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Wb, g ERYLVBRARRNFIEG MCIR S RAZEREEF B A ZFMNER ., 1% shRNA MCIR 3 & i o) % 4
B16 /N B ORBHME  MCIR (oI5 40 5 T e 45 B TYR K38 — 2, # MR R B AR 3 &, 0] MCIR
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Abstract: The objectives of this study were to elucidate the characteristics of skin histomorphology
in yaks with different coat colors and to discover the potential molecular mechanism by which
MCIR induced melanin synthesis. Skin tissues were collected from the hindquarters of 6 Datong
yaks (dark brown) and 6 Tianzhu yaks (white). Toluidine blue staining was used to reveal the
content and distribution of both melanin and mature melanocytes in the skin tissues of different

coat colors. MCI1R expression was determined by quantitative real-time polymerase chain reaction
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(qRT-PCR). Afterward,shRNA interference vectors for MC1R were transfected into B16 murine
melanoma cells,and transfection efficiency was quantified by qRT-PCR and Western blot assay.
The expressions of hair color-related genes (Agouti, MITF and TYR) in each group were ana-
lyzed and compared, and melanin production was detected with a microplate reader at different
time points. The results showed that a large number of melanocytes distributed around the epi-
dermis and hair follicles of both types of yaks. Tiny amounts of melanin were detected at the base
of the epidermis and the hair roots of Tianzhu white yak skin tissues, while large amounts of mel-
anin were discovered in the epidermis and hair follicles of Datong yak skin tissues. The expression
of MCI1R in Tianzhu white yaks was significantly lower than that in Datong yaks(P<C0. 01). In
B16 cells with successful inhibition of MC1R, expression of TYR was very significantly lower(P<C
0.01) ,MITF expression was significantly lower (P<C0. 05),Agouti expression was not signifi-
cantly different (P>>0. 05),and melanin content was lower than in cells that expressed MCIR.
These results indicate that MC1R plays an important role in melanin synthesis and formation of
coat color. To summarize, shRNA MCIR vectors were successfully transfected into B16 mouse
melanoma cells; inhibition of MCI1R in B16 cells was consistent with reduced expression of the
downstream gene TYR, which lowered the melanin content in skin tissues. Therefore, we con-
clude that massive deposition of melanin and high expression of MCIR are responsible for the
differences in yak coat colors.

Key words: yak;skin tissue morphology; shRNA MCI1R ;hair color-related genes;melanogenesis
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AN RGBSR B A VT A OG8RI AE 4
AEMPEARTFEAEEEN., BT B4 EA
TE LR 43 5 AL 6 A 2 38 L 3 R 25U A4 4 B
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TTERABFFES Y AT MCIR 2B H#ES 5 %m0
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SR B, 1S A Y (6 4] 25 6 S A 0 2R AN i R
BE F oA iE B, R GE i qRT-PCR 43 7
MCIR F [H 75 1 Fh 7B €0 48 28 2 ik b 1 25 2 360k, i
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(Agouti MITF . TYR) I B R £ WL X R ¥4
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¥ 1n) MC1R 3 ] K [A] mRNA #47 #) shRNA JF 5]
ol #) shRNA 3k b, ¥ # il pAV-4inlshRNA-
GFP @ik iZ R iIL B LA SO0 iE EN
(green fluorescent protein, GFP) , ] A 45 &% {8, 2¢ 5%
55 00 55 J Wi 5 e R, shRNA & 2] T3 84Kk [
PEXT B AR 34 #h 1L AR 2 L (Vigenebio) A ¥ 8 R A
FRA R A EE . /N BB 6 208 (B16) 40 i 5 v [ B
S ARG

1.1.2 8RR 43 Pk T8 AT 1 A i Y K GE
FEA AR AL VA AR & 6 Sk, 37 4507 38 22 ) 8% & Jf- %1
R HTFARTIIE 2 em X5 em JE R 2L, S
R Bz T 4 2 AL 8V IR D5 o A PR K b gk T R A
1.2 FERFEHE

