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ABSTRACT
This study was carried to establish a parentage testing system for the Arabian horses in Egypt. Thirtyeight Arabian horse samples including seventeen foals, five sires and sixteen dams from El Zahraa stud
were genotyped by using seventeen microsatellite markers recommended by the International Society
for Animal Genetics (ISAG). The number of alleles varied from 4 (ASB23, HMS2) to 13 (VHL20). The
observed heterozygosity and expected heterozygosity ranged from 0.27 (HMS3) to 0.816 (HTG10) and
from 0.474 (ASB23) to 0.841 (ASB17) respectively. PIC value ranged from 0.423 (ASB23) to 0.812
(ASB17) with average 0.650. There was 100 % matching between pedigree and DNA typing parentage
for the 17 examined foals. These results suggested that the DNA typing method had high potential for
parentage verification and individual identification of the Arabian horses in Egypt.
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1. INTRODUCTION:

A

Arabia, the United Arab Emirates, Qatar,
Bahrain, Kuwait, Yemen, and Oman, which
were
called
the
“countries
of
origin.”(Arabian horse History, 2014). The
need for paternity testing increases
specially in natural breeding that had
multiple estrus or when using artificial
insemination (AI) and the original sir is not
well known. Breed registry authorities have
adopted parentage testing programs
worldwide to assure horse pedigree
integrity, which is essential for breeding
management plans. (Marshall et al., 1998)
The most efficient genetic markers for such
use are co-dominant and inherited by
Mendelian principles. Traditionally, in
most laboratories, a battery of 14 to 17
systems (7 blood groups and 10 protein
polymorphisms) has been used(Bowling,
1997).But now microsatellite markers are
widely accepted as a marker of choice as
they are highly polymorphic single locus

ccording to the Arabian Horse
Association (AHA), the five primary
strains were known as the Keheilan,
Seglawi, Abeyan, Hamdani and Hadban.
There were also lesser strains, sub-strains,
and regional variations in strain names.
Purity of bloodline was very important to
the Bedouin, Carl Raswan, a promoter and
writer about Arabian horses from the
middle of the 20th century, held the belief
that there were only three strains, Kehilan,
Seglawi and Muniqi. Raswan felt that these
strains represented body "types" of the
breed, with the Kehilan being "masculine",
the Seglawi being "feminine" and the
Muniqi being "speedy"(Siegal, 1996). The
origin of the Arabian horse in the desert
remains a matter of study and controversy.
Contemporary Arabian horses descend
from stock bred by nomadic Bedouin tribes
in Arabia Deserta, an area covering most of
what is now Syria, Jordan, Iraq, Saudi
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extension step of 72oC. Fragments were
further sequenced using Genetic analyzer
3500 (Applied Biosystem-USA) with the
aid of Liz standard. The data obtained is
further analyzed using Gene Mapper V 4.1
software (Applied Biosystem)

DNA sequenced throughout the genome
and are readily adaptable to Polymerase
Chain
Reaction
(Tozaki,
2001).
Microsatellite is the common term, which is
used to describe repetitive tandem, repeats
of short simple sequence motifs, and not
more than six bases long. Microsatellites
show high level of polymorphism (Litt and
Lutty, 1989) and are uninterrupted array
(Weber and May, 1989). Microsatellite
markers are useful to study genetic
variation, parentage assessment, and study
of gene flow and to measure genetic
distance between two or more breeds or
related species (Bruford and Wayne, 1993).
Therefore, this study is an attempt for
parentage verification and individual
identification of Arabian horse in Egypt
using
seventeen
sets
of
equine
microsatellite markers.

2.3. Data analysis
Number of alleles (NA), observed
heterozygosity
(HO),
expected
heterozygosity (HE) and Polymorphic
information content (PIC) were calculated
by using CERVUS version 3 software
(Kalinowski et al. 2007). Hardy Weinberg
Equilibrium (HWE) was estimated by
GENEPOP version 3.4 program (Raymond
and Rousset 1995). Allele’s frequencies for
each locus were calculated by using
GENALEX version 6 software (Peakall and
Smouse 2006).
The Proposed nomenclature for the 17
equine short tandem repeat loci investigated
is based on the number of repeat units and
is adopted from the recommendation of
International Society of Forensic Genetics
(ISFG) for the nomenclature of human
STRs (Bozzini et al., 1996).

