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ABSTRACT Further comparison of mitochondrial con-
trol-region DNA base sequences of 16 avian species belonging
to the subfamily Phasianinae revealed the following: (i) Gen-
eralized perdicine birds (quails and partridges) are of ancient
lineages. Even the closest pair, the common quail (Coturnix
coturnixjaponica) and the Chinese bamboo partridge (Bam-
busicola thoracica), maintained only 85.71% identity. (ii) The
12 species of phasianine birds previously and presently stud-
ied belonged to three distinct branches. The first branch was
made exclusively of members of the genus Galus, while the
second branch was made ofpheasants ofthe genera Phasianus,
Chrysolophus, and Syrmaticus. Gallopheasants of the genus
Lophura were distant cousins to these pheasants. The great
argus (Argusianus argus) and peafowls of the genus Pavo
constituted the third branch. The position of peacock-pheasants
ofthe genus Polypectron in the third branch was similar to that
of the genus Lophura in the second branch. Members of the
fourth phasianine branch, such as tragopans and monals,
were not included in the present study. (iii) The one perdicine
species, Bambusicola thoracica, was more closely related to
phasianine genera Gallus and Pavo than to members of other
perdicine genera. The above might indicate that Bambusicola
belong to one-stem perdicine lineage that later splits into two
sublineages that yielded phasianine birds, one evolving to
Galus, and the other differentiating toward Pavo and its allies.

In the previous paper (1), we established duplication of the
60-base-long unit within the mitochondrial control (D-loop)
region to be the characteristic unique to the genus Gallus
among the phasianine birds. Furthermore, base sequence
comparison of this maternally derived noncoding region re-
vealed that as diverse as domestic breeds of chicken are, they
could only have been derived from continental subspecies
(e.g., Gallus gallus gallus, Gallus gallus spadiceus) but not an
island subspecies (Gallus gallus bankiva) of the red junglefowl
(Gallusgallus) (1). Excluded from the ancestry of domesticated
chicken were three other species of junglefowls: the green
(Gallus varius), the grey (Gallus sonneratii), and the Sri Lanka
(Gallus lafayettei).

In the present study, we wish to define the position of the
genus Gallus within the subfamily Phasianinae in relation to
other members. The present study did not deal with members
of the four other subfamilies that together with Phasianinae
constitute the family Phasianidae. They were turkeys of the
New World subfamily Meleagridinae, guinea fowls of the
African subfamily Numidinae, and toothed quails and par-
tridges of the New World subfamily Odontophorinae. Grouses
of the Old World subfamily Tetraoninae were also excluded.

Because of their ornamental values, large pheasant-like
birds of the subfamily Phasianinae are widely kept and prop-

agated in various zoos of the world, as well as by private
fanciers. This is not the case with diverse generalized perdicine
birds (quails and partridges) of the same subfamily. If a few of
them are kept and propagated, they are maintained only as
exotic game birds. Accordingly, we were able to secure blood
samples from only five species, although from four (five)
different genera, of the generalized perdicine birds, which are
said to consist of 103 species belonging to 22 different genera
(2). They were the common quail of Japanese variety, Coturnix
coturnixjaponica, the blue-breasted quail (Coturnix sinesis, also
known as Excalifactoria sinensis), the Chinese bamboo par-
tridge Bambusicola thoracica, the chukar partridge, Alectoris
graeca chukar, and the European grey partridge Perdix perdix
perdix. In sharp contrast, there were no difficulties in securing
12 species of the large pheasant-like birds of the subfamily
Phasianinae, representing 8 different genera; thus 11 of the 49
extant species were sampled (2). In addition to the red (G. gallus)
and green (G. varius) previously reported (1), the genus Gallus
was represented by two additional junglefowl species, the grey
(G. sonneratii) and Sri Lanka (G. lafayettei) junglefowls. Pheas-
ants, as such, were represented by three species: the ring-
necked (Phasianus colchicus), the golden (Chrysolophus pic-
tus), and Mrs. Hume's (Syrmaticus huminae). Other large
bodied birds of this subfamily that were also called pheasants,
for the want of more descriptive words, were the silver
gallopheasant (Lophura nycthemera), the Burmese peacock-
pheasant (Polyplectron bicalcaratum), and the great argus
pheasant (Argusianus argus), which is as large as a peafowl. The
peafowl of the genus Pavo is represented by the common
peafowl (Pavo cristatus) and the green peafowl (Pavo muticus).
Unfortunately, we were unable to secure samples of one
important group of phasianine birds represented by tragopans,
monals, and others.
As before, DNA were extracted from blood samples ob-

