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Abstract To further verify the role of SLC38A 11 in melanin deposition in black bone chickens, this study
genotyped the SNPs loci of the SLC38A11 gene based on time-of-flight mass spectrometry analysis
technology. Hapoview 4.1 was used to analyze the linkage disequilibrium of all SNP sites, and detected
whether the SNP sites were in an H-W equilibrium state, and analyzed the correlation between genotype
and skin brightness L* value, and screened SNP markers that were significantly correlated with skin
blackness. The results were as follows: 1) The mass spectrometry detection rate of four polymorphic loci in
the SLC38A 11 gene was 100%, and each locus had three genotypes. The SNP1 of SLC38A 11 gene was a
missense mutation, the SNP2, SNP3 and SNP4 were all synonymous mutations. 2) Chi-squared test
showed that SNP1 deviated from Hardy-Weinberg equilibrium balance (P<C0.05) and the other three SNPs
were in Hardy-Weinberg equilibrium balance (P>>0.05). The genetic diversity of SNP1 locus was lower,
and the other three SNPs loci were moderately polymorphic. 3)Single marker association analysis showed
that the breast skin brightness L* value of the TC genotype at the SNP1 locus was significantly lower than
that of the CC and TT genotypes(P<C0.05). The breast skin brightness L* value of the AA genotype at the
SNP2 locus was significantly lower than that of the GG and GA genotypes (P<C0.05). The breast skin
brightness L* value of the TT genotype at the SNP3 locus was significantly lower than that of the CC and CT
genotypes (P<<0.05). 4)The Linkage disequilibrium analysis of four SNPs showed that the strong linkage
among SNP2, SNP3 and SNP4 produced three Haplotypes. Association analysis found that the breast skin
color brightness L* value of H3H3 Haplotype (AATTAA genotype) was significantly lower than that of
Haplotype H2H3 (GACTAG) and H2H1 (GGCCAA). After the combination of SNP1-SNP4 genotypes, the
breast skin color brightness L* value of TCAATTAA was significantly lower than that of CCGGCCAA,
TTGACTAG and CCGACTAG. the TCAATTAA genotype had a lower L* value for breast skin brightness and
a higher blackness. In summary, the SLC38A11 gene is closely related to the breast skin blackness, and
the TCAATTAA genotype can be used as a candidate molecular marker for studying the breast skin
blackness in Silky fowls. It will provide a theoretical reference for using molecular marker assisted breeding
to accelerate the cultivation of new Silky fowls with higher blackness.

Keywords black-bone chickens; SLC38A11; blackness; SNP sites; linkage disequilibrium
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Table 1 Primer related information for four polymorphic loci of SLC38A 11 gene
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e A e 5 1 £ B /bp  Direction of
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Gene Chr. . Gene single base )
locus primer . single base
length extension - .
. extension primers
primers
F:ACGTTGGATGGAGC
tcatcCACTAAT
SLC38A11- CTCTCAGCAGTTTTC
SNP1 " 7 rs740324212 o ) 110 R GATACACCAG
1SR T R:ACGTTGGATGATTCC e
AAGGCAGTCATACAC
F:ACGTTGGATGCTACT
SLC38A11- GTAGAGATGACAACC atcccTAACAAA
SNP2 . 7 rs313490398 101 R
51050+ R:ACGTTGGATGCATTC ACCTTCCAAA
AAGAGGAAAGGTCAG
F:ACGTTGGATGGACA
SLC38A11- ACAGTTAAAAGCAGAG tgttTTTTCTTC
SNP3 . 7 rs313831938 106 F
1258 5T R:ACGTTGGATGGAAG TATAGGTATC
AGAGCTTTTCAGCAG
F:ACGTTGGATGGCAG
SLC38A11- AGATTGGAGCATTACC TCTACTGCTT
SNP4 7 rs16594209 118 F
ENE T R:ACGTTGGATGGGAA TGCTAG

TGTAGCCATGGAAAAG
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Fig. 1 Sequencing peak map of different genotypes at 4 mutation sites of SLC38A 11
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Table 2 The genetic diversity of 14 loci of SLC38A 11 and the Hardy-Weinberg equilibrium test

