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Introduction

The diversity of local breeds of livestock is the basis
of successful breeding and provides valuable biological
characteristics such as overcoming ecological vulnerability
and resistance to various diseases. For many centuries,
Mongolians have mainly bred sheep among the 5-headed
animals and created a rich gene pool of Mongolian sheep
by producing many local breeds of sheep adapted to the
unique conditions of the vast Mongolian region.

Studying the genetic characteristics of the Mongolian
livestock flock is crucial for determining the genetic
resources of the local livestock [1], [2], [3].

The study of the genetic structure of the Mongolian
sheep population was carried out based on the analysis
of protein and enzyme polymorphisms, and the genetic
differences between some breeds of Mongolian sheep
were determined, and it was identified that the level of
the genetic evolution of the Mongolian sheep is superior
to that of the Asian and European sheep breeds [2], [3].

As part of the study to identify the state of the genetic
resources of Mongolian livestock, we conducted the ge-
netic structure of the “Gaviluud” sheep population of
Gaviluud sum, Dundgov province, based on the DNA
PCR-ISSR-DNA marker polymorphism study, which is
very suitable for the reference study of the genetic struc-
ture of livestock breeds.

Materials and Methods

The study included 60 sheep from Gaviluud Sum,
Umnugovi province.

DNA was isolated from sheep blood using the
ExtraGenetm DNA Prep kit (IsoGene, Moscow). PCR
was conducted using GenePak PCR Core kit reagent,
and AG-ISSR marker was assayed using (AG)9C primer.
Polymorphisms of the ovine AG-ISSR marker were
determined using 2% gel electrophoresis.

A benchmark study of the genetic structure of
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Fig. 1. Electrophorogram of AG-ISSR-DNA-marker of “Gaviluud”’
sheep (M1 - GenPak DNA marker 100, M2 - GenPak DNA
marker 200)

sheep populations was conducted using Prichard’s
STRUCTURE V2.3.4 program [4].

Results

The results of the ISSR marker polymorphism study
into the genetic structure of the “Gaviluud” sheep population
are shown in Figs 1-5 and Table 1.

Fig. 1 shows a 2% agarose gel electropherogram of

the AG-ISSR-DNA-marker of “Gaviluud” sheep.

Fig. 2 shows the results of the genetic structure of
the “Gaviluud” sheep population by AG-ISSR-DNA
marker polymorphism.

In the flock of “Gaviluud” sheep, there are 24 fragments
of the AG-ISSR-DNA marker, with 83.33% of those
fragments being polymorphic. 4 fragments of AG-ISSR-DNA
marker, A13 (1050-1000 bp), A24 (520-500 bp), A26
(460-440 bp), and A37 (210-200 bp) are found in all
sheep, and 4 fragments of A10 (1230-1180 bp) ), A22
(590-560khn), A25 (490-470khn) and A34 (270-260khn)
fragments have the highest polymorphism, 6 fragments
or A9 (1290-1230 khn), A14 (990-940 khn), A18 (750-720
khn), A19 (710-680 kn), A23 (550-530 kn), and A35
(250-240 kn) polymorphic forms of fragments were ob-
served to have an average frequency.

When comparing the genetic structure of the multilocus
AG-ISSR-DNA marker polymorphism of the “Gaviluud”
sheep population with that of the Khalkh sheep, it was
quite different in terms of the absence of specific fragments
of the AG-ISSR-DNA marker and the frequency of
occurrence of the fragments.

The genetic structure represented by the AG-ISSR-DNA
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Fig. 2. AG-ISSR-DNA-marker polymorphism of “Gaviluud”sheep
Genetics and Molecular Biology 165



Ariuntuul & Tsendsuren / Proc. Inst. Biol. 38 (2022) 164-171

1 2

Fig. 3. Genetic structure of “Gaviluud” and “Saintsagaan”

sheep populations represented by AG-ISSR-DNA-markers

marker of the “Gaviluud” sheep population and the
“Saintsagaan” and “Darkhad” sheep populations were
analyzed by Prichard’s STRUCTURE V2.3.4 program
[4] and divided into 2 clusters. This leads to the con-
clusion that the genetic structure of the two sheep popu-
lations is distinct.

