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INTRODUCTION

Korean chicken was first documented approximately 
2,000 years ago, and about 20 breeds were present in the 
Joseon Dynasty (A. D. 1392–1910).  However, during the 
Second World War, many breeds became extinct.  In order 
to conserve native chicken breeds, the Korean govern-
ment launched a conservation project in 1994, based on 
the collection of chickens from rural areas, and since then 
native chickens have been raised by the National Institute 
of Animal Science, and genetic selection process have 
been carried out, mainly in order to enhance economic 
traits and feather colors.  As a consequence, five lines of 
Korean native chicken (KNC: black, red, yellow, gray 
and white) were described, and along with them, four 
additional breeds (Rhode Island Red, Cornish, White 
Leghorn and Ogye) are available for the commercial 
breeding of native chickens in Korea.  Of these, three 
chicken breeds (RIR, Cornish, and White Leghorn), which 
were imported during the 1960’s and 1970’s, have been 
adapted as pure breeds in Korea.  Therefore, the aim of 
this study is to review all the available Korean chickens, 
especially focusing on their phylogenetic relationships.

There are two hypotheses of the domestication of 
chickens within Korea, one is that they are of mono-
phyletic origin and the other is that of multiple origins.  
Most researchers have reported that domestic chickens 
originated from the red jungle fowl (Gallus gallus) as a 
sole ancestor (Crawford, 1990; Moiseyeva, 1998).  The 
first molecular genetic study of their mtDNA D–loop 

region suggested a monophyletic origin, with a red jun-
gle fowl subspecies as the sole ancestor of all domestic 
chickens (Fumihito et al., 1996, 1994).  However, there 
were some limitations of that study, based on the small 
numbers of samples of both domestic and wild subspe-
cies of red jungle fowl from China and India, and the small 
sample sizes for the analysis (Fumihito et al., 1994).  
Consequently, analysis of the mtDNA of Chinese native 
chickens confirmed that they originated in Thailand and 
its adjacent geographic areas (Niu et al., 2002).  Besides, 
genetic evidence had previously been documented for 
chicken domestication from multiple progenitors 
(Nishibori et al., 2005).  Also, variability in D–loop region 
of geographical distributions was suggested as evidence 
for chicken domestication from multiple origins (Liu et 
al., 2006).  Previous results have indicated that five pro-
genitor subspecies may have contributed to modern 
chicken domestication in five different regions; G. g. gal-
lus in Thailand and its adjacent regions, G. g. spadiceus 
in Burma and Yunnan Province of China, G. g. jabouillei 
in Southern China and Vietnam, G. g. murghi in India, 
and G. g. bankiva in the Java Islands (Crawford, 1990, 
1995; Delacour, 1957; Howard and Moore, 1984).  
However, there is no clear evidence the origin of modern 
domesticated chickens.

In the mitochondrial genome, the non–coding con-
trol (D–loop) region is used for inter–specific population 
studies (Baker and Marshall, 1997; Moore and Defilippis, 
1997) for the advantages of the absence of recombina-
tion and rapid nucleotide substitutions compared with 
genomic DNA sequences (Aquadro and Greenberg, 1983; 
Cann et al., 1984; Lansman et al., 1983).  The investiga-
tion of chicken D–loop sequences was previously deter-
mined to inspect the origin of breeds or species, and var-
ious haplotypes have been reported (Komiyama et al., 
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2003, 2004; Liu et al., 2006; Oka et al., 2007).  Also, the 
mtDNA haplotypes of Korean chickens have been deter-
mined for the purposes of breed discrimination and deter-
mining the origin of domestication (Lee et al., 2007; 
Hoque et al., 2009, 2011, 2012).  The aim of this study is 
to review the total haplotypes and geographical distribu-
tion of all Korean chickens using previously identified 
mtDNA D–loop sequences.  Also, this study should aid our 
understanding of the origin of Korean chickens, which 
may help future appropriate conservation breeding pro-
grams, and the improvement of the Korean poultry 
industry.

MATERIALS AND METHODS

Individuals used in this study
A total of 802 sequences from ten chicken breeds/

populations and individuals were included in this study.  
These sequence data were previously published for the 
genetic discrimination of Korean native chicken popula-
tions (Hoque et al., 2009, 2011, 2012).  These sequences 
belong to 67 haplotypes and are deposited in GenBank 

under the inclusive accession numbers of KC218503 to 
KC218569.  Also, 52 published sequences (HQ836343 to 
HQ836363 and DQ629864 to DQ629894) from GenBank 
were also included in our analysis.  A total of 854 individu-
als from fourteen breeds/populations were examined in 
this study (Table 1).