tained from live birds with no apparent harm to them. Am-
plified copies of the mitochondrial control region were ob-
tained by PCR reaction using two described primers (1). The
same DNA-sequencing procedure as before was used (1). As
a rule, at least two individuals of each species were analyzed.,
Dendrograms were constructed on the basis of the neighbor-

joining method (3), which is based upon the result of a formal
mathematical analysis (4) of Kimura's six-parameter model for
computation of nucleotide substitutions (5).

OBSERVATIONS
Sequences at the 392 positions of the mitochondrial control
region of 14 species not given in our previous paper (1) are
aligned and shown in three parts in Figs. 1 and 2. As shown
previously (1), the 60-base-long unit containing the nearly

IThe sequences reported in this paper have been deposited in the
GenBank data base (accession nos. D64163, D64164, D66888-
D66900).
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1) COMMON QUAIL (COTURNIX COTURN I X L.)
2) BLUE-BREASTED QUAIL (COTUR4IX SINENSIS)
3) CHINESE BAMBOO PARTRIDGE (BAmj.sI.jLA THORA;B.A
4) CHUKAR PARTRIDGR (ALECToBiS GBMAEcA cauyA)
5) EUROPEAN GREY PARTRIDGE (PERDiX PERDIX P.)

AACA--CTTmTTTTAACCTAACTCCCCTACTTAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGTATACT
AACA--CTTTTTTTAACCTAACTCCCCTACTTAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGTATACT
AATffCTTT M TAACCTAACICCCCTAkTTAGTGTACCCCCCCTTTCCCCCCCAGGGGAGGTATACT
AACA--CTTTTTTTAACCXAACTCCCCTACITAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGTAIACT
AAtAXtC!TMTTTTAACfgAACTCCCCTACATAGTGTACCCCCCCTTTCCCCCCCAGGGAGGGTATgCT

1 ) AT61ATAATCGTGCATACATTTATATTCCACATATAITATGGTACCGGTAATATATATTATATA-CGTACTAAACCCATTATATGTATACGGICATTACAt-ATTetCCC-CATTTCTC
2) ATGTATAATCGTGCATACATTTATATTCCACATATATTATGGTACCGGTAATAIATATTATATA-CGTACTAAACCCATTATATGTATACGGACATTAXAg-ATTTGCCC-CATTTCTC
3) ATGTATAATCGTGCATACATTTATATACCACATATA!TATGGTACCGGTAATATATAITATATA-CGTACTAAACCCATTATAIGTATACXGACATTACTC fTATfCCCXCATTTCTC
4) ATGZATAATCGTGCATAfAMATATACCICATATATTATGATAaCGGTAATATATATA!TATA-CGTACTAAACCCATTATATGTAIACGGACATXACAXIATTAGCCC-CATTTCTC
5) ATGTAlAa!CGTGCATAfITTTaTaTTCCICATAIATTATGGTAXCXGTAITATATATTATATAICGTACTAaaCCCATTATATGTAXACGGACATTACACfATIAGCCC-CATITCTC

