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Abstract

      Goats play a significant role in the economy of Iraq through livestock production, income 
generation, employment opportunities, and the conservation of valuable genetic resources. 
Genetic diversity of three Iraqi local goat breeds were studied by using two molecular markers, 
fifteen microsatellite (SSR) and fifteen RAP DNA markers. Individual blood samples were 
collected and individual genomic DNA were extracted from 30 Black, 10 Hybrid, and 20 Meriz 
goat breeds. PCR amplification was conducted. The results revealed that out of 15 SSR primers, 
11 were amplified and showed 847 total bands, 53 were polymorphic with 6.58 percentage of 
polymorphic bands. All the fifteen RAPD primers amplified 6085 total bands, in which 273 were 
polymorphic bands with 4.33 percentage of polymorphic bands. Different unique bands were 
detected for each breed. Both SSR and RAPD gave moderate polymorphism 66.67% and 
61.52%, respectively. Besides, this value was consistent with the moderate value of the mean of 
polymorphism information content 0.19 and 0.28, respectively. Meriz and Hybrid breeds 
revealed the longest genetic distance (0.114 and 0.316). While, Black and Meriz breeds revealed 
the highest closeness (0.956 and 0.831) for SSR and RAPD markers, respectively. Furthermore, 
the UPGMA dendrogram for both of SSR and RAPD markers classified the three goat breeds 
into two main clusters. The first one contained Black and Hybrid breeds. While, the second one 
contained only Meriz breed. The results of the current study will be helpful for future researchers 
as a key guide to better understanding the genetic relationships and breed differences in Iraqi 
goat breeds for planning strategies for the future genetic improvement program. 
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Introduction 

      Goat (Capra hircus) was domesticated 
from wild goat, belongs to the animal 
family Bovidae and the tribe Caprini. There 
are over 300 goats breeds all over the world 
(1). According to the historical 
evidence Meriz (Kurdi) goat is one of the 
oldest domesticated animal species raised at 
high altitudes in Zagros mountains of Iraqi 
Kurdistan at 10,000 years ago (2). The 
goat’s population in Iraq is about 1.5 million 
heads (3), distributed all over the country, of 
which l2.5% in the southern, 44.2% central 
and 43.3% northern parts of the country (4). 
Goats wherever in Iraq usually forage along 
together with sheep, graze on natural pasture 
for more than six months annually. This 
important genetic resource is raised 
primarily for meat and milk. While, hair is 
of secondary importance, they are well 
adapted environmentally, low price, and 
high production animal (5) It is known as 
“Poor man’s cow” contribute up to 19.9% of 
the national income.  

The two Iraqi indigenous goat breeds are 
Black (Native or Rashoky) and Meriz 
(Kurdi) goats, Black or Native goat is a 
medium size, hair is coarse and medium 
length (10-15 cm) (4). Males usually have 
long horns. While, most females are polled. 
The ears are long and pendulous. The head 
is narrow and facial profile is slightly 
concave. Males usually have medium to 
short beards. The average body weight of an 
adult male is 49.7 kg and adult female is 39 
kg (6). Meriz goat is raised mostly because 
of its fine fur (8-12 cm). It is smaller than 
black goat in size. It's either white, red, or 
brown. The horn of males reach 50 cm in 

length and female are polled. The ears are 
Long and directed laterally. The head is 
straight or slightly concave. The average 
body weight of an adult male is 40 kg and of 
an adult female is 35 kg (5). Hybrid goat: is 
the cross breed between Black (Native) and 
Meriz goats that have moderate 
characterization between both parents (4). 
There are lots of types of hybrid goats in 
Kurdistan, but this one is a result of 
combining of black and Meriz goats. It is 
known as Dura goats. There are two types of 
Dura. First: if a male black goat combined 
with a female Meriz goat, the breed features 
would be more similar to black goats. Also, 
its color mostly would be between ivory and 
white, which known as Kazh goat. Second 
type: if a male Meriz goat combined with a 
female black goat, their breed’s features 
would be more similar to Meriz, such as its 
size, head, ears and horn shape. But its hair 
is coarser than Meriz goats. However, 
Hybrid goats have a medium size between 
Black and Meriz goats, they are more active 
and more ability to walk farther and 
climbing mountains more than other goat 
breeds. Although genetic research recently 
focuses on the conservation of biodiversity 
in domestic animals, these great efforts still 
cannot solve the problem of loss in local 
animal breeds (7). Goat population in Iraq 
had diminished (8) because of the successive 
droughts and their impact on feed wheat and 
barley production. Therefore, a good and 
speed conservation program for 
development of these breeds would be very 
significant. The plan should include a 
genetic analysis within and between 
population levels in these local breeds. 
Molecular markers play a crucial role in 
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assessing genetic diversity in goat 
populations and have several important 
implications for goat breeding, conservation, 
and research. The objective of the current 
study was to evaluate the genetic diversity in 
Iraqi local goat breeds (Black, Hybrid, and 
Meriz breeds) using two most powerful 
molecular markers such as microsatellite 
(SSR) and RAP DNA markers, which 
haven’t been used together by any 
researcher in Iraqi goat breeds to assess 
genetic diversity.    

