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Summary 
 

This study was conducted at the College of Agriculture / University of Basrah. The study 
aimed to characterize the genetics of local Iraqi black goats using mitochondrial DNA (Cytochrome b). A 
total of 160 blood samples were collected from local Iraqi black goats aged (1-2) years in the 
governorates of Al-Muthanna, Dhi Qar, Basrah and Maysan(40 samples each). A segment of 1140 bp of 
Cytochrome b gene were amplified.The number of haplotypes of the Cytochrome b gene was 20 
haplotypes.The total number of transition mutations was 18, the highest number was in Al-Muthanna 
(8), the lowest was in Thi-Qar and Maysan, (only 2 mutations). The total number of transversion 
mutations was 9 (7 in Al-Muthanna and 2 in Basrah). The overall haplotype diversity (HD) was (0.864), 
the highest was in Basrahh (0.838). The overall nucleotide diversity was 0.00294, with the highest value 
in Al-Muthanna (0.00548). The presence of three haplotype pattern that were unique to the Iraqi black 
goat breed. The phylogenetic tree showed two main branches, the 1stincluded the animals of Al- 
Muthanna and Maysan, and the 2ndincluded Thi-Qar and Basrahh. The phylogenetic tree for black Iraqi 
local goats exhibited a unique branch, goat breeds in the world showed another branch.The highest 
genetic distance between the animals of Basrahh and Al-Muthanna (0.833), the lowest between animals 
of Maysan and Thi-Qar (0.505). The results of the mismatch distribution showed a mono peak 
distribution in the animals of Thi-Qar and a multi-peaks distribution in the animals of Al-Muthanna and 
Basrahh. 
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Introduction 
Goats are characterized by the ability to survive 
and thrive under very harsh climatic conditions, 
such as high ambient temperatures, water 
shortages and scarcity of pastures. Goats have 
been widely used as a good source of meat, 
milk and hair, especially in areas with harsh 
climatic conditions that negatively affect the 
performance and production of other animals. 
Despite the large contribution of goats to food 
security in arid and semi-arid areas compared 
to other farm animals, studies on goat 
production systems and phenotypic and genetic 

characterization are few (Al-Araimi et. al., 
2017). 
Phenotypic and genetic characterization to 
assess biological diversity and differences 
between the current Iraqi goat breeds is a 
prerequisite and an important condition to 
facilitate their conservation and use in breeding 
and improvement programs, as Iraqi goats are 
not classified and the information available 
about them is very limited. Therefore, the 
phenotypic characterization of animal genetic 
resources is the process of identifying the 
different groups and breeds and describing 
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their external and productive characteristics in 
a particular environment and under a certain 
administration, and the information provided 
by phenotypic studies is necessary in planning 
and managing animal genetic resources at the 
local, national, regional and global levels 
(Othman and Mahfouz, 2016). 
Cytochrome b gene is one of the genes encoded 
by mtDNA, which is widely used in the study of 
evolution for its ease of access and has a high 
value in evolution and follows a pattern of 
inheritance consistent with phylogenetic 
reconstruction (Jain et al, 2007). 
The Cytochrome b gene in goats has a length of 
1140 base pairs of 337 amino acids, preceded 
by an ATG-encoded start codon and terminated 
by an AGA stop codon (Chen et al, 2016; Pietro 
et al, 2003). The Cytochrome b gene is involved 
in the transfer of electrons in the respiratory 
chain and can be used for the purpose of 
phylogenetic analysis and species identification. 
In addition, it is particularly useful for 
comparing species within the same genus or 
family and can also be used to study genetic 
diversity through mtDNA sequences 
(Castersana, 2001). The Cytochrome b gene is 
unique in that it is one of the protein-encoding 
genes that has an eternal role in determining 
the level of species so that it can be used to 
classify a particular breed or to determine the 
genetic relationship between species. 
The present study was part of a project to 
recognize the genetic structure of Iraqi local 
camel (Ayied et al., 2018) and cattle (Faraj et al, 
2020 and 2021).  

