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Correlation between color polymorphism and the MC1R gene of Lanius
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Abstract: MC1R (melanocortin-1 receptor) is an important gene that controls melanin synthesis in animals.
The variation of plumage color in birds is closely related to variation in the MC1R gene. Lanius schach
exhibits color polymorphism that differentiates into brown, black, and white-remiged black morphs in many
provinces along the east coast of China. In order to explore the relationship between genetic variation in
MC1R and color polymorphism in Lanius schach in Guangdong, single nucleotide polymorphisms (SNPs)
and amino acid polymorphisms in the coding region of the MC1R gene were analyzed in 11 Lanius schach
individuals of three different color types. The results showed: (1) A total of 4 haplotypes in the MC1R gene
sequences of 11 individuals, among which the black morphs and the white-remiged black morphs shared
haplotype H3; (2) There were 47 base mutations in 899 bases of the coding region (34-931), and the
corresponding amino acid sequence had a total of 18 mutation sites. These mutation sites did not correspond
to the black phenotype; (3) The deletion of 36 bases in the 268-303 coding region of the black morph and the
white-remiged black morph individual genotypes, resulting in the deletion of 12 amino acids. This deletion
corresponded to the black phenotype. Therefore, we speculate that the melanism of Lanius schach is closely
related to the deletion of the base fragment of the MC1R gene.
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FEE 155 (Lanius schach)skJ& T4 78 A 57 %,
PO Z RIS, ArRER, BaR &t
R A (VL RETR S, 2008) 0 X T TR0 7Y [y 73 A o7
M IR AR, — RO st Ak B R — ANk
SER A, B EEAGS5(L. fuscatus), 35— A K
EAE PR AN I — M E B GR IERTY, 2001). BEAHTST
IR, AN TR JRA 55 4 R — NS R )i R 1
%, 2017).

Zhang %5 (2007)il i 5E T 4o i A Cyt bHICOIE
KI5 ) R G KE 53 i, BESC T N8 57 (1) 4y
FEHLAT, IR AT T SR KR TG 55 I — AR e 2R,
ZHANFE AR LM A (2008 SR I EE T
R 57 KR RN R 00 10 % B B T 0 35 7 e, pe ik
SCEF(2009) B FUF HH AT R AR T AT 5 R BT BN AR
N EREARE FER T REER, HES1SHE
AR IER, BRI A B2 2 oAby
TR F =R BEHEAE (2010, 2015) A& B0 (4.7
SRR H 38935 Bl A 18] X 1] R Al B 3
W ZE S A AR R T R I, AR
W AH T W2 2 5, AR (R R R
R T R 0 R R €0 0 A (5 7R BB R 11 2 B
MR T EIEEEE R U PRI SRR R
5N 5r I — A ISl

SRR R R 2 LR, H BT
Z 0 R BAT R R E 5281 (melanocortin-1 recep-
tor, MCIR)AEE] . il BUf5 5 d I LK (ASIP). TEFRSR
FIZ(MLPH). ¥ 4 K15 (SLC24A5 . SLCA5A2),
MRS RE I 5 (TYR. TYRPL, TYRP2)4%E, £ 3 [A i)
FHEAEFTE BT ASF P BB R EH 4, 2015). 3L
HIMC LRI R AIF 7 7 B 0 22 JUAR (14 % i Ak 32k 32 TR
(VFHEA4E, 2012), BTN A 2 52 M XS 3R] 5 PR 1) 3=
PR 214, 2014) A 7T IEBUMC1RIE
PRERIR TR T 57 IR 6 2 S IR JR A

R REZAE] (MCIR)EGHER [ RE & 32 7k KX
WG, KR — A 310N S B IR 7o A (N3 174N,
#3144, HIER Py A A1, MCIREH
HIANE WL G, AR DIGE MG 2K
(Chakraborty et al, 1999; Derelle, 2013). MC1RXJ 3
YR TE Bl A B /E R, MCIREE R 148 5
A5 B ) B F Y U AR A0 DL B 2 L AR
SE(FEMEE, 2017). TheronZ(2001)%} B A4 70 25 x5
(Coereba flaveola) [P iff 55 & I, % X 5848 Glu92Lys

74 AN PR IFIMC IR L PR v 42 /A5 1A 540 S A,
T AE 4 3 B € AN [ MC R PR o A A 4G ) 59 1 4%
fi7 3L A . Nadeau %% (2006) %} H A< 9 59 (Coturnix
japonica) 57 & B, MCIRILD | Glu92lys5E48 5|
JEC A PR AE P (B 1) R

2i ETR, B2 AL % 5 MCIRSE [ 11 22
RABEVIRR. Bk, BATFEH LU B R0
97 AL G JEMCLIREE RIAR S 2 2 . g ik, AT
AN ] (0 B AT A0 57 IIMCARFE DR EAT M e, 6k 3
A S A RURLAS B IEAT 238, JERE 4G I MCIR 2
DR 3 F B0 o 2 BRI, 7 AT SRR 1A e o, DA
IR S6 U FRAT TR 152