1.2.1  F FF K B #%5 (Solarbio, #1 [ ,
TRIzol. %% Yt it #| (Invirtrogen, % [ ). SYBR
Premix Ex Taq [[ . PrimeScript™ RT-PCR Kit
(TaKaRa) , 7K ¥R U Fr 4 20 40 59 (Sakura, 6 [#) ,
RIPA # [ 24 % W . BCA 2 1 & &KX F &, 10 X
Tris-Glycine-SDS H, 3k Z% i ¥ (Beyotime, 31 )
1.2.2 FBAUL ¥ % B 0 AL NanoDrop
2000(Thermo, { [F ) , Real-time PCR #" # {% ( Bio-
Rad,3E[E) . DYY-6C A1z o Ik # (O — A28
BEIEE A% 2 45 (Tanon 2500) , vk U1 A #L L % i
2 0 RUBE LB SO AR L CO, 4 i 15 5248 HF90
(Heal force) (Leica, 8 E)

L3 KEVMASMERRRRERE
L3, 1 yKeRVIA i F MR S S i 20

WOHFRTIMEE R 1.5 emX0.5 cm X 0.5 cm B 4H
4B TFIkGU R AR, —20 C

UKAR VS IR 05 - AT YD s Bk

1.3.2 WIRME#EG A Bk 21 2L 0K R S 9N ) 3
116 pm ELEYI R .60 ClER 1.5 hy —H KB B
JEEPE MR AR ~ /N B2 K ZR A8 K U, 0. 506 FE R
¥ S R TR s 2R AR KU o B A e B DA /N ~ TR
oK W AE B R IR B L R

1.4 qRT-PCR &M EE mRNA 3 RiE=

1.4.1 B RNA $2UR 5 5% TRIzol ¥4y 3
PR R e 4H L #E F B16 40 g 52 RNA, NanoDrop
2000 sk & 43 06 0% BE 3 I s vk BE I 4l L 1R
Asso o/ Doso K 1. 8~2.0 By RNA K. 2 1% B
JE R BE B HL K G 0 G 58 B PR 2R B 57 R PR AF Y
RNA K H W % g 500 ng « pL", 4% B8RO 5
WA EEVEU I . L Oligo(dT) s A 519, K FH Wi 4
BB M —5E cDNA, —20 CUkF AT .

L4.2 gt 546m R4 NCBI %4 J22
PRALE A factin C& 35 :NM_173979. 3) fl MC1R
CB 5 NM_174108. 2) 5 /NRL factin C& 5 . NM
_007393. 5), Agouti (& 3 5. NM _007427. 3),
MITF(% 2. NM_001113198. 1), MC1R (% 3%
2. NM _008559.2) . TYR(E F 5 .NM _011661.5)
K mRNA J#%, #f]| A Primer Premier 5. 0 %11 3|
Y1, 8RJ5 H NCBI H iy BLAST K305 | 4045 F 1 . 51
Y R M AR AE DR R A R A RGR D,

1.4.3 qRT-PCR qRT-PCR JZ Wi fA 2 Hy 25 pl:
SYBR Premix Ex Taq Il 12. 5 pL, . FiiE5 4%
1 uL,cDNA 1 pL, ik #NE 2 25 pL, BAFEM R
i3 AEE., RIMAERF:95 C 305395 °C 55,60 °C
30 5,40 MEFF . LA factin NS HE Gl 22
Pt B B X R s,

