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(LTEFERAR T, M 225125)

W E:. A5 B-3F I FBLAEE 2(B-carotene dioxygenase2, BCDO) A B A KB & F 8 F 4y T FHRN, KA
PCR 7 ik A A F T RE S A LR A LA FE, £S5 TES, 2HNERG, &F L7 0447
2383 5), AFF(FEKE)FE RS (AKE) BCDO2 AR, #5 GenBank 4% & F 498 %8 F- 7| # 47 & K
BRI T TSRS KFF], BT KM 6A S B4z 5, 5 514 6273091(G-A).6273129(A-G)~ 6273229(C-T).
6273240(C-T). 6273307(A-G)#= 6273672(A-G)o £ T 6 N5 & &R 2T 3 # #4424, £ L% Hapl. Hap2 # Hap3.
AP RAOFHG, FLERECARLNGEET | HERAE, ASELEY. 2HERY, &F 5F G fadf 4t 23
3FHA 2AEER RGKE 2R T Hapl A= Hap2 R 54 &R 8% % — %, Hap3 A= $ AR B FEH— % ,BCDO2
AR EZERBRFRE S K AR EG A, 2REER S EFGEMN, $NRGEKE LR AP A

BE T K. ZHRERARB LR OEATRGEKY . £ FFEL ITERETEAERETE L,
X8R BFS; BCDO2 AW $5M: Ké
FESHES: S831.2 XHERFRIREE: A NERS: 1672-352X (2022)01-0087-05

BCDO?2 gene polymorphism and skin color identification in Chinese black-bone chicken

JIA Xiaoxu, LU Junxian, TANG Xiujun, FAN Yanfeng, MA Yinpeng, HUANG Shenghai, GE Qinglian, GAO Yushi
(Jiangsu Institute of Poultry Science, Yangzhou 225125)

Abstract: To test the BCDO?2 gene polymorphism in Chinese black-bone chicken, five black-bone chicken
breeds (Silkie, Dongxiang Blue-eggshell, Jinhu Black-bone, Yugan Black-bone and Zhusi), Chongren Partridge
chicken with white skin and Baier Yellow chicken with yellow skin were collected, and the sequence of the BCDO2
gene was PCR amplified, subsequently sequenced and analyzed with the DNA data of jungle fowl annotated in the
GenBank. Six polymorphic sites were found in 215 sequences of seven breeds, which were 6273091(G-A),
6273129(A-G), 6273229(C-T), 6273240(C-T), 6273307(A-G) and 6273672(A-G). The 3 haplotypes were observed
based on 6 polymorphic sites, which were Hap1, Hap2 and Hap3. Chongren Partridge, Baier Yellow and Silkie only
had one haplotype, while Dongxiang Blue-eggshell, Jinhu Black-bone, Yugan Black-bone and Zhusi all had two
haplotypes. The phylogenetic analysis showed that Hapl and Hap2 were only clustered with Red jungle fowl, and
Hap3 was clustered with multiple jungle fowl. Our data suggested polymorphisms in the BCDO2 gene can be re-
garded as markers for yellow and white skin color of chicken, but it cannot be used in black-bone chicken. There are
multiple maternal contributed to the evolution of Chinese black-bone chicken. Our results can be used as a reference
for preservation, improvement and identification of Chinese black bone chickens.

Key words: black-bone chicken; BCDO?2 gene; polymorphism; skin color
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A IR — M R R A EE Y, RE Y
B AIEA — 2 A HNE. FAE 1 300 FHTH)
RENEHRE SEGAEHE: “5E08, FAEY
HE, BEYHE. HESEHHE, AERNESHE.
WHSEE, EWSERE, WERES, AHE
R7 0 XX BAA R S RE MR I Fh T 28R 3R 4T
PR e — Ty L) TAE.