1) CCCATGTAC CTfTICACfAAC!AGGXCACCATAA CJTATGAATL TTECAGGACATAAI CTTACfXAXTAT!T-AICT-CCI ATTGGTTATGCTXGXCGTACCAGATGG
2) CCXATGTAC CTAA CtCXAACAAGG-CACCATA -AATGAATGGTTACAGGACATACCTCTIAtATA!TAATGTCAfT-CCACATTTGGTTATGCTCGTCGTATCAGATGG
3 ) CCCATGTAC lARfT-CACTAACAAGf-CACC!T-AA-CIATGA,ATGGTTACAGGACATAAA-CTTA!-ATATXIATG!-CTXTCCfCA-TTTGGTTATGCTCGgCGTACCAGATGG
4) CCXAA!EEX CTI!C CCCCCCAAGG-CACC^TAATCTATGAATGGTACAGGACATACT CITACAT!TTA!TGGTACT-CCACOA"TTGGT~TATGCCAGTCGTAtCAGATGG
5) CTCACGTaC XXAa-!!CCIACAAGG-CACCATAA-CTATfAATGGTTACAGGACATAATXCTTAATX;TATATC!ACCT-CCACATTTGGTTATGiCTCGXCGTACCAGATGG

1)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

1 ) ATTTATTGATCGTACACCTCACGAGAGATCAICAACCCCTGfCTGTAATGCTXTTC19TGACTAGCTTCAGGCCCATTCTTTCCCCCTACACCCCTCGCCCITC
2 ) ATTTATTGATCGIACACCTCACGAGAGATCAGCAACCCCTGCTCGTAATGTTTATC!ATGACTAGfTTTCAGGCCCATTCTTTCCCCCTACACCCCTCGCCC'fCC
3 ) ATTTATT6ATCGTACACCTCACGAGAGACCAGCAACCCCTGCCTGTAATGTACTCC-ATGACTAGaCTCAGGCCCATTCTTTCCCCCTACACCCCTCGCCCTTC
4 ) ATTTATTGATCGTACACCTCACGAGAGATCACCAACCCCTGCCTGTAATGTACTCC-ATGACTAGCTTCAGGCCCATTCTTTCCCCCTACACCCCTCGCCCCTC
5) ATTTATTGATCGGACACCTCACGAGAGATCAGCAACCCCTGCCCGTAATGTACTTC-ATGACTAGCTTCAGGCCCATTCTTTCCCCCTACACCCCTCGCCCTXC

0.045
0.006 371

0.075
0. 0 421

0.005 0.057

, 0.075

0.091

0. 150

6) GREY JUNGLEFOWL (GALLusa soNNERAT0L
7) SRI LANKA JUNGLEFOWL (GALLus LAFAYETTEI)
8) RING-NECKED PHEASANT ( PHASiANuS COLCH ICUS)
9) GOLDEN PHEASANT (CHRYSOLopL= PICTUS)

10) MRS. HUME'S PHEASANT (SYRMATiCuS HUMIAEL)
11) SILVER LOPHURA (LOPmURA NYCTHEMERA)
12) GREAT ARGUS (ARGuSiIANuS ARGUS )
13) BURMESE PEACOCK-PHEASANT (PELYPLEFCTRO iA..ABTiu)
14) COMMON PEAFOWL (frV cisTATus)

QUAIL ( COTURN I X CQTURNIUXA. t.)

CHINESE BAMBOO PARTRIDGE (BAms .LA TIOBACgIG)

BLUE-BREASTED QUAIL (CoTuRNix SINENSIS)

- CHUKAR PARTRIDGE ( ALECTO iS GRAECA CHUKAR)

EUROPEAN GREY PARTRIDGE (PERDIX PERD. xIXP.)

