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INTRODUCTION

in the Equidae family is

s africanus, Equus ferus,
Equus grevyi, Equus hemionus, Equus
found mainly in East Africa and near

The diploid chromosome n

esticated smallest equid of the Equidae
family. African wild i inf@&biting arid and semi-arid bush/shrub land, grassland
and desert is the
desert plains. T

rth East African), Sudan (North East African) and Somali land

races of ass. The present domesticated asses were predominantly

descended from Nubig@¥race. According to FAO reports, there are three different types of Indian

asses: Indian, Indian wild and Kiang. Indian wild asses can be seen in Rann of Kutch whereas

Kiang in Sikkim and Laddakh. Spiti ass belongs to Spiti and Lahaul of Himachal Pradesh and is

used for transportation at high altitude where environmental oxygen level is low. This breed can
tolerate the shortage of feed and harsh winter conditions.

The rapid decline in livestock diversity put our attention towards breed conservation strategies.
The population with very low genetic diversity (variability of genes in a species) has lesser chance
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to survive because it may not have characteristics required to tackle the new environmental
pressure. Therefore the genetic diversity conservation is essential for the overall health of
population because decreased genetic diversity results in inbreeding and diminished fitness.
Evolutionary genetics is the broad field of studies that resulted from the integration of genetics
and Darwinian evolution called the ‘modern synthesis. This field attempts to account for evolution
in terms of changes in gene and genotype frequencies within populations and the processes that
convert the variation with populations into more or less permanent vagiation between equines.
Some major tenets in evolutionary synthesis are that populations haveggenetc variations that arise
which bring about

of nature.

only at species and ecosystem level. Thus biologi
form the basis of evolutionary processes. To detect
in the population in the specific regions of the geno

Taxonomic Classification of horse

Horse (Equus ferus caballus) belongs to:

Perissodactyla
Equidae
Equus

E. ferus

Subspecies E. f. caballus

Taxonomic Classification of donkey

Donkey (Equus africanus asinus) belongs to:

Kingdom ; Animalia

Phylum : Chordata
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Class : Mammalia
Order : Perissodactyla
Family ; Equidae
Genus : Equus
Subgenus Asinus
Species : E. africanus

Subspecies

Microsatellites: - These are short sequences of di-0
distributed widely throughout the genome. Using P
and downstream of a microsatellite, their location
technique is extensively used in investigating geneti

The present work was carried out to find the homology of the tlo members of the family
Equidae using a set of markers ses which we afwglifi both members of family

equidae.
Experimentation:

A total of 96 blood s icrosatellite analysis. Three populations (Marwari
re ghosen in the present study. The blood samples

tudy of diversity analysis of Barmer donkeys, Spiti donkeys and
Marwari horses are yn the table below.

Table 1. List of Pri

AACCGCCTGAGCAAGGAAGT CCCAGAGAGTTTACCCT

CCACTAAGTGTCGTTTCAGAAGG CACAACTGAGTTCTCTGATAGG
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CACCACGACTGCTTCCAATT

ACACACACACACACACACAC

AGCCACCAGTCTGTTCTCTG

ACACACACACACACACACAC

AGTTCTTCTGTGTGAGGCCA

CCCTCCAACTCCATACTCCC

ACAGAAAGTGCCCTTGGTCA

TCCACTGCCACATCCTCAAT

TTTTTATTCTGATCTGTCACATTT

CAATTCCCGCCCCACCCCCGGCA

CAAGTCCTCTTACTTGAAGACTAG

AACTCAGGGAGAATCTTCCTCAG

ACGGACACATCCCTGCCTGC

GCAGGCTAAGGAGGCTCAGC

ACCATTCAGGATCTCCACCG

GAGGGCGGTACCTTTGTACC

GGCTTTACATTTGGGGAGGG

CAGAAGTGGAGAGCGTGAAA

GAAGCTGCCAGTATTCAACCATTG

CTCCATCTTGTGAAGTGTAACTCA

GTTCACTGAATGTCAAATTCTGCT

CCTGCTTGGAGGCTGTGATAAGAT

GGATTCAGTTGTGTGCGTGT

ACTTTCTCTTCAGGTGTCCTCA

TGTGCAGATGTCCACCTTCT

GACGGGGCTTTTAGGAGGTA

CCATCCTCACTTTTTCACTTTGTT

CCAACTCTTTGTCACATAACAAGA

CCTGAAGCAGAACATCCCTCCTTG

ATAAAGTGTCTGGGCAGAGCTGCT

CACCACGACTGCTTCCAATT

ACACACACACACACACACAC

Cocktail Preparatio

Table 2 The cocktail for Multiplex PCR 96 reactions (1440 pl).

