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ALSOR I FAFUE, 5KLL ", Steffen Weigend® , BR[E 7"
. IR ES YR SEAR B, M 225009;
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 OE: W R R DNA F i X085 4 1 2 MR B2 b B R R 5 s e 2 8 S Rk k. W 14
A v [ Ml 77 0 ol R 2L (8 JEUA 2 A TR I 256 SRR R DNA #5461 X 325 51 49 560 bp. 45 £ % B, A.C.G.T
X4 FiAZ R B9 X B 43 5K 25. 00946 .37, 40 % (4. 40 % 1 33.20% . FRR I 44 A8 AL L 20 i A3 AL A A
M 7. 86 0, A WL 24 A /Bl U R 4 22 F A 0. 135 2R AT 32 R AR A, 9 Bk L AR AL 16 S TEIR Y
HAE I ZRE PN 0 B 0. 964, BAAERIAR R B SRRy 0. 909420, 014, AR I B AT IR 22 F 8l 7. 276 i1 IR & 1
BN 1.851%, BERIAIAZE MR 4r 6 B (Day) 7E 0. 747 % ~3. 125% 2 [8] A8 fk , A% 15 B2 i ik fE BE 5 (Da) 3k 0. 015 %
~2.633% . 16 NEEIARFIL M AR KT (9 3t 4% 225 M IR IR R BLE B 2 0kAL rfb . BR RS E Z B HMEL K
FRATHT LI, — 2 [ RN 1) FE A Cn [ 4 00 AL 3 2 R T 28 [ 20 A R Gallus gallus gallus WA, — 26 [E]
TG 1 B A CAN 25 A6 38 AR RS 56 e VR T f B 206 R XY Gallus gallus spadiceus M, 75— 26 i [E b J7 X8 Fp i [7) A
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Investigation on Genetic Diversity and Systematic Evolution in Chinese Domestic

Fowls and Red Jungle Fowls by Analyzing the mtDNA Control Region

BAO Wen-bin', SHU Jing-ting' , WANG Cun-bo', ZHANG Hong-xia',
Steffen Weigend”, CHEN Guo-hong'”
(1. College of Animal Science and Technology, Yangzhou University ,
Yangzhou 225009, China;2. Institute for Animal Breeding , Federal Agricultural

Research Centre , Mariensee 31535, Germany)

Abstract: Investigation of the genetic diversity and systematic evolution in Chinese domestic fowls
and red jungle fowls was carried out by the structure and polymorphism of mtDNA D-loop re-
gion. A 560 bp DNA fragment of control region of mtDNA from 256 individuals of 14 Chinese do-
mestic chicken breeds and two red jungle was determined, the percentage of nucleotide A, C, G
and T was 25.00%, 37.40%, 4.40% and 33.20% . respectively. There were 44 polymorphic
sites accounting for 7. 86 % of total analyzed sites. Only transition and transversion but no inser-
tion/deletion were found in this region, the ratio of transition and transversion in this study was
0. 13. 32 haplotypes were defined, in which 9 haplotypes were shared among some chicken popula-
tions. The diversity of haplotypes was ranged from 0 to 0. 964, the average diversity of haplo-

types was 0. 909+0. 014. The average number of nucleotide divergence (K) and average nucleo-
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tide diversity (Pi) were 7. 276 and 1. 851% , respectively. Inter-population nucleotide divergence
(Dzy) in 16 chicken populations was ranged from 0. 747 % to 3. 125% , whereas inter-population
net nucleotide divergence (Da) in 16 chicken populations was ranged from 0.015% to 2. 633 %.
The results indicated that the genetic diversity of 14 Chinese domestic chicken breeds and two
subspecies of red jungle fowl was very abundant and the genetic divergence was significant among
populations. Analysis of genetic diversity and phylogenetic relationships among Chinese domestic
fowls and red jungle fowls indicated that some Chinese domestic fowls such as Gushi chickens and
Xianju chickens derived from Gallus gallus gallus, other Chinese domestic fowls such as Chahua
chickens and Tibetan chickens derived from Gallus gallus spadiceus. The genetic contribution of

these two subspecies of red jungle fowl can be detected in some Chinese chicken populations. The

results indicated that the Chinese domestic fowls don’t just derive from red jungle fowl in Thai-

39 &

land or just from red jungle fowl in China.

