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ÖZET

AMAÇ: Adli ara²tırLalarda, erJeJ Ue Jadın DNA xrneJleri genel�
liJle Jarı²ıL Galde Aulunurlar. !u t}r xrneJlerin tiplendirilLesinde 
8�ST1 JullanılLaJtadır. !u kalı²Lanın aLacı T}rJiye popula�
syonuna ait GoLoIen da®ılıLın gxsteren Air 8�ST1 Gaplotip Ueri 
taAanını olu²turLaJ Ue di®er d}nya pop}lasyonlarında xnceden 
yapılLı² 8�ST1 sonuklarıyla Jar²ıla²tırLaJtır.

YÖNTEM: *an Ueya a®ıY iki s}r}nt} xrneJleri ��� sa®lıJlı, 
aralarında aJraAalıJ ili²Jisi AulunLayan Ue kalı²Laya gxn}ll} 
JatılLayı JaAul eden T}rJiye©deJi erJeJ Aireylerden alınLı²tır. 
�� 8�ST1 loJuslarının Gaplotip Ue alel sıJılıJları ALpFlST1� 8�
filer� /C1 ALplification *iti JullanılaraJ ko®altıldı Ue A!( 3�30 
ciGaYında analiY edildi. &en Ue Gaplotip alel sıJlıJları ArlePuin 
SoftVare 3.0� JullanılaraJ Gesaplandı. MoleJ}ler Uaryans analiY 
�AM.VA	 sonukları 8'1D keUriLiki arakları JullanılaraJ 1ST 
²eJlinde de®erlendirildi. 

BULGULAR: T}rJiye pop}lasyonunda ��� xrneJte aynı Gaplo�
tipe rastlanLadı. $n y}JseJ gen ke²itlili®i D8S3�� a /A loJusunda 
gxr}l}rJen Ue en d}²}J D8S3�� loJusunda gxYlendi. `alı²ılan 
pop}lasyona en yaJın pop}lasyonlar sırasıyla &}neydo®u Anadolu, 
*ıArıslı T}rJler Ue `uJuroUa pop}lasyonları oldu.

SONUÇ: !u kalı²La, adli uygulaLalarda Jullanılan y}JseJ 
ayrıL g}c}ne saGip Ue �� 8�ST1 loJusunun T}rJ pop}lasyonuna 
ait son Uerilerini ikerLeJtedir.

Anahtar Kelimeler: 8�ST1, TurJiye, adli AiliLler, populasyon 
geneti®i.

ABSTRACT

OBJECTIVE: 8� ST1 typing is useful forensic inUestigation tool 
as it often inUolUes a LiWture of Lale and feLale DNA. TGe aiLs of 
tGe present study Vere to type �� 8�ST1 loci in order to estaAlisG 
a proper 8�ST1 Gaplotype dataAase VitG GoLogenous distriAution 
of tGe TurJisG population and coLpare our results VitG preUiously 
puAlisGed 8�ST1 researcGes aAout TurJisG and otGer VorldVide 
populations. 

METHODS: TGe Alood or Auccal sVaA saLples Vere collected 
froL ��� GealtGy, unrelated Lale indiUiduals in TurJey VitG tGeir 
inforLed consent. DNA saLples Vere aLplified using tGe �� 8�
ST1 loci ALpFlST1 8�filer ALplification *it and analyYed on A!( 
3�30 �AotG Applied !iosysteLs	. 'aplotype frePuencies Vere es�
tiLated Ay gene counting. &ene / Gaplotype diUersities and allele 
frePuencies Vere calculated using tGe ArlePuin SoftVare 3.0�. 
Analyses of Molecular Variance �AM.VA	 results Vere assessed in 
tGe forL of 1ST Ualues using tGe 8'1D online tool.

RESULTS: ALong ��� saLples of TurJey dataset, all of tGe 
Gaplotypes Vere uniPue. TGe GigGest gene diUersity Vas deter�
Lined at D8S3�� a / A and tGe loVest Vas at D8S3�� locus. TGe 
closest populations Vere SoutGeastern Anatolia, TurJisG Cypriot 
and CuJuroUa populations respectiUely.