Aim of the study were to count the number of 
haplotypes within and between lineages, as 
well as calculating the haplogroup. As well as 
compare the Iraqi goat breed with the goat 
breeds in the world, calculate Neutrality, 
genetic stability of breeds and expansion time 
in the evolutionary history of Iraqi Goats. 
Material and methods  

         Animals 
160 samples were collected from the local Iraqi 
goat breed, 40 samples from each of the 
governorates of Muthanna, Dhi Qar, Basrah and 
Maysan, and the animals were not related to 
each other. 
DNA extraction kit 
       The gSYNC™ DNA Extraction Kit was used 
for DNA extraction, manufactured by the 
Taiwanese Geneaid Company, and according to 
the instructions in the leaflet attached by the 
company. Primer was 'F-5'-
GGAATCTAACCATGACCAAT-3, 'R-5'-
GCTTCTTCCTTGAGTCTTAG-3 
Polymerase Chain Reaction 
    The special materials were prepared using 
PCR technique, then they were placed in a 
container containing pieces of ice to protect 
them from heat. The work was done in a sterile 
and clean place in a special cabinet (PCR 
Cabinet), which contains ultraviolet (UV) rays, 
to sterilize the micropipettes, tubes and tubes. 
The PCR reaction mixture was prepared in a 100 
μlEppendorf tube and the final volume of 
components was (50 µl) and then the tubes 
were placed in a microcentrifuge for 30 seconds 
(Table 1). 

Table (1) Quantities (µl) of materials used in PCR-mtDNA technique 

Master mix 
Template 
DNA 

Primers 
D. W. 

Total 
volume Forward Reverse 

25 6 2 2 15 50 

 
statistical analysis 

Forward bar sequences and Reverse bar 
sequences were collected, and sequences were 
aligned and aligned using Bio Edit software 
(Hall, 1999). Number of polymorphic (NH), 
number of transitions and transversions, and 
nucleotide composition were calculated using 
the Arlequinver program. 3.5.1.2 (Excoffier and 

Lischer,2010(. Haplotype diversity (HD) and 
nucleotide diversity (π) were calculated using 
DnaSP v5.10 (Librado and Rozas, 2009).The 
network of haplotypes of the D-loop region and 
the Cytb gene was drawn based on the Median 
Joining (MJ) algorithm using Network 5.0.0.0 
(Bandelt et al., 1999). While the phylogenetic 
tree was drawn by the Neighbor-joining tree 
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(NJT) using MEGA 7.0 program (Kumar et al., 
2016(. Genetic distance was calculated using 
Arlequinver software. 3.5.1.2 (Excoffier and 
Lischer, 2010(.Analysis of molecular variance 
(AMOVA) using Arlequinver software. 3.5.1.2 
(Excoffier and Lischer, 2010). Analyze the 
neutrality test using Arlequin ver. 3.5.1.2 
(Excoffier and Lischer, 2010). The mismatch 
distribution was analyzed using DnaSP v5.10 
(Librado and Rozas, 2009(. 
Spssanalysis 

The data were statistically analyzed 
using a fully randomized design for one factor 
with four parameters, and significant 
differences between the means were tested 
using the Revised Least Significant Differences 
(RLSD) using the ready-made statistical program 
SPSS (V.26) (2020). 
 
Result and Discussion 
Molecular diversity 
Total number of sequences was 160 in all 
studied regions (40 for each governate). The 
total number of genetic formations (NH) 
reached 31 formations distributed among the 

governorates of the studied breed, where 17 
formations appeared in Al-Muthanna, two 
formations in Dhi Qar, 10 formations in Basrah 
and two formations in Maysan. The total 
number of transitions was 18, distributed (8, 2, 
6 and 2) between the governorates of Al-
Muthanna, Dhi Qar, Basrah and Maysan 
respectively. While the total number of 
mutations showed 9 mutations distributed (7 
and 2) in each of Al-Muthanna and Basrah, 
respectively, while there was no transformation 
within the breed in each of Dhi Qar and 
Maysan. As for the content of nitrogenous 
bases, it was rich in nitrogen bases content of 
adenine A, cytosine C and thymine T (Table 2). 
Genetic diversity 
The results of the genetic diversity of the 
Cytochrome b gene (table, 3) showed that the 
total haplotype diversity (HD) values were 
(0.864), and the highest haplotype diversity was 
for the animals of Basrah (0.838) followed by Al-
Muthanna and Maysan (0.828 and 0.517, 
respectively).The lowest haplotype diversity in 
Dhi Qar (0.492). 

