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ABSTRACT With the aim of elucidating in greater detail
the genealogical origin of the present domestic fowls of the
world, we have determined mtDNA sequences of the D-loop
regions for a total of 21 birds, of which 12 samples belong to
red junglefowl (Gallus gallus) comprising three subspecies (six
Gallus gallus gallus, three Gallus gallus spadiceus, and three
Gallus gallus bankiva) and nine represent diverse domestic
breeds (Gallus gallus domesticus). We also sequenced four
green junglefowl (Gallus varius), two Lafayette’s junglefowl
(Gallus lafayettei), and one grey junglefowl (Gallus sonneratii).
We then constructed a phylogenetic tree for these birds by the
use of nucleotide sequences, choosing the Japanese quail
(Coturnix coturnix japonica) as an outgroup. We found that a
continental population of G. g. gallus was the real matriarchic
origin of all the domestic poultries examined in this study. It
is also of particular interest that there were no discernible
differences among G. gallus subspecies; G. g. bankiva was a
notable exception. This was because G. g. spadiceus and a
continental population of G. g. gallus formed a single cluster
in the phylogenetic tree. G. g. bankiva, on the other hand, was
a distinct entity, thus deserving its subspecies status. It
implies that a continental population of G. g. gallus sufficed as
the monophyletic ancestor of all domestic breeds. We also
discussed a possible significance of the initial dispersal pat-
tern of the present domestic fowls, using the phylogenetic tree.

There is a little doubt that the successive domestication of
various wild animals contributed greatly to the sustenance and
cultural developments of mankind. In particular, the domes-
tication of chickens seems to have a long history. Indeed, the
earliest sign of domestication of the chicken has been pushed
back to nearly 8000 years ago because remains of domesticated
chickens were evident in 16 neolithic sites along the Huang He
(Yellow River) in Northeast China, some of which were dated
to be at least 7500 years (1).

The domestication of chickens has also been observed at the
well-known Mohenjo-Doro site in the Indus Valley in Pakistan
(2). Moreover, earlier signs of domestication of the chicken
were found in unlikely places far distant from the habitat of
junglefowls, e.g., Ukraine and Spain (1). Thus, whether or not
the domestication of junglefowls occurred only once in a fixed
site or occurred repeatedly in different locations has remained
an open question. In fact, various population studies using
isozyme polymorphism suggested the multiple and indepen-
dent sites of domestication (3).

In an earlier paper (4), we studied the noncoding region of
the mitochondrial DNA of various gallinaceous birds with
regard to its restriction fragment length polymorphism and its
sequences of the first 400 bases. We then showed that whereas
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the 7.0% sequence divergence was seen between Gallus gallus
bankiva inhabiting Indonesian island of Java and two other
subspecies of Gallus gallus, both inhabitants of Thailand
(Gallus gallus gallus and Gallus gallus spadiceus), a mere
0.5-3.0% difference separated the three domestic breeds of
the chicken of divergent geographical origins from the two
G. g. gallus of Thailand. Thus, we indicated a strong possibility
that a single domestication event has taken place in Thailand
and its immediate surroundings (4). Inasmuch as the sequence
divergence between two individuals of G. g gallus from
Thailand was 1.25%, we concluded that this subspecies alone
had been sufficient to yield all the diverse breeds of domestic
chicken (4). However, because this conclusion has been drawn
from a limited number of G. gallus subspecies and domestic
fowls, it was felt that the validity of the above conclusion should
be verified by a more expanded survey.

With the aim of elucidating in greater detail the genealogical
origin of the present domestic fowls in the world, we have
determined mtDNA sequences of the D-loop regions for a
total of 21 birds that belong to three subspecies of G. gallus (six
G. g. gallus, three G. g. spadiceus, and three G. g. bankiva) and
nine domestic breeds and/or races (Gallus gallus domesticus)
such as white leghorn. We also sequenced the same regions of
mtDNA for all other Gallus species (four Gallus varius, two
Gallus lafayettei, and one Gallus sonneratii). Using these se-
quence data, a phylogenetic tree was constructed that indeed
verified the previous conclusion that the genealogical origin of
the domestic fowls is monophyletic descending from a conti-
nental population of G. g. gallus. We shall also discuss a
possible significance of the initial dispersal pattern of the
present domestic fowls using the phylogenetic tree.

MATERIALS AND METHODS

The species that we examined in the present study are listed in
Table 1. Three subspecies of G. gallus were represented by six
specimens from G. g. gallus, three from G. g. spadiceus, and
three from G. g bankiva. Nine specimens were from diverse
domesticated breeds. Moreover, we examined three other
species of junglefowls of the genus Gallus: four specimens of
G. varius, two of G. lafayettei, and one of G. sonneratii.