F1 WHEREEPCREIYFT

Table 1 Primer sequences used for real-time PCR
e 4 B S5 (53" R BER/N/bp
Name Sequence Length
Yak-Bactin F. ACCCAGCACAATGAAGATCAA,R: AACAGTCCGCCTAGAAGCATT 176
Yak-MCI1R F. CTCACCATCCTGCTGGGCGTC,R: CCTGGCTGCGGAAGGCATAGA 184
Mouse-factin F: GAGGGAAATCGTGCGTGAC,R: CGCTCGTTGCCAATAGTGAT 147
Mouse-MC1R F. CAACTCCAATGCCACCTCT,R: ACAACCAGCACATTCTCCAC 132
Mouse-Agouti F. CAGATGGGCGTGGCTCC,R: ACGGGTCGCAGCAAGGTA 247
Mouse-MITF F: ATCCTGATGGACGATGCC,R: TGCTCCGTTTCTTCTGCG 122
Mouse-TYR F. AGCCCAGCATCCTTCTTC,R: TAGTGGTCCCTCAGGTGTTC 122
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1.5 MCIR EF#E/MREBZE(BL6) A ERIh
BETGIE

1.5.1 shRNA #¥)i&%it R #E GenBank % E
e /B MCIR B2H P55 B, 51t 5 6 vt B i1
FHHA R S0 shRNA, X4E shRNA % it 76
AL mRNA R IR % 85 T i 120~180 bp Z BlIEL
1E%5 % il 50~100 bp &4k AA P41, Jf il sg B4
AA 3" L AAE 19 SRR 1E A shRNA i i #
. Hip AA (NI TT J& & BRAR 09 75 %1 25 48
mRNA 1 J¢ 1 )7 51, 8 7T 2% A NA (N21), 7

%2 shRNA FHEBRF
Table 2 Parameters of the short hairpin RNA (shRNA)

shRNA & bt , 457 X4 3" U5 A dTdT U . &
Je Bk shRNA P81 78 GenBank 5 H (1% 1 5 [H
11 BLAST #:%% , 5IE VR R H HA 3 4ok 3 4~ LU
S A [ 1 P B 4 R

Mock-shRNA B B ¥ % 18 () shRNA, 5 i rf
() shRNA J¥ 31 45 A [7) g 3 K B L {H 55 40 3 (K G
WY . B AR shRNA 5 HE 40 g rb 1 H: Al
SEDA R UEE B Sk ShRNA B4 FF 54T 8L, 15 ik
7 BLAST e Xf, shRNA 4] foki gk i ih A 4 &
(Vigenebio) A=Y ARAT FRA A A LGE 2.8 D,

¥4 No. F# %51 (5'—>3") Interference sequence

shRNA 1 GATCGTGCTGGAGACTACTATCTTCAAGAGAGATAGTAGTCTCCAGCACGATTTTTTT

shRNA 2 GCGTCTCCAGCACCCTCTTTATTTCAAGAGAATAAAGAGGGTGCTGGAGACGTTTTTT

shRNA 3 GTCTGCTTCCTGGGCATCATTGTTCAAGAGACAATGATGCCCAGGAAGCAGATTTTTT

shRNA 4 GAGAATGTGCTGGTTGTGATATTCAAGAGATATCACAACCAGCACATTCTCTTTTTT
1.5.4 ROKEENE WA B g J5 4 2H B16
M, PBS Wik 2~3 kJ5,0.2 mol « L™ ! NaOH &
it 20 M FH AR AR 475 nm %K E AT IR L B RE

- A I AL 5 W, D AR bR S VR B o R

pAV-4inlshRNA-GFP

5 986 bp

SV40 PolyA

1 pAV-4inlshRNA-GFP k& RE
Fig. 1 Schematic diagram of pAV-4inl1shRNA-GFP vector

1.5.2 B16 40 0 55 % S i Y ¥ B16 21 i 15
FET 6 FLA b L B B IR A L B PR X BB AL R A 4l
YN R F 509 ~60 %0 i, R gERD 24 h L TR
TRE AR AR IR A9 . 2 28Ok BB A i
O 2 S U AR AN (] B[] A58 5 5 e s R

1.5.3  ZHMIEE AR B Western blot #:1l RI-
PA A2 H W U YL 36 h JG 4 M . R
HH Western blot J73, X MCIR % [ 35 5 0 17
A4, I Quantity one 4 #4785 1K BEAE 43
Br. BactinfEN NS HEAS NS EH A X,
AT BT .