0 BASE SUBSTITUTIONS PER SITE

AAffflATTTTTTAACCTAACTCCCCTACTRAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AAffffXTTTTTTAACCTAACTCCCCTACTRAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AACAf;ZTTTTTTAAC;'AACTCCCCTATTGAXTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AACAAXTMTTTTAACTIAACTCCCCTAtTGAATGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AACAITTMTTAACTeAACaCCCCTAfTGAXTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AACAAC TMTTTTAACCTAACTCCCCTAftGAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AACAACTTTMTTTAACCTAACTCCCCTACTOAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AA AACTTTTTTTAACCTAACTCCCCTACTAAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGT
AACA!CTTTTTTTAACCTAACTCCCCTACTGAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGT

6) ATACTATGTATAATCGTGCATACATTTATATACCACATATA--TTATGGTACCGGTAATATATAITATATAfGTACTAAACCCATTATATGTAfACGGaCATTAAICfATATfCCC-C
7) ATACTATGIATAATCGTGCATACATTTATATACCACATATA-TTATGGTACCGGTAATATATAITATATAfGTACTAAACCCATTATATGTAfACGGGCATTAAfCfAIATfCCC-C
8) ATACTATGTATAATCGTGCATACATTTATATACCACATATAtAITATGGTACCGGTAITATATATTATAXfCGTACTAAACCCATTATATGTAGACGGACATTACACCfTa-CCC-C
9) ATACTATGIATAATCGTGCATACATTTATATACCACATATA--ITATGGTACCGGTAITATAT,ATTATAXfCGTACTAAACCCATTATATGTAfACGGACATTACACCAlAa-CCX-C

10) ATACTATGIATAATCGTGCATACATTTATATACCACATATA--ZTATGGTACCGGTAITATATATTATAXfCGTACTAAACCCATTATATGTAGACGGACATTAXACfAXfXICCf-C
11) ATACTATGTATAATCGT6CATACATTTATATACCACATATA--ITATGGTACCGGTAITATATATTATATACGTACTAAACCCATTATATGTAGACGGACATXACACCATATICCC
12) ATACTATGTATAATfGTXCATACA M ATATACCACATAIA-TTATGGTIXCXGTAATAaATA!TaTATACGTACTAAACCCATTATATGTAGACGGACATTACACC TAa-CCCIC
13) ATACTATGTATAATCGTGCATACATTTATATACCACATATA--TTATGGTACCGGTAATATITATTaTATACGTACTAAACCCATTATATGTAGACGGACATTACACCfTAT-CCC-C
14) ATACTATGIATAATCGTGCATACATTTATATACCACATATA-TTATG6TIXCGGTAATAIATAITATATACGTACTAAACCCATTATATGTAGACGGACATTACACTAIfTfCCC-C

192
6) ATTTCTCCCI!ATGTIC
7) ATTTCTCCC-AATGTIC
8) ATTTCTCCC-AATGTAC
9) ATTTCTCCCI!ATGTAC
10) ATTTCTCCC-AATGTAC
11) ATTUATCCC-AATGTAC
12) ATTTATCCC-AA&&IIX
13) ATTTCTCCC-AATGTAC
14) ATTTATCCCC*!AGTfC

CTC-9111ICtfACAAGTCACC^TACATAATGGTIACAGGACATgXXIITXAATICtfATGTTC-TAXCCC,ATTTGGTJTATCTCGTCGTAf
CTC!ff tteCfgACAIGTCACC!TAACTATGAATGGTTACAGGACATACIITICAATICffATGTTC-TAXCCCATGTAGTCGTCGTAf
CT^ AA-eCAUGTCACCAT- ..........ATTACAGGACATA!IATaCAATAC-4AgGTXf-TACCCCATTTGGTTATGCTCGACGTAC
CT!!AIAA-CffICAAGTCICCATAfTTATGAATGTT-ACAGGACATA!IATaCAATAC-fAaGTXf-TfCCC,TTGGTAGTCGXCGTAC
CTCCAGAg-CCCfCAAGTCACCATAA TTATGTCAG6ACATACTATITAATAC-AATITTC-TfCCfC,ATTTGGTTATGCTCGXCGTAC
aTCCaGIA-CCCACAAGICACCATAC-ATGAATGGTTACAGGACATACTATTXAATAC-IATGTTCfXVCCXCATTTGGTTATGCTCGXCGTAC
CTCCAGAA-CCCfCAAGTCACCA-,AACTATGAATGGTEACAGGACATAXTATTCAATf'-AITGITX-IACCCC ATTTGGTTATGCTXGTCGTAC
CTXCA!!A-CCCfCAAGTCZCCfXAACTATGAATGGTTACAGGACATA*XITTCAA!f!--AITGTATtTACCCCCAITTTGGTATCXXGTCGTAt
CT!CAG!A!CCCACAAGTCACC!TAACTATGAATGGTCGACT oT AIA-AAGITC-Tf CCCC ATTTGGTTATGCTCGXCGTAC

