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ABSTRACT

Objective:	This	study	was	conducted	to	analyze	the	matrilineal	structure	of	Gallus sp.	in	Southeast	
Asia,	especially	in	the	D-loop	region.
Materials	and	Method:	A	total	of	563	sequences	from	eight	countries	(Laos,	Myanmar,	Vietnam,	
Malaysia,	Indonesia,	Cambodia,	the	Philippines,	and	Thailand)	in	Southeast	Asia	are	used	in	this	
study.	Data	collected	from	National	Center	 for	Biotechnology	 Information	(NCBI)	regarding	the	
genus	Gallus	sp.	in	a	Southeast	Asian	country.	Data	analysis	was	performed	using	MEGA	7.2	and	
DnaSP	v6.
Results:	In	the	haplotype	found	in	Gallus	sp.	in	Southeast	Asia,	there	are	89	haplotypes.	Using	a	
neighbor-joining	(Nj)	analysis,	89	haplotypes	found	three	haplogroups	for	Gallus sp.	in	Southeast	
Asia.	In	Southeast	Asia,	the	genetic	diversity	of	the	d-loop	is	exceptionally	high,	with	a	haplotype	
diversity	value	of	0.524	to	1.
Conclusion:	D-loop	cannot	be	used	as	a	specific	marker	for	breeds	or	country-specifics.
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Introduction

Domestic chicken is widely used as a source of both meat 
and eggs all over the world. Asia has 53.3% of the world’s 
chicken population. From 1994 to 2021, FAO provides 
information that Indonesia ranks seventh as the meat-pro-
ducing country under China and the US [1]. The population 
of chickens in Southeast Asia is 3,611,972,000 [2]. This 
indicates that the role of chickens is very important in peo-
ple’s lives, especially in Southeast Asia.

In recent years, Indonesia has imported many breeds 
from other countries, especially from countries in 
Southeast Asia. Most of the chicken breeds in Indonesia 
come from Thailand, Vietnam, and Myanmar, with fighting 
advantages, e.g., Bangkok, Birma, Mangon, Saigon, Pakhoy, 
and Pama. Cockfighting is a hobby of Indonesian gamblers, 
and it is illegal in Indonesia. These fighting chickens are 
competed by some communities, and winning increases 
their price. Cockfighting in Bali is more than just gambling; 
it has an important role in culture [3]. However, at the 
community level, Indonesia cannot regulate cross-breed-
ing between fighting chickens from other countries and 

Indonesian local chickens. Indonesia must adopt a closed 
breeding policy to maintain the purity of local chickens. 
Indonesia has implemented a closed breeding policy for 
Bali cattle and Madura cattle.

To maintain the genetic purity of local chickens, 
researchers need to conduct a study on the genetic diver-
sity of chickens in Southeast Asia. D-loop is a mitochondrial 
DNA region that is the most commonly used for matrilineal 
studies. D-loop has high sequence variation and a moder-
ate mutation rate [4]. Domestic chickens are the domes-
tication of junglefowl in Southeast Asia [5]. Therefore, it 
is very important to analyze the matrilineal structure of 
Gallus sp. in Southeast Asia, especially in the D-loop region.

Materials and Methods

The data used in this study were from the National Center 
for Biotechnology Information (NCBI). A total of 563 
sequences from eight countries (Laos, Myanmar, Vietnam, 
Malaysia, Indonesia, Cambodia, the Philippines, and 
Thailand) in Southeast Asia are used in this study. All anal-
yses in this study used a sequence length of 320 bp. The 
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data were aligned by MUSCLE in MEGA 7.2 [6]. Haplotype 
diversity, number of haplotypes, and Fst distance were 
performed using DnaSP v6 [7]. Furthermore, using MEGA 
7.2, the Fst distance was calculated using neighbor-joining 
(Nj) with 1,000 bootstrap replications. 

Results 

Analysis of data from NCBI resulted in 89 haplotypes. 
Indonesia had 44 haplotypes and high haplotype diversity 
(Hd = 0.902) in this study (Table 1). This happens because 
of the large amount of data and the various breeds of 
data used. The highest haplotype diversity (Hd = 1) was 
found in Thailand because three sequences of Gallus sp. 
in Thailand made three haplotypes. On the other hand, 
the least haplotype diversity (Hd = 0.524) was found in 
Malaysia. Nj-based Fst distance found a relationship Gallus 
sp in Laos, Vietnam, and Myanmar (Fig. 1). The Philippines 
and Indonesia had a strong relationship, and Thailand 

was in the same cluster as the Philippines and Indonesia. 
NJ showed Cambodia, Myanmar, Vietnam, and Laos in the 
same cluster. On the other hand, Malaysia was in an out-
group cluster.

