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Chicken domestication: an updated perspective based
on mitochondrial genomes

Y-W Miao1,2,3,10, M-S Peng2,4,10, G-S Wu5, Y-N Ouyang3, Z-Y Yang3, N Yu1, J-P Liang3, G Pianchou3,

A Beja-Pereira6, B Mitra1,7, MG Palanichamy1, M Baig2,8, TK Chaudhuri7, Y-Y Shen2, Q-P Kong2,

RW Murphy2,9, Y-G Yao5 and Y-P Zhang1,2

Domestic chickens (Gallus gallus domesticus) fulfill various roles ranging from food and entertainment to religion and

ornamentation. To survey its genetic diversity and trace the history of domestication, we investigated a total of 4938

mitochondrial DNA (mtDNA) fragments including 2843 previously published and 2095 de novo units from 2044 domestic

chickens and 51 red junglefowl (Gallus gallus). To obtain the highest possible level of molecular resolution, 50 representative

samples were further selected for total mtDNA genome sequencing. A fine-gained mtDNA phylogeny was investigated by

defining haplogroups A–I and W–Z. Common haplogroups A–G were shared by domestic chickens and red junglefowl.

Rare haplogroups H–I and W–Z were specific to domestic chickens and red junglefowl, respectively. We re-evaluated the global

mtDNA profiles of chickens. The geographic distribution for each of major haplogroups was examined. Our results revealed

new complexities of history in chicken domestication because in the phylogeny lineages from the red junglefowl were mingled

with those of the domestic chickens. Several local domestication events in South Asia, Southwest China and Southeast Asia

were identified. The assessment of chicken mtDNA data also facilitated our understanding about the Austronesian settlement

in the Pacific.
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INTRODUCTION

Being the most extensively distributed of the poultries, the domestic

chicken (Gallus gallus domesticus) provides humans with a stable

sources of protein, including both meat and eggs (FAO, 2007). The

chicken has a long history of anthropomorphic usage in Southeast

and East Asia, where it has been bred for entertainment (cockfight)

and ornamentation (Macdonald and Blench, 2000). The domestic

chicken also serves as an important model animal in biomedical

research (Wu and Kaiser, 2011). Although humans derive much

benefit from this poultry, its history of domestication remains open to

debate.

Since the times of Charles Darwin (Darwin, 1896), the origin and

domestication of chickens has attracted wide interest from multiple

disciplines (West and Zhou, 1988; Crawford, 1990). A massive

amount of research has focused on reconstructing the matrilineal

history of domestic chickens using mitochondrial DNA (mtDNA)

sequence data. These efforts document that the red junglefowl (Gallus

gallus) is the primary wild ancestor of the domestic chicken

(Fumihito et al., 1994, 1996). The multiple, independent domestica-

tion events in southern China, South Asia and Southeast Asia involve

several matrilines (Liu et al., 2006; Kanginakudru et al., 2008).

Most studies of chicken mtDNA rely on sequences of (partial)

control region (CR; D-loop: nucleotide position 1–1232;

NC_007235). The relatively small size of CR limits the resolution of

the mtDNA phylogeny. Because the mutation rate in this region is

higher than that in coding regions, high levels of recurrent mutations

can blur the structure of the matrilineal genealogy. Recent, fine-gained

analyses have used the complete mtDNA genome to reconstruct the

history of animal domestication, such as in cattle (Achilli et al., 2008,

2009; Bonfiglio et al., 2010), dogs (Pang et al., 2009), horses (Achilli

et al., 2012) and pigs (Wu et al., 2007). These updated phylogenies

provide new insights into the origins and history of domestication.

In the present study, we selected and sequenced 50 complete

mitochondrial genomes from 42000 samples of domestic chickens

and red junglefowl from China, India, Laos and Myanmar. Incorpor-

ating 11 published genomes, we reconstructed the matrilineal
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genealogy of the chicken to further refine the tree and better

document the history of domestication.