Key words: red jungle fowl;

FoE 2R EREBAE TR FENERZ
— AHH T ORAFAS 2 DL KOG A0 SR it Ff S i X3 4 5
3 FCVE 22 3 5 X i S5 R AR RVRE AR RS )
(e Y aE i RS B SR S T EI O RN N
ICR R U S E (1B s ¢ NI &y
P R TR AL SRR R R A 2 Ak
S DR AP I A1) XS Aol Jo % 905 %) I A Xk T [ S
AR AL BT R DR B DL KR 2R T e R T A O
A E BRI E X

ARAR A EE A M — Wt B
M35 1% 15 B B mtDNA fE 25 47 Fhnid B A 40 1
SERTRT B AR I BE R AL DA 5 R R A T
mfhﬁﬂ HEAL R AP 22 P8 DL K il R 4 AR A1 S Ry

wi o AT LADABE ZR R IR b R D AR G R
D- IOOD DX SRR AR i FR] 20 1y 42 il X 7 4 Ak B [
HP A EFRVER o B w8 S v 0 R G )
X, PRI 3 4 5 A mtDNA [ D-loop X8t f4 %
AR AIE ST S R R O A S B BE Dl )T i G T
IR A 22 A AR IR AL A R ) e T ez —

A mtDNA D-loop 751 4% 5 % Hp [ 8 X8 Fl 4T
05U ()38 15 235 P AT A A T IO O IR T
SHEP SV IEARENAPLTIVES . S Wy L P S L P!
U5 E A SR AL 70 1A W 2 AR 3 L I A O XS B s A%
2 25 PR R CHE BB, L) BT B 18 0T 3 S A4 [) Y 35t
1% oA A B4 T i

1 #RI5F*®
1.1 e
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domestic chicken; mtDNA D-loop; genetic diversity; origin

WG G Fp Il 8 3G 26X L RESERG | I H XY |G
PENEE NN SURTIN R U SIIP R~y ISR SN
A LU U 5 A5 12 A 3 T X it b 2 ok e E A
b Bk 2 56 5K & W5 T [ 5% M 7 6 b i R S TR L U
T B BN DR 22 B0 THE e I A Bk 2 e THE e R B X
PRAPEE e P =BG Ok B T4 B0 1 M T 5 P BB
AR Y, P E AR Gallus gallus spadi-
ceus WK H = F 4 B A SR o . 38 kR
I 0.4 mL, JFRMBLEE. MARBRIG 4 CLRRER
Mo 8RB/ SR BN A DNA, %8 [F 206 57
3 Gallus gallus gallus AP 26 4~ DNA ¥4 iy K
W AVIANDIV #F52 3 H 40 Steffen Weigend {8+
AL B SR QR FIFEARECH 16 4,
1.2 5|4i%it#n PCR ¥ 1%

R8T A D-loop 5147 #R % SCik [8 ] ¢ & 1M
M. 515K L16750: 5'-AGGACTACGGCT-
TGAAAAGC-3"; H522. 5-AATGTGCCTGAC-
CGAGGAACCAG -3" (L #l H 43 B4R 2 5 5% fi &
LB R R 5 3" 7E mtDNA J3 31 5 i f
ED

PCR 34 R M T 50 pL 9 R WVAK R o AR I
R .96 CHIASPE 3 min; 94 CAFME 60 5,63 CiB
k 605,72 CHEAH 60 s,35 NEH; 72 CHEfH 5
min, KA 2% M (GEE FMC A FD 2/ & i
[7] i 3 75 & ((BBI, Canada) ) B0 H 19 Bt .
1.3 MFE

S 2.5~5.0 pL =4 AT PCR 519 %
WPy 5 3857 >k H Thermo Sequenase Cycle
Squencing Kit (3 [F USB 24 ®]) , #% 2 w6l 4 19 J5
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BEHEAT . ] LICOR 4200 DNA [ 3 43 #7 A (LI-
COR Biotechnology Division, Lincoln, NE) #47 JF
3t
1.4 FUHAERRENA

Xf ik i 51 A LI-COR Align IR B fFifif7 2
G I DnaSP4. 0 B 42 AR 5407 57
.G JF AL AL M A 2 A . R
MEGAS. 111 f # 8 £% 84 [8] (1) NJ (neighbor-joining
method) 73 F & Gt 5 11 5% & T Kimura B2 £
RIRY AL IR 2, L H AR 88 3 (Coturnix japonica) A
SR (D82924) A HELL (58 2 AN WA 14 4>
5 XSRS NI 20 F R G B e R R IR &
Z 894k . F Arlequin 3. 0 4P il AMOVA
THERE A ) 5 2 A K P (Fse ). F] ] Network
A O A 22 BT BF 5 A R BT A SRR R 11 v A Y
%K.

2 H#RELSH
2.1 16 338 mtDNA D-loop X &84 B 5l i i %
ZHM

WE T 25X 2 AR A 14 A [ 7 3G
Ffi gt 256 AR mtDNA D-loop #4357 41 . K/
250 560 bp (M) A C.G.T ixX 4 Fl k% 4 BR 1Y -
B ) 4y 5k 25.00% . 37.40% . 4.40% Al
33.20% ., A+ T &/ N 58.20%,.G+C &8N
41.80% , ATTEHET G+C &, UL Lk
& DNA D-loop X #4375 & & A+ T;C & & ik
15+ 2 T B AL 1 A e 12

WE T 25X 2 AR AT 14 A [ 7 3G
Fitt 256 450791, DL H A — A A HI A b pr
BEAT HO RSO0 A B 8 T 32 b BALAE RY L PALL UK R I,
HAR AL W 1, 85 2RI 44 DAL 2

