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Abstract

Hussain, T.; Musthafa, M.M.; Babar, M.E.; Shaheen, M.; Marikar, F.M.: Molecular ge-
netic diversity and relationship of indigenous sheep breeds of Pakistan based on nuclear
microsatellite loci. Rev. Vet. 30: 1, 54-58, 2019. Sheep genetic resources are high in Pakistan
with a number of different breeds spread throughout the country. However, the molecular
diversity of sheep breeds is poorly understood in Pakistan. Therefore, in the present study
16 microsatellite markers were used in microsatellite on Buchi and Hashtnagri indigenous
breeds of Punjab and Balochistan provinces, respectively. Blood samples from 25 unrelated
individuals were collected for genetic diversity and relationship investigation. The mean
number of alleles on Buchi and Hashtnagri were 3.375+1.455 and 3.50+£1.591, respectively.
The mean observed heterozygosity for Buchi was 0.878+0.204 while for Hashtnagri it was
0.885+0.218. The mean Shannon Index showed 1.032+0.371 and 1.070+0.412 for Buchi and
Hashtnagri respectively. Inbreeding estimates (F ¢ and F ) showed negative values while
mean gene flow showed 10.09 and mean population difference (F,) showed 2.4%. Accord-
ing to these results, Buchi and Hashtnagri indigenous breeds showed considerable amount
of genetic diversity. There is a decent scope for conservation, effective improvement, and
designing suitable breeding strategies for sheep breeds in near future.
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Resumen

Hussain, T.; Musthafa, M.M.; Babar, M.E.; Shaheen, M.; Marikar, F.M.: Diversidad ge-
nética molecular y relacion entre ovejas de razas autoctonas de Pakistan basada en locus

microsatelitales nucleares. Rev. Vet. 30: 1, 54-58, 2019. En Pakistan los recursos genéticos

ovinos son abundantes, disponiéndose de varias diferentes castas extendidas en todo el pais.
No obstante, la diversidad molecular de las razas de ovejas es poco conocida en la region. Por
ello, en el presente estudio se investigaron 16 marcadores microsatelitales de las razas indi-
genas Buchi y Hashtnagri, en las provincias de Pendjab y Balochistan respectivamente. Para

indagar la diversidad genética se obtuvieron muestras de sangre de 25 animales de cada raza.
El promedio del numero de alelos en Buchi y Hashtnagri fue de 3,375+1,455 y 3,50+1,591

respectivamente. Los promedios de heterocigosis registradas fueron de 0,878+0,204 para la

raza Buchi y 0,885+0,218 para Hashtnagri. Los indices de Shannon fueron 1,032+0,371 para

Buchi y 1,070+0,412 para Hashtnagri, respectivamente. La estimacion de los coeficientes de

endogamia (FIS y FIT) mostré valores negativos, en tanto que el flujo genético (migracion)

fue de 10,09 y el promedio de la diferencia poblacional (FST) resulté de 2,4%. En ambas

razas, el indice de informacion polimorfica fue 0,56, indicando el valor del marcador del

tablero. Entre las ovejas Buchi y Hashtnagri, la distancia genética estandar de Nei (Ds) fue

0,0218. Segtin estos resultados, ambas razas mostraron considerable diversidad genética. Los

datos obtenidos permiten vislumbrar una promisoria mejoria en el area de la conservacion y

en el disefio de las estrategias para la cria de ovejas en el futuro cercano.

Palabras clave: oveja, Buchi, Hashtnagri, diversidad genética, marcadores microsatelitales,
Pakistan.
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INTRODUCTION

Livestock sector of Pakistan has some staggering
numbers where it covers more than half of the agri-
cultural gross domestic products and it stands at fifth
largest milk producer in the world * . Moreover, the
country is the tenth largest sheep producer in the world;
endowed with nearly 34 breeds of sheep (Ovis aries)
and not only forming the backbone of the rural econo-
my of poor farmers but also add immense richness to
the genetic diversity to the already rich gene pool .

