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ABSTRACT 
This study aimed to analyze the genetic diversity of two mitochondrial genes (16 S ribosomal RNA 16 S rRNA)  
and cytochrome b for some buffalo populations in the Iraqi marshlands in southern Iraq. In the present study, 20 
local buffaloes were used from the Chabayish marshes and Hammar district. Blood samples were collected from 
the jugular vein of the animals, and DNA extraction was performed using the kit from Geneaid company. Two 
regions of the mitochondrial genome (mtDNA) were used, the first piece of cytochrome b gene was 674 bp, and 
the other piece was from 16 S ribosomal RNA (16 S rRNA) gene and its size was 600 bp. After confirming the 
success of the amplification process by using electrophoresis of the PCR product using 2% agarose gel and 
Demand dye, the PCR reaction products were sent to the Chinese company (Yang Ling Tiantun Aoka 
Biotechnology) to obtain the sequence of nitrogenous bases of cytochrome b and 16S rRNA genes 
Bioinformatics programs were used to analysis of the nitrogenous base sequences of the genes targeted in this 
study.. The results of the phylogenetic tree of the 16S rRNA gene for the local Iraqi buffalo, compared to the 
buffalo of some countries, showed the presence of two main branches, the first branch included the Iraqi 
buffalo, and the other main branch branched into secondary branches that included Chinese, Indian, Iranian, 
Russian in addition to Iraqi buffaloes as well. As for the results of the phylogenetic tree of the ctochrome b gene 
two main branches were also formed, the local Iraqi buffalo participated in the first main branch with countries, 
China, Russia, Pakistan, India, America, Japan and Romania. The second main branch included the Indonesian 
buffalo. The results of the phylogenetic tree almost coincided with the results of the network of individual 
patterns of 16 S rRNA and ctochrome b genes, where the buffalo participated with a group of buffaloes of some 
countries under comparison (China, India, Pakistan, Japan and some other countries, in addition to the Iraqi 
local buffalo with one haplotype).  It is clear from the results of the hplotypes network and the results of the 
phylogenetic tee for the 16 S rRNA and ctochrome b genes that the local Iraqi buffalo, and Chinese, Indian and 
Pakistani buffaloes in general, are same origin. The studied segments of the target genes in the current study, 
S16 rRNA and ctochrome b of Iraqi local buffaloes, were recorded in the NCBI, EMBL and DDBJ GenBank 
sites with independent accession numbers starting from LC481471 to LC481490. 
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1. INTRODUCTION 
The latest availability of databases in GenBank and the development of bioinformatics programs have 
revolutionized the analysis of genetic data as a working basis for the development of DNA markers1. In 
addition, the development of molecular genetics techniques in detecting genetic markers has helped well in 
knowing and evaluating the genetic diversity of different species and breeds of animals and preserving them as 
an important source of this diversity that can be relied upon in producing wealth in most countries 2. Since its 
maternal inheritance, absence of introns, accessibility of single-copy orthologous genes, lack of recombination 
measures, and quick mutation rate, mitochondrial DNA (mtDNA) has been widely employed in genetic 
investigations. The displacement loop (D-loop) region and 37 genes make up bovine mtDNA, which is a 
double-stranded circular molecule 3.Mitochondrial DNA (mtDNA) has been widely used in research and studies 
to detect traits and use it in scientific applications in humans and animals in the study of evolution and diversity 
and in the heredity of populations 4. One of the characteristics of this molecule is that its high copy number in 
the cell as well as its overlapping genes and their affinity with each other and the absence of introns in it 5,6. The 
molecular variation in the mtDNA region was considered one of the most important sources of genetic variation 
due to the similarity of roles between DNA in the nucleus and mitochondrial DNA in terms of transcribing 
different types of RNA, rRNA, tRNA and mRNA, and it can also translate mRNA into proteins within the 
mitochondria 7. The buffalo's cytochrome b gene has a size of 1139 bp, which encodes for 379 amino acids, and 
is located in the region between the tRNA-Glu and tRNA-Thr genes 8,9. This gene is considered one of the 
international standard genes for comparing the rates of evolution, emergence and inheritance of breeds and 
classification of different species 19. The cytochrome b gene was used to study variation in many agricultural 
animals such as goats 11, cows 12,  and buffaloes 13. The S16 rRNA gene is one of the rRNA genes located 
between the tRNA-Val and tRNA-Leu genes, with a size of 1568 bp. The S16 RNA gene has been shown to be 
very useful for species identification 14. The S16 RNA gene was also used to distinguish between animal meat 
and detect fraud in meat 15,16. 
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The current study aimed to study the genetic diversity of two distinct regions of the mitochondrial genome, 
cytochrome b gene and S16 RNA genes in buffaloes, analyze some molecular parameters of the gene, and 
record the sequence of nitrogenous bases for both species in the NCBI GenBank. 