Sequence analyses
The chicken mtDNA D–loop nucleotide sequence 

data were aligned using the ClustalW program (Thompson 
et al., 1994).  Nucleotide replacement export data from 
mtDNA were carried out in haplotype sequences by using 
MEGA5 (Tamura et al., 2011).  The number of haplo-
types, nucleotide variable sites, haplotype diversity and 
nucleotide diversity (Nei, 1982) were calculated using 
DnaSP V.5.10 (Rozas et al., 2003).  A rectangular Kimura 
2–parameter model neighbor–joining (NJ) phylogenetic 
tree with 1,000 bootstrap replications was constructed for 
identification of the clades using MEGA5.  Also, an out-
line for median–joining network profiles with positional 
SNPs for the differentiation of haplotypes was prepared 
by using NETWORK4610 software (Bandelt et al., 1999).

Table 1.  The calculated number of variable sites (S), number of haplotypes (h), haplotype diversity (Hd) and nucleotide 
diversity (Pi) using mitochondrial D–loop sequence polymorphisms for the Korean chickens

Breed/Population1 Sample no. S2 H2 Hd2 Pi2

Rhode Island Red (RIR) 140 17 7 0.494 0.0078

Cornish 83 17 11 0.744 0.0113

Korean native chicken black 33 22 11 0.845 0.0138

Korean native chicken red 33 19 6 0.68 0.0124

Korean native chicken yellow 36 22 9 0.716 0.0115

Ogye 32 16 6 0.786 0.0136

White Leghorn 1 0 1 0 0

Korean Longtail A 1 0 1 0 0

Jeju breed 3 7 3 1 0.0105

Hyunin 272 17 6 0.768 0.0083

5 Woorimatdag populations 135 22 7 0.342 0.0046

Parent stock of Woorimatdag (K) 26 0 1 0 0

Hanhyup–3 40 15 5 0.778 0.0068

Parent stock of Hanhyup–3 19 11 5 0.766 0.0049

Total 854
1 �Rhode Island Red sequences have been published (Hoque et al., 2009, 2011), Cornish sequences have been published 

(Hoque et al., 2009, 2011), Korean native chicken black sequences have been published (Hoque et al., 2011, 2012, 
and GenBank Accession no: HQ836346, HQ836347, HQ836350, HQ836356, HQ836359), Korean native chicken red 
sequences have been published (Hoque et al., 2011, 2012, and GenBank Accession no: HQ836351, HQ836358, 
HQ836362), Korean native chicken yellow sequences have been published (Hoque et al., 2011, 2012, and GenBank 
Accession no: HQHQ836343, HQ836348, HQ836349, HQ836355, HQ836357, HQ836360), Ogye sequences have been 
published (DQ629864 to DQ629894), White Leghorn sequence has been published (HQ836353), Korean Longtail A 
sequence has been published (HQ836352), Jeju breed sequences have been published (HQ836344, HQ836345, 
HQ836361), Hyunin sequences have been published (Hoque et al., 2012), 5 Woorimatdag populations: K population 
(37) sequences have been published (Hoque et al., 2011, 2012) and A (20), B (18), C (20), D (20) and K (20) 
populations sequences have not published yet, Parent stock of Woorimatdag (K) sequences have been published 
(Hoque et al., 2011, 2012), Hanhyup–3 sequences have been published (Hoque et al., 2011, 2012), Parent stock of 
Hanhyup–3 sequences have been published (Hoque et al., 2011, 2012).