11111222222222222222222222223333333333333334
16679112223333444445555668990011134556667994
378792708353469023670246151692685702581372166
H1 TCAATATTTCCCTACGTTACATCCCACTCTCTACATAACTACTC

. Toree e eeeeeeeannas
H3  ceeeee e G.oeennns L G.......
HL4 I Toeeennnn Ceeeiieeeaas
HS N | FYY
2 L
H? ... [ 1] H CC..... | [P LI H T
H8 Y | U A..
H? H CG...Tooo.... | U | - G...
H1B8  ..... ACC....... G....TC..G...TC

H11 ..... ACC..G......... TC..G...TC

H12 | Y | S | [
H13 ..... | - ACC....... | | TC
H14% . iieeaaa... ACC....... G....TC..G...TC

H15 YRR - [ [ -
H16  ..... ACCG...... G....TC..G...TC

2 I ACC....... G....TC...... TC

H18 .. ...... L
H19 R [ CC..... TTG...CTC..G...T.....
H28 C....G...T....... Coveeeeeeaan
H21 ... | I CC.....T.G.C..TC...C..T..A
H22 ..... Gooont TC CC...C.T...... | IS H - CT
H23 el T e eeeannas
H24 ..., ACC..... T.G....TC....... C....
H25 e L
H26 ..... G.Coonnnnnn CC..... T....TCTC. .. .onon. A..
H27  ..... - ACC..... T.G....TC...... TC

- Toeeeaanaaas Toeeeiaaaan
H29 | | Toeeeaaaaas Toeeeiaaaan
H38 S Torre e e eeaanas
H31  ..... GC...oonnns CC..... | TC...C....... T
H32 ..... GC....on.s CC..... | LI FI [, T

H1~H32. FIR AT R % 5 807 2208 B0 A 72 S 60 s (B s 3808 5 48 — > B8 2 CHLL A3 A ] A il i 28 1

HI-H32. Represents the number of haplotypes. Numbers (vertical) show the variation positions among haplo-

types. Dots indicate that nucleotide of the haplotype is the same as that of the first haplotype (H1)
B 1 16 1388 mtDNA D-loop R EERI B HT R4S
Fig. 1 mtDNA D-loop haplotypes and variation sites in 16 chicken populations
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2 PSS HL AL S, RIVEE S0 R L 44 AN A8 SR
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I RTEISIE N

F1 16 NBEE mtDNA D-loop IZEFBRER TR

Table 1 Base substitutions of D-loop sequences in 16 chicken populations

A A% B LEEIE S H1 46 % A/ BRR AL
Population Size No. of substitution  No. of transition No. of transversion No. of in/del
XJ 16 11 11 0 0
CH 16 12 12 0 0
LY 16 13 13 0 0
GS 16 0 0 0 0
TC 16 6 6 0 0
BE 16 8 8 0 0
DG 16 6 5 1 0
HG 16 7 0 0 0
LS 16 14 13 1 0
TS 16 7 6 1 0
XS 16 17 17 0 0
BF 16 13 12 1 0
HP 16 17 16 1 0
WTY 16 18 17 1 0
GGS 16 20 18 2 0
GGG 16 15 14 1 0
4t Total 256 44 39 5 0

XJAE s CH. Z5AEXS s LY. BESEXS ; GS. [ 4649 ; TC. %% : BE. [ HXS ;DG KB 3 s HG. 1 pg 3} X ; LS. AR 1L 39 ; TS, 15
B XS, A 10 BE. JEECIMAY s HP. WERFRRIE XS s WTY. BE R = 939 ; GGG, 8 H 40 & )50 s GGS. W4 A 3G, T [

X]J. Xianju chicken; CH. Chahua chicken; LY. Luyuan chicken; GS. Gushi chicken; TC. Tibetan chicken; BE. Baier chicken; DG.
Dagu chicken; HG. Henan Game; LS. Langshan chicken; TS. Silkies chicken; XS, Xiaoshan chicken; BF. Beijing Fatty chicken;
HP. Huainan Partridge; WTY. Wannan Three-yellow chicken; GGG. Red jungle fowl in Thailand; GGS. Red jungle fowl in Chi-

na. The same as below

A5 HE A BRSO e oAl DL3R 2, 32 T B A% Y
., H2 H5 H6 . H7 . H8 . H10.H12 H14 ,H27 % 9
i hy S s s AR R H2 A3 5 MR B 2 36 3 50
YA A T 11 A o [ 5 38 b, Sy 3 X A 1Y
FRFAERL, HAERREA R 19. 5%,

SRR Z ) A R AR B A 22 5 i1 58 D
SE Y 256 2577 F1 v, 5 LU X | 9 R R B0 M Ao g = B
X BAAG BT B 22 (7 ), [ G 8 B % 7 28 70 i />
(1 F)
2.2 16 NG E K mtDNA D-loop X &4 FF 7 By i=
R4