 

2. MATERIALS AND METHODS 
Twenty local buffaloes were used from the Chabayish marsh area. Blood samples were collected from the 
jugular vein of the animals. The DNA extraction process was performed using the attached kit from Geneaid 
company. Electrophoresis was used to ensure the success of the DNA extraction process with agarose gel. The 
purity and concentration of the DNA were also confirmed using the Nanodrop 2000 device. The concentration 
of the DNA was between 25.4-63.6 nanograms per microliter. The purity for wavelengths (260/280) ranged 
between 1.67-1.93. These values are within the recommended ranges to ensure the success of the process 
amplification. In this study, two regions of the mtDNA were used. The first from the cytochrome b gene, the 
size of the selected segment was 674 bp, and the other segment was from the 16 S ribosomal RNA (16 S rRNA) 
gene and its size was 600 bp. Mixture of PCR was 25 µl, containing 12 µl Master Mix, 1µl for each primer 
forward & reverse, 3 µl DNA template Concentration 30-65 ng and 8µl dd water. The PCR program for 
cytochrome b gene was 95°C for 3 min for initial denaturation, followed by 35 cycles of 95°C for 1 min, 57 °C 
for 30 Sec., 72°C for1 Min.. and a final extension at 72°C for 10 min. While the program of PCR for 16 S 
rRNA gene was 95°C for 3 min for initial denaturation, followed by 35 cycles of 95°C for 45 Sec., 60 °C for 30 
Sec., 72°C for 45 Sec.. and a final extension at 72°C for 10 min. 

 
Table (1) shows the sequence of primers used in the study and product size for stuidies genes. 

Gene Primers Product size (bp) 

Cytochrom

e b 

F5’GCCTGTTTATCAAAAACAT-3  
R5’CTCCGGTTTGAACTCAGATC-3 

647 

16 S rRNA F5’ CTCACCGGCCTATTCCTAG -3  
R5’ AACTACACCCCAGCAAACCC -3 

600 

 
After completing the amplification process and validating its success, the result was electrophoresed on a 2% 
agarose gel. The sequence of the nitrogenous bases of cytochrome b and 16 S rRNA genes was obtained by 
sending the PCR reaction results to a Chinese company (Yang Ling Tiantun Aoka Biotechnology). 
 

3. RESULTS AND DISCUSSION 
The electrophoresis of the 16S rRNA and Cytochrome b gene products revealed that the amplification process 
was successful , As the results revealed the expected sizes from the amplification process using a standard DNA 
marker of size 100 bp, with the size of the 16S rRNA gene product being 600 bp and the size of the cytochrome 
b gene product being 647 bp. 
 
Figure (1) shows a map of the mitochondrial genome of buffaloes (water buffalo), showing the locations of the 
genes targeted in this study. The 16S rRNA gene starts from the end of the 12S rRNA gene at site 1094 until the 
start of the tRNA-Leu gene at site 2662. Therefore, the size of the 16 S rRNA gene is S rRNA is (1568 bp). As 
for the cytochrome b gene, its size is (1139 bp) and its location in relation to the mitochondrial genome of 
buffaloes starts from the end of the tRNA-Glu gene. At locus 14154 up to the start of the tRNA-Thr gene at 
locus 15293 17. 
  

 



CHINESE JOURNAL OF MEDICAL GENETICS 
ISSN: 1003-9406                                                                                                         Vol. 32 Iss. 4 2022 

Chinese Journal of Medical Genetics                                                                                  http://zhyxycx.life/ 

[94] 

 
Figure 1, Buffalo mitochondrial genome map showing target segments of 16S rRNA and cytochrome b genes and 

electrophoresis images. 

 
In the Iraqi indigenous buffalo under research, there are two haplotypes of the 16 SrRNA gene. For the Iraqi 
buffalo, one is a common H1 and the other is an isolated haplotype H7. When compared to buffalo from a set of 
nations around the world using reference copies from the GenBank (Table, 2). The total number of haplotypes 
was discovered to be 9, and the H1 was found to be common to a group of countries that included (Iraq, China, 
Iran, and India, and America) , Hplotype of Iraqi, Chinese, and Indian branched off from the H1 and formed a 
haplotype for them (figure, 1).  
 
