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Inheritance pattern of the new plumage pattern trait “heart—
shaped lacing feather” in Jianghan chickens

ZHANG Miaoshuang', GUO Yifan', WU Lifeng?, LI Jingyi"
(1. College of Animal Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2. Hubei Xinhua Ecological Livestock Development Co. , Ltd. , Anlu 432600, China)

Abstract The purpose of this study was to explore the inheritance pattern and mechanism underlying a
newly reported phenotype, namely “heart-shaped lacing feather”, in Jiang Han chickens. This phenotype
consists of a heart-shaped eumelanin pattern at the end edge of a feather. In this study, the associations
between the phenotypes of heart-shaped lacing feather and its candidate mutations (related mutations of
GJAS, SOX10, and MC1R genes) were analyzed mainly through two methods: testing in a large population
and in a constructed resource family, followed by the establishment of a molecular breeding protocol for
“heart-shaped lacing feather” chickens. The results showed that: 1) There was no significant association
between the upstream deletion of SOX70 gene and the trait of “heart-shaped bordered feather” in Jianghan
chicken (P>>0.05). 2) Four missense mutations in MC1R gene (Met71Thr, Glu92Lys, Ala143Thr, and
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His215Pro) and the haplotypes formed by them were all significantly correlated with eumelanism in feathers
(P<<0.05).

position of eumelanin in feathers were mainly affected by the indel mutation in the upstream of GJAS gene.

3) In the feathers with the ability to deposit eumelanin, mediated by MC1R, the specific

Thus, the GJA5S mutation played a major role in determining the “heart-shaped feather” (P<<0.01), and
showed partial dominant inheritance and sex-influenced inheritance; 4) Joint analysis showed that MC1R
mutations had epistatic effects on GJAS5 mutation; 5) After screening, it was found that individuals with
mutated or heterozygous MC 1R 92 amino acid site, wild-type 143 site, and mutant of GJA5 upstream, have
the largest proportion of heart-shaped feathers (85. 19%). Therefore, the molecular breeding protocol for
heart shaped lacing feather chickens, consists with selection by phenotype, then the 2 MC1R missense
mutations, then GJA5 mutation, were established. This study identified the inheritance pattern of heart-
shaped lacing feathers, which laid a foundation for breeding of domestic chickens with this phenotype,

giving full play to the role of feather as a labelling trait, and increasing the competitiveness for the spent

hens of Jianghan chicken.

Keywords Jiang Han chicken; heart-shaped lacing feather; molecular breeding; GJA5; MC1R
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(a)No eumelanin deposition; (h) Eumelanin deposited at the edge (i.e. ,

heart-shaped lacing feather) ; (¢) Eumelanin deposited but not at the edge.

E1 REPBRBSHE
Fig. 1 Phenotypic classification of sampled feathers
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Table 1 Sequences of PCR primers for amplified fragment length polymorphisms

EEE
Target gene

I F 51 (5'-3D

Primer sequence (5-3")

5] WK & /bp
Primer length

F1: GAGGGTCAAAGAGAGTGCATGA 22
GJAS R1: GTATAAATTGAATGCAAATGCAAGG 25
F2: ION+CAGGTTAGATGCTTATTAAACTACTGCTTA 40
R1: CCTTGTGGAGACCAGGTGTT 20
SOX10 F1: CCTTTGTCTTAAGGCTCCTCTTT 23
R2: TGCTGAGACATTTGCTGACA 20

T GJAS ZE78 IR B 140 A BE 52 53 5 SOX 10 2788 R R 251 490 0 90 3 11 SCHik[ 9] 0 “ 10N+ 36 75% 538 19 10 4 Bt AL B 3 5 91

VSR 387 W K

Note: The detection primers for GJA5 mutations are designed in this study, and the sequences of detection primers for SOX10

mutations are from the literature [ 9].
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“10N-+" represents 10 random base sequences to increase the length of the product.
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% 2 PCR-Sangerll 3| ¥ 5l

Table 2 PCR-Sanger sequencing primer sequences

ERE 19741 (5'-3) 7R /bp
Target gene Primer sequence (5-3") Product size
F: AAGCGGGAATGCACAACTAC
GJAS 709
R: GAGTCCAACAGCGTGAGTGA
F: CTTTGTAGGTGCTGCAGTTGTG
MCIR 1049

R: ATCCATCCATCCTCCTGTCTGT

£ 3 MCIRS5REXE 4/ SNPH KASP EE 5 &3] 4 5 5
Table 3 Primer sequences of KASP genotyping for the four MCRI SNP associated with the phenotypes