BCDO2 RS HEARPIUEER, T8

24 KGR, Yail B-HEE DR BUINERE 2. B
%h%mﬁa%zm LEE= R AR U PSS ialo
gy, WRGRAZEEAE N ERIIEE RA N LE T8
FEIETT AR, IXFhEG AT LKA B KA E bR
%&%ﬁé%%%%%?h%,M%Bawzﬁl
RAERA, AT LAMEZIE R R kR R IE, TER
T BCDO2 H:FFRE S/ I = A T 38 R ik
b TTEXY |, BCDO2 ZEHAE AR ) F AU
WA . Berry %0 78 K ILAE BCDO2 3R A1 1
3 B —4b SNP, H4-sitafigifn -t b &=
YIAHRBI, Vage SRR FT R BCDO2 B:HRAZ AT fig
SRR TR RS MRS R, R
i = (1) R AR PR

X[ BCDO2 B:RAFAEAE K& 1) SNPs, A g
P 3[R A AH 26842 oK. Eriksson 253 i X 8
FFEXSH) BCDO2 ¥R K E b, KILE
Je R ) R 5 K 6 S5 3 (Gallus - sonneratii) 5 81E—
i, AR M S A (Gallus Gallus) 5%
TE—iS, 20 I 57 Ik i X0 FLT AR AH 5 T BRER K
RS E BT EG R R, NG EIEAT
SRERAE T AR, Huang Z5%6 10 A5 28 Y
XS HLTT A AT A SR AR, K BCDO2 3
VB9 B B p e B R e B0 . H ATE & A R
5 EX BCDO2 B:H 235V R A A iiE, i,
AT FERE 5 AMMCEMER S 3 a8l
PCR # B4 A B H20 7 7% 5 BCDO2 J: R 47
THEFE, DA E SE s RN AR R E

e TARRR LIS AL A5 B
1 #MR5F*®
1.1 #8

IR 2 G 50 E NG AN G0 1 RO R 1 55 2 )7 %G
FRELR (VL5 22D S B fefk 2 SR A TLpE 223
LB RF7 . AT S E R AT AR T 2B XS 4R
Bhlz, BT 28 3 SR BILAR IR EBE R A A
T3 B TR RN R P & — MR R, R
a PR R E H Y, AR ROE RS, A

s PP AR A BIEERISRE R R (R D,

TE XSG ER KR SR MR, FH 5 R AR - S 7V F L
KR4 DNA, SUZ/KIEME, AZ TR FE I 5E G E
DNA KJE, 20 CIRAFEH.

R 1 KRB RMFAMEREXER
Table 1 List of chicken breeds and characters used in this study

b & 5 e ikt iy I £,
HHi% BE 30 HE HE g
LAk CP 30 =k Letes) Leve)
K255 DX 30 mph i B
2 P54 SL 30 etes) etes) H,
&5 R JH 30 etes) etes) H,
2T5H YG 30 i i Beten)
(UEAWA 35 B B eges)

MFE ] [ S AR P45 R A5 J2. 71 0y (National  Center
for Biotechnology Information, NCBI) %## /% 1 %%
SRE 13 FEXNFA, 405X (Gallus Gal-
lus)(EU334155, EU334157, EU334162, EU334163,
EU334164, EU334165, EU334166), J2JFA(Gallus

lafayetii)(BEU334158) , & . Ji % (Gallus son-
neratii)(EU334149, EU334152, EU334159, EU334160,
EU334161).

1.2 SFEE

ERES 25 DNA FHI(EU334163)E NS H 7
%1, F Primer Premier 5.0 1 Oligo 6.0 X {F 11514
¥4 BCDO2 #: M, IE[H: 5'- AGTACAGGAAGGG
AAGGAT -3'; JJf]: 5'- TTTATGTGCTCGCAGAA
TG -3', AT A TR R A & &Ko
PCR A& % 25 uL: 2xPCR Master Mix (B4 5% {8 /K
i, B 50)12.5 puL, 10 pmol- L' B RFF5I414% 1 L (4=
THAMAT, LifF), Bt DNA S0 ng, & H KK
JKANFE 25 uLo PCR ¥ 926U : 94 CHUALEME: 3
min; 94 CAME30s, 55 CHEM30s, 72 CHEM
2min, 35 MEI; 72 CHEMH 10 min; 12 CRAF-
WS pL 4 8847 (1) PCR P WIHE 1.5%E e b (R vt 42
AFE], bR BB R, ER IR AR
R PR 38 BORE AT B A T A w8
1.3 HEIEFN