SNP X0 WA A WG B SELGE s 3L V- A
\N e EXbES7 B REE ML 5 ZEMER A il - 1
{37 45, RS (He) (Ho) (PIC) (P
Gene  Frequency of 2 i
SNP Allele Expected Observe Polymorphic H-W
type gene type  Allele i i . .
locus frequency  heterozygosity  heterozygosity information content (P value)
cC 0.82 C 0.84
SNP1 TT 0.14 T 0.16 0. 04 0.27 0.23 1.21x10"*
TC 0.04
AA 0.04 A 0.19
SNP2 GG 0.66 G 0.81 0.30 0.31 0.26 0.743
GA 0.30
cC 0.66 C 0.81
SNP3 TT 0.04 T 0.19 0.30 0.31 0.26 0.743
CT 0.30
AA 0.42 A 0.63
SNP4 GG 0.15 G 0.37 0.43 0.47 0.35 0.395 2
AG 0.43
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Table3 Correlation analysis between gene loci and skin brightness L* value traits (Mean=SD)
R AL AL K RALFH BNl W 358 B Bk L E Bk
Mutational site Mutation type Gene type Breast skin L* value Number
CcC 51.68+5.54 a 157
SNP1 3T
. . TC 46.39+7.61b 8
rs740324212 C>T Missense mutation
TT 52.63+5.78 a 27
AA 46.94+7.71b 8
SNP2 ] 5% A%
. GA 52.02+5.47 a 57
rs313490398 A>G Synonymous mutation
GG 51.7045.66 a 127
CcC 51.70+5.66 a 127
SNP3 Ii] S 58 7%
. CT 52.0245.47 a 57
rs16594209 T>C Synonymous mutation
TT 46.94+7.71b 8
AA 51.8945.79 80
SNP4 I S 5% A2
) . AG 51.63+5.52 83
rs313831938 G >A Synonymous mutation
GG 50.7046. 35 29

L < 7] — 52 TR B AR ) /N 55 5 e 378 AN [ ik PR 8 g o e 3 1M 9% 55 J 25 (P<<0. 05) 6

Note: Different lowercase letters in the same column in the same site indicate that the skin brightness L* values of different genotypes are

significantly different(P<0. 05).

PRI A R Bk e B L R & IR T GG 5 GA SR 7Y
(P<C0.05) ; SNP3(rs16594209) i & TT K& P %1 fiy
Bk se B LE W% s T CC 5 CT X KA (P
<0.05).
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SNP2~SNP4 fF fE i iE B L &R, D" H¥ K 1.
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B39 A 0,443 0. 367 F110. 190,
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(a) Linkage disequilibrium plot of SNP1-SNP4; (b) Linkage disequilibrium plot of SNP2-SNP4; (¢) The haplotype produced after SNP2-SNP4

linkage. The color of the square ranges from light to deep indicates that the degree of linkage from low to high. The value represents the strength of

the linkage disequilibrium between the sites (Numerical value = D ” value X 100).
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Fig. 2

The linkage disequilibrium analysis among 4 SNPs loci of SLC38A 11
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2.5 SLC38AII BERSER=E LEE KX

o

SNP2 . SNP3 Hil SNP4 i & 7= 4= 1 3 o 545 A 4]
BIETEHET 6B (F 4, MFEAT U, BT

KW HIH3 BAA% AL CAATTAA KK D) i 3 Kz Jik =5
JE LAEBAR, B8 F A58 H2H3(GACTAG) fil
H2H1(GGCCAA) {8 6 Ffr B4 B 20 45 AR (1] 1) 75 58
IR RS J Jok 7 B LA 3% 22 S5 AN i 3

&4 SLC38A11EFE SNP2.SNP3.SNP4fi R B ERAFERRTE LMEMRXEKST(FHELIREE)
Table4 Association analysis of SLC38A 11 gene Haplotype combination at SNP2, SNP3, SNP4 loci and skin brightness L*
value traits(tMean=4SD)

i AR A S ﬁﬂk%@f[ﬁﬁ -
Measurement site Hapl?typ?e Gene type E Va‘]ue of skin Number
combination brightness
H3H3 AATTAA 55.80+5.73 8
HI1H3 GACTAA 54.7943. 44 22
25y * H2H3 GACTAG 54.0144.53 35
L value of back H2H1 GGCCAA 54.3443.39 50
H2H1 GGCCAG 54.1345. 11 48
H2H2 GGCCGG 53.68+3.25 29
H3H3 AATTAA 46.94+7.71b 8
HI1H3 GACTAA 51.0743. 44 ab 22
W 3 L H2H3 GACTAG 52.6246.40 a 35
L* value of breast H2H1 GGCCAA 53.0445.90 a 50
H2H1 GGCCAG 50.904-4. 72 ab 48
H2H2 GGCCGG 50. 70+6. 35 ab 29
H3H3 AATTAA 50.92+2. 54 8
HI1H3 GACTAA 54.2047.07 22
R R L HZ2H3 GACTAG 54.00+7.77 35
L* value of thighs H2H1 GGCCAA 54.46+6. 33 50
H2H1 GGCCAG 52.7844.12 48
H2H2 GGCCGG 56.75+11. 26 29