MATERIALS AND METHODS
Samples
We collected samples consisting of 2044 domestic chickens and 51 red

junglefowl from China, India and Southeast Asia (see Supplementary dataset

1). A total of 2874 published mtDNA sequences from domestic chickens

(n¼ 2719) and red junglefowl (n¼ 155) were retrieved from either GenBank

or published literature (see Supplementary dataset 1). For the unpublished

sequences, we confirmed the source and quality of sequencing. Twenty-six

sequences (AB098640, AY588607, DQ834510, EF414962–EF414970, EF586879–

EF586882, EU194446, EU329407, EU329413, EU367396, EU847802–

EU847804, EU847806–EU847807 and FJ619040) were suggested to have

sequencing errors, such as extensive indels and ambiguous sites. Four

sequences (AB007734, AB007749, AB009445 and AB009447) had unknown

sources, and AB368439 from ancient DNA was too short to be informative.

Therefore, we excluded these 31 sequences from further analyses. In total, we

obtained 4938 mtDNA sequences from 4732 domestic chickens and 206 red

junglefowl (see Supplementary dataset 1).

DNA extraction, amplification and sequencing
Genomic DNA was extracted from whole blood, muscle or feather by the

standard phenol/chloroform method. The amplification and sequencing of

chicken CR followed protocols described in Supplementary dataset 2. An

unrooted neighbour-joining network of CR sequences from 3676 chickens and

148 junglefowl was constructed by using MEGA 4.0 (Tamura et al., 2007). We

used the network to select 50 samples for whole mtDNA sequencing that

represented 48 haplotypes and most major groups (Figure 1). The amplifica-

tion and sequencing protocols were described in Supplementary dataset 2.

Sequence analysis
Sequences of both CR and the complete mtDNA genome were edited and

aligned using DNASTAR software (DNASTAR Inc., Madison, WI, USA). The

previous reference sequence NC_001323 (Desjardins and Morais, 1990) likely

had sequencing errors, including excessive indels, and it was abandoned

(Figure 2). Variants in the mtDNA sequences were scored relative to the new

reference sequence NC_007235 (Nishibori et al., 2005). The classification of the

variants of each chicken mtDNA genome was performed with mtDNA-

GeneSyn v.1.0 (Pereira et al., 2009).

Genealogy construction and data analysis
The phylogeny of 61 mtDNA genomes (50 de novo and 11 from the literature;

see Supplementary dataset 3) was constructed based on the parsimony-like

method as described elsewhere (Wu et al., 2007; van Oven and Kayser, 2009).

In detail, variants of each mtDNA genome scored relative to NC_001323 (see

Supplementary dataset 3) were either synapomorphic or autapomorphic. We

mapped the mutations on each branch of the tree. Most chicken mtDNA

haplogroups were defined with the diagnostic motifs (a string of characteristic

mutations shared by the members) in both coding and CRs. We attempted to

assign each of the CR sequences to specific haplogroups following the strategy

of mutational motif search and (near-) matching (Wu et al., 2007). To test the

assignment results, we screened certain coding region diagnostic motifs in 338

samples. The average sequence divergence (Rho) of the haplotypes to their

most recent common ancestor (Forster et al., 1996), accompanied by a

heuristic estimate of the standard error (Sigma) (Saillard et al., 2000), was

calculated based on complete mtDNA and synonymous mutations alone,

respectively. The synonymous mutations were suggested to be less influenced

by mutation saturation and selection (Kivisild et al., 2006; Soares et al., 2009).

RESULTS

Phylogeny of chickens based on mtDNA genomes

The chicken matrilineal phylogeny (genealogy) was reconstructed

with 61 mtDNA genomes of which 50 were newly generated (Figure 2;

see Supplementary dataset 3). For convenience, the nomenclature for

haplogroups A–G were updated from our previous study based on CR

(Liu et al., 2006), and in part because they were already used

frequently. The nomenclature conformed to the rules for the human

mtDNA phylogeny (van Oven and Kayser, 2009; Behar et al., 2012)

for the newly defined haplogroups (that is, H, I and W–Z),

subhaplogroups (for example, C1, C2 and C3) and macro-hap-

logroups (for example, ABZY and CD). An example of the nested

hierarchy was as follows: C1-C-CD. In some cases, we labeled

haplogroups (for example, H, I) and subhaplogroups (for example,

C2, D2) only when supported by one sequence. The aim was to

facilitate the designation of haplogroups in this study. We expected

the definitions to change upon adding future sequences.