K 5149 7741 (5'-3) T K JE /bp
Gene Primer sequence (5'-3") Primer length
F1:GAAGGTGACCAAGTTCATGCTACAGGAATCTGCACTCGCCCAT 43
MCIR-M71T  F2:GAAGGTCGGAGTCAACGGATTCAGGAATCTGCACTCGCCCAC 42
R:CGGCCAGGCAGCAGATGAAGTA 22
F1:GAAGGTGACCAAGTTCATGCTCAGCAGCATGAAGAGCGTCTC 42
MCIR-E92K F2:GAAGGTCGGAGTCAACGGATTATCAGCAGCATGAAGAGCGTCTT 44
R:GACATGCTGGTGAGCGTCAGCAA 23
F1:GAAGGTGACCAAGTTCATGCTGCCGTGGACCGCTACATCA 40
MCIR-T143A  F2:GAAGGTCGGAGTCAACGGATTGCCGTGGACCGCTACATCG 40
R: TAGCGCAGCGCATAGAAGATGG 22
F1:GAAGGTGACCAAGTTCATGCTGGAGATGCTGCGCACGT 38
MCIR-H215P F2:GAAGGTCGGAGTCAACGGATTCTGGAGATGCTGCGCACGG 40
R:CTCATGCTGGTGCTCTACATTCACAT 26
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bp M 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 bp
2000 —

— 1257
i
500 — — 611

M 1t % Marker (2000 Marker) ;0 7% B E X8 52.3.5.6.8.9.10,15.16 .22 %4 2 447 , N AR AW 5 1.4.5.7.11~14 17~21 23 % K4
611 bp—Z57H7 , WEF A

M represents Marker (2000 Marker) ; Lane 0 indicates a negative control; in eachof 2, 3, 5, 6, 8, 9, 10, 15, 16, and 22, ther are two bands,
indicating heterozygote; in eachof 1, 4, 5, 7, 11-14, 17-21, and 23 lanes, there is only a 611 bp band, indicating wild-type.

2 REWIENMER SOXIOREHERE
Fig. 2 Genotyping of the SOX 10 mutation in the large population.

R4 KBESOXIVERBERAB ST
Table 4  Statistics of SOX10 genotypes and phenotypes in the large population

mgHBOAR FHgARAR

SOX 105 [H 1 i 4~ {3 - - EHMEE . i P
PR Vit CREE i wam R PE
Number of individuals of . . & .. P value of Chi-
Marginal Non-marginal . Total  Chi-square value
SOX10 genotype . . No eumelanin square test
eumelanin eumelanin
B 4= Wild type 97 97 91 285 0. 344
Z& 4 Heterozygote 15 16 7 38 2.58
7 7% Mutation 0 0 0 0 0
BT Total 112 113 98 323 2.92 0.231
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(a) MCIR R 715 S B MR A a5 FE I T (MCIR(71) :212T>C) 5 (WOMCIR $& M 92 45 & I A S 3L N AN (MCIR(92) : 274G>A) 5 (o)
MCIR FH:H 1435 & FE A BN B (M CIR(143) :427A>G) 5 (AMCIR FeH 2155 2 FE R 4 f B B (M CIR(215) : 644A>C)

(a) Genotype of MCIR gene amino acid site 71(MCIR(71):212T>C); (b) Genotype of MCIR gene amino acid site 92(MCIR(92):274G>
AD;(e) Genotype of MCIR gene amino acid site 143(MCI1R(143):427A>>G); (d) Genotype of MCIR gene amino acid site 215(MCIR(215):

644A=>C).

B3 MCIRREMAMKASPEESHEBHER
Fig. 3 Partial KASP genotyping results at M C IR mutation locus
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Table 5  Statistics of genotypes and phenotypes of four amino acid locis in MCIR gene in the large group