2. MATERIALS AND METHODS:
2.1. Animals and DNA extraction:
Genomic DNA was extracted from hair
roots, which were collected from 38 horses
including 17 foals using EZ10 Spin
Genomic DNA Minipreps, Animal (cat. No:
BS427 - Bio Basic Inc - Canada) according
to the manufacturer’s protocols.

3. RESULT:
Microsatellites were highly polymorphic in
Arabian horses (Table 2). The average
number of alleles is (7.563). The number of
alleles varied from 4(ASB23, HMS2) to 13
(VHL20). The observed heterozygosity and
expected heterozygosity ranged from 0.27
(HMS3) to 0.816 (HTG10) and from 0.474
(ASB23) to 0.841 (ASB17) respectively.
PIC value ranged from 0.423 (ASB23) to
0.812 (ASB17) with average 0.650. Allele’s
frequency of 17 microsatellite markers were
shown in figures (1 to 17). The highest
number of alleles was 13 for VHL20 locus
as shown in figure (2). The lowest number
of alleles was 4 for ASB23 and HMS2 loci
as shown in figures (9 and 10) respectively.
The parentage verification of the 17 foals
was qualified by the compatibility of 17
microsatellite markers according to
Mendelian fashion as shown in table 3.

2.2. Microsatellite markers genotyping.
Seventeen microsatellites were selected for
this study that had been reported by the
horse applied genetics committee of ISAG
for individual identification and parentage
verification
of
Arabian
horses.
Microsatellite markers (table 1) were
combined in multiplex PCR reaction using
fluorescently labeled primers and amplified
in a total volume of 15 µl of the following
mixture: 1ul(5 ng) of genomic DNA, 4 µl
primer mix, 4 µl of dNTPs, 2.5 µl of
stockmark PCR buffer, and 0.5 µl of
ampliTaq Gold DNA polymerase (Applied
Biosystems, USA). PCR amplification was
as follows: first step was performed by
initial denaturation for10 min at 95oC,
followed by 30 cycles at 95oC for 30 sec,
60oC for 30 sec, and 72oC for 1 min then
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Table (1): Characteristics of 17 equine microsatellites DNA loci :
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Table (2) Number of alleles (NA), observed (HO) and expected (HE) heterozygosities,
polymorphic information content (PIC) and Hardy Weinberg Equilibrium (HWE) of 16
microsatellites loci for Egyptian Arabian horse.
Locus
VHL20
HTG4
AHT4
HMS7
HGT6
AHT5
HMS6
ASB23
ASB2
HTG10
HTG7
HMS3