Materials and Methods 

Animal samples and locations: 

Three Iraqi local goat breeds, 30 Black 
(native or rashoky), 10 Hybrid, and 20 Meriz 
(Kurdi) were used in the current study. The 
Native Black goat breed that symbolled (B1-
B30) in this study was found at several 
various locations in Sulaimani province. 
Hybrid goat breed, in which symbolled (H1-
H10), found in the most locations that 
samples were collected. Also, Meriz goat 
breed that symbolled (M1-M20), found only 
at Raparin administration.  

Blood collection and DNA extraction: 

Goats individually were sampled 5 ml of 
whole blood from jugular vein into 
vacutainer tubes (10 ml) containing the 
(EDTA) as anticoagulant, from regions 
where each breed is predominantly found in 
Sulaimani province to ensure that each 

population was a fair representative of the 
breed. Before sampling, each breeder was 
asked about the nature of the breeding 
system in order to determine the purity of 
the animals, at the same time, we collected 
blood from various goats color, age and 
gender within each breed, the blood samples 
were immediately transferred in a cooler box 
to the Biotechnology Laboratory at the 
College of Agricultural Engineering 
Sciences -Animal Science department, 
Sulaimani University, during the period 
from January to May of 2022. Blood 
samples were stored at –20 °C until DNA 
extractions. DNA was extracted from each 
of the blood sample using SinaPureTM 
DNA Blood Mini Kit (SINACLON 
EX6001) (SinaClonBioScience, Tehran, 
Iran), according to the manufacturer`s 
instructions. The quantity and quality of 
DNA was calculated by nanodrop 
spectrophotometer (Thermo Fisher 
Scientific, 2000, USA) later the 
concentration of DNA was written on each 
tube individually  (26). 

Microsatellite (SSR) and RAPD primers: 

 In the present study, a total of 15 of SSR 
and 15 of RAPD primers which were 
obtained from (Macrogen-LIGO) in Korea 
were used. The descriptions of primers 
regarding their names, primer sequences, 
annealing temp. (°C) are given in Table (1). 
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Table 1: List of SSR and RAPD markers used in this study with their sequences and annealing 
temperatures. 

No
. 

SSR 
primers 

Primer sequence (5’ -- 3’) Annealin
g temp. 

References 

1 OarFCB12
8 

ATTAAAGCATCTTCTCTTTATTTCCTCGC 
CAGCTGAGCAACTAAGACATACATGCG 

55 (9) 

2 SRCRSP9 AGAGGATCTGGAAATGGAATC 
GCACTCTTTTCAGCCCTAATG 

55 (10) 

3 ILSTS5 GGAAGCAATGAAATCTATAGCC 
TGTTCTGTGAGTTTGTAAGC 

55 (10) 

4 ILSTS11 GCTTGCTACATGGAAAGTGC 
CTAAAATGCAGAGCCCTACC 

55 (11) 

5 SRCRSP5 GGACTCTACCAACTGAGCTACAAG 
GTTTCTTTGAAATGAAGCTAAAGCAATGC 

56 (12) 

6 OarFCB20 AAATGTGTTTAAGATTCCATACAGTG 
GGAAAACCCCCATATATACCTATAC 

56 (13) 

7 OarFCB30
4 

CCCTAGGAGCTTTCAATAAAGAATCGG 
CGCTGCTGTCAACTGGGTCAGGG 

56 (14) 

8 OarJMP29 GTATACACGTGGACACCGCTTTGTAC 
GAAGTGGCAAGATTCAGAGGGGAAG 

56 (15) 

9 OarHH47 TTTATTGACAAACTCTCTTCCTAACTCCACC 
GTAGTTATTTAAAAAAATATCATACCTCTTAA

GG 

58 (9) 

