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(AT RF SR 4B, Fiim AW F 832000)

WE.: AR BESIRBCLES S YRR L2 b 2 5 RR 5L W IR 2 Pyl & E LA g
105 (IMF ) TURR ) 3 F A AL, AW 52 I RNA-Seq F AR T B2 76 3 FRL 52 30 I A 11 B LA 2 P 22 S R R SR A
( Differentially expressed genes, DEGs) #1753 , i1t GO & 4 M KEGG H¥sFE X} DEGs (B Be AT IR R 508, 45
SRR 4 SO E $4 643025 RGN B FLA B R 0 M ILARL 5 A G B LA 1 9091tk 2 3R A Y B
A, ARG R 2 10,929 A~ 98,980 AN 1A 5 B e B3 e LA R} 52 6139 g L A2 73410 I 3 SRR L N, Horp
1 4444 19,1 290 T i, 43O6E i PCR Y0, BB 12 M2 REF MR R BHSMTER -, CO FESL
R MYL2 MEFHINAEKET ,MY0C 5 NI 5 5310 ;ACACA ACOX2 F1 ACOX3 £ 5 BRI A
iR Nowehl 5 TG R E FAEHTI A G 72, BEAh, KEGG 38 B 437 25 51 7w |, BE QA 56 10 15 538 %
(mTOR) 5 WL & B A5 510 AR AR LA 40 & 7 A0 2 B2 AR 3 % (=3 R B \ECM-3Z (R B4 )
Z 5T NLARENCHHT AR, ABFFEEE A i — 2D AT D05 A B MR DG A st AR LI 295 T 54l

KR BEDEN; BE; R KL 225 REEF; RNA-Seq

FESES: S831.2 XERFRIRAE. A MXEHS: 1000-4440(2020)05-1237-10

Identification of differentially expressed genes in embryonic breast muscle
tissue of Rose-crowned chicken and Cobb broilers based on RNA-Seq

ZHANG Lei, REN Song, YANG Xian-jing, SUN Jie, LIAO He-rong
(College of Animal Science and Technology, Shihezi University, Shihezi 832000, China)

Abstract; This study aimed to identify differentially expressed genes ( DEGs) in the embryonic breast muscle tissue
of Rose-crowned chicken and Cobb broilers, and to explore the molecular genetic mechanism in muscle development and in-
tramuscular fat (IMF) deposition. RNA-Seq technology was used to screen differentially expressed genes in the embryonic
breast muscle tissues of Rose-crowned chicken and Cobb broilers. GO enrichment and KEGG database were used to annotate
the functions of DEGs. The results showed that a total of 4 643 differentially expressed genes were identified in the four li-
braries. Among them, 1 909 genes were significantly expressed in the breast muscle of Rose-crowned cocks and Cobb

cocks. Taking Cobb broilers as reference, 929 genes were up-regulated and 980 genes were down-regulated. There were

2 734 significantly expressed genes in the breast muscle of
Wr#s B #3:2020-03-12 Rose-crouned henes and Cobb hens, 1 444 genes were up-
EETA : [}RHARRARETH (31660654 ,31860641) regulated and 1 290 genes were down-regulated. The re-
REEIT 0k WW(1994-) 2o BHn A H N A5, ERNF ) sults of real-time PCR indicated that the expression trend
Y EE R, (E-mail)595173387@ qq.com
BWAEE D /&, (E-mail) sunjie_shzu@ 126.com

of 12 differential genes was consistent with the sequencing

results. Go enrichment analysis results showed that MYL2
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regulated the growth and development of skeletal muscle. MYOG was involved in the formation and differentiation of muscle

cells. ACACA, ACOX2 and ACOX3 were involved in the fatty acid metabolism. Notchl was involved in embryo development

and adipogenesis-related processes. In addition, KEGG pathway analysis results indicated that the interaction between the

energy metabolism-related signaling pathway (mTOR) and muscle development-related signaling pathways affected the de-

velopment of muscle fibers. Cell junction-related pathways ( focal adhesion, ECM-receptor interaction) were involved in

IMF metabolism. The results of this study lay the foundation for further analysis of genetic mechanisms associated with high-

quality meat quality traits in chickens.
Key words
genes; RNA-Seq
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1.1 HmR&E

B e b i i A i 1R sh R oy e S
iR It Bl Fi A B a2 R A g e it T A
TR AR e FEAT R4, IR 55 8 d 23 Ji) R
LB (M) FBHFEX (K) I IALHEZ (X)) , & T
Trizol 137, JFH I AR A P IRAF . FFRAERIRE
BTN 4 4 BRI ARG (MGX) BFEE AR (KGX) |
BB RERS (MMX) FBHE RIS (KMX) |, B2 3 4
YrreEs
1.2 RNA B HFRAXFEHRZSNF

