laboratory experiments, also due to logistical gexhnical difficulties faced in the
field, reintroduction experiments are generally iagtical especially in the case of
large mammals. For this reason, conservation pnegjrean also be used for these
kinds of experiments and may serve helpful oppatiesfor real-scale hypothetico-
deductive experimentand meta-analysis for biologists from various ihikces
(SARRAZIN & BARBAULT, 1996).



1.4.1.2. Reintroduction of Anatolian Mouflon

Reintroduction of Anatolian mouflon to its formealhtats started in 2004 and is still
in progress. Emremsultan WDA in Nallihan (Ankaray &aradg (Karaman) had
been specified as reintroduction sites for the emyopulation in Bozdaby DNP
and Game-Wildlife Department (GWP). Both Emremsultand Karada
reintroduction sites own a fenced area for softasé reintroduction. However the
fenced area in Emremsultan WDA is called as SarBBS whereas the one in
Karadg is not a PBS nor Karagaitself is a WDA. Unlike a hard release
reintroduction - that is releasing individuals dihg without any pre- or post-release
preparations - the newly reintroduced individuatsf Bozdg PBS are subjected to
a pre-release period due to reasons listed aboverdbier for breeding since
mouflons can increase in number faster within teecéd areas where they are
protected against the harsher conditiomg. (predators, competition) outside. Some
of the individuals are also subject to radio-telammanonitoring after being released

outside the fenced area.

Totally 192 individuals - 131 individuals to Emremitsn WDA, 61 individuals to
Karadg - were reintroduced and 161 of them were releas¢side the fenced areas.
According to estimations in May 2008, there areudbt®-80 individuals inhabiting
in Emremsultan WDA. Also, due to the last surveguits of Karaman National
Parks and Department of Nature Preservation in ibbee 2007, the estimated
population size is less than 30 in KargdBoth populations are being followed with
radio-telemetric monitoring by a group of researshieom Middle East Technical
University (METU) and major demographic paramet@risth, death and annual
survival rates) as well as habitat selection ofdwsheep are being determined.
Individuals are followed by radio-collars of apprage size and weight. However
monitoring in Emremsultan WDA is more efficient than Karadg since only 6
individuals were radio-collared in the latter whaesehis number is 40 in the former
area. Studies indicate low annual survival rateth dor Nalllhan and Karaga
populations; annual survival rates are 0.346 an@Q@).respectively (ENiz OzurT,

unpublished data). Paratuberculosis has also betsttdd in both reintroduction
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sites and thought to be as one of the major caritiib to the low annual survival
rates. By detecting and reintroducing individuddattare not carrying the disease,

annual survival rates will definitely increase these populations.

One additional note is that, in 2005, a new PBS eg&ablished for wild sheep, wild
goat, and gazelle on 80ha area in Malatya-HekiminarDNP. Only in 2007, 7
individuals, and in total 10 indiviuals were trastsited to Hekimhan PBS from
Bozdag PBS.

1.5. Conservation genetics

It is claimed that human intervention to natureeesgly in the last two hundred
years had greatly increased the rate of extinctiansing the loss of threatened
species at the first place. Many authorities namasithe sixth mass extinction
(LEAKEY & LEWIN, 1995; MNES, 1999) in the history of life and probably more
powerful than any of the antecedents. According2@®7 IUCN Red List, the
number of threatened species in 2006 is 16,118afeaeither endangered, critically
endangered, or vulnerable. However, this number ¥8503 in 2004, 12,259 in
2003, 11,167 in 2002, 11,046 in 2000, and 10,53B9@6/1998. Accordingly, the
number of species in the list nearly doubled wilkss than a decade and vertebrates
are at the first place in the list. To give mor¢atle, 20% of all mammal, 12% of all
bird, 4% of all reptile, 31% of all amphibian, adéb of all fish species that are
described are threatened. This makes 10% of aéletes described. Except for
31% of all gymnosperm species also being categbrmethreatened, the statistics
are more pleasing for remaining taxa (Data from NJ&fficial website), but still
indicating the need for conservation of species etmsystems as well as genetic

resources especially for vertebrates.

In the simplest terms, conservation biology is mterdisciplinary science that aims
to protect biodiversity. Three levels of biodivéysare identified by IUCN for this
purpose; genetic diversity, species diversity, aodsystem diversity (®NEELY et

al., 1990). Conservation genetics as a branch o$arwation biology is directly
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related with the first two of these levels but eskers do not attach much
importance to its relation with ecosystem divers{BRANKHAM et al, 2002)
however opposing findings are presemg.(REUSCHet al, 2005, RANKHAM, 2005).
The aim of conservation genetics is to detect #reegic based factors that contribute
to the extinction of species or subspecies or racgsserve management plans on
this account to minimize the risks of extinctiordareduced viability. According to
FRANKHAM et al, (2002), there are a variety of genetic issueghvimay directly
contribute to extinctions and hence, are within sikepe of conservation genetic
analyses. These arel)(loss of genetic diversity,2] inbreeding depression3)(
outbreeding depressiorl) (fragmentation of populations and reduction ineyéaw,

(5) accumulation and loss of deleterious allelé¥,genetic drift overriding natural
selection, and7) adaptation to captivity. Among these, low genelicersity and
inbreeding depression are most vital ones and ynaaglitable for all endangered
species but they can be compensated by suitablegearent plans @ANKHAM,
1995, 2003; Aos & BALMFORD, 2001). Thus, identification of the genetic statifis

endangered species is very important for consenvaiograms.

Conservation genetics recognizes many methods fotegular analyses and
currently owns usable genetic tools far more thefode. Among these\MPLIFIED-
FRAGMENT-LENGTH POLYMORPHISMJAFLPS),MICROSATELLITES(SSRS) SINGLE-
NUCLEOTIDE-POLYMORPHISMS (SNPs), and DNA sequencing are mostly used
techniques in conservation geneticsSome of the lesser techniques include
MINISATELLITES, = RANDOMLY-AMPLIFIED ~ POLYMORPHIC DNA (RAPD),
RESTRICTION-FRAGMENT-LENGTH POLYMORPHISMSRFLPS), DIRECT-AMPLIFIED-
LENGTH POLYMORPHISMS (DALPS), SHORT-INTERSPERSED NUCLEAR ELEMENTS
(SINES), andALLOZYMES (AVISE, 2004; DESALLE & AMATO, 2004).

1.6. Researches for Anatolian Mouflon
Conservation genetics of Anatolian mouflon hadlmexn under fairly consideration
since the start of conservation program in 1966il @mmaster thesis was submitted

in 2001, the genetic diversity and genetic struectfrthis subspecies were unknown
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for the researchers in Turkey.zr (2001) collected 48 samples from Bogda
population - the only extant population at that dim and analyzed at 14
microsatellite loci, but results of 4 microsatelliioci were ignored due to
unanalyzable data obtained. The genetic variatibrBazdaz population at 10

microsatellite loci was found to b& = 1.00,n, = 2.5 £ 0.7074 H, = 0.3059 +

0.1784, He (NEI, 1973) = 0.3310 + 0.18880zUT, 2001). Since 2001, again there
had not been any research on population genetic$hé source population and

reintroduced populations of this subspecies.

Other master studies includerRWAN (2000) and &zeN (2000). ARIHAN (2000)
investigated the population biology of Anatolian ufion, whereas Sezen (2000)
carried out computer simulated analyses for pofmulatiability and the effect of
harvesting on the viability of Boz@apopulation and prospective reintroductions.
And KAYA (1989) submitted a Ph.D. thesis on the generdbgyoof Anatolian
mouflon. Additionally, Kaya (1990, 1991) gave information on population densit
as well as morphology and other general charattxi®f Anatolian mouflon.
Recently, GLIK (2004) investigated the behavioral characteristi€sAnatolian

mouflon with radiotelemetric monitoring.

DANFORD & ALSTON (1877) made the first study on the distributionAwfatolian
mouflon in Turkey. TRAN (1967) prepared a report to the Ministry of Farnest
which he also determined the distribution of thibspecies in Central Anatolia and
made the first population size estimation for thespecies. Recently,i®&KcI etal.,
(2003) karyotyped one sample belonging to a ferfrale Konya-Bozdg with G-
banding method and detected 54 diploid chromosomewhich 6 autosomal
chromosomes are metacentric, and other chromosanesacrocentric. Also,
KaBakcl et al (2007) studied orcystocaulus ocreatusnfection in Anatolian

mouflon and dwarf goats.

! Standard deviation
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1.7. Microsatellites
1.7.1. A General Overview of Microsatellites

Microsatellites (or Simple Sequence Repeats, SSRSPNA sequences of simple,-
short tandem repeats W{EEGREN, 2004) found both in coding and non-coding
regions of genome and they are one of the mostlyvigged markers (known DNA
sequences) in genetics and may be the most. Als®aas simple tandem repeats
(STRs) (BBwARDS et al., 1991), microsatellites are rare in coding regionsl a
telomeres (ANcock, 1999). Microsatellites are co-dominant markerpidslly
involving a base motif of monomer (1bp) to hexart@p) sequences, repeated up
to ~100 times (\OGT, 1990; TAUTZ, 1993; $IBRAMANIAN et al., 2002) and are
assumed to be selectively neutral due to theityran coding regions. CA/GT
dinucleotides are the most common repeat typehudorans and other mammals in
general (BECKMANN & WEBER 1992). Iterations of longer units form minisateti
which are another class of satellite DNAKEGREN, 2004).

Microsatellites can be genotyped via polymerasénceaction (PCR) and are useful
for genetic analyses. Microsatellites are highllypwrphic loci found abundantly in
prokaryote (GR-ARIE et al, 2000) and eukaryote genomesH®¥R & MAY, 1989;
ToTH et al, 2000), and in the latter, they are present bothuiciear and organellar
DNA, and in higher numbers. Albeit no direct coatedn between genome size and
microsatellite content in natural populationRI(fMER et. al, 1997), generally a

positive correlation is observedi{(EEGREN, 2004).

Microsatellites show extremely high mutation rapésl0® (JEFFReYset al, 1988;
KELLY et al, 1991; WEBER & WONG, 1993) or 1¢ (LEVINSON & GUTMAN, 1987;
HENDERSON& PETES 1992; HANcock, 1999) in humans and other specified taxa.
Also, co-dominance of microsatellites supports thetection of all genotypes
whereas dominant markers such as RAPDs, RFLPs aRtlP#\ shadow
distinguishing between homo- and heterozygote stataliploids or polyploids. In

addition, despite their rarity in coding regionse ffairly even distribution and near
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ubiquity of microsatellites in the genomelgbRICH et al, 1996), their abundance,
and the high levels of polymorphism due to leng#riability that they possess
(BENNETT et al, 1998) lead them to be popular markers for vari@enetic
researches as diverse as conservation geneticsigarapping €.9. WEISSENBACH
et al, 1992), molecular forensics, identification ohgéc disease(y. MURRAY et
al., 1992) and molecular anthropologya($ubiiN et al, 2004). The popularity of

microsatellites is also due to their low costs singplicity for genetic analyses.

1.7.2. Mutation Mechanisms

Two mechanisms were put forward for the high ratfesiutation in microsatellites;
polymerase slippage, or slipped-strand mispair{bg§VvINSON & GUTMAN, 1987,
SCHLOTTERER & TAUTZ, 1992; $ et al, 1997) and recombination processes
involving gene conversions and unequal crossing dueng meiosis (8ITH, 1976;
JEFFREYSet al, 1994; HaNcocCK, 1999).

High mutation rates of microsatellites are mostghently explained with
polymerase slippages which are not always repaiednismatch repair system
(STRAND et al, 1993). During slippage, DNA polymerase causeandient
dissociation of nascent strand from the templatnsgtby losing its track @vINSON

& GUTMAN, 1987; ELEGREN, 2004). This is followed by the introduction ofa@p
either on the nascent strand or template straril thé former causing an insertion
of repeat units, hence to an expansion in nasdeamids while the latter causes a
deletion of repeat units leading to a contractiorihie length of the nascent strand
(ELLEGREN, 2004).

Concordantly, polymerase slippage can take place vitro during PCR
amplifications just as well a@s vivo as explained above (EEGREN, 2004). During
elongation step, replication slippage can causeomimoduct peaks called stutter
peaks which are 1 to 4bp shorter than the maireallEhe percentage of stutter
peaks is positively correlated with the length adimallele being amplified in the

case of perfect repeat motifs while this correlatis generally invalid when the
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repeats are imperfect. Interestingly, stutter peakay be helpful in some
problematic cases during genotyping caused by remifgp amplificationsbecause
nonspecific amplifications do not own stutter pea#ad thus, are easily

distinguished fronspecific ones.

Despite the minor changes in the length of repmdsataused by slippage,
recombination processes can cause more drastigebavith a wider range of novel
mutants. During unequal crossover in meiosis, ohermosome obtains more
repeats than the other chromosome. However, tlserm idirect evidence for the
contribution of recombination to microsatellite mtibns and they are thought to be

more effective for minisatellite mutationsu{EGREN, 2004).

Mutation rates are variable in microsatellites doethe length of the repeats
(WEBER, 1990; GIAKRABORTY et al, 1997; $A et al, 1997; RRIMMER et al, 1998;
ELLEGREN, 2004). Longer sequences are more prone to matatiece more loops
can occur in the longer strands during replicatod consequently, the chance for
the failure of mismatch repairing increases. Selypritie flanking sequences of
microsatellites can cause observable differencesutation rates (GENN et al.,
1996; BACHTROG, 2000; ELEGREN, 2004). In addition, as indicated above, perfect
repeat motifs or the purity of microsatellites e&ses the chance for higher mutation
rates whereas interrupted sequences are less liaelgrm slipped intermediates
(KUNsT et al, 1997; RETES et al, 1997). One other factor for the variance in
mutation rates for individual loci is sex-biasnetbst are observed in many
organisms where either the males or females shboigheer mutation rate EMMER

et al, 1998; ELEGREN, 2000; XU et al, 2000; BROHEDE et al, 2002), however this
is not a strict rule since there are also obsesuatfor equal rates of mutation among

the sexes.

Furthermore, gains being predominant against lossfesepeat units lead to
heterogeneity in microsatellite mutations. (EGREN, 2004). While several studies
supported this biased relation with experimentE€¥& & WONG, 1993; A0S et

al., 1996;CooPEeRet al, 1999; ELEGREN, 2000), some researches show a balanced
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or near-balanced situation for this case in midedbt&e mutations (X et al, 2000;
HUANG et al, 2002) as aounter ideaThis indicates an uncertainty and the need for

more researches on the issue.

1.7.3. Mutation Models

Various mutation models have been proposed for asatellites although a full
inference of the mutation processes is still unaté. A valid mutation model is
needed for population genetic analysis since infege are sensitive to the assumed
theoretical model. Two extreme models atepwise mutation modeaind infinite
allele modehlong the continuum of all possible mutation mo¢€ISAKRABORTY &

JN, 1992).

1.7.3.1. Stepwise Mutation Model

In stepwise mutation model (SMM) developed by® & KiMURA (1973), the
length of a repetitive array is changed by one aepeit that is either gained or lost
in every mutation process in a constant and unbidashion with no allele size
constraint (BRIVER et al, 1993; KMMEL et al, 1996; ELEGREN, 2004). This model
also assumes symmetrical distribution of mutatioAscording to ETOUuP &
ANGERS (1998) and BHLOTTERER (2000), microsatellites mutate in a stepwise
manner with high rates of mutation. It is assunteat tlleles that are more closely
related in their length have a more recent ancebtowever, in thidadder model
any newly mutated allele may not be a novel alliele the gene pool. Thus,
homoplasy - alleles are identical in state butidentical by descent - may constitute

a problem for this assumption.

SMM is extensively used for genetic data analyRis. (SLATKIN, 1995) withDsw
(SHRIVER et al, 1995) are two statistical measures that arecbaseSMM. However
this model has weaknesses due to its unrealissangstions that can lead to
discrepancies in statistical analysis. SpecificefliyIM cannot explain the multistep

mutations (D RENzO et al, 1994; HUANG et al, 2002), upper size limit for
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microsatellites (NUTA & WEISSING 1996; FELDMAN et al, 1997; ELEGREN, 2004)

and biased mutations (MMEL & CHAKRABORTY, 1996).

1.7.3.2. Infinite Allele Model

Infinite allele model (IAM) was first proposed byiNMURA & CRow (1964) at the
time of protein gel electrophoresis before gendata could be analyzed. Unlike
SMM, it suggests that the change in the length kpeetitive assay can involve any
number tandem repeats. However, since polymergseagke is assumed to cause
minor changes in length and be the predominant amésim for microsatellite
mutations, this model is generally thought to t=s Ipowerful than SMM. However,
still IAM is the other predominant model with SMM population genetic analyses.
Additionally, IAM assumes that every mutation pregdeads to a novel allele that is
not present in the populationgEoupet al, 1995, 2002). Hence, IAM is known as a
nonhomoplasious model ORNET et al, 1999; ESTOUPet al, 2002).Fst (Wright)

which is ameasure of interpopulation differentiation is basadAM.

1.7.3.3. Alternate Models

D1 RIENZzO et al (1994) proposed a new model for microsatelliteations which
was named suitably @so phase mode[TPM) since it owns features both from
SMM and IAM. In this model, microsatellite mutat®generally involve one repeat
unit with a probability Buw, but can involve higher repeat units with 1 suf?.
Thus, TPM mostly follows SMM with a limited proptan of mutations that
involve more than a single tandem repeat. Like MMS there is an equal

probability of contraction and expansion in thegignof the nascent strand.

Analogical to TPM, generalized stepwise model (GEM & CHAKRABORTY, 1998)
was proposed and this model assumggyP= 0. This mutation model does not
assume any allele-specific mutation rates. (ike longer sequences being more
prone to mutations) or any allele size constrai@saHAM et al, 2000). There are

many studies that assume TPM, or GSM as the maaistte model for
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microsatellite mutations (reviewed irsupP & COURNET, 1999). Also, according
to EsToupet al (2002), GSM with allele size constraints is maalistic than SMM

for microsatellites.

Crow & KIMURA (1970) proposed another model, K-allele model (KAM an
alternative to IAM where there are K possible @latates. In this model, there is
equal probability of mutating towards the remainkg- 1 alleles for every allele.
Thus, if K becomes infinitely many, KAM will be theame with IAM. However,
due to allele size constraints, KAM is probably moealistic than IAM (EToupet
al., 2002).

1.7.4. Homoplasy & Limitations of Microsatellites

Homoplasy results when two fragments of the samegtlte are not identical by
descent due to the possibility of returning to #recestral state after population
divergences. For this reason, homoplasy at micetiées is called assize
homoplasy(EsToupet al, 2002). Homoplasy is associated with SMM, TPMM5S
(simplified version of TPM), and KAM. However foodi following strict IAM
(KIMURA & CRrow, 1964), homoplasy is not expecteds(Buret al, 2002). Thus,
homoplasy obviously depends on the kind of mutatimdel and also, to mutation
rate, effective population size, population dréihd the time of divergence between
populations (BToup et al, 2002). Theoretically, there is a positive catien
between the level of homoplasy and mutation ratéhan loci. As mutation rate
increases, the chance of gaining the ancestra atsb increases. Concordantly, as
the time of divergence increases, homoplasy algea®d to increase due to the
accumulation of ancestral states in the populatidhe same positive relation also
holds for effective population size gEouret al, 2002). According to GODMANN

(1998), homoplasy can be determined by analyzingyntci.
There are limitations of microsatellites also dgri®CR amplifications. Stutter peaks
that differ from the main template by multiples r@peat unit can occur due to

slippage mechanism BIDE et al,, 2003). As mentioned, stutters can be helpful for
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correct genotyping but generally they have the mt@e for causing genotyping
errors due to lack of discrimination between hongutgs and heterozygotes
(OosTERHOUT et al, 2004). Furthermore, due to low DNA concentraioallelic
dropout (MLLER & WAITS, 2003) can be seen especially when DNA was istlate
from material owning low DNA contene@. feces) and this may cause some alleles
not to be amplified or may lead to large allele panat which is the more
amplification of shorter alleles than longer ond&{TIER et al, 1998). Also, due to
the primer-site mutations, failure to amplify cemtalleles {.e. null alleles) can
cause heterozygotes to be genotyped wrongly as hajotes (8Aw et al, 1999;
OosTERHOUTEet al, 2004). All these cases; stutter peaks, allelapduts, and null
alleles can violate Hardy-Weinberg proportions whdefinitely leads to biases in
population genetic analyses d®&rerHouTet al, 2004). However, there are freely
available softwares such asIMLET (VALIERE, 2002), MICRO-CHECKER
(OosTERHOUT et al, 2004), PEDMANAGER (EWEN et al, 2000), CERVUS 2.0
(MARSHALL et al, 1998) andbROPOUT (MCKELVEY & SCHWARTZ, 2005) for the

detection and identification of various genotypergors.

1.8. Purpose of the Study

The primary purpose of this study was to assessnagnitude of genetic change
among Bozda populatio (i.e. source population at Bozgl®BS) and reintroduced
populations (at Nallihan & Karagpnof Anatolian mouflonOvis gmelinii anatolica
(VALENCIENNES, 1856). Also, temporal change in genetic diversityd allelic
frequencies of Bozdapopulation was determined by comparisons with &rm

genetic analysis.e. OzUT, 2001).

For the lesser purposes, catching strategy wasdiést comparisons among traps for
various genetic parameters. Secondly, founder e\ard bottlenecks were analyzed

via computer simulations and the parametric chamgae tracked. This enabled to

2 The population inhabiting in Bozgl#BS can be named variouslysasirce populationBozda; population or
captive populatiorwithin this study. Individuals inhabiting outsi@®zda PBS but within Bozda WDA were
not analyzed by this study.
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compare observed and expected genetic diversityesalor reintroduced samples
and to draw conclusions on the randomness of teatdd individuals. In addition,
bottleneck detection sensitivity of heterozygositycess (ORNUET & LUIKART,
1996) and distortion of allele frequencies disttitm (LUIKART et al, 1998)
methods implemented b§OTTLENECK program (RRy et al, 1999) were tested.
Based on simulation results, conclusions underlyireggbottleneck detection failure

for Bozda population were drawn.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Study Areas

The study areas of the conservation program ared&oWildlife Development
Area (WDA) in Konya-Bozdg Emremsultan WDA in Ankara-Nallihan, and
Karadg in Karaman. The first area is where the sourceufation is located. The
second and third areas are where individuals wesergintroduced and restocking

is still in progress.

2.1.1. Bozdg WDA

Bozdaz WDA is located at 5tkm of Konya-Aksaray highway. This area includes a
breeding station surrounded with electroshock fendéne protection area totally
covers 42,000 ha whereas the breeding station £&@60 ha (Figure 2.1). For this
reason, it is possible to say that there are tvbpapulations of Anatolian mouflon
in the protection area; one subpopulation is withenPBS and one subpopulation is
within protection area exclusive of PBS. The el®mrabf this area ranges between
1000m to 1750m asl. The highest peak is at Hodallmaduntain (elev. 1746m).

Protection area is generally stony and rocky duertision by wind, and soil is
generally seen only on the plane regions or thargtwvalleys (KAyA, 1989). Steppe
is typical vegetation which also constitutes mdsthe diet of mouflon. However,

vegetation outside the fenced area is commonly swgpheavy grazing wk to
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high number of villages around protection area whercal folk commonly earns
from stock-breeding and agriculture. There are al3&0-400 species of plants in
the area, but members Gramineafamily dominates includindgrestucaspp.,Poa
spp., Dactylis spp., Echinaria spp., Koeleria spp., Phleum spp., Stipa spp., and
Bromusspp. Members dfabiatag RosaceaAsteraceagcandUmbelliferaefamilies
are also found in the area and consumed by mouflDo®AL, 1985; KayA &
AKSOYLAR, 1992; ARIHAN, 2000). Shrubs and other woody species are veey ra
Typically, Rhamnus thymifoliysAmygdalus korshinskyiAmygdalus balansae
Pistacia terebinthusand Rhus corieraare found in the area and grow not higher
than 4m (ARIHAN, 2000).
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Figure 2.1.Map of Bozdg PBS withUniversal Transverse MercatguTM) projection.
<Labelg> White point station of warden®Black points location of traps: Golet, Bderesi,
and Karanlik Dere.

Geographic coordinates of BozBBS; 38°0118" N 32°5857" E.
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According to Mineral Research and Exploration buséi, Bozdg WDA is mainly
composed of metamorphic marble and sedimentaryloomegates (KyA, 1989). In
this region of Turkey, continental climate is doamh where summers are dry and
hot, winters are cold and snowy. Protection areeoiered with snow especially
during December and January. Mean annual temperaurl.4°C; highest in July
(23.2°C) and lowest in January (-0.3°C). Annualcppiation is 326.9mm; highest

in January (40.9mm) and lowest in September (4.4mm)

2.1.2. Reintroduction Sites

2.1.2.1. Emremsultan WDA

Emremsultan WDA is located in Nallihan region a¢ thvestern part of Ankara
province. Specifically, Emremsultan WDA is locatatdthe southernmost part of
Nallihan and is bounded from west by Emremsultash Sariyar villages, from east
by Davutglan bridge, from north by Nallihan-Ankara road aindm south by
Sariyar Dam Lake (part of Sakarya river) which adsaws the boundary between
Ankara and Eskehir provinces. The distance between Sariyar ankiaven city
center is about 165km.