10 MAF214  GGGTGATCTTAGGGAGGTTTTGGAGG 
AATGCAGGAGATCTGAGGCAGGGACG 

58 (9) 

11 OarJMP58 GAAGTCATTGAGGGGTCGCTAACC 
CTTCATGTTCACAGGACTTTCTCTG 

58 (16) 

12 BM1824 GAGCAAGGTGTTTTTCCAATC 
CATTCTCCAACTGCTTCCTTG 

58 (17) 

13 INRA063 ATTTGCACAAGCTAAATCTAACC 
AAACCACAGAAATGCTTGGAAG 

58 (18) 
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14 MAF65 AAAGGCCAGAGTATGCAATTAGGAG 
CCACTCCTCCTGAGAATATAACATG 

60 (10) 

15 MAF70 CACGGAGTCACAAAGAGTCAGACC 
GCAGGACTCTACGGGGCCTTTGC 

60 (19) 

 RAPD    

1    RAP1 CAGCCCCTTTC 42  

 

(20) 

 

2 RAP2 AATCGGGCTG 42 

3 RAP3 GGGAGGGTGTT 42 

4 RAP4 AGCGTGTCTG 42 

5 RAP5 TCACGTCCAC 42 

6 RAP6 GAAACACCCC 42 

7 RAP7 TCTCCGCCCT 42 

8         RAP8 CCCACACGCA 42  

9 OPP03 CTGATACGCC 36  

(21) 

 

10 OPP08 ACATCGCCCA 36 

11 OPP14 CCAGCCGAAC 36 

12 OPP15 GGAAGCCAAC 36 

13 OPQ04 AGTGCGCTGA 36 

14 OPQ06 GAGCGCCTTG 36 

15 OPQ12 AGTAGGGCAC 36 

 

PCR Amplification and Electrophoresis: 

Both SSR and RAPD PCR amplifications 
were carried out in 25 µl as total reaction 
mixture volume containing: 10 µl of master 
mix 2X, 2 µl of primers (20 Pmol), 2 µl of 
each individual DNA sample (50 ng) 
continued the volume by 11 µl of deionized 
distilled water. The PCR amplifications 

program were performed starting with initial 
denaturation at 94 °C for 2 min. Then, 
followed by 35 cycles: denaturation at 94 °C 
for 30 sec, annealing at (55-60°C) for SSR 
or at (36 and 42°C) for RAPD primers for 
30 sec., extension at 72 °C for 30 sec. with a 
final extension at 72 °C for 5 min. Products 
were then separated on 1.5% agarose gels 
using 1 × TBE (Tris-Borate-EDTA) running 
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buffer at 5 V/cm. and visualized by staining 
with ethidium bromide. 

Data Analysis:  

An overall of 60 goat individuals were DNA 
sampled and the data was used to calculate: 
a total number of fragments, monomorphic, 
polymorphic fragments, a percentage of 
polymorphic band (PPB) and unique bands 
for both SSR and RAPD markers. 

 The genetic analysis of molecular variance 
(AMOVA) and pairwise estimates across 
goat populations (Black, Hybrid, and Meriz) 
were performed using the GenALEx ver. 
6.51 software (22). POPGENE 32 (23) 
software package was used for calculating: 
number of alleles (Na), number of effective 
alleles (Ne), observed (Ho) and unbiased 
expected heterozygosity (uHe) values, Nei’s 
gene diversity value (h), Shannon’s 
Information index (I), genetic distance 
values and Polymorphic Information content 
(PIC) among three goat populations. 
(ANOVA) and comparison test among 
goat`s genotypes were calculated by 
XLSTAT software. Based on microsatellite 
and RAPD genotypes at multiple loci, the 
program STRUCTURE uses a model-based 
Bayesian clustering method to infer the 
number of distinct populations (K) from 
which samples have been drawn and to infer 
the genetic ancestry of the individuals 
sampled (24). 