Blood samples were obtained from live birds without harm-
ing them; DNA was then extracted. Amplified copies of the
mitochondrial control region were obtained by PCR reaction
using two primers previously described (4, 6). The DNA
sequencing procedure was as described (4, 6).

The nucleotide sequences obtained were aligned with each
other (see Fig. 1), and the number of nucleotide substitutions
were estimated by the six-parameter method (7). A phyloge-
netic tree was constructed by the neighbor-joining method

Data deposition: The sequences reported in this paper have been
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Table 1. List of the specimens and their localities
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Species/Subspecies/Races

Localities

. & bankiva 15
. & bankiva 18

. & bankiva 19

. & gallus 8,10

. g gallus 11

. g gallus 39,41,58
. 8 spadiceus 3,4,5
. lafayettei 1,2
sonneratii India
varius 2,6

varius 32

. varius 50

. 8 domesticus (Ayam Cemani 1)

QAQAAQAQAQAQAQRAQAQQAQQQ

. g domesticus (Ayam Pelung 76)

G. g domesticus (Barred Plymouth Rock 1)
G. g. domesticus (Nagoya)

G. g. domesticus (Thai Bantam 8)

G. g domesticus (White Leghorn 1) Ref. 5
G. g. domesticus (White Leghorn 2)
Coturnix coturnix japonica

Singaraja, Bali, Indonesia

West Jawa, Indonesia

Lanpung, East Sumatra, Indonesia
Department of Forestry, Thailand
Tama Zoological Garden, Tokyo, Japan
Palembang, South Sumatra, Indonesia
Department of Forestry, Thailand
Dehiwela Zoo, Dehiwela, Sri Lanka

Singaraja, Bali, Indonesia

Madura, Indonesia

Banyuwangi, East Jawa, Indonesia

Surabaya Zoo, Surabaya, East Jawa, Indonesia

. g domesticus (Ayam Kokok Balenggek 63,71) Solok, West Sumatra, Indonesia ’

Bogor, Jawa, Indonesia

The Domestic Fowl Trust, Worcestershire, U.K.

Hiroshima Animal Husbandry Experimental Station, Hiroshima, Japan
Thailand

Hiroshima Animal Husbandry Experimental Station, Hiroshima, Japan
Hiroshima, Japan

using the substitution numbers estimated (8). The statistical
significance was evaluated by the bootstrapping method (9).

RESULTS AND DISCUSSION

Evolutionary Relationships Among Four Species in the
Genus Gallus. The genus Gallus is composed of four species:
G. gallus, G. varius, G. lafayettei, and G. sonneratii. Their
phylogenetic relationship shown in Fig. 1 was consistent with
our previous report (6) in which the dendrogram was con-
structed by the use of only one specimen from each species. At
the first glance, G. varius appears to be the most divergent of
the four species. However, the bootstrap value that sets this
species apart is only 34.7%. Accordingly, it is likely that G.
varius, G. gallus, G. sonneratii, and G. lafayettei branched out
from the common stem almost simultaneously in the evolu-
tionary time scale. Taking into account the phylogenetic tree
in fig. 2 in our previous report (6) together with the present
results, we speculate that the split should have occured shortly
thereafter in Gallus of Indian subcontinent to yield a mainland
species (G. sonneratii) and an island species (G. lafayettei).

In our first paper of this series (4), we found that a
60-bp-long unit containing the nearly invariant tetradecamer,
AACTATGAATGGTT, in its center of the D-loop region is
duplicated only in members of the genus Gallus and not in
other phasianine birds. Furthermore, greater than two copies
of this unit were found in three of the four Gallus species. In
the case of G. varius, whereas two copies were found in two
individuals, three and four copies were found in the remaining
two. All specimens of G. lafayettei as well as G. sonneratii had
three copies. Of particular significance was the fact that all 12
specimens of G. gallus have two copies, regardless of subspe-
cies. These observations on copy numbers of the 60-bp-long
unit are consistent with the above mentioned notion about the
order of divergence of the four species. All nine domestic fowls
examined had the same copy number as G. gallus, again
implying that the genealogical origin of the domestic fowls is
monophyletic descending from G. gallus alone.