Sr. No.

Components Stock

Volume (ul) Required

concentration concentration
10X PCR buffer 10X 1.5x96 = 144 1X

dNTPs 10mM each 0.3x96 = 28.8 200uM each
Each Forward Primer 20uM 0.25x96 =24.0 | 5pmol
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4.

Each Reverse primer

0.25x96 =24.0 | 5pmol

5.

Taq Polymerase

0.2x96 =19.2 1U

6.

Distilled water

192.0 pl

Total

14,404

2ul of template DNA was added directly in each well of the PCR plate. The PCR was carried out
in Eppendorf thermo-cycler.

Table 3 PCR Program used for amplification.

Sr. No.

Steps

Temperature ('C)

Initial denaturation

95

Denaturation

94

Annealing

58

Extension

72

Final extension

72

6.

Final temperature

4

Agarose gel electrophoresis of amplified PCR products

After completion of the PCR programygife

Genotyping reaction cocktail

2ul

ked on 2% agarose gel for the
ylene cynol FF, Bromophenol blue

Gene scan 500 LIZ size standard developed by Applied Biosystem was used for fragment sizing,
LIZ size standard yields size fragments between 50 to 500bp providing 16 single standard labelled
fragments of 35, 50, 75, 100, 139, 150, 160, 200, 250, 300, 340, 350, 400, 450, 490 and 500 bases.
Each of the DNA fragments labelled with proprietary fluorophore, which results in a single peak

138
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when run under denaturing conditions. Internal lane size standard was run with every sample for
accurate sizing. The genotyping reaction components were:

Diluted PCR product - 2.0ul
Hi-di Formamide 7.9ul
Liz size standard 0.1ul
Total 10ul

Denaturation

The above components were mixed well and denatured at 95
loaded in automated DNA sequencer for genotyping.

Genotyping using automated DNA sequencer

Automated DNA sequencer ABI 3130XL (Fig.8)

array sizes (36cm, 50cm, 80cm). We perform g

surface area of a capillary allowed heat generate horesis to be dissipated
efficiently allowing high voltage electrophoresis. The result was rapi@high-resolution separation
of DNA fragments. Polymer POP7 (P mance Optimiz er) was used for sizing and
separating of DNA fragments. Plate rgcord g prepared and size standard was added to
automated DNA sequencer prior to set up\e e 96 well plate was linked and started
the run.

st =
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Data collection and extraction

The electrophoresed data was extracted from automated DNA sequencer after sizing using Gene
Scan software and the allele size were extracted using Gene Mapper software version 3.0. The
data was exported as text file and imported into excel sheet before submitting it to further
statistical analysis.

Statistical analysis of data

The data generated using the microsatellite loci were subjected statistical analysis. The
statistical analysis was carried out using Genealex, Arlequin, i lations and Figtree
softwares.

Results of experimentation

Donkeys and horses belong to the same family (
amplification of horse primers in donkeys. We tri
total of 96 samples of domestic equines (Barmer

Populations, Figtree and @@Retix) to estima@ffgene and genetic diversity.

‘-‘-.‘d--

- ———— -

Fig.1. Bands on agarose gel after gradient PCR.
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The amplified PCR products were :
taken as internal size standard. The si 3 pund using Liz 500 internal size
standard using Gene Mapper software ( bet of alleles in each of the locus has

number of alleles observed and effective number of alleles for

donkey and Marwari horse under each locus is given in the table.

The observed he osity (Ho) and expected heterozygosity (He) on the basis of allele
frequency is also tab

Table 4. Number of alleles observed, effective number of alleles, observed and expected
heterozygosities of Barmer donkeys.

Barmer donkeys
Locus Na Ne
AHTO04 9.000 |5.261
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ASB02 . . . 0.909 | 0.698
CORO022 . . . 1.000 | 0.818
CORO069 . . . 0.818 | 0.715
COROO07 . . . 1.000 | 0.818
CORO18 . . . 1.000 | 0.909
HTG10 . . . 1.000
VHL20
AHTO05
ASB17
CORO79
HMS06
HTGO06
LEX33
NVHEQ54
HMSO03
HTGO7
SGCV28
Mean

SE
(where Na = Number of alleles,
Heterozygosity, He = Expegted Heteroz

HTG10
VHL20
AHTO05
ASB17
CORO79
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HMS06 1.117 | 0.925 | 0.588
HTGO06 1.511 | 0.875 | 0.709
LEX33 1.987 | 0.975 | 0.820
NVHEQ54 1.629 | 1.000 | 0.757
HMS03 1.639 | 0.825 | 0.766
HTGO07 0.160 | 0.025 | 0.072
SGCV28 0.391 | 0.025 | 0.202
Mean 1.657
SE 0.154

(where Na = Number of alleles, Ne = Number
Heterozygosity, He = Expected Heterozygosity).