Characterization and evaluation of genetic poly-
morphism among these breeds is necessary for the
effective utilization of animal genetic resource rich
Pakistan through suitable breeding and conservation
strategies. Nevertheless, very limited efforts have been
made to document their genetic diversity and conser-
vation strategies which may lead to lose of some very
valuable resources '.

Genetic diversity is defined as variability of alleles
in a population ¢. Genetic characterization is the pri-
mary step in any conservation of genetic resources "'
In general, the genetic variation is the core for evolu-
tion and giving the ability cope with changing envi-
ronments 2. Moreover, proper assessment of genetic
diversity both within and among populations is key to
formulate management and conservation strategies *.

The animal genetic diversity studies have been ac-
celerated considerably over the last two decades with
the application of molecular techniques to evolutionary
studies "*. Genetic characterization is carried out in live-
stock researches using various molecular biology tech-
niques like restriction fragment length polymorphism,
protein polymorphism, randomly amplified polymor-
phic DNA, amplified fragment length polymorphismi,
Mitochondrial DNA, short tandem repeat (microsatel-
lites) and single nucleotide polymorphism '>-2°.

Microsatellite markers have been widely used as a
choice of marker over the other markers to analyze the
genetic variation in cattle, sheep and goats 2"2¢ due to
the similarities between their chromosomes "2 . Mi-
crosatellite markers are widely used for measuring ge-
netic distance among closely related populations from
various countries %

These microsatellites have become widely applied
for several types of studies, due to their advantages
over other markers; the relative ease in obtaining mark-
ers, neutrality, high polymorphisms, easy automation
of analytical procedure *°. It detects variation in simple
nucleotide repeats, random and abundant distribu-
tion across the genome and co-dominant as well *"% .
Therefore, the current study was designed to genetical-
ly characterize the selected two sheep breeds of Paki-
stan using microsatellite markers.

Buchi and Hashtnagri breeds of sheep were select-
ed for characterization and this is the first effort of this
nature on these indigenous but valuable breeds. Buchi
is inhabitant of Cholistan desert i.e. Bahawalpur, Baha-
walnagar, Rahim YarKhan, and hot regions of southern

Punjab including Multan and Muzaffargarh districts
of the Punjab province, while Hashtnagri is located in
Mardan, Peshawar, Haripur, Bannu and Kohat districts
of Khyber Pakhtunkhwa, Province of Pakistan 336,

Hashtnagri is categorized as fat-tail sheep breed of
Pakistan and they possess short legs with a small switch
hanging over the fat-tail. Generally Hashtnagri has a
medium-sized and white coated head with a partially or
wholly black or tan in body colour. They have some ex-
cellent abilities in producing carpet quality wool with
a fiber diameter of 35 pum 3¢, Buchi breeds is described
as compact, medium sized, white coat with black spots
on body but totally black ones also can be found. It’s a
thin tailed type of sheep breed mainly reared for wool
and mutton *.

The main objective of the study was to characterize
and observe genetic variation in sheep breeds through
microsatellite markers for making affective strategies
for the conservation and proper management of the bio-
logical resources of Pakistan.

MATERIAL AND METHODS

Animal selection and DNA isolation. Blood sam-
ples (10 ml) were collected from Buchi and Hashtnagri
sheep into 200 ul EDTA containing tubes aseptically
from jugular vein puncture. Unrelated Buchi sheep
samples (n=25) were collected from Government Live-
stock Experiment Station, Jugaitpeer, District Bha-
walpur, Punjab province and surrounding areas while
Hashtnagri sheep samples (n=25) were taken from Dis-
trict Peshawar and surrounding areas in Khyber Pakh-
tunkhwa province. Genomic DNA was extracted using
inorganic method of extraction as used by *’. The final
concentration of extracted DNA was brought to 50 ng/
pL through spectrophotometry and 0.8% agarose gel
electrophoresis.