A Single Cluster Composed of a Continental Population of
G. g. gallus and G. g. spadiceus. As shown in Fig. 2, G. g. gallus
and G. g spadiceus do not form two separate clusters in the
phylogenetic tree. It seems that G. g. gallus is divided into two
separate populations: (i) an island population from Sumatra
and a (ii) continental population. G. g spadiceus is more

closely allied with a continental population of G. g. gallus than
an island population of G. g. gallus is to its continental relation.
Thus, the subspecies status given to G. g. spadiceus might be
questioned. On the other hand, G. g. bankiva, which inhabits
the Indonesian islands of Sumatra, Java, and Bali, is a very
distinct entity that is clearly separate from G. g. gallus as well
as G. g spadiceus; thus, its subspecies status appears to be
well-deserved.

Geographical Differentiation of G. g. gallus, G. g. spadiceus,
and Domestic Fowls. West and Zhou (1) suggested that
chickens were first domesticated in Southeast Asia and were
taken north to become established in China, possibly spreading
to European Celts through tribes of the Russian steppe. Our
phylogenetic tree seems to be consistent with their contention
for the following reasons.

According to the phylogenetic tree (Fig. 2), domestic fowls
including Indonesian races belong to the same cluster as a
continental population of G. g gallus and G. g. spadiceus
sampled from Thailand and its adjacent areas. On the other
hand, three specimens of G. g. gallus from South Sumatra form
a separate cluster as already noted, yet native domestic fowls
from the same island belonged to the cluster in which a
continental population of G. g. gallus and G. g. spadiceus from
Thailand were included; e.g., two ayam kokok balenggek from
West Sumatra. Accordingly, an independent domestication
event in Sumatra from its own G. g. gallus can be excluded. It
suggests that the original domestication took place in Thailand
and its adjacent regions and subsequently dispersed to West
Sumatra in Indonesia.

West Sumatra in Indonesia is known as Minangkabau. It is
worth noting that the people of Minangkabau have developed
unique culture and ayam kokok balenggek is adopted as a
symbol of the Solok prefecture in Minangkabau (10). It is quite
possible that this domestic fowl has been highly esteemed in
Minangkabau because of its novelty, implying that ayam kokok
balenggek had been brought to West Sumatra from elsewhere.
These facts support our notion that Indonesian native domestic
fowls have been transferred to Indonesia from Thailand and its
adjacent regions.

Sequence Differences Between G. g. bankiva and Other G.
gallus Subspecies. As already noted, it is clear in Fig. 2 that G. g.
bankiva is a very distinct entity from G. g. gallus and G. g.
spadiceus in the phylogenetic tree. In-fact, the numbers of
nucleotide substitutions separating G. g. bankiva from other
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GG_bankival  AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCCA 6G_bankiva T, AA-CCACTA CCAAGACACC CTATGAA TGGTTAC: C/
GG _bankival8  AATTTTA-TT TTTTAACCTA ACTCCCCTAC AAGTGTACC C00CC! CCCCCAGGG m-mm}g T AA-CCACTA CCAAGACACC CTATGAA TGGTCAC C/

GG_bankival9  AATTTTA-TT TTTTAACCTA ACTCCCCTAC GTGTACC CCCCCTTTCC CCCCCAGGC _bankival T AA-CCACTA CCAAGACACC TAACTATGAA TGGTTAC C/
GG_gallusll AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCC’ CCCCCAGGGC GG_gallus]] T (CCACTA CCAAGTCACC CT AA TGGTTGCAGG AC;
GG_gallus39  AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCC( G6_gallus3d  C CCACTA CCAAGACACC TAACT TAC, C.
GG_gallus4l AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCC GG_gallus4]  C CCACTA CCAAGACACC TAACTATGAA TAC, C.
GG_gallus8  AATTTTA-TT TTTTAACCTA ACTCCCCTAC GTACC CCCCCTTTCC CCCCCAGGGH GG_gallus58  C CCACTA CCAAGACACC TAAC] TAC C:

_gallus8 AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCC GG_gallus8 CA CCACTA CCAAGTCACC TAACI SGTTGTAGG AC:
GG_gallusl0 AATTTTA-TT TTTTAACCTA ACTCCCCTAC \GTGTACC CCCCCTTTCC CCCCC GG gallusl0 C CCACTA CCAAGTCACC C1 TGGTTGCAGG AC:
GG_spadiceus3 AATTTTA-TT TTTTAACCTA ACTCCCCTAC \GTGTACC CCCCCTTTCC CCCC( GG i C CCACCA CCAAGTCACT TAACT ITACAGG ACA
GG_spadiceus4 AATTTTA-TT TTTTAACCTA ACTCCCCTAC TACC CCCCCTTTCC CCCCC GG C CCACCA CCAAGTCACT CTATG: SGTTACAGG ACA’