Results and Discussion 

The development and finding a reliable 
molecular marker for genetically 
distinguishing among and within breeds 
(populations) has become increasingly 

important due to the increasing demand for 
understanding the genetic background of our 
local animals especially goat, because of its 
economic importance. For the purpose of the 
identification of animals and breeds, 
microsatellites (SSR) and Random 
Amplified Polymorphic DNA (RAPD) are 
widely used as molecular markers. For the 
first time two molecular markers have been 
used to study the genetic distance within and 
among three populations of Black, Hybrid 
and Meriz Iraqi local goat breeds, using 
fifteen SSR and fifteen RAPD molecular 
markers (Table 1). The parameters measured 
in the current study including individual 
identification and genetic population 
diversity. Previous studies have shown that 
all 15 SSR and RAPD markers were 
polymorphic in goat (Table 1). About the 
SSR markers, out of fifteen markers, eleven 
were amplified and showed bands in the 
current study, a total of 847 bands were 
scored with size varied from 125 bp to 
400 bp. 53 bands were polymorphic, with 
6.58% Percentage of Polymorphic Bands 
(PPB). On the other hand, RAPD markers 
showed 6085 bands with size ranged from 
150 bp to 1900 bp, 273 bands among them 
were polymorphic, with 4.33% Percentage 
of Polymorphic Bands (PPB). These results 
were higher than those recorded by (25, 26, 
27, 28) in Iraqi goat breeds. These 
differences between our study and others 
because they used pooled sample to 
represent the population. While the current 
study used individual samples. The SSR 
marker detected high Percentage of 
Polymorphism Bands (6.58%) more than 
which detected by RAPD molecular marker 
(4.33%). Reflecting, that the SSR markers 
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are highly specific due to their design, which 
involves amplifying specific repeat motifs. 
This specificity allowed for better 
discrimination between individuals and 
detection of genetic variations. RAPD 
markers, being random, may amplify non-
targeted regions that are less variable, 
resulting in fewer bands. 

Both SSR and RAPD markers detected 7 
and 50 unique bands in the three studied 
goat breeds, respectively (Table 2). The 
unique bands detected by RAPD in the 
current study were higher than those 
previous studies. It has been found that the 
unique bands detected by RAPD was 13 and 
20 unique bands in Iraqi goat breeds (25, 
27). The SSR marker (SRCRSP9) detected 1 
unique band in Hybrid, and ILSTS5 showed 
2 unique bands in Black and Meriz goats. 
Each of OarJMP29, MAF65, and MAF70 
markers showed (1, 2, and 1) unique bands, 
respectively in Black goat. On the other 
hand, the highest unique band for RAPD 
markers was recorded by 2 markers. First, 
RAP1 (6 bands) which 3 of them for Black 
and 3 for Meriz. The second marker was 
OPQ12 (5 unique bands), which 3 of them 
for Black and 2 for Meriz breed, the rest 
showed different unique bands from 
different breeds for instant RAP2 detected 4 
unique bands (2 Black and 2 Meriz). Each of 
RPA3 and RAP4 detected 4 bands (3 Black 
and 1 Meriz). RAP5 detected 2 unique bands 
in Black goat. RAP6 detected 4 unique 
bands (1 Black and 3 Meriz). RAP8 detected 
2 unique bands in Meriz. OPP03 detected 4 
unique bands (1 Black and 3 Meriz). OPP08 
detected 4 bands (3 Black and 1 Meriz). 
OPP14 detected 4 bands (2 Black, 1 Meriz 
and 1 Hybrid). OPP15 detected 1 unique 

band in Black goat. OPQ04 recorded 3 
unique bands (1 Black, 1 Hybrid and 1 
Meriz). OPQ06 detected 3 bands (2 Black 
and 1 Hybrid). These results were higher 
than those recorded by Al-Barzinj et al., (25) 
in Iraqi goat breeds because of the 
differences in the type of primers and 
individual sample analysis in the current 
study in comparison to pooled samples in 
their study. These results indicate that these 
loci can be used to analyze the genetic 
diversity between breeds. Moreover, SSR 
markers are designed to amplify specific 
repetitive DNA sequences, which are known 
to be highly variable. However, due to their 
targeted nature, SSR markers may detect 
variations only within specific regions of the 
genome. If the genetic diversity in the goat 
population is concentrated in regions that are 
not targeted by the SSR markers used in the 
study, it may lead to the detection of fewer 
unique bands. 

