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Analyses of DNA Short Tandem
Repeat Loci Database with Popgene

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Genetic distance is the term which refers to the genetic relationship be-
tween populations and subpopulations. Turkey manifests an intricate genetic constitution due to
numerous gene flow and genetic admixture between its seven geographical regions. Therefore, a dif-
ferent set of allele frequency database for each region is expected to be addressed in forensic cases
studies. Aim: Using POPGENE 1.31, we aimed to analyze short tandem repeat (STR) loci in seven
geographical regions of Turkey and to determine the differences between them and the most ap-
propriate frequencies likely to be used in forensic and anthropological studies. MMaatteerriiaall  aanndd  MMeetthh--
ooddss:: The DNA from unrelated healthy individuals from seven geographical regions were typed for
the STR loci CSF1PO, D7S820, D13S317, D16S539, F13AO1, FES/FPS, THO1, TPOX, vWA. Data
were evaluated with POPGENE, version 1.31 program and compared statistically. RReessuullttss::  The ob-
tained data were analyzed in terms of Fst (F-statistics), observed-expected heterozygosities, allele
frequencies and whether they meet Hardy-Weinberg equilibrium. The results showed no signifi-
cant difference in STR loci between geographical areas (FST= 0.0239). To conclude, allele frequen-
cies are similar and genetic distance matrix has a similar typology in seven geographical regions of
Turkey. The Turkish population has a heterogeneous genetic profile and a single database suffi-
ciently represents the population in forensic studies. 

KKeeyy  WWoorrddss::  Forensic genetics; microsatellite repeats   

ÖÖZZEETT  Genetik uzaklık, populasyonlar ve alt-populasyonlar arasındaki genetik ilişkiyi ortaya çıka-
ran bir kavramdır. Türkiye, yedi coğrafi bölgesi arasında gen akımları ve genetik karışımların so-
nucu olarak çok karışık genetik bir yapı sergilemektedir. Bu duruma bağlı olarak, adli amaçlı vaka
çalışmalarında, her bölgenin farklı bir allel sıklığı veri tabanıyla temsil edilmesi beklenmektedir.
AAmmaaçç::  Bu çalışmada, STR lokuslarını inceleyip POPGENE- version 1.31 programında istatistiksel
olarak analiz ederek Türkiye’nin yedi coğrafik bölgesi arasındaki herhangi bir genetik farklılığın
olup olmadığını ortaya çıkararak adli bilimler ve antropolojik çalışmalarda kullanılabilecek en
uygun frekansları belirlemek istedik. GGeerreeçç  vvee  YYöönntteemmlleerr:: Bu yedi bölgede yaşayan, aralarında ak-
rabalık bağı bulunmayan sağlıklı bireylerden elde edilen DNA’lar CSF1PO, D7S820, D13S317,
D16S539, F13AO1, FES/FPS, THO1, TPOX, vWA STR lokusları için tiplendirilmiştir ve istatistik-
sel olarak karşılaştırılmıştır. SSoonnuuçç::  Elde edilen bilgiler, Fst (F-istatistiği), beklenen-gözlenen hete-
rozigotluklar, allel frekansları ve Hardy-Weinberg’e uyum açısından analiz edilmiştir. Sonuçlar,
coğrafik bölgeler arasında STR lokus açısından istatistiksel olarak belirgin bir farklılık olmadığını
göstermiştir (FST=0.0239). Sonuç olarak ülkenin yedi coğrafi bölgesinde allel sıklıklarının benzer
olduğu ve genetik uzaklık matriksinin benzer topolojiye sahip olduğu görülmüştür. Türk populas-
yonunun homojen bir genetik profile sahip olduğu ve adli çalışmalarda tek bir veri tabanıyla tem-
sil edilmesinin yeterli olacağı gösterilmiştir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Adli genetik; mikrosatelit tekrarları    
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ur key ma ni fests an ela bo ra te ge ne tic cons ti -
tu ti on ref lec ting the con se qu en ces of nu me -
ro us ge ne flow, ad mix tu re and lo cal ge ne tic

dif fe ren ti a ti on du e to mig ra ti ons.1,2

The qu es ti on that we ask in this pa per is whet -
her the pos sib le deg re e of fluc tu a ti ons is pro por ti -
o nal to the DNA-le vel dif fe ren ces and si mi la ri ti es
wit hin the Tur kish po pu la ti on. Stan dard ge ne tic
dis tan ce for mu la, the cal cu la ti on of the co don, nu-
c le o ti de or al le le dif fe ren ces, is the most use ful one
de fi ned by Ne i to de ter mi ne the ge ne tic re la ti ons -
hip (dis tan ce or si mi la rity) for both the in di vi du als
and po pu la ti ons. This ap pro ach might be ac cep tab -
le when the cha rac te ris tics of the bi o lo gi cal units
stu di ed are con si de red sin ce every ge ne tic mar ker
mu ta tes dif fe rently and is in he ri ted in de pen dently.
The ge ne tic dis tan ce of an in di vi du al to a po pu la -
ti on was re gar ded as the ave ra ge of dis tan ces bet -
we en the in di vi du als and the mem bers of the
po pu la ti on samp le.3-5

