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i E: AETHEABEEZSSELMRGH A, AR S EEEETEEARE (ERA) 4
Rt %, FIRRAEEE-BRRERARARA o RBEERPIEREREN T EEZORAFHRGL
FHKLALR 2 R RE G, 3Tk RAF 0 £ F&F G AT HAE KIK (gene ontology, GO) I fe iz #.
TAKAE S A EAF A2+ (Kyoto encyclopedia of genes and genomes, KEGG) Kl ¥ Ak G &
EpHr, RBT, HHHFARFERFRATS 67440, £, 280 &G RA LA, 3047 EG
RATH;, B#—F oA, SAREELFTAFERAAMXNERZAOR 437, LiAER
EQ30H, TRERFEZES 134, GOEBLRET, EoTHt7 @, 2R EQEAL L. AR
BREELES. DO LS. S HKREAMMEEEREEZERT ITIANAIREET L, £4
Yt s E, EFEOEMBEAEER. LR AT . Notch 12 583, 458 TH 4L fo
BREE R RS 120N EREBEFE, E@RAsFd, 225 EERKMOTE. M.
WUR RARE LA S5 31 ANidA2, KEGG @84 R AW, XEZFEAF A 16 F155E%,
L4, MAPK. P53 15 il A F LA RL G EWAX. BORNLIHLRE R, COLIAL &G
5 MMP2. SPARC. THBSI 5 23 AR ZAOKARA LT, A THREFLEARKLAFIRTRES
KAAER . RBFR AT TR A 45 F LRG0 TAHIRR T ek 3E.
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Proteomics-based screening of differentially expressed
proteins in skin of Chinese merino fine sheep (JunKen type) of
different gender

ZHANG Yiyuan, GUO Yanhua, TANG Hong, WANG Xinhua, WANG Limin, ZHOU Ping

State Key Laboratory for Sheep Genetic Improvement and Healthy Production, Research Institute of Animal
Husbandry and Veterinary Medicine, Xinjiang Academy of Agricultural and Reclamation Science, Shihezi 832000,
Xinjiang, China

Abstract: The purpose of this study was to understand the effect of gender on the traits of wool.
One-year-old male and female Chinese merino sheep (JunKen type) were used to screen differentially
expressed proteins in skin tissues by quantitative proteomics using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) and data independent acquisition (DIA) strategy. This was followed by GO
function annotation, KEGG metabolic pathway and protein network interaction analysis on the
differential proteins obtained. The result showed that there were 674 differentially expressed proteins
between male and female groups, whereas 280 proteins were up-regulated and 394 proteins were
down-regulated in the male group. Through further comparison and analysis, there were 43 differentially
expressed proteins related to skin hair follicle development and wool phenotype, 30 up-regulated and 13
down-regulated. The GO annotation analysis of differentially expressed proteins were mainly enriched
in 37 processes of molecular function such as oxygen binding, chondroitin sulfate binding, heme
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binding, glutathione peroxidase activity and glutathione transferase activity; 120 biological processes
such as cellular oxidant detoxification, regulation of muscle contraction, notch signaling pathway,
calcium ion transmembrane transport and glutathione metabolism; and 31 processes related to cellular
components such as mast cell granule, nucleus, sarcoplasmic reticulum and endoplasmic reticulum
lumen. KEGG analysis showed that the differentially expressed proteins were involved sixteen signaling
pathways, among which MAPK and p53 signaling pathways were closely related to wool growth and
development. The protein network interaction analysis discovered that COL1A1 was closely related to
MMP2, SPARC, THBS1 and other differentially expressed proteins, which might play a key role in
wool growth and development. Thus, this study obtained basic data for revealing the molecular

mechanism of sheep wool traits of different gender.

Keywords: gender; Chinese merino fine sheep (JunKen type); skin; proteomics
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MW (FERA) B-a . BAE R
Fenifi I, A DIA BRI 42 48 A [P0 45 =
FRRAN S RIREN, MRREEEK. &
B 15> THLRE Je ik — 2 40 B 250 T B & Fh A
BILRIEE

1 #R5F%

1.1 &

TE UK i A BBk 27 e i = 35 Ak T AH ) 4] 1
FAF AR S T E SRR (BERAD)
FAEEA 3 H, AHEMEESZ% 10 cm 4R
1 em?® R ZURES, AR B ER K wh vk T
Ja, MR AW EIRAE . HE B4 DIA il
ZHE g P R A BR A W 58
1.2 EERFIRNEE