TR P HIAR SR IGE AT N TR IS, Bhuseq %
A&, A Clustal-X #3475 e, H
DnaSP 5.10.1 X AF it S A7 s 5ORT A5 R EL ST,
MEGA 6.0 #At4 K F 5 KALSR ¥ (maximum  likeli-
hood, ML)#J & R4t &k B M. KA Network 10.2.0
A2 1] Median-joining Fp.f5 78 o] 2% & 1101,
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2.1 BCDO2 ERAZSMNLMEERNT

AW FEY 1R B BN 725 bp, BT S 4E
RIS HEAT R T RUFHY 1, PCR =4 B fin b bt
Je R kARSI, RER I R AF, 5 H R B —8(E
Do FF 7N 215 &550, BRI 6 MEE
L85, 2 BN 6273091(G-A) « 6273129(A-G) «
6273229(C-T) « 6273240(C-T) . 6273307(A-G) Al
6273672(A-G)(F 2).

BT AR 6 N2, T T 3 /MR
51 Hap1~Hap3 (3£ 2). & 3 TLAEH, Hapl 4>
AATERR A H G LA EADR 6 /N Fh. Hap3 B.& 7
AT 4R, SR EEENS, RS G3EY. &
T2 RN KR4 T B Y, Hap2 {XUbEAifepip

AR R s G RS (2/30) R AT 2238 3 5 (1/35),
FIE RS, SRR ALLP 538 1A 1 Rlea sy,
FIRHHA 2 PR FG 3 A, K2 S50EN
(12/18) HMATLLIY 3 534/ )R T L ES(23/7).
SR 3 PR, AMAEY R 200 2 FTS.
30 REREARS Rk E] Hapl —FpEefisy, 30
R A H 300 HAG I 2 Hap3 —Fiea Al

M 1 2 3 4 5 0

750 bp —p»

M: DL2000; 1—6: PCR F*¥y.
1 PCR &R

Figure 1 PCR amplification results

& 2 BCDO2 HEAEEZTMNANH
Table 2 Variable nucleotide sequence positions in BCDO2

Bf L FERE A R A B
6273091 6273129 6273229 6273240 6273307 6273672
EU334163 G A C A A
Hapl G A C A A
Hap2 G A C G A
Hap3 A G T A G
O 142 Zhu Si
O {11} 4% Baier Yellow

HAP1@

HAP2® W

HAP3®

Q 74/ Jfk Chongren Partridge
O R 2 %4+ Dongxiang Blue-eggshell

"/ﬁ 5

. &1 %% A4 Jinhu Black-bone

7T Silkies

Y

O %5 117 Yugan Black-bone

W ARBERRA R A, WY R mEisEnT.
2 E&T BCDO2 HE S ERMEN S N MLEE
Figure 2 Median-Joining network profile of the BCDO2 haplotypes observed in the present study

& 3 BCDO2 EFAERERAENERMEIRI ST
Table 3 BCDO?2 genetic diversity index of different chicken

breeds
e RAlEs it
Hapl Hap2 Hap3
HH (BE) 30 30
SAZHE (CP) 30 30
Kz g5t (DX) 12 18 30
2P 5 (SL) 30 30
&5 R (JH) 20 2 8 30
£TY%E (YG) 23 7 30

Trez (ZS) 34 1 35

22 RGEENH

BT AR IR 23 SRR, AT T A
B (A 2). SERKRY, 3 FhEGERE T 2 A4
ANFE RIS WALY , Hodt W 23 3 4045 Hap1 A1 Hap2,
Y 7 AN EFE Hap3o 2 Mo 3C3 AR 2 B H AR R
BT AT o R R ASHIE T IR 3 PR A BN 13 2% 508
FFAR, TATE T 2GR ER(E 3). KEWD N
2 N33, Hapl Fl Hap2 [RIZE RS (Gallus Gallus)
(EU334155, EU334157, EU334166)% N—, Hap3
A R XS (Gallus Gallus)(EU334162, EU334163,



90 B2

L S PN -

2022 4

EU334164, EU334165). & i (Gallus lafaye-
tii)(EU334158) Ml K . J& 3 (Gallus son-

neratii)(EU334149,EU334152, EU334159, EU334160,

Gallus varius (EU334159)
Gallus varius (EU334161)
Gallus varius (EU334160)
Gallus varius (EU334152)

EU33416 1) A—3, HHREFS (EU334158)H
3 PR A SN S 4% Ok SR IBUITE

Gallus gallus (EU334165)
Gallus gallus (EU334164)
Gallus gallus (EU334163)
Gallus gallus (EU334162)
Hap 3