di AATTTTA-TT TITTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCC 6 spadi ¢ CCACCA CCAAGTCACT TAACT CAGG ACA’
G_Tafayetteil AATITTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC COCOC G_lafayetteil TAA --TCCTCTA ACAAGCCACC TAACT [ CAGG AC:
G_lafayettei? AATTTTA-TT TTTTAACCTA ACTOCCCTAC TAAGTGTACC CCCCCTTICC OCCCCA G_lafayettei2 TA --TCCTCTA ACAAGCCACC TAACT CAGG AC
_sonneratii  AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCCAI G_sonr ii TGG --TCCTCCC ACAGGTCACC TAATCATGAA T C.
G_varius2 AATTTTA-TT TTTTAACCCA ACTCCCCTAC TAAGTGTACC CCCCCITTCC G_varius? TAA ATACCACTA ACAGGTCACT TAACT GGTTACAGG AC,
G_varius32 AATTTTA-TT TTTTAACCCA ACTCCOCTAC TAAGIGTACC CCCCCTTTCC CCCCCAG G_varius32 C; --ACCCCTA ACAGGTCACC TAACTATGAA ICAGG AC
_varius50 AATTTTA-TT TTTTAACCCA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCOCCAG G_varius50 C --AOCCCCA ACAGGTCACC TAACT CAGG AC
G_varius AATTTTA-TT TTTTAACCCA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCCAG G_varius6 CAA CCACTA ACAGGTCACT TAACT TACAGG AC

N AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCCAGGGC Cemani C CCACTA CCAAGTCACC TAACI [TGCAGG AC!
Ayam63 AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCCA Ayan63 Ci CCACTA CCAAGTCACC TAACT [TGCAGG AC
Ayan"l AA'TT -T1 ‘TT’AAw ACTCCCCTAC \GTGTACC CCCCC 'CC CCCCCA Am71 C CCACT CCMGTC cc CT TGCAGG C
Pelung AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCOCCA Pelung Ci 'AAACCACTA CCAAGTCACC CT [TGCAGG AC
El:nu;dm ﬂg: gﬂ% ICTCCCCTAC umgw CC CCCCCAGGGH Bantam8 Ci CCACTA TCAAGCCACC TAAC CAGG AC:
rr ymous - CTCCCCTAC CCOCCTTICC CCCCCAGGC CCACTA CC CC TAAC FTACAGS. AC:
Nag AATTTTA-TT TITTAACCTA ACTCCCCTAG TAAGTGTACE OOCCCTTICE CCCOCAGG Barred_Plynous { CCACTA TCAAGCCACE TAACT CAGG AC
lh1te »_Leghorn]l AATTTTA-TT ITAACCTA ACTCCCCTAC GTGTACC CCCCCTTTCC CCCCCAGGC Vhite_Leghornl C CCACTA TC cC CT C, C,
¥hite_Leghorn2 AATl' -TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTTCC CCCCCAGGGG Yhite_Leghorn2 Ci CCACTA CC; CC TAACT CAGG AC,
Yhite_Leghorn3 AATTTTA-TT TTTTAACCTA ACTCCCCTAC TAAGTGTACC CCCCCTTICC CCCCCAGGGG Yhite_Leghorn3 C; CCACTA CC;
C_coturnix AAC--ACTTT TTTTAACCTA ACTCCCCTAC TT ICC CCCCCTTTCC CCCCCA C_coturnix A
61 1 30 360
GG_bankival5 ACTA TGCATAA 'ACA’ 'ATATACCAC ATA TG GTACCGGTAA GG_bankival5  TTACTC CCTCCCC CAACAAGTCA CC-TAACT AATGGTTAC (
GG_bankival8  GGGTATACTA A GCATACATT TATATACCAC ATA TG GTACCGGTAA GG_bankival8  TCACICTC TTICTTCOCC CAACAAGTCA CC-TAACTAT GAATGGTTAC C
GG_bankival9 ~ GGGTATACTA AA ACATT TATATACCAC A STACCGGTAA GG_bankival9  TTACTCIC TTCTTCCCC CAACAAGTCA CC-TAAC AA C
GG_gallusll  GGGTATACTA C ATACCAC ICC GG_gallus] 'CACTCTCAT GCTCTTCCCC CAACAAGTCA CC-CAACT AATGGTTAC C
GG_gallus39  GGGTATAC] CCAC C( GG_gallus39 CACTCTCAT GCTCTTCCCC CAACAA CC-TAACT AA AC C.
GG_gallus4l  GGGTATAC] C. CAC \(( GG_gallus4]l 'CACTCT( GCTCTTOOCC CAACAAGTCA CC-TAACT AATGGTTAC AGGACATAT
GG_gallus58 CTA TGC. ( CAC TACC GG_gallus58 CACTCTCAT GCTCTTCCCC CAACAAGTCA CC-TAAC] TAC AGGACATAT
GG_gallus8 GGGTATACTA TGC. C! CAC ICCGGTAA GG_gallus8 ( 'CAT GCTCTTCCCC CAAC CC-TAAC] TGC \CATAC.
GG_gallusi0 CTA TGC TGCATAC! CAC CC GG_gallus10 CACTCTCAT GCTCTTCCCC CAACAAGTCA CC-TAACT GGTTGC CATAC
GG_spadiceus3 GGGTATACTA TGC C. C (( GG_spadi CACICI( TTCTTCCCC TACCAAGTCA CC-TAACT TGC CATAT
GG_spadiceus: CTA TGC ATACA CCAC A v GG_spadi CACTCTCAT GTTCTTCCCC TACCAAGTCA CC-TAACTAT GAATGGTTGC AGGACATAT:
spadiceus: C ATACA CCAC A CC GG_spadi CTC TICTTCCCC TACCAAGTCA CC-TAACT TGC AGGACATATA
G_lafayettei \CTA TGCATAATCG TGCATACA CCAC A X G_Tafayetteil TAACCTTAA [COCC TGACAGGTCA CC-TAAC] TAC O
G_lafayettei ICTA TGCATAATCG ACATT TATATACCAC A CC G_lafayettei2 TAACCTTAA TCCCC TGACAGGTCA CC-TAACT TAC AGGACATACC
G_sonneratii CTA TGTATAATCC CA CCAC ATG GTACC G_sonneratii  TAATTCCAAT GCTCGTCCCC TTACAAGTCA CC-TAACT C AGGACATGAA
G_varius2 C ATC C. CCAC ATATATTA’ CC G_varius? CTAGT >CCC TAACAGGTCA CC-TAACT C Al
G_varius3? C A C \CCAC TG GTACC G_varius32 GT CCC TAACAGGTCA CC-TAACT IC AGGACATAC!
G_varius50 AC C X T( COC G_varius50 T1 'CTACCCC CAACAGGTCA CC-TAACC/ C AGG: Al
G_variusg AC © oC TG GTACCGGTAA G_varius6 C CCC TAACA CC-TAACT, C AGGACATAC
ATAC X TG GTACC nan. C 5CTCTTOCCC CAACAAGTCA CC-TAACTAT GAATGGTTAC CATACA
Ayan63 C’ [C X TG GTACC Ayan63 ( 5CTCTTCCCC CAACAA( CC-TAACT/ \CATACA