Table 1. Microsatellite markers used in this study with
allele size range and chromosome number.

marker ASR chromosome
MAF70 127-188 4
OarFCB11 130-161 2
OarAE101 100-134 6
MAF33 113-147 9
OarFCB128 106-136 2
OarFCB304 123-201 19
OarHH47 138-177 18
OarVH72 122-150 25
BMO0757 138-189 9
INRA32 150-194 11
BM1818 259-313 32
ILSTSO11 300-382 24
MM12 93-131 9
ETH152 181-236 5
INRAO032 194-230 11
OarFCB48 104-187 17
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Markers selection and genotyping. The Interna-
tional Society of Animal Genetics described more than
1400 microsatellite markers that have been identified in
cattle and out of these, more than 500 markers can be
amplified efficiently in sheep **. From this list, sixteen
(n=16) microsatellite markers were selected for the am-
plification in Buchi and Hashtnagri breeds of Pakistan
(Table 1).

All microsatellites were optimized for PCR ampli-
fication through BioRad thermo cycler using reaction
mixture of 25 uL contained 100 ng DNA, 50 mM KCI,
10 mM Tris-HCI, 2 mM dNTPs, 1.5 mM MgCl, 1.25
pmol/ pL of forward and reverse primers and 0.15 pL
of 5U Taq polymerase (Frementas, USA). Touch-down
PCR was used with the initial denaturing at 95°C for 4
minutes, followed by 35 cycles each for 30 seconds at
94°C for denaturation, 45 seconds at 64°-54° C for an-
nealing and 45 seconds at 72°C for extension. Final ex-
tension was given from 10 minutes at 72°C. The prod-

ucts were run on 12% non denaturing polyacrylamide
gel in 1X TAE buffer at 120 volts for seven hours.

Statistical analysis. Polyacrylamide gel electro-
phoresis results were analyzed by the relative flow
method. Statistical analysis for calculation of genetic
variability measures such as number of alleles, ex-
pected and observed heterozygosity, homozygosity and
Polymorphic Information Content (PIC) was calcu-
lated for all microsatellite markers. Genetic distances
between the breeds were calculated according to Nei,
1973 3.

The unweighted pair group method was used to
make the dendrogram of genetic distance. Popgene
1.31 ¥ and Power Stat software were used for calcula-
tions. The usual F-statistics parameters were measured
for these two breeds using Popgene software. F g is
known as inbreeding co-efficient which is defined as
inbreeding co-efficient of an individual (I) relative to

Table 2. Summary of genetic variation statistics for 16 loci used in Buchi and Hashtnagri sheep breeds.

locus breed Na Ne Ho He Nei Ave H
MAF70 Buchi 4 2.7115 1.1435 1.0000 0.6441 0.6312 0.6968
Hash. 6 3.4364 1.4410 1.0000 0.7162 0.7090 0.6968

0arFCBI11 Buchi 3 2.4851 0.9760 0.3600 0.6098 0.5976 0.5976
Hash. 3 2.4851 0.9760 0.3600 0.6036 0.5976 0.5976

OarAE101 Buchi 2 2.0000 0.6931 1.0000 0.5102 0.5000 0.5000
Hash. 2 2.0000 0.6931 1.0000 0.5051 0.5000 0.5000

MAF33 Buchi 2 2.0000 0.6931 1.0000 0.5102 0.5000 0.4676
Hash. 2 1.9372 0.6769 0.8200 0.4887 0.4838 0.4676

OarFCB128 Buchi 2 1.8142 0.6410 0.6800 0.4580 0.4488 0.4488
Hash. 2 1.8142 0.6410 0.6800 0.4533 0.4488 0.4488

OarFCB304 Buchi 4 3.9432 1.3791 1.0000 0.7616 0.7464 0.7384
Hash. 4 3.9746 1.3831 1.0000 0.7560 0.7484 0.7384

OarHH47 Buchi 2 1.8546 0.6534 0.7200 0.4702 0.4608 0.4804
Hash. 2 1.9616 0.6833 0.8600 0.4952 0.4902 0.4804

OarVH72 Buchi 5 3.2300 1.3354 1.0000 0.7045 0.6904 0.7080
Hash. 5 3.7341 1.4466 1.0000 0.7396 0.7322 0.7080