lk.AAGACTAT

FIG. 1. (Top) The 392 positions (nt 1-192 and nt 241-441) of the mitochondrial control-region base sequences of the five perdicine species are
aligned and shown in four rows. The consensus base of each position is shown with a large capital letter, while other bases are shown in small capital
letters adorned with asterisks. The largely invariant tetradecameric core of the 60-base-long unit is underlined with a solid bar, as is the subsequent,
nearly equally invariant monodecameric unit. The length of the 60-base long unit is also indicated by thin underlining. (Middle) On the basis of
the above sequence comparison, the dendrogram of five perdicine species is drawn in accordance with the neighbor-joining method (3). Only shared
sites were dealt with, and the length of each line indicates the distance from a branch point expressed as the number of base substitutions per site.
The bootstrap probability of each estimated distance being correct is expressed as a percentage at each branch point based upon 1000 replication
trials. (Bottom) Twelve phasiane mitochondrial sequences are aligned (and continued on Fig. 2 Top).

invariant tetradecamer AACTATGAATGGTT in its center is
duplicated only in members of the genus Gallus and in no

other. Accordingly, our interspecific sequence comparison
only involved the original of this 60-base-long unit. Further, as

also shown previously, the roughly 50-base-long region imme-
diately in front of this 60-base-long region or its duplicated
copy is hypervariable in all species (1). Because liberal intro-

duction of gaps was needed to maximize interspecific homol-
ogy of this hypervariable region, it was thought advisable to
eliminate this region from the present sequence comparison.
Accordingly, the dendrogram of perdicine and phasianine
birds shown in Figs. 1 and 2 was drawn based upon differences
at a total of 392 positions: positions 1-192 and then positions
241-441 (307-507 or 370-570 in the case of Gallus, depending

Proc. Natl. Acad. Sci. USA 92 (1995)
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10)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4
6 ) CAGAT66ArT^TTA6ATC6Tf CACCTCAC6GA6^ATCA6CAACCCCT6CCT6TAA6TGACTTCAT6ACIAGf TCA66CCCATTCMCCCCCTACACCCCTC6CCCTICT461)
7 ) CA6AT66ATTTATT6ATC6TfCACCTCAC6A6AGATCA6CAACCCCT6CCTGTAAT6TACTTCAT6ACA6ftTCA66CCCATTCMCCCCCTACACCCCTC6CCCT1CTTG
8) CA6AT66ATTTAT76ATC6TACACCTCAC6A6A6ATCAtCAACCCCT6CCTT^AAT6TACTtCAT6ACTA61TTCA66CCCATTCMCCCCCTACACCCCTC6CCCTXCTT6
9 ) CA6AT66AtTTTACATC6TACACCTCAC6A6AGATCA6CAACCCCTGCCT6TAATGTACTtfAT6ACTA66TCA - CCATTCMCCCCCTACACCCCTC6CCCtTCTT6
10) CA6AT66ATTTATTXATC6TACACCTCAC6A6A6ATCAtCAACCCCT6fCTGTAAT6TAtfTICT6ACtA61tTCA66CCCATTCMCCCCCTACACCCCTC6ACC1TCTT6
11 ) CA6AT66ATTTATT6ATC6TACACCTCAC6A6A6ATCA6CAACCCCT6CCt6TAAT6TACTTCAT6ACTA66TTCA66CCCATTCMCCCCCTACACCCCTC6C
12) CA6AT66ATTTATT6ATC6TACACCTCAC6A6A6ATCA6CAACCCCT6CC!6TAAT6TACTTCAT6ACIA66TTCA66CCCATTCTTTCCCCf T
13 ) CA6AT66AMATT6TC6aACACCTCAC6A6A6ATCA6CAACCCCT6CC!6TAAT6TACtf ATGACTA66TTCA66CCCATTCMCCCCCTACACCCCTC6CCCT1CTT6
14 ) CA6AT6t6AYTTtAT6ATC6TACACCTCAC6A6A6ATCA6CAACCCCT6CCTGTAAT6TACTTCAT6ACTA66TTCA66CCCATTCMCCCCCTACACCCCTC6CCCTT