This protection area was established not only for protection of Anatolian
mouflon but also for partridge and rabbits. Theadareludes Sariyar PBS, a fenced
area established in 1981, where Anatolian moufloeeth. The total area of
protection area is 18,284ha whereas Sariyar PBS8reamnly 4ha (data from DNP
database). The elevation of this region is lowantthe Bozda and Karadg and
changes between 430m to 800m (Pazarcikgi, 199&)inedistance from Bozga
WDA is about 200km whereas road distance is abs0ki3.

This area mostly has the typical characteristicsasfian-Turanian phytogeographic
region. Asteraceag Fabaceae Poaceag Brassicaceae and Lamiaceaefamilies
(descending sort) own about 50% of all species sazbpecies. The same family

order and percentage also holds for genera. Addilip the highest number of
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species and subspecies are foundstragalus Centaurea and Bromusgenera in

descending sort. Vegetation consists of foresppgteand grass vegetations and also

rock plantsPinus nigra Juniperus oxycedrygduniperus excelQuercus pubescens
Amygdalus webhii Populus tremulaare the mostly found species of forest
vegetation in this area. Among steppe vegeta#@tragalusspp. are predominant
and mainly include®\. strictifolius, A. lydius A. angustifolius A. karamasicusA.
wiedemanniiau Predominant species for grass vegetationRaeunculus repens
Melilotus officinalis Veronica anagalis-aquaticaPlantago majoy Selix alba
Muscari comosumColchicum osovitsii Typical rock plants areAcantholimon

acerosumOnobrychis armengSedum sartorianurPAzZARCIKGI, 1998).

—# 25000

Figure 2.2.Map of Emremsultan WDA with UTM projection.

<Labels/>Red line boundary of protection are#yhite label Sariyar PBSWhite point
station of wardensGray regions small townsGray lines roads.

Geographic coordinates of Sariyar PBS: 491N 31°2857" E.
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Geological characteristics of the region were itigesed by Mineral Research and
Exploration Institute. The oldest formations arel&b belonging to Paleozoic era,
Jurassic and Cretaceous periods, and to Eoceneén.epleav formations include

clays, sands, and conglomerates belonging to Tertfileogene epoch) and

Quaternary periods f2ARCIKCI, 1998).

Mediterranean climate is dominant in Nallihan; swrsnare hot and dry and
precipitations occur in winter and spring. Accoglito the archives of Ankara
Meteorology Directorate, annual mean temperaturg4i§°C. In summer seasons,
mean temperature rises to about 24°C, where asintens, it declines to about
4.5°C. Annual precipitation for this area is 380mMnDecember shows the highest
precipitation (55.8mm) among all months, and windeasons show the highest

mean precipitation (about 49mm)a@ARCIKCI, 1998).

2.1.2.2. Karadg

Karadg is located in Karaman province. This reintroductisite is an extinct
volcano located at 35 km to the north of Karamay center very close to the
Konya-Karaman boundary. This place is higher thandgs with the highest peak at
Mihali¢c Tepe (elev., 2271m). Again there is a fahegeea in Karadaestablished by
DNP for pre-release reintroductions but this fenaegh is not a PBS for Anatolian
mouflon and Karadais not a WDA like Bozda and Emremsultan sites. There are
many small towns and villages on the mountain fmat access to this area is still
problematic. This can be inferred from the ratidbetline and road distance which
are about 60 and 150km from Bogd& DA, respectively. Transportation problems
greatly reduce the efficiency of reintroductionsd aradio-telemetric monitoring.

Consequently, these studies were mostly perforrh&tnaemsultan WDA.

There are 471 different species of plants in Kagaatad more than 60 of them are
endemic €.g. Astragalus albertshofexi Forest vegetation was mostly destroyed but
remains of this formation is still found at the tpaf Karadg that is between south

slopes and the northern slopes of Goztepe at tinh i@502m) typically above
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1300m and 1150m, respectively. The dominant plahtthese remains are oaks
(Quercusspp.). Also, mapleAcer spp.), mountain ashSérbusspp.), hawthown
(Crataegusspp.) can be seen. Grass formation is widespreallarad& and
Cousinia birandiana and Koelpinia linearis are predominant. Members of
Astragalus Verbascum Tulipa, Gagea Thymus Festuca Dianthus Artemisia
Tanecetungenera are also found in the area. This regiamdéer the influence of
continental climate. Annual mean temperature foralk@an is 11.7°C. The hottest
month is July (23.3°C) and coldest month is Janu@2°C). The annual
precipitation for Karaman is 336.4mm. In Decemh@ecipitation maximizes to
44.2mm. Lowest precipitation is 4mm and belongsAtmust. Precipitation is
highest in winter (38.4%) and spring seasons (34A&)ci, 2004).
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Figure 2.3.Map of Karadg with UTM projection.

<Labels/>White label location of fenced are&ray regions villages or small townsGray
lines roads.

Geographic coordinates of Fenced Area: 3B3&@2N 33°0330" E.
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2.2. Capturing & Sampling

All samples were collected at BoZdBBS. Totally 172 samples were collected with
non-destructive sampling method by cutting a smate €0.2cn?) from the ear
tips with a metal pincer. The samples were presewith 96% EtOH in 1.5 ml
sterile tubes. During sampling, the metal pinces wterilized by heat to prevent
contaminations between steps. Samplings were doith @mployees from
Department of National Parks (DNP) and Game-WidlDepartment (GWD).
Nearly all (167) sampled individuals were captupgd3 large traps built by DNP at
different places within Boz@gaPBS; Goélet, Baderesi, and Karanlik Dere (see
Figure 2.1). Respectively, 25, 26, and 116 indigiduvere captured via trapping.
This makes a total of 167 individuals. The remanthindividuals were shot with
anesthetic gun and sampled thereafter which ishanotvay of non-destructive
sampling. These individuals were generally ramsokthan 4 years old who are
more sure-footed against the traps than youngerflormuand may wait near the
traps instead of just entering. The traps each rcab®ut 180-200 fand are
enclosed by 3m high wooden planks. Each trap hasntrance opening to only one
direction that allow the animals to interior paudthldo not permit escaping out.
Within the traps there are drinking basins and Rmppntary food for the captured
animals since they may spend some time inside &d¢fay are sampled. In order to
represent the area homogenously, traps were duydaricular positions and more
than one trap were used. Otherwise one part ofatka could be sampled much
more than the remaining parts which will lead tontended statistical bias for all

types of related data.

Following samplings, while some of the individualere released back to the
Bozdgz PBS, the others were translocated either to Enmukams WDA or to
Karad&. However, not every captured or translocated iddal was sampled.
Among 131 individuals translocated to EmremsultaAY 81 individuals and
among 61 individuals translocated to Karaaely 22 of them were sampled (see
Table 2.1). Briefly, microsatellite analyses in@udtally 172 individuals and 103 of

them are translocated individuals.
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2.3. Reintroduction

Seven translocations were done since 2004; 4 teatsbns to Sarryar WDA and 3

translocations to Kara@aThe individuals were translocated within woodeates

overland. In total, 131 individuals were translechto Sariyar PBS and 104 of these

individuals were released into Emremsultan WDA. Raradg, the numbers are 61

and 57, respectively. Hence, in total 192 individuaere translocated and 161 were

released. Table 2.1 summarizes the details andd-By¢4 represents the age groups

for reintroduced and released individuals.

Table 2.1.Recordings of reintroduction studies.

Capture Trans. Trans. Release | # Trans. | # Sampled| # Released
Site Site Date Date Ind. Ind. Ind.
55
- Sept Oct 5
Bozda Nallihan 2004 2005 (21F, 6M, (ni) 50
16f, 12m)
7 T (26F, 18M,
Bozdas | Nalihan | F€Pr Oct | gf 5Mm, | (sF,am, | 404M
2005 2005
1m) 2m)
15 14
- Nov Dec 15
Bozda Nallihan 2006 2006 (5F, 4f, (5F, 4f, 6m) (4F, 4f,
6m) 6m)
47 47 38
Bozda | Nallihan gg‘g? 2%8t7 (17F, 13M, | (14F, 2M, | (13F, 13M,
9f, 8m) 12f, 17f) 7f, 5m)
Subtotal - - - 131 81 104
40
- Oct Oct 4
Bozda Karadg 2004 2005 (14F, 7M, (ni)
10f, 9m) -
g June Oct 3
Bozda Karadg 2005 2005 (3M) - (25F, 15M,
8f, 9Im)
Febr Oct 18 18
Bozda | Karadg 2005 2005 (7F, 1M, | (11F, 1M,
6f, 4m) 2f, 4m)
Subtotal - - - 61 22 57
TOTAL - - - 192 103 161

<Abbr/> Trans, Translocationjnd., Individuals;F, adult femaleM, adult malef, female
lamb; m, male lambni, no information.
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Figure 2.4. Age groups of reintroduced and released
individuals.

2.4. DNA Isolation

DNA isolation was performed only with tissue sansplEor their very small sizes
(about 0.3cr), tissue samples were used very carefully. FoD&IA isolations,
only 20% of each sample was used and the remapang are preserved in 99.6%
EtOH. The two most important factors for a sucadsBNA isolation are I) DNA
purity and 2) DNA vyield. A satisfactory DNA purity for Polymesa Chain Reaction
(PCR) experiments can be derived even from minugees of sample with a
suitable protocol. However, for DNA yield largelgreelated with the sample size, a
more efficient protocol should be adopted. Fordheent study, DNeaS¥issue Kit
(QIAGEN GmbH, Germany) was used for DNA isolations and pmetocol is

summarized in Table 2.2. Generally, tissue sampka® very fresh, thus 4QDof
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AE were used during DNA extraction. This amountvedl enough for analyzing 11
microsatellite loci. One of the failures that regucautiousness is to reduce usable
DNA content by freezing and defrosting DNA isolategularly. So as to avoid such
a mischance, DNA samples under consideration wepe & 4°C during the time of

analyses and then transferred to -80°C.

Table 2.2.DNA isolation protocol for tissue samples.

Before incubation

1. Cut a tiny piece of ~25 mg from the tissue s&nwgth a sterile blade on a sterile surface
and put it in a 2 ml o-ringed tube containing 180f ATL buffer.
2. Add 20yl proteinase K and vortex briefly.

3. Incubate at 56°C with continuous shaking urté tissue is completely lysed in an
incubator/shaker for 4-6 hours (or overnight).

After Incubation

4. Before starting the second part, put AE bufféo water bath at 70°C.
5. After the incubation, centrifuge the tubes @d@&Pm for 15sec.
6. Add 200ul AL buffer, vortex for 15 sec. and incubate at@®r 10 min in water bath.
7. Add 200ul absolute ethanol and vortex for 15 sec.
8. Pipet the mixture (including the precipitatesapt the hairs) into the DNeasy mini
column sitting in a new 2-ml collection tube. Céntge for 1 min at 8000 rpm, then discard
the collection tube (along with the accumulatediitigin it) and place the mini column inja
new 2-ml collection tube.
9. Add 500ul AW1 buffer into the mini column and centrifuger f@ min at 8000 rpm.
Discard the collection tube (along with the accuated liquid in it) and place the min
column in a new 2 ml sampling tube.
10. Add 500ul AW?2 buffer into the mini column and centrifuge fb min at 8000 rpm. Pod
the liquid collected in the collection tube andcdisl the collection tube.
11. Place the mini column in an eppendorf tubetakd AE buffer from the water bath and
according to the following instructions;
a. for old skin samples, horn extracts or pieddmae :10Qul AE
b. for skin samples that are not old 1 200E
c. for very new skin samples : 40I0AE
12. Incubate at room temperature for 5 min and tesrtrifuge for 1 min at 8000 rpm fo
elution.
13. Depending on the volume of DNA solution reqdijré2” step can be repeated and elutes
are mixed; resulting to a larger volume DNA solatibut lower concentration of DNA
extract.
14. Discard the mini column. Eppendorf tube nowtams DNA isolate.

=

=

* All buffers are available within Qiagen DNe&3yssue Kit box.
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2.5. Amplification of Microsatellite Loci

Genetic diversity and structure analyses of thecpopulation and 2 reintroduced
populations of Anatolian mouflon includes 11 polywiuc microsatellite loci;
OarCp20 (BE et al, 1995), ADCYAPl1 (WoD & PHuA, 1993), OarFCB128
(BUCHANAN & CRAWFORD, 1993), OarFCB226 (BcHANAN et al, 1994),
OarJMP29 (®AwroORD et al, 1995), BM415 (BsHop et al, 1994), MAF214
(BUCHANAN & CRAWFORD, 1992), SRCRSP3 (#vALO et al, 1994), BM1443
(BisHoPet al, 1994), SRCRSPS8 (&BHE et al, 1994), and ILSTS01(BREZINSKY
et al, 1993; Kemp et al, 1995). The loci analyzed change in their origgnovine

(Ovis ariey, bovine Bos tauruy and caprineGapra hircus.

Table 2.3.The origin and primer sequences of analyzed.loci

LOCUS Primer Sequence (53) Origin

F GGCATTTCATGGCTTTAGCAGG .
OarCP20 Ovine

R GATCCCCTGGAGGAGGAAACGG

F GTATACACGTGGACACCGCTTTGTAC .
OarJMP29 Ovine

R GAAGTGGCAAGATTCAGAGGGGAAG

F ATTAAAGCATCTTCTCTTTATTTCCTCGC .
OarFCB128 Ovine

R CAGCTGAGCAACTAAGACATACATGCG

F GTGAGTCCCATAGAGCATAAGCTC .
OarFCB226 Ovine

R GTTTCTTCTATATGTTGCCTTTCCCTTCCTGC

F AATGCAGGAGATCTGAGGCAGGGACG .
MAF214 Ovine

R GGGTGATCTTAGGGAGGTTTTGGAG

F CCAGACGCCGACTTCGCCGAGG .
ADCYAP1 Bovine

R GCCTGAAGTCCACTGAGAAGAAAGGA

F GCTACAGCCCTTCTGGTTTG .
BM415 Bovine

R GAGCTAATCACCAACAGCAAG

F AATAAAGAGACATGGTCACCGG .
BM1443 Bovine

R TCGAGGTGTGGGAGGAAG

F GCTTGCTACATGGAAAGTGC .
ILSTS011 Bovine

R CTAAAATGCAGAGCCCTACC

F CGGGGATCTGTTCTATGAAC .
SRCRSP3 Caprine

R TGATTAGCTGGCTGAATGTCC

F TGCGGTCTGGTTCTGATTTCAC .
SRCRSP8 Caprine

R CCTGCATGAGAAAGTCGATG CTTAG

<Abbr/>F, forward;R, reverse.

3 Further specifications are presented in Appendix A
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DNA extracts were not diluted because of their IDMA contents. In all PCR
experiments, 6ul of pure DNA isolate - directly éakfrom the stock solution
containing 10 to 20ng/ul of DNA - was used with LBfiPCR mix for every tube
(Table 2.4). For the dilution of primers, moleculgnadient water was used, but

nuclease free water was utilized for PCR experisment

Table 2.4.Final volume and concentration for PCR chemicals

Volume Concentrations
LOCUS Vona  View  MgCl,  dNTPY  Primer Tag* BSA
@) @) (mM) (mM) (M) (Uitube) (i)
OarCP20 6 16 2.5 0.2 0.5 15 0.25
BM415 6 16 2.5 0.2 0.5 15 0.25
MAF214 6 16 3.0 0.2 0.2 1.5 0.25
ADCYAP1 6 16 3.0 0.2 0.5 15 0.25
OarFCB128 6 16 3.0 0.2 0.5 15 0.25
OarFCB226 6 16 3.0 0.2 0.5 15 0.25
OarJMP29 6 16 3.0 0.2 0.5 15 0.25
SRCRSP3 6 16 3.0 0.2 0.5 1.5 0.25
BM1443 6 16 3.0 0.2 0.5 1.5 0.25
SRCRSP8 6 16 3.0 0.2 0.5 1.5 0.25
ILSTS011 6 16 3.0 0.2 0.5 15 0.25
* Dissimilar concentrations.
"mix dNTP.

#10X (NH,),SO, Taqbuffer was utilized.

Except during the optimization phase, multiplex P@Rplications were not
practiced which allow the amplification of more thane locus in one reaction by
using more than one pair of primers. The numbecyafles for the loci ranged
between 40 to 50 cycles, because lesser numbecgcté were not suitable for
intended yields of DNA amplifications In addition tycles, durations for each step

(see Table 2.5) were also beyond normal due teithi@ar reasons (KD & RUANO,

4 Chemicals and equipments presented in AppendirdEa
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1995). Annealing temperature$,j are also varied ranging between 50 to 61°C,
however practicing multiplex PCR experiments isll stiossible (Table 2.5).
Denaturation Tp) and elongation Tg) temperaturesire 95°C and 72°C for all
amplified loci. A final extension period - holdid@min at 72°C after all cycles end

- was performed for all PCR experiments.

Table 2.5. Annealing temperatures and # PCR
cycles for experiments.

LOCUS Ta (°C) # Cycles
BM1443 50 50
OarJMP29 50 40
OarFCB128 51 40
SRCRSP8 51 50
ILSTSO11 53 50
ADCYAP1 54 50
OarCP20 56 40
BM415 58 45
MAF214 58 40
SRCRSP3 59 50
OarFCB226 61 45

Cycle durations:denaturation 1min; annealing,
1min; elongation 2min.

2.6. Analysis of Amplified Loci
2.6.1. Agarose Gel Electrophoresis
Agarose gel electrophoresis a widespread method to separate DNA or RNA

fragments according to their size via an elecigtdfand is a handy application for
checking PCR products. Unlike polyacrylamide gedceophoresis, agarose gel

5 Composition of solutions presented in Appendix C.
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electrophoresis cannot separate small nucleic aeftisiently and has a low
resolution. Hence, it can constitute only a parttled whole analysis of PCR

products.

During agarose gel electrophoresis, ethidium brenfi€tBr) - the most common dye
for nucleic acid staining - was not added to thé dieectly due to its increased
mutagenic and carcinogenic effects when inhale@r akioiling with agarose.
Instead, the gel was soaked into EtBr solutionrattaning. All PCR products were

electrophoresed on 2% agarose gels and the resariésused during genotyping.

2.6.2. Fragment Analysis

Fragment analysis was performed by defined oligtmatitle primers. This requires
labeling because detection of fragment lengthseidopmed by a laser detection
system that is capable of assigning a fragmentteizd peaks via fluorescent dye-
labeled oligonucleotides. There are various fluoges dyes, but the ones used to
label the forward primer sequences (Table 2.3) Gu@arboxy-fluorescine (6-FAM),
hexachloro-6-carboxy-fluorescine (HEX), and tettaoh6-carboxy-fluorescine
(TET). TET reflects green color, while 6-FAM and MEeflect blue and yellow
colors, respectively. For fragment size assignm@eheScan™ 350AMRA™ Size
Standard was used which contains flourescentiiEb®NA fragments of known
size as reference. Loci are categorized in Tabk With respect to applied

fluorescent dyes.

For a more efficient and also cheaper fragmentyaigla single individual's all
PCR products were pooled into one capillary ing@ctihowever it is critical to
ensure that the fragment size range of markerotoverlap when multiple markers
of the same dye are pooled. Second critical paintdoling the PCR products in
correct ratios to get similar fluorescent interesitacross all loci in the pool. The
intensity of emitted fluorescence is different fmsch dye used. Hence, a greater
amount is added to the pool from the PCR produgkeléd with dyes of low

emission. It was aimed to get peaks between 1000&Q (fluorescent units). The
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fragment analysis of products was utilized with ABRISM® 310 Genetic Analyzer

which is an automated single-capillary analyzerffagment and sequence analyses.

Table 2.6. Categorization of loci on fluorescent dyes

LOCUS Size Rangelfp)
S.EAM OarCP20 75 - 100
u ('blu 0) OarFCB22! 116- 15C
> BM144z 200- 24C
— HEX OarFCB12: 110- 13C
& BM415 140- 17C
(yellow) -
3 SRCRSP 182- 192
w ADCYAP1 95-12C
3 TET OalMP2¢ 130- 15C
r MAF214 180- 19C
T (green)
SRCRSP 222- 251
ILSTS011 282- 28¢

<Abbr/>bp, base pair.
*All oligos are 5'-end labeled and purified by HPLC

2.6.3. Genotyping

Genotyping follows fragment analysis and is thagassent of alleles to resulting
peaks that correspond to the expected fragmentraizges. During genotyping,
results from fragment analysis and agarose getref@woresis were collated in order
to minimize the errors due to misinterpretationcsithe resulting peaks may require
a comparison with the gel bands for more reliabilithus, carefully made agarose
gels are of great importance during genotyping. Tast common encountered
problems during genotyping arel)( poor or non-specific amplification,2)
incomplete 3" A nucleotide addition, ar®) &tutter. These problems can be solved

with appropriate techniques (refer to GeneSdeference Guide for solutions).

5 Molar concentrations and compositions of oligaspresented in Appendix B.
" High Performance Liquid Chromatography.
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2.7. Statistical Analysis

For the analyses of genetic diversity and genéticture, freely available software
programs were used; Genepop v.3.AYROND & RoOuUssET, 2003), Arlequin v.3.11
(ExcoFFIER et al, 2007), Popgene v.1.32 €M et al, 1999), andFstat v.2.9.3.2
(GoupET, 2002). More than a single software program wael fser the same data

analysis, if possible.
2.7.1. Genetic Diversity Analysis

Measurements of genetic diversity includkelic frequencies(p;), proportion of
polymorphic loci(P; Nel et al, 1975),allelic diversity (A), mean number of alleles
(ny), effective number of allele§A= or n, NIELSEN et al, 2003), observed
heterozygosityH,), andexpected heterozygosifilc) according to EVENE (1949)
and Nei (1973).

Allelic frequency for thé™ allele is calculatedly;

1

pi = Pt o5

2.1)

wherej # i. P; and P; are genotype frequencies fdt allele in homozygote and
heterozygote states, respectivelshe variance for the frequency of allele is

calculated by:

V(p) = _pl(ZNPz) (2.2)

Proportion of polymorphic lodiP) is computed by;

Np

p =

(2.3)

Ntotal
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where n, is the number of polymorphic loci amiy is the total number of loci

(either monomorphic or polymorphic).

Mean number of alleles for a single populationakulated by;
1\ v
nye = () Xi=1 N (2.4)

wherel is the total number of loci ang is the number of alleles detected for each
loci of a single population. Effective number oledds is the number of alleles that

would be expected at a locus and calculated fartcplar locus by;

11
1-He Yk p?

whereHg is expected heterozygosity (inverseHy). Effective number of alleles is
important for the establishment of collecting sttaés. Like in the case of mean
number of allelesaverage <effective number of alleless>calculated by taking the

arithmetic mean of all locus values.

Observed heterozygositil,) is simply the ratio of the number of heterozygaat a
locus to the total number of samples surveyed fat tlocus.H, and obs.
homozygosity sum up to unity for a locus. ExpedieterozygosityHle) - or Hardy-
Weinberg heterozygosity - is calculated accordimdgiardy-Weinberg proportions
using allele frequencies for a locus (likewid¢, + exp. Hom = 1). Expected

heterozygosity at a locus is formulated as;

H, =1-X5 p} (2.6)

wherep? is the frequency of homozygous genotype for ithallele andk is the
number of alleles. This measure is caligzhe diversitfNel, 1987). The unbiased

estimation oHe and the sampling variance are formulated as;
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=—(1-XL.p]) 2.7)

V( )_n(n 1) {Z(n_z)[zl 1pz _(Zz 1pz 2]+Zl 1p1 L 1pz } (2-8)

wheren is the number of gene copies (2 x sample size)ramgh-1) is the small
sample size correctioR.is the number of alleles for a particular locus ang the
frequency of thei™ allele (NI & ROYCHOUDHURY, 1974). Thus, the standard

deviation for heterozygosity is;

s.d.(A) =V (H) (2.9)

2.7.2. Genetic Structure Analysis
2.7.2.1. Hardy-Weinberg Equilibrium Test

Hardy-Weinberg EquilibriumHWE (or Hardy-Weinberg Principle HWP), states
that by the absence of factors that tend to chahgegene frequencies of a
population Hardy-Weinberg genotype frequencies stdly constant. These factors
are formulized as selection, random genetic dnifiutation, gene flow, and
nonrandom mating. If genotype frequencies are abdntpey will return to Hardy-
Weinberg proportions after one generation of randuoating. Likewise if allele
frequencies are changed, then the Hardy-Weinbempoptions will change

according to the new frequencies of alleles.