2 S=number of variable sites, H=number of haplotype, Hd=haplotype diversity, Pi=nucleotide diversity.
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RESULTS AND DISCUSSION

Genetic diversity
A total of 854 mtDNA D–loop sequences were used 

to calculate the number of variable sites (S), number of 
haplotypes (H), haplotype diversity (Hd) and nucleotide 
diversity (Pi) among the chicken populations (Table 1).  
D–loop sequences of 140 individuals in RIR breed 
obtained 17 variable sites about 7 haplotypes, for which 
Hd and Pi values of 0.494 and 0.0078, respectively, were 
calculated.  The Cornish chicken breed was estimated as: 
S (17), H (11), Hd (0.744) and Pi (0.0113), respectively, 

based on 83 individuals.  32 Ogye sequences were col-
lected from the GenBank database, obtaining 16 variable 
sites with 6 haplotypes which measured Hd (0.786) and 
Pi (0.0136).  Previously, it has been reported that four 
haplotypes were found in the Korean Ogye chicken (Lee 
et al., 2007).  Only one sequence was found in the 
GenBank database for the Korean White Leghorn breed.  
33 sequences of KNC black were considered for the deter-
mination of S (22), H (11), Hd (0.845) and Pi (0.0138).  
Also, 33 sequences were observed in KNC red, for which 
S (19), H (6), Hd (0.68) and Pi (0.0124) were calculated.  
36 sequences of KNC yellow were analyzed to obtain 22 

Table 2.  The identified haplotypes and clades with mitochondrial D–loop sequence polymorphisms among the Korean chickens

Nucleotide substitution of D–loop region

Haplotype
(Sample no.)

1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 4
Breed/Population 

(Sample no.)1 Clade1 6 7 9 9 1 1 1 2 2 2 3 4 4 4 4 5 6 6 8 9 0 1 1 1 3 4 5 5 6 6 7 9 9 4

2 7 7 8 9 0 2 7 0 2 5 9 2 3 5 6 6 1 5 1 1 6 0 3 5 0 2 2 5 3 7 0 1 9 3

H_1 (3) G T A C C C G C T A C A G C C C C T C A A T T C C C A C T C T T C G T PHf (3)

E

H_2 (66) A – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – O (10), PHf (6), Hf (13), KY (7), KB 
(12), H (11), R (7)

H_3 (1) A – – – – – – – – – – – – – – – T – – – – – – – – – – – – – – – – – – O (1)

H_4 (25) A – – – T – – – – – – – – – – – – – – – – – – – – – – – – – – – A – – R (8), Hf (10), PHf (7)

H_5 (46) A – – – T – – – – – – – – – – – – – – – – – – – – – – – – – – – – – – R (4), H (3), KB (2), KR (2), KY (3), 
C (2), Hn (27), PHf (1), O (1), JB (1)

H_6 (7) A – – – T – – – – G – – – – – – – – – – – – – – – T – – – – – – – – – KB (1), O (5), KY (2)

H_7 (25) A – – – T – – – – – – – – – – – – – – – – – – – – T – – – – – – – – – R (17), KB (2), Hf (7), KY (2)

H_8 (4) A – – – T – – – – – – – – – – – – C – – – – – – – T – – – – – – – – – H (4)

H_9 (1) A – – – T – – – – – – – – – – – – – – – – – – – – – G – – – – – – – – JB (1)

H_10 (8) A – – – T – – T – – – – A – – – – – – G – – – – – – – – – T C – – – – R (1), KB (2), KR (3), Hf (2)
C

H_11 (12) A – – – T – – T – – – – A – – – – C – G – – – – – – G – – T C – – – – KB (2), O (9), JB (1)

H_12 (15) A – T – T – – T – – – – – – – – – – T G – C – – – – G – – T – – – – – KB (4), KR (3), C (2), D (5), KY (1)
D

H_13 (1) A – – – T – – T – – – – – – – – – – – G – C – – – – G – – – – – – – – KB (1)

H_14 (10) A C – – T – – T C – T – – T – – T C – – – – C – – – – – – – – – – – – D (9), KB (1)

A

H_15 (330) A C – – T – – T – – T – – T – – T C – – – – C – – – – – – – – – – – – R (98), K (57), D (4), H (1), A (20), 
Hn (72), KB (4), B (18), PK (26), KR 
(18), C (10), PHf (2)

H_16 (91) A C – – T T – T – – T – – T – – T C – – – – C – – – – – – – – – – – Hn (90), WL (1)

H_17 (1) A C – – T – – T – – T – – T – – T C – – – – C – – – – – C – – – – – – KLtA (1)

H_18 (1) A C – – T – – T – – T – – T – – T C – – – – C – – – – T – – – – – – – KY (1)

H_19 (61) A C – – – – – T – – T – – T – – T C – – G – C T – – – – – – C C – – – KB (2), KR (3), C (3), D (1), Hn (51), 
KY (1)

H_20 (36) A C – – T – – T – – T – – T – – T C – – G – C T – – – – – – C C – – – KR (4), C (3), Hn (29)