1 #RFNEE

11 ez

AP TS AR AT RAEFEE L
SRR R IR, JETT20 4, 3R e R (B AR
BEA, BEADR), FHHREEEEL. HhE
MM BTEER I 2280, 20 CAGIR R A7 & H
1.2 EHFEDNARE N

FE IR 4 2 HX #% TaKaRa 2y 5] Universal Genomic
DNA Extraction Kit Ver3.01# F i BH 41, SR 5K H
0.8% 1) B I B LRI 0 A Wk i A Al 7
1.3 s51¥igit

FFPrimer Premier 5.0 f}, 7FGenBank [
WLEFE T R . 20759 (Gallus gallus). kf# &
(Lepidothrix coronata). 74 417 (Phylloscopus
chloronotus) 24 R FIMCIRIL K 5> 41 (741 5 W4 2),

*1 HREEFERERER
Table |  Sampling information of Lanius schach

Hb kit How 'S
Site Morph No. ID
WP 7% Brown 4 71,72,
Gongping, Haifeng 73,74
County
MR Black 2 HS1, HS2
S A S puI] 4 HBI1, HB2,
White-remiged black HB3, HB4
W BB ka7 Brown 2 75,76
Lian’an, Haifeng County
B4 Black 2 HS3, HS4
b =R N ke Brown 3 77,78,79
Dahu, Haifeng County
HS5, HS6
o 1 78 ; ,
M Black 3 HS7
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Bk T L 2B 11, §HER S 97 MCIR AR A
ST R A B, SRASER 03 e A I K AR 200
Wt Ay B 365 (5 | D e 40 B 8 B B AR
3), S LR A R ARAT BR A W) A B
14 PCRYyHEKRMNAASRERF

PCR % W SRR 425.2 pl, TakaRa LA. Taq
(5U/uL) 0.2 pL. 10 x LA. Taq Buffer (Mg*" plus)
2 uL. dNTP Mixture (4 x 2.5 mM) 4 pL. EiiF5149)
(10 pmol/uL) 2 pL+ F#514#)(10 pmol/uL) 2 pL. #
HDNA (100 ng/uL) 1 uL. ddH,0 14 pL.

RFEE K 95°CTIAZYES min; 94°C 1 min,
68-53°C (BAMEIA%1°C) 1 min, 72°C 1 min, 3£16
AMIEER; 94°C 1 min, 54°C 1 min, 72°C 1 min, 3t14
AMIEIR; 5572 CHEMI10 min.
1.5 PCRI[ & =4 R4 K M 53 47

P B NRBE Bl T 38 = Wy AT WA I, K A5
G R IPCR =il . [ 1% 2 W) JEAT
TF o K7 43 35 57 51| £ DNASTAR  (DNA-
STAR Inc.)¥fF {044 5, IIINCBIM 3 ) Blastif
ATARALPEAS I, i %53 3] T A5 4055 IIMCIR
FERF 4. FHCLUSTALX K ESE v H i 51 (1) A%

R2 SIMNRITRPTAMSEEERER

Table 2 Reference genetic information used in primer design

Y4 BL[A ) Sy H A

Species GenBank accession no. Taxonomic status
R AF362605.1 #JZH Passeriformes
Coereba flaveola HREE4ER] Thraupidae
ANV NM_001031462.1 WIEH Galliformes
Gallus gallus MR} Phasianidae
7R XM_017816335.1 #IEH Passeriformes
Lepidothrix coronata A% S EL Pipridae

T A AY308751.1 # I H Passeriformes

Phylloscopus
chloronotus

F}L Sylviidae

F3 I ERFMCIRERERSIYIFSI
Table 3 The primer for MC1R gene amplification of Lanius
schach

519 51905551 IR BOK

ID  Primer sequence Amplified
fragment length
(bp)

1 Upper 5-AAYRCCAGYGAGGGCAACCA-3" 903
Lower 5'-CTACCAGGAGCACRKCACCAC-3'

2 Upper 5'-GAGCCCTSGAAYRCCAGYGAG-3" 898
Lower 5-KCACCACCTCCCGCAGCGTC-3'

3 Upper 5'-GAGCCCTSGAAYGCCAGCGAG-3' 898
Lower 5'-GCACCACCTCCCGCAGCGTC-3'

B SRS RL, FIFIMEGA XK e 45 21 1) A B Bl
BN AL IT A . K 444 (Tangara cucullata)
MCLRJE R 7 41 4 Sy 2 i b5 A sz 36 25 L — kS 43 #T,
FH 50 E 2 B B 1541 57 MC LR35 R A5 S5 55 0 RTAT ot
IO P 28 S IR AR S 1 1O o