HWE test simulations were performed using two safevprogramsGENEPOPand
ARLEQUIN programs. The former utilizes 3 alternate testthwhe same null
hypothesis (random mating) but different rejecttmmes. The first test computps
values with theExact HW Tesbf HALDANE (1954), GJo & THOMPSON(1992), and

WEIR (1996). The second and third tests were utilizedetect heterozygote excess
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or deficiency for each locus and for all loci pablglobal test)GENEPOPuUses two
distinct algorithms according to the number oflaleat a particular locus. These are
the Complete Enumeration algorithm odbws & DEMPSTER (1987) and Markov
Chain (MC) walk algorithm of Go & THOMPSON (1992), a form ofMetropolis-
Hastingsalgorithm (MeETROPOLISEt al., 1953; FhSTINGS, 1970). Since the complete
enumeration algorithm causes an exponential graftihe number of possible
samples as the allele number at a locus incre#fsssalgorithm has practical use
only for loci having less than 5 alleles FRNANDEZ & WEIR, 1989; Qo &
THoMPSON 1992). Consequently, for loci having more tharalieles, a more
efficient MC algorithm is applicable for the exaest for HWE. But, MC method is
also performable when allele number is less thaddwever, global test only uses

MC algorithm and assumes independence among loci.

ARLEQUIN program tests HWE in a similar simulation. Howewnly the MC
algorithm of Qo & THoOMPSON (1992) is utilized andp-values are computed

accordingly.

2.7.2.2. Linkage Disequilibrium Test

Linkage disequilibrium (LEWONTIN & KoJama, 1960), or gametic phase
disequilibrium(Crow & KIMURA, 1970), is the nonrandom association of alleles at
different loci into gametes @brick, 2005), thereby causing some combinations of
alleles to occur with different frequencies thanuldobe expected by the observed
gene frequencies with the assumption of randomcégsmn. In other words, linkage
disequilibrium makes it more probable to predigesmotype at a locus by knowing
the genotype at any other locUREEMAN & HERRON 2001).Therefore, if it exists,
knowing the degree of linkage disequilibrium is wmant for better statistical

inference of genetic analysis.
Linkage disequilibrium test simulation was perfothveith GENEPOPprogram. After
creating the contingency tables for all pairs @f,la probability test (EHERS Exact

Test) with using theMarkov chainalgorithm of RyMOND & ROUSSET(1995) was
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performed. Linkage disequilibrium test ignores mmoophic loci. Computations of

GENEPOPwere also checked witkRLEQUIN program.
2.7.2.3. Neutrality Test

Neutrality was tested, because it is crucial to vknwhether the results of
microsatellite analysis are consistent with Neufriatory (KMURA, 1968), since it

assumed that loci under study are selectively akutin order to test neutrality,
WATTERSON (1978) developed a test where the Hardy-Weinbergdzygosity fc)

is compared with equilibrium homozygositggf which is calculated according to

the mutation-genetic drift equilibrium under neutreory (HEDRICK, 2005).

EWENSWATTERSONT estwas performed witlPOPGENEprogram. For the distribution
of F-values, algorithm of MNLY (1985, p.272-282) is used;

k.2
F = 2= (2.10)

n2

wheren is the number of gene copies akds number of alleles for a particular

locus, and; is the allele frequency df allele.
2.7.3. Estimation of Effective Population Size

Effective population siz€Ng) is one of the leading parameters in evolutionary
biology and ecology for understanding evolutionargcesses in natural populations
and conservation biology for the management ofatiereed species. It was first
formulized by WRIGHT (1931) aghe number of breeding individuals in an idealized
population— in which any parent(s) can be the parent(s) gfangeny with equal
probability - that would show the same amount of dispersion lefeafrequencies
under random genetic drift or the same amount dfdéading as the population

under considerationThus,N. is @ measure for the rate of genetic drift, andaly
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related with the rates of loss of heterozygosity anbreeding (Rieman & Allendorf,
2001).

EstimatingNe is very difficult due to the stochastic basis mibreeding and genetic
drift (WAPLES, 1989; WANG, 2005).There are different estimations Nf based on
either demographic data or genetic data. But, @siim of No from demographic
data is often very difficult and generally leadsutoeliable estimations (LKART &
CORNUET, 1999). Estimation ofN. from genetic data is relatively easy and 4
different methods are available; the heterozygatess method (BbOVKIN et al,
1996; LUIKART & CORNUET, 1999), the loss of genetic variation (based on
heterozygosity) method.g. HARRIS & ALLENDORF, 1989; REMAN & ALLENDOREF,
2001), the linkage disequilibrium (between pairsefregating loci) method (H,
1981; WAPLES, 1991; B\RTLEY et al, 1992; ARDREN & KAPUSCINSKI, 2003), and
according to the temporal variation in allele freqoies so called the temporal
method (KRIMBAS & TsAskAs, 1971; NeI & TAJMA, 1981; BLLACK, 1983;
WAPLES, 1989). Methods are reviewed briefly byaWé (2005).

Since temporal method and loss of heterozygositthous need temporal samples
for the estimation oN, they are not performable with the current datan¢é,Ne
was calculated with 2 methods; heterozygote excewthod and linkage
disequilibrium method. For this purpose, NeEstimatd.3 (FEEL et al, 2004) and
LDNE v.1.31 (WAPLES & Do, 2008) software programs were used. The formeremak
estimations by utilizing both methods whereas tha#tet uses only linkage

disequilibrium method.

2.7.4. Population Bottleneck Analysis

Population bottlenecks are important processethtbmanagement of conservation
strategies because the negative effects of recgthemecks on genetic diversity may
still persist. Most threatened species are knowiaee very low levels genetic
diversity due to population bottlenecksa¢Lor et al, 1994; GsBs et al, 1998),

since reduction in genetic diversity exerts highective pressure by decreasing
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evolutionary potential and may even lead to exiimcf species (ALENDORF &

LEARY, 1986). Conservation plans should include strateghat can compensate
with these types of negative effect by identifynegent genetic bottlenecks. For this
purpose, detecting population bottlenecks via d@aaetic variation has become a

common method.

Bottleneck analysis was performed with Bottleneck2.02 software program I(&

et al, 1999). This test simulation detects recent (wiftast N. — 4\ generations)
severe reductions iNe. Heterozygosity excess method is used and it assdinat in
the case of a recent reduction Nj, allelic diversity ) at polymorphic loci is
expected to decrease at a faster rate than expleetetbzygosityHe) (NEI et al,
1975; DENNISTON, 1978). Since equilibrium heterozygosityef) is computed using
A, a recent bottleneck causé%q to decrease faster thaHe and leads to
heterozygosity excesBl{> Heg). Non-bottlenecked populations are expected tatbe
mutation-drift equilibrium where half of the lodhew heterozygosity excesbkl{>
Heg and the other half show heterozygosity deficiefidy < Heq) (CORNUET &
LUIKART, 1996; WIKART & CORNUET, 1998). However, heterozygosity excess that
is higher than expectations points to mutationtddisequilibrium and recent
bottlenecks. ThusBOTTLENECK program tries to detect heterozygosity excess at
analyzed loci with respect to different mutationdals (Pry et al, 1999). For this
purpose, 3 statistical tests are performed withsdmae null hypothesis (ie. all loci fit
mutation-drift equilibrium); sign test, standardizdifferences test, and Wilcoxon
signed-rank test (Ry et al, 1999). Standardized differences test is notlnddi
when there are less than 20 loci and can be disteddor this study. Sign test does
not supply p-values for heterozygosity deficiency or excess ifipady, but
Wilcoxon signed-rank test gives one-tgivalue for heterozygosity excess.
Heterozygosity excess method is extended to stn-step stepwise mutation
model (SMM; QiTA & KIMURA, 1973), infinite allele model (IAM; KIURA &
Crow, 1964), and two phase model (TPM;RENzO et al, 1994). Heterozygosity
excess is less observable for loci that followcst8MM (CORNUET & LUIKART,
1996). As loci depart from SMM to IAM, observablestérozygosity excess

increases (Ry et al, 1999). Thugp-values are smaller under IANDistortion graph
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for alleles that are binned by frequency into 1@lalfrequency classes was also
demonstrated (UKART et al, 1998) which gives either L-shaped or a shiftemien
distribution. The latter supports a recent genbtittleneck.BOTTLENECK program
needs the data of at least 4 polymorphic loci adda230 samples. Monomorphic

loci and loci that are not under HWE are omitte@ievent statistical violations.

2.7.5. Comparison Tesfs

2.7.5.1. Comparisons among Populations

Comparisons of genetic diversity of the source petpan and reintroduced
populations are important for the assessment of sihecess of reintroduction
program. These comparisons were done for 3 gedietiesity measurements; allelic
diversity (@A), observed heterozygosityH{), and expected heterozygositie]
including both MNr's (1973) and EVENE's (1949) expected heterozygositifef
computations separately. For the comparisons, gh&itest was performed for its
high statistical power when the sample sizes a@|girUIKART & CORNUET, 1998).

Comparisons between these 3 populations are basétl microsatellite loci.

Genetic diversity of the source population was alempared with the results of
OzUT (2001). In this study, 48 samples from Konya-Bgzadare analyzed at 10
polymorphic microsatellite loci and 9 of these l@e identic with those of the
current study. Thus, comparisons between theseptwalations include 9 loci and
again done by paireidtest. These comparisons offer the chance to obseraporal

change in genetic diversity for BoZiglpopulation.
2.7.5.2. Comparisons among Traps
Traps located at Karanlikdere, &keresi, and Golet were analyzed by trap-trap and

trap-source population comparisons for geneticrditye andProbability of Identity

(PI) values. For the former, same paramet@r$i(, He) were compared with paired

8 For all statistical comparisons SPSS v.16.0.msnft package was used.
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t-test. By verifying the significance levels of coanigons, it is possible to infer on
the consistency of capture method. If a trap hasuah higher or lower genetic

diversity than the others, the locations for tray@s/ need revising.

Pl gives the probability of identical multilocus rgeype {mg) — probability of
owning the same genotypes at all loci — for 2 ifdlials drawn randomly. PI ranges
from O to 1 (right-closed). Overall Pl is computeg multiplying PI value of each
locus. Gimlet v.1.3.3 (WLIERE, 2002) software program was used to PI
computations. Pl comparisons are expected to stigpaetic diversity comparisons
since Pl is negatively correlated with genetic dbitg. A larger PI for a group
captured within one trap compared to a group cegtwithin another trap illustrates
that genetic diversity within the former group és$. Additionally, a lower genetic
diversity, or larger PImay further indicate that the group consists of indinls

with closer relationships when compared with otjreups. Pl computations are;

Plineoric = 2iPi + Xi Xj=i 2PiD; (2.11)
n3(2a%-a,)-(2n2%(az+2a,)+n(9a,+2)—6
Plynpiasea = (20 -04) (15—1)(n3—2)(nz—3) 2 ) (2.12)
Pl =241y p2 41y p2)2 Ly 4 2.13
Sle_4+Zlel +2(21p1) 421pz ( . )

wherep; andp; are the frequencies of tiftandj™ alleles andz,, = Y

Equation 2.11 assumes random mating within pomrafrETKAU & STROBECK,
1994). Equation 2.12 is an unbiased estimator wittall sample size correction
(KENDALL & STEWART, 1977). Equation 2.13 is for populations compostdnly
sisters and brothers (sibs)WETT & WEIR, 1998; TABERLET & LUIKART, 1999).
Thus, Plips is always higher than the other computations. st informative
comparisons are those made according ¢R.R since assumptions of others are not

in accordance with Anatolian mouflon population.
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2.8. Simulations

Simulation experiments are widespread approaches wekperimental designs are
not easily performable or impossible at any cooditi either in the field or
laboratory. Monte Carlo (MRGAN, 1984; QFLiscH, 1998; BRG, 2004) and
Markov Chain (MeyN & TWEEDIE, 1993) methods are two distinct approaches for
scientific simulations. Monte Carlo method is ack@stic process based on repeated
sampling from a given set of test subjects usimdistically random but not truly
random pseudorandom numbers. For the purpose of this study, MonteldCar
simulationé were compiled for population bottlenecks and founelents as they
are the major processes leading to rapid geneangsh within gene pools. Both
simulation programs araliscrete-event simulationsince they are structurally

dynamic, stochastic, and discrete.

Founder event simulation program is based on twegsses;1) random sampling
of founder populations with variable sizes fromivaeg set of genotypic data, ar) (
data analysis on random samples. By this way, ladioes between founder
population size Ng) and some common measures of genetic diversity lman
assessed. These measures are méamu(nber of allelesnf), (2) total number of
alleles @), (3) number of rare allele®\§), (4) number of common alleled\), (5)
proportion of polymorphic lociK; Nel et al, 1975), 6) observed heterozygosity
(Ho), and ¥) Ners (1973) expected heterozygositieg]. Founder events were
simulated with different microsatellite data setbétter characterize the fluctuations
in parametric outputs for founder populations whies genetic diversity within the
source population is changed. Thus, real data séiooeybees supplied from a
different study was also evaluated for comparisdhis simulation disregards
generations since there is no purpose for obsetemgporal changes within genetic

diversity following any founder event.

Bottleneck simulation program structurally diffefsom previous simulation.

Simulation starts with an artificial population &WE that is created and

® Written inC programming language and compiled with Microsdguél C++ v.6.0.
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bottlenecked according to designated parametrioegalind finally microsatellite
dat&’ is generated. The parameters for starting pomumadre; {) population size
(Ns), (2) number of loci, and3) Ac andAgr (f < 0.05; 5% criterion) at each locus.
Bottleneck event parameters arel) (generation elapsed during bottleneck
(bottleneck periodT,), (2) bottlenecked population sizB), (3) generation elapsed
with bottleneck sizepermanence periqdy), (4) generation elapsed after bottleneck
(recovery periodTs), (5) size of recovered populatioN), and 6) sample sizeN)
drawn from recovered population (Figure 2.5). Botdck simulation is adapted to
random mating and discrete generations. Mutatipnatesses, selection, and gene
flow are underestimated. Only genetic drift actsaasevolutionary force according
to the stochastic nature of the simulation. Thisutation can test the efficiency of
bottleneck detection methods by simulating gendimtlenecks of different
magnitude and structure. Heterozygosity excess adetAnd allele frequency
distribution method implemented witBOTTLENECK program (Rry et al, 1999)
were tested since these methods were utilizedh®rdetection of a recent genetic

bottleneck for the captive Bozgl@opulation (source population) at Bogd2BS.

Three parameters have known values and kept cdngtanall simulation
experimentsTs = 104, Ng = 600 (see Figure 1.1), ail= 172. Due to lack of data,
other parameters are unknown and various value® w@ssigned. Structurally
different two bottleneck types were analyzet); T, - Tz route bottlenecksT{PE 1)
whereT, = 0 andT; = 10, 100, 500, 1000, 2000, 5000, 10000, &)dr{- T,- T3
route bottlenecksT{PE Il) whereT; = 1 andT, = 10, 25, 50, 100, 250, 500, 1000,
2000. Experiments replicated ftds = 2, 5, 10, 25, and 50. Distortion of allele
frequency distributions (UKART et al, 1998) andp-values by Wilcoxon signed-
rank test in the expected directione( one-tailed test for heterozygosity excess)

were analyzed to detect the possible reason($oftleneck detection failure, if any.

10 Genepop format
11 From the first establishment of captive populativiBozdg PBS by 1988, about 20 years have passed which
constitutes to max. 10 generations if every gefmras taken as ~2 years.
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Figure 2.5. Structure of simulated bottleneck events. Simaoiafiollows T, - T; route (dashed linestYPE 1), if permanence period is
underestimatedTt = O, recovery immediately after bottleneck). OthiseyT, - T, - Tz route (solid linesTYPE 11) is followed. Increased
indicates increased severity of bottleneck peridd;as time to bottleneck decreases, andra§ population size reductioig — Ng)
increasesy also increases.

* For all simulation experimentbls = 10000, # loci = 11Ac= 10, andAr = 15.

** Simulated output data of samplé§ (vere used for analyses.



CHAPTER 3

RESULTS

3.1. DNA Isolation

DNA isolated from a total of 172 individuals usirggsue samples and every
sampled individual was analyzed for the defineddcl. Any kind of sampledg.
feces) other than tissue was not used for DNA iswla. DNA isolates were
checked with 2% agarose gel and additionally, w#pectrophotometer at
wavelengths 260nm and 280nm. However, DNA conteveése generally low,
ranging between 10 to 20ng/pl, due to very smakue samples used during
isolations. Since about 50ng of DNA is generallyommended for each PCR tube,
DNA dilution was not done prior to any of the PCRperiments. Figure 3.1
represents the gel electrophoresis result of DNatgon for 12 samples. Variations
in the amount of DNA between samples were also rebdeduring gel checks in
addition to spectrophotometer results. However, dhes that have lower DNA
contents also worked fairly well during PCR amphfiions. All agarose gel checks

included a control group and a marker. The marlseduor gel electrophoresis is

Lambda DNA/Pstl MarkéfFermentas and has a range between 15-11501bp. None

of the control groups indicated any sign of contaation during agarose gel

electrophoresis.
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Figure 3.1. Example foragarose gel electrophoresis results.
Twelve DNA isolations are shown. “C” stands for thee of
control group and indicates no contamination. “Mérgls for
the marker (DNA/Pstl Mark&Fermentas) and the bands (range
between 15-11501) are marked with the correspontise
pair lengths. The DNA band for A5 has a very loveirsity but
fragment analysis and genotyping was successful tiits
sample.

3.2. Fragment Analysis & Genotyping

The fragment analysis was successful nearly fondividuals at 11 loci. Fragment
analysis utilized with ABI PRISf 310 Genetic Analyzer and the results were
monitored with Genesc&nAnalysis software program for genotyping. Figur@ 3
exemplifies a typical fragment analysis output gadotyping for one of the samples
at 3 loci labeled with the same dye. Out of thaltdB892 (11*172) PCR products
that had been analyzed, only 24 products could beotgenotyped due to poor
amplification. Poor amplifications can generateyview peaks that are not usable
for genotyping. Generally, peaks lower than 200f assumed to be unreliable for
correct genotyping and should be ignored. Spetlyicd individual each for
SRCRSP3 / ADCYAP1 / JMP29 loci, 2 individuals fotSITSO11 locus, 4
individuals for SRCRSP8 locus, and 15 individuads BM1443 locus could not
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genotyped. Fragment analysis mostly revealed vdeanc results with little
nonspecific amplifications that do not show stuttemds. Also, amplified loci
generally revealed high peaks which lowered thebglodity for unsuccessful
genotyping. The base pair lengths of most allelesevalready known, because most
of the loci were also analyzed by@r (2001). However, new alleles for the shared
loci were found (Table 3.1).
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Figure 3.2.Example forGenescah Analysis outputs. Example
shows the fragment analysis result of sample A283fdoci
(OarCP20, OarFCB226, BM1443) labeled w8H-AM. The
peaks are labeled from 1 to 6. Peak 1 (70.87bp)pmak 2
(80.07bp) indicates heterozygous state for OarCiP2ak 4
(134.27bp) and peak 5 (144.58bp) indicate hetemzygtate

for OarFCB226, whereas peak 6 (223.21bp) indicates
homozygous state for BM1443. Peak 3 (113.25bp) is a
nonspecific amplification and was not assignedrasliale.
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3.3. Statistical Results

3.3.1. Genetic Diversity

Major genetic diversity measures were checked WHBNEPOR POPGENE
ARLEQUIN, andFSTAT programs. All but one locus, BM1443, were polymacdior
Bozda (source) population. While Nallihan population serves the same status,
Karad& population indicated 2 monomorphic loci, BM1443188RCRSP3. Hence,
proportions of polymorphic lociR, 99% criteriof?; NEI et al, 1975) are 0.9091,
0.9091, and 0.8182 for Bozgléd\ = 172), NallihanN = 81), and Karada(N = 22)
populations, respectively. Totally, 32 differeniedds for 11 microsatellite loci were
identified. The allelic frequencies and relatedtdgsams for each population are
shown in Table 3.1 and Figure 3.3, respectivelyaMaumber of allelesnf) for
Bozda and Nallihan populations is 2.9091, but lower Karad& population,
2.5455, since 4 alleles were found to be nonexistelaradg population (Table
3.1). Three of these 4 alleles are actually rakelesl ¢ < 0.05) for Bozdg and
Nallihan populations. The number of rare allelg) (s found to be 5516%) both

in Bozda and Nallihan populations, but the number is=Z%) in Karadg
population. Locus-by-locus and average effectiveefgected) allele numberag
KIMURA & CRow, 1964) were also calculated; 2.0250, 2.0592, a8@0D for
Bozda, Nallihan, and Karaga populations, respectively. With the same sort,
average observed heterozygositiek)(are 0.3830, 0.4086, 0.3388Ei$ (1973)
expected heterozygosity is 0.3956 for Bazda.4052 for Nallihan, and 0.3607 for
Karad& population. Consequently, the averafieandH. computations are highest
for Nallihan population and lowest for Kar&daopulation. Expected heterozygosity
according to the algorithm ofeveENE (1949), which is identical to &Ns (1978)
unbiased heterozygosity estimate, was also compamedit points out the same
relationship among the populations. Polymorphisnfiorination Content (PIC)
computed according tod'sTEIN et al (1980).Table 3.2 summarizes locus-specific

and average values for all populations.

12 A Joci is assumed to be polymorphic when the feempy of the most common allele is smaller than 0.99
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Table 3.1.Allelic frequencies in study populationBrequencies of 32 alleles at 11
loci for the source population (Bozglaand 2 reintroduced populations (Nallihan &
Karad&) are shown.

LOCUS BozDAG NALLIHAN KARADAG
allele (op) ¢ N f N f
OarJMP29 124 342 03421 162 0.3580 44 0.2955
134 0.4561 0.4321 0.5909
138 0.2018 0.2099 0.1136
ILSTSO1%* 281 340 0.9206 158 0.9304 44 0.9091
289 0.0794 0.0696 0.0909
OarFCB128* 121 344 0.0233 162 0.0185 44 0.0227
125 0.9767 0.9815 0.9773
SRCRSP8 216 336 05804 154 0.5649 44 0.4773
230 0.0952 0.1494 0.0682
234 0.3244 0.2857 0.4545
MAF214* 189 344 0.2645 162 0.2469 44 0.3409
191 0.1395 0.1049 0.1591
222 0.3343 0.3457 0.3182
225 0.2297 0.2593 0.1591
230 0.0320 0.0432 0.0227
ADCYAP1** 104 342 0.3246 160 0.3375 44 0.3182
106 0.4152 0.3938 0.4545
110 0.2573 0.2625 0.2273
118 0.0029 0.0063 t
OarCP26* 71 344 03663 162 0.3951 44 0.2273
80 0.6337 0.6049 0.7727
BM415+ 106 344 01192 162 0.1543 44 0.1136
136 0.1105 0.1111 0.0909
154 0.7703 0.7346 0.7955
SRCRSP% 179 342 0.0526 160 0.0688 44 t
189 0.9444 0.9250 1.0000
197 0.0029 0.0063 t
OarFCB228&* 134 344 0.2558 162 0.2222 44 0.2727
140 0.2064 0.2531 0.1591
144 0.5145 0.5062 0.5682
152 0.0233 0.0185 t
BM1443 223 342 1.0000 162 1.0000 44 1.0000

<Abbr/>bp, base paim, number of gene copief;frequency.
" nonexistent alleles

*rare allelesf( < 0.05)

* alleles not detected byZDT (2001).

** |oci that were also analyzed byzOt (2001).
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Figure 3.3. Allelic frequency distribution histograms for
study populations. Class interval width = 0.1. Totamber of
alleles A;) for the same sort are 32, 32, and 28. Number of
common alleles Ac) are 27, 27, and 26. Number of rare
alleles Ag; 5% criterion) are 5, 5, and 2.
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Table 3.2.Genetic diversity within study populations.

LOCUS A Ac* Ho He' He'

Boz. NAL. KAR. | Boz. NAL. KAR. | Boz. NaL. KAR. | Boz. NAL. KAR. | Boz. NAL. KAR. PIC
OarJMP29 3 3 3 2.7337 2.7860 2.2253 0.6667 0.728%458| 0.6361 0.6450 0.5634 0.6362 0.6411 0.550659056
ILSTSO011 2 2 2 1.1712 1.1488 1.1980 0.1471 0.139281@| 0.1466 0.1304 0.1691 0.1462 0.1295 0.1653 356.1
OarFCB128 2 2 2 1.0476 1.0377 1.0465 0.0349 0.01@B455| 0.0456 0.0366 0.0455 0.0454 0.0364 0.044404486.
SRCRSPS8 3 3 3 2.2167 2.3636 2.27176 0.5119 0.519%278, 0.5505 0.5807 0.5740 0.5489 0.5769 0.5610 90.46
MAF214 5 5 5 3.9220 3.8380 3.7231 0.7442 0.8395 27187 0.7472 0.7440 0.7484 0.7450 0.7394 0.7314 6.700
ADCYAP1 4 4 3 2.9074 29595 2.7816 0.6023 0.612559@9| 0.6580 0.6663 0.65534 0.6560 0.6621 0.6405 20.58
OarCP20 2 2 2 1.8665 1.9156 1.5414 0.4186 0.419272@. 0.4656 0.4809 0.3594 0.4642 0.4780 0.3512 66.35
BM415 3 3 3 1.6133 1.7369 1.5292 0.3663 0.4321 71B220.3813 0.4269 0.354]1 0.3802 0.4242 0.3461 0.3485
SRCRSP3 3 3 1 1.1176 1.1623 1.0000 0.0994 0.1250000) 0.1056 0.1405 0.0000 0.1052 0.1396 0.0000 0@.10
OarFCB226 4 4 3 2.6786 2.7028 2.3667 0.6221 0.668.4091| 0.6285 0.6339 0.5909 0.6267 0.6300 0.577%5636.
BM1443 1 1 1 1.0000 1.0000 1.0000 0.0000 0.000000mO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000
mean 2.9091 2.9091 2.5455 2.0250 2.0592 1.8809 0.383@086. 0.3388 0.3968 0.4077 0.36P1 0.3956 0.4052 0@.8360.3510
stdev 1.1362 1.1362 1.1282 0.9537 0.9451 0.8Y58 0.271297@. 0.2775 0.2755 0.2785 0.27(9 0.2746 0.2767 16.270.2460

<Abbr/> A, allelic diversity; Ag, effective number of alleledd,, observed heterozygosityy., expected heterozygositBIC, Polymorphism
Information Contentstdev, standard deviatiol30z., Bozdg; NAL., Nallihan;KAR, Karadg.
* KIMURA & CROW (1964).
TLEVENE's (1949) heterozygosity.
¥NEI's (1973) heterozygosity.