 
Table (2) Molecular diversity of Cytochrome b gene in Iraqi local black goat breed 

Parameters 
Governates Overall  

Al-Muthanna Thi Qar Basrah Maysan  

No. of sequences 40 40 40 40 160 

No. of 
polymorphic (NH) 

17 2 10 2 31 

No. of transitions 8 2 6 2 18 

No. of 
transversion  

7 0 2 0 9 

Nucleotide 
composition 

C: 29.26% 
T: 26.38% 
A: 31.16% 
G: 13.20% 

C: 29.31% 
T: 26.42% 
A: 31.21% 
G: 13.06% 

C: 29.24% 
T: 26.46% 
A: 31.21% 
G: 13.10% 

C: 29.30% 
T: 26.43% 
A: 31.16% 
G: 13.11% 

C: 29.28% 
T: 26.42% 
A: 31.19% 
G: 13.12% 

 
Nucleotide diversity (π) of the studied breedwas 
0.00294. The highest nucleotide diversity was 
for a group of animals in Al-Muthanna 
(0.00548), followed by animals in the provinces 

of Basrah and Dhi Qar (0.00250 and 
0.00103respectively). The lowest value 
(0.00059) was of animals in Maysan (Table 3). 

 
Table (3) Genetic diversity of the Cytochrome b gene in the Iraqi local goat breed 

Governorate Haplotype diversity (HD) Nucleotide diversity (π) 

Al-Muthanna 820.0 82880.0 
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DhiQar 82... 8288080 

Basrah 82000 8288.08 

Maysan 82000 828880. 

Overall  820.. 8288... 

 
Haplotypes network  
Fig. (1) showed that the total number of 
haplotypes for Cytochrome b was 20, 
distributed as 6 haplotypes in Al-Muthanna, 5 in 
Dhi Qar, 7 in Basrah and 5 in Maysan. The 
haplotype H6 was shared between Dhi Qar and 
Al-Muthanna, while haplotype H10 is common 

between the provinces of Dhi Qar and Basrah, 
finally the haplotype H16 is common between 
Basrah and Maysan. The haplotypes (1-5) were 
specific to Al-Muthanna, (7-9) were specific to 
Dhi Qar governorate, (11-15) were specific to 
Basrah governorate, and (17-20) were specific 
to Maysan governorate (Fig. 1) 

 
 
 

 
Fig. (1) The network of haplotypes of the Cytochrome b gene of the Iraqi local goat breed among the 

governorates 
As for comparison with goat breeds in some 
countries of the world, the total number of 
haplotypes of the Cytochrome b gene was 3 
haplotypes, two of them in Iraq and one in a 
group of countries participated. The H3 

haplotype was common among the goat breeds 
in Bangladesh, China, India, Ireland, Italy, 
Russia, Turkey and the United Kingdom, while 
the H1 and H2 haplotypes were specific to the 
goat breeds in Iraq (Fig. 2). 
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Figure (2) The network of haplotypes of the Cytochrome b between the local Iraqi goat breed and the 

goat breeds in some countries 
 
 
 
 
Phylogenetic tree 
The results of the phylogenetic tree for the 
Cytochrome b showed the presence of two 
main branches, the first branch included the 

animals of Dhi Qar and Basrah, while the second 
branch included all the animals of Al-Muthanna 
and Maysan (Fig. 3). 

 
Fig. (3) Phylogenetic tree of the Cytochrome b gene of the Iraqi local goat breed 

 
In comparison with some countries, the results 
for Cytochrome b showed the presence of two 
main branches, the first branch included the 
Iraqi local goat breed, and the second branch 
included the breeds of Russia, Turkey, Italy, 

Ireland, India, China, Bangladesh and the United 
Kingdom (Fig. 4). This corresponded to a 
network of haplotypes that included four 
haplogroups. 
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Fig. (4) The phylogenetic tree of the Cytochrome b between the Iraqi local goat breed and the goats of 

some countries of the world 
Genetic distance 
The fixation index Fst was used to express the 
genetic distance of the Iraqi local goat breed in 
the studied areas of Al-Muthanna, Dhi Qar, 
Basrah and Maysan. Between the provinces of 

Dhi Qar and Maysan. Because of the high values 
in the genetic distance, they indicate the 
presence of very high genetic differences in the 
different provinces (Wright 1978; Harti and 
Clark, 1997) Table (4). 