TE < A R 32 1] 510 AN [R] /NG 5 B 3 7% AN [5]  PR) 2 3 Jok s B2 L 28 57 35 (P<<0.. 05) o T Il

Note: Different lowercase letters in the same column at the same position indicate significant differences in skin brightness L* values of different

genotypes(P<20. 05), The same below.

SNP1~SNP4 4 /{3 5 4k i FE FH & I f5 , 3
PR AR 5 Rz JO A B LA S A T 2 S L 5. B S
ALK SNP1~SNP4 &b ) 3 [ 7 4 4 5, A R4k
INF3MBERAEAS 555 IE, A
AL AL A, Horp TCAATTAA Ja 3 K ik 55 i
LE %L, B % K T CCGGCCAA , TTGACTAG
A CCGACTAG, {H 8 Fft K& PRI 7Y (1) 4> {4% 1] 75 &8 iz 1k
FIR R B B2 LA 2 F AR B3

3 i i

SLC38AI11 % 11 #b & F rs740324212 C>T
(SNPD)Hy 5 L2 i s K 1 1) T8 &R (GCG) 7%
BT SRR AR (GTG) o & HE R M HAF 1 Y
WUAR 95 T 3O T R S A S T e & A AR Ak HE T 5E
M) A G B R A 2Rk R 4 L A T8 AR I 4 SR R R
RE (i 22 BK4E 12 2% B A D RE , 91 8 (1 ) e e AR
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R5 SLC3SAII EESNPI~SNPALm EHERBSRKZE L EERXES W (FHELREE)
TableS Association analysis between combined genotypes at SNP1-SNP4 locus of SLC38A 11 gene and skin brightness L* value

traits(Mean=+SD)
PEAR Ak ] 1Y SERELHME Hohr
Trait Gene type L* value Number
CCGACTAA 54.4943.79 13
CCGACTAG 54.414+4.51 17
CCGGCCAA 54.39+3.41 49
L CCGGCCAG 54.08+5.15 47
L* value of back CCGGCCGG 53.68+3.25 29
TCAATTAA 56.46+6. 60 6
TTGACTAA 55.22+3.01 9
TTGACTAG 53.64+4.65 18
CCGACTAA 51.13+4.27 ab 13
CCGACTAG 51.734+5.94 a 17
CCGGCCAA 53.20+5.86 a 49
Jiy B L CCGGCCAG 50.9644.75 ab 47
L* value of breast CCGGCCGG 50.7046. 35 ab 29
TCAATTAA 46.26+8.95b 6
TTGACTAA 50.984+1.93 ab 9
TTGACTAG 53.46+6.87 a 18
CCGACTAA 52.98+4.13 13
CCGACTAG 52.5446.33 17
CCGGCCAA 54.5046. 39 49
KR ER L CCGGCCAG 52.7844.16 47
L* value of thighs CCGGCCGG 56.754+11. 26 29
TCAATTAA 50.59+1.54 6
TTGACTAA 55.96+9.98 9
TTGACTAG 55.38+8.89 18

HETT G R A AR AR B AR AECURE Y R B 2 PR
B SLCIZTAS H A 114~ SNPs, Horr 2 4~ 45
Sl SR AR R RE S W ALK OB R A S, A
M52 e HL 2 o MR o A 9% & B SLC38A 11
rs740324212 C=>T v s (1 AR5, 22 3 5 5 3G B 44
TC e R BIAS R 5 €8 8 4 v, Ul W1 3% SNP 07 8 A
1 G AR VAN A5 R W IR B JER L J3E 1Y) G R R PR %
A5 DL AR FHAL 75 B R R 76 48 B AR K OF
ik — 25 BF 58 TG IE

W 2% 4 (He \Ho) F1 PIC A 5 B 44 8 1%
ZREVE B RN, L2 RE R R U 3 AL T R A
B, SLC3SATIHE A 44~ SNPs 7 &5, SNP1 v 5,
PIC=0. 23(PIC<C0. 25) , ] B J¢ & FF He=0. 04 il
WL2E J% A B Ho=0. 30 ¥ 3 K , i W 3 1k Py 32 % 22