Discussion

The sequence analyzed in this study contained information 
on chicken breeds in Indonesia, conducted by [8]. Bekisar 
is crossbred between the rooster of Gallus varius and the 
hen of Gallus gallus domesticus [9]. Based on the D-loop, 
Bekisar showed a similar haplotype to chickens from Laos 
and Myanmar. We found that pelung chicken in Indonesia 
had a specific haplotype. On the other hand, the Pelung 
haplotype has similar haplotypes to other Indonesian, 
Vietnamese, Myanmar, and Philippine chickens. This is pos-
sible because Southeast Asia is a center of chicken domes-
tication. The haplotype diversity in Vietnamese chickens 
in Ha Giang Province ranged from 0.75 to 1, with a total 
haplotype of 25 [10]. This study suggested two centers of 
Gallus sp. in Southeast Asia, e.g., the north center (Laos and 
Myanmar) and the south center (Indonesia and Malaysia). 
Vietnam, the Philippines, Thailand, and Cambodia are the 
meeting centers of these two centers. The red junglefowl 
in the Philippines was closely related to Myanmar [11]. 
Herrera et al. [12] stated that South American chickens are 
more closely related to European chickens, while European 
chickens are more closely related to Southeast Asian chick-
ens, which also have a high level of diversity. Wang et al. 
[13] supported the center of domestication occurring 
in Southeast Asia. Adaptation to high temperatures in 
domestic chickens is obtained from tropical red jungle-
fowl [14]. The aggressiveness of roosters and the ability to 
exhibit cockfighting behavior in domestic chickens may be 
obtained from red junglefowl [15]. On the other hand, other 
studies have found that white feathers are more aggressive 
than red feathers [16]. Sartika et al. [17] stated that micro-
satellites cannot be used to distinguish eight native breeds 
of Indonesian chickens and argued that a microarray with 
many single nucleotide polymorphisms (SNPs) will be 
able to distinguish breed-specific. Zimmerman et al. [18] 
stated that significant SNPs are better than microsatellites 
at identifying groups in clustering methods and providing 
more accurate estimates of diversity. As a result, we pro-
pose additional research on finding and clustering genetic 
structures utilizing large SNPs.

Conclusion

This research found 89 haplotypes with high haplotype 
diversity values in Southeast Asia. Furthermore, the D-loop 
cannot be used as a specific marker for breeds or coun-
try-specifics. A microarray analysis should be conducted to 
determine specific markers for breeds. 

Figure 1. Neighbor-joining tree of Gallus sp. in Southeast Asia 
tree based on Fst genetic distance.

Table 1.	 D-loop	diversity	of	Gallus sp.	in	Southeast	Asia.

Population n h Hd

Laos 40 11 0.822

Myanmar 13 10 0.949

Vietnam 63 21 0.876

Malaysia 7 3 0.524

Indonesia 206 44 0.902

Cambodia 13 8 0.859

Philippines 22 14 0.948

Thailand 3 3 1

n	=	Number	of	sequence;	h	=	number	of	haplotype;	Hd	=	haplotype	diversity
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neighbor-joining; SNPs, single nucleotide polymorphisms.

Acknowledgment

The authors contributed to this work. The authors thank 
the anonymous reviewers and editors for their thoughtful 
comments and editorial suggestions.

Conflict of interest

The authors have declared no conflicts of interest.

Author contributions

ZM, TS, and FS drafted the manuscript, interpreted the 
data, and designed the study.

References
[1] FAO. Production of Chickens: Top 10 producers. 2021; http://

www.fao.org/faostat/en/#data/QA/visualize 
[2] FAO. Population of Chickens. 2021; http://www.fao.org/faostat/

en/#data/QA 
[3] Geertz C. Deep play: notes on the balinese cockfight. Culture and 

Politics. Palgrave Macmillan Daedalus, New York. pp. 56–86, 2005.
[4] Hudson W. Whole-loop mitochondrial DNA D-loop sequence 

variability in Egyptian Arabian equine matrilines. PLoS One 
2017; 12(8):e0184309; https://doi.org/10.1371/journal.
pone.0184309 

[5] Sawai, H, Kim HL, Kuno K, Suzuki S, Gotoh H, Takada M, et al. The 
origin and genetic variation of domestic chickens with special ref-
erence to junglefowls Gallus g. gallus and G. varius. PLoS One 2010; 
5(5):e10639; https://doi.org/10.1371/journal.pone.0010639 

[6] Kumar S, Stecher G, Tamura K. MEGA7: molecular evolution-
ary genetics analysis Version 7.0 for bigger datasets. Mol Biol 
Evol 2016; 33(7):1870–74; https://doi.org/10.1093/molbev/
msw054 

