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T K 2 cDNA SCJE 0 8 357 4135 09 U 3 505 5 248 2 2% L R 4L % 9 A7 et e i L AL B EE B B SR A 15 B 12 48
B S AR I AT DI e AR T . BEALBkEE O A 25 5 Rk B i AR 4T RT-qPCR 5F . [455£Y % 1 081
AN FA ) 5 AERIIE KR (UTRYFI 1 586 M AR 3" UTR 43 B S 90 T %A, IE%F 1 038 45 A m 5'Ff1 3'UTR
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Annotation and function analysis on new transcripts
of three beef cattle groups
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(1 College of Animal Science and Technology ,Gansu Agricultural University ,Lanzhou,Gansu 730070 ,China;

2 Animal Husbandry and Veterinary Center of Jingchuan County , Pingliang ,Gansu 744399, China)

Abstract: [Objective] This study discovered new transcripts of beef cattle (Bos taurus) and explored
their potential functions to provide ideas for further research on genetic mechanism of beef quality differ-
ences. [Method] The longest dorsal muscle was collected for RNA-seq sequencing using Pingliang red cat-
tle,crossbred Wagyu cattle (Wagyu X Pingliang Red Bull) and Simmental cattle as research subjects. The
cDNA libraries were constructed, the reassembled sequencing data were compared with the bovine refer-
ence genome, the information of annotated transcripts was optimized,and new transcripts were searched to
conduct functional enrichment analysis. Nine new transcripts with significant differences were randomly
selected for RT-gPCR validation. [Result] Extensions were achieved for the 5’ untranslated region (UTR)
of 1 081 transcripts and the 3'UTR region of 1 586 transcripts,including both regions of 1 038 transcripts.

A total of 442 new transcripts were mined, 92 of which were significantly (P<Z0. 05) different expressed a-
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mong groups. GO analysis showed that new transcripts with significantly differential expression were sig-

nificantly enriched in metabolic processes, enzyme catalytic activity and cell parts. KEGG enrichment re-

vealed that these new transcripts were significantly enriched in taste transduction, peroxisome, Hippo sig-

naling pathway,and MAPK signaling pathway. The RT-qPCR results differed from the RNA-seq results in

terms of quantification,but the trends were consistent,indicating that the transcriptome sequencing results

were reliable. [Conclusion] These new transcripts widely involved in regulating cattle muscle growth, fat

deposition,disease,immunity and other life activities through various metabolic pathways and pathways.

Key words: Pingliang red cattle;crossbred Wagyu;Simmental cattle;new transcript;meat traits
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KA LA BRI A AR R . B AR L
VE) A 7 5 =, AN TR D R A v R BT
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B A A 21 45 32 75 Bk L VF 2 B M5 B2 T
TR A R 2 A PEIE 9T | 22 5 383k FL A 0 e
BB e AR R L N T e e A s Bt
LI FE A AE AT R A 0 R AR S A BTRE OG 1
o 1 35 X 5 30 J AN T 42 1 Ok . Xing S5 R
AL e AL 2 Gk W 4% 5) Bt (WGCENAD 2 5
RADYA.TCAP.GPS2 f1 APOF J& & ¥ %& (Sus
serofa) BRIV 4 3L, Zhang 451 W58 &
B, miR-22-3p f A YT KN WFIKKN2 2 57T 4
JG W 4B i 434k . Chen 2507 B 5% 07, 40 ] Wnt/
B-catenin {5 538 B AT LAAE 5 B 44 LY A 07 4 4k
FEECE B W PR 41 . Rizzo %7 B 5% & 8, AMPK
(AMP-activated protein kinase) J& = LN IE i &
R — S EZEME T EE . HET. RNA-seq £ R 7E
1 e 3 7 A A 0 A DAL 5 4 00 Ak T T 32 B OG T HTA
RFHIZ A AR O 4 78 % % e A S
B0 g R R DR O B g A X 2 R AT T
SEARAI AL 3 156 BH B AT B840 T2 v X 2 s A Y T R A

AT, 9T o8 A b 22 S 0 IR A TE R AR
S ABIEFE L AL A 28 S MV AE R [T 85 2K 28 9 X
.38 it RNA-seq $AR N B e se A R AT 1 #E0  JF
X HCHEAT T R A I RE A AT LR OB B AR R
A JULPA AR R 5 D0 AR A5 45 0 AR i 15 B B iR A
RWT P A= P 5T 22 S B0 s A LR 2 25 4K 00

