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SR IKVAE 0.2%6~0.8%0 B, W1 S5 X5 Bk A0 i AL
PR 2R B R SR /KT R B R T G

ERI, P A2 38 6 1 5 30 PR 25 A TR
19 BERFAIE LA Ko BB A 25 110 ) B Ak~ I 55 TR A T T
TARAIFFE 1) B A S [ 50 0 005 A Ay L, 25 4 i %
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R, DL R ifE— 20 Bif 5% B8 0 3 DO RR %) 4 i 2 P 4%
PEAEHLS A , B2 o B 1 25850V F AR AR 1
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1.2 BREHYER
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Table 1 The composition and nutrient levels of basic diets

HHEZH AL, i/ % EIKT %
Diet composition  Content Nutritional level Composition
G g/ (MJ/k
K Com 60.05 | [UMEE/M/ke) 12.34
Metabolizable energy
FH A 0
ATk 2.00 HLE 1R/ 20 18.06
Wheat bran Crude protein
- L\ 0,
. EXREOH 7.33 ‘%/,A 0.82
Corn gluten meal Calcium
ok bk /0
2 18.00 R 0.42
Soybean meal Available phosphorus
S i 4TS /O
RS 157 FeamR v 0.80
Dicalcium phosphate Lysine
G
} Akt 0.59 ﬁ%&% 0.36
Stone powder Methionine
4k Table salt 0.37
TR
D.‘ (er 1.00
Premix mixture
AR Lysine 0.07
%2 Methionine  0.04
A1t Total 100.00

L FOREN S e R e R AR TR, A A SO
Note: The premix contains vitamins, trace elements. metabolizable

energy is calculated, others are measured.
e W G e il U0 R Ao, M D) A (60~70 nm) 22
it Rl AN AR BR AT U €4 )5, JEM-1400 FLASH 1%
S BT AR
1.3 REHANFLE

KA WAL 51 4R U0 R S
K FrER LRSS A PBS S IR Uk, 4
S 1y o P s g Ak R L DT 7 2 4 BEL KT, = T
H L ABIM—H(TYR.TYRPL . MITF £ 524k [
WA T AR R, CREBL £ s pdiiAkng [ il &
A E YR A AR, PBS whk 3 ¥k, T i —
P, PBS #hik 37k, DAB &0, i AR AKE 2 e, Bt A
JEHAT ISR
1.4 ZERREHEEPCR

1) 42 B4 21 i 5 RNA. R #E TaKaRa 1
RNA $2 i) & At W] k7

2)RNA MR AYIE . BT pl i RNA BE G %
Ah =43 66 BE 43 B 2 OD g0/ OD g0 ey TEL FTEL
RNA W EE, Y HAEAE 1.8~2.0 I R $2 B RNA 46
FERT , DNA FIE T 55 2% T 5 /b, (RIS I HL UK
Rl RNA f 5 84

3) UG SR o A WA e BR TaKaRa 19 & %
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SRR G Al FH BRI A5 A T4

)5 E i PCR UV . FIFHARXT 208 5 PCR
1) 75 ¥ 98 TYR . TYRP1. CREBI 1 MITF 3
mRNA 33k, 286 | PCR G # L% 2, th Lt
Y TARABRA G, DA AR B AN R b R

AR LK) cDNA VE R 55 7 PCR WS AR , [z
M AR Z A 20 pL: 2XTB Green Premix Ex Tag 1l 10
pL, BRES19145 0.8 pl, Bl DNA 2 pl, A ddH,0O
R R . S e BB B E AT, B FEAS
HE 3.

K2 KHAEEPCR3Y
Table 2 The primers of fluorescent quantitative PCR

e S5 (5—3) P /bp B KR/ C
Genes Primer sequences(5—>3") Product length Annealing temperature
F:GGGTAGTGAAGGCTGCTGCTGAT 114 60
GADPH
R:CCGCATCAAAGGTGGAGGAAT
TYR F:CACTCTTAGGTGGCTCCAATGTG 156 60
R:CAGTCCCAGTAGGGGATGGTGAA
TYRPI F:GCAGTTCGAAGCCTTCACAA 130 60
R:GCCACTCATCAAACACAGCA
CREBI F:CAGACGACCCTCCTACA 187 60
R:AATTGCTCCTCCTTGC
GGTCAACAGGGTCATC < . -
MITE F:GGTCAACAGGGTCATCAAACAAGAA 135 60

R:CCGAGGTTGTCACTGAAGGTGAT

1.5 F&HRIE 7%

SR FH AR 2 o 9 G T AR i 2 /K S o [ B 1
R 2R (2 AR G N A AR . SR 2 22 kA
Wit CREBI.TYR . TYRPI #1 MITF % [H 1 4t —
BE A AR Rk
1.6 HIFESH

A B A R L bR 2" Ron . THE
J& K JH SPSS X #4685 S pEA T AT .