ZLAD G 2 AL P AL 14 A v [ 3 5 0 R (R
PR TR 2 AR E L% 3,16 DREIK AR ZREE
0~0. 964, B A% AR 5 B2 SUfA Ry 0. 909 4 0. 014, WA
SR b AT 2R R R S TR A 22 AR
HE A XS HA 1 b B B AR B 05 T S LU XS
THE T JRR A N g R = X B R A B R O
154 0. 964,

FEAR N mtDNA D-loop X #% W2 £ 25 1 WL 3%
4, P EL AR Gallus gallus spadiceus W Fp A%
MR 978 6 B H By » 35 B 20 A4S H A FE 44 Hy v 3
A 23 591l Sy i v = S 184 G L X I B RR B X9
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% 2 mtDNA D-loop B f58IZE 16 MG E RS
Table 2 Distribution of mtDNA D-loop haplotypes in 16 chicken populations
B A BEIR Population
Haplotype XJ CH LY GS TC BE DG HG LS TS XS BF HP WTY GGS GGG
H1 4
H2 4 2 6 4 4 10 6 2 6 2 4
H3 2
H4 2
H5 2 6 2 4 8 4 4 4 4
H6 8 8
H7 4 8 2
HS 2 6
H9 2
H10 12 16 4 2
H11 4
H12 6 2 2
H13 2
H14 2 2
H15 2
H16 2
H17 2 2
H18 2
H19 14
H20 4
H21 4
H22 4
H23 2
H24 2
H25 2
H26 2
H27 2 2
H28
H29
H30
H31 2
H32 4
R3 I BEENEEREHEE
Table 3 Haplotype diversity of mtDNA D-loop in 16 chicken populations
B4R Population FEA KL Size BAfERIEL No. of haplotype PAfERI Z L F Haplotype diversity
XJ 16 2 0.476+0.171
CH 16 4 0.750+0. 139
LY 16 3 0.679+0.122
GS 16 1 0
TC 16 3 0.679+0.122
BE 16 5 0.893=0. 086
DG 16 4 0.733+0. 155
HG 16 2 0.536+0.123
LS 16 3 0.75040. 096
TS 16 4 0.536+0.123
XS 16 7 0.964+0.177
BF 16 4 0.821+0. 101
HP 16 7 0.964+0.177
WTY 16 7 0.964+0.177
GGS 16 4 0.695+0.177
GGG 16 2 0.250%+0. 180
411 Total 256 32 0.90940. 014
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17 Ao 46 %G B A 728 S5 A0 a5 XS | 1 HR 3G R
X AT g 2 X R4 S B XS IART 10 4>, BEANA
IR B R R 2 S8 (KO M TR ZFEE (PO Yy
B 2 78 07 80 H A 8 i 1 B B OG & L
IR Gallus gallus spadiceus AP A 8] -3

BHmE SRR K, N 10.833, B HMREZFE N
2.757% . LLAAJRAG 2 AR AT 14 A o [ by XS Fif
BT TR ESR R 7.276  H R Z M
5 1.851% .

®4 16 MBEEAN mtDNA D-loop RIZHER & &4
Table 4 Nucleotide polymorphism of mtDNA D-loop in 16 chicken populations

AN FEA %L A8 S 7 i B SR IR 22 N E2T Tajima’s
Population Size No. of variable site K Pi D
X] 16 11 5.238 0.013 33 0.901 43
CH 16 12 5.250 0.013 36 0.676 10
LY 16 13 5.643 0.014 36 0.635 25
GS 16 0 0. 000 0. 000 00 NA
TC 16 6 1. 832 0.004 63 —0.992 34
BE 16 8 3.500 0.008 91 0.649 82
DG 16 6 3.000 0.007 63 0. 810 86
HG 16 7 3.750 0.009 54 1.851 29
LS 16 14 6.643 0.016 90 1.172 57
TS 16 7 3.750 0.009 54 1.851 29
XS 16 17 7.429 0.018 90 0.686 11
BF 16 13 5.929 0.015 09 0.923 91
HP 16 17 7.321 0.018 63 0.601 82
WTY 16 18 7.714 0.019 63 0.575 68
GGS 16 20 10. 833 0.027 57 —0.071 19
GGG 16 15 3. 750 0.009 54 —1.799 95°
#AK Total 256 44 7.276 0.018 51 —0. 341 85
x . P<C0.05
CLAA NG 2 DAEFP AN 14 A rh E 7SR E BRREE

8] mtDNA D-loop X #% 11 R 2 &1k W3 5, & #F 14
WA B 4y By B (Dxy) fE 0.747% ~3.125% Z Ja] ,
ZEFEI R,V HNS 55800 43 157 5 e /N (0. 747 %6) 5 i
5 X 55 Al JE A 43 5 AR /N (0,800 %), ZRE 41 {5
XS Gallus gallus gallus WA 55 3] 39  Z2 /0 5
B 1A o3 57 fe AL 908 30125, R B AR 4T
JE3 Gallus gallus gallus Y70 5 b [ iy 75 X F ]
A EE S T E AR Gallus gallus spadi-
ceus YW.F¥ .