1 RR T

1.1 R zhy

FEH IR E N B R A R TTAE 2 /] EHR 6 1
W 2 A A RREOIR B0 B4 L AR BT Ry (160. 24 £ 5. 36)
kg /3K 1 - £1 4 (P 41) 24 38 F AR CRI 4R 8 XOF
LIRS 4D RVE TTIB R (S D 45 24 3k, 43
AEEEBIEREE 8 kA, 3ARK A 2R
RE HHR(TMROBA M, T 08:00,18:00 4 ] W
LR, HEKK, M4 NRC(2003) A 4= 35 b5 U
Wit 4 B BE (R & 150 ~ 250,250~ 350, 350 ~
450,450~550 k) My FEAl H M (R 1, 5448 —
T 5% 540 d J5 . B 41 R HLBE B 6 Sk 4R BT i AH R
((587.8465.36) kg/3) 4478 5. 8 )5 .
R AEAS, B NG 5 B A RA W 52 5
%=, T80 CRAFE M.
1.2 4 RNA 2BE.cDNA TEMHE RN E

{#i Fil TRIzol i 57 & (Invitrogen, Carlsbhad,CA,
USA) M f A B & b $2 BU S RNA, H Nano-
Drop2000 ( Thermo Scientific, Waltham, MA,
USA) #1 Agilent 2100 (Agilent, Santa Clara, CA,
USA) K I RNA FE A 1 ve B2 A1 BT 3t o K [/ 28 6 A
KB RNAEE 2 M EREREG N DRG]
Oligo(dD Wk (AL ELEMFHHLARAR . T E
% mRNALF B whlof mRNA 9] i B
DL B AL mRNA AR, BEALSE 2 IR N 519,
£ M-MulLV i % St g K & b & 0 cDNA 55 1 4%
B DL cDNA S 1 555 B . 7/ DNA RG5 8 1 .
RNase H.dNTP FIZZ sl f& & T & A cDNA 56 2
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# ., H 1. 8X Agencourt AMPure XP Beads i 7| &
(Qiagen, Venlo,the Netherlands) 4l fk X5t cDNA,
Z R wi e 2 A 3" JE B3 X 8 Cuntranslated region,
UTR) X b A 6 5 )5 3% #2 ) Hlumina )3 £ 3k
b f#i ] NEB # 7530 & & (New England Biola-
bs, CA, USA) ¥ # cDNA 3L, SCIER g PCR R

RE N - Al Al )5 XUk cDNA Bif 5 L. 2 X NEBNext
High-Fidelity PCR Master Mix 25 uL, i ] PCR 5|
YA Index (X05[#45 1 pL.ddH,O #pJE % 50 pL;
SCFER EE PCR RN R T :98 “C HiAE M 30 5598 °C
A5 10 5,65 CiB ok 75 s, 12 MEIR .

x1 EMARARRERKEFURERM

Table 1

Compositions and nutrient levels of basal diets (DM basis)

i H 1A 5 2 B Bt / kg Weight stage
Items 150~250 250~350 350~450 450~550

FHIEJEFE K/ (g + kg ') Steam-flaked corn 180.0 218. 4 400. 0 610.0
FRIKJER/NFE /(g +» kg ') Steam-flaked wheat 56.7 40.0 55.9 20.0
EVER KF#E /(g + kg™ ') Steam-flaked barley 60.0 40.0 36.1 20.0
IR /(g kg ') Steam-flaked black bean 40. 0 47.7 80. 0 47.2

EAREZEHR /(g » kg™!) Corn germ meal 60.0 48.2 20.0 60.0

Fﬁila TR TR R H AT %Y /(g kg™ ') Corn DDGS 130. 6 160. 0 31.9 30.0
R A4/ (g » kg™ NaHCO; 5.0 6.7 7.4 9.4

/(g kg™ NaCl 5.0 6.7 7.4 9.4

fiky/(g» kg™ ') Limestone 5.0 9.0 6.3 5.0

WIRA/ (g« kg™') Premix 10.0 13.3 13.4 19.0

E A/ (g« kg™ ') Corn stalk silage 447.5 410. 0 340.0 170.0

MAE 5/ (g« kg~ 1) Crude protein 140. 0 126.0 113.0 100. 9

A5 fiE /(K] « kg™ ') Net energy for maintenance 4 530.0 6 290.0 7 750.0 8 580.0

. WiFHEE/C K]+ kg™ ') Net energy for gain 3700.0 4.700.0 5130.0 5 880.0
Nm‘ﬁifﬁevel 45 /(g + kg 1) Calcium 5.3 4.0 3.6 2.7
/(g « kg~ ') Phosphorus 3.0 3.9 3.1 2.9
e 2T 4E /(g » kg 1) Neutral detergent fiber 312.1 293. 1 226.3 158.7
TRMEVE R LT 4E/ (g » kg™ ') Acid detergent fiber 179. 6 160. 2 129.0 78.7