H_21 (50) A C – – T – – T – – T G – T – – T C – – – – C – – – – – – – – – – – – H (24), KY (18), Hf (8)

H_22 (1) A C – – T – – T – – T G – T – – T C – – – – C – – – – – – – – – – – G H (1)

H_23 (3) A C – – T – – T – – T G – T – – T C – – – – – – – – – – – – – – – – – H (1), KY (2)

H_24 (3) A – – – T – A T – – – – – T – T T C – – – – C – T – – – – – – – – A – H (3)

B

H_25 (48) A – – – T – A T – – – – – T – T T C – – – – C – T – – – – – – – – – – R (8), H (33), D (1), O (6)

H_26 (1) A – – A T – A T – – – – – T T T T C – – – – C – T – – – – – – – – – – H (1)

H_27 (1) A – – – T – A T – – – – – T T T T C – – – – C – T A – – – – – – – – – H (1)

H_28 (3) A – – – T – A T – – – – – – – T T C – – – – C – T – – – – – – – – – – Hn (3)
1 �R=Rhode Island Red; H=Cornish; WL=White Leghorn; O=Ogye; KB=Korean black, KR=Korean red; KY=Korean yellow; JB=Jeju breed, KLtA=Korean 

Longtail A; Hn=Hyunin; A=Woorimatdag A; B=Woorimatdag B; C=Woorimatdag C; D=Woorimatdag D; K=Woorimatdag K; PK=Parent stock of Woorimatdag 
K; Hf= Hanhyup–3; PHf= Parent stock of Hanhyup–3.
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variable sites with 9 haplotypes, for which Hd (0.716) 
and Pi (0.0115) were calculated.  Analysis of 272 mtDNA 
D–loop sequence data from the Hyunin population from 
single flock revealed six haplotypes, comprised of seven-
teen nucleotide substitutions.  All of the six mtDNA hap-
lotypes for the Hyunin chicken population were discov-
ered from chickens with ten different plumage colors.  
Based on statistical analysis, the identified Hd and Pi 
were 0.768 and 0.0083, respectively, in Hyunin chickens.  
Three individuals from Jeju native chickens were identi-
fied, with S, H, Hd and Pi determined to be 7, 3, 1 and 
0.0105, respectively. 

Korean longtail A (GenBank accession no. HQ836352) 
chicken was found only to contain one sequence for par-
ticipation in our analyses.  Two commercial Korean native 
chicken populations (Woorimatdag and Hanhyup) have 
recently been developed by crossing Korean native chick-
ens with other commercial chicken breeds, in order to 
increase the meat content.  Based on the continued cross-
ing of chicken populations, five distinct Woorimatdag (A, 
B, C, D and K) chicken populations have been developed 
in Korea.  A total of 135 individuals from five distinct 
Woorimatdag populations obtained 22 variable sites with 
7 haplotypes for which we calculated Hd and Pi of 0.342 
and 0.0046, respectively.  Besides, 26 individuals of par-
ent stock of Woorimardag K were obtained for just one 
haplotype.  Hanhyup–3 commercial chicken population 

obtained 40 sequences to calculate S, H, Hd and Pi val-
ues of 15, 5, 0.778 and 0.0068, respectively.  Also, 19 
sequences of parent stock of Hanhyup–3 obtained 11 
variable sites with 5 haplotypes for which Hd and Pi val-
ues of 0.766 and 0.0049, respectively, were calculated.  
Comparatively, KNC black conveyed the highest value 
for Hd and Pi (0.845 and 0.0138, respectively).  However, 
a high value of Hd (0.964) was also documented in Laiwa 
black Chinese native chickens (Liu et al., 2010).

Phylogeny of the haplotypes and network profiles
Hence, analyses of 854 mtDNA D–loop sequences in 

Korean chickens from fourteen populations identified 35 
nucleotide variations, which were classified into 28 hap-
lotypes (Table 2).  Previous studies identified nine highly 
divergent mtDNA clades (A–I) from 169 haplotypes, 
using the red jungle fowls and domestic chickens (Liu et 
al., 2006).  This study identified 28 haplotypes, and clades 
using 44 sequences were constructed for phylogenetic 
analyses of Korean chickens (Figure 1).  While, four 
clades (F, G, H and I) are absent of haplotypes in Korean 
chickens, the phylogenetic analyses revealed five highly 
divergent mtDNA clades (A–E).  Phylogenetic analysis 
revealed that Korean chickens were domesticated from 
continental chickens breed.  Among these 28 haplotypes, 
H_1 to H_9, H_10 to H_11, H_12 to H_13, H_14 to H_23, 
and H_24 to H_28 belonged to clades E, C, D, A, and B, 