CLAAJEXG 2 AR RT 14 A o [ 3 Ty XS FhRE R
[ R G B IE B (Da) 2 0.015% ~2.633%.,
ZESAWER . [ 45 XY 5 A A% R i 5t L BE B R
2.633 %0 Fok Ay [ 4f 49 5590 e b XS R AR RN B R
Yy 2. 41700 0 SR ETE GG XY L ZS [ 2064 R Gal-
lus gallus gallus V.50 5 HAWHE AR 09 4% H IR 14 35t 15

16 A FEGR P ER G (1) Tajima's D {H W 3% 4. 5%
ZELA RN Gallus gallus gallus WFR AN, 25 BE K
PR 56 () Tajima’s D fH 4 F: — 0.992 34 Al
1.851 29 Z [l . &k g A 3 (P>>0. 05) , fF &
PERA, HEZEE LA M RN Gallus gallus gallus
WA R B 1 Tajima’s D {5 —1. 799 95(P<<
0.05) , RFFEH R,

AR XS 2 A AP AT 14 > v [E L XS A (]
Kimura X280 8 W3 6, 0T LLE H 45 B R 8] 3% 1%
JE 2 A S0 R 0,007 ~0. 031, A5 H WYz
(] FF) 35t e B 2 d 3 » A2 J3CBE W B0 0. 007 5 %8 [ 41
53 Gallus gallus gallus W7 5] 5 3 %8 L 28 F
55 X8 22 6] 1 g5 A% B d k. WS BUEE A 4
0.031, 14 v [ My J5 38 rpr o [ 4 X8 AL Fo 3 5
[ 4 0 R 3 Gallusgallus gallus W Ff [8] 5t 1% B
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Table 5 Inter-population nucleotide divergence (Dxy), inter-population net

nucleotide divergence (Da) in 16 chicken populations %

Télh ‘ o o e
Population XJ CH LY GS TC BE DG HG LS TS XS BF HP WTY GGG GGS
X] 2.176 1.999 0.800 2.149 2.117 2.163. 2.258 1.863 2.258 1.527 2.190 1.522 1.808 2.095 2.499
CH 0.842 1.741 2.704 0.930 1.161 1.283 1.264 1.630 1.264 1.908 1.407 2.195 1.757 2.839 2.226
LY 0.615 0.356 2.036 1.964 1.773 1.569 1.885 1.821 1.885 1.582 1.566 1.956 1.972 2.417 1.940
GS 0.133 2.306 1.318 2.894 2.735 2.672 2.894 2.099 2.894 1.645 2.608 1.304 1.972 1.749 2.608
TC 1.251 0.031 1.014 2.633 0.747 0.965 0.835 1.392 0.835 2.004 1.264 2.163 1.598 3.045 2.290
BE 1.006 0.048 0.610 2.290 0.070 0.869 0.906 1.352 0.906 1.885 1.225 2.044 1.678 2.974 2.099
DG 1.115 0.233 0.470 2.290 0.351 0.042 0.922 1.272 0.922 1.781 1.145 1.940 1.813 2.958 1.908
HG 1.115 0.119 0.690 2.417 0.126 0.016 0.064 1.439 0.835 2.004 1.312 2.163 1.805 3.125 2.226
LS 0.351 0.117 0.258 1.254 0.315 0.016 0.045 0.117 1.439 1.845 1.559 1.853 2.727 2.226 2.216
TS 1.115 0.119 0.690 2.417 0.126 0.016 0.064 0.119 0.117 2.004 1.312 2.163 1.805 3.125 2.226
XS 0.115 0.295 0.081 0.709 0.827 0.494 0.454 0.582 0.055 0.582 1.813 1.892 1.900 2.362 2.147
BF 0.769 0.015 0.094 1.854 0.278 0.025 0.009 0.081 0.041 0.081 0.114 2.091 1.869 2.823 2.067
HP 0.067 0.595 0.307 0.373 1.000 0.667 0.627 0.754 0.076 0.754 0.048 0.406 2.012 2.465 2.449
WTY 0.161 0.108 0.273 0.991 0.385 0.251 0.450 0.346 0.026 0.346 0.026 0.133 0.099 2.521 2.401
GGG 0.951 1.694 1.222 1.272 2.337 2.052 2.099 2.171 1.405 2.171 0.936 1.591 1.056 1.062 0. 847