AyanTl C C TG GTAC AyanTl (i 5CTCTTCCCC CAACAAGTCA CC-TAACT. 5C CATACA
Pelung C \CCAC X Pelung C CCTCCCC CAACAAGTCA CC-TAACT, C AGGACATACA
Bantan§ C ICCAC CC Bantan| C CTCCCCC TAACAAGTCA CC-TAACT C CATACA
Barred _Plymous ( A ( CCAC CC Barred_Plymous T( CTTCCCC CAACAAGTCA CC-TAACT. C (
Nago; C C CCAC ICOGGTAA Nagoya ( CTCCOCC CAACAAGTCA CC-TAACT C (
;g::e 5%:11% C C C ICCAC A Yhite_Leghorn] 1C CTCCCCC CAACAAGTCA CC-TAACT: C C
ite T, C C \CCAC A ACCGGTA, Yhite_Leghorn2 T( TCOCC CAACAAGTCA CC-TAACT/ C AGGACATAC
Thi te-Leghor3 GGGTATACTA TGCATMICE TGCATAC COAC ATATATTATG GTACOGGTAA  White-Teshorns T CHTGCEE CRACKAGTCA CE- C AGGACATAC
C_coturnix GGTATAC C CCAC ATATACTA ACCGGTAA C_coturnix  ------- --- -ACTTTCCAC TAACAGGACA CCATAACT. 5GTTGC AGGACATAA
2. 80 361 420
GG_#ankival5  TATATACTAT ATATGTACTA TGTATACGG GCATTAATCT ACATTCCTC 56_bankival  -TTTAACTAC C. [TCT AACCCA ATGCTCG T-GTATC
GG bank:vala ATATACTAT ATATGTACTA AACCC. TGTATACGG [TAATCT ACATTCCTC, _bankival8  -TTTAACTAT C [TCT AACCCA ATGC -GTATC [GGATTTAT]
GG_bankiva ATATACTAT ATATGTACTA AACCC TGTATACGG [TAATC] 'CCTC _bankival9  -TTTAACTAT C TCT AACCCA’ ATGC -GTATC! [GGATTTA'
GG_gallusl]l ATATACTAT ATATGTACTA AACCC CGG GCATTAATCT C usll  -TTTAACTAC C: ITCT AACCC: TTATGCTCG CAGA TGGATTTATT
GG_gallus39 ATATACTAT A’ AC CCC. TGT GG GCATTAATCT A’ CA 56_gallus39 -CTTAACTAC C ITCT AACCC; TTATGCTCC C. GGATTTATT
GG_gallus4l ATATACTAT A AC] CCC TGTATACGG GCATTAATCT A CA GG_gallusdl - ICTAC C [TCT AACCC: CG TCGTATC GGATTTATT
GG_gallus58 CTA C CCC! CGG GCATTAATCT ATATTCCACA GG_galluss8  -CTTAACTAC T [TCT AACCC! CG TCGTATC GGATTTA'
GG_gallus8 \CTA' CCC! 0GG GCATTAATCI ITCCACA GG_gallus8 ~TTTAACTAC C. [TCT 'CG CCGTATCA GG A
GG_gallus10 C CCC/ \CGG GCATTAATCT CCACA GG gallusl0  -TTTAACTAT T [TCT AACCC: CG CCGTATCAGA TGGATTTA
GG_spadi C AACCC, C GCATTAATCT OCACA GG_spadiceus3 -TTTAACTAC C I'TCT AACCC, CG CCGTATCAGA ----- -ome-
GG_spadiceus4 TATATAC CCC; 'AAACGG GCATTAATCT ITCCACA GG_spadiceus4 -TTTAACTAC C-ATG-TTCT AACCC CG CCGTATC: ATTTA
GG_spadiceus5 TATATAC CTA AACCC GTATACGG GCATTAATCT CCACA GG_spad. ~TTTAACTAC C-ATG-TTCT C CA( ATTTA
G_lafayettei "ATATAC’ AACCC; ATAC 5CATTAATCT A ;_lafayettei DCAATCCT T-ATG-TICT AACCC: CAGA ATTTA
G_lafayettei ATATAC \CCC, ATAC SCATTAATCT ACATTCCCCA _lafayettei2 CTCCAATCCT T-ATG-TTCT AACCC 5C’ C. SGATTTA'
G_sonneratii ATATAC AACCC, \TGTATACGG [TAACCT ATATTCCCCA _sonneratii  CCTAAATCCT T-ATG-TTCT AACCC C. 5GATTTATT
G_varius. ATATACT C (CCCATTAT ATGTATACGG ACATTAACCT ACATTCCCCA _varius? -TTTAACTAC C-ATG-ATCT AA( C C ATTTA’
G_varius32 ATATACT C AT ATGTATAC ICATTAACCT ACATTCCCC: _varius32 -TCTAACTAC C-ATG-ATCT AACCC) [CG T-GTACC ATTTA’
G_varius50 ACT C ICCCATTAT ATGTATA( CATTAATCT _varius50 ~TCTAACTAC C-ATG-ATCT AACCCA' ATGC -GTACAGT- ----------
G_variusl C \TGTACT (CCCATTA’ 'ACGG ACATTAACCT _varius6 -TCTAACTAC C-ATG-ATCT AACCCA’ ATGC C A
Ceman. C ( CCCATTAT ATGTATACGG GCATTAATC] AC) Ceman. - CTAC C-ATG-TTCT AACCC A ATC: A
Ayam63 C C CCC! CGG GCATTAATCT CCACA Ayan§. -TTTAACTAC C-ATG-TTCT AACCC: CG TCGTATC, GGA
AyanTl C 'ACTA AACCC TGTATACGG GCATTAATCI 'CCACA Ayan7 ~TTTAACTAC C-ATG-TTCT AACCC. CG TCGTATC. A
Pelung C CTA AACCC! T( \CGG GCATTAATCT [TCCAC, Pelung -TTTAACTAC C-ATG-TTCT AACCC 0G CCGTATCAGA ----- -oo--
