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HAPLOTYPES AND ALLELIC FREQUENCIES OF 12 Y-STR LOCI IN 
MONGOLIAN AND KOREAN MALE GROUPS

B. Dashnyam1, D.Bayarlkhagva2, Evgeniy Namdakov1, G.Batjil3,S. Ganbold4

1 Монгол олон улсын дээд сургууль, 
2 Биологийн факультет, МУИС, 

3Батлан Хамгаалахын Эмгэг Судлал, Шүүх Эмнэлэг, 
4Биологийн лаборатори, Шүүхийн Шинжилгээний Үндэсний Хүрээлэн

Уг судалгааг  “Монгол хүний Y хромосомын генетик мэдээллийн сан”, “Цэргийн албан 
хаагчдын генийн мэдээллийн сан бүрдүүлэх, туршилт судалгаа“ төслүүдийн хүрээнд хийж 
гүйцэтгэв.

INTRODUCTION
DNA nucleotide sequences would never 

be completely repeated in human populations 
except the case of  identical twins, and so 
everyone has their own DNA sequence. 
That’s why DNA analysis is useful for human 
identification. Nowadays there are several 
methods for DNA diversity analysis such as 
Restriction Fragment Length Polymorphism 
(RFLP), Single Nucleotide Polymorphism 
(SNP) analysis, Polymerase Chain Reaction 
(PCR), Mitochondrial DNA Analysis, and 
Y-Chromosome Analysis. 

STR analysis is widely used by the FBI 
and Interpol for distinguishing one DNA 
profile from another. In the USA, the FBI uses 
13 specific well-known STR regions of DNA 
for a Combined DNA Index System (CODIS). 
The probability that two individuals will have 
the same 13-loci DNA profile are about one 
in a billion cases (http://www.fbi.gov/hq/lab/
html/codisbrochure_text.htm). In the USA the 
core loci are CSF1PO, FGA, THO1, TPOX, 
vWA, D3S1358, D5S818, D7S820, D8S1179, 
D13S317, D16S539, D21S11, and Amelogenin 
as an optional locus for determining the gender. 
In the UK the basic loci are FGA, THO1, vWA, 
D2S1338, D3S1358, D8S1179, D16S529, 
D18S51, D19S433, D21S11, and Amelogenin 
as an optional locus (http://www.cstl.nist.gov/
strbase/coreSTRs.htm).

In this work we used Y chromosome 
Short Tandem Repeats (STRs) analysis. STRs 
or microsatellites are repeats of nucleotides in 
DNA. They contain from 2 to 6 nucleotides 

repeated. And because of these, STRs can be 
easily amplified by PCR and then analyzed. 

Y-STR analysis is important not only in 
the study of evolution (Hammer et al., 1997, 
Su et al., 1999, Kayser et al., 2001) or paternal 
lineages (Hammer, 1995, Jobling and Tyler-
Smith, 1995, Underhill et al., 2001), but also 
in forensic cases ( Gill et al., 2001), because 
sometimes forensic expert could have mixed 
DNA samples from a man and woman. Also, 
the Y chromosome has a haploid state and is 
transmitted from father to son (Kwak et al., 
2005). In this case, Y-STR analysis is a very 
common method for determining a man’s 
DNA profile.

The results of Y-STR analysis lead to  the 
construction of Y-STR haplotypes specific for 
individuals. A haplotype is a combination of 
alleles on the same chromosome, in our case 
on  the Y-chromosome. Derenko et al. (2004) 
mentioned that Mongols are at the middle 
position between the nations of South Siberia 
and Central/East Asia. Data analysis of the 
pairwise φst distances (Derenko et al., 2004) 
and of seven Y chromosome binary markers 
(Jin and Kim, 2003) has shown that Koreans 
are more closely related to Northern Chinese 
than to Mongols. Kwak et al. (2005) tested 
ten ethnic groups from East Asia and pointed 
out that all of the examined people have high 
haplotype diversity (≥0.997) by analysis of 11 
Y-STR loci.