HMGAHBOAFR FLZEEEOR

MCIR % F: 8 {3 o5 35 (K 19 - . THBEGAR RIE YR8 P A
Genotype of MCIR amino ‘(IL% viH . D& kAT Chi-square P value of Chi-
acid site Margma.l Non—margl‘nal No eumelanin Total value square test
eumelanin eumelanin
71% TT (Wild type) 13 14 18 45 2.012
71%5 CT (Heterozygote) 55 27 62 144 19.5
71%5 CC (Mutation) 42 72 17 131 27.5
715 B it Total 110 113 97 320 49.0 2. 25X 107
925 GG (Wild type) 9 15 17 41 3.62
925 GA (Heterozygote) 58 23 64 145 25.0
925 AA (Mutation) 45 74 17 136 29.6
92 % B il Total 112 112 98 322 58.2 2.33X 10 Pk
143 %5 AA (Wild type) 78 86 29 193 21.8
143 % AG (Heterozygote ) 33 26 59 118 22.2
143 %5 GG (Mutation) 1 1 10 12 15.9
143 %5 il Total 112 113 98 323 60.0 2. 75X 10 %
215% AA (Wild type) 31 25 17 73 2.49
215% AC (Heterozygote ) 47 20 64 131 29.4
215% CC (Mutation) 34 68 17 119 28.1
2155 &1l Total 112 113 98 323 60.0 9. 41X 10 M

e R SR R R 55 SRR O R IR B 3 G (P<<0. 01D, Il

Note: **indicates that the relationship between genotype and phenotype is extremely significant. (P<C0.01). The same below.

£6 250 EHBMCIRERBERE RSt
Table 6  Statistics of haplotypes and phenotypes of MCIR in 250 hens

B KRR PE

AR WHHEHBORIE FLHZERORIE LHERORINE HiF o
. . . . . Chi-square P value of Chi-
Haplotype Marginal eumelanin =~ Non-marginal eumelanin ~ No eumelanin Total
value square test
MCIR(HO) 0 1 1 2 1.03
MCIR(H1) 32 64 17 113 28.3
MCIR(HOHD 29 7 10 46 17.7
MCIR(HIH2) 3 6 52 61 79.7
MCIR(HOH3) 21 7 0 28 23.5
it Total 85 85 80 250 150 1. 89X 10~ *h#x

TE - HO g 447 s A2 T WFAE AL H o KA 143 5 (3 05 A WF A Y AR 3 i S S8R AL s H2 O KU 143 5 (0 6 S8 R HARY 34Nz i
WA= 8 s H3 Sy A 215 i P AR AL, HAR 3N A S
Note: HO consists of all wild-type in the four loci; H1 indicates that only 143 AA is wild-type and the other three are mutant. H2 indicates that
only 143 AA is mutant and the other three are wild-type; H3 indicates that only 215 AA is wild-type and the other three are mutant.
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RT GIASERBESRBEGIT
Table 7 Statistics of GJAS genotypes and phenotypes

. ; NG IR R YA 3 ; s RoXowi
GIASHIEM  mEHMEEE R ORI ey g O P
. . Non-marginal . Chi-square P value of Chi-
GJAS genotype Marginal eumelanin . No eumelanin Total
eumelanin value square test
PF 4= Wild type 20 77 43 140 32.8
7% 4 Heterozygote 63 29 41 133 12.8
% 7% Mutation 29 7 14 50 14.2
it Total 112 113 98 323 59.8 1. 01X 10 s
bp M 0 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 21 22 23 bp

250 —

100 —

—133
—108

M : Marker(2000 Marker) ; 0: B i 52.3.5.7.13,15.17~19.21 .23 %47 2 57 , WA 7% ;1.10.12 .14 .16 .20.22 % H A7 108 bp — 4577 ,

AR

M: Marker (2000 Marker) ; Lane O indicates a negative control; in each of 2, 3, 5, 7, 13, 15, 17-19, 21, and 23 lanes, there are two bands,

indicating heterozygote; in each of 1, 10, 12, 14, 16, 20, and 22 lanes, there is a 108 bp band, indicating wild-type.
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Fig. 4

Genotyping of the GJA5 mutation in F2 individuals
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Table 8 Phenotypic statistics of male and female when the GJAS mutation is heterozygous in the resource family
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5% Rooster 8 0 0 8
£ 38 Hen 4 3 2 9

17 7E [ P X8 Fif v i U8 28 1) A 6 8 AL AE P 6 R i A7
NG HBORTE . BARZ AR L 4% A
SISO tiE e a1 N 3 R N G [ i