T T S WR RS A : Va 900 TUL V), 150 TU, Vi 25 TU, CuCBR B2 41D 10 mg. Fe(Hi#% W.4%) 80 mg, Mn(Hi#24%) 20 mg, Zn(Hi 2 #%)40 mg,
I(Z i AWML %) 1. 00 mg, Se I AR 4) 0. 60 mg., 4 R5i5 HE A B4 HE R 3 F NRC (2003) (1T 518 A FR 38 b S S0 {8
Note: Each kilogram of premix contains: V 900 TU, V, 150 TU, Vg 25 1U, Cu(copper sulfate) 10 mg, Fe(ferrous sulfate) 80 mg, Mn(manga-

nese sulfate) 20 mg.Zn(zinc sulfate)40 mg,I(ethylenediamine dihydroiodide) 1. 00 mg,and Se(sodium selenite)0. 60 mg. Net energy

for maintenance and net weight for gain were calculated values based on NRC (2003), while the other nutritional indicators were

measured values.

f#i i DNA 1000 assay Kit i 7 & ( Agilent,
Santa Clara, CA, USA) K ill cDNA SCFEFE & B 1Y
K JEFNHRJE B 548 ST 78 e B A Y R A R
AR ET M) B Ilumina HiSeq 2500 & %t I 17
RNA-seq Ul )5 .

1.3 FEFRAMEESIhEREN

FIH Fastp v0. 18. 0 B4 X5 e 4R 45 9 Ji 4 132
Bt (raw reads) #4738, ZBR & A 1020 DL bR A
TR 2B A& 4 Sk i3 B & ploy-N 2B LA I
I 5T = e Be o 1 B 2ok g S 132 B (clean reads) H i &
ER T AT 20 BBl EE o A B3 77 0 bE (Q20) il Ji
KT T 30 MY B8 EE A7 S8R A 43 [ (Q30) A
K GC &5, W Hisat v2. 2. 4 348345 09 1 0k
it BS54 5% FENH (WA S : Ensembl release
96 Bos taurus ARS-UCDL. 2) ¥ 51| 3 17 [ I8 o4 %
L GEit B — X b L 2 X0 R N X LAk

S Ll 28 R0 A ) X% LG %2, I String Tie
vl 3.1 B SR e S AS R A YO e 2 R b R
(9 AEL R B 4= 2 2 5 DR A R I 2 S A T 91 oo DB e
T 50 A R Bl k1 o Y 51 R R A AN A
0P S B e s A . BNy SR AR R AR
S R SRR TP AN AT AR B K O T R Sk A 3
F 5 URT, W A4k B 1 B 55 sk A 115 B, e it 3
A5 UTR SE A3 B, 3" 1 5 UTR [6] i 42 fift 3 PR
UL R E A | f7BE SE AR R 8. R String Tie vl
3. 1B SRR He se A B T R Boh ok B R —
I 5 T 98 3 K B A9 %8 H (fragments per kilobase of
transcript sequence per millions mapped reads, FP-
KM 8 HAE Ry 223k B 1 5807 %o B0 2R 47 09— f 4b
B ek E M P O(E A AR JE A BB R kB R
(false discovery rate, FDR) , F5-31 2 W 4H ¢ & 6] FP-
KM B b {E R 9 22 53 45 2 (fold change, FC), 1A
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FDR<C0.05 H|Ib(FC) | >1fEh B FEEZ R EILH
Bl SRS I ARL O T b 3 2% S ARGK IR R o AR, Al
FfEge T.H DAVID v6. 7 Chttps://david. nciferf.
gov/ ) X i 156 B (4 i S AR AT FE AR A (gene on-
tology, GO) il 5% #f J& A F1 5 9 41 & B 4 45 (kyoto
encyclopedia of genes and genomes, KEGG) & £ 4y
.
L4 HWEFEREANREIE

Shy Y I 2 S5 20 43 A B 0 R RE M DR -3
W g i A fiff (glyceraldehyde-3-phosphate dehydro-
genase, GAPDH ) 3 fE b = 3,
MSTRG. 6095, MSTRG. 4813, MSTRG. 1221 % 9