1.6 HEHH

N SPSS 19. 0 #1443 47 5 B 28 5 22 43 B Al
Duncan i 2 T HoBe . T4 B34 L 29+ 4 o
BWIRAR, P<0.05 FR%F B, P<0.01 £m%
SR ETE

1 BEBREARSERER

KRB HE A5 KA HE R B IR LK R D) A BEL
LR SERE A B R G5 (B 2A, 2D, ik — K &
BB AR B TZ B R R BR (] 2BL2ED
[l WL 2 e B i) B4 B ERG BT 450 . 50 UL
Wiy L 2 ) B Ik LU R AR (B 2CL2F) i
Y24 i 1 T €00 AT AT R A A MR A A A Y B TR
A SR R UKL Y 3 A (B S A A 2 S (IR
3a,3d) o JKIE HE A= MR A 4B A 32 B AL Bz ¥ 4 A
AR RO R AN R 10 3R B0 R A7 AR TR AR
75 B R B2 B JZE R TR AL AR A U7 B 3R B g
JEEJZ A ) /0 PR B OBORL (18] 3b.3e) . RIEHE
TR MR BB A R RO R PR TR, B
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FULBROGRE D MR A R B R

) A SR 0 Z UKL (8] 3¢, 3D)

A~C. KBS sD~F. RHHEEE . AD. AL (100X);B.E. FEEMEKE200X);C.F. BF100xX), 1. #

Fi2. M3, B4 B

A-C. Datong yak;D-F. Tianzhu white yak. A,D. Skin tissue(100X);B,E. Epidermis and dermis(200X);C,F. Hair shaft
(100X). 1. Epidermis;2. Dermis;3. Hair bulb;4. Hair follicle

B2 FAREERESLEKALKEIA

Fig. 2 The frozen sections without staining in different colors yak skin tissue

a~c. RIBIEA ;d~f REAKEF. ad HKRALHBROERE DA 100X sbie. SRAISIR BB 2RO R LR O RN
M i 534 (200X 5o 0. FARAHRA T T RER LB ARMILH /31 (20000, 5. BH K6, BER7. RO

a-c. Datong yak;d-f. Tianzhu white yak. a,d. Distribution of melanin in skin tissue(100 X ) ;b,e. Distribution of melanin

and melanocytes in epidermis and dermis of skin tissue(200X);c,{. Distribution of melanin and melanocytes in hair dry of

skin tissue(200X). 5. Hair papilla;6. Melanin;7. Melanocytes

B3 ARECEFRFKAARRRELE

Fig.3 Toluidine blue staining of skin of yak with different coat colors

2.2 AEAEBEFEKALR MCIR EE K FRIE
A3 DL K FE A4 5 R UL AR 4 R Bk 4 2R

RNA [ ¥ 5% cDNA R . 28 qRT-PCR 43 # 7]