Table 1. AG-ISSR-DNA marker polymorphisms of “Gavi-
luud” sheep

Fragments

N Sheep Frequency
N Size, n. p number

1 A6 1,550 -1,500 43 0.860
2 A9 1,290 — 1,240 15 0.300
3 Al0 1,230 - 1,180 45 0.900
4 Al3 1,050 - 1,000 50 1

5 Al4 990 — 940 11 0.220
6 AlS 930 — 880 3 0.060
7 Al6 870 — 820 19 0.380
8 Al7 810 —-760 7 0,140
9 Al8 750 — 720 37 0.740
10 Al9 710 — 680 40 0.800
11 A20 670 — 640 43 0.860
12 A22 590 — 560 16 0.320
13 A23 550 -530 11 0.220
14 A24 520 —-500 50 1
15 A25 490 — 470 22 0.440
16 A26 460 — 440 50 1
17 A29 370 - 360 30 0.600
18 A30 350 —340 26 0.520
19 A3l 330 -320 30 0,600
20 A33 290 —280 43 0.860
21 A34 270 - 260 8 0.160
22 A35 250 —-240 35 0.700
23 A36 230 -220 8 0.160
24 A37 210-200 50 1

1.00

1

2
Fig. 4. Genetic structure of “Gavilyu” and “Darkhad” sheep

populations represented by AG-ISSR-DNA-marker

In Fig. 3, the genetic structure of the “Gaviluud”
sheep population is represented by the AG-ISSR-DNA
marker in red color whereas the “Saintsagaan” sheep
population’s genetic structure is depicted in green. Fig. 4
displays the genetic structure of the “Gaviluud” sheep
population, as represented by the AG-ISSR-DNA marker
in red, and the genetic structure of the “Darhad” sheep
population in green.

Fig. 5 shows the distance of the genetic structure of
“The Saintsagaan”, “Darkhad” and “Gaviluud” sheep.
In terms of the genetic structure of the herd, it is clear
from the figure that “Gaviluud” sheep are distinct from
the “Saintsagaan” and “Darkhad” sheep.

Discussion

It was observed that the AG-ISSR marker is more
suitable for expressing the genetic structure of the

=

2. Darkhad sheep

1. Gaviluud sheep

Fig. 5. Phylogenetic mapping of “Saintsagaan”, “Darkhad” and

“Gaviluud” sheep populations
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Mongolian sheep flock due to its high information
content [5]. Therefore, we conducted a study of the
genetic structure of “Gaviluud” sheep based on AG-ISSR
marker polymorphism.

In the “Gaviluud” sheep population, a total of 24
fragments of the AG-ISSR-DNA marker were discovered,
and 83.33% of them were polymorphic fragments while
there were 26 fragments of the AG-ISSR-DNA marker
in the “Saintsagaan” sheep population, and the percentage
of polymorphic fragments was 84.61% whereas in the
“Darkhad” sheep breeds, 23 fragments of AG-ISSR-
DNA marker occurred in the population, and the percent-
age of the polymorphic fragment was 82.6%, indicating
that the level of polymorphism of AG-ISSR marker in
the population of “Gaviluud” sheep is average compared
to the other two sheep breeds.

According to the study, It was found that 4 fragments
of the AG-ISSR marker that aren’t present in the “Gavi-
luud” sheep population are present in the other two sheep
breed, whereas one fragment of the marker that is present
in the “Gaviluud” sheep population is absent from the
“Saintsagaan” and “Darkhad” sheep populations. When
comparing the genetic structure of AG-ISSR-DNA
marker in “Gaviluud” sheep population with that of
“Saintsagaan” and “Darkhad” sheep breeds, it was ob-
served that the genetic structure of “Gavillud” sheep is
distinct from other breeds of Mongolian sheep as a con-
sequence of breeding and selection activity.

Summary

The presence of 24 fragments of AG-ISSR-DNA
marker with a polymorphism of 83.33% was determined
in the “Gaviluud” sheep population.

According to the comparison of the genetic structure
by the polymorphism of the AG-ISSR-DNA marker of
the “Gaviluud” sheep population with that of other
Mongolian sheep breeds, the “Gaviluud” sheep have a
unique genetic structure.
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Opuumi

Hyrtruiin yynapuilH MaiblH OJIOH Tepeisl Xdi03p
Hb YpXXWJI CENeKIHUilH aXJIbIH aMXHITBIH YHIAC
Oerees SKOJIOTMHH 3M33r Oal[uIbIr JaBaH Tyylnax,
siH3 OYpHHH ©BYMH YYCIII'dHJl TACBIPTIH Oaix 33par
OMOJIOTHITH YHAT IIWHX YaHAPBIT HOXIIONTYYIDK Oaiiaar.
MoHToIIyy/1 OJI0H 3YyHBI TYpII 5 XOIIYy MaJbIH JOTOP
XOHMHT 30HXUJIOH YPXKYYJI2K MOHTOJI OpPHBI ©PreH yyJaaM
HYTTUHH ©BOPM6I] HOXLeJJ 30XHUIICOH HYTTUHH OJIOH
OMIUIH XOHHMHTI TapracHaap MOHIOJI XOHHWHBI Oasuiar
reHo(OHBIT Ouit 60IT0XKI?.