BMO757 Buchi 2 2.0000 0.6931 1.0000 0.5102 0.5000 0.5000
Hash. 2 2.0000 0.6931 1.0000 0.5051 0.5000 0.5000

INRA32 Buchi 6 5.7604 1.7700 1.0000 0.8433 0.8264 0.8068
Hash. 6 5.6497 1.7585 0.8600 0.8313 0.8230 0.8068

BM1818 Buchi 2 1.8546 0.6534 0.7200 0.4702 0.4608 0.4608
Hash. 2 2.0000 0.6931 0.7200 0.5051 0.5000 0.4608

ILSTSO11 Buchi 4 2.9274 1.1885 1.0000 0.6718 0.6584 0.6584
Hash. 4 2.9274 1.1885 1.0000 0.6651 0.6584 0.6584

MMI2 Buchi 4 3.9432 1.3791 1.0000 0.7616 0.7464 0.7464
Hash. 4 3.9432 1.3791 1.0000 0.7539 0.7464 0.7464

ETHI152 Buchi 4 3.3512 1.2861 1.0000 0.7151 0.7016 0.7016
Hash. 4 4.0000 1.3863 1.0000 0.7576 0.7500 0.7016

INRAO32 Buchi 2 1.7705 0.6269 0.5600 0.4441 0.4352 0.3076
Hash. 2 1.4966 0.5140 0.3800 0.3352 0.3318 0.3076

OarFCB48 Buchi 6 3.4626 1.4009 1.0000 0.7257 0.7112 0.7384
Hash. 6 4.4405 1.5663 1.0000 0.7826 0.7748 0.7384

Mean Buchi a 2.8193 1.0320 0.8775 0.6132 0.6010 0.5974
Hash. b 2.9875 1.0700 0.8550 0.6183 0.6121 0.5974

St Dev Buchi c 1.1004 0.3712 0.2037 0.1312 0.1286 0.1453
’ Hash. d 1.2057 0.4115 0.2176 0.1491 0.1476 0.1453

Hash.: Hashtnagri. Observed number of alleles (Na), expected number of alleles (Ne), Shannon’s information index (I),

observed (Ho) and expected (He) heterozygosities per locus (Nei’s 1973), expected heterozygosity per locus in Buchi and

Hashtnagri sheep breeds. a:3.375, b:3.500, ¢:1.4549, d:1.5916
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Table 3. Summary of F-statistics and gene flow for all loci in Buchi and

Hashtnagri sheep breeds.

1.070+0.4112 for Buchi and Hashtnagi
breeds respectively. The average PIC

locus Buchi F,  Hashtnagri F, F F

N value for both of sheep populations

T ST . were 0.53 (Buchi) and 0.59 (Hasht-
MAF70 -0.3116 -0.5843 -0.3116 0.0172 14.2787 nagri)
OarFCBI11 0.3976 0.3976 0.3976 0.0000 xRk The F (inter-individual), F
OarAE101 -1.0000 -1.0000 -1.0000 0.0000 xRk (total popullsation) and F (sub’popg—
ST
glA}fgg]zg -8‘5‘;(’5)2 '(1)(5)?2(2) g:zgg 88(3)(3)(5) 7*3:5 lations) values tabulated on Table 3
ar -0. -0. -0. . . ..

OarFCB304 -0.3691 -0.3398 -0.3691 0.0134 18.46 where, -Only FST displayed positive

) ’ : ) ’ values in terms of means. INRA32
OarHH47 -1.0000 -0.5625 -1.0000 0.0200 12.2551 and OarFCBI1 markers were showed
OarVH72 -0.3782 -0.4484 -0.3782 0.0331 7*;3:: positive values on FIS for Buchi breed
BMO0757 -1.0000 -1.0000 -1.0000 0.0000 while only OarFCBI1 showed posi-
INRA32 0.0854 -0.2101 0.0854 0.0197 12.4506 tive values in Hashtnagi
BM1818 -0.5625 -0.5625 -0.5625 0.0784 2.9388 The mean F. value was 0.0242