SDT ZH#W (2% SDS, 100 mmol/L —#i 75
WiEE (dithiothreitol, DTT), 100 mmol/L Tris-HCI,
pH 7.6); 213AL, MP /A F]; EasynLC HAHE
7% % . Acclaim PepMap RSLC Cyg % i i
(P/N164943) ., Oribitrap Fusion Lumos JFiiji{¥
H2sWe45/%, Thermo Fisher Scientific 2 &) o
1.3 REAE
1.3.1 H&EH&E

W K R 20 2L B 1, AT £ Y SDT 24,
%% 2 Lysing Matrix A & 2B (6.0 m/s,
60s,2 1K) J&, FRIEATHEA R (% 15%, &
1 s B 1s, 1 min LAMER, 3L 2 ME3F) 5,
TR & 10 min, ZJ5H 14 000xg & .0
15 min, Z3& i, FH0.22 pm JEME IS8 3,
WL IR o e JE R =3 A TR (bicinchoninine
acid, BCA) @ mE T, J/r4 T-80 Cfg
fres o
1.3.2 SDS-PAGE Hjk

HURE TR (4% 20 g, A 6x ERELR Wil
FEMRAEHAKFE 5 min, BOB EFEST
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12.0% SDS-PAGE HiJk (fHJ% 250 V, 40 min),
0.25%% il 5o ik gufa,
1.3.3 FASP (filter-aided sample preparation)
g7

WA R 2 1 B IRAS H 200 pg, il
A DTT EAHE A 100 mmol/L, 7K 5 min,
BWHIEEHE ., A 200 uL JRE (UA buffer)
BA), ¥ A 30 kDa @IEE .04, 12 500xg
B0 25 min, FUER (EEZLEWNIR).
A 100 pL # 2 B RZ % (100 mmol/L
iodoacetamide (IAA) in UA buffer), 600 r/min #i&
% 1 min, FEEEE N 30 min, 12 500xg B0
25 min, A 100 uL UA buffer, #2.(» 15 min,
FREIZABEMHIK, A 100 pL 0.1 mol/L =2
i -k BR 2% h K (triethylammonium bicarbonate
buffer, TEAB buffer), 12 500xg &[> 15 min,
ERIZATEWNIK, A 40 uL BREAR 4 pg
trypsin in 40 pL 0.1 mol/L TEAB buffer),
600 r/min J&¥% 1 min, 37 CHE 16-18 h,
B, 12 500xg B0 15 min; FHAIA 20 uL
0.1 mol/L TEAB ZZ i, 12 500xg &[> 15 min
WM E AN ZKIESY. KM C18
Cartridge A7 E, IFVRTJE A 40 puL 0.1%
H R VA TR AT S i AR B
1.3.4 DDA ZEEREL

WU A R i 1 R BOIR & W38 5 v pH A
G B 48 45 o R BasynLC ¥ AH
Z 4t Fl Oribitrap Fusion Lumos iy 24, 4
A Acclaim PepMap RSLC C18 43+
(0.05 mmx150 mm, 5 pm, 100 A, nano viper), i
A A 0.1% I RKIEWR, TishiA B 24 0.1%
IR 80% NG /KIE W . FE i LL 300 nL/min
B 2 AE L PERR 70 . 0-5 min, 1% Bj
5-95 min, 1%-28% B; 95-110 min, 28%—38% B;
110-115 min, 38%-100% B; 115-120 min,
100% B, MiZ5 ML 2.0 kV,
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PGS HBCEM T . (1) MS: scan range
(m/z)=350-1 500 ; resolution=60 000 ; AGC
target=3e¢6; maximum injection time=30 ms;
include charge states=2—7 ; filter dynamic
exclusion: exclusion duration=30 s; (2) dd-MS2:
isolation window=1.6 m/z, resolution=15 000;
AGC target=le5 ;
45 ms; NCE=28%. R JBtil ™ A Yl i K i
1k Spectronaut Pulsar X (version 12, Biognosys
AG) #1743 8T, A& EIE (Uniprot OvisAries
(Sheep) 28046 20191117),

1.3.5 DIA Bi& s if

AFEGI 6 pL LA 1 pL 10xiRT fikEx,
IRGJF IR 6 uL, BN BT R 58 2 J5 2% W] DDA
RN EN, R 1 BE T 42 DREE I,
DIA ik RS HOR B AT : (1) MS: scan range
(m/z)=350-1 500 ; resolution=60 000; AGC
target=3e6; maximum injection time=50 ms; (2)