A0 3 25 S R IB WL SR AR (3R 2) R AT 5L O
i# PCR (RT-qPCR)$IE . #R 4 RNA-seq 15 E| 1987
sk A7 50 M Primer 5 #f i3t RT-gPCR %
SRS (R 2) 32 R BV rf BL P AR ) B IR
AT . RT-qPCR R AA £ (20 pL) . cDNA
Bitk 2 pL,2 X SYBR Green Pro Premix 10 pL, 10
pmol/L b Fi#f5I#4 0.8 pl.ddH,O % 2 £ 20
pL. RT-qPCR [ #2595 “C #i A8 ¥ 30 5595 °C
APES 5,60 ‘CiB ok 30 5,40 MEF, JZ W 7E Roche-
Light Cycler 480 [ #%¢ . i€ 8 PCR X F#E47, R
27 AT AR AR Rk m T, P RA L
AF S AR X 2R T8 R 3 B A DA 2 A RS R B 22 A AR

x2 HKEAASIYER

Table 2 Information of primers used in the experiment
HF K Gene B 4% % (5'—>3") Primer sequence (5'-—>3") F:%K&F/hp
Product size
MSTRG. 6095 F:GGTTCCAGGTGGTTTCAG;R:GTTGTCCGCCCAGTTTGT 169
MSTRG. 4813 F:GCTCCCTGAACCTTCCTCC;R: TCACCGCTCCGATTCCTAC 122
MSTRG. 1221 F:.CTGGACTGGAGGAAGAAGAG;R: ACGGGACAGGGTAGATGC 136
MSTRG. 13781 F.:AGTGCCCGTTCACATTCA;R:GCTCATCAAGTTTGCCTACA 158
MSTRG. 5937 F.GGCGTCCGCTACAATACC;R:CTCCTGAGCCGCAGAAAG 218
MSTRG. 5068 F: TCTCCCTGCATCTCCACC;R;CATCACCATTTATTGCGTTGT 173
MSTRG. 2484 F.CAGTATGGCTGCTGTGGAGA;R: TGTGGCCTACGTGGGTTT 198
MSTRG. 241 F. TCCTGGAAGGTTCTGATTGC;R:GGTTTCTGGATAGGGCTGTTA 130
MSTRG. 10558 F:GCAGTGGGTGAGCAAGAG;R:GGGATGGTTTCAGGACGA 193
GAPDH F.:AGCAATGCCTCCTGTACCAC;R: AAGCAGGGATGATGATGTTCTGG 139

2 RS0

2.1 M4 DNA XEEBERLLEXSH
AW LR H# T 9 4~ cDNA S, &4 3 14,

Q20 H7E 97 %L |, Q30 H7E 94 % UL | (32 3) , B &t
AT.CH G LA N 25% . AT 5 GC pi
B BT B .

x3 HBASEBEA DNAXEER

Table 3 ¢DNA library information of experimental beef cattle genome
T ey y T a0
DNA Ty R st Clonn s @20/ @s0/% G bone percnage
J1 11 121 370 500 11 057 824 860 97.99 94,43 55. 65
]2 10 490 280 600 10 428 503 812 98. 00 94. 43 55.05
I3 9 914 330 400 9 857 549 934 98.11 94.63 56.09
P1 8918 022 300 8 867 046 985 97.99 94. 45 55.23
P2 11 092 241 100 11 025 565 526 98. 04 94. 54 55.96
P3 9 000 374 100 8 948 020 904 98.05 94.57 55.70
Sl 11 162 900 700 11 094 863 452 98. 10 94. 69 56. 48
S2 10 519 659 900 10 463 145 391 98. 10 94. 67 56. 18
S3 11 447 335 500 11 386 531 926 98.16 94. 86 56.23

A Hisat2 B RGREmgE RS 42

ZF N (LA S : Ensembl release 96 Bos taurus
ARS-UCDL. 2) J@8) 47 LX), 250 (R ) K3, ¢
— X K 93, 10% ~ 94. 05% , £ & L X K K
2.99% ~4. 410 , N & F XT3 R 4. 5526 ~6. 53,
SR RN 83,2800 ~87.59 %0, FE A ] X X Lt
FHT.86%~10.20%,