SR/, SNP2.SNP3 Fl SNP4 3498748 i i A
HEE 22 251 (0. 25<<PIC<C0. 5) ,He il Ho>>0. 30, i}t
W13k 34 i B B s A 2 R AT 5 R
L BRI B RO E O E . H-W O ARk
W) S5 A BEAR R 8 K B AL AC D I A R R |
A AR LG EHEEP R RRE
NS RN LT R 2N 6+ 7 N N TS = TR R
W BL A A 25 H-W PR3 . ARWE5E H-W - i
K 56 25 b R, rs740324212 C>T (SNPD) i 5§
H-W PR 2, 3% ] G2 T2 FIXE 22 291 2 5 8 Ak
H AR ZE L, T2 E AT N T 38 Bl BE BT, I 4 5 68 B F
7T 240 E & T, 580 55 SNP 7 £
(SNP1) J [H] 7Y (18 A 44 Kl i fig 20 e 35, Ho i 25 H-W
PR . O I R AR RE A R R,
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J& 2 A 2B G XY SLC3SA 11 HE R 43 A K 5 B 1k 5 € 8 SCHE 4317 9

TR R BRI — 2P B IE

SRR AT fER R R R
0 1 P €0 2R A0 M R U A Ry Ak R RS AT
W2 iE A SRS 38 G B 3 R A ) R R B Y
PR RO KA B U AR R S RS AR AR b
B2 7 B Z2 0 G R 4k s ) R 2K 4 i
(4 A SRR A3 AT A BIESE R B, SLC38A 11 H: A
PAARIC A [A] JE X L SNP2~SNP4 i % i J5 B4 A
ZH A A1 SNP1~SNP4 v i1 20 A HE A 5 22 59 5
X ) 38 R R e BE LA S 35 AR G T 5 7 R B PR R R
JR S R R e BE L fH R AH G o b ik g5 AR Ul
SLC38A 11 X J o Z Ui O 8 7 A= 8 2252 ), ] fig
Xof Pt 25 U 44T i 0 s 0 34 A 3 1) S A R A R o
A BEAE R, DA R 1 8 e R PR R OB A
BES A, T K AE 40 i A KO — R E . 18
Z W R W, KRR IL PR 5 BE LB B e Bz ik LA
Y 5, LR, Bk L B, 5
JE R R R S iR B ST TSR LE AT AE R
Lo YRR B S F 448 AR WS 3E 2o
E 7R 5 B L~ ok N R bk e i

Hobrid 5 Ok 52 Lo M OC v 4 et
SLC38A11%5 7 4h i T rs313831938 (SNP4 A>G)
GE AR A R IR S 0 B AN R G A I A ST A
M i} &% BLiZ A% 15 5 SNP2 #1 SNP3 . SNP4 fif 5 777
mEMRE DEY L HEYE ™AW
AATTAA PR & Bz Bk 5t 58 5 25 5 T HoAth I
AL A A7 SE SR 7= A T A 3k A 4t
—HMER A EE RN, 52 H ST FEEES
WF ST 45 B AL, X s 3E — 20k W] 3% AU 1% 722 1k 7T fig
H B AR g S, b PT RE R 22 4 28 AR A AN B
FH I B, 32 BN - 7 43 B e 6% 5 00 % Bl Y SNP £
PN VT | R v S P 1 I I A VAP O 1 B (2 S I ER N
UNSE S8 T Ei TR A NS R i = W 2 (N
A R B B R e B AR A SINP S o5, T HE B G BN
S KO AR S I I 50 A R 22 38 5 X 4 )T
ZAMARR AN TR, Hoh A T8RS 2 I, 3 ] B8
J& SLC38A 113 £ A4~ SNPs o7 5 ] £ 75 5 2 4l 7k
i A

SNP1~SNP4 4 4~ SNPs fi &5 B K A 4 9 5
TCAATTAA KPR Y8 2 k52 B L3415, 5 (0
BER G 5 WK 1 RO IR i — 2D 56 U, DA P i 4
Bl 5 0 B R 1 22 3P 5 XS 4 T bR e il B B Rk

N RE [ 15 B 5 0 B I S T 5 R R A Rl
1Ak A F BB — 2 1 2 AR

4 4 it

SLC38A 11 K 5 22 30 1 & %8 i # Ke Jik 15 8,
UM, TCAATTAA J K B Al 75}y BF 58 22 0] 1
X S R R R BE (AR 4 AR D AR B R R
— BRI A3 F A e il B & RO P B B 0 =
223 5 X S A RS
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