DIA : resolution=15 000; AGC target=2e5;

maximum injection time=

maximum injection time=45 ms; NCE=28%.
1.3.6 HEALE

K H Spectronaut Pulsar X #{4 (Version
12.0.20491.8.29697) ®kiA = %L (BGS Factory
Settings) *I DIA %4 #4700, FrAEHMZ
MEMHTE O value 4 0.01 BY/KFETFH#EAT
(#H4F FDR N 1.0%), £ ik (MS2) /K
ST g 0 AR AT AT, A9 B = AR
&, HATIH— LA EE, R T
g T AR B LLZ 56 1 S B T D (total ion
chromatogram, TIC) LATHBRAS[A]i55 [A] Ik B A
SR G 2E MRS o R [R] — R B i 5 - e T
BRI ARBOKE, X BRBEAR BT SR t-test,
i e BAT B 2 25 S IREL (P<0.05), H 3| H
K-, A H RRIAZE G R>1.5 5 H P<0.05
(t-test) fEAZERFRIIEA.

&B: 010-64807509

X1 DIARBELOILE

Table 1 DIA isolation window settings
DIA window Start (m/z) End (m/z) Width
1 350 405 55
2 405 429 24
3 429 453 24
4 453 466 13
5 466 479 13
6 479 492 13
7 492 505 13
8 505 518 13
9 518 531 13
10 531 544 13
11 544 557 13
12 557 570 13
13 570 583 13
14 583 596 13
15 596 609 13
16 609 622 13
17 622 635 13
18 635 648 13
19 648 661 13
20 661 674 13
21 674 687 13
22 687 700 13
23 700 713 13
24 713 726 13
25 726 739 13
26 739 752 13
27 752 765 13
28 765 778 13
29 778 796 18
30 796 814 18
31 814 832 18
32 832 855 23
33 855 878 23
34 878 901 23
35 901 924 23
36 924 947 23
37 947 981 34
38 981 1015 34
39 1015 1063 48
40 1063 1111 48
41 1111 1189 78
42 1189 1500 311

1.3.7 EYMEEZFNH
BRI REHE, FIH BLAST2GO X Hix

B<: cjb@im.ac.cn
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HEH AT GO R, FFHIH ProScan 145K
WA Y5 B W5 P (Buropean bioinformatics
institute, EBI) %4 % o 5 H tr & 5 5L T
MIRSF I, K HOR G ZhRB (5 B B 4a B
WE M RFS; 847 ANNEX %R (5 Bt
—Abh 3, JRFEARERY GO & = Al # 7 Bk
£, DREERNERME, X EREBRES
#17 KEGG i pg iy, #H KAAS (KEGG
automatic annotation server) WA, b X
KEGG £, # HirE By 51T KEGG
2, JEARE 2R A SR IBCH S 50 B 5 2 .

2 HREAM

2.1 RIEZhIBIFERTINFE

AMFFEH, 356 BORH [R) RIS 1 T B AR R J) %
RSB (R AFABEF4% 3 HOy st
X5, AR B BN T R
MRG0 (R 2) BB RMERKE N
M, AESHFEESARE (P>0.05); B4E
T, AFERREEA IR R E S (P<0.01),
2.2 SDS-PAGE Hjk

BCA e miEM MEB LAY FEER
JRAZVE A s, HAEER BREER 20 pL, &
SDS-PAGE 435, HLK &7k i Wi HLFEA (8] °F
IR (1),
23 ERERTEESZRSN

R 2 ARG, 7E<“1% FDRVAY L IEFR
HER . AR B 17 629 KRB 2 878 4~
FEEARSEE, B4 EIE 16 957 4&KE

R2 TRMANFERFEMEREI

Table 2 Wool traits statistics of different gender sheep

2 853 MRS BINMEE . 2 FhME A B ik A
A S EERNERR (P<0.05 HZE R4
¥>1.5 %) 674 1o AFERRALIRIL B
() 2F B R 280 4, Ik T E A 1 R
W 394 N 3 SEBAEKAKFTMLEHN L
WESEAA 304, THER&EAA 134
(£ 4). ¥ 674 MEFEAHITIZRBE ST,
Zel 3 B RN 3 IR IRALUE A, 40
3GNRANBEEM 3D RHARER, BIPBIE
FoRFREME, DHMEAFRCIOG, T
EHFEEE, AFARMBE LA AN 3 MFEA
FEHRIB NGBR3, I AT E MR
4 (B 2).
24 EFFRIEZEHKR GO 7