** H,- H. comparisons by two-tailed pairédest revealed nonsignificapivalues for all populations.
*** PIC computed using the whole data set (172 indalg)uathttp://www. genomics.liv.ac.uk/animal/Pic1.htmlaccording to BTSTEIN et al. (1980).



3.3.2. Genetic Structure

3.3.2.1. Hardy-Weinberg Equilibrium

Hardy-Weinberg equilibrium (HWE) was tested WIGENEPOP and ARLEQUIN
programs. FOGENEPOPsimulations, complete enumeration algorithm aiuls &
DemMPSTER(1987) was performed for loci that have less thatleles. This was very
useful for this study because all but one locus 224, have less than 5 alleles. For
loci with more than 4 alleles, Markov chain (MCyatithm of Guo & THOMPSON
(1992) was used. BUARLEQUIN uses only the latter algorithm. Analyses performed
for the whole data (172 samples). Thus, HWE test mad re-performed for Nallihan
and Karadg populations separately since their data are 2mifit subsets of the

whole data set.

The results of Hardy-Weinberg exact tests by botithads are nearly identical and
confirm each other. BM1443 is a monomorphic lotwence has been ignored in all
computations. All but one locus, SRCRSRENEPOR p = 0.0429;ARLEQUIN, p =
0.0441, s.d. = 0.00063), have indicated HWE. Adddily, p-values for
heterozygote deficiency and heterozygote exces® wemputed withGENEPOP
program. Similarly, the whole data set was analyZRCRSP8 is again the only
locus found to show heterozygote deficienpy=(0.0117). None of the remaining
loci has shown any excess or deficiency of hetagyotgs. Also, a global test was
performed by pooling all loci and it points to stgoheterozygote deficiency &
0.0151, s.e. = 0.0017) for BozZgpopulation. The results are detailed in Table 3.3.
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Table 3.3.HWE test simulation output.

HW Exact Test
LOCUS
CE MC McC'
OarJMP29 0.3484 0.3477 0.3414 (0.00146)
ILSTS011 1.0000 1.0000 1.0000 (0.00000)
OarFCB128 0.0798 0.0799 0.0793 (0.00083)
SRCRSP8 0.0423 0.0429 0.0441 (0.00063)
MAF214 0.9828 0.9830 0.9822 (0.00041)
ADCYAP1 0.2403 0.2424 0.2542 (0.00138)
OarCP20 0.1924 0.1913 0.2054 (0.00141)
BM415 0.5697 0.6113 0.6128 (0.00144)
SRCRSP3 0.4107 0.4119 0.3976 (0.00158)
OarFCB226 0.7371 0.7364 0.7346 (0.00124)
BM1443 - - -
mean 0.2798 0.2881 -
Het. Excess Het. Deficiency
LOCUS
CE MC CE MC
OarJMP29 0.2154 0.2156 0.7866 0.7876
ILSTS011 0.3260 0.7232 0.6740 0.6739
OarFCB128 0.9982 0.9983 0.0798 0.0801
SRCRSPS8 0.9884 0.9885 0.0118 0.0117
MAF214 0.4601 0.4554 0.5383 0.5400
ADCYAP1 0.9135 0.9139 0.0869 0.0874
OarCP20 0.9320 0.9314 0.1222 0.1217
BM415 0.6986 0.7011 0.3014 0.3058
SRCRSP3 0.9186 0.9183 0.3761 0.3763
OarFCB226 0.5641 0.5679 0.4381 0.4384
BM1443 - - - -
Het. Excess Het. Deficiency
GLOBAL TEST
MC MC
0.9850 (0.0019 0.0151 (0.001%

<Abbr/>CE, Complete EnumeratioiVIC, Markov Chain.

" Computed byARLEQUIN (dememorization= 10000; MC steps 100000). Standard

deviation in parantheses.

All other computations byGENEPOP (dememorization= 1000; # batches= 1000;

iterations per batch= 10000)
* Standard error.
* Significant departurey < 0.05.
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Additionally, global estimates of fixation ind€ks) over alleles and over loci were
computed according to B6GHT (1978) and WIR & COCKERHAM (1984) as an
estimation of heterozygote excess or deficiencystMd the loci were found to have
positive Fis values { > 0), indicating heterozygote deficiency. The noeth gave
more or less similar results for locus-specificuitss According to average values,
Bozdas population Es' = 0.0319,F,¢" = 0.039 is found to be heterozygote deficit.
Similarly, both methods show that Kargdpopulation is also heterozygote deficit
(Fis' = 0.0607 F,s* = 0.089, whereas Nallihan population has indicated micess of
heterozygotes Ks' = -0.0085,Fs" = 0.00). BM1443 was again omitted for all
populations, and SRCRSP3 is omitted for Kagadpopulation for their

monomorphic states (Table 3.1). Table 3.4 summsitize computations in details.

Table 3.4.Fs estimations for study populations.

Fis' Fisf

LOCUS

Boz. NAL. KAR. Boz. NAL. KAR.
OarJMP29 -0.0512 -0.1362 0.009¢4 -0.048 -0.130 3.0
ILSTS011 -0.0058 -0.0748 -0.100( -0.003 -0.068 0.0%#7
OarFCB128 0.2321 0.6604 -0.023B 0.235 0.664 0.000
SRCRSPS8 0.0674 0.0995 -0.2965 0.070 0.106 -0.275
MAF214 0.0011 -0.1353 0.005¢ 0.004 -0.129 0.029
ADCYAP1 0.0819 0.0749 0.0774 0.085 0.081 0.100
OarCP20 0.0983 0.1218 0.2235 0.101 0.128 0.246
BM415 0.0365 -0.0185 0.3433 0.039 -0.012 0.364
SRCRSP3 0.0554 0.1046 - 0.058 0.111 -
OarFCB226 0.0073 -0.0582 0.2916 0.010 -0.052 0.313
BM1443 - - - - - -
mean 0.0319 -0.0085 0.0607 0.035 -0.002 0.084

<Abbr/>Boz, Bozd&; NAL., Nallihan;KAR,, Karadg.
TWRIGHT (1978), based on#¥'s (1973) heterozygosity
*WEIR & COCKERHAM (1984), based onHVENE's (1949) heterozygosity
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3.3.2.2. Linkage Disequilibrium

Linkage disequilibrium was checked widENEPOPprogram. Again, the genotypic
data for BM1443 was ignored for being monomorphic.probability test was
performed using the Markov chain algorithm ofYlRIOND & ROUSSET(1995). The
output is given in Table 3.5. Out of the d%!/(2! x 8!)) computable different locus
pairs, only BM415-ADCYAP1 pairp(= 0.013, s.e. = 0.00103) is found to be under

linkage disequilibriumg < 0.05).

Table 3.5.Linkage disequilibrium test simulation output.

LOCUS PAIR X df'  p-val | LOCUS PAIR X df p-val
CP20 - 226 0796 2 0670 128-MAF 0.805 2 0.669
CP20 - 128 3501 2 0174 BM-MAF 0.668 2 0.716
226 - 128 0406 2 081 SP3-MAF 0112 2 0.945
CP20 - BM 0858 2  0.65] ADC-MAF 0101 2 0.951
226 - BM 2707 2 025§ JMP-MAF 2094 2 0.351
128 - BM 2573 2 0276 CP20-SP8 0256 2 0.880
CP20 - SP3 1.339 2 051p 226-SP8 0420 2 0.810
226 - SP3 0980 2 0613 128-SP8 0290 2 0.865
128 - SP3 0000 2  1.00p BM-SP8 1664 2 0.435
BM - SP3 1733 2 0420 SP3-SP8 2423 2 0.298
CP20 - ADC 0175 2 0914 YAP1-SP8 0230 2 0.892
226 - ADC 2359 2 0307 JMP-SP8 3433 2 0.180
128 - ADC 0467 2 0791 MAF-SP8 2880 2 0.237
BM — ADC* 8738 2  0.013] CP20-ILS 2827 2 0.243
SP3 - ADC 4289 2 0111 226-ILS 0.155 2 0.925
CP20 - JMP 0561 2 0756 128-ILS 0.806 2 0.668
226 - IMP 1991 2 037Q BM-ILS 1.078 2 0.583
128 - JIMP 0957 2 0620 SP3-ILS 1856 2 0.395
BM - JMP 3017 2 0221 ADC-ILS 3131 2 0.209
SP3 - JMP 1374 2 0503 JIMP-ILS 1.904 2 0.386
ADC - JMP 1628 2 0443 MAF-ILS 1816 2 0.403
CP20 - MAF 1381 2 0501 SP8-ILS 0442 2 0.802
226 - MAF 4969 2 0.083

dememorizatior 1000;# batches= 1000,iterations per batck= 1000.

* p<0.05.

"Degrees of freedom.
Locus names are abbreviated.
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3.3.2.3. Neutrality

Neutrality test indicated that most loci are invibegn their computed lower (L95)
and upper (U95) 95% confidence levels. For its nmomphic state, BM1443 was
excluded from neutrality test. The loci were chetketh POPGENEprogram which
performsEWENSWATTERSONTestfor neutrality explained in MLy (1985, p.272-
282). The output data for neutrality test is givenTable 3.6 and related graph is
demonstrated in Figure 3.4. For a locus to be asdigs neutral, observed F value
calculated by simulated samples should be betweemsitnulated L95 and U95 for
that locus. OarJMP29 and MAF214 are found to kghtll non neutral due to their
observed F values being smaller than their simdl&®5. Remaining loci are in

between the confidence levels indicating neutrgfigure 3.4).

Table 3.6.Neutrality test simulation output.

LOCUS A Obs.F MinF MaxF Mean* s.e.* L95* U9s5*

OarIJMP29 3 0.3658 0.3333 0.9884 0.7284 0.0359 0.390.9884
ILSTSO011 2 0.8538 0.5000 0.9941 0.8412 0.0281 @508.9941
OarFCB128 2 09546 0.5000 0.9942 0.8483 0.0274 20.500.9942
SRCRSP8 3 04511 0.3333 0.9882 0.7271 0.0360 0.3834881
MAF214 5 0.2550 0.2000 0.9770 0.5598 0.0339 0.28369264
ADCYAP1 4 0.3440 0.2500 0.9826 0.6336 0.0368 0.3310.9653
OarCP20 2 05358 0.5000 0.9942 0.8428 0.0280 0.5029942
BM415 3 0.6198 0.3333 0.9884 0.7250 0.0357 0.3877984AY
SRCRSP3 3 0.8948 0.3333 0.9884 0.7258 0.0364 0.383B884
OarFCB226 4 03733 0.2500 0.9827 0.6356 0.0367 80.320.9655

<Abbr/> A, allelic diversity;s.e., standard errot;.95, lower 95% confidence levelj95,
upper 95% confidence level.
* Computations by 10000 simulated samples.
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Figure 3.4.Graphical assessment of neutrality test simulatisiputs.
<Labels/>Black circles obs. F value for each locusl.95, lower 95%
confidence leveltJ95, upper 95% confidence level.

3.3.3. Effective Population Size

NEESTIMATOR and LoNe programs were used for effective population siki) (
estimations. The former uses linkage disequilibrigmd heterozygote excess
methods, whereas the latter uses only linkage diiadgum method (Table 3.7). For
heterozygote excess methdd, could not be estimated byEESTIMATOR due to

specific reasons (discussed in Chapter V).

Table 3.7.N, estimations for Bozdapopulation.

Program Method Est.N¢ 95% ClI

LDNE * Linkage Disequilibrium 226.9 [108.2, 1250.1]
NEESTIMATOR 207.7 [122.4, 481.4]
NEESTIMATOR Heterozygote Excess infinity [infinity, infinity]

* Mating model is random. Lowest allele frequencydusé@.00.
" Cl according talacknife on loci. Parametric 95% CI = [102.4, 1831.
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3.3.4. Population Bottleneck

Population bottleneck was tested WEOTTLENECK program. All individuals il =
172) were tested ignoring 2 loci; BM1443 is monopiic and SRCRSP8 is not in
HWE which can cause violations for bottleneck asigly The test results

demonstrate that there had not been a recent gmpulaottieneck in the history of

O. g. anatolica The output for the test simulation is given irbEa3.8 which shows

Hardy-Weinberg heterozygosityd§) according to the algorithm of N (1973) and

expected equilibrium heterozygositiflg) under 3 different mutation models for

each locus.

Table 3.8.Bottleneck analysis output.

LOCUS JMP ILS 128 MAF ADC CP20 BM SP3 226
sl 0 342 340 344 344 342 344 344 342 344
o A 3 2 2 5 4 2 3 3 4
Ol 4. |o63¢ 0147 004¢ 0747 065¢ 0466 0381 0106 0.62¢
Hey |0.267 0151 0.153 0430 0.358 0.152 0266 0.267 59.3
s| stdev. [0.18¢ 0.6 0.16¢ 0.187 0.19: 0.16f 0.19C 0.19C 0.19]
<| DH/sd" | 1.95¢ -0.02¢ -0.64: 1.69¢ 1.56¢ 1.89¢ 0.60¢ -0.85: 1.41(
pvaf |001: 0.37¢ 0437 000 0.03: 0.08] 0.32¢ 0.29/ 0.06¢
He; |0.334 0172 0.173 0538 0451 0.174 0.336 0.333 580.4
=| stdev. |0.181 016t 0.16¢ 0.4: 016t 016t 018 0.18: 0.16:
~| DH/sd | 1.66€ -0.15( -0.07¢ 1.46( 1.25: 1.72¢ 0.25] -1.24¢ 1.05
pval |0.01¢ 0437 0.36¢ 0.01f 0.067 0.09 0.46f 0.167 0.13F
Hey |0429 0187 0191 0.647 0561 0.189 0427 0.432 600.5
% st.dev. |0.142 0.168 0.170 0.089 0.114 0.168 0.141 0.140 150.1
| DH/sd | 1.457 -0.237 -0.86( 1.127 0.84f 1.641 -0.32 -2.32¢ 0.59¢
pval | 0.03f 047¢ 0.30f 0.7 0.197 0.107 031 0.03( 0.32¢

<Abbr/>OBS observediAM, infinite allele modelTPM, two phase modeEMM stepwise
mutation modeln, number of gene copieA; allelic diversity;st.dev, standard deviation.
" Standardized differenced§ - Heg)/st.dev.

* P-value forH,

* Parameters for TPM: variance = 30.00, proportib8MM = 70%
** All computations based on 10000 replications.

Locus names are abbreviated.
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Accordingly, 3 tests were performed to detect letggosity excessHe > Heg); Sign
test, standardized differences test, and Wilcoxigmesl-rank testP-values are
nonsignificant to show a deviation from mutatiomftdequilibrium, except for
standardized differences test. However, standatdilziéerences test is not reliable
when tested for less than 20 polymorphic loci. Esdly, Wilcoxon signed-rank
test, which has relatively high statistical powkeviKART & CORNUET, 1998), did
not indicate heterozygosity excess except under [Alble 3.9).P-values are also
consistent with normal L-shaped distribution okehldl frequencies illustrating lack
of a recent bottleneck (LIKART et al, 1998), otherwise it would give a shifted-mode
distribution. However, the frequency of low frequgr(frequency range is (0.000-

0.100]) alleles is higher than any other allelejérency class (Figure 3.5).

Table 3.9.Test results for bottleneck analysis.

TEST IAM TPM SMM

Sign test 0.17681 0.26470 0.58815
Std. diff. test 0.00569% 0.03967 0.26057
Wilcoxon test 0.02441 0.06445 0.28515

* p<0.05** p<0.01.
" One-tailed test for heterozygosity excess.

0.4

0.3

0.1 4

1 2 3 4 5 6 7 8 9 10
Allele Frequency Class

Figure 3.5. Normal L-shaped distribution of allelic
frequencies. (Class interval width = 0.1).
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3.3.5. Comparison Tests

3.3.5.1. Comparisons among Populations

Comparisons were done among 4 populations; Baz(é = 172), Nallthan N =
81), Karadg (N = 22) and Bozd® (N = 48). The results of the first 3 populations
belong to the current study. However, Bazdstands for the Bozg@gpopulation that
was analyzed by ZUT (2001) with 48 samples collected from Bogd2BS. The
results of genetic diversity analysis byzi (2001) that were used during

comparisons are given in Table 3.10.

Observed Kl,), and expectedHg) heterozygosity levels, and allelic diversit),(
were compared with pairgetest. Both IEVENE'S (1949) and MI's (1973) expected
heterozygosity computations were used during coisas. B and N have identical
alleles at all loci (Table 3.2), consequemiyvas not compared for this pair. Also,
genetic diversity analysis of 20T (2001) does not involve HVENE'S (1949) He
(Table 3.10), therefore BB, pair also could not be compared for this parameter
(Table 3.11).

Table 3.10.Genetic variation within Bozggpopulation at 9 loci.

LOCUS A Ho He
ILSTSO011 2 0.1667 0.1544
OarFCB128 2 0.0208 0.0206
SRCRSP8 3 0.4043 0.4001
MAF214 3 0.2917 0.4954
ADCYAP1 3 0.3958 0.4406
OarCP20 2 0.4583 0.5044
BM415 2 0.2174 0.2609
SRCRSP3 2 0.1250 0.1184
OarFCB226 4 0.6250 0.5941

* From QzUT (2001). OarJMP29 and BM1443 were not analyzed.
<Abbr/> A, allelic diversity;H,, observed heterozygositit., NEI's (1973)
heterozygosity.
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All comparisons forA had shown nonsignificarg-values p > 0.05), howevep-
value forB;-B, pair is found to be not quite statistically sigréint = 0.0509).
Only B;-N pair was found to be significantly differenp & 0.0428) forH,
comparisons. FoHe (LEVENE, 1949),none of the pairs revealed a significant value
(p>0.05). B-K (p = 0.0329) and N-Kg= 0.028) are found to be quite significantly
different for He (NEI, 1973) comparison. However, 4B, pair is not quite
significantly different p = 0.0508). Table 3.11 demonstrates compptedlues for

all comparisons.

Table 3.11.P-values for genetic diversity comparisons amongyspapulations.

PAIR A Ho He He
B,-N ® 0.0428 0.0875 0.1315
B.-K 0.1039 0.2393 0.0814 0.0329
N-K 0.1039 0.1193 0.0516 0.0280
B1-B, 0.0509 0.1179 ® 0.0508

<Abbr/> A, allelic diversity; H,, observed heterozygosityH., expected
heterozygosityB; & B,, Bozd&; N, Nallihan;K, Karad&.

" LEVENE's (1949) heterozygosity.

*NEI's (1973) heterozygosity.

® Comparison omitted.

* p<0.05.

3.3.5.2. Comparisons among Traps
3.3.5.2.1. Comparisons among Genetic Diversity Estations
In total 167 individuals were captured by 3 differéraps; Karanlik Dere\ = 25),

Bagderesi N = 26), and GoletN = 116). Remaining 5 individuals were captured by
using anesthetic guns. Table 3.13 summarizes gedigérsity for each trap.
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Similar to population comparisons, traps were atempared for the same 3
parameters A, H,, He), including LEVENE'S (1949) and MI's (1973) expected

heterozygosity computations separately. Again,goditest was performed for trap
comparisons (Table 3.12). Genetic diversity redoltdrap were also compared with
genetic diversity within Bozdgpopulation (Table 3.2).

Table 3.12.P-values for genetic diversity comparisons amongstrapd Bozda

population.

PAIR A H, He' Ho

K-B 0.5884 0.6385 0.3098 0.3030
K-G 0.1669 0.5671 0.7822 0.4909
B-G 0.5884 0.8875 0.3510 0.5244
B,-K 0.0816 0.5782 0.5600 0.2734
B:-B 0.1669 0.7971 0.3295 0.5798
B,-G 0.3409 0.6587 0.4944 0.4070

<Abbr/> A, allelic diversity; H,, observed heterozygosityH., expected
heterozygosityraprs K., Karanlk DereB., Bagderesi;G., Golet; poPuLATION By,
Bozdas.

" LEVENE's (1949) heterozygosity.

¥NEI's (1973) heterozygosity.

All except B-K (p = 0.0816) pair foA comparison revealed highvalues p > 0.1)
indicating no significant difference among genaticersity estimations for groups
captured within different traps. On the other haihds important to note that the
much higher number of individuals captured at G{l4®6 individuals) is not due to
any experimental artifact. The other traps are mehan the one at Gélet and since
the sampling for this study was started in 2004yeminan 60 individuals were
captured while there was only one trap in B@zB8S which was at Golet.
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Table 3.13.Summary of genetic diversity within traps.

TRAP
LOCUS KARANLIK DERE BAGDERESI GOLET

n A Ho He He | n A Ho He' He | n A Ho He He"
OarJMP29 | 50 3  0.7600 0.6424 0.6296|52 3  0.5000 0.6267 0.6146230 3  0.6783 0.6397 0.6369
ILSTSO11 | 50 2  0.1600 0.1502 0.1472|52 2  0.1538 0.1448 0.1420228 2  0.1404 0.1461 0.1454
OarFCB128{ 50 2  0.0400 0.0400 0.0392|52 2  0.0769 0.1448 0.1420232 2  0.0259 0.0256 0.0255
SRCRSP8 | 48 3  0.5000 0.5363 0.5252|52 3  0.5385 0.4985 0.4889226 3  0.5221 0.5611 0.5587
MAF214 |50 5  0.8400 0.7894 0.7736/52 4 05769 0.7398 0.7256232 5  0.7500 0.7420 0.7388
ADCYAP1 | 50 3  0.7200 0.6588 0.6456|52 3  0.5000 0.6606 0.6479230 4  0.6000 0.6564 0.6536
OarCP20 | 50 2  0.6400 0.4702 0.4608| 52 2  0.3846 0.4827 0.4734232 2  0.3793 0.46390.4620
BM415 50 3  0.3600 0.3747 0.3672|52 3 05769 0.4985 0.4889232 3  0.3103 0.3387 0.3372
SRCRSP3 | 50 2  0.1200 0.1151 0.1128/52 3  0.0769 0.0762 0.0747230 2  0.1043 0.11480.1143
OarFCB226{ 50 3 0.3200 0.5069 0.4968| 52 4  0.7308 0.6667 0.6538232 4  0.6638 0.6398 0.6371
BM1443 44 1  0.0000 0.0000 0.0000|50 1 0.000 0.0000 0.0000210 1  0.0000 0.0000 0.0000
mean 49 26364 0.4055 0.3895 0.3816| 52 2.7273 0.3741 0.4127 0.4047229 2.8182 0.3795 0.3935 0.3918
stdev - 1.0269 0.3044 0.2729 0.2674| - 0.9045 0.2517 0.2694 0.264R - 1.1677 0.2798 0.2787 0.2775

<Abbr/> n, number of gene copie®, allelic diversity;H,, observed heterozygositiy., expected heterozygositgtdev, standard
deviation.

" LEVENE's (1949) heterozygosity.

* NEI's (1973) heterozygosity.



3.3.5.2.2. Comparisons among Probability of Identyt (PI) Values

Probability of Identity (Pl) values were computeyd ®GIMLET program and are
shown in Table 3.15. Pairedtest was performed for Pl comparisons. Trap-trap
comparisons did not indicate any significant chafogeP| (p > 0.1). Similar results
are also valid for trap-Boz@aomparisons (Table 3.14).

Table 3.14.P-values for Pl comparisons.

PAIR Pl iheoric Pl unbiased Plsis

K-B 0.3433 0.3889 0.3108
K-G 0.6405 0.3776 0.5325
B-G 0.4904 0.2388 0.5071
B1-K 0.2792 0.5401 0.2785
B.-B 0.5581 0.2071 0.5622
B,-G 0.3287 0.4345 0.3846

<Abbr/> TrRAPs K., Karanlik Dere;B., Baderesi; G., Gdlet;
POPULATION B;, Bozd&.

Both genetic diversity and Pl comparisons for thap and trap-population pairs
indicate that traps give homogenous data and ddelvave selectively and thus, a
statistical bias for catching method is unsupported also confirmed that there is
statistically nonsignificant difference between theerage level of relationship
within the groups captured at different traps.
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Table 3.15.PI values for traps and Bozglpopulation.