2.1 PCRi &4k E

PCR“ 1) £20.8% T AL FEL VKR, 465 5 AL
K1, Marker ADL2000, 1-54£# 1515 MCIRIE A
PCRY" 4774
22 MFER

W Wy BT DR 7 1 S5 NCBIHP [ R AR 15 L 41 iR
X ARG S I mRNAREAT EEXE, K 4899 bpl) 7
HIRERE UL, HANRMMEIE90% LA b, W& % B
HHERIAN o SEB AT B R B TR A ST 1)
I 2 PR 2 v i e AT 4 Fh s 8 JLh AR TS A
RT3 NANMK(Z3 . 24, Z6)FH 7]l — s A
(H1); 6/ B A RIAMAMHS T, HS2. HS3. HS5. HS6.
HS7) A3/ A8 (H2. H3. H4), 24N B0 (iR
AMEMHB1. HB2)5H R oA L 5 AIH3,

DR 3 2 b A & S B R e 3 L R AR AT 55 1
MCIRAEK 4 i [X 5534-93 117899k v, L4747
ANGHIEAR AV 55 o AHIXSESEARAT p 5 R AR R
AR R o T AT I 2 (0 28 15 P 0 1 3 TR/ PR 1R
MCIRIE K] 7% 41 75 55 268303 7t BBl 5k A B ik 2k
MGG, &R GO N KR K57
MCLRAE P - A% L (RO A o L3S
23 F[EMRTRIER

Y P 15 2] M C LR L PR3 51 B 1% b 2 S5 1R,
45 R WoR A AR B Y A 18N S SR RR AT AU AR

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

Bl 1FE{ASFMCIRERE Y 1% F £ Bk E (M: DL2000; 1-5:
PCR7=41)

Fig. 1 Electrophoresis of amplified fragment for MC1R gene
of Lanius schach (M: DL2000; 1-5: PCR products)
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*F4 BEAFMCIREET RS
Table 4 Variable sites of MC1R gene haplotypes in the Lanius schach

L2t A4 5 Variable sites
Halotype 41 45 63 69 85 88 119 134 219 237
1 C T C C G G G C C G
HI1 T
H2 C T
H4 C T
H3 G C G T A A A T T A
243 268-303 321 333 359 362 375 378 379 381
G C G C T C G T C
T
— T
= T
T = T C T C G C G G
384 408 411 414 438 465 468 474 496 504
G T C G C C G C G G
T C T T T G C G A A
513 527 529 535 552 556 579 623 628 675
C T C G T G C T G G
C T
T
T
T T T A C A T C A A
680 681 682 711 732 828 885 931
C T G G G C T A
T C A C A T C C

* 1 B ROh R NAE A S AN BEIMCIRZE I (1) 5 41 (GenBank 553 5 AF362606.1). -5 B % BUH3AH /] AOAS3E <. 2 7%, 268303 (B /¥ 51/ 1)
A: CTGGCGGAGATGCTCTTCATGCTGCTGCTGGAGCAC, 52 AR« 4R, BB i BLH &R

Haplotype 1 is the sequence of MC1R gene of Tangara cucullata as an outgroup (GenBank accession no. : AF362606.1). The same base as haplotype
H3 is denoted by “.”. The base sequence of 268-303 is CTGGCGGAGATGCTCTTCATGCTGCTGCTGGAGCAC, and the same is denoted by “.” ,
and the missing fragment is denoted by —.

5 HFEAFMCIRERE & BEEARRE AR B IR AR Ay N A SR e R N O R, Ho
Table 5 The nucleotide frequencies of the halotypes (%) from o e o o " .
MC1R gene sequences of Lanius schach S5 121457 1 55 20847 11) 22 JE 18 A% S A H I A Ay 28

() C A G H3". 7EH2. H3. HA=Fh B A5 A 5590101467 47
HI 22.9 35.7 16.7 24.6 A EFEIR R, X Bk R (R BUA A
H2 23.1 35.7 16.7 245 X IR ZR (H6) 0

H4 2.1 L 16.7 25
o
H3 2.7 362 16.8 242 3 iTig

YJH Average 22.9 35.9 16.7 24.5 2 R AR (MCLR)IE R 2 P 2 A

ik E
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Table 6 Variable sites of MC1R in the Lanius schach

AR IR 747 15 Amino acid variable sites
Halotype 14 21 29 30 40 45 90101 120 121 127
1 S H G G S A LAEMLFMLLLEH T L F
H1 LAEMLFMLLLEH L
H2 S — L
H4 S — . L .
H3 W Q S S N v — M P \%
166 176 179 186 208 210 227 228 311
\% % A v M A T A T
M
M
. . M
I % T I T T I T P

* 1S RAERUC AR . HERARIH3MIE . &R, BUR R BUH < ROR

Haplotype 1 is the sequence of amino acid of Tangara cucullata. The same as haplotype H3 is denoted by “.”. The missing fragment is denoted by “-”.