Haplogroups A–G previously defined only by CR information, were

regarded as being sufficiently supported by the complete sequence

Figure 1 The samples selected for mtDNA genome sequencing were based on the neighbour-joining network of 409 haplotypes. MtDNAs with haplotypes

selected for complete sequencing are indicated with circles. Numbers in the circles correspond to the sequences in Figure 2 and Supplementary dataset 3.

Numbers in red and black refer to the red junglefowl and domestic chickens, respectively. The geographic sources of the samples are represented by

different colors. The discordances in the phylogeny between based on CR and complete mtDNA genome are noted by the red ellipse with dash line.
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data. These haplogroups were defined by diagnostic mutational motifs

shared by the descendants (Figure 2). The new reference sequence

NC_007235 belonged to haplogroup B. The nested hierarchy of

haplogroups A–G was clarified by the macro-haplogroups AB, CD

and EFG. The newly defined haplogroups (that is, H, I and W–Z)

represented early splits from macro-haplogroups AB, CD and EFG.

Discordances between the CR and complete mtDNA sequence data

were noted. Sequences 12 and 18–20, which previously fell in clade D

(Figure 1), were assigned into haplogroups Y and C, respectively

(Figure 2). Sequence 60, which previously represented a basal branch

in clade C (Figure 1), defined the new haplogroup X (Figure 2).

Global mtDNA profiles of chickens

The diagnostic mutational motifs in both coding and CRs for most

haplogroups were characterized in the updated mtDNA phylogeny

(Figure 3; see Supplementary dataset 4). In terms of motif searches,

99.9% (4727/4732) of the CR sequences in domestic chickens were

allocated into haplogroups A–I. Additional sequencing of certain CR

variants supported the assignments (see Supplementary dataset 1).

Five published CR sequences remained unclassified. Haplogroups D

and E1 were not directly defined by mutations in CR. Thus, the CR

motifs relied on definitions for both the higher units (CD and E) and

the sister groups (C and E2–E3). For convenience, we tentatively

assigned all sequences within macro-haplogroup CD into haplogroup

D while excluding those belonging to haplogroup C (Figure 3).

Similarly, all sequences within haplogroup E were allocated into

haplogroup E1, except for subhaplogroups E2 and E3. Haplogroups D

and E1 defined by CR sequences in Figure 3 were potentially

paraphyletic, and they could be called ‘paragroups.’

In the re-evaluated, global mtDNA profiles of the chicken

(Figure 3), haplogroup E1 was the most widely distributed matrilineal

lineage. It occurred in all geographically defined populations. Its sister

haplogroups E2 and E3 were mainly restricted to South Asia.

Haplogroups A and B were widely distributed but not detected in

Figure 2 The haplogroup classification tree of 61 complete mtDNA sequences (a, b). The nucleotide positions in the sequences were scored relative to the

reference sequence NC_007235 which is noted by the dashes. Transitions are shown on the branches and transversions are further annotated by adding

suffixes. Deletions and insertions are indicated by ‘d’ and ‘þ ’, respectively. Amino-acid replacements are in red and marked by a single-letter code,

whereas synonymous replacements are in blue. Changes in ribosomal RNA genes are denoted by ‘r’. The exclamation mark ‘!’ designates back mutation and

recurrent variants are underlined. ‘R’ and ‘Y’ specify the heteroplasmic status of A/G and C/T at a certain site, respectively. All heteroplasmic variants are

excluded in the analyses and are marked in italics. ‘0’ represents the previous reference sequence NC_001323 which was excluded in subsequent analyses

because of potential sequence errors. Labels of sequences are in accordance with Figure 1. (c) The geographic origin of samples as shown by different

colors.
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Africa. Haplogroup D occurred in Africa, South Asia, Southeast Asia

and East Asia. Its frequency of occurrence peaked in the Pacific

Islands (B77%). Haplogroups C, F and G were mainly distributed in

East Asia, Southeast Asia and South Asia. The maternal lineages of

commercial lines consisted of the three most common haplogroups A,

B and E1. Haplogroups H and I were very rare being found only in

domestic chickens from East Asia and South Asia, respectively.