2 FER5HMH

21 BERESBEERMAEMEN

P P11 AT UL [ 5 R L R o R AF A RN
— HEB R T D R R R P R 3R AN 2
TR ILI 2, AN % 7 (5 )F S 1510, 40 i T
TRAETEAN R 25y SRR 288 | BB T A6 IS 400 il 5 ok
AL B AR BRI Z5 0 5 2 A . B R A
AN 404, 40 R A2 S S 0 0] 4 A6 TR | H 4
(A2 O P 4 o A N N - 5 7 N S R R
1 UMb 38 AT ) R FE /M, K 2 B R [RDE B (R
o T 00 R A AN, 4 I A
FMESE A BN S RIEZL

P L 2 ] UL, 7 [ R 2 X8 S A I B I 2 A D
RO, BORMEESERNIE, ki
JIN S 20 RS G G B 5 A A e € R o A 450 T D

OIS EREARMMBAN R OR/IMEEZ RN,
BT/ NMAIEAR Bz IR AR Z S [BE S0 1Y

FH L 37T UL, 7E /N Hh R 60 22 20 AL T b AE )2
TR R FAb , A0 A O 2 24, IR N 25
WS, AT OGS DB BB R /ME . R
F/MEEZON VI, BIEAR 322 R RE Sobf [BE
22 RALZUFLBER

e [ D5 5 X0 45 20 2 e 1) f i 20 A T i 0 R
BRI EA TYRMETEN, HE 47T WL, TYR
T [ J57 55 38 /N g I e JUL e 34 TG 2 3k, il Y
A A TR

T [ Ji 55 X0 25 28 2 ey, 1) S i 20 Ak T i 00 R
6 F A WA E 1 TYRPL #E47E 47, i & 5] I,
TYRPL7E [ J 238 /N g i e v 34 o 3238 5 76 52
JoT 240 e e A A B 5 7 e AL R AL 4 A 1 e I
WA 55 B RN

T [ Ji 5 X0 25 28 2 ey, 1) S i 20 Ak D7 i 00 R
6 R A O e 1 MITF #hfr @ Ar, | 6 7T WL,
MITF 7 [ 5 525 38 /N g il Bk By UL LRI vp 35 4 3%
K 5 7 S 5 40 M R BE A S 0 5 7 i JUL A B 4 L4
L B IS v A B R B N 5 A T 1 28 S A i
A AR TN R T R N IR UZ 8
BRI S

T [ D5 25 X0 25 28 2 ey, 1) S 72 20 Ak T i 6 R
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ARG ER I B .C D JE KA I o F o BUEFAEANM 5 €2 R 2k s MC 2 B AN MS : S Z M DS Ak T I IV b B ER
IR A KB I N AR ; SMC A E 3 UL4IHE . A: The epidermidis of skin; B, C and D: The dermis of skin. F: Fibroblast; f: Collage-
nous fiber; MC: Melanocyte; MS: Melanosomes; DS:Desmosome; [, I, Il and IV are the four phases of melanin bodies; N:Cell nucleus;
SMC : Smooth muscle cell.

1 BERS0EKEERMAMENBMEN
Fig.1 Ultrastructure of skin melanocytes of Guyuan silky fowl

ACREMEBE TR B A B RFCR ;D C FB R . MC: B AR MS: B AR/ N 4. A, C:Submucosa of
trachea; B:Local amplification of A graph; D:Local amplification of C graph. MC: Melanocyte; MS: Melanosomes; N: Cell nucleus.
B2 ERSBSEZRBIMMEEBHREN
Fig.2 Ultrastructure of trachea melanocytes of Guyuan silky fowl
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ANGEBEE BT Z ;B AR . MM ZEILZ ;MS: B A2 /M, A: The mucosa and submucosa of small intestinal ;

B:Local amplification of A graph. MM : Muscularis mucosa; MS : Melanosomes.