The results of Analysis of molecular variation (AMOVA) for 16 S rRNA gene table (2) in buffaloes showed 
that the proportion of molecular variation between countries was 41.08% and the proportion of molecular 
variation within countries was 52.92%. 
  

Table 2, The molecular variation of the 16 S rRNA gene between the Iraqi local buffalo and other countries. 

 
 
The results of Analysis of molecular variation (AMOVA) for cytochrome b gene Table (3) in buffaloes were 
identical to that of 16 S rRNA gene. The percentage of molecular variation between countries was 21.80% 
compared to 78.20 % for molecular variation within countries. It is clear from this result that the molecular 
variance between the breeds was less than the variance within the breeds, This may be due to the fact that the 
Iraqi buffalo and the Asian buffalo (China, India and Pakistan and other countries) are due to the same mother. 
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Table 3, The molecular variation of the cytochrome b gene between the Iraqi local buffalo and other countries. 

 
 
The results of the network of haplotypes for the cytochrome b gene in buffaloes (Fig. 2) showed the presence of 
4 haplotypes of the Iraqi local buffalo, including the H1 haplotype shared with other group of buffalo of 
different countries, and the three haplotypes H2, H3, and H4 independent. In comparison with the buffalo 
breeds of some countries of the world, the number of haplotypes formed was 20, including the H1 haplotype 
common between countries (Iraq, China, India, Pakistan, Romania and America). The results also showed that 
the haplotype H5 that branched from the first haplotype H1 was shared between the Chinese and the Indian 
buffalo , The haplotype H14 also shared between the Pakistani and the Netherlands buffalo ,  

 
The results also showed that the haplotypes H19 and H20 followed the Indonesian buffalo independently, and 
the remaining haplotypes were distributed independently as follows , The haplotypes H6, H7, H8, H9 and H10 
of the Chinese buffalo, the haplotype H11 belong the Roman buffalo , the haplotypes H12 and H13 for the 
Pakistani buffalo , and the individual patterns H16, H17 and H18 for the Japanese buffalo. 

 

 
Figure 2, Haplotype network of Iraqi local buffalo and some other countries 

 
The results of the phylogenetic tree of the 16 S rRNA gene, figure (3), for the Iraqi local buffalo compared to 
the buffalo of some countries, showed the presence of two main branches, the first branch included the Iraqi 
buffalo. The other main branch branched into secondary branches, including Chinese, Indian, Iranian, Russian, 
and Iraqi buffaloes. 
 
As for the results of the phylogenetic tree of the Cytochrome b gene for Iraqi buffaloes and buffaloes in some 
countries, it also branched into two main branches. The local Iraqi buffalo participated in the first main branch 
with each of China, Russia, Pakistan, India, America, Japan and Romania. The second main branch was 
independent of the Indonesian buffalo.  
 
The results of the phylogenetic tree almost coincided with the results of the network of individual patterns of 16 
S rRNA and cytochrome b genes, where the buffalo lineages of a group of countries (China, India, Pakistan, 
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Japan and some other countries, in addition to the Iraqi local buffaloes) shared a single haplotype. It is clear 
from the results of the haplotypes network and the results of the phylogenetic tree for the 16 S rRNA and 
cytochrome b genes that the local Iraqi buffalo, and Chinese, Indian and Pakistani buffaloes in general are same 
origin. 
 
According to 

18
 the mtDNA 16S rRNA gene sequences in 12 bovine breeds revealed a low GC content, did not 

differ considerably, and a median-joining network based on the mtDNA 16s rRNA gene for cattle phylogenetic 

analysis would be a major resource analysis marker. Variation in GC content among organisms was discovered 

to have a significant impact on evolutionary history reconstructions by geneticists 
19.

The most efficient 

molecular markers for evaluating genetic diversity, population differentiation, breed relationships, and 

determining paternity in animal populations are single-nucleotide polymorphisms 
20

  

 

 
Figure3, Phylogenetic tree of S16 rRNA gene Iraqi local buffalo and some other countries 

 

 
Figure 4, Phylogenetic tree of cytochrome b gene Iraqi local buffalo and some other countries 

 
The studied segments of the target genes in the current study, S16 rRNA and cytochrome b of Iraqi local 
buffaloes, were recorded in the NCBI, EMBL and DDBJ Genbank sites with independent accession numbers 
starting from LC481471 to LC481490.3.1. Subsection. 

 

4. CONCLUSIONS 
It is clear from the results of the haplotypes network and the results of the phylogenetic tree for the 16 S rRNA 
and cytochrome b genes that the local Iraqi buffalo , and Chinese, Indian and Pakistani buffaloes in general are 
same origin. 
 