 The polymorphic information content (PIC) 
value can be used as one tool among many 
to assess the genetic diversity within goat 
populations, contributing to breeding 
programs, conservation efforts, and 
understanding the genetic structure of goat 
populations. The set of SSR loci analyzed in 
this study had moderate to relatively high 
PIC values, ranging from 0.09 (OarFCB304) 
to 0.35 (MAF70), with a mean value of 0.19 
(Table 2), indicating the availability of high 
allelic variation in the marker loci and their 
distribution within the populations under 
study. While, PIC in RAPD marker ranged 
from 0.13 (RAP2) to 0.42 (OPP03) with an 
average of 0.28, which can be considered 
relatively high. RAPD markers tend to have 
lower PIC values compared to SSR markers 
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and typical PIC values for RAPD markers 
range from 0 to 0.3. Therefore, a PIC value 
of 0.28 suggests a relatively good level of 
polymorphism and genetic diversity at the 
RAPD marker locus. This study recorded 
lower PIC value as compared to reports of 
0.78 and 0.756 by (29) and (30), 
respectively based on SSR loci. The 
observed number of alleles (Na) is a 
measure of genetic diversity within a 
population or a sample of individuals. 
Specifically, in the context of goat genetic 
diversity, Na represents the number of 
different alleles observed at a particular 
genetic locus or marker. A higher value of 
Na indicates a greater number of alleles and, 
consequently, a higher level of genetic 
diversity at that locus within the goat 
population. In the current study, the mean 
observed number of alleles (Na) was 1.365 
and 1.336 for SSR and RAPD markers, 
respectively (Table 3). Lower than which 
recorded by (31) in Iranian mohair goat 
(1.82). While, higher than recorded by (30) 
(0.98) in Markhoz goat.     

 The effective number of alleles (Ne) 
provides a more accurate estimation of 
genetic diversity because it accounts for the 
unequal distribution of alleles within a 
population. When a population has a few 
dominant alleles with high frequencies, Ne 
tends to be lower than Na. Conversely, when 
a population has a more even distribution of 
allele frequencies, Ne can be closer to Na. 
Ne values in the present study were 1.283 
and 1.341 for SSR and RAPD markers, 
respectively. This finding weas lower than 
those previous studies (31 and 29). in 
Iranian mohair goat was 1.62, and Markhoz 
goat was 4.12. 

 Furthermore, Shannon's information index 
(I) was used for further detection of genetic 
diversity among all the breeds. Black goats 
showed higher I value for both SSR and 
RAPD markers were 0.343 and 0.415, 
respectively. While, Hybrid showed the least 
value for both markers (0.223 and 0.188) 
with an average of 0.276 and 0.306 for SSR 
and RAPD markers all over the breeds, 
respectively (Table 3). Shannon index value 
(I) for both SSR and RAPD markers 
recorded moderate genetic diversity among 
all studied goat breeds this may be due to 
high inbreeding mating in those studied 
populations. These results were higher than 
those reported by (25) in Iraqi goat I=0.10. 
However, lower than reported by each of 
(30, 31) 1.5 and 0.5, respectively.    

Both expected heterozygosity and unbiased 
heterozygosity provide valuable insights into 
the genetic diversity and variability of a 
population. They are commonly used in 
population genetics studies to compare 
genetic diversity among populations, assess 
the impact of genetic drift, evaluate breeding 
programs, and monitor changes in genetic 
diversity over time. In the current study, the 
overall expected heterozygosity (He) and 
unbiased heterozygosity (uHe) were (0.176 
and 0.181) and (0.202 and 0.208) for SSR 
and RAPD marker respectively (Table 3). 
RAPD markers showed higher values 
indicate greater genetic diversity within the 
population. Black goat showed the highest 
observed heterozygosity (uHe). While, 
Hybrid showed the lowest value for both of 
SSR and RAPD. (He) in both methods (SSR 
and RAPD) is equal or very close to (uHe), 
it suggests that the observed heterozygosity 
in the population matches the expected 
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heterozygosity based on the allele 
frequencies and follows the expectations of 
Hardy-Weinberg equilibrium. In Hardy-
Weinberg equilibrium, the frequencies of 
alleles and genotypes in a population remain 
constant over generations in the absence of 
factors such as mutation, migration, 
selection, and genetic drift. The average 
unbiased heterozygosity (uHe) in our study 
was lower than that reported by (11) (0.385) 
in Nubian goats in Brazil. On the other hand 
(9) obtained mean heterozygosity higher 
than 0.91, in the local Saudi Arabia goat 
breed 