B3 ERERS/NNgEERAEEHEN

o
R

AN B IFNE; C S L D iU ; /NG 5B S FL P R <
FonEFE M, FIH . A:Small intestine; B:Liver; C:Chest mus-
cle; D:Lung. Lowercase letters are the negative control; “—" indi-
cates positive staining. The same as below.

B4 ERESBARRE TYRREHWLE LX)
Fig.4 TYR immunohistochemistry of Guyuan silky fowl

{6 24 A 4 E 1 CREBL HEATE N, i & 7 8] I,
CREBI1 7 [& J5 2 38 /N gy i e fg L -1k e 245 3%
A 5 7 S 5 40 P A BE SR 7 B AL A - L4

it
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e
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g

s,
Rl
e 4
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e &4,.-4»(3%»'.@‘. o O & ﬁ_-%
E5 BEFRSIBAEALARFRE TYRPI REHMEEE400x)
Fig.5 TYRP1 immunohistochemistry

of Guyuan silky fowl
5 P00 e ) = 200 0 A A B S0 5 2 It I P 40
SE S BRI e N EE T R N
Bt UZ A BAME SR o 7 [ 5 X8 45 21 2, 1)
fo 2 2l Ak 7 TR B8 R A M G B A TYR.
TYRP1.MITF .CREB1 #4727 , & 1 BM2000 )%
2 MBS B8 TS TR 2 23 400 4500 B v 14 B £ 43 A
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Fig.6  MITF immunohistochemistry of Guyuan silky fowl
AR, 126 3 AT L, R 0.8 %6 & & iR 41 v, il 0 v
TYR A9 FHE 5 0 55 %F B8 41 45 BT 386 Jin s TYRP1 78
0.8 s 2 R 21 114 B FLARI U v i BE 44 B Iz b vl 201
A TGN MITF 76 0.8 %6 it 20 1% 21 1y e LR U v
14 BH P B2 0 B X B ZH A T 36 s CREBL #E 0.4
0.6 6 .0.8 %6 1% S R 41 1 i UL i 1 PR s bz e ) R 241
A PTG
2.3 TYR.TYRP1.MITF#1 CREB1 X E B K%
ENHH

R4 L, LR 2l ,0.2%.0.4%.0.6% .
0.8% B& R4 1Y CREB1 3N F ik 5%t BLH A L
Y22 ROR % (H CREB1 3L K 36 1k B 4975 A R B2
MIHE o /N Bk IR 20 20 rp 45 A B2 1Y
CREBIFHNFRm G B M EFALE

th 2% 5 Al L, FFAEZE 20, 0.6 96 . 0.8 %6 i 2 i 4.
() MITF 3 A X 26 3k B 3 T 41 (P<<
0.05) ; FZ k121 ,0.2%,0.4 % .0.6 % .0.8 % [ 2 2
H Yy MITF FE H 3R 56 i 34 W 2 5 T X B4l (P<
0.05) ; LA LEURI/ NG AL 2, %o R ZH 5 b 34 T B

K " |
Bl s L TG

BH7 EEREWBEALSEE CREBTHREMHANEEEMOOX)

Fig.7 CREB1 immunohistochemistry
of Guyuan silky fowl

EER.

26 m L FENLA 12, 0.2%6.0.4%6.0.6 %
0.8% M & R 2 i TY R 36 PR AR X 26 35 1 5 0] HR 4 22
SN E R TYR 3 H 363k 5 3594 A [5) R 3 1) 2
o TERZRALZIH,0.6% .0.8% MR FRLALA) TYR %
PR 2k 10 i 3 i T IR 4 &% 0.29%6,0.4 % s & iR 21
(P<<0.05) ; fE FFHELHSURU/INI 4R 80, % B 41 5 4b
PRATC W 255 ,H0.4%.0.6%.0.8% M= R4 5
XTRRALR) TYR JE R ik A AN R R B A 5 o