Perhaps, Mongolian and Korean male 
groups could have high allelic numbers of 12 
Y-STR loci: DYS391, DYS389I, DYS439, 
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DYS389II, DYS438, DYS437, DYS19, 
DYS392, DYS393, DYS390, DYS385 a/b. And 
that’s why we tried to look at those frequencies 
for highlighting possible interactions between 
those two different nationalities. 

MATERIAL AND METHODS
In this experiment we used cheek swab 

or saliva collected by cotton sticks from 15 
Mongols and 15 Koreans which were not 
related to each other and worked or studied 
at MIU. DNA extraction and Agarose 
Gel Electrophoresis were carried out at 
“ГИСТОГЕН” (GISTOGEN) laboratory in 
the Bayanzurkh district, and PCR amplification 
and analyses of PCR products were conducted 
in the Biology laboratory of the National 
Institute of Forensic Medicine, Ulaanbaatar, 
Mongolia 

After collecting saliva and cheek swabs 
were stored at -200C for two months. Then 
we extracted DNA by using the phenol-
chlorophorm-isoamyl alcohol standard method 
(Sambrook et al., 1989). Firstly, we added lysis 
buffer (500μL) and proteinase K (40μL) and 
then incubated  it for one hour at +560 with 
periodic shaking. Next, we collected all liquid 
from the tubes and transferred it to new tubes. 
Then, we added 600μL of phenol-chlorophorm-
isoamyl alcohol (25:24:1, V/V) to the extract 
and centrifuged for 5 minutes at 12000 RPM. 
The supernatant (upper layer) was collected 
and chlorophorm-isoacrylamyl 600μL (24:1) 
added for purification by separating DNA from 
other macromolecules, and centrifuged for 5 
minutes at 12000 RPM. Then the supernatant 
was collected and 800μL of 96% ethyl alcohol 
added and kept at -200C for one hour. Next we 
centrifuged the solution for 5 minutes at 12000 
RPM, poured out the ethyl alcohol (96%) from 
the tubes, leaving DNA  precipitate in the  
tube and added 70% ethanol and then again 
centrifuged for 5 minutes at 12000 RPM. 
Finally, we poured out the ethanol and dried 
the tubes for 30 minutes at 560C.

Afterward, we added 50μL Nuclease-
Free Water (Promega Corp.) and incubated at 

+550C in a water bath for 20-30 minutes. And 
then, started 8% agarose gel electrophoresis 
by mixing DNA samples and loading solution. 
Electrophoresis was needed to determine the 
amount of DNA.

Multiplex PCR amplification and detection 
of the amplified product were conducted by 
following the instructions described by Kwak 
et al (2005).

Multiplex PCR amplifications were 
performed by mixing approximately 5μg of 
genomic DNA, 1.5 U AmpliTaq Gold DNA 
polymerase, 200 μmol/L dNTPs, 2.0 mmol/L 
of MgCl2, TRIS-HCl (pH 8.3) 10 mmol/L, 
and 50 mmol/L of KCl (all from Applied 
BioSystems Corp.). Amplification reactions 
were carried out in Thermal Cycler 9700 
(Applied BioSystems), with standard settings: 
multiplex GK1: initial denaturation at 95°C for 
10 min, followed by 35 cycles of 94°C for 1 
min, 54°C for 2 min, 72°C for 2 min, and a 
final extension at 60°C for 40 min; multiplex 
GK2: initial denaturation at 95°C for 10 min, 
followed by 35 cycles of 94°C for 1 min, 57°C 
for 1 min, 72°C for 1.5 min, and final extension 
at 60°C for 30 min.

Detection of amplified product was 
accomplished in an ABI 310 Prism Genetic 
Analyzer (Applied BioSystems) by mixing 
with Hi-Di Formamide and LYS size standard 
with PCR product and putting to the capillary 
array for 5 s at 15,000 V. Separations were 
performed at 15,000 V for 34 min using the 
POP-4 polymer (Applied BioSystems, P/N 
402838), 1Ч Genetic Analyzer Buffer with 
EDTA (P/N 402824), and a 47-cm array (P/N 
402839) with a run temperature of 60°C. 
Following data collection, samples were 
analyzed with GeneMapper 3.1 Software 
(Applied BioSystems) following the 
manufacturer’s instructions.