CONCLUSION: TGis study indicates recent population data of 
�� 8ST1 LarJers in TurJisG population VitG GigG discriLination 
poVer for forensic applications.
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a GoLologous cGroLosoLe.  TGe polyLorpGisL 
of 8 cGroLosoLe Gas Videly Aeen used Ay fo�
rensic eWperts on identification and Lale popu�
lation researcG �3	. TGe deterLination of 8�ST1 
Gaplotype frePuencies in different populations is 
a LaIor point for tGe proper interpretation of tGe 
genetic profile LatcGes in paternity and forensic 
caseVorJ and inforLation on Lutation rates is 
also crucial in JinsGip analysis ��	. 8 CGroLo�
soLe 'aplotype 1eference DataAase �8'1D	 
�VVV.yGrd.org	, a gloAal 8ST1 Gaplotype data�
Aase proUides Gaplotype frePuency estiLates of 
VorldVide and Lultiregional population groups 
��	. Since different 8 ST1 Aased population data 
froL tGe Uarious regions of TurJey are aUailaA�
le, Ve analyYed a collectiUe data froL different 
geograpGic regions of TurJey in order to create 
a GoLogenous distriAution of TurJisG population 
Gaplotype frePuencies using �� 8�ST1 loci inclu�
ding D8S��, D8S3��(, D8S3��((, D8S3�0, D8S3��, 
D8S3��, D8S3�3, D8S3��a / A, D8S�3�, D8S�3�, 
D8S�3�, D8S���, D8S���, D8S���, D8S�3�, and 
8�&ATA '� and coLpared our results VitG preUi�
ously puAlisGed 8�ST1 researcGes aAout TurJisG 
and otGer relatiUe / VorldVide populations.

MATERIAL VE METHOD

TGe Alood or Auccal sVaA saLples Vere collec�
ted froL ��� GealtGy, unrelated Lale Uolunteers 
VitG tGeir inforLed consent froL (stanAul 4ni�
Uersity CerraGpa²a Faculty of Medicine, !lood 
Transfusion Center. TGe saLples Vere cGosen 
according to donors© place of AirtG in order to 
represent all regions of tGe TurJey Aased on 
population distriAution data of TurJey Statisti�
cal (nstitute in �0�0. DNA Vas eWtracted froL 
Alood using tGe 0(AaLp� DNA !lood Mini *it 
�0(A&$N, 'ilden, &erLany	 and froL Auccal 
sVaps using CGeleW LetGod. /C1 aLplificati�
on Vas perforLed using tGe ALpFlST1 8�filer 
ALplification *it, VGicG includes �� 8�ST1 loci 
�D8S��, D8S3��(, D8S3��((, D8S3�0, D8S3��, 
D8S3��, D8S3�3, D8S3��aA, D8S�3�, D8S�3�, 

D8S�3�, D8S���, D8S���, D8S���, D8S�3� and 
&ATA '�	. DNA saLples Vere aLplified follo�
Ving Lanufacturer©s instructions �ALpFlST1� 
8�filer� /C1 ALplification *it, Applied !iosy�
steLs	. TGe aLplified products Vere separated 
and detected using an A!( /risL 3�30 &enetic 
AnalyYer �Applied !iosysteLs, Foster City, CA, 
4SA	 according to tGe Lanufacturer©s recoL�
Lended protocol. 1esults Vere analyYed using 
&eneMapper� (D7 softVare �Applied !iosy�
steLs, Foster City, CA, 4SA	. Alleles Vere na�
Led according to tGe updated (nternational So�
ciety of Forensic &enetics �(SF&	 guidelines for 
forensic 8�ST1 analysis ��	.

'aplotype frePuencies Vere estiLated Ay gene 
counting. TGe discriLination capacity �DC	 Vas 
deterLined Ay diUiding tGe nuLAer of different 
Gaplotypes Ay tGe total nuLAer of saLples in 
tGat population. 'aplotype diUersity Vas calcula�
ted according to Nei©s forLula ��	. Allele frePu�
encies and gene diUersity Vere calculated using 
tGe ArlePuin SoftVare 3.0�.

/opulation pairVise genetic distances �1ST	 
Vere perforLed Ay using analysis of Lolecu�
lar Uariance �AM.VA	 tests on 8'1D online tool 
�Gttp://VVV.yGrd.org/Analyse/AM.VA	. 1ST Ua�
lues Vere ascertained at a significance leUel of 
0.0� using �0,000 perLutations. Also genetic 
distance Vas illustrated Ay using Lulti�diLensi�
onal scaling �MDS	 analyses VitG S/SS �� soft�
Vare. (n genetic distance analyses, D8S3��a / A 
Vas not considered and tGe nuLAer of repeats in 
D8S3��( Vas suAtracted froL D8S3��((.