Acknowledgments:   
I am grateful to everyone who helped us to conduct this experiment, especially the management of the Marsh 
Research Center at ThiQar- University. 
 

Conflict of Interest 

There are no potential conflicts of interest for the writers to disclose. 
 

REFERENCES  
Baptista, M.; Cunha  J.T.; Domingues L. DNA-based approaches for dairy products au-thentication: A review 

and perspectives. Trends in Food Science & Technology 2021 109:386-397. 
Sharma R.; Kishore A.; Mukesh M.; Ahlawat S.; Maitra A.; Pandey A.K.; Tantia M.S. Genetic diversity and 

relationship of Indian cattle inferred from microsatellite and mitochondrial DNA markers. BMC 
Genetics 2015, 16-73. 

Anderson, S., Debrujin, M. H. L., Coulson, A. R., Eperon, I. C., and Sanger, F.: Complete sequence of bovine 
mitochondrial DNA, J. Mol. Biol., 156, 683–717, 1982. 

Boore, J. L. Animal mitochondrial genomes. Nucleic Acids Res. 1999 27(8): 1767-1780. 



CHINESE JOURNAL OF MEDICAL GENETICS 
ISSN: 1003-9406                                                                                                         Vol. 32 Iss. 4 2022 

Chinese Journal of Medical Genetics                                                                                  http://zhyxycx.life/ 

[97] 

Clayton D.A. Vertebrate mitochondrial DNA-a circle of surprises. Experimental Cell Research 2000, 255: 4-9. 
Nakaki  S.; Hino  D.; Miyoshi M.; Nakayama  H.; Moriyoshi  H.; Morikawa  T. It-ohara K. Study of animal 

species (human, dog and cat) identification using a multiplex single-base primer extension reaction in 
the cytochrome b gene. Forensic Science International 2007, 173: 97-102. 

Bensasson D.; Zhang  D.; Xing  H.; Godfrey M. Frequent Assimilation of Mitochondrial DNA by Grasshopper 
Nuclear Genomes, Mol. Biol. Evol. 2000, 17(3): 406–415. 

Chen Y. F.; Kao C. H.; Chen Y. T.; Wang C. H. Wu C. Y. et al. Cisd2 deficiency drives premature aging and 
causes mitochondria mediated defects in mice. Genes Dev. 2009, 23: 1183-1194. 

Carodoso S.; Gonzalez-Fernandez M.; Odriozola A.; Valverde, L. dePancorbo M. Cyto-chrome b for species 
identification of biological traces found in food: A case report. Forensic Science International. Genetics 
Supplement Series 2008, 1:589-590. 

Zhong X.; Wang N.; Hu D.; Wang J. et al. Sequence analysis of cytb gene in Echinococcus granulosus from 
Western China. Korean J. Parasitol 2014, 52: 205-209. 

Amer S. A. Mitochondrial DNA Variability among Some Saudi Arabian Goat Breeds. British Biotechnology 
Journal, 2014, 4(8): 877-882. 

Hartatika T.; Putraab W.B.P.; Volkandaria S. Sumadia D.  Polymorphism of mtDNA Cytochrome b Gene of 
Local Cattle in Indonesia. J-Sustai. 2015, 3(1): 21-24. 

Singh R.; Lava Kumar T.S.; Mishra S.K.; Gurao A.; Niranjan S.K,; Vohra V.; Dash S.K.; Rajesh C.; Kataria 
R.S. Mitochondrial sequence-based evolutionary analysis of river-ine–swamp hybrid buffaloes of India 
indicates novel maternal differentiation and domestication patterns. Stichting International Foundation 
for Animal Genetics 2020, Doi: 10.1111/age.12938. 

Rojas M.; Gonzalez I.; Fajardo V.; Martin I.; Hernandez P.; Garcia T.; Martin R. Authentication of meats from 
quail (coturnix coturnix), pheasant (phasianus colchicus), partridge (alectoris spp.) And guinea fowl 
(numida meleagris) using polymerase.2014. 

Abdulmawjood A.;Buelte, M. Snail species identification by RFLP-PCR and designing of species-specific 
oligonucleotide primers 2021, Journal of Food Science, 66(9), 1287–1293. 

Manea B.G.; Mendirattaa, S.K.; Tiwarib A.K.; Narayana. R. Sequence analysis of mito-chondrial 16S rRNA 
gene to identify meat species. Journal of Applied Animal Research 2013,  41(1), 7781. 