 A higher Polymorphism percentage for SSR 
and RAPD markers indicates a greater 
proportion of loci with different banding 
patterns, suggesting higher genetic diversity 
within the population. The highest 
percentage was recorded by Black breed 
(88.68%) and (85.29%) for both SSR and 
RAPD marker, respectively. While, the 
lowest percentage was recorded by Hybrid 
(45.28% and 33.46%). In addition, the Meriz 
breed showed medium percentage value 
(66.04% and 65.81%) with an average 
percentage value (66.67% and 61.52%) for 
both SSR and RAPD markers, respectively. 
This study recorded higher polymorphic 
percentage compared with previous studies 
(46% and 55.29%), respectively (28 and 26). 
However, lower percentage (93.4%) in 
comparison to previous study (25). The 
differences in the percentage of 
polymorphism between the present study 
and the other studies could be attributed to 
the nature of the samples used in this study 
which used individual sample for the 
analysis not pooled sample like other studies 
did in Iraqi goat breeds. Analysis of 

molecular variance (AMOVA) of the 3 Iraqi 
local goat breeds (Black, Hybrid and Meriz) 
genotypes analysis by using 11 SSR and 15 
RAPD markers demonstrated 76% and 62% 
of the total variation within the populations. 
While, 24 and 38% was recorded to 
differences between populations, 
respectively (Table 4). When genetic 
diversity within a population is greater than 
among populations, it suggests that there is a 
higher level of genetic variation and 
differentiation within individuals of the 
same population compared to the differences 
observed between different populations.  

     Genetic distance and similarity among 
goat breeds refer to the degree of genetic 
divergence or similarity between different 
breeds of goats. These measures help to 
assess the genetic relationships and 
population structure among goat breeds. In 
the current study, the level of genetic 
distance (dissimilarity) was estimated by 
using Jaccard's similarity coefficient 
depending on SSR and RAPD data (Table 
5). Both of SSR and RAPD markers showed 
the longest genetic distance 0.114 and 0.316 
between Hybrid and Meriz breed, 
respectively. The most closeness (similarity) 
recorded between Black and Meriz breed 
(0.956 and 0.831) for both SSR and RAPD, 
respectively. The same result was recorded 
by Mohammed (32) which observed a close 
genetic distance between Black (Native) and 
Meriz goats (D=0.1667) in Iraqi local goats. 
Moreover, the UPGMA dendrogram based 
on Nei`s genetic distance values for both of 
SSR and RAPD markers classified the three 
studied goat breeds into two main clusters 
(Figure 1 & 2).  
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Table 2: Total number of fragments, monomorphic, polymorphic fragments, Percentage of 
Polymorphic Bands, and unique band obtained by SSR and RAPD markers in Iraqi local goat 
breeds (Black, Hybrid, and Meriz). 

Primers Range of 
fragment 
size bp 

Total No. 
of 
fragments 

Monomorphic 
fragments 

Polymorphic 
fragments 

PPB* Unique 
band 

PIC* 

 SSR   
SRCRSP9 150-225 62 57 5 8.06 1  0.12 

ILSTS5 190-250 60 56 4 6.67 2  0.18 
ILSTS11 275-350 60 56 4 6.67 0 0.16 

SRCRSP5 190-250 60 56 4 6.67 0 0.16 
OarFCB304 150-400 79 69 10 12.66 0 0.09 
OarJMP29 130-150 60 57 3 5 1 0.26 

MAF214 225-350 141 135 6 4.26 0 0.25 
OarJMP58 150-200 60 57 3 5 0 0.21 

BM1824 175-225 60 56 4 6.67 0 0.18 
MAF65 125-200 72 67 5 6.94 2 0.15 
MAF70 140-200 133 128 5 3.76 1 0.35 
Total - 847 794 53 - 7 - 

Average - 77 72.18 4.82 6.58 - 0.19 
 RAPD   
RAP1 250-1900 609 583 26 4.27 6 0.30 
RAP2 225-1200 262 241 21 8.02 4 0.13 
RAP3 275-1100 431 414 17 3.94 4 0.33 
RAP4 500-1500 362 347 15 4.14 4 0.28 
RAP5 225-1500 320 364 16 4.21 2 0.26 
RAP6 275-1200 561 538 23 0.04 4 0.34 
RAP7 275-1150 445 428 17 3.82 0 0.37 
RAP8 225-1000 500 480 20 4 2 0.27 
OPP03 275-1550 385 372 13 3.38 4 0.42 
OPP08 150-1000 327 310 16 4.91 4 0.25 
OPP14 425-1600 377 360 17 4.51 4 0.22 
OPP15 300-1200 402 388 14 3.48 1 0.33 
OPQ04 250-1200 289 270 19 6.57 3 0.18 
OPQ06 325-1200 353 334 19 5.38 3 0.21 
OPQ12 275-1050 462 442 20 4.33 5 0.29 
Total - 6085 5871 273 - 50  

Average - 405.67 391.4 18.2 4.33 - 0.28 
* PPB: Percentage of polymorphic bands; *PIC: polymorphic Information Content. 
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Table 3: The number of samples (n), observed number of alleles (Na), effective number of alleles 
(Ne), Shannon's Information index (I), expected heterozygosity (He), unbiased expected 
heterozygosity (uHe), and Percentage of Polymorphic Loci (%P) of the Iraqi (Black, Hybrid, and 
Meriz) goat breeds. 