Because of the extensive sampling in East Asia (n¼ 2732), we also

assessed the mtDNA profiles of chickens from the nine subregions

(Figure 3). Haplogroups A, B, C1 and E1 were distributed largely

across all of East Asia. Haplogroups F and G were mainly concen-

trated in Southwest China. Rare haplogroup H was found in

Southwest China and Japan.

As for the red junglefowl, 76.2% (157/206) of the CR haplotypes

were assigned to haplogroups in this genealogy (Figure 4; see

Supplementary dataset 1). Apart from the common haplogroups

A–G, the wild fowl harbored haplogroups W–Z, which were not

detected in domestic chickens. Of the remaining sequences (49/206)

not classified in the genealogy, 28 haplotypes from India and

Indonesia (for example, ‘outgroups’ in Figure 1) had too many

variants to be assigned; variation included many transversions (see

Supplementary dataset 1). This suggested that they were remotely

related to the other chickens. It was also possible that these lineages

likely originated from other wild fowl such as G. sonneratii (Eriksson

et al., 2008) and G. varius (Hutagalung, 2000) through hybridizations,

although comprehensive surveys for the wild fowl were needed to test

these possibilities. The other 21 sequences from Vietnam and

Indonesia had mutational motifs not recognized in the sequenced

mitochondrial genomes; these samples were not available to us.

Figure 3 The hierarchical phylogenetic relationships and distributions of the haplogroups observed in global domestic chickens. The diagnostic mutational

motifs for each of the haplogroups are shown on the branches. ‘Un’ means the unclassified sequences within this phylogeny. The sample sizes are in

parentheses. The regions of China follow the traditional definitions (see Supplementary dataset 1).

Figure 4 mtDNA haplogroup profile for 206 red junglefowl.
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Molecular divergence

No suitable calibration points were available for the chicken phylo-

geny, neither from the fossil record nor from ancient DNA data.

Consequently, we could not calculate reliable dates of divergence for

the haplogroups. We calculated molecular divergences by employing

the Rho method to indirectly estimate ages (Table 1). Haplogroups/

subhaplogroups B, C1, E1 and F were characterized by very similar,

average amounts of sequence divergences based on both the complete

mtDNA and synonymous mutations only. The estimated divergences

for haplogroups A and D1 were slightly larger than those for

haplogroups B, C1, E1 and F, although they overlapped when

considering the 95% confidence intervals (Rho±2Sigma). For hap-

logroup G, discordance was observed between estimates based on

entire mtDNA genome and synonymous mutations. Haplogroup C1

existed only in the domestic chicken, a pattern also supported by

analyses of the CR data, although it might have occurred in red

junglefowl not sampled in the current study. When the estimated age

of haplogroup C1 was considered as a calibration point for chicken

domestication, differentiation for haplogroups A, B, E1, F and G likely

represented expansion after domestication of the chicken.

DISCUSSION

The mtDNA phylogeny extends our understanding about the

matrilineal history of chickens. Lineages of common haplogroups/

subhaplogroups A, B, D1, E1, E3, F and G occur in both domestic

chickens and red junglefowl. Two phenomena may explain this

pattern. First, the differentiation of each of the haplogroups/sub-

haplogroups predates the domestication of chicken. In this case,

domestication is a recent event. The earliest ‘chicken’ remains (bones)

are from the Cishan site (B6000 B.C.), North China (West and Zhou,

1988). However, it is still unclear whether the remains belonged to the

domestic chicken or the wild fowl (Yuan, 2010). Further, the

appearance of domestic chicken dates to at least 3600 years old in

China (Yuan, 2010). In South Asia, domestic chicken bones are

known from the Harappa and Mohenjo-Daro sites in Pakistan from

around 2500–2100 B.C. (Zeuner, 1963). Thus, the domestication of

chickens might be a recent event as compared with other domestic

mammals (for example, dog, cattle, sheep, pig), which predate the

Mid-Holocene. Second, domestic chickens and wild junglefowl may

have experienced substantial gene flow and genetic admixture

following domestication of the chicken. Indeed, hybridization has

been observed in Yunnan, China (Chang, 2009) and inferred in

northern Vietnam (Berthouly et al., 2009). In extreme cases, some

domestic chickens might have become feral with their descendants

living as wild fowl. These situations are possible in the places (for

example, Southeast Asia, Yunnan and Northeast India) where

domestic chickens and wild fowl coexist, especially when the manage-

ment of chickens is poor. The above possibilities need not be taken as

alternatives. Both may play roles in the history of domestication.