POPULATION TRAP
LOCUS BOZDAG KARANLIK DERE BAGDERESI GOLET
Plineoric  Plunbiassd ~ Plsbs | Pliheoric  Plunbiasss ~ Plsibs Plineoric ~ Plunbiassd ~ Plsbs | Pltheoric  Plunbiasss ~ Plsibs

OarJMP29 0.2090 0.2061 0.4851 0.2150 0.1959 0.4890 0.2176 1950. 0.4971 0.2079 0.2037 0.4835
ILSTS011 0.7396 0.7365 0.8618 0.7381 0.7133 ®8600.7462 0.7231 0.8656 0.7409 0.7361 0.8625
OarFCB128 | 0.9122 0.9110 0.9553 0.9239 0.9155 0.96(14 0.7462 723Q. 0.8656 0.9499 0.9488 0.9747
SRCRSP8 0.2824 0.2791 0.5462 0.2928 0.2642 0.5606 0.3488 3276. 0.5928 0.2763 0.2716 0.5397
MAF214 0.1095 0.1065 0.4049 0.0888 0.0698 0.3854.1262 0.1070 0.4187 0.1141 0.1097 0.4091
ADCYAP1 0.1914 0.1887 0.4698 0.2009 0.1822 0.4774 .198&7 0.1807 0.4757 0.1919 0.1877 0.4712
OarCP20 0.3948 0.3926 0.6166 0.3969 0.3815 0.6188 0.3894 3766. 0.6107 0.3962 0.3929 0.6181
BM415 0.4159 0.4106 0.6639 0.4304 0.3897 @674 0.3150 0.2821 0.5843 0.4651 0.4572 0.6977
SRCRSPSP3 0.8055 0.8030 0.8988 0.7935 0.7728 0.8920 0.8575 8428. 0.9270 0.7909 0.7869 0.8906
OarFCB226 | 0.2026 0.1990 0.4873 0.3133 0.2813 0.5799 0.1839 1626. 0.4691 0.1958 0.1908 0.4804
BM1443 1.0000 1.0000 1.0000 1.0000 1.0000 1.000Q.0000 1.0000 1.0000 1.0000 1.0000 1.0000
overall loci 2.24E-5 2.00E-5 7.44E-3 3.25E-5 1.39E-5 9.01E-3 5B2-B 9.40E-6 6.82E-3 2.53E-5 2.15E-5 7.80E-3




3.4. Simulation Analyses

3.4.1. Founder Event Simulation

Comparative simulation experiments are based oral data sets. One data set
belongs to the current study and includes the gpimtdata of 172 individuals
sampled at BozgaPBS for 11 microsatellite loci. The second is glemotypic data
of 197 honey bees for 5 highly polymorphic micrediée loci.

Seven parameters were compareld;tétal number of allelesAf), (2) number of
common allelesAg), (3) number of rare allelesAg), (4) mean number of alleles
(nk), (5) proportion of polymorphic lociR), (6) observed heterozygosityif), and
(7) Ner's (1973) expected heterozygositilsf. Ar, Ac, and Ax were compared
separately from other genetic parameters. All erpamts start at founder population
size (Ng) = 2. Original results for Anatolian mouflon aw; = 32,Ac = 27,Ar = 5,
ng = 2.9091,P = 0.9091 H, = 0.3830, andHe = 0.3956. For honey bee&; = 80,Ac
=22,Ar =58,nx = 16.00,P = 1.00,H, = 0.6536, andH. = 0.7197.

The purpose for comparing different data sets isliserve the effect of genetic
diversity within source population on defined paetens for founder events. The
simulation output for 4 parameterg,(P, Ho, & He) is given in Figure 3.6. Fox, as

Nk increases, the number of alleles carried by foungepulations increases
continuously. Especially, foNg < 25, nk increases more rapidly for both data sets.
For P, constancy is observed after early stages, bstdbnstancy is delayed for
Anatolian mouflon data set. The changeHinwith increasingNs shows very minor
saltations but on the whole there is stabiliig.shows a very close behavior with
and increases sharply at the beginning but theaevisry slow continuous increase
afterwards. Consequentlyy is the most sensitive parameter to founder events.
Despite its importance for genetic diversity estiores, He does not shows a

distinctive behavior and has a medium sensitiatjounder events.
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Figure 3.6. Simulation graphs fon,, P, H,, & HeVvs. Ng. a, b, ¢, d) for Anatolian mouflon,
and e, f, g, h) for honey bee data. Black linenes éxpected values for a particular genetic
parameter at all possibM:. Red lines are upper and lower 99% CI for expextat

* Data by 10000 iterations.
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Since allelic diversity is the most sensitive pagsen, alleles carried by founder
populations were categorized according to thetestaithin the source population
either as common or rare (5% criterion). Accordimghe simulation output (Figure
3.7), the steady increaseAq (and thus fomny in Figure 3.6)s due to rare alleles,
sinceAc increases only at the very early stagesApuis perpetually increasing as
Nk increases or in other words rare alleles areféster than common alleles. The
much sharper increase A for honey bees is due to the much higher number of

rare alleles within the source population.
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Figure 3.7. Simulation graphs foA7, Ar, & Ac vs. Ng. A)
Anatolian mouflon, and B) honey bee data.
* Data by 10000 iterations.
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Since 22 and 81 individuals were sampled for Nafliland Karadapopulations and
they are subsets of the whole set of 172 indivisildd=22 andN=81 according to
Figure 3.6 (Graphs a, b, c, & d) should give expedenetic diversity values for
reintroduced samples (Table 3.16). Observed resss within the ranges of
expectation indicating that reintroduced sampleseweghosen randomly from the
whole set of 172 individuals. On the other handhd genetic diversity within 172
individuals is assumed as true population statisiic Bozdg population N=600,
Figure 1.1), therNe=131 andN=61 should give the expected genetic diversity for
reintroduced populations (Table 3.17), since al wid 31 and 61 individuals were

translocated to Nallihan and Karggdeespectively (Table 2.1).

Table 3.16.0bserved and expected genetic diversity for rethiced samples.

Ny P Ho He

s | Karadag 2.5455 0.8182 0.3388 0.3607
S

Nallihan 2.9091 0.9091 0.4086 0.4052

Karadag 2.6551 0.8661 0.3828 0.3875
o | (Ne=22) | (x0.2219) (+0.1306) (+0.0632) (+0.0334)
x
W | Nallihan 2.8126 0.9082 0.3829 0.3943

(N;=81) | (0.1674) (+0.0239) (+0.0255) (+0.0131)

<Abbr/>OBS, observedEXP., expected.
Observed values were taken from Table 3.2.

Table 3.17.Expected genetic diversity for reintroduced popoites.

Ny P Ho He
Karadag 2.7840 0.9053 0.3831 0.3935
o | (Ne=61) | (+0.1688) (+0.0489) (+0.0322) (+0.0170)
x
W | Nallihan 2.8651 0.9092 0.3831 0.3953
(Ne=131) |  (+0.1409) (+0.0001) (+0.0131) (+0.0067)

<Abbr/>0BS, observedEXP., expected.
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3.4.2. Bottleneck Simulation

Bottleneck experiments were categorized imeE |1 (T - Tzroute, T, = 0) andTYPE

Il (T, - T, - T3 route, T, = 1). For all experiments,1) distortion graphs for allele
frequency distributions (UKART et al, 1998), 2) p-values by one-tailed Wilcoxon
signed-rank test for heterozygosity excess deteetedinalyzed loci (under 3
mutation models — SMM, IAM, and TPM), and) (genetic diversity R, A, & He)
within analyzed samples were used to characteltiee dffects of determined
parameters. Type |l erfdélis assumed, if distortion graph demonstrates adpsd
distribution of allelic frequencies Qiaw, Prew, and psuv iS NOt significant $0.05)
even though population was bottlenecked and fisméolel assumptions (discussed
in Chapter IV). All experiments were replicated g = 2, 5, 10, 25, and 50. Test
results are given in Figure 3.8 & 3.9 forPE 1and in Figure 3.10 & 3.11 faryPE Il

experiments.

According to Figure 3.8 & 3.10, distortion graples/é lower sensitivity to simulated
bottlenecks adlg increases. However, 8s andT; increases iImYPE | andTYPE II
experiments respectively, distortion graphs shovftesiimode distributions and
detect bottlenecks. In both types of experimentigerozygosity excess method
under SMM (Figure 3.9 & 3.11) works parallel witkstbrtion of allele frequency
distributions method, however both methods startbe violated afteP decreases
down to 0.4-0.5 (critical point). For example, TRPE | experiments folNg = 25
SMM gives significant heterozygosity excess Tat= 5000 (Figure 3.9) when
distortion graphs (Figure 3.8) fd¥g = 25 also shows shifted-mode distribution.
Before this duration, neither distortion graphs MM supports bottleneck and
result in type Il error. However d; = 10000, distortion graph is again slightly L-
shaped folNg = 25 and supportivelpsyy = 0.06. The reason is that fig = 25,P =
0.432 (constitutes a critical point) Bt= 10000 (Figure 3.9).

13 Type | error: Detecting a bottleneck in an equilim population.
Type Il error: Failure to detect a bottlenechkibottlenecked population.
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P = 0.4 correspond to about 4 loci (11 loci were dated) that is consistent with
PIRY et al (1999) stating that at least 4 polymorphic Iaciniecessary for reliable
analysis withBOTTLENECK program. Reaching to critical period is earliem¥PE I
experiments, because permanence peflgl an more effectively reduce genetic
diversity than bottleneck period4. In TYPE | experimentsfor Ng = 50,P = 1.00,A

= 14.1636, antHe= 0.8510 afl, = 10;P = 0.6454 A = 1.8636, andH.= 0.2560 afl;

= 10000. However, imYPE Il experimentsfor Ng = 50,P = 1.00,A = 10.0544, and
He=0.8090 afl,=5; P =0,A=1.00, andHe= 0 atT, = 500 indicating that ~10000
T, generations is less effective than ~GQ@enerationsThus,p = 1.00 after critical
point can be observed under all modelsTePE II experiments and consequently,
SMM graph demonstrates a more complete reversddimgbed distribution op-
values inTYPE Il experiments than imyPE | experiments. But if generation duration
is extented beyond 10000yPE | experiments will definitely show the same pattern

with TYPE Il experiments.

Heterozygosity method is based on the assumptianAtlidecreases faster th&h.
This was shown with founder event simulations (Fég8.6). Bottleneck simulations
also support this assumption. All experiments hidneesame pre-bottleneck genetic
diversity; P = 1.00, A = 25; He = 0.95+0.04. If these pre-bottleneck values are
compared with the results o¥PE | experiment&.g. Ng = 25;P = 1.00,A=12.5817,
andH. = 0.8368 afl;=10, while bottleneck sharply decreagesHe is still near to
the initial value. Same inference is available WittPE 11 experiments. Additionally,
distortion of allele frequency distributions methaskumes that rare alleles are more
likely to be lost during bottlenecks. This assumptiwas also supported with

founder event simulation (Figure 3.7).

Bozda population was shown to be an equilibrium popalatby BOTTLENECK
program. One-tailed Wilcoxon signed-rank test rsswere;pavy = 0.02441ppey =
0.06445 psuv = 0.28515 (Table 3.9) and genetic diversity estiomst were;P =
0.9091, A = 2.9091,H. = 0.3956.If study population had passed through a
bottleneck in the recent past which is nearly definthan Wilcoxon test results

constitutes a type Il error if all criteria are naetd there is no other source of error

75



(discussed in Chapter 1IV). Similar situations cam dxemplified with different
scenariose.g. in TYPE | experiments foNg = 25 andT; = 2000;p,ay = 0.0019prew =
0.0192 pswv = 0.1481 andP = 0.9727,A = 3.5545,H, = 0.5277 (Figure 3.9).
Simulatedp-values are generally in accordance with the ocailgiesults.Pgy, is
nonsignificant angy is very near to original value. Howevex,, is much more
significant than original value. Genetic diversitglues are also very near to the
estimations of study population. Also, if relatadtdrtion graph is checked (Figure
3.8, graph 26), similarity with the graph of stuggpulation (Figure 3.5) can be
observed. Nearly the same comparison is possibl&f§o= 50 andT; = 2000 for
TYPE | experiments. Additionally, imYPE Il experiments, foNg = 25 andT, = 25;
Pav = 0.0214 prey = 0.0375psyy = 0.1537 and® = 0.9727 A = 3.1546 H = 0.4877
(Figure 3.11). Simulateg-values and genetic diversity values are more ammiu
original results than the previous examples. Digtorgraph (Figure 3.10, graph 12)
is also L-shaped and similar to Figure 3.5. Also, Nz = 25 andT, = 50; pau =
0.0372 prew = 0.0866 psyy = 0.1486 andP = 0.7725,A = 2.0728,H. = 0.2884
(Figure 3.11). Genetic diversity measures are sasdar to original values relative
to T, = 25 output, but distortion graph (Figure 3.10,piral3) is more similar to
Figure 3.5. Scenarios can be extended with moreigioa if TYPE | and TYPE I

experiments are collated.
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Figure 3.8.Distortion graphs forYPE | experiments. From left to right, each column bgkn

to Ng=2, Np=5, Ng=10, Ns=25, andNz=50. From top to bottom, each row belongdte10,

T,=100, T,=500, T,;=1000, T;=2000, T,;=5000, andT;=10000 experiments. AN increases,
distributions approach to L-shaped, and giacreases distributions approach to shifted-mode.
Only T;=10000 partly violates this pattern, wheiis very low (Figure 3.9).
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Figure 3.9.P-values and genetic diversity foWwPE | samples. SMM has higher type Il error
relative to TPM and IAM. SMM also has a narrowerga (whenrl; > 2000) of detectability
for higher Ng (>5) and gives a reverse bell-shaped graph (morgood in TYPE I
experiments). Whereas TPM and IAM shows signifideaterozygosity excess even for fast
bottlenecks. All models afe-senstive and aB decreases lower than 0.4-0.5 (critical point),
observable heterozygosity excess also decreasgs.beyond T; = 5000, detected
heterozygosity excess decreases for loMg(<50) since their respectivhit critical point
betweenT; = 5000 & 10000 R graph). Increase in heterozygosity excess shopattarn;
increase is faster and starts earlierNasdecreases. This pattern is incomplete because
simulations stop af; = 10000. It is more properly observediviPE Il experiments.

<Abbr/> SMM stepwise mutation model,PM, two phase modellAM, infinite allele
model; P, proportion of polymorphic locij, allelic diversity;H,, expected heterozygosity.

* Simulations replicated 10 times.

** Parameters for TPM: variance = 30.00, proportioSiM = 70%.

"NEr's (1973) heterozygosity.
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Figure 3.10. Distortion graphs foflTYPE Il experiments. From left to right, each column
belongs ta\Ng=2, Ng=5, Ns=10, Ng=25, and\z=50 and from top to bottom, each row belongs
to T,=5, T,=10, T,=25, T,=50, T,=100, andT,=250 experiments. Distortion graphs are shown
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until P = 0 for all Ns, hence the # graphs changes for diffefdante.g. for Ng=2, P=0 at
T,=25 and s@=1 under all models (Figure 3.11). Thereby, onlstatition graphs foil,=5

and T,=10 are shown foNz=2. Like TYPE I, asNg increases, distributions approach to L-
shaped, and ag; increases distributions approach to shifted-modsvdrmost graphs may

violate this pattern due to lo® (Figure 3.11).
* Scale of y-axis is [0.8, 0] for all graphs.
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Figure 3.11.P-values and genetic diversity fo¥PE Il samples. As imTYPE | experiments,
SMM has a narrower detectability range, hence shuglser type Il error. Under SMM, as
T, increases, obs. het. excess approach to sigrifigaralues whereas a$, further
increases, obs. het. excess again decreases,Fsinitg the critical point R graph). This
gives a more complete reversed bell-shaped geghfor Ns=50 and under SMVp-value
decreases until,=100 and increases afterwards, and accordirygoaph, beyond,=100,
Ng=50 hits the critical pointR = 0.4-0.5) where # polymorphic loci is inadequiateletect
het. excess. Whereas fdig=2, under SMM, het. excess could be not be detebesthuse
P=0.4 even af,=5. TPM and IAM give significant results for sharfgermanence periods,
but their behavior is again same with SMM aftetical point.

<Abbr/> SMM stepwise mutation model,PM, two phase modellAM, infinite allele
model;P, proportion of polymorphic locid, allelic diversity;He, expected heterozygosity.

* Simulations replicated 10 times.

** Parameters for TPM: variance = 30.00, proportioSiM = 70%.

"NEr's (1973) heterozygosity.
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CHAPTER 4

DISCUSSION

Verification of genetic diversity is important f@aptive breeding programs since
many captive populations are established after waty small number of individuals
are left in the wild, e.g., speke’s gazelle fromlyod founders (1 male and 3
females), and both Przewalski's horse and Européson. Bison bonasusrom 13
founders. It is assumed that captive populatioB@da Protection & Breeding
Station (PBS) was established from a total of 46Qandividuals between 1988 —
1995 (ARIHAN, 2000). The genetic diversity of this populatioasnanalyzed only
once (QUT, 2001) prior to this study, but for captive brewgprograms genetic data
should be updated more frequently in order to aeafnd assess temporal change in
genetic diversity to take precautions. The primabjective of this study was to
demonstrate the genetic change for reintroducedilpbpns with respect to the
source population. Such a comparison needs revigngtic diversity within source
population at BozdaPBS. Since, 103 reintroduced individuals (81 tdliNan, 22

to Karadg) were part of the source population prior to tlacetions, these
individuals were collated with the 69 individualdhat were captured and sampled
but were not translocated — in order to estimateetye diversity within source
population. Consequently, genetic diversity estiamator the source population was
based on 172 samples, while estimations for Nailldrad Karada populations were

based on 81 and 22 samples, respectively.

Genetic diversity within source population was fdua be low;n, (mean number of
alleles per locus) = 2.909#, = 0.3830H (NEI, 1973) = 0.3956 (Table 3.2). When
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compared with the results ofzOr (2001), which wereny = 2.5,H, = 0.3059 H, =
0.3310, an increase can be observed for all genedsures (Figure 4.1). Possible
reasons for this difference can bé) gffect of temporal change within allelic
frequencies, 3) effect of different loci analyzed, an®)(effect of other reasons
including experimental artifacts. If only heteromgity values were increased, the
reason could be attributed only to temporal changikin allelic frequencies,
however sincey is also higher, there should be an effect of astleone of the
alternate reasons, because there is only 7 yeansede the studies and this time
interval is unlikely to mutate novel alleles evemough microsatellites show
extremely high mutation rateseFrRevset al, 1988; KELLY et al, 1991; WEBER &
WONG, 1993). If we first criticize on the second alt&e reason, it is possible to say
that different loci analyzed are definitely effetifor obtaining various results for
the two studies but assigning this as a singleoreaw together with the first
alternate reason is not enough since there isdifarence among identic loci. In
OzuT (2001), 10 loci were analyzed and only OarAE11% wat analyzed by the
current study. Similarly, current study analyzedlddi and only 2 loci, OarJMP29
and BM1443, were not analyzed by@ (2001). Hence, 9 loci are identical for
both studies. Regarding only these 9 loci, redaltshe current study arei = 3.11,
Ho = 0.3515H, = 0.3688 and by gt (2001);n, = 2.56,H, = 0.3053He = 0.3321.
Again higher values are observed for the currardystHence, the effect of the first
two alternate reasons can not be denied but nemaltat their effects are, they can
not be attributed either singly or together as ris@son for the difference among
studies. Briefly, the third alternate reason ispsuped and at least one other reason

should have contributed.

Two situations are considerable for the third akge reason;lj different sample
sizes, and3) genotyping errors. In my opinion, the first siioa possibly has a
priority. OzUT (2001) made his genetic analyses on 48 sampled Butsamples
were utilized by the current study. It is possitdesay that rare allele$ € 0.05)
were better detected by the current study (Taldlg Because gUT (2001) detected
23 alleles for 9 locii(e. those identical with this study) and 4 of themreveare

alleles. However, 2 of these rare alleles were assigned as rare by this study,
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because higher frequencies were detected. In addagain for the shared loci, this
study detected 28 alleles and 5 alleles are rare3 lmf these rare alleles were not
detected by @uT (2001).
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Figure 4.1.Comparison of current genetic diversity wita@ (2001).
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Lesser reason can be different sampling methodswbe&h may lead to genotyping
errors. QUT (2001) had done noninvasive sampling by collectiages from
Bozdgz PBS, but for this study we used only tissue samp®llected
nondestructively by cutting a tiny piece from ei@st One of the most important
parameters for reliable PCR amplifications is teatgIDNA concentration, and low
concentrations may lead to genotyping errors. &lldtopouts are primer causes of
genotyping errors concerning microsatellites. Umlikhose studies with tissue
samples, studies on feces can experience alledigodits with higher probabilities.
However, QUT (2001) performed allelic dropout test and could detected any.
But, despite test evidence, allelic dropout ig ptiksible and alleles could have been
lost. Consequently, allelic dropout can be a supplgal reason, but the effect of
sample size seems more powerful and undeniableflygrisince not only allelic
frequencies but also allelic diversity is differemong studies, taking the difference
only as a temporal change is impossible. The efiedifferent loci analyzed is not
enough to be the only reason, because identicablsc show variations. Hence, at
least one other situation is effective, which preahly is the different sample sizes
among studies but experimental artifacts due t@iy@mg errors could have also
contributed. Also, differentiation in genetic dis#y was not significant as shown
with comparisons of 3 genetic parameters by paitedt; A (p = 0.0509),H, (p =
0.1179), andHe (NEI, 1973;p = 0.0508) (Table 3.11P-values are generally near

significance but still leads to the consensusttiathange is not considerable.

Genetic diversity estimations for reintroduced gapans gave similar results with
the source population — Nallthan populati®y= 0.9091n, = 2.9091,H, = 0.4086,
He (NEI, 1973) = 0.4052; and Karaglgopulation;P = 0.8182,n« = 2.5455,H, =
0.3388, He = 0.3607. When compared to the genetic diversitthiv source
population gk = 2.9091H, = 0.3830H, = 0.3956), the results are very favorable for
Nallihan population but not too well for Karad@opulation. These results were
somewhat expected because the size of reintrodqummalations are large especially
for Nallihan where 131 individuals were reintroddi@nd 81 of them were sampled.
For Karadg, the number of reintroduced individuals is 61 baly 22 of them were

sampled and analyzed (Table 2.1). The lowefor Karadg& population is most
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probably due to small sample size. This is not iekplbut can be inferred from
founder event simulation (Figure 3.7). If reintrcdd samples are randomly
selected, then observed measurements given abouddsbe within the simulated
ranges of expectation (99% CI). If not, we can dade that reintroduced samples
are not random. However, all observed measuremaetdound to be within the
ranges of expectation (Table 3.16) indicating ramdselection of reintroduced
samples. It was also confirmed that the low gendiiersity within Karada
samples is not unexpected, and is due to the ssaatiple size for Karada
population. On the other hand, by assuming estomatbased on 172 samples as the
true population statistics for Bozglgpopulation N=600, Figure 1.1), expected
genetic diversity for the entire KaragdéN=61) and NallthanNs=131) populations
were also computed (Table 3.17). Expected valueseiatroduced populations are
very near to each other and to the estimationsazidB population, since genetic

parameters show low sensitivity to founder evertept forng (Figure 3.6).

Comparisons among source-reintroduced pairs byegaitest for A, Ho,, and He
generally did not reveal significant differenceslfle 3.11). Onl\Bozdas-Nallithan
(p = 0.0428) and BozgaKarad& (p = 0.0329) pairs showed slight significant
difference forH, and He, respectively. On this basis, it is reasonable &desthat

reintroduced populations are not significantly eliént from Bozdapopulation.

All but SRCRSP8 locusp(< 0.05) are found to be under HWE and Bgzda
population was also found to be under Hardy-Weigtguilibrium (HWE) overall
loci (CE,p =0.2798; MCp = 0.2881, Table 3.3) which indicate an equilibrigtate
within source population. Linkage disequilibrium svéested with MC algorithm
(RAYMOND & ROUSSET, 1995) and out of 45 locus pairs for 10 loci - BM3B was
ignored due to monomorphic state - only one paW4B5-ADCYAPL p = 0.013)
showed linkage disequilibrium. This constitutesyoRl22% of all locus pairs. This
percentage is very low enough to assume that anttemdoci analyzed there is
linkage equilibrium and alleles at one locus do slmdw any statistical association
(i.e. nonrandom association into gametes) with alled¢sother loci. EWENS

WATTERSONTestfor neutrality gave supportive results. Since wsatellite loci are
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generally in the non-coding region, we expect therbe selectively neutral. Eight
out of 10 loci - BM1443 was again ignored - shownbe neutral indicating the
consistency of Hardy-Weinberg homozygosity withouike population with that
expected from mutation-drift equilibriunequilibrium homozygosity) under neutral
theory. Remaining 2 loci, OarJMP29 and MAF214, weoé neutral due to slightly
smaller observedr values than their simulated L95% CI (Figure 3@gnerally

speaking, HW disequilibrium, linkage disequilibripgnd non neutrality with low
levels may only be due to random processes, beggrsgtic drift can also create

such deviations from expected.