MoHnron MaiblH TOMYNSIIUNAH Te€HETUK OHIJIOTHIT
Cy[UlaX Hb HyTTHHH MaJIbIH TeHETHK HOOILMHIT TOITOOXO0]
yyxan a4 xonoormontoi rom [1], [2], [3].

MoHTONT XOHHWHBI TOMYJAIUIH TE€HETUK TOTTIBIH

yypar,
LIMHXWIT9HA TYLIUITI3H XUHXK, MOHIOJI XOHUHBI 3apUM

cyzanraar (epMEHTHIHH ~ TIONUMOP(UMBIH
YYJAPUHH XOOPOHABIH TE€HETHK sUIraar TOJOPXOHICOH
0erees1 TeHETHK XyBBCIIBIH TYBIIMHI33P33 MOHIOJI XOHb

Hb A3y, EBpomnbIH yYyaapuiH XOHMHOOC MX JaByyTailr

TOTTOOXD3 [2], [3].

MoHTOoN MaJblH TeHETHK HOOUUIH TOIeB OalIbIr
TOTTOOX CyJairaaHbl XypadHa Ouj JyHAroBb altMruiin
laBuyyn cymbre “T'aBuiTyyn” XOHHHBI CYPTUITH TeHETHK
TOTTUBII MaJIbIH YYJAPUIH T€HETUK TOITLBIH >KUIIMI
cynanraann uxon  toxupomkroit JIHX-uitn PCR-
ISSR-DNA wMapkepslH TOIMMOP(GUIMBIH CyHalTaaH/
TYIIUDISH XUUB.

Cynanraansel MmaTepuaJ, apra 3y

Cynmanraann ©OMHeroBp aiimMruitH ['aBuiyynm cymbIH
60 xOHMIT XaMpyyJaB.

Xonunbsl nycHaac JHHX-umiir ExtraGenetm DNA
Prep xutmitn (IsoGene, Moscow) apraap suras. [en
onmpyynax PCR-siH ypBamsir GenePak PCR Core
KUTUIH ypBamkaap sByymmK, AG-ISSR mapkepsir
(AG)9C mpaiimMepaap HHUIIITKYYIIB. XOHWHBI AG-
2%-nitH

ANIEKTPOGOPE3UIIT allUTIIaH TOJOPXOIMIIOB.

ISSR  mapkepblH  OTMMOPGU3MBIT relb
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1-p 3ypar. “TaBunyyn” xonuHsl AG-ISSR-DNA-mapkepsin
anekTpodoperpamm. (M1 - GenPak DNA marker 100, M2 - GenPak
DNA marker 200)

XOHWHBI TMOMYJSIIUHH TEHETHK TOTTLBIH  KUIIHI
cynanraar Ilpmyapnein STRUCTURE V2.3.4. [4]

MIPOTPaMMBbIT AllIUIIIaH XUHB.

Cynanraassl Yp AYH

bun ‘“TaBuwinyyn” XOHMHBI MOMYJISLUUWH TE€HETHK
TOrTIBIH cynairaar ISSR MapkepbiH moauMophu3Moop
TOIIOONYYIdH cyminacaH ayHr 1-5-p 3ypar 6a 1-p
XYCHAI'T /139D XapyyJasB.

“I'aBHTyyl” XOHUHBI CYPTUIH TeHEeTUK TOrTIBIr AG-
ISSR-DNA mapkepblH TOTUMOPGU3MOOP TOIOOTYYIIH
TOT'TOOCOH JYHT 2-p 3ypar A33p Xapyyas.

“T'aBumyyn” xoHuHbl nomymsnua AG-ISSR-DNA
MapkepbiH 24 ¢parment OGaiiraa 6ereen AG-ISSR-DNA
MapKepbIH noimumMopd dparmenTHiiH XyBb 83.33% OaiiB.
AG-ISSR-DNAmapxkepsin 4 pparment 0yroy A13 (1,050-
1,000 xn), A24 (520-500 xu), A26 (460-440 xH) 62 A37
(210-200 xH) ¢parMeHTYYX OYX XOHUHI TOXHOJIIOXK
Oaifraa 6a 4 ¢parment Oyroy A10 (1,230-1,180 xH),
A22 (590-560 xu), A25 (490-470 xu) 6a A34 (270-260
XH) (pparMEHTHIH TOMAMOP( XAIOIPIINI XaMTHHH HX,
6 dparment Oyroy A9 (1,290-1,230 xu), A14 (990-940
xH), A18 (750-720 xu), A19 (710-680 xH), A23 (550-530
xH), 0a A35 (250-240 xH) hparMeHTYYAUIH TTOTIMOP(D
X2J109p Hb JYH/IQX JaBTaMKTal Oaliraa Hb ayKUIVIarasaa.