Table (4) Genetic distance of Cytochrome b gene of Iraqi local goat breed 

Governorate Al-Muthanna DhiQar Basrah 

DhiQar 0.660 -  

Basrah 0.665 0.833 - 

Maysan 0.673 0.505 0.678 

 
Mismatch distribution 
The results of the mismatch distribution for the 
Cytochrome b (table, 5) showed the presence of 
a unimodal distribution in the studied animals 
of the governorates of Dhi Qar and Maysan with 
differences peaks (0.985 and 0.569), 
respectively, and values of the raggedness index 

(R) for the animals of the same two 
governorates (0.742 and 0.175), respectively. As 
for the animals of Al-Muthanna and Basrah, a 
multiple distribution appeared with peak 
differences (5.249 and 2.392), respectively, 
while the values of the index (R) were 0.0812 
and 0.158 respectively. 

Table (5) Mismatch distribution of Cytochrome b region of the local Iraqi breed 

Governorate Mean Pairwise Difference 
(SD) 

Raggedness Index (R) 

Al-Muthanna 942.5 0.0812 
DhiQar 04519 047.2 
Basrah 24352 04891 
Maysan 0.965 04879 

 
The unimodal (Fig. 5) indicates the subordination of the breed to the demographic expansion, and this is 
what happened in the animals of the provinces of Maysan and Dhi Qar, while the binary form indicates a 
state of demographic equilibrium, which was seen in the governorates of Al-Muthanna and Basrah for 
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the Cytochrome b gene (Hudson and Slatkin, 1991; Rogers and Harpending, 1992 and Jobling et al., 
2004). 
 

 
 

Fig.(5). Mismatch analysis of the Cytochrome b region of the local Iraqi goat breed 
 
 

 
 
Neutrality Test 
The results showed that there was no negative 
value of the neutrality test for Cytochrome b 
gene for the local Iraqi goat breed studied in all 
governorates (table, 6). The highest value for 
Tajima's D were in Dhi Qar (2.06578), followed 
by Al-Muthanna and Basrah(1.55675 and 
0.77572 respectively). The lowest value was in 
Maysan (0.39770).For Fu's Fs, its value was 
significant (P<0.05) in all governorates, where 
the animals of Al-Muthanna governorate 
recorded the highest value (6.27893), followed 
by Dhi Qar and Basrah(3.61172 and 
2.62857respectively), and the lowest value 
recorded for the animals of Maysan (0.51400), 
they were all significant (P<0.05).The results 
indicated that the breed in the four 
governorates lose a number of their members 

which may lead to an increase in domestic 
breeding, or it may be about the small size of 
the herd for the breeders, or the occurrence of 
genetic drift and the stabilization of some 
genetic structures and genes, in addition to the 
occurrence of a loss in many rare alleles that 
have an effect on many traits that reach the 
clan to the so-called neck. This means that 
there is a significant deterioration in genetic 
diversity, and the reason for the positive values 
of the Tajima test for the study gene may be 
due to the lack of organized scientific cross-
breeding programs or that cross-breeding 
between animals is random, which may cause 
the loss of some genetic structures (Tajima, 
1989; Fu , 1997; Aris-Brosou and Excoffier, 
1996) (Table 6). 

 
Table (6) Neutrality test for Cytochrome b gene for Iraqi local goat breed 
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Governorate Fu's Fs Statistic Tajima's D Statistic 

Al-Muthanna .2.00.0 0200.00 
DhiQar 02.000. .28.000 
Basrah .2..0.0 820000. 
Maysan 8200.88 820.008 
Mean 02.00.0*  020.0.. 

 There is a significant difference p<0.05 
Analysis of molecular variation AMOVA of gene 
Cytochrome b 
     The results of the AMOVA analysis of the 
Cytochromebgene between and within the 

governorates of the Iraqi local goat breed 
showed that the percentage of genetic variance 
between the governorates was 24.58% and the 
percentage of variance within the governorate 
was 75.42% (Table 7). 

 
Table (7) Molecular Variation Analysis of Cytochrome b of Iraqi local goat breed 

Source of 
Variation 

DF SS Variance 
component 

Variance 
component % 

Between 
Provinces 

3 287.131 2.22226 24.58 

Within 
Provinces 

156 1063.900 6.81987 75.42 

Total 159 1351.031 9.04214 100 
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