Bt Fisher FEfikie (Fisher’s exact text)
X 674 2 S AN AEY) I R oI RE RN 20
MIZH 3 3 AT AT RE & AR AT . GO 43tk
W, 2550 8808 H 5 0 v K an i i R
(17.27%) . YR (14.62%) . 1R
(11.36%) FIXFTHFIFLI N (9.87%) &5 (A 3),
I 2 S B P A A M AR AR VR L UL U
JE9T . Notch {5530 I . 5558 TGS | Ak
HMOHBRCIE S 120 M B EE4E (K 4A);
Z 50 F IR E A5 RS (50.70%) .
HEALTEPE (23.10%) . 4 FIHRE Y (7.53%) #
G5t TihtE (6.88%) S5 (K 3), LB
EAAELS S mMRE RS . Ukma R
S5G WEH R S8 Ak A il O P N S T S

Samples The average of wool yield (kg) The average of wool length (cm) The average of fineness (um)
Rams 5.38+1.70 9.92+1.11 15.05**+0.64
Ewes 4.81+0.34 9.254+0.86 16.86**+0.89

**: extremely significant difference (P<0.01).

http://journals.im.ac.cn/cjben
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1 FREMRF Rk mREEBR SDS-PAGE
BUkE M. ST EREEN; A AFHEK
HLEH; B: BEHKRALEN

Figure 1 SDS-PAGE electrophoresis of total
proteins in sheep skin samples of different gender.
M: protein marker; A: skin tissue proteins of male
group; B: skin tissue proteins of female group.

37 iR EEEE (B 4B); 4045558
KA A (21.55%) . 4R E55 (16.96%) .
EHREAEY (12.69%) M4l (12.62%) %
(F 3), ixb2s S 7 N0 K20 i 0k . 48
o WL AR L 20RO i 55 31 AN i AR i
FEE (B 40),

T3 AEMANFERKREALERLEEER
Table 3

25 EFREERRESBKRETE

£ 5 FIRE N KEGG & EMras R ExR,
HEE 16 & KEGG 55, Salifikiil
MAPK {558 . P53 {55 @ e MEE4
KABAEHEMANE, SRR R T EZREAS
5T A BUREN A EZR P450 /i AR
YA . BT 24 PR AR 15 T TR I S A
# (Bl 5).
26 SREBKEEAERFERIMEXINE
SRIEEQRMMEEES

EERS&E AT R A EAE ST
20 A= Ak S B R 2% 1Y) — A S BER 4, X
TN L HAE S A EEE L, #id NCBI
BEARESEATSERERAET. B
KRBMEWEN, RAER 43 M2E7EA
FIFH STRING 540 A 22 il 2 1 ox 1A ) 4% 14
(Kl 6).

R EEMSE S, W EERREANE
H, LERENZEPLR, WAEHZME,
LEBEABZE, FRRRABMER, 450KV,
A H B A L2 L) PCOLCE 25 M %L, 4
5 COL1A1.COL17A1 1 SPTLC3 & 4T
AR, BRI 343, HENATRES S 3 MG
S#%., BT PCOLCE. COLIAL 54k,
MMP2 . SPARC. THBSI %y T84
. RXEEARITRSEEBERAER

Identification of proteins in sheep skin samples of different gender

Total number of  Total number of

Samples

Total number of

Total number of Total number of down-

peptides proteins differential proteins  up-regulated proteins regulated proteins
Raws 17 629 2878
674 280 394
Ewes 16 957 2853

Significant differences of expression proteins were analyzed (P<0.05), and fold change>1.5.

&B: 010-64807509
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F4 SFEERABEHEXMERRIEER