[7] Rozas J, Ferrer-Mata A, Sanchez-DelBarrio JC, Guirao-Rico S, 
Librado P, Ramos-Onsins SE, et al. DnaSP 6: DNA sequence 

polymorphism analysis of large data sets. Mol Biol Evol 2017; 
34(12):3299–302; https://doi.org/10.1093/molbev/msx248   

[8] Ulfah M, Perwitasari D, Jakaria J, Muladno M, Farajallah A. Multiple 
maternal origins of Indonesian crowing chickens revealed by 
mitochondrial DNA analysis. Mitochondrial DNA A: DNA Mapp Seq 
2017; 28(20):254–62; https://doi.org/10.3109/19401736.2015.
1118069

[9] Nataamijaya A.  The native chickens of Indonesia. Bulletin Plasma 
Nutfah 2000; 6: 1–6.

[10] Berthouly-Salazar C, Rognon X, Nhu Van T, Gély M, Vu Chi C, 
Tixier-Boichard M, et al. Vietnamese chickens: A gate towards 
Asian genetic diversity. BMC Genet 2010; 11:53; https://doi.
org/10.1186/1471-2156-11-53

[11] Godinez CJP, Nishibori M, Matsunaga M, Espina DM. Phylogenetic 
studies on red jungle fowl (Gallus gallus) and native chicken 
(Gallus gallus domesticus) in samar island, Philippines using the 
mitochondrial DNA D-loop region. J Poult Sci 2019; 56(4): 237–44; 
https://doi.org/10.2141%2Fjpsa.0180131

[12] Herrera MB, Kraitsek S, Alcalde JA, Quiroz D, Revelo H, Alvarez LA, 
et al. European and Asian contribution to the genetic diversity of 
mainland South American chickens. R Soc Open Sci 2020; 7(2):1–
13; https://doi.org/10.1098/rsos.191558

[13] Wang, M-S, Thakur M, Peng M-S, Jiang Y, Frantz LA, Li M, et al. 
863 Genomes reveal the origin and domestication of chicken. 
Cell Res 2020; 30(8):693–701; https://doi.org/10.1038/
s41422-020-0349-y

[14] Lawal RA, Hanotte O. Domestic chicken diversity: origin, distribu-
tion, and adaptation. Anim Genet 2021; 52(4):385–94; https://
doi.org/10.1111/age.13091

[15] Luo W, Luo C, Wang M, Guo L, Chen X, Li Z, et al. Genome diver-
sity of Chinese indigenous chicken and the selective signatures in 
Chinese gamecock chicken. Sci Rep 2020; 10(1):14532; https://
doi.org/10.1038/s41598-020-71421-z 

[16] Nie C, Ban L, Ning Z, Qu L. Feather colour affects the aggressive 
behaviour of chickens with the same genotype on the dominant 
white (I) locus. PloS One 2019; 14(5):e0215921; https://doi.
org/10.1371/journal.pone.0215921 

[17] Sartika T, Saputra F, Takahashi H. Genetic diversity of eight 
native Indonesian chicken breeds on microsatellite markers. 
HAYATI J Biosci 2023; 30(1):122–130; https://doi.org/10.4308/
hjb.30.1.122-130

[18] Zimmerman SJ, Aldridge CL, Oyler-McCance SJ. An empirical com-
parison of population genetic analyses using microsatellite and 
SNP data for a species of conservation concern. BMC Genom 2020; 
21:382; https://doi.org/10.1186/s12864-020-06783-9 

http://www.fao.org/faostat/en/#data/QA/visualize
http://www.fao.org/faostat/en/#data/QA/visualize
http://www.fao.org/faostat/en/#data/QA
http://www.fao.org/faostat/en/#data/QA
https://doi.org/10.1371/journal.pone.0184309
https://doi.org/10.1371/journal.pone.0184309
https://doi.org/10.1371/journal.pone.0010639
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.3109/19401736.2015.1118069
https://doi.org/10.3109/19401736.2015.1118069
https://doi.org/10.1186/1471-2156-11-53
https://doi.org/10.1186/1471-2156-11-53
https://doi.org/10.2141%2Fjpsa.0180131
https://doi.org/10.1098/rsos.191558
https://doi.org/10.1038/s41422-020-0349-y
https://doi.org/10.1038/s41422-020-0349-y
https://doi.org/10.1111/age.13091
https://doi.org/10.1111/age.13091
https://doi.org/10.1038/s41598-020-71421-z
https://doi.org/10.1038/s41598-020-71421-z
https://doi.org/10.1371/journal.pone.0215921
https://doi.org/10.1371/journal.pone.0215921
https://doi.org/10.4308/hjb.30.1.122-130
https://doi.org/10.4308/hjb.30.1.122-130
https://doi.org/10.1186/s12864-020-06783-9