6 %45 1 IR FE L X (Takeuchi et al, 1996). MCI1R
SRR AR . T E(Anser caerulescens). %6 NS
(Stercorarius parasiticus) I ZL I < (Sula sula)- 4R
WoRH T R RAR IR A B IR O R, I H A
M A SRR RS SE D s 2 ), R
B = (Theron et al, 2001; Mundy et al, 2004; Baido et al,
2007). AR, IR PR B OAANE Y
MCIRIE A i /ARG, il tn, #07 J& (Phylloscopus)
343 5525 DL & W 76 W % (Lepidothrix  coronata)
W R PR AL R 7R HE 5 MC LIRS [R1 2% £ 1) A
KM (MacDougall-Shackleton et al, 2003; Cheviron et
al, 2006). {EAWIFLIISIR T, B H57MCIRIEX
Gui i DX TRI 4T A BRI AL S s 43 93 AT AE 4 FpLA% 7Y
2z, Hor AT 3R O R A A W] B VR R o
B e 41 R 2 s R R P 41, LR I8N s L R A
S AL, XL i BRI T IR R Y OC R,
FT DAHE DU AR 85 40 55 1 JB A 5 B AN 7 AR e O
TCHAERKR

AW W AR MCIRIE PR B 1) 2503 23 0 0 il 1
BORR L . Eizirik%(2003) I\ k72 M 2
(Panthera onca) #1141 £ (Herpailurus yaguarondi)
(IMCLIRHE PR 25 — 5 JIE X 45 HE LK) 15 bp M124 bp 1)
Bt o 5 R R A G o A8 4 Sk I Tk
(Leontopithecus chrysomelas) ) 22 {4 2 74 A~ 44 o [i]
BRI 2 55 40 B AR 1] (1924 bp (8N KEIR) 1l 2K
(Mundy & Kelly, 2003). X L6573 BHMC1REE K f)

BRAES YR b 5 BAGRRA G . AW R
J AR I RS R RS I 21 T MCARTE £ 268~
3037 H BB IS v BEk S (R SR L TR, R BEKG
%4936 bp, X2 6K, MERRE A4
P AR R X LB L B, X Sk R
A 57 BAL R BATR R G R o MR 122 SR
TR 57 1) B4k 503 Bk 3 DIAH G o

BEAk,  H R 2 A 1 2 PR 25 40 i 3 35 (a-MSH)
EAE ST 5B EFIMCIRG AT
HW, A F T I R I B IR (R R L AR,
2017). M 2B AT ERTS AT 55 I 2R (0 (A AL IMCIRAT
12428 B R 1 6k 2% (k2K J32 41y LAEMLFMLLLEH),
XA BE LS o-MSH 5 MCIRIN 45 & . ik,
BATWIDHEWT: T B R 2 55 v Bef T-MCIR
(28 250 =B IIX, iZBE I IX 45 My AE E AL A
YRS, A7 BT MCAR K T AT T 2 5, A
IEIZ B HEIR Fr B 1) 5% W] e 3 BUMC IR D R ff %,
P HE T B 40 i ¥ 25 (o-MSH) 5 MCIR [ 45 4,
S AMPIK VT, I S R IG5 O 2, ik
MR 2 B, PEOLROENIRN, A&
Jl SRR P R A

BETIAE L B A R A R L
M5 FRERTCHEE, X UL B @A R B iy
ER R A S AR O I B 22 5, B T
R AR AT R R I — 9 AR . PRSI
MR SEAG GUEAT 0 AT, I AN 2 SRR AL 07 A



63 FEWISE: BRR iR heae

& 5MCLRIEE R i AH S 693

B B U H3 R, H3 S B (0 B R S0 i 7
LRI AR DR I A AN S R AV 1 1) AR S
Al fe S B I AT G

FTRRE A5 I oA ) SR, VT 5
(2008) AN 5 LR AR AT G, BRI AR U i
oy M X A 2 P RIS A0 57 AE ISR, AR 2R
L bR AR 2 AT DX 35, a0 i R 3 ] 45 4 R W 55 )
MR oA, R A BN AR A iR T B R
o ARPEARDC T RL, KR 57 AT 2 oA T [
VL AR AR DL R S5 v X (1 2) R IE R,
2001; SPFHE4E 2009), A5 SRR RN 5
|7 RERFRA LR, B R Gk —
AT RS 550 BRI T IR . HUEAE 2 F
R A IIRE AT 57 (51 2R 5%, 2008), FEEAT57 11
EACFI A R SAFEER R, AT TP IR R .

B ARt K TR B BT T A AR
S_AR A AT HASLIB N An i SAS B B RAL G H B .
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