Table 4 Differentially expressed proteins related to wool growth and development

No. Accession Name or annotation Fold change P value

1 Ws5Q5U5 KRT4 +4.75 1.841 6E-04
2 WS5P9D4 PRRY9 +3.95 4.043 8E-03
3 C8BKD5 SPARC +3.56 4.808 0E-04
4 W5Q9H1 ZYX +3.01 8.391 4E-03
5 WS5P8A4 FA2H +2.56 1.128 4E-04
6 WS5QHS53 FMOS5 +2.43 1.282 9E-04
7 W5P316 NAMPT +2.34 1.444 2E-04
8 WS5P7G4 TNC +2.29 1.656 4E-03
9 W5P481 COLI1Al +2.24 1.003 1E-04
10 W5Q517 PCOLCE +2.16 7.376 3E-05
11 WS5PGS4 FABPS +2.14 9.958 3E-05
12 F5AY%4 KAPI1-1 +2.02 3.513 SE-04
13 W5PWD8 SOX9 +1.96 2.150 7E-04
14 A6ZE98 ABHDS5 +1.96 6.762 0E-06
15 W5Q611 KRT1 +1.94 5.332 2E-08
16 WS5PH35 CYPIBI +1.93 8.494 4E-03
17 W5Q5S8 KRT79 +1.88 5.703 7E-06
18 WS5PGA9 NCSTN +1.78 3.150 3E-02
19 C8BKE4 MMP2 +1.77 1.082 4E-02
20 W5QGS4 PHGDH +1.70 1.361 2E-05
21 WS5PST4 COLI18A1 +1.70 2.082 2E-04
22 WSNWF6 SFRP1 +1.67 2.311 3E-03
23 WSPHPS LRGI1 +1.64 1.546 0E-03
24 W5QI38 GPRC5D +1.63 7.486 2E-04
25 W5P6V2 COLI17A1 +1.62 7.038 0E-03
26 U3MXA9 KRT17 +1.62 1.921 4E-03
27 WS5PMHS SPTLC3 +1.56 3.538 9E-02
28 WSQFPO THBSI1 +1.56 3.919 2E-06
29 W5PU19 LSS +1.56 3.284 2E-04
30 W5PRQS HSD17B14 +1.52 1.999 4E-04
31 WS5PSZ2 NFIC —0.66 8.510 9E-03
32 W5Q6H2 KRT82 —-0.65 7.478 TE-04
33 W5Q731 ILK —0.63 3.455 0E-03
34 WS5QAK7 SCARBI1 -0.61 4.764 6E-03
35 W5P3B5 YWHAZ -0.56 3.196 8E-05
36 002849 PADI3 —0.56 6.236 9E-06
37 WS5PB37 RRAS —0.48 1.984 1E-02
38 W5P6X5 STMN1 -0.47 9.441 3E-06
39 WS5NR84 S100A3 —0.44 1.841 7E-03
40 W5QDMI HDAC7 -0.42 4.644 4E-03
41 W5QGJO CHP1 —0.41 2.394 O0E-03
42 WS5PSZ5 ANXAL1 —0.40 1.006 2E-06
43 A2SW69 ANXA2 —-0.28 3.238 OE-06
Accession No. are from UniProt database (https://www.uniprot.org/uploadlists/); +: up-regulated expression; — down-

regulated expression.
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Figure 2  Cluster analysis of differentially expressed proteins.
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Figure 3 GO classification level 2 of differentially expressed proteins. 1: pigmentation; 2: cell population
proliferation; 3: immune system process; 4: developmental process; 5: carbon utilization; 6: rhythmic process;
7: multi-organism process; 8: growth; 9: metabolic process; 10: response to stimulus; 11: reproductive process;
12: localization; 13: multicellular organismal process; 14: cellular process; 15: cell killing; 16: biological
regulation; 17: cellular component organization or biogenesis; 18: locomotion; 19: detoxification; 20:
biological adhesion; 21: signaling; 22: behavior; 23: biomineralization; 24: cell aggregation; 25: nitrogen
utilization; 26: structural molecule activity; 27: cargo receptor activity; 28: translation regulator activity; 29:
antioxidant activity; 30: catalytic activity; 31: molecular function regulator; 32: binding; 33: transcription
regulator activity; 34: molecular transducer activity; 35: transporter activity; 36: molecular carrier activity; 37:
cargo adaptor activity; 38: small molecular sensor activity; 39: extracellular region; 40: membrane; 41:
organelle; 42: extracellular region part; 43: synapse part; 44: synapse; 45: cell junction; 46: protein-containing
complex; 47: virion; 48: cell part; 49: organelle part; 50: supramolecular complex; 51: membrane part; 52:
membrane-enclosed lumen; 53: host cellular component; 54: nucleoid; 55: other organism part.
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Figure 4 GO functional analysis of differential proteins. (A) Biological process. (B) Molecular function. (C)
Cellular component.
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Figure 5 KEGG enrichment analysis of differentially expressed proteins.
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Figure 6 Interaction network of differentially expressed proteins.
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