Breeds n Na Ne I He uHe %P 
   SSR     

Black 30 1.774 1.313 0.343 0.211 0.214 88.68% 
Hybrid 10 0.962 1.259 0.223 0.149 0.157 45.28% 
Meriz 20 1.358 1.276 0.263 0.168 0.172 66.04% 

Overall  1.365 1.283 0.276 0.176 0.181 66.67% 
                 RAPD     

Black 30 1.735 1.451 0.415 0.272 0.277 85.29% 
Hybrid 10 0.879 1.227 0.188 0.128 0.135 33.46% 
Meriz 20 1.393 1.345 0.317 0.207 0.213 65.81% 

Overall  1.336 1.341 0.306 0.202 0.208 61.52% 
 

Table 4: Analysis of molecular variance (AMOVA) of the three Iraqi goat local breeds 
(Black, Hybrid, and Meriz). 

  SSR     
Source df SS MS Est. 

Var. 
% P-

Value 
Among 

Pops 
2 87.550 43.775 2.038 24% 0.001 

Within 
Pops 

57 365.500 6.412 6.412 76% 0.001 

Total 59 453.050   8.450 100%  
                                      RAPD 

Among 
Pops 

2 929.850 464.925 23.321 38% 0.001 

Within 
Pops 

57 2130.017 37.369 37.369 62% 0.001 

Total 59 3059.867 
 

60.690 100%  
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Table 5: The similarity index (above diagonal) and genetic distance (below diagonal) 
among the studied goat breeds based on SSR and RAPD analysis. 

Genotypes Black Hybrid Meriz Marker type 

Black *** 

*** 

0.907 

0.822 

0.956 

0.831 

SSR 

RAPD 

Hybrid 0.098 

0.196 

*** 

*** 

0.892 

0.729 

SSR 

RAPD 

Meriz 0.045 

0.185 

0.114 

0.316 

*** 

*** 

SSR 

RAPD 

 

 

  

 

 

 

 

 

 

 

Figure 1: UPGMA dendrogram among individuals (A) of three native goat populations (B) based 
on SSR marker analysis. C1: Black; C2: Hybrid; C3: Meriz breeds. 
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The first one contained the Black and 
Hybrid breeds. While, the second one 
contained only Meriz breed. Structure 
analysis is a statistical method used to infer 
population structure and individual ancestry 
based on genetic data, including SSR and 
RAPD markers. It helps identify genetic 
clusters within a population and estimate 
individual admixture proportions. The 
analysis can reveal the presence of distinct 
genetic clusters within the studied 
population. Each cluster represents a group 
of individuals that share similar genetic 
characteristics. The population structure and 
degree of admixture of the three goat breeds 
were evaluated using Bayesian model-based 
clustering in the STRUCTURE software. 
The structure of the studied breeds was 
determined based on the degree of 
admixture for each individual using the 
correlated allele frequencies model 
implemented in the software STRUCTURE. 
The obtained DK value was highest at K = 
3. On the basis of the 11 SSR and 15 RAPD 

markers, the results of STRUCTURE 
revealed the division of the goat breeds into 
three genetic clusters (Figure 4). This 
finding suggests significant genetic 
differentiation within the population. Each 
cluster represents a group of individuals that 
share more genetic similarity with each 
other than with individuals from the other 
clusters. The three clusters may correspond 
to subpopulations or genetically distinct 
groups within the studied population. This 
substructure could arise due to factors such 
as geographical isolation, breeding practices, 
or historical events. On the other hand, the 
identification of three clusters implies the 
existence of significant genetic diversity 
within the population. Each cluster likely 
represents a unique set of alleles and genetic 
variants that contribute to the overall genetic 
variation observed. 