Effective population sizeNg) was estimated but our data allowed the use of onl
two methods: heterozygote excess method and linlkdgequilibrium method.
Heterozygote excess method assumes that if the euafilbreeders in a population
is small, then by chance effect allelic frequeneia®ng sexes will be different and
this leads to heterozygote excess within progenyk@rRT & CORNUET, 1999).
However, heterozygote excess method did not giemaerical estimation (infinity,
[infinity, infinity] *). This is not unexpected when this method is appfior Ne
estimations (VWNG, 2005). WIKART & CORNUET (1999) applied this method to 10
empirical and simulated data sets with small patepbpulation sizes, but still
infinitely large Ne were found for 5 data sets, even though the pogcisf this
method is negatively correlated with true effectp@pulation size (\WNG, 2005).
This estimation is useful only for very small randg mating populations and when
a substantial amount of loci are analyzed withrgdaample (LIKART & CORNUET,
1999; WANG, 2005). However, Anatolian mouflon population ist ra randomly
mating population. Another disadvantage of thishudtis that it only works for
species with separate sexes and needs modificatiequations for other types of
species (UIKART & CORNUET, 1999). Linkage disequilibrium method can be used
to estimateN,, since linkage disequilibrium is a consequenceg@fetic drift if
neutral loci are assumed to be unlinked with setiédoci (HLL, 1981; WANG,

2005). However, this method also has a low pregigiot still supplied numerical

14950 CI
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estimations; MESTIMATOR: 207.7 [122.4, 481.%] LbNE: 226.9 [108.2, 1250.31F.
According to recent analyses, the actual populagiea within Bozdg PBS is 600
(Figure 1.1). Hence, estimations with linkage disklorium method are reasonable.
However, estimatindNe with genetic data by several independdnestimators and
taking their harmonic mean is more promising fdiatde analysis (WWPLES, 1992;
PUDOVKIN et al, 1996, WIKART & CORNUET, 1999).

One of the lesser objectives of this study wasetieat any possible statistical bias
caused by the catching method. For this purpAsé],, andH. (LEVENE, 1949 &
NEel, 1973), and Probability of Identity (PI) were coangd for trap-trap, and
Bozdas-trap pairs by pairettest. Differences among pairs were not signifiqar#
0.05) for all compared genetic parameters (Takl@)3H. (NeI, 1973) for traps at
Karanlikdere, Bgderesi, and Golet are 0.3816, 0.4047, and 0.3@5pectively and
for the source population it is 0.3956 (Table 3.Bdnilarly, Pl comparisons among
pairs also revealed nonsignificant differences [@&b14). In my opinion, the more
informative are the comparisons among trap-traprspdif there had been a
significant variation for genetic diversity or Palues among different traps, then
this would indicate a selective or heterogenousabien by traps and the need to
revise the locations of the traps or the one tlegiads from the others. Comparing
only the genetic diversity parameters would be ghofor our inferences but PI
values are also assistive in this context. Pl stievprobability of owning identical
genotypes at all related loding, identical multilocus genotype) for two randomly
chosen individuals from the same group. Thus, inégatively correlated with
genetic diversity and should support comparisonsetbaon genetic diversity.
Furthermore, PI can indicate the kinship levelshimitgroups. This is especially
important for mouflon population, because they fayroups of related individuals
and this can depart genetic diversity estimatiomftrue population statistics since
the chance of capturing and sampling related iddads is high. If individuals
within a group show closer relationships relatiwe another group, then PI is

expected to be higher within the former group. &maverage Rleoric values were

15959 CI
16 Jacknife method
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computed for traps at Karanlkdere,g8aresi, and Golet; 3.25E-05, 2.05E-05, and
2.53E-05, respectively (Table 3.15). Average.Rk for the source population is
2.24E-05 which is also closer to the computatianstfaps. The generalization for
the relation between genetic diversity and Pl soatonfirmed wherHe and PI
computations for traps and source population arapewed. Briefly, traps do not
show significant variation and represent the souopulation with approximate
results. However, this does not necessarily meantthps efficiently represent the
actual genetic diversity within the source popuwlatiEven though this assumption is
not met, it is still possible to find homogeneitya@ng traps. However, an efficient
representation of actual genetic diversity is ahlyigorobable expectation with 172

samples as we assume the actual population sz about 600 (Figure 1.1).

Simulation experiments for founder events wererimfative since two real data sets
were used with dissimilar genetic diversity consengenotypic data for 1
Anatolian mouflon (172 individuals at 11 loci) a(®) honey bees (197 individuals
at 5 loci). Among the analyzed parametats P, Ho, andHg; NEI, 1973), onlyny
showed considerable variability when tested foredéntNg (Figure 3.6, Graph a &
e). However, the degree of variability for this gaeter was different among the
data sets. This difference is not structural bopprtional that is caused by different
ratios of rare and common alleles within the dats.sSpecifically, for Anatolian
mouflon: Ar = 32, Ac = 27,Ar = 5, and thus the ratio of rare alleles to common
alleles Ar/Ac) is 0.185. Whereas for honey bee déta= 80, Ac = 22,Ar = 58 and
Ar/Ac = 2.636. Since ratio between rare and commonealled much higher for
honey bee data, the graph showed a steeper indi@asewith increasingNg. So,
while common alleles can migrate more efficientire alleles are less efficiemtd.

3 of the 4 nonexistent alleles in Kargdaopulation were assigned as rare for the
source population, Table 3.1) or in other words ralieles are lost faster than
common alleles. This confirms the basic assumptioallele frequency distribution

method for bottleneck analysis.

SPENCERet al, (2000) made laboratory experiments on populakotilenecks of

different magnitude with mosquitofishGambusia affinis and examined 8
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microsatellite loci to analyze the changeAnH,, He, and P with respect to the
source population. It was found tha shows highest sensitivity between
bottlenecked and source populations whekéashows intermediate, ard, andP
show lowest sensitivity. In our simulation experirtg heterozygosity levels ané
were also affected less thanduring founder events. On the whol¢, was always
constant for both data sets. Hence, the simula#enlts fit well with the results of
SPENCER et al, (2000). Simulation results also confirm the baassumption of
heterozygosity excess method ODRBIUET & LUIKART (1996) for bottleneck
analysis which states that allelic diversity desesaat a faster rate thély during

population bottlenecks.

Bozdgz population was found to be under mutation-driftuiglgrium by
BOTTLENECK program (RRry et al, 1999). Except standardized differences fest,
values were generally not significant indicatinge tHack of considerable
heterozygosity excesd{ > Heo) (Table 3.9). Non-bottlenecked populations. (
equilibrium populations) are expected to show slighterozygosity excess at 50%
of all loci analyzed and slight heterozygosity defncy He < Heg) in the other half
due to random genetic drift (lkART & CORNUET, 1998). However, a bottlenecked
population is expected to show heterozygosity exces substantial amount.
Standardized differences test gave significasvialues under IAM and TPM for
heterozygosity excess, however for less than 2i0thig test is not reliable (Ry et
al., 1999). Wilcoxon signed-rank test also gave sicgmt p-value (0.02441) under
multistep mutations (IAM). But, since single steptations (SMM) better conform
to microsatellite loci (BRIVER et al, 1993; ELEGREN, 2004), analysis under 1AM is
also not very reliable and can be neglected. Onother hand, the proportion of
single step mutations was 70% (30% multistep mana)i when heterozygosity
excess was tested under TPM. If this proportiodasreasedprry approaches to
pav and bottleneck detection rate increases, but astiomed above analysis
becomes less reliable. Specifically, when tested®@36 single step mutationgspy
was significant (< 0.05pswv andpreu Were further supported by normal L-shaped
distribution of alleles (Figure 3.5). Since a ganébttleneck is nearly definite for

Bozda population, there is obviously a detection failufeur reasons are possible
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for the detection failure;1j incorrect basic assumptions for applied methggs,
violations of model assumptions3)(weakening of heterozygosity excess due to

gene flow, or 4) type Il error due to mutation models.

The basic assumptions of heterozygosity excess adethe. allelic diversity
decreases faster than heterozygosity during aebeitk) and allele frequency
distribution methodi(e. rare alleles are lost faster than common alldigsng a
bottleneck) were shown to be correct with simuladidy this study. Furthermore,
the faster decrease in allelic diversity was alsded by Nei et al (1975),
DENNISTON (1978), MARUYAMA & FUERST (1985), and ALENDORF (1986).
Although there can be exceptions, these assumpdi@nsorrect in most cases. Thus,
excluding the probability of exceptional casesstfalternate reason is unlikely for a

detection failure in bottleneck analysis.

For the second alternate reason, first of all,Ié&o¢icks are assumed to be recent.
Recentness is defined as within the lask 20 4N, generations which changes
according to the severity of bottleneé &nd mutation rate at analyzed locirRPet

al., 1999). Otherwise, a bottleneck event is unlikelype detected by heterozygosity
excess method since the population will again rescha new mutation-drift
equilibrium and the signs of heterozygosity exocegsbe wiped out (lUIKART &
CORNUET, 1998).N. is the effective population size of the bottlerextipopulation
(CORNUET & LUIKART, 1996) which is unknown for the captive Boggmpulation.
However, parental population size is known to beuald0 to 50 (&RIHAN, 2000). It

is possible to make a roughly estimateNafof bottlenecked population by using
current estimations\e for current Bozda population was estimated and found to be
226.9 and 207.7 by linkage disequilibrium methodl€ 3.7), whereas the actual
population size for Bozgapopulation is around 600 (Figure 1.1). Hence,dher
nearly a 1/3 ratio betweex, and actual population size. If we use this infaiora
comparatively and assume that the actual size doerpgal population as 40 to 50,
thenNe for bottlenecked population can around 10 to Xbb& more conservative, if
it is even taken as 10, the detectability pericalthinclude at least the last 20 to 40

generations. However, maximum 10 generations hassegu from the end of
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bottleneck period since Bozglgopulation was first established in 1988. Hence,
bottleneck period is recent enough to fit this M@dsumption. On the other hand, if
Ne for bottlenecked population was lower than 5, theadel assumption is violated.
But this is very unlikely situation with a parentapulation consisting of 40 to 50

individuals.

Also, RRY et al (1999) recommends at least 10 polymorphic locadbieve high
statistical power (> 0.80). We analyzed 11 loci d0dof them were polymorphic,
but 1 locus showed HW disequilibrium and was orditfE€hus, 9 polymorphic loci
were evaluated bBOTTLENECK program. This also meets the model assumption.
Also, according to RY et al (1999), the method is useful even for 4 polymarph
loci, but totally unreliable for lower number ofcio This was also confirmed by
TYPE | and TYPE |l experiments. Beyond critical point (corresponds-#oloci),
bottleneck detectability decreases, whereas déiéttaalways persists for 9 loci
under all models and types of experiments. Thutgctien failure can not also be
due to the violation of this model assumption. @thethods for bottleneck analysis,
the intralocus variancetest and the interlocugtest of ReicH et al (1999) andMV-
ratio method of GRzA & WILLIAMSON (2001), need much more loci (about 30 loci)
than analyzed by this study to achieve high stegispower, and consequently these
methods were not utilized. Briefly, the first anécend alternate are unlikely to

cause detection failure for Boztlpopulation.

For the third alternate reason, gene flow may leestburce of detection failure. If
individuals from a different gene pool were migchieto Bozdg PBS, this can
significantly change allelic diversity and hetergagity levels within Bozda
population and heterozygosity excess can weakeminstance, if somehow allelic
diversity increases but heterozygosity remains Ipeamchanged, thenHeq
estimations will generally increase and fewer ldl show heterozygosity excess
which in turn will decrease the probability to ddtea bottleneck. However,
migration into Bozda PBS is not possible due to the surrounding ferses
consequently, Bozgapopulation can be assumed as a closed popul@ignfrom

time to time, very small groups of individuals (2r8lividuals) were transferred into
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Bozda PBS from outside by wardensgiAN, 2000). Since these individuals were
not transferred elsewhere but from Bozd®DA into Bozd& PBS, they are part of

a very similar gene pool. Briefly, detection fadudue to the very low amount of
gene flow from a very similar gene pool does neins¢o be very possible, but this

is not explicit and should be further supportechwiiteoretical analyses.

On the other hand, simulations indicated type tbeffor distortion graphs and
heterozygosity excess method extended to SMM eslpeas bottlenecks become
severer. These experiments are expected to eftfigisimulate bottleneck analysis
based on microsatellite data, although the effédetection, mutation, gene flow,
and generation overlap were underestimated. Spaltyfi microsatellite loci are
selectively neutral, and mutations can only causeomeffects even when
simulation durations are very long. The absenageok flow again should not cause
unconformity, because the population is assumebete@losed. However, discrete
generations may cause unconformity with Bazgapulation. Also, pre-bottleneck
genetic diversity and population sizZ¥sf are unknown for Bozdapopulation. All
simulation experiments were started with identjoad-bottleneck genetic diversity
andNs. If different values for these parameters can eaasiations in experimental
results, this should be proportional variationseesglly for the extent of simulation
generations. For instance, if pre-bottleneck gerditiersity was lower, the reversed
bell-shaped structure afYPE | andTYPE Il results should still persist but would not
spread over very long generations. Same conclusioeasonable also fdds and
Ng. For this reason, simulation generations shouldbeothought as true indicators

unless additional information for pre-bottleneckdiions is available.

Beside parametric values, the structure of botdkneeriod has critical importance,
but unfortunately this is unknown for Bozdgopulation. If the populations
extirpated due to habitat destruction and compaetitvith domestic livestock, then
very slow bottlenecks (e.g.YPE | in long generations) are more probable, whereas
predation, disease, and poaching can acceleratierigtk period. Also, as a rare
case, populations can persist in small sizes aéeere or not so severe bottlenecks.

TYPE Il bottlenecks gives simulations of this kind. Duripgrmanence period, due
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to low N the rate of genetic drift is very high leading &ster reduction of genetic
diversity. This was shown with the comparisons agndifferent bottleneck types.
Results represented a reversed bell-shaped disbribof significance in botmYPE

| andTYPE Il experiments, where type Il error due to singlg steutations can be
observed prior to critical point. There is an irage inp-values after this critical
point for all experiments under all models. Thekeutd not be taken as type Il
error, but as violation of model assumption sipeglues increase due to the lack of
bottleneck detectability caused by the insufficienimber of polymorphic loci
(about 4 loci). Henceswm, prew (Wilcoxon test, Table 3.9) and distortion graph fo
Bozda population (Figure 3.5) may constitute a type riog because SMM and
TPM were based 100% and 70% single step mutatiespectively. In addition, the

other alternate reasons were not supported by atroos and historical data.

Also, as mentioned, heterozygosity excess methddnded to IAM should be
underestimated for microsatellite data. Howeverthb@YPE | and TYPE |II
experiments did not indicate type Il error undeMABut WILLIAMSON -NATESAN
(2005) found out with simulations that as model atep from SMM to IAM, the
degree of type | errori.. a non-bottlenecked population is assigned as
bottlenecked) increases. According to the sameystunder TPM with 70% single
step mutations, the degree of type | error wasdrigind type Il error was lower than
under SMM in all types of tests. Also, as the prtipa of multistep mutations for
TPM was increased, the degree of type | error alsceased. Hence, bottleneck
analyses assuming multistep mutations determinieehigeterozygosity excesise(
lower p-value) in analyzed loci also when non-bottlenecgegulations are tested.
Briefly, nonconformity of IAM to microsatellite lac(SHRIVER et al, 1993;
ELLEGREN, 2004) and also the higher degree of type | exssociated with multistep
mutations indicate that bottleneck analyses witledozygosity excess method

extended IAM are not reliable.
Finally, heterozygosity excess and allele frequedisyribution methods should be
examined with more details during bottleneck analgince there can be different

sources of statistical error. First of all, the meuof error should be determined by
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researchers. If study population fits to model agstions and any other factce.d.

gene flow) do not constitute a source of errorntaesumed mutation model should
be correctly parameterized and the degree andafypeor that is acceptable should
be decided (WLIAMSON-NATESAN, 2005). By this way, a more reliable inference

on the results of bottleneck analysis is possible.
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CHAPTER 5

CONCLUSION

According to the results, Bozglgpopulation and reintroduced populations suffer
from a low genetic diversity. However, comparatigealysis determined that
differences in major genetic parameters among Bopdaulation and reintroduced
populations are generally not significant and ayveigh percentage of genetic
diversity within Bozdg population was carried to both reintroduction sit€his is
expected because Bozdpopulation already has a low genetic diversity arajor
genetic parameters except allelic diversity aresisi@n to changes in population size

at a very low degree — even when source populatiows a high genetic diversity.

Additionally, observed genetic diversity within m&ioduced samples are in the
ranges of expectation which indicates that thesepkss were randomly selected.
And based on this finding, we can assume that batiiroduced populations were
established entirely with randomly selected indinild since the same catching

method was utilized for all translocations perfodne

The lack of significant departure among traps imte genetic diversity indicates
homogeneity for the catching method. However, wlethaps represent the actual
genetic diversity within Bozdapopulation is not explicit, but this is highly frable

in the case of 172 samples. Thus, we can statethadata were not biased by the
positions of traps and estimated genetic diverfsityBozda population is expected

to be very close to the actual genetic diversitgsisample size is very large.
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Although bottleneck analysis could not detect &négenetic bottleneck for Bozgla
population, both heterozygosity excess method dledeafrequency distribution
method are based on correct assumptions. Thug, dssumptions of methods can
not constitute a source of error that can causectien failure. Perceptibly, there is
also no evidence for a source of error due to tl@aton of other model
assumptions such as recentness of the bottleneckewér, it was shown that
heterozygosity excess method under single steptiongai.e. SMM) and allele
frequency distribution method can lead to bottlé&eelc populations to be
erroneously assigned as under equilibriune. (type Il error). Hence, a correct
parameterization of mutation model and the degfesror that is acceptable should

be determined to in order to make correct decisions

Finally, the low genetic diversity estimated for agtalian mouflon can greatly
reduce resistance against pathogens. Bpzgpulation significantly declined in
number within the last 7-8 years and one of thetmtausible reasons seem to be
paratuberculosis. Consequently, paratuberculossuldhbe characterized with
molecular markers and certain actions should beentalccordingly. Most
importantly, the number of diseased individualsuttdoe minimized during the

selection for translocations.

96



LITERATURE CITED

ALBAYRAK I, PAMUKOGLU N, KAYA MA. 2007. Bibliography of Turkish even-toed
ungulates (Mammalia: Artiodactylayjunis Entomology & Zoologyol. 2, No. 1.

ALLENDORF FW. 1986. Genetic drift and the loss of verheterozygosityZoo Biology
5:181-190.

ALLENDORF FW & LEARY RF. 1986. Heterozygosity and fitness in naturgypations of
animals. In: Conservation Biology: the Science c&rSity and Diversityfed. SOULE
ME), pp. 57-76. Sinauer Associates Inc., Sunderldtassachusetts.

AMOS W, SAWCER SJ, EAKES RW. 1996. Microsatellites show mutational bias and
heterozygote instabilityNature Genetics13:390-391.

AMOS W & BALMFORD A. 2001. When does conservation genetics mattéfedity.
87:257-265.

ARDREN WR & KAPUSCINSKI AR. 2003. Demographic and genetic estimates @cétffe
population size N.) reveals genetic compensation in steelhead trivislecular
Ecology 12:35-49.

AREVALO E, HOLDER D, DERR JN, BHEBE E, LUNN RA, TAYLOR JF. 1994. Caprine
microsatellite dinucleotide repeat polymorphisms the SRCRSP1, SRCRSP2,
SRCRSP3, SRCRSP4 and SRCRSP5 ltimal Genetics25:202.

ARIHAN O. 2000. Population biology, spatial distributiand grouping patterns of the
Anatolian mouflon Ovis gmelinii anatolica(Valenciennes, 1856). M.Sc. Thesis,
Middle East Technical University, Ankara.

Avcl, M. 2004. Karcadave Karadg volkanlarinin bitki értiisti, Cantay Matbdstanbul.

AvISE JC. 2004. Molecular Markers, Natural History aneblition (second ed.), Sinauer
Associates In¢ Massachusetts.

BACHTROG D, AGIS M, IMHOF M, SCHLOTTERERC. 2000. Microsatellite variability differs
between dinucleotide repeat motifs - Evidence fr@rosophila melanogaster.
Molecular Biolology Evolution170:1277-1285.

BARTLEY D, BAGLEY M, GALL G, BENTLEY M. 1992. Use of linkage disequilibrium data to
estimate effective size of hatchery and natural figpulationsConservation Biology
6:365-375.

97



BECKMANN JS & WEBER JL. 1992. Survey of human and rat microsatelli@snomics
12:627-631.

BERG BA. 2004. Markov chain Monte Carlo simulations atieir statistical analysis,
World Scientific, Singapore.

BHEBHE E, Koal J, HOLDER D, AREVALO E, DERR JN, LINN RA. 1994. Caprine
microsatellite dinucleotide repeat polymorphisms the SRCRSP6, SRCRSP7,
SRCRSP8, SRCRSP9 and SRCRSP10 Axdimal Genetics25:203.

BisHOP MD, KAPPESSM, KEELE JW, SONE RT, SUNDEN S, HAWKINS G. 1994. A genetic
linkage map for cattlegGenetics 136:619-639.

BLYTH E. 1840. An amended list of the species of gebws [Ovis gmelinij Erzurum, p.
69-70, 78].Proceeding of Zoological Society of Lond86:62-81.

BOTSTEIND, WHITE RL, SKOLNICK M, DAVIS RW. 1980. Construction of a genetic linkage
map in man using restriction fragment length polyphésms.American Journal of
Human Genetics32:314-331.

BRAMBELL MR. 1977. Reintroductiorint. Zoo Yearb17:112-116.

BREZINSKY L, KEMP SJ, TEALE AJ. 1993. Five polymorphic bovine microsatellites
(ILSTS010-014)Animal Genetics24:75-76.

BROHEDE J, RRIMMER CR, MOLLER A, ELLEGREN H. 2002. Heterogeneity in the rate and
pattern of germline mutation at individual micrabtie loci. NucleicAcidsResearch
30:1997-2003.

BUCHANAN FC, (RAWFORD AM. 1992. Ovine dinucleotide repeat polymorphisinttze
Maf214 LocusAnimal Genetics23:394.

BUCHANAN FC, RAWFORD AM. 1993. Ovine microsatellites at the OarFCB11,
OarFCB128, OarFCB193, OarFCB266 and OarFCB304 Ilaciimal Genetics
24:145.

BUCHANAN FC, GALLOWAY S, (RAWFORD AM. 1994. Ovine microsatellites at the
OarFCB5, OarFCB19, OarFCB20, OarFCB48, OarFCB129, @arFCB226 loci.
Animal Genetics25:60.

BUNCH TD. 1998. Diploid chromosome number and karyotgfeAnatolian Mouflon.
Report to the Directorate General of National Parkd Game-Wildlife Department of
Animal Dairy and Veterinary Sciences, Utah Staté/grsity, Logan Utah USA.

BuncH TD. 1978. Fundamental karyotype in domestic and gpecies of sheep: identity
and ranking of autosomal acrocentrics involved igred formationsJournal of
Heredity 69:77-80.

CAFLISCH R. 1998. Monte Carlo and Quasi-Monte Carlo methads Numerica7:1-49.

98



CHAKRABORTY R, KIMMEL M, STIVERS DN, DAVISON J, DEKA R. 1997. Relative mutation
rates at di-, tri-, and tetranucleotide microsdeelloci. Proceedings of the Natural
Academy of SciencddSA 94:1041-1046.

CHAKRABORTY R & JN L. 1992. Hetrozygote deficiency, population sulistinre and their
implications in DNA fingerprintingHuman Genetics88:267-272.

COOPERG, BURROUGHSN J, RaND DA, RUBINSZTEIN DC, AMOsS W. 1999. Markov chain
Monte Carlo analysis of human Y-chromosome micedbtgs provides evidence of
biased mutationProceedings of the Natural Academy of ScientksA. 96:11916-
11921.

CORNUET JM & LUIKART G. 1996. Description and power analysis of twotstdsr
detecting recent population bottlenecks from allétequency data.Genetics
144:2001-2014.

CORNUET JM, RRY S, WIKART G, ESTOUP A, SOLIGNAC M. 1999. New methods
employing multilocus genotypes to select or exclymgpulations as origins of
individuals.Genetics 153:1989-2000.

CowAN IMcT. 1940. Distribution and variation in the negisheep of North America.
American Midland Naturalist24:505-580.

COYNE JA & ORR HA. 2004. SpeciatiorSinauer Associates Inc., Sunderland, MA.

CRAWFORD A, DoDDs K, EDE A, PERSON CA, MONTGOMERY GW, GARMONSWAY HG.
1995. An autosomal genetic linkage map of the slgmpme.Genetics 140:703-
724.

Crow JF & KIMURA M. 1970. An introduction to population geneticedry. Harper and
Row, New York, Evanston and London.

CELIK M. (2004). Radyotelemetri ve gozlem araclari kudleak Anadolu yaban
koyunlarinin Qvis gmelinii anatolica bazi davramgi Ozelliklerinin aratiriimasi.
Doktora Tezi, Selcuk Universitesi, Konya.

DANFORD CG & ALSTON ER. 1877. The mammals of Asia MinoProceedings of
Zoological Society of Londo270-282.

DENNISTON C. 1978. Small population size and genetic ditgrsimplications for
endangered species, pp. 281-28FimdangeredBirds: Management Techniqués
Preserving Threatened Specieglited by S.A. EMPLE. University of Wisconsin
Press, Madison, WI.