RESULTS AND DISCUSSION
All of the studied males of Korean 

and Mongolian ethnic groups had different 
haplotypes (see tables 1 and 2). In comparison 
with Genghis Khan’s star cluster (Zerjal et al., 
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2003) which has 9 loci presented in this work 
except DYS19 and DYS 385a/b, one person has  
the similar haplotype (#15 in the table 2) and 
one person has almost the same haplotype just 
with one exception on DYS437 (#8 in the table 
2). The rest of the people studied had three or 

more differences. According to loci presented 
in our research, Genghis Khan’s haplotype is 
10-13-10-29-10-14-11-13-25 corresponding 
to loci DYS391-DYS389I-DYS439-DYS438-
DYS437-DYS392-DYS393-DYS390.

 Table 1
Haplotypes of Korean male group where N is the number of haplotypes 

No N

D
Y

S3
91

D
Y

S3
89

I

D
Y

S4
39

D
Y

S3
89

II

D
Y

S4
38

D
Y

S4
37

D
Y

S1
9

D
Y

S3
92

D
Y

S3
93

D
Y

S3
90

D
Y

S3
85

a/
b

1 1 10 14 12 30 13 14 16 14 13 23 10-18
2 1 10 12 13 28 10 15 17 13 13 24 14-20
3 1 10 12 12 30 10 14 17 14 12 24 14-17
4 1 10 14 11 29 13 14 16 13 13 23 10-19
5 1 10 14 12 29 10 14 16 11 14 21 11-16
6 1 10 12 13 28 10 14 15 10 12 25 12-18
7 1 10 13 12 29 13 14 16 13 13 24 10-18
8 1 10 13 12 29 9 14 16 11 14 23 14-17
9 1 10 12 12 27 13 14 15 13 13 24 10-18
10 1 10 12 12 30 10 14 17 12 12 24 12-17
11 1 10 14 10 30 10 14 15 11 15 23 11-20
12 1 11 13 10 29 11 14 16 11 14 24 11-24
13 1 10 12 11 27 11 15 14 14 12 24 13-19
14 1 10 12 11 29 10 14 17 13 12 24 14-21
15 1 10 12 12 27 11 15 15 14 12 25 12-19

Table 2
Haplotypes of Mongolian male group where N is the number of haplotypes

No N

D
Y

S3
91

D
Y

S3
89

I

D
Y

S4
39

D
Y

S3
89

II

D
Y

S4
38

D
Y

S4
37

D
Y

S1
9

D
Y

S3
92

D
Y

S3
93

D
Y

S3
90

D
Y

S3
85

a/
b

1 1 9 13 11 29 10 14 14 10 13 24 12-12
2 1 11 13 11 29 11 14 14 12 13 23 11-12
3 1 10 12 12 27 10 15 15 12 12 23 12-18
4 1 10 13 10 29 10 14 14 11 12 23 14-18
5 1 10 14 11 29 11 16 15 10 14 23 13-19
6 1 11 13 10 29 11 14 16 11 14 24 11-14
7 1 10 12 13 29 11 17 15 11 12 25 10-18
8 1 10 13 10 29 10 15 16 11 13 25 12-13
9 1 10 13 13 29 10 17 14 11 12 23 9-18
10 1 10 13 12 29 11 15 14 14 12 23 13-18
11 1 10 12 12 29 10 14 17 13 12 26 11-21
12 1 12 14 11 31 11 14 17 11 13 24 12-12
13 1 9 13 12 30 10 14 14 11 13 23 10-11
14 1 11 12 11 28 11 16 14 14 8 24 13-13
15 1 10 13 10 29 10 14 16 11 13 25 12-13
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We compared Korean and Mongolian 
male groups  with French (Roewer et al., 2005), 
Egyptian (Manni et al., 2002) and Aasiaatian 
(Hallenberg et al., 2009) populations. French 
people represent a European nation, Egyptians 
- Northern African nation, and Aasiaats are 
one of the native North American peoples 

living in Greenland. The haplotypes of French, 
Egyptian, and Aasiaat male groups are shown 
in Tables 3, 4, and 5, respectively. Those 
results show that all of five ethnic groups, i.e. 
Koreans, Mongols, French, Egyptians, and 
Aasiaats, have different haplotypes.