{87 Trizol 12 $i MU BSCHL Jed X% AR} 52 %05 ff JIL2H 21
(RE RNA F235 R 1 1% B3R M EE I riL Tk , SR IS 44
KGN EE T Qubit F1 Bioanalyzer 2 10043 5146 1
RNA ByJSifE 8 DA e e Bk, ARl S 4% )5
i FH NEBNext® Ultra™ Directional RNA Library Prep
Kit FEE SCIE . e, i Agilent Bioanalyzer 2100
XSO Jo i AT VA, ARG B 5 A% )R, A Tlumina
Hiseq 4000 V-5 Xf SC#E 4T RNA-Seq,
1.3 MFHRLERS T

JE AR5 ( Raw reads) H R BRAC T & 71 325 19
J¥5, 3K 4% & i & ¥ 91 ( Clean reads ), [A] A 3154
Clean reads W Q, . Q4 (73 3£ 78 Phred B{H K T
20,30 FYHREE (5 S REE R T 20 L) A C+G Bl il
I Bowti2 Al HISAT2 R ik 8 J5 B P 81 (5 XS Y 2
Z R4 (http : // asia. ensembl. org/ Gallus _gallus/In-
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T LR SR EAT
1.4 SNP REIZ B 517

i3 Samtools FI Picard-tools & T. B X} kb X 4%
RIAT Y OAR AR B HE R 791 2 A2 SRAL B SR 0E
P SRR GATK2 Ge 4 il 1 A 1 R
Z SIS (SNP) M A B 58748 (Indel ) ., fi
rMATS (http://rnaseq-mats. sourceforge. net/ index. ht-
ml ) XA A TS BT (Oh 2T BRER S — A
MR RIS e — N ANR R AR BT A R T
VEREPEBRER (N & T ) AT o e ZE A
1.5 EZRREERASH

i/ Cuffdiff (http ://cole-trapnell-lab.github.io/
cufflinks/ cuffdiff/index. html ) B AFHE47 € 5507, L
FPKM ( Fragments per Kilobase Million ) 2 3 7~ & [H
Ik i, ol A TR R R b AH G &R B ((Pearson
product-moment correlation coefficient) AR i Fl Py T
SEREGH IR G DA 22 S A% B0UH (Fold change) &
P<0. 05 SEAT22 57 NG i
1.6 ERFIEER GO 1 KEGG 71

FETHE B I o0 A 5 2R GOseq R 22
SRIBFEHA BT GO 1R, R Kobas 2.0(http://
kobas.chi.pku.edu.cn/help.do) $% 1 22 R K S 5 1)
REMEREMER, GO HR M KEGG i i /3Hr 1
PAP<0. 05 2922 5 . & IR
1.7 MFHERMFERTALEE PCR BIE

BELBEIE T 12 4> 22 e A BE I AT 90 E it
PCR, {#i i primer5 BEIT4ERVES 1), 8 U6 1E A
X E YNSRI Z 4T Bl T AR TRAIRA
ARSI R B IR 1o SOMR R (20 pl) « ekt
10 pl,ddH,0 7 pl, EFIES1045 1 wl,cDNA 1 pl,
SN £ 95 CHIAEHE 5 min;95 “CAEYE 10 s, fef:
BKIRE 20 5,72 CHE 10 s, 3 45 DMEFR ;95 C 5
$,65°C 1 min,97 °C 1s ., fliJH 2 220:% HH
FR AT TS, 22 M2 Bl SPSS 22
B, LIP<0. 05 2253 W 35 FIWTRifE
2 IR E0Hr
2.1 MEHERE

I P45 3 s, A RE ™ A 2R I 5

BITE91 374 036 LA I, 45 e o & HY 5 97 BT o5 L 491
PITE 95.27% Lh Fo Qo Fi1 Qo A5 50T 15 MG 14

—NELRIE, Q) I T ITE 96. 9% LA |, Q0 1
HITE 92. 11% LA I ARG G+C SaE T
HTEAS. 25% ~ 52.02% , Total mapped & Hb X} 3] &
5 DR 20 1) v o £ P 90 A L AR R e X F XS
FEDRZH - v o i Y A0 AR Y HE 92, 62% L I, Bt
TR 2,