Table 6 . Number of alleles observed, effective n
heterozygosities of Marwari horses.

Marwari horses
Locus
AHTO04

NVHEQ54
HMS03

HTGO07
SGCV28
Mean
SE
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(where Na = Number of alleles, Ne = Number of effective alleles, Ho = Observed
Heterozygosity, He = Expected Heterozygosity).

Allelic Patterns across Breeds/ species

The allelic pattern across the population is given in figure. The allelic patterns describes the
number of alleles, number of effective alleles, number of private alleles, Shannon information
index observed in each of 3 populations. The number of alleles with allgle frequency greater than
5% have been shown separately. The effective number of alleles pg¥e beén shown as Ne. The

1.905+0.136 respectively. The number of alleles
shown above. The mean number of private alleles i
horses were found to be 0.833+0.259, 1.056+0.249

Allelic Patterns across Populations

1.000 = Na
- 0.800

- 0.600
- 0.400
- 0.200
- 0.000

mm Na Freq. >=5%

Ne

Heterozygosity

Popl Pop2 Pop3 = No. Private
Alleles

Populations
L 4

raphical repfgsentation of allelic patterns across populations.
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Diagramatic representation of allele frequency data
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Allele Frequency for COR022

H Barmer donkeys

W Marwai horses

Frequency

CORO022 Spiti donkeys

Locus

\

Allele Frequency for COR069
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Fig 4.. Graphical represengation of A or representative loci in Barmer

donkeys, Spiti donkeys ap@ Marwari ho
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Allele Frequency at CORO79 for Spiti donkeys
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Allele Frequency at ASB17 for Barmer donkeys

94
2%

P | h N y

Allele Frequency at ASB17 for Spiti donkeys
94 54

82 90 3% _ 1%

8 O% 0, -\

7
6%

V. b 4

Allele Frequency at ASB17 for Marwari horses

g0 94 54
5%, 2% 5%

INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND
ENGINEERING




International Journal of Innovations in Applied Sciences &Engineering http://www.ijiase.com

(NIASE) 2016, Vol. No. 2, Jan-Dec e-1SSN: 2454-9258, p-1SSN: 2454-809X

Fig. 5. Pie-graphical representation of allele frequencies of 4 loci in Barmer donkeys, Spiti

Matrix of pairwise Fgt

barmer_dnky —

marwai_horse

spiti_dnky —

Yy

barmer_dnk
marwai_horse

donkeys and Mar?fses.
Fig 6 Pairwise Fst &nd number of migrants (Nm)

Fst gives the values of population differentiation while values of Nm depict the effective number
of migrants per generation on the basis of f-statistics. A value beyond 1.0 means substantial
migration. The estimates of Fst revealed that Marwari horses are more differentiated than Spiti
and Barmer donkeys. The graphical analysis revealed the distinction of Marwari horses from Spiti
and Barmer donkeys.
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Graphical representation of Pairwise Fst of Spiti donkeys, Barmer donkeys and Marwari
horses.

Average number of pairwise differences

barmer_dnky —

between populations

marwai_horse

within populations

spiti_dnky —|

Nef's distance (d)

y

barmer_dnk:

marwai_horse

ical represen of A&ge number of pairwise differences.

The Nei’s genetic is basically a correlation among the allele frequencies between the
populations. The Nei netic distance and genetic identity is given in table below:

Correspondence analysis

The correspondence analysis was carried out using GENETIX ver. 4.05. The correspondence
analysis was applied on multi-locus genotypes to explore the distribution of genetic variation
graphically in a manner that animals with similar genotypes tend to cluster together. The
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correspondence analysis of each of Barmer donkey, Spiti donkey and Marwari horse is shown in
3D view

Hrdnkgenepop.gtx

e 2 (24.97 %)

ig-880g 1 :
BARMER DONKEY

ari horses clustered separately because of species
donkeys clustered close to each other. This is

one for Barmer donkeys, Spiti donkeys and Marwari horses. The
for all 3 populations is given in graphical representation and

shown in fig. belo
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Population Assignment
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Fig 9. Graphical representation of Population Assig
and Marwari horses.

Population Assignment for Barmer donkeys vs Marwari
horses
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Fig 10.JPopulation Y488ignment f rmer donkeys vs Marwari horses.