Bantan8 ATATAC \CTA AACCC/ TGTATACGG GCATTAATCT ATATTCCAC, Ban -TTTAACTAC C-ATG-TTCT AACCC, 0G CCGTATCAGA TGGATTTA
Barred_Plymous TATATACTA C CCC, \TGTATACGG GCATTAATCT ATATTCCAC! Barred_Plymous -TTTAACTAC C-ATG-TTCT AACCC) A
Nagoya ATATACTA CTA AACCC CGG GCATTAACCT ATATTCCAC Nagoya -TTTAACTAC C-ATG-TTCT AACCCA' A A
Vhite_Leghornl TATATACTAT A CTA AACCC: GCATTAACCT ATATTCCAC: ¥hite_Leghornl -TTTAACTAC C-ATG-TTCT AACCCA A A
¥hite_Leghorn2 TATATACTAT A ICTA AACCCA CGG GCATTAATCT ATATTCCACA White_Leghorn2 -TTTAACTAC C-ATG-TICT AACCCA A -
Yhite_Leghorn3 TATATACTAT ATATGTACTA AACCCATTAT ATGTATACGG GCATTAATCT ATATTCCACA Yhite_Leghorn3 -TITAACTAC C-ATG-TTCT AACCCA A -
C_coturnix ATATATTAT ATACGTACTA AACCCATTAT ATGTATA SCATTACAT- ATTGTCCCCA C_coturnix -CTTACTAAA TACTT--AGC TCCCCA' Y
8 24 421
GG_bankival5  TTTCTCCCAA TGTCCATTCC ATGCATGATC CAAGTCATTC T-AGTCATAT TCCCCATAA GG_bankival§  -------o-- oooo--o-o
GG_bankival8 'CTCCCAA TGTCCATTCC ATGCATGATC CAAGTCATTC T-AGTCATAT TCCCCATAA( GG_bankival8  GATCGTICAC CTCAOGAGAG AGCAGCMCC CCTG-
GG_bankival9 CTCCCAA TGTCCATTCC ATGCATGATC CAAGTCATTC T-AGTCATAT TCCCC GG_bankival9 ~ GATCGTTCAC CTCACG--
GG_gallusil CTCCCAA TGTCCATTCT ATGCATGATC CAGGACATAC 'CACCC TCCCC A GG_gallusl]
6G_gallus39 'CTCCCAA TGTCCATTCI A 'C CAAGACATAC TCATTCACCT A GG_gallus39 ATCGTTCAC CTCACGAGAG ATCAGCAACC CCTGCTCGTA ATG-TACTTC ANACCAGTC
GG_gallusdl 'CTCCCAA A 'C CAAGACATAC CCT A GG_gallus4l A TCAC CTCACGAGAG ATCAGCAACC CCTGCTCGTA ATG-TACTTC A'I‘GAOCAG‘I‘C
GG_gallus58 ICTCCCAA TGTCC, 'C CAAGACATAC CCT TCCCCATA GG_gallus58 A TCAC CTCACGAGAG ATC;
GG_gallus§ CTCCCAA TGTCCATTC’ C CAGGACATAC TCATIC: "CCCC GG_gallus8 GATCGTCCAC CTCACGAGAG ATCAGCAACC CCTGCCTGT-
GG_gallusl0 'CTCCC CCATTCT ATGC 'C CAGGACATAC TCATTC GG_gallusl0 GATCGTCCAC CTCACGAGAG ATCAGCAACC CCTGOCTGTA ATG TACTTC ATGACCAGTC
GG_spadi 'CTOCCAA TGTCCATICT C CAGGACATAC TCATTCACCC TCCCT _SPAICEUSY - -=- -7 -- <omeomos eoiios oo ooooooos nomeeo-oo-
_spadi 'CTCCC GTCCATTCT C CAGGACATAC TCATTCACCC C: spadiceu CGTCCAC CTCACGAGAG ATCAGCAACC CCTGCTTGTA ATG-TACTTC ATGACCAGIC
GG_spadiceus’ CTCCC GTCCATTC] GC) C CAGGACATAC TCATTCACCC TCCCT A GG_spadiceus! CGTCCAC CTCACGAGAG ATCAGCAACC CCTGCTTGTA ATG-TACTTC ATGACCAGTC
G_Iafayettei CCCAA TGTCCATCTC ATGAATGGIC C. TATCTATCC TACCCATACA G_Jafayettei [CGTTCAC CTCACGAGAG ATCAGCAACC CCTGCCTGTA ATG-TACTTC ATGACCAGTC
G_lafayettei! "CCAA TGTCCATCTC ATGAATGGTC CAGGTCAATC CTATCTATCC TACCCATACA G_lafayettei! [CG- - o= -wmommcooe oomesioos seossooses oeliiooas ooeeooeo
G_sonneratii CTCCCCA TGTCCATCTC ATGAATGGTC CAAGTCATCC T-ATTCACCT CACCC A G_: ii (CGTTCAC CTCACGAGAG ATCAGCAACC CCTGCCTGTA ATG-TACTIC ATGAOCAGTC
G_varius? 'CTCCCCA TGTACATTCC ATGAATGATC CAAGTCATTA CATCGTCC-T ACCCC ( G_varius2 CGTCCAC CTCACGAGAG ATCAGCAACC CCTGCCCGTA ATG-TACTT- --
G_varius32 'CTCCCCA TGTACATTCC ATGAATGATC CAAGTCATTA C-ATCGTCCT ACCCT ( G_varius32
G_varius50 CTCCCCA TGTACATTCC ATGAATGATC CAAGTCATTA C- \CCCTATATC G_varius50 --
G_variusf CTCCCCA TGTACATTCC ATGAATGATC CAAGTCATTA CGTCGTCCAT ACCCT G_varius6
ni CTCCCAA TGTCCATTCT ATGCATGATC CAGGACATAC TCATTCA 0CCC ni
Ayan3 CTCCCAA TGTCCATICT ATC CAGGGCATAC TCATTCACCC TCCCC Ayan63
AyanTl "CTCCCA A ATC CAGGACATAC TCATTCACCC TOCCCA AyanTl
Pelung 'CTCCCA, CCATIC TGATC ( CATAC TTATTCACCC TCOCCA Pelung