DESALLE R. & AMATO G. 2004. The expansion of conservation genelesure Reviews
Genetics5:702-712.

DiIETZ JM, CASTRO MI, BECK BB, KLEIMAN DG. 1988. The effects of training on the
behavior of golden lion tamarins reintroduced imatural habitatsinternational
Journal Primatology8:425.

99



DI RIENZO A, PETERSONAC, GARzA JC, VALDES AM, SLATKIN M, FREIMER B. 1994.
Mutational processes of simple sequence repeat iocihuman populations.
Proceedings of the Natural Academy of Sciend&A. 91:3166-3170.

DIETRICH WF, MILLER J, STEEEN R, MECHANT MA, DAMRON-BOLES D, HUSAIN Z. 1996.
A comprehensive genetic map of the mouse genbiaieire 380:152-154.

DURAL H. 1985. Obruk Yaylasi ve KaracddgKarapinar) florasi, S.U. Fen Bilimleri
Enstitusu, Doktara Tezi, s.170.

EDE AJ, RERSON CA, CRAWFORD AM. 1995. Ovine microsatellites at the OarCP9,
OarCP16, OarCP20, OarCP21, OarCP23, and OarCP26 Apimal Genetics
26:129-130.

EDWARDS A, CIVITELLO A, HAMMOND HA, CAsSKeY CT. 1991. DNA typing and genetic
mapping with trimeric and tetrameric tandem repeatserican Journal of Human
Genetics49:746-56.

ELLEGREN H. 2000. Heterogeneous mutation processes in humiarosatellite DNA
sequencesNature Genetics24:400-402.

ELLEGREN H. 2004. Microsatellites: Simple sequences witmplex evolution.Nature
Reviews Genetics:435-445.

ESTOUPA, TAILLIEZ C, GORNUET JM. 1995. Size homoplasy and mutational proceskes
interrupted microsatellites in 2 bee specidpjs melliferaand Bombus terrestris
(Apidae).MolecularBiology and Evolution12:1074-1084.

EsTouP A, ANGERS B. 1998. Microsatellites and minisatellites for lesular ecology:
theoretical and empirical considerations. Advances in Molecular Ecologfed.
Carvalho G), pp. 55-86. NATO Press, Amsterdam.

ESTOUPA, JARNE P, GORNUET JM. 2002. Homoplasy and mutation model at micedbtat
loci and their consequences for population geneditalysis.Molecular Ecology
11:1591-1604.

EWEN KR, BAHLO M, TRELOAR SA, LEVINSON DF, MOwRY B, BARLOW JW, FOOTE SJ.
2000. Identification and analysis of error types high-throughput genotyping.
American Journal of Human Geneti&¥:727-736.

EXCOFFIERL, LAVAL G, SSHNEIDER S. 2007 ARLEQUIN: a software for population genetic
data analysis. 3.11. Computational and MoleculapuRdion Genetics Lab.,
University of Bern, Bern.

FELDMAN MW, BERGMAN A, PoLLock DD. 1997. Microsatellite genetic distances with
range constraints: Analytic description and proldemf estimation.Genetics
145:207-216.

FRANKHAM R. 1995. Conservation genetigsinual Review of Genetic39:305-327.

100



FRANKHAM R, BaLLOU JD, BrISCOE DA. 2002. Introduction to Conservation Genetics.
Cambridge University Press, Cambridge, UK.

FRANKHAM R. 2005. Ecosytem recovery enhanced by genotypérsity. Heredity, 95:183

FREEMAN S & HERRON JC. 2001. Evolutionary Analysis, 2nd edition. Ries Hall Inc.,
Upper Saddle River, New Jersey.

FU Y & CHAKRABORTY R. 1998. Simultaneous estimation of all the patarseof a step-
wise mutation modelGenetics 150:487-497.

GARzA JC & WILLIAMSON EG. 2001. Detection of reduction in populatioresising data
from microsatellite lociMolecular Ecology 10:305-318.

GiBBS HL, PRrRIOR K, PARENT C. 1998. Characterization of DNA microsatelliteilerom a
threatened snake: the eastern Massasauga ratdss@agtrurus c. catenatyisand
their use in population studie¥ournal of Heredity89:169-173.

GLENN TC, STEPHAN W, DESSAUER HC, Braun MJ. 1996. Allelic diversity in alligator
microsatellite loci is negatively correlated wittC&ontent of flanking sequences and
evolutionary conservation of PCR amplifiabilitylolecular Biology and Evolution
13:1151-1154.

GOUDET J. 2002FSTAT, a program to estimate and test gene diversitiddigation indices
(version 2.9.3.2).

GRAHAM DE, OVERBEEK R, OLSEN GJ, WOESECR. 2000. An archaeal genomic signature,
Proceedings of the National Academy of Scier@&8304-3308.

GuUO SW & THOMPSONEA. 1992. Performing the exact test of Hardy-Weirgpproportions
for multiple allelesBiometrics 48:361-372.

GUR-ARIE R, COHEN CJ, HTAN Y, SHELEF L, HALLERMAN EM, KASHI Y. 2000. Simple
sequence repeats in Escherichia coli: abundanagribdition, composition, and
polymorphismGenome Research0:62-71.

HALDANE JBS. 1954. An exact test for randomness of mafiogrnal of Genetics52:631-
635.

HAaNcock JM. 1999. Microsatellites and other simple seqaengenomic context and
mutational mechanismdn Microsatellites: Evolution and applications. Editest
D.B. GOLDSTEIN and C. 8HLOTTERER Oxford University Press, Oxford. pp. 1-9.

HARTL DL & CLARK AG. 1997. Principles of population genetics. Serafissociates Inc.,
Sunderland, Massachussettes. 542 p.

HASTINGS W. 1970. Monte Carlo sampling methods using Marlkahains and their
applicationsBiometrika 57:97-109.

HEDRICK PW. 2005. Genetics of Populations, (third ed.he3oand Bartlett, Sudbury, MA.

101



HENDERSONST & PETESTD. 1992. Instability of simple sequence DNASaccharomyces
cerevisiaeMolecular and Cellular Biologyl12:2749-2757.

HERNANDEZ JL & WEIR BS. 1989. A disequilibrium approach to Hardy-Weirdhtesting.
Biometrics 45:53-70.

HIENDLEDER S, KAUPE B, WASSMUTH R, ANKE A. 2002. Molecular analysis of wild and
domestic sheep questions current nomenclature aravidps evidence for
domestication from two different subspeciesoceedings of Royal Society of London
B 269:893-904.

HiLL WG. 1981. Estimation of effective population sifeom data on linkage
disequilibrium.Genetics Researc38:209-216.

HUANG QY, XU FH, SHEN H. 2002. Mutation patterns at dinucleotide mictelize loci in
humansAmerican Journal of Human Genetid®:625-634.

JEFFREYSAJ, ROYLE NJ, WILSON V, WONG, Z. 1988. Spontaneous mutation rates to new
length alleles at tandem-repetitive hypervariab& in humansNature 332:278-281.

JEFFREYSAJ, TAMAKI K, MACLEOD A, MONCKTON DG, NeiL DL, ARMOUR JAL. 1994.
Complex gene conversion events in germline mutattdruman minisatellite®ature
Genetics6:136-145.

KABAKGI N, YILDIZ K, DURU SY, YARIM M. 2007. Cystocaulus ocreatus infection in
Anatolian Wild Sheep and Dwarf GoafBurkish Journal of Veterinary and Animal
Sciences31:287-291

KAYA MA. 1989. Bozda (Konya)'da ysayan Anadolu yaban koyun@vis gmelinii
anatolica (Mammalia: Artiodactyla)'nin biyolojisi. PhD. ThesiSelcuk Universtiy,
Konya.

KAYA MA. 1990. Anadolu yaban koyunQ@yvis orientalis anatolica/alenciennes 1856'nin
yasama alani ve populasyongmlugu. X. Ulusal Biyoloji Kongresi, Erzurum.

KAYA MA. 1991. Bozda (Konya)'da ygayan yaban koyunuQvis orientalis anatolica
Valenciennes 1856’nin morfolojisigalik artisi, boynuz ve di gelisimi. Tubitak -
Doga Turk Zooloji Dergisi15:135-149.

KAYA MA & AKSOYLAR MY. 1992. Bozdg (Konya)'da Ygayan Anadolu Yaban Koyunu,
Ovis orientalis anatolicad/alenciennes 1856'nin Davratari. Tubitak - Dga Zooloji
Dergisi. 16:229-241.

KELLY R, GBBS M, CoLLICK A, JEFFREYS AJ. 1991. Spontaneous mutation at the
hypervariable mouse minisatellilte locus Ms6-hmaniting DNA sequence and
analysis of germline and early somatic mutatioméeudroceedings of Royal Society
of London B 245235-245.

102



KEMP S, HSHIDA O, WAMBUGU J, RNK A, LONGERI ML, MA RZ. 1995. A panel of
polymorphic bovine, ovine and caprine microsatelliharkers.Animal Genetics
26:299-306.

KIRIKGI K, ZAMANT A, DURAKBASI G. 2003. A Study on the chromosomes of Konya Wild
Sheep Qvis orientalisspp.): Case Reporfurkish Journal of Veterinary and Animal
Sciences27:281-283.

KIDD KK & RUANO, G. 1995. Chapter 1 "Optimizing PCR", pp 1-22PIBR 2: A Practical
Approach M.J. MCPHERSON B.D. HaMmES, and G.R. AYLOR (Eds.). Oxford
University Press, Oxford, England.

KIMMEL M, CHAKRABORTY R, SrvERS DN, DeEkAa R. 1996. Dynamics of repeat
polymorphisms under a forwardbackward mutation rhoddthin- and between-
population variability at microsatellite lodkenetics143:549-555.

KIMMEL M & CHAKRABORTY R. 1996. Measures of variation at DNA repeat louier a
general stepwise mutation modeheoretical Population Biologyp0:345-367.

KIMURA M & CRow JF. 1964. The number of alleles that can be magdain a finite
population.Genetics49:725-738.

KIMURA M. 1968. Evolutionary rate at the molecular lesdture 217:624-626.

KLEIMAN DG. 1989. Reintroduction of captive mammals fonsmrvation.Bioscience
39:152-161.

KRIMBAS CB & TsAkAs S. 1971. The genetics ®facus oleaeV. Changes of esterase
polymorphism in a natural population following ictieide control: Selection or drift?
Evolution 25:454-460.

KUNST CB, LEEFLANG EP, BER JC, ARNHEIM N, WARREN ST. 1997. The effect of FMR1
CGG repeat interruptions of mutation frequency asasured by sperm typing.
Journal of Medical Genetic84:627-631.

LEAKEY & LEWIN. 1995. The Sixth Extinction, Bantam Dell Pub Group

LEBERG PL. 1991. Effects of genetic variation on the gitowof fish populations:
conservation implicationgournal of Fisheries Biology87(A):193-195.

LEWONTIN RC & KoJiMA K. 1960. The evolutionary dynamics of complex padyphisms.
Evolution 14:450-472.

LEVENE H. 1949. On a matching problem arising in genetfsnals of Mathematical
Statistics 20:91-94.

LEVINSON G & GUTMAN GA. 1987. High frequencies of short frameshiftpoly-CA/TG
tandem repeats borne by bacteriophage M13 in Hsbieeicoli K-12.Nucleic Acids
Research15:5323-5338.

103



Louis EJ & DEMPSTERER. 1987. An exact test for Hardy-Weinberg andtipiel alleles.
Biometrics 43:805-811.

LUIKART G & CORNUET JM. 1998. Empirical evaluation of a test for idiitig recently
bottlenecked populations from allele frequency d&@nservationBiology. 12:228-
237.

LUIKART G, ALLENDORF FW, CORNUET JM, SHERWIN WB. 1998. Distortion of allele
frequency distributions provides a test for regeopulation bottleneckslournal of
Heredity 89:238-247.

LUIKART G & CORNUET JM. 1999. Estimating the effective number of beredfrom
heterozygote excess in proge®enetics151:1211-1216.

MANLY BFJ. 1985. The statistics of natural selectioraoimal populations. Chapman Hall,
London, New York.

MARSHALL TC, SATE J, KRuuk LEB, PEMBERTON JM. 1998. Statistical confidence for
likelihood-based paternity inference in natural glagions.Molecular Ecology 7:639-
655.

MARUYAMA T & FUERST PA. 1985. Population bottlenecks and non equilirimodels in
population genetics. 1. Number of alleles in a Brpapulation that was formed by a
recent bottleneckGenetics 111:675-689.

MCNEELY JA, MILLER KR, REID WV, MITTERMEIER RA, WERNER TB. 1990. Conserving
the World’'s Biological Diversity. IUCN, World Resmes Institute, Conservation
International, WWFUS and the World Bank: Washingiog.

METROPOLIS N, ROSENBLUTH AW, ROSENBLUTH MN, TELLER AH, TELLER E. 1953.
Equations of state calculations by fast computingchimes,Journal of Chemical
Physics 21:1087-1091.

MEYN SP & TwWEeEDIE RL. 2008. Markov chains and stochastic stabilityndon: Springer-
Verlag, 1993. Second edition to appear, Cambridgeedsity Press.

MCKELVEY KS & SCHWARTZ MK. 2005. DROPOUT. a program to identify problem loci
and samples for noninvasive genetic samples irptu@mark-recapture framework,
Molecular Ecology Note$:716-718.

MILLER CR & WAITS LP. 2003. The history of effective population siaed genetic
diversity in the Yellowstone grizzlyUrsus arctoy: Implications for conservation.
Proceedings of the National Academy of Sciend&s\. 100:4334-4339.

MORGAN, BJT. 1984. Elements of Simulation. London: Chapi®&aall.

MURRAY JC, BENNETT SR, KWITEK AE, SVALL KW, SCHINZEL A, ALWARD WL, WEBER
JL, BELL GI, BUETOW KH. 1992. Lonkage of Reiger syndrome to the regibithe
epidermal growth factor gene on chromosomidature Genetics2:46-49.

104



NAUTA MJ & WEISSING FJ. 1996. Constraints on allele size at micro@teloci:
implications for genetic differentiatioGenetics 143:1021-1032.

NEI M. 1973. Analysis of gene diversity in subdividempulationsProceedings of National
Academy of Scienc®lSA. 70:3321-3323.

NEI M & ROYCHOUDHURY AK. 1974. Sampling variances of heterozygosity gedetic
distanceGenetics 76:379-390.

NEI M, MARUYAMA T, CHAKRABORTY R. 1975. The bottleneck effect and genetic
variability in populationsEvolution 29:1-10.

NEI M. 1978. Estimation of average heterozygosity gedetic distance from a small
number of individualsGenetics 89:583-590.

NEI M & TAJMA F. 1981. Genetic drift and estimation of effectigepulation-size.
Genetics 98:625-640.

NIELSEN R, TARPY DR, REEVE HK. 2003. Estimating effective paternity numbersivcial
insects and the effective number of alleles in @upation. Molecular Ecology
12:3157-3164.

OHTA T & KIMURA M. 1973. A model of mutation appropriate to estenthe number of
electrophoretically detectable alleles in a finpepulation. Genetical Research
Cambridge 22:201-204.

OzUT D. 2001. Conservation Genetics of Anatolian Moufl®vis gmelinii anatolica
M.Sc.Thesis, Middle East Technical University, Arka

PazaRCIKGI BB. 1998. Sarlyar Baraj Golu cevresinin florisgifnden argtiriimasi, Yuksek
Lisans Tezi, Gazi Universitesi, Ankara.

PEEL D, OvVENDEN JR, FEL SL. 2004.NEESTIMATOR Software for estimating effective
population size, Version 1.3. Queensland Governm@apartment of Primary
Industries and Fisheries, Brisbaf@rjeensland.

PETESTD, GREENWELL PW, DOMINSKA M.1997. Stabilization of microsatellite sequences
by variant repeats in the ye&dccharomyces cerevisideenetics 146:491-498.

PRY S, LUIKART G, CORNUET JM. 1999 BOTTLENECK: A computer program for detecting
recent reductions in the effective population sizgéng allele frequency datdournal
of Heredity 90(4):502-503.

PoLLACK E. 1983. A new method for estimating the effecipogpulation size from allele
frequency change&enetics 104:531-548.

PRIMMER CR, RAUDSEPP T, CHOWDHARY BP, MOLLER AP, BLLEGREN H. 1997. Low
frequency of microsatellites in the avian geno@®enome Researcii:471-482.

105



PRIMMER CR, RINO N, MOLLER AP. 1998. Unraveling the processes of microsgelli
evolution through analysis of germ line mutationsarn swallowddirundo rustica
Molecular Biology andevolution 15(8):1047-1054.

PUDOVKIN Al, ZAYKIN DV, HEDGEcoCK D. 1996. On the potential for estimating the
effective number of breeders from heterozygote-excen progeny.Genetics
144:383-387.

RAYMOND M & ROUSSETF. 1995.GENEPOP(version 1.2): Population genetics software for
exact tests and ecumenicisiournal of Heredity86:248-249.

REICH DR, FELDMAN MW, GOLDSTEINDB. 1999. Statistical properties of two tests i
multilocus data sets to detect population expassidviolecular Biology and
Evolution 16:453-466.

REUSCH TBH, EHLERS A, HAMMERLI A, WORM B. 2005. Ecosystem recovery after
climatic extremes enhanced by genotypic diver§ttypceedings of National Academy
of ScienceUSA. 102:2826-2831.

RIEMAN B & ALLENDORF FW. 2001. Effective population size and genetinsssvation
criteria for bull trout. N.AJournal of Fisheries Managemetl:756-764.

SAINUDIIN R, DURRETT RT, AQUADRO CF. 2004. Microsatellite mutation models: Insights
from a comparison of humans and chimpanz8esetics 168(1):383-395.

SARRAZIN F & BARBAULT R. 1996. Reintroduction: Challenges and lessomsbésic
ecology.TREE 11:474-478.

SCHLOTTERERC & TAUTZ D. 1992. Slippage synthesis of simple sequence DW&leic
Acids Researct20:211-215.

SCHLOTTERER C. 2000. Evolutionary dynamics of microsatelliteNA. Chromosoma
109(6):365-371.

SCOTT-BROWN JM, HERRERO S, MAMO C. 1986. Monitoring of released swift foxes in
Alberta and Saskatchewan. Final report. Unpublisiepdrt to the Canadian Fish and
Wildlife Service, Edmonton, Alberta.

ScoTT JM & CARPENTERJW. 1987. Release of captive-reared or transldoanelangered
birds: what do we need to knowak 104:544-545.

SEZEN Z. 2000. Population viability analysis for reirdrection and harvesting of Turkish
mouflon, Ovis gmelinii anatolicavValenciennes, 1856. M.Sc. Thesis, Middle East
Technical University, Ankara.

SHACKLETON DM. 1997. In: $IACKLETON, DM (ed.) Wild Sheep and Goats and their

Relatives: Status Survey and Conservation Actian Rbr Caprinae. IUCN, Gland,
Switzerland.

106



SHRIVER MD, JN L, CHAKRABORTY R, BOERWINKLE E. 1993. VNTR allele frequency
distributions under stepwise mutation model: A catep simulation approach.
Genetics 134:983-993.

SHAwW PW, RERCE GJ, BOYLE PR. 1999. Subtle population structuring within ighty
vagile marine invertebrate, the veined squoligo forbesi, demonstrated with
microsatellite DNA markerdviolecular Ecology8:407-417.

SHINDE D, LAI'Y, SUN F, ARNHEIM N. 2003.Tag DNA polymerase slippage mutation rates
measured by PCR and quasi-likelihood analysis: GJA{ and (A/T), microsatellites.
Nucleic Acids ResearcB1:974-980.

SHRIVER MD, JN L, CHAKRABORTY R, BOERWINKLE E. 1993. VNTR allele frequency
distributions under the stepwise mutation modetoaputer simulation approach.
Genetics134:983-993.

SHRIVER MD, JN L, BOERWINKLRE E, DEKA R, FERRELL ER. 1995. A novel measure of
genetic distance for highly polymorphiandem repeat locMolecular Biology and
Evolution 12:914-920.

SIA EA, KOKOSKA RJ, DOMINSKA M, GREENWELL P, FETES TD. 1997. Microsatellite
instability in yeast: dependence on repeat uné sizd DNA mismatch repair genes.
Molecular and Cellular Biologyl17:2851-2858.

SLATKIN M. 1995. A measure of population subdivision basedmicrosatellite allele
frequenciesGenetics 139:457-467.

SMITH GP. 1976. Evolution of repeated DNA sequences riggual crossoveiScience
191:528-535.

SPENCERCC, NEIGEL JE, LEBERG PL. 2000. Experimental evaluation of the usefudnafs
microsatellite DNA for detecting demographic bateks. Molecular Ecology
9:1517-1528

STRAND M, PROLLA TA, LIskAY RM, PETESTD. 1993. Destabilization of tracts of simple
repetitive DNA in yeast by mutations affecting DNaismatch repair.Nature
365:274-276.

SUBRAMANIAN SV, KELM RJ, &R POLIKANDRIOTIS JA, OROSZ CG, SRAUCH AR. 2002.
Reprogramming of vascular smooth muscle alpha-aygime expression as an early
indicator of dysfunctional remodeling following hearansplant.Cardiovascular
Research54:539-548.

TAauTZz D. 1993. Notes on the definition and nomenclamirdgandemly repetitive DNA
sequence€ XS 67:21-28.

TAYLOR AC, SHERWIN WB, WAYNE RK. 1994. Genetic variation of microsatellite latia
bottlenecked species: the northern hairynosed wolrdsorhinus krefftii Molecular
Ecology 3:277-290.

107



TEMPLETON AR. 1980. The theory of speciation via the foungeinciple. Genetics
94:1011-1038.

TOTH G, GASPARI Z, JURKA J. 2000. Microsatellites in different eukaryotiengmes:
Survey and analysi§Senome Research0:967-981.

TURAN N. 1967. Konya-BozdaYaban Koyunu Koruma Sahasi'nda yapilarsgadiara dair
rapor. Ministry of Forestry, Ankara.

TURAN N. 1981. Turkiye'nin Av ve Yaban Hayvanlari; Melitex, Ar Yayinevi, Ankara.
TURAN N. 1984. Tlrkiye'nin Av ve Yaban Hayvanlari: Mented, self publication, Ankara.

VALENCIENNES A. 1856. Description d’'une espece nouvelle de toouf©vis anatolica,
raportee de Bulgardagh par M.TCICAHETCHEFF Ibid 43: 65.Revue et Magasin de
Zoologie Pure et Appliquéél) 8:346-387.

VALDEZ R, NADLER CF, BUNcH TD. 1978. Evolution of wild sheep in Iraivolution
32:56-72.

VALIERE N. 2002. GIMLET: A computer program for analysing genetic indiatu
identification dataMolecular Ecology2:377-379.

VAN OOSTERHOUTC, HUTCHINSON WF, WILLIS DPM, SHIPLEY P. 2004 MICRO-CHECKER
Software for identifying and correcting genotypiegrors in microsatellite data.
Molecular Ecology Note<t:535-538.

VOGT P. 1990. Potential genetic functions of tandeneatgd DNA sequence blocks in the
human genome are based on a highly conserved "eliroriolding code”.Human
Genetics84:301-336.

WANG J. 2005. Estimation of effective population siZesm data on genetic markers.
Philosophical Transactions of the Royal Societydgjical Sciences360:1395-1409.

WAPLES RS. 1989. A generalized approach for estimatirigcéfe population size from
temporal changes in allele frequen®genetics121:379-391.

WAPLES RS. 1991. Genetic methods for estimating the ®¥ecsize of cetacean
populations. Reports of the International Whaling Commissid®pecial Issue)
13:279-300.

WAPLES RS & Do C. 2008.LDNE: A program for estimating effective populationesizom
data on linkage disequilibriunMolecular Ecolology Resource3:753-756.

WATTERSONGA. 1978. The homozygosity test of neutralBgnetics88:405-417.
WATTIER R, ENGEL CR, S\UMITOU-LAPRADE P, VALERO M. 1998. Short allele dominance
as a source of heterozygote deficiency at micrbgatici: Experimental evidence at

the dinucleotide locus Gv1CT i@Gracilaria gracilis (Rhodophyta). Molecular
Ecology 7:1569-1573.

108



WEBER JL & MAY PE. 1989. Abundant class of human DNA polymorpkisvhich can be
typed using the polymerase chain reactidxmerican Journal of Human Genetics
44:388-396.

WEBER JL. 1990. Informativeness of human (dC-g&G-dT), polymorphismsGenomics
7:524-530.

WEBER JL & WONG C. 1993. Mutation of human short tandem repéddisnan Molecular
Genetics2(8):1123-1128.

WEIR BS & COCKERHAM CC. 1984. Estimation of F-statistics for the Bl of population
structure Evolution 38:1358-1370.

WEISSENBACHJ, GrAPAY G, DB C, VIGNAL A, MORISETTEJ, MILLASSEAU P, VAYSSEIX,
G, LATHROP M. 1992. A second-generation linkage map of the human genome
Nature 359:794-801.

WILLIAMSON -NATESAN EG. 2005. Comparison of methods for detectingldragtks from
microsatellite lociConservation Genetic$:551-562.