ST :

ILSTSO011 -0.5188 -0.5188 -0.5188 0.0000 e reflecting the genetic differentiation
MM12 -0.3398 -0.3398 -0.3398 0.0000 xRk estimates. Based on the F._ values
ETHI152 -0.4253 -0.4253 -0.4253 0.0645 3.6240 mean gene migration (or ﬂf)Tw) (N)
INRAO032 -0.1111 -0.2868 -0.1111 0.0729 3.1777 showed 10.09 between these breeds m
OarFCB48 -0.3062 -0.4061 -0.3062 0.0470 5.0714 The dendrogram based on Nei’s
mean -0.4021 -0.4602 -0.4021 0.0242 10.0904

genetic distance using UPGMA

the subpopulation (S) and F | is measured as a co-ef-
ficient of an individual (I) in relation to the population.

F ,displays value between -1 and +1, where positive
values indicate heterozygote deficiency (inbreeding)
and negative values depicts heterozygosity excess (out
breeding) **. F, is a measure of the effect of popula-
tion subdivision, which is the reduction in subpopula-
tion heterozygosity due to genetic drift *'.

Unlike the other F-estimates, F . always shows
positive values, ranging between 0 and 1. F_ is widely
used to calculate gene flow in population genetic stud-
ies: 0.25%(1-F)/F,. This highly versatile parameter is
even used as a genetic distance measure between two
populations instead of a fixation index among many
populations .

RESULTS

A total of 54 and 56 alleles were found in the 16
loci tested on Buchi and Hashtnagri breed respectively
(Table 2).

Number of alleles per locus ranged from 2 (Oar-
AE101, MAF33, OarFCBI128, OarHH47, BMI1818
and INRAO032) to 6 (MAF70, INRA32, ETH152 and
OarFCB48) mean number of alleles (MNA) for Bu-
chi and Hashtnagi populations were 3.375+1.455 and
3.500+1.592 respectively.

The observed heterozygosities in studied breeds
ranged from 0.360 (OarFCBI11) to 1.000 (MAF70, OarF-
CB304, OarVH72, ILSTSO011, MM12, ETHI152, OarF-
CB48) with an average of 0.878+0.204; while expected
heterozygosities throughout all the breeds ranked be-
tween 0.458 (OarFCBI128) and 0.843 (INRA32), and
the mean was 0.613+0.131 for Buchi breed.

All the loci displayed higher observed heterozygos-
ity for both breeds except OarFCBI11. Mean Shannon
information index (I) varied between 1.032+0.371 and

method indicated the close genetic
relationship between Buchi and Hashtnagri sheep
breeds #*. Both sheep populations showed low genetic
distance from each other (Figure 1) it was calculated as
0.0612 while genetic identity of Buchi and Hashtnagri
sheep breeds was 0.9406 (Table 4) .

DISCUSSION

A very limited study on genetic characterization of
goat and sheep has been done in Pakistan, even though
presence of more than 34 breeds of sheep and 30 breeds
of goats has been reported >37%. Most of these breed
documentation has been carried out mainly based on
morphological characters rather than the molecular ba-
sis.

Genetic characterization is the foremost step to-
wards utilizing the valuable animal resources effec-

Buchi

Hashtnagri

Figure 1. Dendrogram based Nei’s (1978). Genetic
distance: method = UPGMA modified from Neighbor
procedure of Phylip version 3.5.

Table 4. Nei’s unbiased measures of genetic identity
and genetic distance (Nei 1978).

population ID Buchi Hashtnagri
Buchi Hk ok 0.9406
Hashtnagri 0.0612 Aok ok

Nei’s genetic identity (above diagonal) and genetic distance
(below diagonal).
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tively and efficiently. Moreover, genetic diversity stud-
ies have significant role in constructing the breeding
strategies on economically important animal species #°.
Therefore, this effort is one of the important steps to-
wards characterizing Pakistani sheep breeds.