Table 3
Haplotypes of French male groups where N is the number of haplotypes and (-) is unknown data

N

D
Y

S3
91

D
Y

S3
89

I

D
Y

S4
39

D
Y

S3
89

II

D
Y

S4
38

D
Y

S4
37

D
Y

S1
9

D
Y

S3
92

D
Y

S3
93

D
Y

S3
90

D
Y

S3
85

a/
b

3 11 14 - 30 - - 14 13 13 24 11-14
2 11 13 - 29 - - 14 13 13 24 12-14
2 11 13 - 30 - - 14 13 13 24 11-14
2 10 13 - 31 - - 14 11 12 23 13-15
2 10 13 - 31 - - 14 11 12 23 13-16
1 11 13 - 29 - - 12 13 14 22 13-15
1 10 13 - 30 - - 12 11 15 21 16-17
1 10 14 - 30 - - 12 13 13 24 13-14
1 12 14 - 30 - - 12 14 13 24 12-14
1 10 14 - 32 - - 12 11 13 25 16-17

Table 4
Haplotypes of Egyptian male groups where N is the number of haplotypes and (-) is unknown data

N

D
Y

S3
91

D
Y

S3
89

I

D
Y

S4
39

D
Y

S3
89

II

D
Y

S4
38

D
Y

S4
37

D
Y

S1
9

D
Y

S3
92

D
Y

S3
93

D
Y

S3
90

D
Y

S3
85

a/
b

2 10 12 - 29 - - 13 11 13 23 15-18
2 9 13 - 29 - - 13 11 13 23 13-15
2 10 13 - 29 - - 14 11 12 25 11-18
2 10 12 - 29 - - 16 12 12 23 14-17
1 9 13 - 28 - - 13 11 13 23 14-16
1 9 13 - 29 - - 13 11 13 21 15-17
1 9 12 - 28 - - 13 11 11 22 17-17
1 10 13 - 29 - - 13 14 13 23 14-16
1 9 13 - 29 - - 13 11 13 24 13-14
1 10 13 - 29 - - 13 11 13 24 13-15
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Table 5
Haplotypes of Aasiaat male groups where N is the number of haplotypes

N
D

Y
S3

91

D
Y

S3
89

I

D
Y

S4
39

D
Y

S3
89

II

D
Y

S4
38

D
Y

S4
37

D
Y

S1
9

D
Y

S3
92

D
Y

S3
93

D
Y

S3
90

D
Y

S3
85

a/
b

2 10 14 11 30 11 15 13 15 14 24 13-20
2 10 14 11 30 11 15 13 15 14 24 13-21
2 10 14 13 31 11 15 13 14 13 24 14-18
2 10 14 13 31 10 15 13 14 14 24 16-18
2 10 15 13 32 11 15 13 14 13 24 14-17
2 10 12 11 28 10 16 15 11 13 23 14-14
1 10 14 11 30 11 15 13 15 14 24 13-22
1 11 14 11 30 11 14 13 15 14 24 13-20
1 10 14 11 30 11 15 13 15 14 25 13-18
1 10 14 12 31 11 15 13 14 13 24 14-17

Allelic frequencies among Mongols 
and Koreans show that those two groups 
have many differences. As shown in Table 6, 
Mongols have more alleles of STRs on three 
loci: DYS391, DYS389II, and DYS437. 
However, Koreans have more alleles of STRs 

on two loci: DYS438 and DYS392 (Table 7). 
At four loci: DYS393, DYS390, DYS385a and 
DYS385b, Koreans and Mongols have different 
alleles and different allelic frequencies as 
shown in Table 8.