TurJisG population results �1ST Ualues Vere 
coLpared VitG !eiIing �'an	 �n � ���	 �8A003��0	, 
Spain �&alicia	 �n � �3	 �8A000���	, Cyprus �Tur�
JisG Cypriot	 �n � ��3	 �8A000���	, (srael and /a�
lestinian AutGority �n � ��3	 �8A003��3	, Macedo�
nia �n � 3��	 �8A0033��	, SoutGeastern Anatolia 
�n � ��	 �8A003���	, &reece �NortGern &reece	 �n 
� ���	 �8A003���	, CuJuroUa region �TurJey	 �n 
� ���	 �8A003���	, 4nited States �'ispanic ALe�

INTRODUCTION

TurJey, located on continents of $urope and Asia 
actually serUes as a transcontinental Aridge Aet�
Veen $ast and 6est, Gas eWposed a great nuL�
Aer of cGanges since tGe /aleolitGic era to tGe 
noV present 1epuAlic of TurJey.  TGus tGe con�
nection feature of TurJey created a LaIor Uari�
ety of social and etGnic ciUiliYations during Lany 
ages. TurJey is Aordered Ay eigGt countries: 

!ulgaria to tGe nortGVest� &reece to tGe Vest� 
&eorgia to tGe nortGeast� ArLenia, (ran and tGe 
AYerAaiIani eWclaUe of NaJGicGeUan to tGe east� 
and (raP and Syria to tGe soutGeast. TGe Mediter�
ranean Sea is to tGe soutG� tGe Aegean Sea is to 
tGe Vest� and tGe !lacJ Sea is to tGe nortG  ��,�	. 
TGe cGaracteristics tGat LaJe 8�ST1s uniPue in 
tGe GuLan genoLe are tGe paternal inGeritan�
ce reLains uncGanged aLong generations and 
anotGer reason for its uniPueness is tGe lacJ of 

� (nstitute of Forensic Science, (stanAul 4niUersity, (stanAul, TurJiye
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ricans	 �n � ��0�	 �8A0033��	 and 4nited States 
�African ALericans	 �n � ��3�	 �8A003��� and 
8A0033�3	 populations �����	. A Puality control 
cGecJ Vas perforLed using tGe proficiency tes�
ting of tGe 8 ST1s 'aplotyping 0uality Assurance 
$Wercise �0�3 for tGe LarJers included in tGis 
study. TGe data Vas suALitted to 8�CGroLosoLe 
Gaplotype reference dataAase �8'1D� Gttp://
VVV.yGrd.org/	 and is aUailaAle VitG tGe acces�
sion nuLAer: 8A003�0�.

RESULTS

Allele frePuency, gene diUersity, and identified 
Gaplotype results are sGoVn in TaAle �. ALong 
��� saLples of TurJey dataset, all of tGe Gaploty�
pes Vere uniPue. 'aplotype diUersity VGere tGe 
diploid loci D8S3��a / A eWcluded Vas calcula�
ted 0.���� VitG discriLination capacity of �.000. 
&ene diUersity Ualues of all loci differed froL 
0.���3 for D8S3�� to 0.���� for D8S3��a / A. Alt�
GougG null alleles Vere not found in tGe TurJisG 
dataset, tVo duplicate alleles Vere detected on 
locus D8S3��((. (nterLediate alleles of ��.� �n � 
�	 and ��.� �n � �0	 Vere oAserUed at D8S��� lo�
cus.  (n order to define tGe genetic relationsGip 

AetVeen TurJey and preUious regional TurJisG 
population studies and also otGer populations, 
pairVise genetic distances �1ST	 coLparison 
Vas calculated and results are sGoVn in TaAle 
3. 1esults sGoVed tGat tGe LiniLuL 1ST Ualues 
Vere oAtained froL preUious TurJisG population 
studies sucG as� SoutGeastern Anatolia TurJey 
�1ST � 0.00�3, />0.0�	, TurJisG Cypriot �1ST � 
0.00�0, />0.0�	, CuJuroUa, TurJey �1ST � 0.00��, 
/>0.0�	 respectiUely. TGe oAserUed / Ualues 
Vere also confirLed tGat tGere is no significant 
genetic distance AetVeen our present and pre�
Uious studies on TurJisG populations �TaAle �	. 
MoreoUer significant genetic distances Vere oA�
serUed in tGe coLparison of TurJisG population 
VitG otGer coLpared �VGoL are not TurJisG	 po�
pulations. TurJisG population Aeing Lore distant 
froL tGe !alJan, $uropean and Middle $astern 
cluster, sucG as NortGern &reece �1ST � 0.0���, 
/<0.0�	, Macedonia �1ST � 0.03��, /<0.0�	, &ali�
cia, Spain �1ST � 0.0��3, /<0.0�	, (srael � /ales�
tinian �1ST � 0.0���, / � 0.0�	. Asian and ALe�
rican clusters sucG as 'ispanic ALerican �1ST � 
0.���0, /<0.0�	, African ALerican �1ST � 0.�3�0, 
/<0.0�	, CGina �1ST � 0.����, /<0.0�	 Vere tGe 
fartGest populations as eWpected. (llustrating tGe 
relationsGip AetVeen populations Aased on 1ST 