The extensive sampling results in the identification of several

localized mtDNA lineages. Several lineages reveal new details about

chicken domestication. Haplogroups E2 and E3 occur mainly in

South Asian domestic chickens and red junglefowl (see

Supplementary dataset 1). This discovery provides genetic evidence

for an independent domestication event in South Asia. As for rare

haplogroup I, its restricted distribution suggests another localized

domestication event in Northeast India. The situation for haplogroup

H is puzzling. This haplogroup occurs in Southwest China (Figure 3).

Several CR sequences from ‘Shamo’ Japanese gamecocks raised in

Okinawa (Komiyama et al., 2003; Oka et al., 2007) show the same

mutational motif and they are allocated into this haplogroup (see

Supplementary dataset 1). The existence of cryptic genetic links

between Southwest China and Okinawa supports the introduction of

the Shamo breed from Southeast Asia (Komiyama et al., 2003; Oka

et al., 2007), which neighbors with Yunnan, Southwest China. Thus,

haplogroup H suggests yet another localized domestication, this one

in Southwest China and neighboring Southeast Asia.

Because the chicken is easily carried during human dispersal and

migration, analyses of chicken mtDNA data can contribute to the

Holocene history of humans. One of the best-documented examples

is the settlement of the Pacific by Austronesian speakers (Hurles et al.,

2003; Patrick, 2010). Some archeological and linguistic studies have

suggested that this dispersal originated from Taiwan (that is, the Out-

of-Taiwan hypothesis; Diamond, 2000). The chicken is proposed to be

bound to this dispersal (Bellwood, 1976; Storey et al., 2008; Dancause

et al., 2011) and, thus, we ask: can the Pacific chicken be traced back

to Taiwan? The predominant (B77%) chicken mtDNA lineage in the

Pacific—haplogroup D—is absent in Taiwan (Figure 3; Chang et al.,

2012). Thus, the Pacific lineages belonging to haplogroup D are most

likely to originate from Southeast Asia. In support of this, a

substantial introduction of domesticates from Southeast Asia into

Pacific is revealed by analyzing mtDNA data of the dog (Oskarsson

et al., 2012), pig (Lum et al., 2006; Larson et al., 2007, 2010) and even

the commensal rat (Matisoo-Smith and Robins, 2004). Consequently,

Southeast Asia likely served as the homeland of most domesticates

spreading to the Pacific. The recruitment of multiple local domes-

ticates at least indicates the substantial cultural contributions from

Southeast Asia.

In summary, the chicken mtDNA phylogeny in the present study

provides the highest level of molecular resolution to date. The

reconstructed matrilineal phylogeny covers most of the major mtDNA

haplogroups in chickens. It serves as a basis for (re)assessing the

haplogroup variation of modern breeds, as well as well-preserved

ancient remains. Our results expand the perspectives into the complex

history of chicken domestication and dissemination. Future zooarch-

aeological investigations and multidisciplinary research (Zeder et al.,

2006; Matisoo-Smith, 2009), including comprehensive genetic studies,

are required to unravel more details.

Table 1 Molecular divergence estimates of relevant nodes in the

matrilineal genealogy of domestic chickens and red junglefowl

Haplogroup/

subhaplogroup

No. sequences Entire mitochondrial

genome

Only synonymous

mutations

Rho Sigma Rho Sigma

AB 9 14.56 2.44 5.44 1.50

A 4 5.75 1.52 2.25 1.09

B 5 3.60 1.20 1.20 0.85

C 8 13.00 2.24 5.13 1.43

C1 5 3.00 0.87 1.20 0.57

D 8 10.00 1.51 4.75 1.09

D1 4 5.25 1.35 1.50 0.61

EFG 29 14.79 2.83 5.66 1.28

E 16 7.88 1.65 3.88 1.36

E1 12 3.08 0.55 1.17 0.33

E3 3 5.33 1.41 1.00 0.58

FG 13 13.92 2.39 5.38 1.53

F 8 3.75 0.77 1.25 0.43

G 5 4.20 1.18 0.60 0.35
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