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ABSTRACT

Iranian indigenous goats are considered as one of the most valuable genetic reserves and it is important to keep their genetic
diversity. The mitochondrial genome in an ecotype and comparing it with other ecotypes can provide an appropriate
mesures of the diversity of the population. The purpose of this study was to investigate the genetic structure and
phylogenetic relationships analysis of mitochondria HVR1 in four populations of indigenous goats in Iran including of
Sistani, Pakestani, adani and Black Lori goats (Each of them has 4 heads) and compare to the other species of goats in the
world. Total DNA extraction was performed using phenol-chloroform method and proliferation reaction was performed
using a pair of special primers. Proliferation products were sequenced after purification by Sanger method. All of these
sequences with17 sequences of the mitochondrial genome of other non Iranian goat ecotypes obtained from the National
Center of Biotechnology Information (NCBI) were used for genetic analysis and phylogenetic tree mapping. Studying of
HVRL1 region of the mitochondrial genome in different goat populations, 123 polymorphic sites and 16 haplotypes were
identified. The analysis of molecular variance showed that 15% of variation belongs to between populations and 85% within
populations. All Iranian goat populations used in the present study were grouped in the Haplogroup group A, which were
commonly found in world ecotypes. The values of the D and Fs statistics of the Tajima test were negative (-2.14 and -9.55
respectively) in the recent study, which may be due to the small size of the sample size. The results of this study showed that
HVRL1 region of the mitochondrial genome is a suitable tool for genetic studies and Haplogrouping of Iran and Non Iranian
goat populations.
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Figure 1. Picture four ecotypes. A: Pakistani goat, B: Sistani goat, C: Black Lori goat, D: Adani goat.
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Table 1. The sequence of special primers for purification of 978bp segment of HVR1 region of mitochondrial genome

Primers Neucleotide sequence

Segment size (bp)

Anneling temperature (°C)

Forward 5’-ACTCCACAAGCCTACAGA-3’
Reverse 5’-GGAAAGGTGGAGCGGATG-3'

976 60.3
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Figure 2. The electrophoresis of PCR products of HVR1
region on the 1% agarose gel (the first column is Ladder
M100 and others are related to different sample)

Jold a2y SO (b po pgm al> e ol o

Vo Do a0l cile a0 VY gles jo ol bas
S5 STy SN s Cales 5 2l asils aids
Pl (5l S5y 5 ey o T U5 sy
JUEL QPSR 7 W BT SOV [RU Y
g o)l b caS g ) Gla S5l ulul p ons
03955 <8 28 Lawgs Sile g @ i o5 0
x5 AL Wk Iy esd o9 05
o SLigeen (andii 5 (ow)p )90 Slaly CudS
blis )B0g> (ales 5 ((cowdbged 9 (odly fio)
oS b sloosls Ba> 5 g sl pleed sl
Chromas version 2.4.1 l58le 5 5 eolazwl b b
31 e (LOpeZ & Bonasora, 2017) =é 3 sl
S35)508 sd > NCBI ol o BLAST I3
elolis jolate 4y Loym b s ot solinal bs Jlgs
PRNETE WO WS IR [P U g
3 ey ol b bl @l gl
Tamura et al., ) Wl 5,5l (alizee slacoses
o gz Jad 5l JoSse g5 slaasls (2004
Slple (sastlSy g5 dacuisbls slass
cbli> ol i g alsl ISoas ( JSios
wlie o550l ol 0 a5 Sloll> slass wad
dley sl colaiwl b gaid gwyp g ool sl
@3 .o, plxil (Rozas et al., 2003) Dnasp
(AMOVA) latesez (59,3 5 o (JsN9e ol
Excoffier, ) i oolaiwl GENALEX6.41 5816 5 5
Jilay b beeg Soble (glaSis ajms (1993
o= slp d5 abul NETWORKA.163
o Tohle casllias 3,90 slajy Cunez o,Tshla
ouls glolis 5 Galizs glocoses ;0 M a5
(NCBI) (5599590 Sledbl Lo 3550 5l wog
Lily) Glmen Wsm by Lo ond gl
0355 e 0ol b Iy sladiged b (Stifelid
http: ) (Mazdarani et al., 2014; Naderi, 2007)
<ol o (lwww. fluxus-engineering. com
hebeos - Jlail Bgpa (Seiohd S0 mu
31 Yeeee g Bootstrap g,lel by, L (NJ)
s sy J$ 555 S 45 s MEGAB l53le 5



yva \YAA )Le{‘\ A 4‘))Lo.w AR 5)5¢ bu‘f‘ so‘é ]851.6

oo 455, riman ansF oo it s bl o
Silosiilen oloj )3 Wlgige Cond (en 4 3
O S 290 A 4 G aselSs Lag el
0 abre VA ol adllae o bl a4 Il
Sl pgi 4 bgrye o855 5l i (LS oS
.(Moradpour & Ghasemian, 2011) <.l