The met hod of in fer ring re la ti ons hips bet we -
en in di vi du als and as sig ning an in di vi du al to the
“clo ses t” po pu la ti on in ant hro po logy and fo ren sic
ge ne tics is ba sed on the po pu la ti on fre qu en ci es of
the ob ser ved al le les and on the con di ti o nal pro ba -
bi li ti es of the ob ser ved ge noty pes at the mic ro sa -
tel li te lo ci. Using re la ti vely few lo ci, it is pos sib le to
show the va ri a bi lity bet we en eth nic gro ups and
sub po pu la ti on struc tu res.6,7

Tur key ma ni fests an in tri ca te ge ne tic cons ti -
tu ti on du e to eco no mi cal, en vi ron men tal and cul-
tu ral inf lu en ces, ref lec ting the con se qu en ces of

nu me ro us ge ne flow and ge ne tic ad mix tu re bet we -
en its se ven ge og rap hi cal re gi ons (Figure 1).  

Sin ce the re is an ob vi o us ge og rap hi cal dis tan -
ce and physi cal se pa ra ti on bet we en re si den ti al
parts of the co untry, the ge ne tic mar ker fre qu en ci -
es are ex pec ted to be dif fe rent. The re fo re, a dif fe -
rent set of fre qu ency da ta ba se for each re gi on is
ex pec ted to be ad dres sed in ca se stu di es. In this
study we exa mi ned the ge ne tic dis tan ces bet we en
se ven re gi ons of Tur key to spe cify the most ap pro-
p ri a te fre qu en ci es to be used in ant hro po lo gic and
fo ren sic stu di es.

MA TE RI ALS AND MET HODS
The cur rent study was ap pro ved by the Lo cal Et -
hics Com mit te e. In a to tal of 203 samp les from 7
dif fe rent ge og rap hi cal re gi ons of Ana to li a we re
ran domly se lec ted and stu di ed. The samp les we re
col lec ted from ran domly se lec ted, un re la ted, he -
althy do nors, (in ter vi e wed per so nally), who we re
the in ha bi tants of the stu di ed re gi ons over at le ast
3 ge ne ra ti ons.

Short tan dem re pe at (STR) typing (CSF1PO,
D7S820, D13S317, D16S539, F13AO1, FES/FPS,
THO1, TPOX, vWA) pro ce du res we re car ri ed out
as des cri bed in the li te ra tu re.8-13 All al le le fre qu en -
ci es we re ob ta i ned by di rect co un ting. F-sta tis tics,
Ne i’s un bi a sed ge ne tic iden tity and ge ne tic dis tan -
ce,14 ex pec ted and ob ser ved he te rozy go si ti es/ho -
mozy go si ti es, al le le fre qu en ci es and the ir
con for mity to Hardy-We in berg equ i lib ri um we re
es ti ma ted on Pop Ge ne, Ver si on 1.31 prog ram.15

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 1: Map of geographical regions  of Turkey (left) and Turkey between Europe and Asia (right)
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The den drog ram was cons truc ted with Ne i’s ge ne -
tic dis tan ce me a su re.3,14

RE SULTS AND DIS CUS SI ON
The ge noty pe and al le le fre qu ency dis tri bu ti ons for
all of the lo ci do not sig ni fi cantly de vi a te from the
HWE ex pec ta ti ons. That shows neg li gib le in bre e -
ding ef fects. The re was no sig ni fi cant dif fe ren ce in
al le le fre qu ency va lu es bet we en all re gi ons. In the
se arch of the re la ti ons hips among the re gi ons, den-
drog ram was cons truc ted (Figure 2). Using the al-
le le fre qu ency da ta of the ni ne STR lo ci, the
dis tan ce mat rix ga ve a si mi lar to po logy. Thus, all
re gi ons for ming the Tur kish po pu la ti on are ge ne ti -
cally re la ted. The ge ne tic dis tan ce me a su res we re
used to as sess the re la ted ness of the re gi ons. 