Gallus sonneratii (EU334149)

Gallus lafayetii (EU334158)

0.000 2 Hap 1

& 3

Hap 2

Gallus gallus jabouillei (EU334155)
Gallus gallus gallus (EU334166)
64 |Gallus gallus bankiva (EU334157)

ET BCDO2 EEFFIRA ML EZMENRZ L ER

Figure 3 The maximum likelihood tree based on BCDO?2 gene sequences
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b & B A8 SR EKEE LT, BARSNRAENS A
T L 0) AL RS 57 Sy NP 77 iy /1 P s L |
— LR B0 FE A B o BB A A R a0, FRE
HE R R XN B A B2 XS PR JER (A P 43652 )Y L P R T
REME . WFIC RIS kA R =+ B4, 6
FE AL . TR AR BRI AEN2), X0 1 2 (0 bk 0, 3 22
2 HTAMER AR N AE B R TR E R . B
RERIERHT BCDO2 3R MEITA N RIf
32 FEC T RIAE MRS IR ERUTRE, A&
WEFt BCDO2 FEIKI 1) 2 2547 i REAS AR 174 [X 43 1 ik
o, CRAZ R ) AI 3 Pk (3 B X)), X 5 V0 4k [ S5t
T ARG BCDO2 LR 2 M A B,
IR —KoAR S A07 5 5 Bk B R 58 A B AT e 4 2R
—HH2, AR BCDO2 3R 2 A0 A
538 B¢ A (A IE ORI, By —
fie g A m B, T E R EEIN, IR AR
tfw B, ZE S — R e O e . AT
FA K BCDO2 FEH 2 347 115 5 3 G i Al
R A IEBIC R

RO R 1B R S 2 BRI S L B BRI 4
WG G — RAVEF R B ERUN . H TSk
R G2 FE DN W R A BRI E AL Li 55X )11
BT R AR, KN T M ERER
AR RS DG 35 DR (e B 1 DX 3UST . Yu S 9T i LI 2
PR I (tyrosinase, TYR)ZE K — 4bA% 5547 55 7] LLAE N
LB XS Bz R B bl Bk BE s A rad o). AR
TR S EW BCDO2 FERF 1 FhpfEil, 1

R gy, &SRS, RT D EXGFHFNTT
2239 3 S R/DA 2 MERGER, BARKEE LA £
IR T

BCDO2 SRR T N FRREHT T, RT3
HIRIRBELHT L. Gao 85FET BCDO2 F:KIB 45 R
IWHNFAGZDA 2 MEVED), Loog S5ELEL 1A
BARAERNL TR, N BCDO2 FHEPR A 3 R 1)
T T e 1 = s el | 11 B O B~ 3 P ) L L
Eriksson ZBIFFT 2 W] 1 JHR €4 509 A e b U T4 60
JERAS, T B 1 Tk ) 20 L B A 4 2 AT g BRI £ )5
AEEBILMIRE R R AR E S E
BCDO2 $:[X Hapl Al Hap2 R 54 508 5 N—22K,
Hap3 M Z AN EXGE R —3K, 1X 545 IR EH) H 20kt
A4 Cyeb B DRI 58 3 B 2 B X Y 22 /2R 5 3 A4
B JFS (Gallus gallus) WA, T Beik & A b & HK R
X(Gallus sonneratii) Il % ) 45 I A —F U8, [F]
JRANTE KRG NGAHLE BRI MAT 208 3 5 F 053] 1 R
XD B AMA R A5 Y (Hap2), FoAhs 53 E ik
& BCDO2 FEHFFHIAHE], it B 5 B 2 B 20
mE ORI, X5H e R — B,
BCDO2 FEPRE R Fhnic nf LR T3 (1) ki ik
T 7T 2 AT AT

A TR T LA kA0 [ Rk R Rt B, T
TIRE G EXS S BCDO2 BF I Z S MEE L. B
FEERKIL BCDO2 FEF 2 3547 s BEW ARG L [X 7
B AR EOR A, ABARMEX 7 S E . 2N EXSLE
WHE S EAMMEROE R, &R T ok, &t
FaE RONIRE S B XGBAE TR ORGP e E A E
TARRME VB E FE L.
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