tang "CTCCCA CCATTC GCATGATC CAAGACATAC TCATTCACCC TCCCCATA-A Bantam8 GA
Barred i_Plymous TTTCTCCCAA TGTCCATTC GCATGATC CAGGACACAC TCATTCACCC TCCCCATAGA Barred i_Plymous GA
Nagoy: CTCCCAA 'CCATTC’ ATGATC C, ICATAC CCATTTACCC TCCCCATAGA Nagoya
Ihxte _Leghorn] CTCCCAA TGTCCATTC' ATC T \CATAC TCATTTACCC TCCCCATAGA ¥hite_Leghorn]l GA
Yhi ghorn2 "CCAA TGTCCATTC ATC CAGGACACAC TCATTCACCC TCCCCATAGA ¥hite_Leghorn2 -

White_Leghorn3 TTTCTCCCAA TG C ATC CAGGACACAC TCATTCACCC ATAGA Yhite_Leghorn3
C_coturnix 'CTCCCCA TGTACA-TT. C CAAGACATA- AACCATACGT TCACCTAGTA C_coturnix

Fic. 1. The multiple alignment of mtDNA sequences for 32 specimens of junglefowls, domestic fowls and the common quail of Japanese

subspecies.

two subspecies are quite large compared with the largest
individual differences seen within G. g. gallus as well as G. g.
spadiceus. Thus, G. g. bankiva is indeed deserving of its
subspecies status within the species G. gallus. Because two

other subspecies of G. gallus, Gallus gallus murghi and Gallus
gallus jabouillei, were not included in the present study, the
validity of their subspecies status still remain as an open
question.
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FiG. 2. A phylogenetic tree constructed by use of nucleotide
sequence data.

Nevertheless, the monophyletic origin of domestic fowls
from a continental population of G. g. gallus appears to be
self-evident. The Indus valley where the domestication of
chicken was evident at least 4000 years ago was and still is the
domain of G. g. murghi. Yet, the present study indicates that
if G. g. murghi contributed to an independent domestication
event, G. g. murghi should be genetically close to some of
domestic fowls examined here. It naturally follows that G. g.

Proc. Natl. Acad. Sci. USA 93 (1996) 6795

murghi had to be genetically indistinct from G. g. gallus as well
as G. g spadiceus of Thailand, thus, relinquishing its subspecies
status. The same applies to another subspecies not included in
the present study, G. g. jabouillei.

A Possible Significance of the Initial Dispersal Pattern of
Domestic Fowls. As we have shown in this study, it is likely that
all the domestic fowls have originated from the single domes-
tication event in Thailand and its adjacent regions. The reason
for the domestication of chickens is usually thought to be the
securing the readily available source of protein and fat in the
form of eggs and meats. However, there are other aspects. We
should not forget that since the time immemorial, the chicken
has often been associated with various religious services in
different parts of the world, e.g., the cock as a harbinger of the
sun rising again and cockfighting as a divine offering (11, 12).
The initial dispersion of domestic fowls might have been due
to the religious significance attached to the chicken. In par-
ticular, the fact that cockfighting is still very widely spread
throughout Southeast Asian countries appears very significant
in considering the reason for the initial dispersion of domestic
fowls from the original site of domestication.
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