15 syms HVRL o5 sloJlys Jelosiga 25 |
adlls 0)90 3 oSS Sk Cumex )0 Cuohle
lp @l oy Jg Glyme &5 ab lulis
@ ool 4 Gl g GuilsS 4 el sl s
g Egaxe Xidg oy Yo /F o WINF s
OME aoss 5 ol ggomme g doyd TV 55 o
5 ool Rl £5 s Vb b 5o
Ol (S 95 ped 5 039 plete Sl e
Oz 5 0% Vb RY 5l (o Wlgiee g oad (5
il ol g9 (cdilr Al jSde ol o
sl il s RaSe Lo cnn el
Jols 53 35 il il 0055 b rieos g
oS g ey & S il el
£9 il a5 conl pl 5l Sl Jols uls .l
(F Jooz) el 009y s o

HVR1 ailaio calizre sloagsilSss Jlgl s as 0 ¥ Jouo

Ol (09 Gy eisST Yoz 5o (5,05 s poif
Table 2. Percentage of different nucleotides of HVR1
region of mitochondrial genome in four indigenous
ecotypes of Iranian goats

Indigenous sample The frequency of neocleotides (%)
native of Iran A T C G
Sistani 4 295  28.98 25 16.7
Black lori 4 29.5 29.1 254 16
Adani 4 30.2 28.7 25.2 15.8
Pakistani 4 29.8 28.9 25.3 16
Mean - 20.75 2892 2523 16.13
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Table 3. The number and position of different single neucleotide polymorphisms (hot mutant) in HVR1 region of
mitochoderial genome of four indegineus goat of Iran related to reference genome

| Position of hot SNP

Sample 29 887 931 91 91 92 970 973 974 975 976
Reference genome A A c C G C T Cc C C C
Sistani 1 G T T T C C T A A A T
Lori 1 A A T T C C T A C A C
Adani 1 A T T A C G C A A A A
Pakistani 1 A T T C G C C T T T T
Adani 2 A T T T C C T A A A A
Lori 3 A T T C T G C T T C A
Pakistani4 C T T T C C C A T A T
Adani4 A A T T C C C T C A C
Lori4 A C A T C A A T T C C
Sistani4 C T A T C G T A C A C
Sistani 2 A T T C G A C T T C A
Adani3 A A T T G C T C C C C
Sistani 3 A A T T G C T C C C C
Pakistani 2 A A T T G C T C C C C
Pakistani 3 A A T T G C T C C C C
Lori 2 A A T T G C T C C C C
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Table 4. The frequency percent of transitional and
transvertional substitution in HVR1 region of
motochonderial genome of four indegineus goats of Iran

Substitution A T C G
A - 4.99 4.33 11.14
T 5.12 - 15.72 2.78
C 5.12 18.16 - 2.78
G 20.54 4.99 4.33 -

Each entry is the probability of substitution (r) from one base (row)
to another base (column). Substitution pattern and rates were
estimated under the Tamura-Nei (1993) model. Rates of different
transitional ~ substitutions are shown inboldand those of
transversionsal substitutions are shown in italics. Relative values of
instantaneous r should be considered when evaluating them. For
simplicity, sum of r values is made equal to 100 (Tamura et al., 2004).
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Table 5. The genetic variation indices of neucleotide sequences of HVRL1 region of mitochondrial genome within and
between four ecotypes of indegineus goat of Iran and others breed goat of the world

Population S H Hg Pi Eta Kk
Sistani 104 4 1 0.006 127 61.5
Adani 50 4 1 0.030 54 28.50
Black lori 56 4 1 0.03 59 30.00
Pakistani 46 4 1 0.03 58 28.83
Between four indigenous goat ecotypes of Iran 123 16 1 0.029 138 26.86

Between four ecotypes of Iran and other of goat breeb in the world

178 33 0.944 0.024 200 22.21

Total number of mutations :Eta Neucleotide diversity :Pi Haplotype diversity :Hq The number of haplotypes :H The number of polymorphic sites :S

.(Nucleotide divergence) Nucleotide divergence between population or speices :K
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Table 6. The analysis indices of conserved region of HVRL1 region of mitochondrial genome of four indegineus goate
ecotypes of Iran (within population)

Population C MWL CT
Sistani 0.89 40 0.98
Adani 0.95 54 1
Black Lori 0.94 45 1
Pakistani 0.95 58 1