The num ber of the in di vi du als in so me re gi -
ons was lo wer sin ce the samp les we re se lec ted ran-
domly. Ho we ver, this di sad van ta ge was mi ni mi zed
using Ne i’s un bi a sed es ti ma tor.4,16 The ex pec ted he -
te rozy go sity ra ti o of Tur key was 0.7482 whe re as

the me an he te rozy go sity ra ti o of so me re gi ons was
over 0.72 ex cept the Me di ter ra ne an re gi on. This
might ha ve be en du e to the ge og rap hic lo ca li za ti -
ons of the ci ti es in this are a. The Me di ter ra ne an re-
gi on is a cos tal zo ne, whe re the re si den ti al dis tricts
are far from each ot her, res tric ting ge ne flow bet -
we en them. De pen ding on the he te rozy go si ti es, the
lo wer ho mozy go sity ra ti os po in ted out that the re
was no ac cu mu la ti on in any lo ci and al so no sig ni -
fi cant ge ne tic dif fe ren ce bet we en the re gi ons du e
to the ad mix tu re of ge ne tic mar kers bet we en the
dis tricts. The se out co mes we re con fir med with the
F-sta tis tics analy sis (Tab le 1), a ma in in di ca tor of a
ge ne tic dif fe ren ti a ti on le vels in a po pu la ti on.3,4 The
me an FST va lu e was fo und to be 0.0239, sho wing
no sig ni fi cant fi xa ti on in any of the lo ci du e to sub-
po pu la ti on for ma ti on.17

Ac cor ding to the den drog ram analy sis (Figure
2), Mar ma ra re gi on was in the sa me clus ter (clus-
ter1) as Tur key. For the se two po pu la ti ons Ne i’s ge-
ne tic si mi la rity was 1.000 and ge ne tic dis tan ce was
0.0000 (Tab le 2). The se va lu es we re de ri ved from
the si mi la ri ti es of the al le le fre qu en ci es, sho wing a
ran do mi zed dis tri bu ti on of the ge ne tic mar kers.
This fin ding was not sur pri sing be ca u se the Mar-
ma ra re gi on is the most crow ded dis trict of Tur key
sin ce it has ex pe ri en ced mig ra ti on from every parts
of the co untry.

So ut he ast Ana to li a is in the sa me clus ter (2)
with clus ter 1 (na mely Mar ma ra). This clus te ring
can be at tri bu ted to the fact that the so ci al and eco-
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��������FIGURE 2: The dendogram based on data generated in the present study.
Nei’s genetic distance was used in the construction of the dendrogram.

Population Turkey Marmara Mediterranean Eastern A. Aegean Southeast A Central A. Black Sea

Turkey **** 1.0000 0.9485 0.9860 0.9876 0.9908 0.9934 0.9929

Marmara 0.0000 **** 0.9307 0.9813 0.9833 0.9932 0.9876 0.9830

Mediterranean 0.0528 0.0718 **** 0.9382 0.9230 0.9082 0.9302 0.9461

Eastern A.      0.0141 0.0189 0.0638 **** 0.9584 0.9606 0.9754 0.9542

Aegean 0.0125 0.0168 0.0801 0.0425 **** 0.9776 0.9493 0.9702

Southeast A 0.0092 0.0069 0.0963 0.0402 0.0226 **** 0.9642 0.9623

Central A 0.0066 0.0124 0.0724 0.0249 0.0520 0.0365 **** 0.9739

Black Sea      0.0071 0.0171 0.0554 0.0469 0.0303 0.0384 0.0264 ****

TABLE 1: Nei’s unbiased genetic distance measures for seven regions of  Turkey 

Upper diagonal: Nei’s genetic identity
Lower diagonal: Nei’s genetic distance
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no mi cal di sad van ta ges in the So ut he ast Ana to li a
re gi on for cing pre cincts pe op le to mig ra te and set-
t le to the most abun dant re si den ti al are a of Tur key
for ye ars.

Ae ge an re gi on to get her with clus ter 2 cons ti -
tu tes the 3rd clus ter. The ge ne tic dis tan ce bet we en
Ae ge an and So ut he ast Ana to li a re gi ons (0.0226)
(Tab le 2) was one of the clo sest iden ti ti es, de no ting
that the Ae ge an re gi on is the se cond big gest po ol
inf lu en ced by the ge ne flow from so ut he ast of Tur -
key af ter Mar ma ra. Con si de ring the to po lo gi es of
the clus ters 2 and 3 (Figure 2) and ge ne tic me a su -
re (Tab le 2) to get her, one can se e that the se dis-
tricts are ge ne ti cally si mi lar. This si mi la rity is
ori gi na ted not only from mig ra ti on from So ut he ast
Ana to li a, but al so slow and gra du al po pu la ti on (cul-
tu ral/edu ca ti o nal) exc han ge bet we en two well de-
ve lo ped re gi ons, Mar ma ra and Ae ge an, for a long
pe ri od of ti me.