0.020 6REEN JUN6LEFOWL (IALLUS VARuS)

0 044 09 RED JUNGLEFOWL (ALLUS GALLUS)

46.n
0

GREY JUN6LEFOWL (ILLUI ufuNET11)

SRI LANKA JUN6LEFOWIL (ALLIS LAFAYETTEI)
0.10

_0.Rl19 RING-NECK PHASANT (AIIAEUS COLCHWICUSI)

0|025 98.3Z.p,025 GLDEN PHEASANT (CayaLopu E.LCTI)

10.01 0.041 MRS. HWIE s PHEASANT (SYRHATIU )IAL)
63.5S

SILVER LOPHURA (LOtuPBA GcTH.ERA)

0.015 COWON PEAFOWL (Q , tRIS.aTH)
0.0161

8
G6REEN PEAFOWL (YQ i.cuS)O 017

6REAT AR6US (ABMlIIAMUS AMU )
53.4s

BURMESE PEACOCK-PHEASANT (POL.YLECTRf SICALC&ATUn)

0.050 0 BASE SUBSTITUTIONS PER SITE

15) GREEN PEAFOWL (PAVO MUTICUS) AACA!!CTTTTTTTAACCTAACCCCCCTACTGAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGTATAC
3) CHINESE BAMBOO PARTRIDGE (BAMBUSICOLA THoRACICA) AATmCm TTTTAACCTAACCCCCCTATTGAGTGTACCCCCCCmCCCCCCCAGGGGAGGTATAC

16) GREEN JUNGLEFOWL (GA.Lus VAR IUS) AATTTT-ATTTTTTAACCCAACTCCCCTACTAAGTGTACCCCCCCTTTCCCCCCCAGGGGGGGTATAC

15) TATGCATAATCGTGCATACATTTATATACCACATAC*ATTATGGTC'XCAGTAATA'CATACTATATACGTACTAAACCCATTATATGTAGACGGACATTAC'ACTATC*TTCCCCATTTATC
3 ) TATG;ATAATCGTGCATACATTTATATACCACATATATTATGGTACCGGTAATATATACTATATACGTACTAAACCCATTATA'CGTATACA'GACATTACTCTATATICC'ACATTTCTC

1 6) TATGCATAATCGTGTACATATTTATAT ACCACATATATTATGGTACCGGTAATATATACTATATATGTACTAAACCCATTATATGTATACGGACATTAA'CCTAt ATTCCCCATTTCT C

192 241 (307)
15) CCCACGTfC C!ACXACCICACAAGICACCT AACTATGAATGGTC ACAGGACATAACGTTCA_TATTACAG CTCTCCCCCAMGGTTATGCTCGA*CGTATCAGATGGAT
3) CCCATGTAC AATTfCACTAACAAGTCACCT AACTAT6AATGGT~T ACGGGACATAAAC'TTAA-TATACATG CTCTACCTCATTTGGTTATGCTCGgCGTACCAGATGGAT

16) CCCATGTAC CfACCICTAACAIGTCACCT AACTATGAATGGTT ACAGGACATAC'ATTTAACTA-C'CATG ATCTAACCCATTTGGTTATGCTCGTCGTACCAGATGGAT

438(503)
15) TTATTGATCGTACACCTCACGAGAGATCAGCAACrCCTGCCTGTAATGTACTTCATGACTAG*CfTCAGGCCCATTCTTTCCCCCTACACCCCTG
3 ) TTATTGATCGTACACCTCACGAGAGA*CCAGCAACCCCTGCCTIGTAATGTACTTCATGACTAGGCTCAGGCCCATTCTTTCCCCCTACACCCCT CGC