/
 U

al
ue

s 
ar

e 
sG

oV
n 

aA
oU

e 
an

d 
Φ

st
 U

al
ue

s 
Ae

lo
V

 t
Ge

 d
ia

go
na

l. 
P 

va
lu

es
 in

 b
ol

d 
an

d 
ita

lic
s r

ep
re

se
nt

 st
ati

sti
ca

lly
 in

sig
ni

fic
an

t d
iff

er
en

ce
s.

†T
he

 le
ve

l o
f s

ig
ni

fic
an

ce
 is

 P
 <

 0
.0

1.

/opulation

!eiIing, CGina :'an<

Cyprus :TurJisG 
Cypriot<

&alicia, Spain 
:SpanisG<

(srael � /alestinian 
AutGority Area 

:AraA<

Macedonia 
:Macedonian<

NortGern &reece,  
:&reeJ<

SoutGeastern 
Anatolia, TurJey 

:TurJisG<

4S :African 
ALerican<

4S :'ispanic 
ALerican<

`uJuroUa, TurJey 
:TurJ<

TurJey

!
ei

Iin
g,

 C
Gi

na
 :'

an
<

�
0

0
0

0
0

0
0

0
0

0

C
yp

ru
s 

:T
ur

Ji
sG

 C
yp

ri
ot

<
0.

��
��

�
0

0
0

0
0.

0�
��

0
0

0
0.

02
18

&
al

ic
ia

, S
pa

in
 :S

pa
ni

sG
<

0.
��

��
0.

0�
��

�
0

0
0

0
0

0.
00

0�
0

0

(s
ra

el
 �

 /
al

es
tin

ia
n 

A
ut

Go
ri

ty
 A

re
a 

:A
ra

A<
0.

��
��

0.
0�

��
0.

��
��

�
0

0
0

0
0

0
0

M
ac

ed
on

ia
 :M

ac
ed

on
ia

n<
0.

��
��

0.
03

�
0.

0�
��

0.
��

��
�

0.
00

��
0

0
0

0
0

N
or

tG
er

n 
&

re
ec

e,
 &

re
ec

e 
:&

re
eJ

<
0.

��
0�

0.
0�

��
0.

0�
��

0.
��

��
0.

0�
0�

�
0

0
0

0.
00

0�
0

So
ut

Ge
as

te
rn

 A
na

to
lia

, 
Tu

rJ
ey

 :T
ur

Ji
sG

<
0.

��
��

0.
00

��
0.

0�
��

0.
0�

��
0.

0�
3�

0.
03

��
�

0
0

0.
��

��
0.

24
35

4
S 

:A
fr

ic
an

 A
L

er
ic

an
<

0.
�3

��
0.

��
��

0.
��

��
0.

��
��

0.
�0

��
0.

��
��

0.
��

0�
�

0
0

0

4
S 

:'
is

pa
ni

c 
A

L
er

ic
an

<
0.

��
3�

0.
�3

��
0.

03
��

0.
��

��
0.

��
0�

0.
��

0�
0.

��
��

0.
��

�
0

0

`
uJ

ur
oU

a,
 T

ur
Je

y 
:T

ur
J<

0.
�3

��
0.

0�
�

0.
0�

��
0.

0�
��

0.
0�

��
0.

0�
��

0.
00

��
0.

��
��

0.
0�

�
�

0.
01

17

Tu
rJ

ey
0.

��
��

0.
00

�
0.

0�
�3

0.
0�

��
0.

03
��

0.
0�

��
0.

00
�3

0.
�3

�
0.