Black Se a re gi on cons ti tu tes the 4th clus ter (fig
2) to get her with the 3rd clus ter (Mar ma ra, Ae ge an,
and So ut he ast Ana to li a), the ge ne tic si mi la rity of
the re gi ons rep re sen ted by 0.0171, 0.303, 0.384 re-
s pec ti vely (Tab le 2). This si mi la rity is du e to the
ge og rap hic lo ca li za ti on of Black Se a re gi on. The
high mo un ta ins, lying pa ral lel to the Black se a,
cons tra in the po pu la ti ons in a nar row co ast li ne on
the north si de of Tur key. The se mo un ta ins, whi le
res tric ting ge ne flow from North to So uth, only al -

low mig ra ti on from Eas tern Ana to li a to Black Se a
re gi on and from the re to the Mar ma ra. 

Clus ter 5 (Eas tern Ana to li a and Cen tral Ana to-
li a) can be analy zed se pa ra tely (Figure 2). Eas tern
Ana to li a is the most un der de ve lo ped re gi on of Tur -
key du e to its hard cli ma te and ge og rap hic fe a tu -
res. This si tu a ti on for ced pre cinct pe op le to mig ra te
to the mo dest are as fol lo wing the only over land ro -
ad ac ross from Cen tral Ana to li a and from the re to
Mar ma ra. This drift ca u ses a ge ne tic ad mix tu re of
two ne igh bo ring dis tricts, lo we ring the ge ne tic dis-
tan ce to 0.0249; Tab le 2) and let them sha re the sa -
me clus ter. The 5th and the 4th clus ters cons ti tu te
the 6th clus ter. As shown in Tab le 2, the ra ti os of
ge ne tic si mi la ri ti es are high, which rep re sents a
ste ady amal ga ma ti on of the ge ne tic mar kers.

The Me di ter ra ne an re gi on may be con si de red
dif fe rent from the ot her re gi ons (6th clus ter) (Fig-
ure 2). Ho we ver, the FST va lu e (0.0239) and al le lic
fre qu ency co unts did not show any fi xa ti on. This
si tu a ti on may re sult from uns po i led ge ne tic cons ti -
tu ti on of the re gi on by mig ra ti on ef fects. 

The ge og rap hi cal and de mog rap hi cal cir cums -
tan ces can de ter mi ne the ge ne tic cons ti tu ti ons of
co un tri es, by me ans of mig ra ti on, ge ne tic drift and
iso la ti on. The se ge ne tic pro fi les pe cu li ar to po pu -
la ti ons are sig ni fi cant not only in the ant hro po logy,
but al so in cli nics and fo ren sics. Con si de ring the ir
post his to ri es (iso la ti on of po pu la ti ons du e to the
ge og rap hic bar ri ers and con ser ved li fe styles in Eas -
tern Ana to li a and Black Se a re gi on, en do ga mi es,
ori gi na ted from tri bal tra di ti ons in So ut he ast Ana-
to li a, spar se po pu la ti on dis tri bu ti on in Me di ter ra -
ne an co ast li ne), if the se ven re gi ons of Tur key is
ta ken in to ac co unt  par ti cu larly, it is ex pec ted that
re gi ons will cons ti tu te the ir own ge ne tic pro fi les.
Ho we ver, the so ci o-eco no mic and eco lo gi cal cir-
cums tan ces for ced pre cinct pe op le to mig ra te to ot -
her re gi ons thro ug ho ut the ye ars. This flow (still
con ti nu ing) ca u sed a slow but dyna mic exc han ge
of ge nes ac ross dis tricts, re sul ting in a ran do mi zed
dis tri bu ti on of ge ne tic tra its. Cor re la ted with the
de mog rap hic fe a tu res, HWE equ i lib ri um, Fst va lu -
es, he te rozy go sity ra ti os and al le le fre qu en ci es sho -
wed that Tur key has a he te ro ge ne o us ge ne tic
pro fi le rep re sen ting all the re gi ons. 

Locus Fst 

CSF1PO 0.0320    

D7S820 0.0232   

D13S317 0.0150   

D16S539 0.0138   

F13A01 0.0369    

FES/FPS 0.0372    

THO1 0.0203   

TPOX 0.0205   

vWA 0.0174

Fst over all loci 0.0239 

TABLE 2: FST estimates for the 
7 region population samples

* FST (F statistics) estimated according to Hartl and Clarck  [28]
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The ob ta i ned re sults in di ca ted that Tur kish
po pu la ti on had a he te ro ge ne o us ge ne tic va ri ety;
the re fo re, the al le le fre qu en ci es in the ge ne po ol
can be use ful and uti li zed in all fo ren sic analy ses. It
is not ne ces sary to form a se pa ra te da ta ba se for each
re gi on as the re was not a sig ni fi cant ge ne tic dif fe -

ren ti a ti on bet we en the re gi ons du e to the STR lo -
ci stu di ed in the cur rent study.
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