Na

N
13
6
9
7
9
7
5
4
6
9
6
7

38
38
38
38
38
38
38
38
34
38
38
37

Ho
0.737
0.763
0.789
0.789
0.632
0.763
0.789
0.447
0.676
0.816
0.711
0.27

He
0.838
0.699
0.801
0.757
0.68
0.797
0.687
0.474
0.706
0.793
0.628
0.613

PIC
0.808
0.646
0.761
0.711
0.629
0.758
0.613
0.423
0.66
0.754
0.58
0.564

HWE
*
**
NS
NS
NS
NS
NS
NS
NS
**
NS
***

HMS2
ASB17
Lex 3

4
12
9

33
38
38

0.515
0.526
0.579

0.651
0.841
0.752

0.569
0.812
0.706

NS
***
*

HMS1
CA425

9
8
7.563

36
37
37.188

0.306
0.568
0.631

0.5
0.68
0.697

0.47
0.635
0.650

***
NS

VHL20
L/R
L/R

R/R

LEX3
H/H/-

HTG10
K/R
K/R
K/O

HTG7
K/O
K/O

K/P

HTG6
M/M
M/M
M/M

HTG4
K/M
M/M
K/M

HMS7
N/N
L/N

N/N

HMS6
L/M
L/L
L/M

HMS3
P/P
P/P
P/P

HMS2
L/L
L/L

L/L

HMS1
I/M
I/J
J/M

CA425
L/M
L/L
L/N

ASB23
I/I
I/J
J/J

ASB17
M/R
M/R
R/R

ASB2
Q/Q
Q/Q
Q/Q

AHT5
M/N
M/N
M/O

AHT4
P/P
K/P

L/P

Foal
Dam

Case1

sire

Table (3) Example of case of parentage test combinability by 17 microsatellite loci:

Alleles frequency of 17 microsatellite markers were shown in figures (1 to 17):
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frequencies. A high PIC value is indicative
of a locus with high informativeness. In this
study PIC value was > 0.8 which is very
polymorphic. For linkage mapping Dierks
selected markers with PIC values > 0.5 as
markers with values below this level are
insufficient for paternity testing. In their
study, the average PIC value was 0.596 with
a maximum of 0.866 (Dierks et al., 2007).
Equine
microsatellites
were
first
characterized by (Ellegren et al. 1992) and
(Marklund et al.1994) who isolated set of
(CA) n repeats and demonstrated that they
were highly polymorphic in horse. DNA
based methods offer several potential
advantages compared with conventional
parentage testing systems because of their
accuracy and specificity. Microsatellites
have been chosen as the markers of choice
because of their high levels of
polymorphisms, which can be easily scored
by a computer program. This indicates that
DNA
typing
can
be
analyzed
semiautomatically,
alleles
of
the
microsatellites were correctly inherited to

There was 100 % matching between
pedigree and DNA typing parentage for the
17 examined foals.
4. DISCUSSION:
The use of microsatellite typing for
individual identification, parentage control
and solving problems of questionable
maternity or paternity is a routine procedure
within the horse breeding industry in
several countries (Kofler et al., 2008). Also,
application of the DNA markers reveal
extensive capability to distinguish among
individual, and this ability has been utilized
in analyses of reproductive success, kinship
and parentage (Dimsoski, P.,2003).The aim
of the present study was to construct a
correct pedigree of Arabian horse family.
After genotyping, parentage testing was
performed according to Mendelism and
ISAG guideline (Hill et al., 2002).The
Polymorphism Information Content (PIC)
is another measure of variation similar to
heterozygosity and is calculated from allele
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اﺧﺘﺒﺎر اﻟﺒﻨﻮة ﻟﻠﺨﯿﻮل اﻟﻌﺮﺑﯿﺔ ﺑﻤﺼﺮ ﺑﺎﺳﺘﺨﺪام ﺗﺤﻠﯿﻞ اﻟﻤﯿﻜﺮوﺳﺘﻼﯾﺖ ﻟﻠﺤﺎﻣﺾ اﻟﻨﻮوي
 ھﻨﺎء ﻋﺒﺪ اﻟﻘﺎدر اﺣﻤﺪ1، رﺟﺐ اﻟﺸﻮارﺑﻲ2، ﺣﺎﺗﻢ ﺣﺴﯿﻦ ﺑﻜﺮي2،ﻣﺎري ﻋﯿﺎد ﻧﻮار1

.ﻛﻠﯿﮫ اﻟﻄﺐ اﻟﺒﯿﻄﺮي – ﺟﺎﻣﻌﺔ ﺑﻨﮭﺎ- ﻗﺴﻢ اﻟﻄﺐ اﻟﺸﺮﻋﻲ و اﻟﺴﻤﻮم- 2 اﻟﺪﻗﻲ،ﻣﻌﮭﺪ ﺑﺤﻮث ﺻﺤﮫ اﻟﺤﯿﻮان-وﺣﺪة ﺑﺤﻮث اﻟﺠﯿﻨﻮم1