16) TTATTGATCGT'CCACCTCACGAGAGATCAGCAACCCCTGCCCGTAATGTACTTCATGACCAGTCTCAGGCCCATTCTTTCCCCCTACACCCfTCGC

,IDENT I TY DIFRN

BAMBUSICOLATHORACICAM ~ ~ GPS TRANSITIONS ,TRANSVERSIONS
-85.71Z (336/392) 13 20 23

COTURNIX COTURN IX .L-

L 86.82% (336/387) 5 21 25
GALLusA !U

DAMBUSIQQL& THRCCA1 .37%, (342/387) 2 20 23

BA.MBUS ICOLA THORAC I C
89.15 (345/387) 3 20 19

GALLUSVAIUS

FIG. 2. (Top) The last row of the phasianine mitochondrial sequence alignments is followed by the dendrogram of 12 phasianine species. (Middle)
Sequence of the Chinese bamboo partridge (B. thoracica) is aligned with the sequence of the green peacock (P. muticus) and that of a green jungle-
fowl (G. varius). (Bottom) Identity and differences between four pertinent pairs of species. Each identity is shown as a percentage, as well as a number
of identical sites per the total of 392 in parentheses. Differences are shown as numbers of gaps, transitions, and transversions. GenBank accession
numbers are as follows: D66888, blue-breasted quail; D66889, Chinese bamboo partridge; D66890, chukar partridge; D66891, European grey
partridge; D66892, grey junglefowl; D66893, Sri Lanka junglefowl; D66894, ring-necked pheasant; D66895, golden pheasant; D66896, Mrs. Hume's
pheasant; D66897, silver lophura; D66898, great argus; D66899, Burmese peacock-pheasant; D66900, common peafowl; D64164, green peafowl;
D64163, green junglefowl.
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upon numbers of copies of the 60-base-long unit individual
birds possessed.
The Antiquity of Generalized Perdicine Lineages (Quails

and Partridges). Differences at 392 positions of the mitochon-
drial noncoding control region of five perdicine species are
shown in Fig. 1 Top, and the dendrogram drawn based upon
these differences is shown immediately below. It would be
noted that the European grey partridge (Perdix perdix p.) was
separated from the rest by the greatest distance. The second
in remoteness was the chukar partridge (Alectoris graeca
chukar). Although the remaining three appeared to be cohorts
of one cohesive group, the closest relationship was seen within
a pair consisting of representatives of two separate tribes, C.
coturnix]j. (6) representing the tribe Corturnicini and B.
thoracica of the tribe perdicini (2). Regardless of whether the
common quail and the blue-breasted quail belong to the same
genus Coturnix or to two separate genera, Coturnix and
Excalifactoria, the two belonged to the same tribe. Yet, the
distance separating the two appeared slightly greater than that
between the common quail and the Chinese bamboo partridge
in the perdicine dendrogram of Fig. 1. At any rate, even the
closest pair of perdicine species shared identical bases at only
336 of the 392 positions (mere 85.71% identity), as shown in
Fig. 2 Bottom. There would be no better testimony than the
above as to the antiquity of each generalized perdicine lineage.
Three Distinct Branches of Phasianine Birds. The base

sequences of the nine phasianine species are aligned in four
rows from Fig. 1 Bottom to Fig. 2 Top. Adding the base
sequences of red and green junglefowls (G. gallus and G.
varius) previously published (1), as well as the sequence of the
green peafowl (P. muticus) shown separately in Fig. 2 Bottom,
to the present comparison, the dendrogram of 12 phasianine
species was drawn and shown in Fig. 2. It would immediately
be seen that the first major division separated the branch made
of peafowls of the genus Pavo, the great argus, and the
peacock-pheasant from the rest of phasianine birds. These
remainders were further subdivided into two branches. One
was made exclusively of members of the genus Gallus, while the
other was a pheasant branch. In addition to those belonging to
genera Phasianus, Chrysolophus, and Syrmaticus, gallopheas-
ants of the genus Lophura were included in this branch. Our
phasianine dendrogram shown in Fig. 2 agrees essentially with
that previously produced on the basis of classical taxonomical
studies (2). Unfortunately, those that are thought to be mem-
bers of the fourth independent branch were not included in the
present study; they were tragopans, monals (Lophophorus),
and the koklass (Pucrasia) (2).