*1 qRT-PCRE|#EE

Table 1 qRT-PCR primer information

S SIIFA (5'—3") %ﬁi(ﬁ;ﬁ%)&ﬁ

MYOG F.:GAAACGGGGTGGGATGGTGA 117
R:TTGGAGAGGAGTGGGAAAGGA

HBE F:GTAACCCCAAGGTCCGTGC 86
R:GGTGTTCTTGATGTTGTCCAGG

RPS25 F.:AACTACAAACTCATCACACCAGC 195
R:ACCTTCCTATGCGTCCTCC

FABP3 F.GAGGTGGATGGCGACAAGGT 230
R:ATGGTGAGGGTCAGAATCAACTT

CCNYLI F.TTCCCTGGTTTGGCTACTGA 79
R:GGATTCCTTCCTGCTGTGC

COL9AI F.:ATGGGCAACGCAAAAGTC 306
R:GGTAAAAGTATGTTCAGGGCA

RADSIAPI F:TGTGAAAGGGATTTGAACG 135
R:CCATTGCCTACAGCCATTC

RPL32 F.GCCTCTCGTGAAGCCTAAAAT 134
R:TGAACCTCCTGCGAACTCTG

MYL2 F.GGCAAAGGGCTGAAATCTG 276
R:GGCTGTTATCCCGTTGAAGA

METRNL F.:GGTCTACCTCCGCTGTTCC 292
R:TGTGATCTTCCTGCTAATGTCC

Notchl F.GACAGCATCGCCGCCTTCAC 187
R:CGTCCAGGTTGATCTCGCAGTTG

D3 F.:CGCAGCAGCAACAACAAGAG 309
R:CTGATGGAGGAGGCGTTAGTGA

U6 F.CAAATTGGCTAAGCGGGCCT 139

R:CTAACAGCGTCGAGACTGCG

2.2 SNP R EATE#

A R A A RS 3] 1 SNP R S 993 778 ~
1 619 033>, NHLIE R F , & —A> SNP i s #F AT
DA 4 RO 22 508 20 SEBR B R AR A 2
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B, BV fndsife , —#F 2 o1 - 2, SNP 7£ CG J¢
G B AR H 2 C el T, FiA RE

K A A O B R 2R AR S5 0 8 H R 84 008 ~
138 4701, HA0 FY AR I,

F2 MNEFHERHERL
Table 2 Output of sequencing data
- AR5 TS 0 03 CrCEft  HATEIENLL Y
o JiT 5 He B (9% ) (%) (%) (%) FE A I o5 LA (% )
MGX1 125 622 606 95.99 97.64 94.00 48.72 93.39
MGX2 109 998 770 96.08 97.19 92.90 48.64 92.94
MGX3 110 739 544 96.22 97.14 92.81 47.94 93.11
KGX1 102 163 540 96.50 97.63 93.65 47.30 93.14
KGX2 103 960 970 95.27 97.69 94.00 45.25 94.96
KGX3 91 374 036 96.02 96.90 92.11 50.17 92.86
MMX1 115 594 416 96.09 98.04 93.12 49.28 94.82
MMX2 10 5661 996 95.94 98.17 95.09 47.05 95.06
MMX3 113 937 504 96.27 97.29 94.83 46.96 92.82
KMX1 93 795 192 96.81 97.92 94.47 49.83 93.87
KMX2 105 277 906 96.98 97.94 94.48 50.06 94.14
KMX3 92 305 970 96.89 97.60 93.51 52.02 93.69

MGX ; B ARG s KCX BHEE A XY s MMX : BB ARG s KMX: B E G . Qng Q30701371 Phred BUEIT 20,30 (Y A7 BB 70 HE

M1 Al 2 S AHS a1 5 KR TERER(SE) FIA R T EREEBEER (MXE) 5% .

YR, H 2 RO A ISR AR, KA

e
&
m
£
i+
B
R
=
=
=
RI MXE AS5SS  A3SS
R

A HLT S B H X B

RI  MXE
HFRM

A5SS  A3SS

n JC.only; o JC+reads on target

A BORTE A XS NUFIRLE 2 XS L 5 B B s B0 g AR = R3S L ; SE . A8 FBEER ;. ASSS. 58— N F Rl 48 85875 A3SS . fie i — 14>
AR TFATARBI Y] MXE A8 B F e PR BkER ; R1: N & T B8 ; JC.only : R Junction Counts #5477 48 85 ) F {445 ; JC+reads on target ; [F]

i F Junction Counts Fl reads on target SEAT ] 2R B S
1

EEEPIESE 4=

Fig.1 Types and numbers of variable shear
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0.926 0.930 0.929 0.924 0.922 0.931 0.934 0.902 0.940 0.926 0.933.
0.924 0.922 0.923 0.923 0.920 0.924 0.920 0.911 0.937 0.944.0.933
0.919 0.922 0.924 0.923 0.922 0.922 0.914 0.915 0.932.0.944 0.926
0.937 0.936 0.935 0.925 0.919 0.928 0.932 0.907.0.932 0.937 0.940
0.918 0.922 0.928 0.929 0.923 0.912 0.932.0.907 0.915 0.911 0.902