Table 6
Mongols have more alleles than Koreans at two loci

DYS391 DYS389II DYS437
Allele Frequency Allele Frequency Allele Frequency

Koreans
10 93.3% 27 20% 14 66.7%
11 6.7% 28 13.3% 15 26.7%

29 40% 16 6.7%
30 26.7%

Mongols
9 13.3% 27 6.7% 14 53.3%
10 60% 28 6.7% 15 20%
11 20% 29 66.7% 16 13.3%
12 6.7% 30 13.3% 17 13.3%

31 6.7%

Table 7
Koreans have more alleles of STRs than Mongols

DYS438 DYS392
Allele Frequency Allele Frequency

Koreans
9 6.7% 10 6.7%
10 46.7% 11 20%
11 20% 12 6.7%
13 26.7% 13 33.3%

14 26.7%
15 6.7%

DYS438 DYS392
Allele Frequency Allele Frequency

Mongols
10 53.3% 10 13.3%
11 46.7% 11 53.3%

12 13.3%
13 6.7%
14 13.3%
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Table 8
Koreans and Mongols have different alleles and different allele frequencies

DYS393 DYS390 DYS385 a/b
Allele Frequency Allele Frequency Allele Frequency

Koreans
12 46.7% 21 6.7% 10 13.3%
13 33.3% 23 26.7% 11 6.7%
14 13.3% 24 53.3% 12 10%
15 6.7% 25 13.3% 13 3.3%

14 16.7%
16 3.3%
17 10%
18 13.3%
19 13.3%
20 6.7%
21 3.3%

Mongols
8 6.7% 23 46.7% 9 3.3%
12 40% 24 26.7% 10 6.7%
13 40% 25 20% 11 13.3%
14 13.3% 26 6.7% 12 26.7%

13 20%
14 6.7%
18 16.7%
19 3.3%
21 3.3%

However, Mongolian and Korean 
populations have the same alleles of STRs at 
three loci: DYS389I, DYS439, and DYS19; 
but with different allelic frequencies (Table 9). 

Moreover, Mongols and Koreans could have 
close genetic relationships by having one main 
allele at four loci with higher frequency as 
shown in Table 10. 

Table 9
Mongols have the same alleles of STRs as Koreans at three loci but allele frequencies differ

DYS389I DYS439 DYS19
Allele Frequency Allele Frequency Allele Frequency

Koreans
12 60% 10 6.7% 14 6.7%
13 13.3% 11 20% 15 33.3%
14 26.7% 12 60% 16 33.3%

13 13.3% 17 26.7%
Mongols

12 26.7% 10 26.7% 14 46.7%
13 60% 11 33.3% 15 20%
14 13.3% 12 20% 16 20%

13 20% 17 13.3%

Table 10
Koreans and Mongols have one main allele at four loci with higher frequency

Koreans Mongols
Allele Frequency Allele Frequency

DYS391 10 93.3% 10 60%
DYS389II 29 40% 29 66.7%
DYS437 14 66.7% 14 53.3%
DYS438 10 46.7% 10 53.3%
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CONCLUSION
Koreans and Mongolian populations show 

unique haplotypes which can mean the early 
population growth. By comparing Mongolian 
and Korean haplotypes with Genghis Khan’s 
star cluster, we could say that some Mongols 
have a tendency to be close to Genghis Khan’s 
cluster, but Koreans do not have that tendency. 
And in a comparison of three populations 
(French, Egyptian, and Aasiaat) from different 
continents (Europe, Africa, and North America 
respectively) with Korean and Mongolian 

ethnic groups, we could say that all of them 
differ from each other.

Koreans and Mongols have more 
differences than similarities by allelic 
frequencies. However, we could observe the 
tendency that Korean and Mongolian ethnic 
groups might have some genetic relationships 
in the past by having one common ancestor, but 
by the time their haplotypes mutated, because 
they have some similarities as described in 
Tables 9 and 10. 
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