Fig. 1.	 The construction of phylogenetic analyses to identify the clades using 28 haplotypes and 
reported haplotypes by Liu et al. (2006).
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respectively.  H_15 contained 330 samples (38.64%), 
which was the highest among all haplotypes.  The A 
clade contains more individuals than any other clade.  
Previously, Liu et al. (2006) described the origin of 
chickens which represented A and B clades from South 
China and Japanese chickens.  However, the E clade rep-
resents the regions of Europe, the Middle East and the 
Indian subcontinent.  Previous documentation of the 
clades A, B and E describes them as being distributed 
ubiquitously in Eurasia, and Korean chickens are widely 
distributed within these clades.  Around 20 samples rep-
resent the C clade, which extensively originated from 
Japanese chickens.  Also, 16 samples belong to the D 
clade, which is composed of red jungle fowl and domes-
tic chickens mainly from India and Indonesia (Liu et al., 
2006). 

Consequently in this analysis, A, B, and F clades were 
suggested as being from the continental subspecies, G. 
g. spadiceus and G. g. jabouillei, whereas samples from 
G. g. gallus were mostly observed in clades D, H, and I.  
Based on these results, chickens were domesticated 
from multiple origins, which conflicts with results from 
Fumihito et al. (1994, 1996) suggesting a single domes-
tication event.  Due to the countless human migrations 
and trade relations during the course of the history, A, 
B, and E clades are widely distributed, which suggests 
that Korean chickens were domesticated from multiple 
maternal origins.

Moreover, the estimation of network profiles was 
traced using 28 haplotypes inside five mtDNA clades, 
which were discriminated by nucleotide positions of 

Korean chickens (Figure 2).  These nucleotide positions 
can be used as markers for clade differentiation.  The 
clades were not differentiated according to the specific 
chicken breed, but will be useful for the demarcation of 
regional chickens.  Our results provide a clear concept for 
the origin of domestication in Korean chickens, which will 
help for the further improvement of Korean chickens.

Breed and population distribution in the clade
A total of fourteen chicken breeds/populations were 

distributed in the identified five clades (Table 3).  The 
geographical distribution clades of Korean chickens A, 
B, C, D and E contained 584 (68.38%), 56 (6.56%), 20 
(2.34%), 16 (1.87%), and 178 (20.84%) individuals, 
respectively.  However, clades A, B, and E were most 
widely distributed in Eurasia, whereas 95.78% of sam-
pled Korean chickens fall into these clades.  Accordingly, 
Korean chickens were domesticated from A (68.38%) 
and B (6.56%) clades from South China and Japanese 
chickens, whereas the E (20.84%) clade is from the 
regions of Europe, the Middle East and the Indian sub-
continent.  In the clades, C (2.34%) and D (1.87%) were 
distributed from Japanese, Indian, and Indonesian regions.  
Most Korean chickens were involved in A clade, except 
Korean Ogye and Jeju breeds.  Also, KNC (black, red 
and yellow) and commercial Woorimatdag chickens were 
found in the D clade.  However, breed specific clades were 
not determined in our studies.  Our mtDNA results indi-
cated that the Korean chickens have same mtDNA hap-
lotypes as chicken breeds from South China, Japan, 
Europe, the Middle East and the Indian subcontinent.  

Fig. 2.	 Network profiles of the 28 haplotypes among the Korean chickens. The links are labeled 
by the nucleotide positions.  The order of the mutations on the branch is arbitrary.  The 
median vectors (mv) are nucleotide junctions.
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Also, the results suggest that Korean chickens have mul-
tiple maternal origins and that domestications may have 
occurred in Eurasia and Southeast Asia.

In conclusion, Korean chickens were domesticated 
from a number of migrations of chicken breeds, and were 
adopted in Korea as pure breeds, which support the the-
ory of multiple origins in Eurasia and Southeast Asia 
regions.  Our results have identified haplotypes and clades 
based on geographical distribution, which will help the 
conservation of future breeding plans, and will improve 
Korean chickens.
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