T, B R B B MC1R 56 R B 36 5K 4 B 2 1

TR EEES (P<<0.0D) (K 4),

2.3 MCIR EE T3 E&N

2.3.1 4 E AT S kel WMEE 12 148 h )5

B YLk R ] AL, 528 Pt IR (B 5A3 . B3) AT H L e e
121 48 h J5 R B 41 (MCIR T 2% 44 F B 1 % 18
(MO ¥ B A BRI 9O (R 5 (B 5A1~ A2,
B1~B2), 2% b e WL 5% 40 M 2 245 45 1 w] i, %
Y 12 1 48 h 5, 4 ML B 45 M B A A 28 A O g AE
P U % 31 B 5 2 Y 43 A (Bl 5C1 ~ C3, D1~
D3) , R YL i3y .
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% s S 7 R S qRT-PCR K I 45 5 7R . 5 % 18
E@é ’ [ ] jﬁﬁ”r[fii HAH L, TR B (K 6), Western blot 455 3%
2| sy B . 5% BR LM L L 3 86 41 MCITR 6 19 9 36 35 1t
i&‘g SRR, £ LA 7E MCIR 3 [ % 5 B 1% K
5%0_5_ e RO S W o O T A (A R = A G PO
< g |;| (P<<0.01) (J& 7) B8 MCLR £ P4 T4 i ) .
‘sé - . 2.4 MCIREREFHEMHAXEERERERRS
& 203 Group B B 5% i)
* o« fQ LA 22 B M B ¥ (P<<0.0D . T 2.4. 1 FRABR G R I AH 5 3 PR ) A U H &l 8

* % mean very significantly differences between the groups

(P<<0.01). The same as below

4 AEEBES MCIR mRNA £ 5 %K%

Fig. 4 Differential expression of MC1R mRNA in yak with
different coat colors

2.3.2 qRT-PCR Hl Western blot # MCI1R 3%

B3| 4

AR AL MCIR JE NS » TYR $&H 20k KP4 3%
NV (P <<0.01); MITF # ik K ¥ & % T
(P<C0.05) ;1M Agouti FENBA B F L., XHMHY
FIPEXT REZH AR b, R MITE JE A 90 4 25 M 22 5
(P<<0.05),

A

a2
=

Al~A3. HYe 12 h 9 BB F R 2 (A0 A s B1 ~B3. # 4% 48 h 9 6 WAl BE T ULZR B M40 B s C1 ~C3. e Bl 5
A1~ A3 A [ HLEF B %) 18 s D1~D3. Jle2: B S B1~DB3 MR EF R . ALB1.C1.D1. BI#Exfid; A2.B2.C2.D2. ik

eH ;A3.B3.C3.D3. &N, A BEE

A1-A3. The cells observed by fluorescence microscope 12 h after transfection; B1-B3. The cells observed by fluorescence mi-
croscope 48 h after transfection; C1-C3. The control of the same view of ordinary light microscope as A1-A3; D1-D3. The
control of the same view observed by ordinary light microscope as B1-B3. A1,B1,C1,D1. Negative control; A2,B2,C2,D2.
The treatment group; A3,B3,C3,D3. Blank control. 4. Melanin

5 B16 ZAREAYEE R BZE (100X )
Fig. 5 The transfection efficiency in B16 cells(100X )
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B X 2K 1 22 5 B 25 (P<<0. 05) . 4% il i, fg 2 <z
FI45 B R RR AL 22 SR .35 (P=>0..05) (&1 9) 3£ 0
[

3 W
3.1 FMHESTARERHNAARSFEILR

FH O g W R — ol ek ok s RKE B TR A A
N T R e RSB R A A S B RS B N WL 8718
JH 2R i 3 % 48, J5 ¢ B K38 R 2R R0 R AL 1 R 4R B
Jok BB €5, 2R 4 B 34 43 A AE 3% B K JICH RN B 4 A1 AR B
WX ek e — 8. BAaRgERARN
A eV ek I RSE N OE S ke WY Sl IR R S NS B
PR TR R AN . A 5 AR e 2R 5 2 40 i 3 A
PO LA 325 1 R mAERK BN HA D

A 1 2 3

MCIR

B-actin

1. BC;2. MCIR-shRNA;3. NC
B7 P MCIREZANERRIE(A)MKEESH(B)

BC NC MCIR-shRNA
£H 51 Group

BC. RAEH YLy a8 [ X B4 s NC. 5 ge 23 2 A 19 B 1 X 1]
41; MCIR-shRNA. #J MCIR T &AMk, = £
F 4 W] 22 5 3 (P<T0. 05), » » fRRU A 22 F 4k B3 (P<
0.0, FId