Li 46 3 B AR 3L I (Melanotic , MDD B TR 2
A I 1T A BT A U R R XU 1 48 S 8 45 Bl
il %A GIAS FER Y L i 45 #9485, T 3 3K
GJAS ik it 1284k o AR AR AF 58 R HE PR 17 45 0 &5
ORI GIAS BB LN P R ERE
B . AR5 BRI R R W 58 A SRS TR 9 02, K
R T D GIAS B AR BUE R IO IE B P LA K
Dit GJAS RAAH R P ERmih % L HEB AR
U P A, 33X U0 W2 R AR v A R Y 28 A8 77 A
TYHGAS #AME &M R WIER. 446
Andersson 2517 B B4 TR R [R1ARE 52 0 2P 26 N 4K SCRY
Co JE R 1t Al 2 A7, B LA BEAE N ASBIF 53 19 fi 12 28
ARz — o i Co JE BRS04 £ 78 v] BE Bk J2 72 VT IS
B A ML H] 100%6 1 B IR 2 — o A58 8 4k

2 O 13X 2 D FROR SCHR B AN A R A2 4 T g
ALFE Co BE HAE P BB 9 P B AR SC IR O IR 28 748 | 52
IR B 4 VT 1 35 A% T

Zoat A R sS AT, © M E Y 1Y E A
B E D 8N 43 IR S BOP RR S B
SO E R o P AR EXE
HHEN W MCIR B, HFEE D — 5B PH
KM MCIR G X 2872 ) [ i} Ellett'™ 55 Ling 251
WA T 5P EAIEN E*WH S ExY M CH
MCIR ¥ L7 . M MCIR $k iR B £ S
g MR R Z B e I OC, H F A R R g
ik, W BRI, MCIR JE N 71,92 5 & IR
S 75 B 1Y 9 5P B b LR R 0 G A, T 143 45 a1
i 57 UL s 1010 AR IR 9 A R R ARG T 4 R 5 i
N8 — 50, Bl MCIR B3k S 58748 5 BAE QLR
RIS AE 35 G, JF At — 5 &M T MCIR
RAAFEEEGAHEBRARIE AL, MAEEEA



2025 4F 45 30 %

(a) (b)
=
. T 08
< <
& R 3
0 2 S 06
- 2
E- o] =32
= 3 =
& F g 04
2 = £
=2 %
o =
% E ;J 202
5 i
g &
T
() (d)
& g
S 3
< o E
% E =z
N - L.
o ]
P <
£ 3 F3
pal= g
fr 5 2 £
el £ =0
S R =
RS é ) S
g g
¥ o

Grys gors T HHE (&

(OMCIR FE R 715 G FE R 07 53 BE PR B FT GIA S KRR R 5 2« R PR AR A U9 ) = 2R B 5 (DO MC IR HE R 92 5 Z KL R A3z i Bk R LI GJAS
FEPR Y 55 0 A SRR L ) = 4k 7R JE TR 5 (OMC IR SE TR 1435 E AL R m3 ZE PR BRI GITA 5 SE TR 70 5 7 R PR AN LU i = 4 7s B8 5 (DMCIR
B K 2155 AR AL BE P BT GIA S BE PR 0 5 S0 AN SR HE 31 fy = kR TR

(a) Three-dimensional schematic diagram of the ratio between black and non-black phenotype for different combinations of the genotypes of
amino acid site 71 in MCIR gene and GJA5 gene; (b) Three-dimensional schematic diagram of the ratio between black and non-black phenotype for
different combinations of the genotypes of amino acid site 92 in MCIR gene and GJAS5 gene; (¢) Tree-dimensional schematic diagram of the ratio
between black and non-black phenotype for different combinations of the genotypes of amino acid site 143 in MCIR gene and GJAS5 gene; (d) Three-
dimensional schematic diagram of the ratio between black and non-black phenotype for different combinations of the genotypes of amino acid locus site
215 in MCIR gene and GJAS gene.
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Fig. 5 Interaction analysis of GJA5 and MC IR mutations (with vs without eumelanin in the feather)
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(a) Three-dimensional schematic diagram of the ratio between edge black and non-edge black phenotype for different combinations of the
genotypes of amino acid site 71 in MCIR gene and GJAS5 gene; (b) Three-dimensional schematic diagram of the ratio between edge black and non-
edge black phenotype for different combinations of the genotypes of amino acid site 92 in MCIR gene and GJAJ5 gene; (¢) Three-dimensional
schematic diagram of the ratio between edge black and non-edge black phenotype for different combinations of the genotypes of amino acid site 143 in
MCIR gene and GJAS gene; (d) Three-dimensional schematic diagram of the ratio between edge black and non-edge black phenotype for different

combinations of the genotypes of amino acid site 215 in MC IR gene and GJAS5 gene.
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Fig. 6 Interaction analysis of GJA5 and MCIR mutations (marginal eumelanin vs non-marginal eumelanin)
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