“I'aBrutyy” XOHHHBI MOMYISAIIIAH MYITBTHIOKYCHIH
AG-ISSR-DNA
WIDPXUHICOH TEHETHUK TOTTHHIT XalX XOHUHBIXTOW
XapbIlyyTaH AG-ISSR-DNA
TOJOPXOH (pparMeHTYYIHMiH mwidpd Oaiiraa yryiraspad

MapKepbIH MTOIUMOPPHU3MOOP

Y39X31 MapKepbIH
000OH ()parMEHTYYAUNHH TOXHOJJIOX JaBTamkaapaa
HAJID suIraaTai Oaiis.

“I'aBunyyn” xoHuns! nomymsauuidH AG-ISSR-DNA
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1

2
3-p 3ypar. AG-ISSR-DNA-mapkepaap TeneenyyIdH
nmpxuiincsH “Tasumyyn” 6a “CaitHiiaraan’” XOHHHBI CYPrHHH

TCHCTUK TOI'TOL[

MapKepaap TeJI0eNYYI3H WIFPXUHICIH TeHETUK TOTTIBIT
“Caitniaraan” 6a “/lapxan” XOHUHBI MOMYJSIUYIATAN
Hpmaapaera STRUCTURE V2.3.4 [4] mporpammaap
OonoBCpyydaH 2 KJIaCTEpT XyBaarnaxk Oalfraaraap Hb
JKUIIMH Y33X34 YI' XO€pP XOHMHBl CYPrUHH TI'€HETHK

TOTTOII MIITOJ sUIraaraii Oaiiraa Hp Xapargax OaiHa.

1-p xycwdrr. “TaBumyyn” xommHBI AG-ISSR-DNA MapkepbIH

TomMophu3M
T . d)par;\:eHT XO;P;HH agrasa
o DMIKII, X.H
1 A6 1,550 — 1,500 43 0.860
2 A9 1,290 — 1,240 15 0.300
3 Al0 1,230 - 1,180 45 0.900
4 Al3 1,050 — 1,000 50 1
5 Al4 990 — 940 11 0.220
6 AlS 930 — 880 3 0.060
7 Al6 870 — 820 19 0.380
8 Al7 810 — 760 7 0,140
9 AlS8 750 — 720 37 0.740
10 A19 710 — 680 40 0.800
11 A20 670 — 640 43 0.860
12 A22 590 — 560 16 0.320
13 A23 550 -530 11 0.220
14 A24 520 - 500 50 1
15 A25 490 — 470 22 0.440
16 A26 460 — 440 50 1
17 A29 370 - 360 30 0.600
18 A30 350 — 340 26 0.520
19 A31 330 -320 30 0,600
20 A33 290 — 280 43 0.860
21 A34 270 — 260 8 0.160
22 A35 250 —240 35 0.700
23 A36 230 - 220 8 0.160
24 A37 210 -200 50 1

1.00

1

2

4-p 3ypar. AG-ISSR-DNA-mapkepaap Ten1ee1yYI2H
wmpxuiticon “TaBunyyn” 6a “Ilapxan” XOHHHBI CYPrHHH

TCHETHK TOI'TOI]

3-p 3ypar 133p AG-ISSR-DNA mapkepaap
TONeeNIYYIPH YyiaaH eHreep “laBuimyyn” XOHMHBI
CYPTMHH TEHETHK  TOTTOIBI, HOTOOH  ©HIeep

“CaliHIjaraan” XOHMHBI CYPrHiiH T€HETHK TOTTOLBIT, 4-p
sypar m139p AG-ISSR-DNA wmapkepaap TesneenyyiadH
ynmaan eHreep ‘“TaBmiyyn” XOHWHBI CYPTUHH TE€HETHK
TOTTOLBIT, HOTOOH eHreep “Jlapxan” XOHHMHBI CYPruilH
TEHETHK TOTTOIIBIT XapyyJIcaH OOJIHO.