BC. Blank control group without transfection; NC. Negative
control group transfected with empty vector; MC1R-shRNA.
The treatment group transfected with MCIR interference
vector. * mean significant differences among the groups
(P<C0.05), * % mean very significantly differences among
the groups (P<C0.01). The same as below

B 6 %3J5 MCIR mRNA £ R KA

Fig. 6 Differential expression of MC1R mRNA after transfection

lov)

e

(o))
1

<
~
L

MCIR # AR GA
o
B

Relative expression of MC1R protein

=
(=]
1

BC NC MCIR-shRNA
20 51 Group

Fig. 7 Differential expression level (A) and the gray value(B) of MCIR protein after transfection

N
[

= BC
= NC
= MCI1R-shRNA

HERAHAS Feak ik
mRNA relative expression

TYR MITF
H:[A Gene

Agouti

B 8 MCIR EFB/E Bl6 & EE MR
Fig. 8 Expression of genes in B16 cells after MCIR gene silencing

1.51
= BC = NC = MCIR-shRNA
Z =
1=
=~ O
= g
53 0.5
.S 0.5
LB
B
0.0-
12 24 36 48 60
I5f[A]/h Time
B9 AENEORERERENE

Fig. 9 Detection of melanin content at different time points
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HRORTOBGEH 2 K00 T BRI b, 4w e
BIN A RO W B RS 3E 5 40 1 5 3 28
A T BEI LS IIF Bl s KR Ea R H
ARERE A S AT AS [ A 2R € 2R 40 AR
1) (0, 3% UK AT A5 A TR /) D) B S AT B2 Hh T I L
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W 7L 3h ) B kA (0 32 R VR 1 B BRTS B 5 40 i [
SRR B AN A R R I 5 R T L Bk
21 2 v B e 2 A0 A B0 DA SR TG L
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FUR A A AR 2 2 AT 50 38 19 2 Rk 45 0, B R GE HE 2R
()B4 FEME L IR AAEREROER, MM
FAEA HAE R I 2/ R 2, R L 54
FEMEFHEK,
3.2 MCIRMIRIEER

MCIR B A #2206 & 600 & 2wk LW 2
— FERR AR A N R PR A R,
XS 6 il R g AR B IR MR 6 A 346 3k 1 A6
T B, B 3K e B > BB R A R B R,
Z A S S o R T Bl 1A% A 8 AN AE A MCLR 3k
4 PR 7R IR S T A R A TR AE B st AR Lo T
Z5t . ANIA B A R R IR 8L IE R R i8 MCIR
W AHEREKFAELZES, 2 REF RS
MCIR mRNA fIEEA M ERAE R E &S THE 3 Ff
TaHE . ARG A, MCIR 78 Kl 4 4 2 ik
HA P FRIB WD E = T RO AFEA (P<<0.0D),
5T ATEH AL A SR 45 R — 50, AT W MCIR %&
FSDONCENE A W R A v S 3 (S LS B i <
MCIR S HAER G SR 4
3.3 MCIR I 8RN FER

/0N BB 22 R A i (B16) J& 3 [ C57 /N Bk —
ol Bz ok s A4 B 5 B P A A9 9 b 98 i A AL S A i
AW R BB, B16 20 R AE AR b B 3 B
BB IR £ 2 O Y BE 1 b R O A 2R
ST S N S R T N F o s SN S A R N
SR S PE T30 MCIR ) shRNA 41 ki 4%
W EAFR MCIR 2G2S 5B A R4 L. M
RNAI ARG 58 5L B T g, b 36 97 5 B A 5 5 9 42
BT —AE RS VR R b  MCIR
SIRNA BRI Qe F e R A R Al 5 A, R xR A4
AR BB B AR AL I MCTR 5 Rz bk B 2% 40 it A
ROFERAERVN LR, B HE IR

TR TYR A BR300 16 i 22 R g 1) 7%
PR R A RSN, FEREMNER" 1
58 & B, siRNA P8k MCIR 3 H 68 T 18 TYR
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