Conserved tolerance limit :CT Minimum length of conserved :MWL Conserved rate :C

R B e
Table 7. The matrix of genetic diversity estimate (above digonal) and neucleotides difference (under diagonal) of
HVR1 region of mitochondrial genome between four indegineus goat ecotypes of Iran

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Zabol _1 0.013 0.016 0.016 0.014 0.016 0.015 0.013 0.017 0.014 0.015 0.013 0.013 0.014 0.014 0.013
Lori _1 0.028 0.006 0.004 0.005 0.008 0.006 0.004 0.009 0.005 0.006 0.004 0.004 0.005 0.005 0.004
Adani_1  0.034 0.012 0.007 0.006 0.005 0.008 0.004 0.009 0.005 0.005 0.004 0.006 0.006 0.006 0.006
Pakistan_1 0.330 0.014 0.013 0.007 0.006 0.003 0.005 0.009 0.006 0.005 0.005 0.005 0.004 0.005 0.005
Adani _2 0.031 0.009 0.011 0.013 0.007 0.005 0.004 0.009 0.005 0.006 0.005 0.004 0.005 0.005 0.005
Lori_2 0.035 0.015 0.008 0.010 0.013 0.007 0.005 0.008 0.006 0.005 0.004 0.005 0.006 0.006 0.006
Pakistan_4 0.031 0.011 0.013 0.005 0.010 0.014 0.004 0.009 0.005 0.006 0.005 0.005 0.004 0.004 0.005
Adani_4  0.029 0.006 0.008 0.009 0.008 0.009 0.007 0.006 0.003 0.004 0.005 0.002 0.003 0.003 0.003
Lori_4 0.037 0.018 0.019 0.017 0.018 0.016 0.018 0.012 0.007 0.007 0.002 0.006 0.008 0.007 0.006
Zabol_4  0.030 0.008 0.010 0.012 0.009 0.011 0.009 0.005 0.013 0.005 0.007 0.003 0.004 0.004 0.004
Zabol _2  0.033 0.011 0.011 0.010 0.011 0.009 0.012 0.006 0.013 0.010 0.004 0.005 0.005 0.005 0.004
Adani _3 0.028 0.007 0.011 0.009 0.008 0.010 0.009 0.003 0.013 0.006 0.008 0.001 0.001 0.001 0.001
Zabol_3 0.029 0.007 0.011 0.010 0.008 0.010 0.009 0.004 0.013 0.006 0.009 0.00 0.002 0.002 0.001
Pakistan_2 0.030 0.008 0.012 0.008 0.010 0.011 0.007 0.005 0.015 0.008 0.010 0.001 0.002 0.001 0.002
Pakistan_3 0.030 0.008 0.012 0.009 0.010 0.011 0.008 0.005 0.014 0.007 0.010 0.001 0.002 0.002 0.002

Lori _3 0.029 0.008 0.012 0.010 0.009 0.011 0.010 0.004 0.012 0.007 0.008 0.001 0.001 0.002 0.002
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Table 9. The results of Tajima test for study of null
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Table 10. Analysis of molecular variance (AMOVA) of neucleotide sequences in HVR1 region of mitochondeial
genome of indegineus goat ecotypes of Iran

Source of variation df Sum of square Mean of square Varation (%) F
Between population 3 1.188 0.042 15 0.17"™
Within population 12 2.750 0.229 85
Total 15 3.938 0.281 100

ns: Non-significantly difference (P>0.05)

(P>+/+0) )b@mﬁi— S S99 NS
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Table 11. The breed, counrty and accession number of neucleotide sequence of HVR1 region some of world goat
breeds in which were used in current study

Breed Country Accession number
Indian goats India AY155721
Indian goats India AY155952
Ganj Dareh Iran EF617965
Biondadell Adamello Italy EF618134
French Alpine France EF617779
Pinzgau Austria EF617701
Matou China DQ188893
Matou China DQ121578
Gurcu Turkey EF618535
Baladi Egypt EF617727
Ganj Dareh Iran EF618084
Azeri Azerbaijan EF617706
Laos native Laos AB044303
Asia Mongolia. AJ317833
Switzerland native breeds Switzerland AJ317838
Spain native breeds Spain EF618413
Girgentana Sicily DQ241349
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Figure 3. Phylogenetic tree of neucleotide sequences of HVR1 region of mitochondrial genome of different goat
ecotypes of Iran and some breeds in the world
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Figure 4. Continuous network from 38 samples of the nucleotide sequence of the HVR1 region of the mitochondrial
genome (the size of the circles is proportional to their abundance) (The numbers include accession numbers and
haplogroups reported in previous studies).
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Figure 5. Distribution of various haplogroups of goats in some areas of the world on a map
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