Most of the selected microsatellite markers showed
polymorphism indicating their usefulness. All loci
displayed at least two alleles which is a good indicator
for the genetic variability among these breeds. Based
on the number of alleles observed in all analyzed loci,
considerable amount of genetic variability reported on
these two breeds (>2) 6. Allelic richness is considered
to play an effective role in conservation genetics due to
the marker assisted selection methods for optimizing
the number of alleles conserved in populations +"-48 .

The average heterozygosity of both Pakistani sheep
breeds is lower than Chinese goat populations 0.677 to
0.737 ®and 0.77 to 0.821 ** and higher then some of the
Indian goat and sheep breed values 0.426 and 0.501 *°'.
The observed heterozygosity in Buchi and Hashtnagri
sheep (0.832, 0.877) breeds was higher than expected
heterozygosity values of some other sheep breeds stud-
ied indicating no overall loss in heterozygosity (allele
fixation) in the studied breeds ¥ reports on gene diver-
sities of Balkhi (0.547), Hashtnagri (0.533) and Michni
(0.561) sheep populations of Pakistan, where this study
reports slightly higher genetic diversity when com-
pared to the Hashtnagri population.

Kail sheep population of Pakistan showed slightly
lower numbers for heterozygosity measurements in
comparison to the Buchi and Hashtnagri sheep popula-
tions reported here . Inbreeding measurements also
linked to selection within and across breeds where, F
used to indicate subdivisions in population. A value of
F¢, around 0.05 depicts moderate differentiation and
<0.05 indicate lower differentiation between popula-
tions/breeds **. Mean values of F ¢ (heterozygote defi-
cit) were -0.515 for goat breeds and -0.431 for sheep
breeds are low representing low inbreeding coefficient
between breeds which is obvious from the home track
distance of the studied breeds in contrast to the positive
F, values (high level of inbreeding) in Italian sheep
breeds *.

Significant amount of inbreeding has been ob-
served on sheep and goat diversity project in marginal
areas carried out by Eu-Econogene project 5> . Gen-
erally marginal areas are characterized by small herds
and improper breeding strategies lead to the high in-
breeding, ultimately pave way to the fragmentation
and isolation at the different breed levels **. In general,
low level of inbreeding (<0.10) can be a result of lower
levels of mating between closely related individuals in
field conditions *.

Polymorphism information content (PIC) is anoth-
er good indicator of the efficiency of marker for genetic

studies. In this study the average PIC value of 16 loci
was 0.53 in Buchi and 0.59 in Hashtnagri sheep which
was lower than Indian domestic goat (0.60) ©°, Chinese
(0.62) and Saanen (0.57) goat breeds but greater than
Korean goat (0.35) ¢'.

The high average PIC values of panel of microsatel-
lites used for all the breeds supported the appropriate-
ness of the markers for genetic diversity analysis in the
Pakistan sheep breeds, since the mean value is >0.5 .
However, allelic richness also depends on sample size
and number of observed alleles. When the sample size
is increased the presence of unique alleles within popu-
lations, which occurs in low frequencies, tends to in-
crease.

In population diversity studies Shannon index is
the most widely used which considers the abundance
and evenness of the species studied ® . The Shannon
index information also showed the mean value around
one for both breeds, depicting the richness and also
relatively low species richness and evenness of these
breeds since the index showed less than 3.5 which is
the mark set for high species evenness and richness .
This might be due to the management system rather
than the un-connected with the level of heterozygosity
deficiency observed among the population.

From this study it can be concluded that Pakistani
sheep breeds showed a high genetic diversity and the
genotyping through microsatellites is an effective tool
for the genetic evaluation of different breeds. This mi-
crosatellite panel can be used on other domestic and
wild sheep breeds of Pakistan. The difference in the
values of this study with other reports may be due to
the difference of markers, breeding plans, laboratory
techniques and sample size.

The results will help the future researchers as ba-
sic guide for better understanding of genetic relation-
ships and breed differences in sheep and goat breeds for
making future breeding policies and conservation plan
to protect any loss in allelic variation in goat and sheep
breeds in the country.
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