��
�

0.
00

��
�

T
a
b

le
 2

: M
at

ri
W 

of
 p

ai
rV

is
e 

ge
ne

tic
 d

is
ta

nc
es

 A
as

ed
 o

n 
1

ST
 �A

el
oV

 tG
e 

di
ag

on
al

	 a
nd

 tG
ei

r 
co

rr
es

po
nd

in
g 

/
 U

al
ue

s 
�a

Ao
Ue

 
di

ag
on

al
	 A

et
V

ee
n 

tG
e 

Tu
rJ

is
G 

po
pu

la
tio

n 
an

d 
tG

e 
re

st
 o

f p
op

ul
at

io
ns

 u
se

d 
in

 c
oL

pa
ri

so
ns

.

Figure 1: MDS plot Aased on tGe pairVise 1ST Ualues AetVeen tGe TurJisG population and 
neigGAoring / distant populations. AAAreUiations: Tur: TurJisG � TurJey� (/A: /alestinian � (srael 

and /alestinian AutGority area� &re: &reeJ � NortGern &reece� SeA: TurJisG � SoutGeastern 
Anatolia region� CuJ: TurJisG �  CuJuroUa region� 4S'A: 'ispanic � 4nited Statets 'ispanic 

ALerican� 4SAA: African � 4nited Statets African ALerican� !ei: !eiIing, CGina� &al: SpanisG� 
&alicia, Spain� Mac: Macedonia� NC: TurJisG � Cypriot �stress Ualue � 0.0�0 and DAF � 0.��0	.
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REFERENCESUalues at MDS plot is outlined in Figure � sGoVed 
tGat TurJey clustered VitG Anatolian, !alJan and 
$uropean populations.

DISCUSSION AND  

CONCLUSION

8�ST1 LarJers, located on tGe non�recoLAining 
region of tGe 8 cGroLosoLe �N18	, GaUe AecoLe 
an essential tool in forensic inUestigation due to 
tGeir uniPue Geredity properties and Lale spe�
cificity. A statistical approacG sGould Ae carried 
out VGen tGe eUidence©s 8�ST1 profile LatcGes 
tGe profile of tGe suspect. 8�ST1 Gaplotype da�
taAases are iLportant for understanding GoV 
coLLon / rare eUidence profile is in tGe releUant 
population. So it is necessary to Puestion popu�
lation dataAase ���	.  (n tGis study Ve deterLi�
ned tGe allele frePuency and forensic statistical 
calculation for of �� 8�ST1 loci in tGe TurJisG 
population and it is noV aUailaAle for forensic 
purposes.

TurJey is a large country VitG its ricG Gistorical 
AacJground and uniPue geograpGical position 
froL $ast to 6est continental Lainland. TurJey 
Gas Aeen a crossroad for Lany ciUiliYations: 'at�
tusa, 'ittites, 'ellenic, /Grygian, 4rartu, +ydia, 
+ycia, (onians, /ersians, Macedonians, ArLeni�
ans, 1oLans, !yYantines, SelIuJs and .ttoLans 
and tGus is an aAundant genetic pool VitG a GigG 
etGnic Geterogeneity. TGere are feV reLarJaAle 
8 ST1 population studies on TurJisG populati�
on tGat are Lainly focused on regional part of 
TurJey or GaUe liLited nuLAer of 8 ST1 loci ���, 
��, �0, �, ��	. /reUious studies sGoVed tGat tGe 
TurJey population is closer to tGe $uropean po�
pulations tGan Asia ���, ��, ��	. TGe results of 

tGe present study indicated tGe eWistence of tGe 
greatest genetic liJeliGood AetVeen TurJisG po�
pulation studies and confirLed a close genetic 
relationsGip AetVeen TurJisG and !alJan and 
$uropean populations.

(t Vas also iLportant to eLpGasiYe tGe interLe�
diate alleles tGat could increase tGe discriLina�
tion poVer of DNA eUidence tGat Vere oAserUed 
in D8S��� locus ���.� and ��.�	 on our data set. 
TGe GigG frePuency of interLediate alleles oc�
curs at locus D8S��� tGat is Lost frePuently 
found in NortGern / $astern African, Caucasian 
���	 and also in TurJisG populations �TurJisG 
Cypriots, CuJuroUa and SoutGeastern Anato�
lian	. AltGougG tGere are data suggesting tGat 
locus D8S��� Lay Ae affected Ay a GigGer Lu�
tation rate coLpared to otGer tetraLeric 8�ST1 
loci ���	. TGis study presents a recent population 
of data of �� 8ST1 loci in tGe GoLogenous distri�
Aution of tGe TurJisG population for tGe forensic 
coLLunity.
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