7R LA 2 ,0.2%.0.4%6.,0.6%
0.8% ME AR TYRPI RN #6355 5% 4] 2% 7
AN AH TYRPI I N Rk B 3544 R R FEE 5
FERFAEZHZH,0.2%6.,0.4%6.,0.6 % 0.8 %0 AN g 2 FR 41
BN R 25 5 0 2 AR R R S /NI AL 4 X IR S
ARFRZH 2 AR
24 ERESESERREIEXBRUESN

i 8 8 A W, MITF . TYR . TYRPI % [H i) % ik
HEALUPRORTHE - EHEHE LR, gRE
B, R RS MITEF \ TYR , TYRP1 3 K (4 %
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#x3 AEBREBESERKEXNERSBHLHTYR TYRPI MITF 1 CREBI 5> IR0
Table 3 Effect of dietary tyrosine levels on the distribution of TYR ,TYRP1,MITF ,and CREB]1 in Guyuan silky fowl

34 Groups HFAE Liver HLA Muscle Jz Bk Skin /M Small intestine
Xt HE41(TYR) The control group - - _ 4t
0.2%(TYR) - - - +
0.4%(TYR) - - - 4t
0.6%(TYR) - - - Ty
0.8%4(TYR) - - - +++
XHRZH(TYRP1)The control group - + 44+ _
0.2%(TYRPI) - n t _
0.4%(TYRPI) - + t ~
0.6%(TYRP1I) - + ++ _
0.8%(TYRPI) - ++ e+ -
Xf HRZ1(MITF) The control group ++ 4+ 4+ 44
0.2%(MITF) ++ ++ o et
0.4%(MITF) ++ ++ ++ 4
0.6%(MITF) ++ ++ +++ ++
0.8%(MITF) e ot 4+ ++
Xt HE41(CREB1) The control group ++ ++ ++ ++
0.2%(CREBI) ++ ++ ++ ++
0.4%(CREBI) o+ -+ ++ T
0.6%4(CREBI) ++ T+ . S
0.8%(CREBI) - SERTNE F+ Tt
=T FIRBAE R, RN I AR IR 20 TR T A 7D Note: “—” means negative reaction. ¢+

represents the area of the positive distribution. “+-++" for more. “+-+" for medium degree. “+" for less.

F4 FEARBEHRKFETERESBREHL CREBI ZEEHNENRIZE
Table 4 The relative expression of CREBI gene in different tissues of Guyuan silky fowl under

different dietary tyrosine levels

741 Groups HFAE Liver HLIA Muscle Bz Ik Skin /I Small intestine
X HRZ The control group 1.054+0.38 1.06+0.46 1.114+0.53 1.03+0.30
0.2% 0.94+0.16 1.1140.34 0.94+0.57 1.064+1.03
0.4% 0.88+0.38 1.2240.54 1.21+04 1.3340.66
0.6% 1.014-0.42 1.3240.33 0.98+0.23 0.89+0.49
0.8% 1.1340.40 1.3840.27 1.1340.44 1.0140.26

W ARRNG R R 22 5 83 (P<0.05) MR R sE TE AR E RN ZRARE (P=>0.05). FF. Note: Different lowercase let-

ters indicate the difference is significant(P<<0.05), and the same letter or no letter indicate the difference is not significant (P> 0.05).The same

as below.
*5 AEBRBIRKFTERSBARELEAMITFEERNBEIFRIEZSE
Table 5 The relative expression of MITF gene in different tissues of Guyuan silky fowl under
different dietary tyrosine levels
4341 Groups JIFHE Liver LAY Muscle BBk Skin /M Small intestine
X HEZH The control group 1.29+0.35b 1.46+0.50 2.09+1.12b 1.80+0.83
0.2% 1.234-0.33b 1.5940.44 4.29+2.14a 2.08+0.99
0.4% 1.2740.26b 1.60+0.81 4.73+1.88a 2.21+0.96
0.6% 1.88+1.1ab 1.7740.66 4.38+1.34a 2.0840.90

0.8% 2.8042.26a 2.2040.63 4.8641.70a 2.3540.58
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Table 6 The relative expression of TYR gene in different tissues of Guyuan silky

fowl under different dietary tyrosine levels

44 Groups JFFHE Liver WL Muscle Bk Skin /NP Small intestine
X HRZ The control group 1.08+0.42 1.09+0.45 1.23+0.38b 1.13+0.66
0.2% 1.0140.24 1.294-0.58 1.3540.57b 1.0040.50
0.4% 1.1640.41 1.624+1.04 1.4940.19b 1.414+1.15
0.6% 1.3940.68 1.634-0.82 2.67+1.20a 1.2740.82
0.8% 1.5440.88 1.8040.65 3.52+1.03a 1.5440.61