Population Assignment for Barmer donkeys vs Spiti
donkeys
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A
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Fig 11. Population Assignment for Barmer donkeys vs Spiti dokeys.
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Population Assignment for Marwari horses vs Spiti
donkeys

.0
000 . . { 0.G
-20.0 A
™ Marwari horses

-40.0 A Spiti donkeys

Spiti donkéys

alaWal
\viv v

donkeys, Spiti donkeys and Marwari horses.

Populations

Barmer donkeys

Marwari horses

at the animals in our study show 82% assignment to
als wgfe assigned to same species populations. This is due to the
ns. One wrong assignment could be due to it being mule.

Phylogenetic t

A phylogenetic tree or evolutionary tree is a branching diagram or “tree” showing the inferred
evolutionary relationships among various biological species or other entities—their phylogeny—
based upon similarities and differences in their physical or genetic characteristics.

The phylogenetic trees shown below were drawn on the basis of Nei’s inter-individual genetic
distance. The trees reveal that the Barmer donkeys and Spiti donkeys are close to each other
whereas Marwari horses have more genetic distances with both of donkey populations.
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and Barmer donkeys (red — Barmer donkeys, blue
obtained by distance based on allele sharing .

Fig 13 Circle constd from Distance based on Allele Sharing inter individual
genetic distance j eighbour-joining algorithm Marwari horses, Spiti donkeys and
Barmer donkeys (re armer donkeys, blue — Spiti donkeys and green — Marwari horses).
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eterologus markers in the two species of family equidae. The

from the horse genome data base . The microsatellite loci
amplified in onkeys and horses. The cross amplification of the horse microsatellites in
donkey confirm usage of heterologus markers in the two species belonging to same
family. The two &pecies are evolutionary related not only to one another in morphology but
also at DNA sequence level.
The 18 microsatelltie loci taken in the present study were polymorphic in both the species viz;
horses and donkeys.
All the 18 microsatellite loci were polymorphic in Barmer donkeys. The mean number of
alleles in Barmer donkeys were 8.0 £0.652. The highest number of allele were obtained were
15 alleles for locus CORO18 while the lowest were 4 alleles for locus SGCV 28.

155
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6.

The estimated effective number of alleles were 4.521 + 0.536. The effective number of alleles
were almost half the total number of alleles observed. This reveals that almost half the
number of alleles are at low frequency in the population and may be lost from the population
by chance.

All the 18 microsatellite loci were polymorphic in Spiti donkeys. The mean number of alleles
in Spiti donkeys were 10.11 £0.652. The highest number of allele obtained were 21 alleles for
locus CORO18 while the lowest were 3 alleles for locus SGCV 28, The estimated effective
number of alleles were 4.839 + 0.536.

All the 18 microsatellite loci were polymorphic in Marwag

were almost half the total number of alleles NThi ost half the
number of alleles are at low frequency in the i the population
by chance.

horses was quite high. The observed heterozygosity in Barmer dogKeys was found to be 0.841
+ 0.060. Out of 18 loci seven loc i ¥ values to be 1.00. The mean

2. The higher values of observed heterozygosity
points towards lack of population structure but also

rozygosity values to be 1.00 in Marwari horses. The mean
loci has been found to be 0.833 + 0.052 and the expected

ber of migrants and subsequent gene flow among different horse breeds.

. The higher Nm values obtained in the study point to non existence of population structure and

large number of migrants detected in the study. The values obtained was close to 7.0 (6.996)
and thus the populations are not structured and the effective number of migrants per
generation seem to be quite high among donkey populations.
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13.

High values of Fst obtained in the analysis point to the very large difference between the
horse and donkey populations. While the Fst values are small between the two donkey
populations viz Spiti and Barmeri.

. Similarly the another genetic distance measure utilised in the present study was Nei's

Standard genetic distance. The Nei's genetic distance between the horse and the two donkey
populations was high viz; 0.254 and 0.304 for Barmer and Spiti donkeys respectively. The
Nei's standard genetic distance was small among the donkey populations and was 0.094 which
point to the existence of very similar genotypes and gene frequeng#s at%he 18 loci studied.

. The multivariate analysis of the 18 microsatellite data usinggCorrespegdence analysis also

while the Horse is a distinctive 3rd.

. The population assignment test revealed that out

assigned correctly. The results were quite good
32 horses 31 were correctly assigned. In case
were correctly assigned while 10 were assi

s A.R., Tomfohrde J., Minch E., Kidd J.R. and Cavillsforza L.L.
of human evolutionary trees with polymorphic microsatellites.
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