Perdicine Versus Phasianine Lineages. We made a number
of attempts to construct a combined dendrogram of perdicine
and phasianine species studied. In the process, it was found
that when two rather distantly related groups are combined,
relative positions of individual species in a dendrogram tend to
shift by an addition to or a subtraction from that diagram of
a few species. Because our survey is by no means comprehen-
sive, lacking representation from a few key groups as already
noted, we concluded that the construction of a combined
diagram at this time would be inadvisable.
One Tangible but Paradoxical Genetic Link Between the

Chinese Bamboo Partridge and Members of the Genera Gallus
and Pavo. In spite of an extreme meagerness of perdicine
species in the present survey, one tangible link emerged
between perdicine and phasianine lineages, but this link was a
paradoxical one. In Fig. 2 Bottom, the mitochondrial DNA
base sequence of B. thoracia is aligned with that of the green
peafowl (P. muticus) on one hand and that of the green jungle-
fowl (G. varius) on the other. Pertinent information extracted
from these alignments is shown immediately below them. The

Chinese bamboo partridge is genetically far closer to phasia-
nine Gallus (89.15% identity) and Pavo (88.37% identity) than
to its closest perdicine ally, Coturnix coturnix]. (85.71% identity).
A paradox is found in the fact that Gallus and Pavo belonged

to two very divergent phasiane lineages, as evident in the
dendrogram of Fig. 2, as well as in only 85.02% sequence
identity between G. varius and P. muticus (Fig. 2 Bottom).
While nearly equal affinities toward B. thoracica were shown
by all four species of Gallus, as well as by both species of Pavo,
no hint of a close link was seen between Bambusicola and other
members of the peafowl branch-i.e., Argusianus argus and
Polyplectron bicalcaratum.

DISCUSSION
Poul A. Johnsgard, in his authoritative treatise on the subject
"The Pheasants of the World," follows the customary subdi-
vision of the subfamily Phasianinae to Perdicini and Phasina-
nini (2). Yet, he is of the opinion that four branches of
phasianine birds sprung independently from generalized per-
dicine ancestors. This view is succinctly illustrated in his
dendrogram shown as figure 1 of ref. 2. Indeed, the present
study established one direct link between a particular perdicine
lineage represented by B. thoracica and two phasianine genera
Gallus and Pavo. The only problem was that Gallus and Pavo
belonged to two very divergent phasianine branches. It is quite
conceivable that Bambusicola with only two extant species (B.
thoracica and B. fytchii) belong to one-stem perdicine lineage,
which later splits into two phasianine-yielding sublineages-
one being ancestral to Gallus, while the other gives rise to Pavo
and its allies. If so, one might expect to locate a species or
species belonging to one or the other of the above noted two
phasianine-yielding sublineages among close relatives of Barn-
busicola. The most attractive in this respect are three species
of Galloperdix. If the implication from its generic name holds
true, they might show even closer affinity toward Gallus than
Bambusicola, while manifesting little affinity toward Pavo.
Unfortunately, all attempts to secure samples of Galloperdix
inhabiting India and Sri Lanka failed.
At any rate, there is an independent line of evidence that

links Bambusicola with Gallus. In 1949, Yamashina classified
the chromosome complements of members of the subfamily
Phasianinae to four major types. The karyotype of Bambusi-
cola, Coturnix, and Gallus belonged to the same type III.
However, Pavo belonged to the type IV (7).
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