WooD NJ & PHUA SH. 1993. A dinucleotide repeat polyrnorphismhat adenylate cyclase
activating polypeptide locus in shedmimal Genetics24(4):329.

WORKMAN PL. 1969. The analysis of simple genetic polym@aphHuman Biology41:97-
114.

WRIGHT S. 1931. Evolution in Mendelian populatio@enetics 16:97-159.

WRIGHT S. 1942. Statistical genetics and evolutBualletin of the American Mathematical
Society 48:223-246.

XU X, PENG M, FANG Z. 2000. The direction of microsatellite mutatiaasiependent upon
allele lengthNatureGenetics 24(4):396-399.

YEH FC, YANG R, BoYLE T. 1999.POPGENE1.32: Microsoft Windows basddeeware for
population genetic analysis. University of Albelti5A.

109



APPENDIX A

"Name - GenBank Accesion No.Origin - Chromosome No. - # base pairs Repeat seq
[Repeat region]

1. OarCP20 - U15695 Ovisaries- 21 - 75bp -TG [26-53]

1 ggcatttcat ggctttagca ggggctgtgt gtgtgtgtgt gtgtgtgtgt gtgccgtttc
61 ctcctccagg ggatc

[Reverse Complemented Strand]
1 gat cccct gg aggaggaaac ggcacacaca cacacacaca cacacacaca gcccctgceta
61 aagccatgaa atgcc

2. OarJMP29 - U30893 Qvisaries- 24 - 142bp -AC [35-72]

1 gtatacacgt ggacaccgct ttgtacacgg gtncacacac acacacacac acacacacac
61 acacacacac acatatacaa gcagctttgc taacaatngg aacaatcaac caaccctctt
121 cccctctgaa tcttgeccact tc

[Reverse Complemented Strand]

1 gaagt ggcaa gattcagagg ggaagagggt tggttgattg ttccnattgt tagcaaagct
61 gcttgtatat gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgtgtgn acccgtgtac
121 aaagcggtgt ccacgtgtat ac

3. OarFCB128 - L01532 Qvisaries- 2 - 123bp -GT [51-94]

1 attaaagcat cttctcttta tttcctcget ttgttcttat gactnactgce gtgtgtgtgt
61 gtgcgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtgcagca tgtatgtctt agttgctcag
121 ctg

[Reverse Complemented Strand]

1 cagct gagca actaagacat acatgc(t)gca cacacacaca cacacacaca
cacacacacg

61 cacacacaca cacgcagtna gtcataagaa caaagcgagg aaat aaagag aagatgcttt
121 aat

17 Specification key.
Italic letters indicate repeat sequences.
Bold letters indicate primer sequences.

Oligos are sorted according to origins

Source: http://www.ncbi.nlm.nih.gov/
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4. OarFCB226 - L20006 Ovisaries- 2 - 131bp -AC [64-91]

1
61

gt gagtccca tagagcataa gctcaaagag aaacgtgaaa agacacat at
t aaacacaca cacacacaca cacacacaca cagataaata ttaaaagcag
121 gcaacatata g

[Reverse Complemented Strand]

1
61
121

5. MAF214 - M88160 Ovisaries - 16 - 188bp -GT [26-138]

1
61
121
181

ctatatgttg

gtgtgtgttt
at gggact ca

cctttccctt
agatttgatt
Cc

cctgctttta atatttatct gtgtgtgtgt
aatatgtgtc ttttcacgtt tctctttgag

aat gcaggag at ct gaggca gggacgtgtg
gtgt gt gcat gcagtgtgtg tgcgegtgea
ttttgtgtgt gtgtgtgtge ttgegtgegt

gat caccc

[Reverse Complemented Strand]
gggtgatctt agggaggttt tggaggagaa
acacaaaat g cacacacaca aaatgcacac
121 gcacacacac acacactgca tgcacacaca

1
61

181

cctgcatt

6. ADCYAP1 - NM 009625 Bostaurus - 24 -

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

gattctgtac
cacgttcgga
ct gt aat aac
t ct gagcagc
cgact tcgct
cttctttctt
ctcctceegtce
tcctagttcc
t ccagct cct
acggcgat ga
cgtcctactt
ctggccctge
t ccggact cc
ccgcagcagg
cgcgat gect
aat aaggcct
at ggccaagg
t ccaagcgcec
gct gttaaga
aaaggacggc
ct gacacaat
t cccacat gt
tttttetttt
att gacat at
agagagccgt
t at aaaat aa
ctggaattaa
tttgctactg
aggattgctg
ct gaact caa
tctttgattc

tt aaaaggcc
tagatttctg
caccggcagc
gaaggcgct t
gaggccct ct
ct cggt ggac
ttccttctcc
gagcgtcgtc
ccecgeggcetc
ctcttgggtt
ggcagcaaac
tcgtttacgg
ggtt cccggg
acttctacga
acgcgctcta
accgcaaagt
gcttgggt gg
act cggacgg
aatacttggc
gaat accgt a
gagaagt cgt
atttatgtat
t acgaagcac
at att acgaa
tcatacagtg
at agaaaaat
aaggat agt a
t acat aaaca
aaggtctgtc
ct gaggct ct
tatttttatg

acaggcagac
ct aact gccc
agt agaagaa
gcct gct cga
ctctttctct
tt caggccac
atctctcccc
aaacttttga
cggctcgttc
gt gact gcag
cctctectgg
gatactgatg
gat caggccg
tt cggagt ct
ctaccccgeg
gct ggaccag
gaccccgggce
catcttcact
tgctgttcta
tttgtagcga
ttttcccaac
gaagt caagc
t agagaat gc
t at at aaaga
t gcacaagga
agacaat cat
tttttatcca
gt gat gccct
tttcccaggg
gt ctacccct
tgtatttgtc
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tgtgtgtgtg
t gcagt gt gt
gcattttttt

aaaaat gcac
acact gcatg
cacacacaca

2641bp

agat gt t gac
agat aaat ag
accgcagctt
gct gcct gge
ctctctctct
tttgtctcce
t cgcceccct
acagaat aac
ct gcggcet cc
cgcacaaact
cagcgaat ga
cacagcagcg
gagaacgagg
ccgggegt gg
gaggaaagag
ccgt ccgeca
ggcagcegegg
gacagct aca
gggaaaaggt
cgagttgcca
t gact gaact
catt aaat ga
acagat at ac
gt at at at at
ttgaagattc
tgttttgaat
cgat aggcct
gct ccaggga
agt ct ct agg
t gct gggt gg
tctcttcaga

tgtgtgcatg
gtgcattttg
ctcctccaaa

gcacgcaagc
cacgcgcaca
cacgtccctg

aagaaagt ct
gagcagaggg
cagacgcagc
cgggegget g
ctttgcttct
acccacactc
tctctcggtg
aggact cagc
t gct cagacg
t ggagaagcc
ccat gt gt ag
tctacggctc
t gt acgacga
ggagccccgce
atgtcgccca
ggagat acct
acgacgact c
gcecget accg
at aaacaaag
gct at cct gt
gtcattgctc
atattttgat
tttgtggacc
at at at at at
gcct gagetg
attactccta
gaagatatta
ctttgaggta
gcaggct gct
caat gccaat
ctctcagecc

t aat caaatc
gaagggaaag

gtgtgtgtgt
cttatgctct

cagt gt gt gt
t gt gt gt gca
acctccctaa

acacacacac
cacact gcat
cct cagatct

cttttgaaac
ct ggt cacct
cagagagact
acccagacgc
ttccttatca
agctcgt cgc
t cacgct ccg
aaacaagt cc
ct aacgccaa
ctttgcecege
cggagcgagg
acctgccgec
ggacggaaac
ctccgegetg
cgggat cctt
gcagacgct ¢
ggagccgct ¢
gaaacaaat g
ggt t aaaaac
gt at acggcc
ctgtgttctg
aataatattg
aattattgat
aaagt at aat
tttgttttta
tttttgtaaa
at cct gacca
at gat tt ggg
t caat cccag
acttccgctt
acaaggaaat



1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

tctcctgata
cct ggggoag
tctgtacttc
t t ggaaaagg
cagccccagce
actttgggcg
tccatgctgc
agcctccctg
ttaagtactg
tgttgattga
taattatgca
atttttctac
gat at t agaa
accccaaaaa

aaacaacagc
gagt t ggggg
cagggacccc
cagagcat aa
ct gggggct g
ctgggtattg
tcatgttgtg
ttcttcegtg
tttgccgttt
t gct agcact
ct at at at ga
atttatggct
t gt gt agt gt
aaaaaaaaaa

[Reverse Complemented Strand]

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

ttttttettt
aacact acac
aagccat aaa
ttcatatata
aagt gct agc
aaaacggcaa
ccacggaaga
tcacaacatg
ccaat accca
ccagccccca
cttatgctct
t ggggt ccct
t cccccaact
agctgttgtt
acat aaaaat
cagagcct ca
agacagacct
ctgtttatgt
at act at cct
tatttttcta
acactgtatg
attcgtaata
agtgcttcgt
cat acat aaa
aacgact t ct
atacggt at t
agccaagt at
gccgt ccgag
cccacccaag
cactttgcgg
gt agagcgeg
at cgt agaag
ccccgggaac
cccgt aaacg
ggtttgctgce
caacccaaga
ggagccgegg
t gacgacgct
t ggagaagga
agt ccaccga
gagagggcct
caagcgcct t
tgctgccggt
gcagaaat ct
tggcctttta

ttttttgggg
attct aat at

t gt agaaaaa
gtgcat aatt
at caat caac
acagtactta
acagggaggc
agcagcat gg
gcgcccaaag
ggct gggget
gccttttcca
ggaagt acag
cctcccccag
ttat caggag
agaat caaag
gttgagttca
t cagcaat cc
acagt agcaa
tttaattcca
tttattttat
aacggctctc
tatatgtcaa
aaaaagaaaa
t acat gt ggg
cattgtgtca
cgccgtccett
ttcttaacag
tggcget t gg
cccttggeca
taggcctt at
t aggcat cgc
tcctgetgeg
cggagt ccgg
agcagggcca
caagt aggac
gt cat cgccg
gaggagct gg
cggaact agg
agacggagga
gaagaaagaa
cagcgaagt c
cgct gct cag
ggttattaca
at ccgaacgt
agt acagaat

t ggat ct aaa
act gt acaga
agt at cccaa
ggcagt aggg
gcggt aagec
gaaat ggat g
aaat ggccag
gttttcctga
tttattcact
tatt gt aaag
atcttttgtt
tattgcttag
tcacatgttg
a

tttaaat gat
cacaaaggtt
tacattttac
act t agt ggt
aggaaaaaga
aacagt gcga
tcctacacag
at agcact gg
t caggcaggc
gcct gcagece
at agt cccac
aaaagagagc
ggagt agt at
aatttccttg
aaagcggaag
gctgggattg
t cccaaat ca
at ggt cagga
gtttacaaaa
at aaaaacaa
tattatactt
t at caat aat
acaat at t at
acagaacaca
gggccgt at a
tgtttttaac
ccatttgttt
agagcggct ¢
tgagcgtctg
t aaggat ccc
gcagcgegga
ggtttcecgtc
aggcggcagg
gcct cget cc
ggcgggcaaa
tttggcgtta
aggacttgtt
acggagcgt g
ggcgacgagce
gt gat aagga
ggcgt ct ggg
aagt ct ct ct
gaggt gacca
ggt ttcaaaa
c
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ttgtgcttct
gaagagagac
ggt t agggca
ggaggaccct
cagt cccacc
caaagt acaa
gat cct cccc
agact cct ct
tctcttaaac
t gt aggaacc
tcttgttgat
taaaatttat
ctcagttgta

ttatcagtta
ggttttatga
ctacaaactc
aaccacacag
agcat t caca
gaaggt ggga
cagggttcaa
agaaaaacac
aggggaccta
agtccctctc
tttgttccaa
ttcctattca
gaat t ct ggg
t gggct gaga
tattggcatt
aagcagcct g
ttacctcaaa
ttaatatctt
at aggagt aa
acagct cagg
tatatatata
t ggt ccacaa
t at caaaat a
ggagcaat ga
cacaggat ag
cctttgttta
ccggt agegg
cgagt cgt cg
caggtatctc
gt gggcgaca
ggcggggct ¢
ctcgtcgtac
t gagccgt ag
gctacacatg
gggcttctcc
gcgt ct gage
t gct gagt cc
acaccgagag
t gagt gt ggg
aagaagcaaa
t cagccgecc
ggct gegt ct
gccct ct get
gagactttct

ccccagaat t
tt gaat agga
att ggaacaa
ggagagggac
at aggt cccc
tgtgtttttc
tttgaaccct
ttcccacctt
tt gt gaat gc
cct gt gt ggt
tgagtttgta
tt cat aaaac
ctaact gat a

gt acaact ga
aataaatttt
aat caacaag
gggttcctac
agt tt aagag
aagaggagt ¢
aggggaggat
attgtacttt
t ggt gggact
cagggt cctc
ttgccct aac
agtctctctt
gagaagcaca
gt ct gaagag
gccacccagce
ccct agagac
gt ccct ggag
caggcctatc
t at t caaaac
cgaatcttca
tatatatata
agtatatctg
ttcatttaat
cagttcagtc
ct ggcaact ¢
taccttttcc
ct gt agct gt
t ccgeget ge
ctggcggacg
tctctttcct
cccacgccecg
acctcgttct
acgct get gt
gtcattcgct
aagtttgtgc
aggagccgca
tgttattctg
aaggggggcyg
t gggagacaa
gagagagaga
ggccaggeag
gaagct gcgg
cctatttatc
t gt caacat ¢

catactactc
agctctcttt
agt gggact a
t ggct gcagg
tgcctgectg
tccagtgcta
gct gt gt agg
ct cgecact gt
ttctttttcc
t accact aag
ggt aaaat gt
caacctttgt
aatcatttaa

gcaacatgtg
act aagcaat
aaacaaaaga
actttacaat
aagt gaat aa
tt caggaaaa
cctggcecatt
gcatccattt
gggct taccg
cccctactge
cttgggat ac
ctctgtacag
atttagatcc
agacaaat ac
aaggggt aga
t ccct gggaa
cagggcatca
gt ggat aaaa
aatgattgtc
atccttgtgce
ctctttatat
tgcattctct
ggcttgactt
agtt gggaaa
gtcgctacaa
ct agaacagc
cagt gaagat
cgcceggagt
gctggtccag
ccgeggggt a
gagact ccga
ccggcct gat
gcat cagt at
gccaggagag
gctgcagtca
ggaacgagcc
ttcaaaagtt
aggggagaga
agtggcctga
gagagaaaga
ct cgagcagg
tttcttctac

tgggcagtta
tgtctgectg



7. BM415 - G18413Bostaurus— 6 — 138bp GT?-(?-?)*

1
61
121

tggctacagc ccttctggtt tgcatgtgtc cgtgtgtgtg tgtgtgtgtg tgtgtgtgtg
gaagat gt ca gcaagtactg atgattagag ttcttgctgt

tgtgtgtgtt
tggt gat t ag

tgtttggett
ctctctaa

[Reverse Complemented Strand]
ttagag(ag)ct aatcaccaac agcaagaact ctaatcatca gtacttgctg
acatcttcaa
gccaaacaaa cacacacaca cacacacaca cacacacaca cacacacgga cacat gcaaa

1

61
121

ccagaagggc

tgtagcca

8. BM1443 - G18438 Bostaurus- 254bp

1
61
121
181
241

at caagggaa
agagacat gg
gct gcccacce
acacacacac
caccacttct

tggggcagga
tcaccggct g

acacacacac
acccttcctc
ttat

[Reverse Complemented Strand]

1
61
121
181
241

at aaagaagt
gggt gt gt gt
gt gt ggt ggg
gt gaccat gt
cccattccct

ggt gaat gca
gtgtgtgtagt
cagcccagag
ctctttattc
t gat

gt gcct ccca
gcaaagagca
acacacat ac
ccacacct cg

ttttaagttg
gtgtgtgtgt
gagt gaactg
t gacagccac

ggaggcagt ¢
accaaaat cc
acacacatgc
aaaagttgcc

acggggcaac
gt gt gcat gt
caatggattt
gt gt gact gc

acacgt ggct
attgcagttc
acacacacac
ccgt caact t

ttttcgaggt
gtgt gt at gt
tggttgctct
ct cct gggag

9. ILSTS011 - L23485 Bos Taurus- 14 - 234bp — TC/CA [121-160]

1
61
121
181

agt gct t gct
attat aggt t
tctctctete
ntcatgttgc

acat ggaaag
nnnnnnnnnn
tctcttatca
tgnnnacttt

[Reverse Complemented Strand]

1
61
121
181

tgatttagtg
aaattcatca
nnnnnnnnnn
attatttcaa

ctctaaaatg
nntttgtgtg
nnnnnnnnnn
cctcaatccc

t gct cagt ga
nnnnnnnnnn
cacacacaca

ttggt agggc

cagagcccta
tgtgtgtgtg
nnnnnnnnnn
cttttcactg

aaaggggat t
nnnnnnnnnn
cacacacaca
tctgcatttt

ccaaaaagtn
t gt gt gat aa
nnnnnnnnnn
agcactttcc

10. SRCRSP8 - L22200Capra hircus - 2 - 341bp

1
61
121
181
241
301

gtctcttcgg
cttatctgac
aggt gggt gg
cctgtgtgtg
t cat gcagga
caaatgattc

ct gcagaaga
ct ggt agt ca
gaaaagggag
tgtgtgtgtg
ct ggcagcct
gagt gttaca

[Reverse Complemented Strand]

1
61
121
181
241
301

at ct acagag
cagaagt gcg
acacacacac
ccttcagetc
tctttctccce
cagaaccaga

ct gaagagaa
gaat gacagg
acacacacac
agagt gccca
atgcccttga
ccgcacct gt

gacaggt gcg
at caagggca
ct gggcact c
tgtgtgtgtg
gcctgtcatt
attctcttca

tt gt aacact
caggct gcca
acacacacac
gctccctttt
tt gact acca
ctcttctgea
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gtctggttct
t gggagaaag
t gagct gaag
tgtgtgtgtg
ccgceactt ct
gct ct gt aga

cgaatcattt
gtcctgcatg
acacacacag
cccacccacc
ggt cagat aa
gccgaagaga

gaggt t gaaa
nnnnnnnnnn
aannt gat ga
agagcact aa

nncagcaaca
gagagagaga
nnnnaacct a
at gt agcaag

gatttcactg
agaacaagag
ggggaggggt
t gagct aagc
gt gt gt acac
t

gcacaggcag
agaaagt cga
gt cccacgga
tctctctctc
gaaatt aaga
c

gt cagaat aa
actcctctgg
acacacacac
aaaat gcat t

gt gggaggaa
gtgtgtgtgt
ttgccagecg
gcact cctgc

taattgattg
nnnnnnnnnn
attttatgac
atca

t gangt cat a
gagannnnnn
t aat caat ca
cact

gtcttaattt
agagagagag
ct ccgt ggga
atcgactttc

gctgectgtg

cgtgtacaca
tgcttagctc
gacccct ccc
tctcttgttc
ccagt gaaat



11. SRCRSP3 - L22195€apra hircus - 10 — 187bp

1 gat cggt acc cggggatctg ttctatgaac tgatgtgtgt gtgtgtatat
61 gtgtgtgtgt gtttgtgtgt gagtgtgcat gcacaaaggt ggttctttgg
121 agctaatcag gtaactggta tttccaacat ggaacataat gtctggcatg
181 taacatg

[Reverse Complemented Strand]

1 catgttaact gtatctgcat gccagacatt atgttccatg ttggaaatac
61 attagctggc tgaatgtcca aagaaccacc tttgtgcatg cacactcaca
121 cacacacaca cacacacata tacacacaca cacatcagtt catagaacag
181 accgatc

114

gtgtgtgtgt
acat t cagcc
cagat acagt

cagttacctg
cacaaacaca
at ccccgggt



APPENDIX B

Table B.1.Molar values of oligonucleotides.

LOCUS

Sequence OD-260 nm Micrograms

Picomoles

Backbone mol.

weight [Da]*

OarCP20 F 7.4 24C 3538 6781
R 19.8 614 89837 6835
OarECB226 F 7.0 217 29510 7362
R 30.5 1087 112717 9640

BM1443 F 8.1 23¢ 3492¢ 6802
R 20.0 610 107325 5685
OarECB128 F 10.2 340 38852 8744
R 335 1032 124481 8286

c - - 4

BM415 F 10.5 362 5962 607%
R 26.0 781 121664 6417
SRCRSP3 F 9.2 295 47969 6148
R 27.6 900 139486 6452

ADCYAP1 F 7.0 23z 3460: 670¢
R 19.1 573 71029 8062
OarIMP29 F 7.4 236 29708 7946
R 27.3 808 102620 7869

MAE214 F 7.0 21c 2619¢ 813/
R 32.6 1029 125636 8193
SRCRSPS F 6.7 228 33914 6723
R 21.2 667 86572 7706

ILSTSO011 F 6.1 197 3199: 6157
R 254 800 132160 6055

<Abbr/>F, forward;R, reverse.

*daltons.
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Table B.2.Composition of oligonucleotides.

A C G T " + t

LOCUS Sequence %) (%) (%) (%) Td Tm' Tm

F 22-Mer 1818 18.18 31.82 31.82 69.45 71.32 66.00
OarCP20

R 22-Mer 27.27 22.73 4091 9.09 74.13 76.91 72.00

F 24-Mer 29.17 25.00 25.00 20.83 64.78 73.88 72.00
OarFCB226

R 32-Mer 6.25 3125 1250 50.00 77.12 78.34 92.00
BM1443 F 22-Mer 4091 18.18 27.27 13.64 64.65 69.45 64.00

R 18-Mer 2222 556 5556 16.67 62.08 69.06 58.00

F 29-Mer 20.69 2759 6.90 4453 71.09 72.36 78.00
OarFCB128

R 27-Mer 37.04 25.93 2222 1481 7183 76.24 80.00
BMALS F 20-Mer 10.00 30.00 25.00 35.00 63.33 70.30 62.00

R 21-Mer 42.86 28.57 19.05 9.52 60.80 68.88 62.00

F 20-Mer 20.00 20.00 30.00 30.00 60.68 68.25 60.00
SRCRSP3

R 21-Mer 19.05 19.05 2857 33.33 63.32 68.88 62.00

F 22-Mer 18.18 40.91 31.82 9.09 81.16 80.64 76.00
ADCYAP1

R 26-Mer 3846 19.23 30.77 1154 7189 76.04 78.00

F 26-Mer 23.08 26.92 23.08 26.92 69.95 76.04 78.00
OarJMP29

R 25-Mer 36.00 8.00 44.00 12.00 7230 75.82 76.00

F 26-Mer 30.77 15.38 4231 1154 78.04 79.19 82.00
MAF214

R 26-Mer 1538 3.85 50.00 30.77 7450 77.62 80.00

F 22-Mer  9.09 2273 27.27 4091 68.09 71.32 66.00
SRCRSPS8

R 25-Mer 28.00 20.00 28.00 24.00 70.17 74.18 74.00

F 20-Mer 25.00 20.00 30.00 25.00 61.41 68.25 60.00
ILSTSO011

R 20-Mer 35.00 35.00 15.00 15.00 60.65 68.25 60.00

<Abbr/>F, forward;R, reverse.
* modified nearest neighbor method.

"96GC method.
¥ 2%(A+T) + 4*(C+G).
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APPENDIX C

Composition of Solutions

(i) 10x TBE (Tris-Borate-EDTA) Electrophoresis Buffer

per liter Final X Concentration
Tris 108g 89mM
Boric Acid 55¢g 89mM
0.5M EDTA (pH 8.0) 40ml 2mMm
H.O to 1 liter

(i) 6x Loading Dye Solution
10mM Tris-HCI (pH 7.6), 0.03% bromophenol blue,
0.03% xylene cyanol FF, 60% glycerol, and
60mM EDTA.

(iii) Ethidium Bromide (EtBr) Solution for Gel Staining
400ml dHO
40ul EtBr
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Table D.1.Chemicals.

APPENDIX D

Chemical Brand Catalogue No.
Albumin, Bovine (BSA) Sigma 9048-46-8
dNTP, mix Fermentas #R0192
MgCI2 Fermentas #R0971
Primers Alpha DNA -

Taq DNA polymerase Fermentas #EP0402
H,0, nuclease free Fermentas #R0582
H,0, molecular biology grade AppliChem A7398
EDTA AppliChem 6381-92-6
Tris base Sigma 77-86-1
Boric acid Sigma 10043-35-3
Ethidium bromide AppliChem Al1151
Ladder Fermentas #SM0361
Bromophenol Blue AppliChem A2331
Taq buffer Fermentas #B33
Agarose, low EEO AppliChem A2117
Dneasy Tissue Kit Qiagen 69506
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Table E.1.Equipments.

APPENDIX E

Equipment Brand Model
Centrifuge Eppendorf 5415R
Power supply APELEX PS90009TX
Electrophoretic gel system MAXICELL EC 360M
Palm-Cycler Corbett C91-96

Gel documentation system INFINITY INFINITY-3000
Microwave oven Arcelik MD552
Incubator/Shaker Zhicheng ZHWY-200B
Precision balance Sartorius ED2245
DNA sequencer Applied Biosystems Instr. ABI310

119