0.938 0.941 0.941 0.937 0.929 0.934. 0.932 0.932 0.914 0.920 0.934

0.950 0.950 0.951 0.939 0.938. 0.934 0.912 0.928 0.922 0.924 0.931

0.935 0.94 0.942 0.946. 0.938 0.929 0.923 0.919 0.922 0.920 0.922
0.938 0.941 0.945.0.946 0.939 0.937 0.929 0.925 0.923 0.923 0.924
0.957 0‘960. 0.945 0.942 0.951 0.941 0.928 0.935 0.924 0.923 0.929

0.955. 0.960 0.941 0.940 0.950 0.941 0.922 0.936 0.922 0.922 0.930

a . 0.955 0.957 0.938 0.935 0.950 0.938 0.918 0.937 0.919 0.924 0.926

a b c d e f g h i j k 1

1.000

0.975

0.950

0.925

MGX : BURIE ARG Mg L ; KGX B E ARG R AL MMX ; B E RS B IL s KMX BHE REXG ML, a: MGX1;b:MGX2;¢:MGX3;d: MMX1 ;e: MMX2;
£:MMX3;g:KGX1;h:KGX2;i:KGX3;j: KMXI ;k: KMX2;1:KMX3,

B2 HmiEExEasw

Fig.2 Correlation analysis among samples
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Fig.3 Volcanic map of differentially expressed genes
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Fig.4 Venn diagram and cluster map of differentially ex-

pressed genes
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Table 3 Partial GO enrichment analysis information

SIS AR,

GO %H Uifedtiid P1H BN

G0.0048743 HH&NLL 4L & B IETRTE 0.0112  MYF6 BCL2 MYOG

G0:0008152 i 0.000 1  FOXOI ACOXI IGFBP3 ACOX3 ACACA .MAPKI MYIA4 Sixl

G0:0035116 WG G BIEA KA 0.001 7  OSRI .WNT3 .RSPO2 MEDI .TWISTI NOTCHI .WNT7A .RARB

G0:0003009 5% WLk 45 0.008 5 TNNTI .CI20rf57 .TNNII .CHRNAI .KCNJ2 .TNNI2

G0.0048745 FHENAL LT 0.0129  MYLK .OSRI FOXP2 SixI NFI IHH .COL3Al

G0.:0060537 WLAAL LT 0.0179  ACTN2. SOX6. PPP3CA. GPCPDI . TPMI. TWISTI . TNC . GREMI .
MAMLI Six1 MAP3K5 MYF6 NFI ,CAPN2 MYL2 MYL3 MEDI APP .
EYA2 . IGFBP3 | LEMD2 . FOXP2 . CBYI . MYOG. TNNII . NOTCHI .
MYOF MSC ATG5 MYLK PRKARIA BCL2 .CHRNAI .COL3A1 .THRA

G0:0033540 i HIMEILAHAG A SRR EITRR IR B-2fk  0.0180  ACOX2 ACOXI

G0:0033539 i HEILAHAG A ARG IEATIR IR B-Efk  0.0195  ACOX3 ACOX1.ACOX2

G0:0000062 ARWHEILAHEG A 456 0.0196  SOATI ACBD7

G0:0060560 K& SHEAKE 0.0236  TMEMI108,0STN . SLIT3 . APP . EPB41L5 . MED12 . NOTCHI ., SPRY2 .
COL27A1 .DCX .EPHA7 .WNT3 .CRABP2 .NTRK3 .RARB .IHH SixI .LL-
PH RTN4 MATNI .ESRI .FN1 PTPRS .COMP ABLI

G0:0030326 WG EAATE A KA 0.024 5 GREMI . NOTCHI . TWISTI . HAND2 . WNT3 . WNT9A . ECE-1, PBX1 .
IFTI22 . MEDI. WDRI9. OSRI. LMBRI, RSPO2. RARB. WNT7A .
CRABP2 .IHH

GO:0051149 JULAH I/ Tb 1E % 0.0252  MYOG .GREMI1 MAMLI MAP3K5 BCL2 MYF6 BOC .THRA .IGFBP3

G0:0035113 WRAGHHATE A K4 0.0274  MEDI .LMBRI .RSPO2 .OSR1 ,WDRI19 .WNT7A .CRABP2 .RARB .IHH .
HAND2 . TWISTI . NOTCHI . GREM1 . WNT9A . WNT3 . PBX1 , IFTI22 .
ECE-1

G0.:0014706 RESNALR LT 0.0317  MAMLI SixI .MAP3K5 MYF6 .CAPN2 NFI MYL2 MYL3 LUC7L2

G0:0014891 HELC =LA 0.0414  GSN.MYOG

G0:0060415 WLAHLEE AL 0.0459  MYLK .COL3A1 .MYF6 MYL3  MYL2ANKRDI . MEDINOTCHI . TNNII .
TPM1

G0:0014733 58K L3E W P45 0.047 8  TNNII .TNNTI ,PPP3CA

GO:0001727 JIg B St P 0.048 5  AGK .CERK
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