 

 

 

Figure 2: UPGMA dendrogram among individuals (A) of three native goat populations (B) based 
on RAPD marker analysis. C1: Black; C2: Hybrid; C3: Meriz breeds. 
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                         Black                                    Hybrid                                       Meriz 

(A)        K=3 

 

    (B)        K=3 

Figure 3: Estimated population structure of 3 Iraqi goat breeds as revealed by (A) 11 SSR and (B) 
15 RAPD polymorphic markers for (K = 3), Red indicates Black, green indicates Hybrid, blue 
indicates Meriz breed. 

Conclusions 

      The aim of the current study was to 
assess the genetic diversity and the 
relationship individually and among three 
different breeds of Iraqi goat by SSR and 
RAPD markers for the first time. Both 
markers ensured high polymorphism and 
moderate genetic diversity among breeds. In 
addition, the genetic diversity within a 
population was greater than among 
populations. Longest genetic distance using 
both of SSR and RAPD markers was 
between Hybrid and Meriz breeds. The most 

closeness (similarity) recorded between 
Black and Meriz. Furthermore, the UPGMA 
dendrogram classified the three studied goat 
breeds into two main clusters. The first one 
contained the Black and Hybrid breeds. 
While, the second one contained only Meriz 
breed. The results of the current study will 
be helpful for future researchers as a key 
guide to better understanding the genetic 
relationships and breed differences in Iraqi 
goat breeds for planning strategies for the 
future genetic improvement program. 
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 الجزیئیة تقییم التنوع الوراثي لسلالات من الماعز المحلی العراقي باستخدام المؤشرات 

 عبد اللهمحمد رسول  وسف،یالدین  ئاوات نور

 , العراقالسلیمانیة, السلیمانیةجامعة  الزراعیة،کلیة علوم الھندسة  الحیوان،قسم علم 

 الخلاصة 

، وزیادة تولید الدخل، وتوفیر فرص العمل، و العالیة  إنتاجیتھیلعب الماعز دورا مھما فی الاقتصاد الوطنی للعراق من خلال  
الحفاط علی الموارد الوراثیة القیمة. تمت دراسة التنوع الوراثی لثلاث سلالات من المعز المحلی العراقي باستخدام اثنین من 

موءشر، جمعت عینات من الدم بشکل فردی من کل حیوان   RAPD  ۱٥و    SSR  ۱٥المؤشرات الجزیئیة، حیث تم استخدام  
المرعز.    ۲۰ھجین، و    ۱۰ماعز الاسود،    ۳۰من کل عینة من ال    (DNA)علی حدە، واستخلص الحامض النووی الرایبوزی  

بادئة أعطت النتائج   ۱۱و    SSRبادئات ال    ۱٥. أظھرت النتائج انھ من مجموع  PCRتم أجراء عملیة تضخیم الدنا بتقنیة ال  
اظھرت   کانت    ٥۳حزمة،    ۸٤۷موجبة حیث  بنسبة  منھا  الأشكال  متعددة  ال  ٦,٥۸حزماً    RAPDالبادئات    ۱٥%. مجموع 

%. کل سلالة علی حده اظھرت عدد مختلف من الحزم ٤,۳۳حزماً متعددة الأشكال بنسبة  کانت    ۲۷۳حزمة،    ٦۰۸٥أظھرت  
% علی التوالی. ھده النتائج ٦۱,٥۲% و  ٦٦,٦۷تعدد الاشکال المعتدل  أظھرت    RAPDو     SSRخاصة بالسلالة، کل من  

علی التوالی. أعلی المسافة  الوراثیة سجلت مابین ماعز المرعز والھجین   ۰,۲۸و    PIC  ۰,۱۹کانت متزامنة مع معدل قیمة  
) ۰,۸۳۱و    ۰,۹٥٦) و أعلی قیمة التشابھ الوراثی سجلت بین سلالة الماعز الاسود والمرعز حیث کانت (۰,۳۱٦و    ۰,۱۱٤(

) صنفت  dendrogramعلی التوالی. بالأضافة الی ان نتائج المستحصلة علیھ من قبل الشجرة الوراثیة (  RAPDو     SSRلل  
السلالات الثلاثة الی مجموعتین, المجموعة الاولی احتوت الماعز الاسود والھجین, بینما المجموعة الثانیة احتوت علی سلالة  
والاختلافات  الوراثیة  للعلاقات  افضل  لفھم  مفتاح  کدلیل  المستقبل  فی  الباحثین  یساعد  قد  الحالیة  الدراسة  نتائج  فقط.  المرعز 

 الموجودة بین سلالات المعز المحلی العراقی لکی نستفاد منھا لوضع خطط ستراتیجیة مھمة لتطویرھا وراثیا.
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