NCBI, (2019). https://www.ncbi.nlm.nih.gov/nuccore/MN756622.  
Yan, L., She, Y., Elzo, M. A., Zhang, C., Fang, X., & Chen, H. (2019). Exploring genetic diversity and 

phylogenic relationships of Chinese cattle using gene mtDNA 16S rRNA. Archives animal breeding, 
62(1), 325–333. https://doi.org/10.5194/aab-62-325-2019.  

Mooers, A.Ø. and Holmes, E. C.: The evolution of base composition and phylogenetic inference, Trends Ecol. 
Evol., 15, 365–369, 2000. 

Faraj, S. H.., Ayied, A., & Al-Rishdy, K. A. H. (2020). Single Nucleotide Polymorphisms in the Promoter of 
CYP19 Gene in Cattle Bred in Iraq. Basrah Journal of Agricultural Sciences, 33(1), 89–97. 
https://doi.org/10.37077/25200860.2020.33.1.07. 

 
 


	2. MATERIALS AND METHODS
	3. RESULTS AND DISCUSSION
	The electrophoresis of the 16S rRNA and Cytochrome b gene products revealed that the amplification process was successful , As the results revealed the expected sizes from the amplification process using a standard DNA marker of size 100 bp, with the ...
	Figure (1) shows a map of the mitochondrial genome of buffaloes (water buffalo), showing the locations of the genes targeted in this study. The 16S rRNA gene starts from the end of the 12S rRNA gene at site 1094 until the start of the tRNA-Leu gene at...
	Figure 1, Buffalo mitochondrial genome map showing target segments of 16S rRNA and cytochrome b genes and electrophoresis images.
	In the Iraqi indigenous buffalo under research, there are two haplotypes of the 16 SrRNA gene. For the Iraqi buffalo, one is a common H1 and the other is an isolated haplotype H7. When compared to buffalo from a set of nations around the world using r...
	The results of Analysis of molecular variation (AMOVA) for 16 S rRNA gene table (2) in buffaloes showed that the proportion of molecular variation between countries was 41.08% and the proportion of molecular variation within countries was 52.92%.
	Table 2, The molecular variation of the 16 S rRNA gene between the Iraqi local buffalo and other countries.
	The results of Analysis of molecular variation (AMOVA) for cytochrome b gene Table (3) in buffaloes were identical to that of 16 S rRNA gene. The percentage of molecular variation between countries was 21.80% compared to 78.20 % for molecular variatio...
	Table 3, The molecular variation of the cytochrome b gene between the Iraqi local buffalo and other countries.
	The results of the network of haplotypes for the cytochrome b gene in buffaloes (Fig. 2) showed the presence of 4 haplotypes of the Iraqi local buffalo, including the H1 haplotype shared with other group of buffalo of different countries, and the thre...
	The results also showed that the haplotypes H19 and H20 followed the Indonesian buffalo independently, and the remaining haplotypes were distributed independently as follows , The haplotypes H6, H7, H8, H9 and H10 of the Chinese buffalo, the haplotype...
	Figure 2, Haplotype network of Iraqi local buffalo and some other countries
	The results of the phylogenetic tree of the 16 S rRNA gene, figure (3), for the Iraqi local buffalo compared to the buffalo of some countries, showed the presence of two main branches, the first branch included the Iraqi buffalo. The other main branch...
	As for the results of the phylogenetic tree of the Cytochrome b gene for Iraqi buffaloes and buffaloes in some countries, it also branched into two main branches. The local Iraqi buffalo participated in the first main branch with each of China, Russia...
	The results of the phylogenetic tree almost coincided with the results of the network of individual patterns of 16 S rRNA and cytochrome b genes, where the buffalo lineages of a group of countries (China, India, Pakistan, Japan and some other countrie...
	According to 18 the mtDNA 16S rRNA gene sequences in 12 bovine breeds revealed a low GC content, did not differ considerably, and a median-joining network based on the mtDNA 16s rRNA gene for cattle phylogenetic analysis would be a major resource anal...
	Figure3, Phylogenetic tree of S16 rRNA gene Iraqi local buffalo and some other countries
	Figure 4, Phylogenetic tree of cytochrome b gene Iraqi local buffalo and some other countries
	The studied segments of the target genes in the current study, S16 rRNA and cytochrome b of Iraqi local buffaloes, were recorded in the NCBI, EMBL and DDBJ Genbank sites with independent accession numbers starting from LC481471 to LC481490.3.1. Subsec...

	4. CONCLUSIONS
	It is clear from the results of the haplotypes network and the results of the phylogenetic tree for the 16 S rRNA and cytochrome b genes that the local Iraqi buffalo , and Chinese, Indian and Pakistani buffaloes in general are same origin.