5-p 3ypar 13p
“T'aBuityyn” XOHUHBI TEHETHK TOTITIBIH aJICJIaIThIl

“Caitamaraan”, “Jlapxan” 0a
xapyynaB. Yr 3ypraac xapaxan “I'aBunyyn” XoHb Hb
“Caitamaraan” 6a “Jlapxan” XOHWHOOC CYPTHITH TeHETHK
TOT'TLIOOPOO HAJIII XOJJICOH Oaiiraa Hb Xaparnax OaiiHa.

_

2 Mlapxan soHE

1. TapwTyyn Z0HE

2

5-p 3ypar. “Caiinnaraan”, “Jlapxan” 6a “T'aBunyyn”

XOHHUHBI CYPTUIH (PUIOTEHETHK 3yparian
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XunanyyJasr

MoHron XOHHHBI NMOMYJSLUUMH F€HETUK TOTTOLMHT
wpxumimxon  AG-ISSR - Mapkep Hp  M3A3IIIMIH
aryyjaamk HUXTOW y4Yyup WIYY TOXUPOMXKTOH Hb
axuriaracad oM [S]. WiimMaac oua “I'aBrnryyn” XOHUHBI
reHeTHK TOITURIH cynaiaraar AG-ISSR  mapkepsiH
TOTMMOP(PHU3MI TYIIHUTIIIH XUHCH OOITHO.

AG-ISSR-
JHX wmapkepsiH 24 ¢parmeHT Oaiiraa Oereenm 5H?

“I'aBunyyn”  XOHMHBI  TOMYJSIIUZ
MapkepslH nonmumopd ¢parmentuitn 83.33% Oaiican
0a Caifanaraan xoHumHBI momynsiun AG-ISSR-JTHX
MapKkepblH 26 ¢(parMeHT TOXMOJIOXK OaiicaH Oereen
AG-ISSR wmapkepsiH monumopd QparmMeHTHIH XyBb
84.61% Oaiiraa 6a Jlapxan xoHuHbl nomymsuun AG-
ISSR-IHX mapkepsiH 23 ¢parMeHT TOXHONIOK OaiicaHn
6ereen AG-ISSR mapkepsiH monumopd ¢pparMeHTHITH
xyBb 82.6% Oaiiraaraac y3sxax “I'aBuiayyn” XOHHMHBI
nonynsiiuidH  AG-ISSR - mapkepbiH  moiauMopdu3MbIH
TOBIINH HOT6© 2 XOHMWHBIXTOM XapbIlyynaxaj JyHIax
Gaiiraar xapyymk OaiiHa.

“TaBriyya’” XOHHMHBI TIONYJISIIKA TOXUOJIIOXK Oaliraa
AG-ISSR wmapxkepsia 1 pparment “Caitaiiaraan’” 60J10H
“Jlapxax” XOHWHBI MOMYJSAIUyHax Oanxryir Oaliraa
Oereen “T'aBuiyyn” XOHHMHBI TONMYNISALUI Oaixryid 4
(parMeHT Hb HOTOO 2 ITOIYJISAIHI OaiTaa Hb a)KUIIIariiaa.
nonymsauug  AG-ISSR-JJTHX
“CaitHuaraan”

“T'aBTyyn”  XOHUHBI

MapKEPBIH T'E€HETHK TOTTLBIT 6oioH
“Jlapxax” XOHWHBIXTOU XapbilyynaH y33x31 “TaBmryyn”
XOHUHBI CYPAIT SIByYJCAaH YPXKHJI CEIEKUUHH a’KIIbIH
Yp AYHA MOHTOJ XOHUHBI Oycal YYJApIdC sraatait

TE€HETHK TOI'TOIITOM 00JI0X Hb a)KHIJIariiaa.

Jdyraaar

“T'aBmityyn” xoHMHBl nomymauup — 83.33%-uitH
noimumopdusm Oyxuii AG-ISSR-DNA wmapkepoin 24
¢parmeHT Oaifraar WIpPyyJIdB.

“T'aBuntyyn” xoHuHbl nomynsnuiiH AG-ISSR-DNA
MapKepblH TMOJUMOPGHU3MOOD HIDPXUHICOH TE€HETHUK
TOTTUBIT Oycaj YYNAPWITH XOHHUHBIXTOW XapbIlyyJICaH
Y3YYIITYYARIC y33x91 “I'aBMIlyyn” XOHb Hb ©BOPMOLL
TeHETUK TOITOL[ OYXWi YYJIIPUIH OHIUIOTTOH OOJICOH

OaiiHa.
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