اﻟﻤﻠﺨﺺ اﻟﻌﺮﺑﻲ
 اﻟﻌدد اﻟﻛﻠﻲ ﻫو ﺛﻣﺎﻧ ﺔ وﺛﻼﺛون ﻋﯾﻧﻪ ﺷ ــﺎﻣﻠﻪ ﻋﻠﻰ.ﻓﻲ ﻫذﻩ اﻟد ارﺳ ــﺔ ﺗم ﺗﺄﺳـ ـ س ﻧظﺎم اﺧﺗ ﺎر اﻟﺑﻧوة ﻟﻠﺧﯾول اﻟﻌر ﺔ ﻓﻲ ﻣﺻ ــر
 ﺗم اﺳﺗﺧﻼص اﻟﺣﺎﻣض اﻟﻧوو ﻣن ﺟذور اﻟﺷﻌر و ﺗﺣﻠﯾﻠﻬﺎ ﺎﺳﺗﺧدام.ﺳـ ﻌﺔ ﻋﺷـر ﻣﻬر وﺧﻣﺳـﺔ طﻼﯾ وﺳﺗﻪ ﻋﺷر ﻓرﺳﺎت
ﺗﻔﺎﻋﻞ اﻧزم اﻟﺑﻠﻣرة اﻟﻣﺗﺳﻠﺳﻞ اﻟﻣﺗﻌدد ﻟ ﻌض اﻻﻟ ﻼت اﻟﻣﺣددة ﻓﻲ اﻟﺧﯾول ﺎﺳﺗﺧدام ﺳ ﻌﻪ ﻋﺷر ﻣن واﺳﻣﺎت اﻟﻣ روﺳﺗﻼﯾت

و ﺗم اﺧﺗ ﺎر ﻫذﻩ اﻟواﺳــﻣﺎت ط ﻘﺎ ﻟﺷــرو اﻟﻣﻧظﻣﺔ اﻟدوﻟ ﺔ ﻟوراﺛﻪ اﻟﺣﯾوان واﻟﺗﻲ ﺗوﺻــﻲ ﺎﺳــﺗﺧدام ﻣﺎ. ﻣﻌﻠﻣﻪ ﺻـ ﻐﺎت ﻣﺧﺗﻠﻔﺔ

(VHL20, HTG4, AHT4, HMS7, HTG6, HMS6, HTG7, ﻻ ﻘﻞ ﻋن اﺛﻧﺗﻲ ﻋﺷـ ـ ــر ﻣن ﻫذﻩ اﻟواﺳـ ـ ــﻣﺎت و ﻫم
(ASB17, LEX3,  ﺎﻹﺿـ ـ ــﺎﻓﺔ اﻟﻲ ﺧﻣﺳـ ـ ــﻪ واﺳـ ـ ــﻣﺎت اﺧر وﻫمHMS3, AHT5, ASB2, HTG10, and HMS2)

ﺟﻬ ــﺎز اﻟﺗﺣﻠﯾ ــﻞ

وﺗم ﻋﻣــﻞ اﺧﺗ ــﺎر ﺗﺣﻠﯾ ــﻞ ﻟﻘطﻌ ــﻪ اﻟﺣــﺎﻣض اﻟﻧوو اﻟﻣﻌﻠم ﻋن طرHMS1, CA425, and ASB23)

واﺛﺑﺗت اﻟﻧﺗﺎﺋﺞ ﺗﺣﺳ ـ ـ ـ ـ ــن ﺑﯾر ﻟﻠﺗﻌرف ﻋﻠﻲ ﺑﻧوة اﻟﺧﯾول اﻟﻌر ﺔ ﻋن طر ﺗﺣﻠﯾﻞ اﻟﻣ روﺳ ـ ـ ـ ـ ــﺗﻼﯾت ﻟﻠﺣﺎﻣض اﻟﻧوو.اﻟﺟﯾﻧﻲ
.ﺑدﻗﻪ ﻋﺎﻟ ﺔ و ﻣﺟﻬود اﻗﻞ
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