GGS 0.454 0.180 0.156 1.230 0.680 0.276 0.148 0.371 0.003 0.371 0.176 0.065 0.139 0.042 0.991

E=MOAEA R BE (Day) s F = N B AL B2 (Dad s LA EAE39 R T 100 1%

Above diagonal was inter-population nucleotide divergence, down diagonal

the value was enlarged 100 times

F 6 16 PMAEERE D-loop Kimura X5 £ 5E 55

Table 6 Kimura 2-parameter distances of D-loop among 16 chicken populations

was inter-population net

nucleotide divergence; All

F# X]J CH LY GS TC BE DG HG LS TS XS BF HP WTY GGG
Population

X]J

CH 0.022

LY 0.020 0.017

GS 0.008 0.027 0.020

TC 0.021 0.009 0.020 0.029

BE 0.021 0.012 0.018 0.027 0.007

DG 0.022 0.013 0.019 0.027 0.010 0.009

HG 0.023 0.013 0.019 0.029 0.008 0.009 0.009

LS 0.019 0.016 0.018 0.021 0.014 0.014 0.013 0.014

TS 0.023 0.013 0.019 0.029 0.008 0.009 0.009 0.008 0.014

XS 0.017 0.019 0.010 0.017 0.020 0.019 0.018 0.020 0.018 0.020

BF 0.022 0.014 0.016 0.026 0.013 0.012 0.011 0.013 0.016 0.013 0.018

HP 0.015 0.022 0.020 0.023 0.022 0.020 0.019 0.022 0.019 0.022 0.018 0.021

WTY 0.018 0.018 0.020 0.020 0.016 0.017 0.018 0.018 0.019 0.018 0.019 0.019 0.020

GGG 0.021 0.028 0.024 0.017 0.030 0.030 0.030 0.031 0.027 0.031 0.024 0.028 0.025 0.025

GGS 0.025 0.022 0.019 0.026 0.023 0.021 0.019 0.022 0.022 0.022 0.021 0.021 0.021 0.024 0.024
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BHS T ETGEXY Gallus gallus spadiceus . Fp
[F1) 71 358 12 I B 3

X mtDNA D-loop J 51 i 728 5 9E 4T 3175 2243
B BT 2280 50 BRI 5 22 (Va) FIREAR N 1Y
Jize (Vo) JF AT R 45 R IR 7. A

L SR AN COp T A A L I A SR X B LR
mtDNA D-loop J¥ 31| # A [8] (9 (Va) #9757 2 24 53 5
BERY 23. 8300 BRI I 2244y (VD) (5 B
SER 76. 1750, 16 A B K 1] (Y [ 2 18 B Fse =
0. 381 55, MR [A] 47 7E 2 35 19 38 15 73 K (P<<0. 01D .

K7 16 NIBE(K mtDNA D-loop FH TR FHEDT

Table 7 The hierarchical components of mtDNA D-loop variation analysis of molecular variance

in chicken populations

A 5 R U H -5 U T E /% VS
Source of variation df Sum of squares Variance components Percentage of variation Fixation index F'st
T A i)
15 147. 738 1.209 29 (Va) 23.83 0.381 55"~
Among populations
FER N
240 436. 688 3.865 90(VDH) 76.17
Within populations
MAE % Total 255 584. 426 5.075 19
Va. BRI D7 2855 s Vo, BER N 7 245y . » x . P<<0.01

Va. Variance components among populations; Vb, Variance components with in populations.

2.3 mtDNA D-loop B ERH S FREMMBEE
" 4% B

FIH MEGAS3. 1 #4 @20 6 J5 S 2 A4S Ff Fil 14
A~ M 5 X8 Bl mtDNA D-loop [X 32 Ff #4752 1]
) NJ 4 FRGEM (8 2) . K 2 AT, 16 A FE A
(9 32 Fh A RLRN B3 o3 Ol 4 S TR X 4 DR
FE S HAE RIS AVB.C Rl D, HRERIEHE A b
5T 10 PR AL, SRR RIS B s 1 7 FhER
B2 ANRBEG I 1 AR S A T R
53. 1300 s AR RIZERE C i 7 5 Fh e f5 3L, %
RIERE D h & 1 10 M fE s, 2 A RBER S IF N
— AN KBE L 7 R CAE TR 46. 8700, PR T2 A
AW &R EEAAAIRN Gallus gallus gallus V.
o) LA B HS, 1 A & A T 206 )5 Gallus
gallus spadiceus M. TN FRAL AL FRAS RIEHE B A1 C
g A P E 2T R XY Gallus gallus spadiceus V.
i i) BAE A HS  H20 F1 H22 B2 A f 7 Z8 [ 21 6
JEXY Gallus gallus gallus . Fy 0% BT, A5 R 1)
ST BAGRIZEHE D RIS A X 2 200 )5S b
o PR L

ARG LT 508 2 A E A AT 14 A Fp [ 3 07 38 b
Foft R A5 78 77 5] 119 A8 5467 4. 38 F Networkd. 1 3K
P A AL I 28 ¢ & B (B 3) . NI 3 AT T, AR IR
WFSE R P A W] R 4 A JEHE R 2ETE A
10 Ffffl B BB FE B rp i 3L 7 B RARE L SRR

* %, P<{0.01

C L& 5 P s, MR85 D P & 11 Fhep %
R, 5 AR R G0 R A 45 R o8 4 — 3
2.4 164 EENSFRESHK

FIAH MEGA 3.1 8 #E# Kimura XS 58
®, LU H A B 5 (Coturnix japonica ) fy 4 B
(D82924) . ¥y # NJ 70 TR GH (- 4), TEREKK
GG XS Al JE G b 5 A8 2068 )53 Gallus gallus
gallus WHRAE —&, WU FEE—-TRERSE. &
VAN S I RTINS ORI NS WE RN TE2S
WL — B T LR E— 1 RERS.