F7 AEBRBEERKFETERSBAREHRTYRPI ERKNENRILE
Table 7 The relative expression of TYRPI gene in different tissues of Guyuan silky

fowl under different dietary tyrosine levels

434 groups JFHE Liver JLA Muscle J Bk Skin /NP Small intestine
X HRZ The control group 1.06+0.43 1.0540.39 1.01+0.14 1.03+0.33
0.2% 0.974-0.20 1.2140.29 0.9540.36 0.95+0.35
0.4% 0.9540.46 1.30+0.66 1.3140.60 1.18+0.54
0.6% 0.944-0.21 1.34+0.17 1.13+0.48 1.1340.38
0.8% 1.43+0.60 1.4140.61 1.23+0.40 1.1140.19
MITF =« TYR ® TYRPIe® CREBI M (MITF) ZPE(TYR) RYE(TYRPI) e & VE(CREBI)

50 Linear Linear Linear Linear
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A /E"Thi‘/(ng/g) Melanin content
B8 CREB1.MITF.TYR. TYRP1ERFERIZEERBESERMMEXE
Fig.8 Correlation analysis of gene expression levels of CREB1, MITF, TYR, TYRP1 and melanin content
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Z ), B /MER 7%, K2 2 RDY S0 R
. X SR GHBFTEE R BAE IS
230 , S0 2SR B R A A (o A A (H
ik L R0 R S/ g b AR R AR A
JiL T LA R R ok v BB R MRS 2 HAE /N
Ji v B 3 PR RNV [ D X ) R R v
BRERAMMPA BRI SN T VLV 4485
W, 1 WA B ZE/INAR SR AR H0) A R R A AR
AN, RVRK A BT BRI T B 3R A
B, AR, S, 72 B A T A B (o
FMACK OB BE S R MR RR, 23K 6, 0
T AR 5 IV T 2R 5 32/ R A R 8 B L A1k
HRA/N, BEBA, B AOZIOR A BEME,
B A, HSB 0 AN A T4 4R A 41
5 B BRI IE 45 B AR IR F
FEHRHE X AR R R P R A R AR 2 AT AN K
BUPIRASN X AT e S A K R BB C .
[E D5 1 005 1) Rz R R S /N AL AU FL R T R
MR AR RBRERLET TN HHR
A FEAETESS IV Y, H2A 6 2% 40 AR 2 ek
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Effects of content of tyrosine in diet on distribution and deposition of
melanin and expression of melanin-related gene in
Guyuan silky fowls

GAO Siyu, WANG Xiaojuan, QI Weiyu, JIANG Yuchen,ZHANG Li

College of Animal Science and Technology, Ningxia University, Yinchuan 750021, China

Abstract The effects of tyrosine on the formation of melanin in Guyuan silky fowls were studied to
investigate the characteristics of the distribution and deposition of melanin in Guyuan silky fowls, and the
changes in the expression of melanin-related gene under different content of tyrosine in diet. 150 healthy
Guyuan silky fowls at 4 weeks of age with no significant difference in body weight were randomly divided
into 5 groups, with 3 replicates in each group and 10 chickens in each replicate. The content of tyrosine
added in diet was 0, 0.2%, 0.4%, 0.6%, and 0.8% , respectively, and the fowls were fed until the end
of 12 weeks of age. The electron microscopy was used to observe the characteristics of the distribution of
melanin in different tissues of Guyuan silky fowls. The immunohistochemistry and fluorescence quantitative
PCR method were used to detect changes in the expression of melanin-related genes in different tissues of
Guyuan silky fowls. The results showed that there were melanocytes in the skin, trachea, and small intes-
tine of Guyuan silky fowls, and most of them were differentiated and matured. TYR had a positive reaction
in lung tissue, TYRP1 had a positive reaction in muscle and liver tissue, and MITF and CREB1 had posi-
tive results in lung, liver, small intestine, and breast muscle tissue. The expression level of MITF, TYR,
and TYRPI gene was linearly correlated with the content of melanin under different content of tyrosine in
diet. It is indicated that the characteristics of melanin deposition in tissues of Guyuan silky fowls are related
to the amount of melanin granules synthesized in the tissues, and TYR and MITF may be the main key
regulatory genes during the synthesis of melanin. Adding tyrosine to the diet can promote the expression of
melanin-related genes.

Keywords Guyuan silky fowl; tyrosinase ; melanocyte ; deposition and distribution; gene expression
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