3 W it
3.1 16 N 3BE K mtDNA D-loop X &34 FF 51 B9 5
(E 2% k3

W E T 2050 2 AR AT 14 /> o [ 1 5 39
At mtDNA D-loop #4304, FH & & A+T,C
TR, AR I e I AL R e . X 5 H A
KFE I mtDNA D-loop X 1 i 38 & — H e,
XF 3L 3 % mtDNA D-loop X i #f 18 1 32 B,
mtDNA D-loop X 5 & A+ T 57, % B ffg )
Xof 6 NG S R 4 DR 4L I 900 0 A ) 2 AR i 2 L
XERARRFERNAHE# RN A+T T ER
AR,

AT S FE X W T4 6 A Hb oy i B i) £k 1A
DNA D-loopit f& Z H HWF 58 & T A5 1
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67 Hap 6
6 Hap 30
10 Hap 23
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A 46 r— Hap 28
43 ——Hap 29
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Hap 20
Hap 5
Hap 8
Hap 12
33 Hap 9
37 Hap 15

36 Hap 31
6 31 gap 32

C 2 a7
Hap 22
Hap 26
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Hap 21
Hap 13
30— Hap 24
35 L—— Hap 27
13 Hap 17

Hap 11
Hap 14
36 27 Hap 10
35 Hap 16

35

42

32
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BB BT B R T B R (1 000 D
The numbers above the branches show the percentage
bootstrap support from 1 000 replications
B2 FRASEEZ(N)IMENRZIMEEFEENRER
E35)
Fig. 2 Neighbor-joining phylogenetic tree constructed
from the 32 haplotypes of D-loop identified in

16 chicken populations

il s X A0 HXG L G5 R AR 24 DA LA 23 A
RONERR B 1A R A, Ty HZE AL XS R XS
Hrt A A B4, TT L mtDNA 7 5 b P 0 E 1k
RARTRSF Y. FELRLR L 4] DNA gEfb o #2 s
T H R A B A ) R T A AE = R D-
loop XA, WFFEEE RS — L0 FL 3 P meD-
NA B8 WA A, X 5 mtDNA i 46 i 47 S —
;e

TE I A A b, ] 2 X B R 78 28 AU B /b G L
X I T JRR BN A e — S LA BRI & L LA
RUF AU S e T BF R AR TR 2% Xt 5 ¢
Tk B R 1 ol T AL 5t i Z PR ST AT 4 R 2 — 3
e,
3.2 16 1B E{R A mtDNA D-loop i& & S 1E

I L0 NS 2 A FRORT 14 A o [ M 7 XS
st PR AR PN SR AR 20 A 2 S AR K DN AR 1 A
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Fig.3 The median-joining networks of their
16 chicken populations in the control

region
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Fig. 4 NJ tree of mtDNA D-loop sequences in 16
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[EE)

E o2 R 39 &

WA TR 22 M B A T2 8 R /KO s s R AT A E K
X R 5 AT REAS 2 B — 1 T HL7E A i e S
AL R, 52 B 2 AT 1] B 1B HE
3.3 16 15 E 4k E mtDNA D-loop i & S #i%

I BR E 2R 6 R XY Gallus gallus
gallus YR v [ b 75 X ity o ] 73 5 B8 e o
AR Gallus gallus spadiceus Y. Fh, ¥ H B 43
I B8 A 1R v i A B B 22 S I AR . BRI 4L )
3 Gallus gallus gallus WA 5T e S} 3 L 28 S B
X 2 (6] Kimura W2 B0 A4 B2 e [ 46 48 Al
JE S RE LT @R Gallus gallus gallus V. F [8]
BB TR & b 5 9 B 20 0 R3S Gallus gallus spa-
diceus YA H] (355 FF 25 3T . 33X 0 4 7 [ b U7 X9
an A R IR — /. %] mtDNA D-loop J¥ 31 1)
AR S AT O3 F T 2550 B A5 R R 16 ARG R (] A7
1E .35 18 % 34k
3.4 HPERBEHERRT

KTLOFIG N E G RERR . CHE
ZoEHE BN FHH % HAZ A DNA $5 40
KLk DNA M B2 BEAT b 0 B0 R T
JEXS Gallus gallus spadiceus WFF Gallus gallus
gallus NP2 A5 525 b o A — S Ff, o [ 500 02 i
TR T 25 E M H X 408 )5 38 Gallus gallus gallus
A E & A B O f R IR, B FTE A TE A 8] B
B AP B RO AT 2
B LT A8 R S Gallus gallus spadiceus WA Gal-
lus gallus gallus NV FF5 5 [E M 75 3G 5 B %) 535 2 5%
RT3 AT .

Fumihito 457 DUBR il ¥ 4 VI A B K 2 2 35
PE I3 A I 255 ORI DNA #54] IX (D 28 7853 5 5]
8T N Gallus gallus gallus WFV I Gallus gal-
Lus spadiceus SN Ay ] — . Ff s 8007 45 S 1 7
BN WL AH S XS W T A — 28 56 T A 1Y
RIEMBEA —B, AR FHPERG SO 6
JEXG Y BIF 5 v 2 B AT (] i) 3R A5 Hh L0 A XS Gallus
gallus spadiceus WP 52 H 40 457 Gallus gal-
lus gallus WAP X5 7E [7] B 2RAS X 2 WA AE AR 19
Sy b %) mtDNA D-loop #8753 F¢ 81 £ 47 70 (9 25
R T, PELA GRS Gallus gallus spadiceus
WA 52 E AR Gallus gallus gallus Y. Fh ¥
A LT RARRL, 2 AN ) A7 AR B 135 % oAk ik
B 45 RANRE SCHFIX 2 AR S By b2 A — > A
D8I X 5, SO AE ) TR a8 AR R S T I

iR —EUW.

IR v [ R 2 YT 2 ] BT DX ) £
3 Gallus gallus gallus WFP A & EAG H S M7 m
E I X — ) H AW AF7E A A Y 2. Fumihito
SE AT A O e R I OF BRE T
7 [ S HC 40 3 Hb XA £ SR . R AE B L
J A ARG — FR 50 25l R IR R R - S B
BE B E A B O IR T EL 1R [E]
PERCEN M 3G R i 3 R Y Lint A
HE— 2k i A 225  DNA 45 20 DL R 2 kLK
DNA #8537 51 53 Hr 45 J5 vk o SCHE R 538 14 2252 R
2P ARF AP 5l 1 X mtDNA D-loop X1 il
JF R EERT R T R 6 A 1l 3G A B R R
ZEIRAHED  SCENG BV ARG FF NG BT H SR
TGRS EE 6 A HL T 3G B 2ROk B o e B A
T T B 3T At X ) 20 JAS Al U A . a6 A S ) A
T ZR G0 HE A 5 A A B TR O 2% 5C 2R TR 45 R 52 4
— 2. R ar LUHE T L R AS T 560 7 X
it AR A — R0 X RS PR T 28 I LL R Y Gallus
gallus gallus WAFP, B — 5B IE T E 20 67
X Gallus gallus spadiceus W. B, M HiX 2 /&
RGATE— g f b R SRS R BR . X 2
Tofr £ 2 J5E X0 56 o [ R 11 56 PR 2R X A ik .

XoF 00 A B £ XS 2 AP A 14 A b [
X i Ff D-loop X P51 A Tajima’s D {H#E17 H 1
Krus R0, B E LG5 XY Gallus gallus spadiceus
A 0 b 7 AR A AR L AT RE R X S R A
TR HAEAR RN B R A SRR 5k . ]
LRSI SR i A b B AR 9 5K A4 ENC AR 7T 8 R AE
— /N BRI IHAG BI 4E 55, Sy b T RE 2 2 1R
AR 1 D/ P L R 3k S B A A Oy 7 B ) A
MM ERT, BREFEI ORI Gallus gallus
gallus WANAFF & PP 2728, X R B 28 [H 40 6 )5 08
TER YN 5 28 15— A 350800 B =2 2 — D HEAR Y
Pk A, PR A HE A O L 8 [ L0 503G Gallus
gallus gallus SRR YN A5 - A F 53 A4 T8 AL T B
B [ NG Y R A T LL R XY Gallus
gallus spadiceus W R YL G, BiELTE L T — L&
W RO BE AR FE 2% L RS Gallus gallus
gallus NEFPREAR — BN ] N B HEAR S 5K 3 72 b,
717 Xof — S e 6] A 9 Y9 X% A A o 1) — 26 T
PR TSRS PR A — 26 vh [ b D7 X R [ A
X2 B 2T JE XS 1 35 AL BT RK .
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R A Kimura WSEEH M@ T 16 4
FEMRE NI R 720 T RGEW b B 160 Al
WS RELD RN Gallus gallus gallus . Fh B A
— L A AEXG RS % R R XY TR R S A XY
0 AE — S WF ST AE 14 A o [ 3 7 38 i
Fofrefe 1 e SRR ALl A A R T 48 I 40 RS Gallus
gallus gallus Y.FF , 1256 XS | 6T XS 25 X9 v] GE I
FrHEILAEN Gallus gallus spadiceus W, B
HARBYHEZGTRERA Z DML R R R
T A [ 3 A% 73 A B R o AT JbG B 1] F 20 5 i 2
TE AN [R) P L 5 TS T8 9 22 00 ST A A9 0L A 2168
JEXG ) B4 AT RE & 2 UKL 2 3t L K B N 2R Bl i 4
Iy E Gk YR T 2% [ iR AR R T A Y
R 5T 2 T Y
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