2.2 AHCERERSHIWRML

APy 5 B — % B R BRAE L 3R 45 19 7 41
Fi Bl RE AN 5 52 B MURS 8 - BT LAS W 58 01 D 3 s 4
DNy 45 8 X B BRI i 25 M gt A7 ol . 7 B TR
e IR 30 5 2 S X AT A 45 2 S L DM e 2 SR i 2 D
B A4 332 B, 32 3 ] i U'TR A i) bR 30 %€ i, M i
AR L Y ARBFFEXT 3 705 AN AR BEAT T
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Table 4 Comparison analysis of clean reads and reference genome of experimental beef cattle genome ¢cDNA library

<DNA X A %G ZEMILE/ Y WA AR % BB TALE % SRR KM LR/ %
cDNA library Uniquely mapped Multiply mapped Intron mapped Exon mapped Intergenic region mapped

1 93.57 3.43 5.55 85.96 8. 49

J2 94. 05 2.99 5.50 85.18 9.32

I3 93. 95 3.21 5.18 86. 23 8.59

P1 93.57 3.10 6.53 83.28 10. 20

P2 93.73 3. 44 5.13 86.43 8. 44

P3 94. 05 3.22 5.21 86. 00 8.79

S1 93.51 3.67 5.62 85. 46 8.92

S2 93.18 4.08 5.09 85.95 8.96

S3 93. 10 4. 41 4.55 87.59 7. 86

5 ETHFRANFEZRMASHECERERA S M 3'UTR EMHSEIT A
Table 5 Statistical analysis of annotated genes in 5" and 3'UTR extensions in beef cattle

populations based on transcriptome sequencing results

5'UTR i 3'UTR &M 51 3"UTR [r] fif 4E ffi - -
RO CABRAR  ENK S S LIRS AL BT
< No of positive No of negative
Chromosome  No of known No of genes No of genes No of genes extended crand extensi strand extensi
code transcripts extended at extended at at the 5" and 3" UTR stran rcx ension stran rcX ?nslon
5'UTR 3'UTR at the same time genes genes

1 153 37 70 46 71 82

2 164 46 70 48 83 81

3 173 47 79 47 88 85

4 113 36 48 29 65 48

5 183 58 74 51 90 93

6 103 27 50 26 52 51

7 189 57 76 56 93 96

8 96 20 53 23 51 45

9 91 21 37 33 51 40

10 151 40 64 47 78 73

11 169 37 76 56 82 87

12 73 26 26 21 33 40

13 147 45 67 35 78 69

14 87 27 37 23 48 39

15 121 39 53 29 64 57

16 126 28 49 49 69 57

17 125 39 46 40 62 63

18 201 79 59 63 112 89

19 228 66 101 61 117 111

20 50 13 22 15 21 29

21 100 31 46 23 43 57

22 126 29 63 34 67 59

23 113 33 47 33 53 60

24 64 15 27 22 26 38

25 155 52 77 26 85 70

26 75 15 36 24 36 39

27 49 10 27 12 26 23

28 63 19 25 19 35 28

29 93 47 31 15 47 46

30 121 41 48 32 59 62

HiA Other 3 1 2 0 3 0

Bt Total 3 705 1081 1 586 1038 1 888 1817

F5 oR.5" UTR WA S HECA 1 081 A, Bl 1 888 AN fEfHE AL i JE R A 1817 4.
3" UTR fEM B H A 1586 4>, 5'#1 3" UTR ] FEA A Ay Y ik L BEALAS HEIR 1 A, %k H A
N SE A ) B A BCAT 1038 AN FEIEBE DREMRAYBEDN RS ROAL B BRI T ST AR (3R 6) BN A S E TR
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Table 6 Structural optimization of partially annotated genes in beef cattle populations based on

transcriptome sequencing results

VuRIN B FH 45 I i 5 SE i X 45k Pk i 057 # /bp b5 & /bp
Extended area No of Chromosome Gene 1D Extended chain Location before optimization Location after optimization
1 ENSBTAT00000003985 + 3'UTR 2 827 691~2 915 981 2 827 691~2 919 207
2 ENSBTAT00000007163 — 5'UTR 4 300 416~4 399 011 4297 512~4 399 011
3 ENSBTAT00000004378 + 3'UTR 117 716 651~117 735 517 117 716 651~117 741 171
4 ENSBTAT00000002003 — 5'UTR 80 952 446~81 075 991 80 952 446~81 077 111
5 ENSBTAT00000003810 + 3'UTR 43 762 572~43 817 060 43 762 572~43 827 517
6 ENSBTAT00000018687 — 3'UTR 111 699 989~112 153 362 111 698 920~112 153 362
7 ENSBTAT00000002376 + 5'UTR 4 105 828~4 120 006 4 105 373~4 120 006
8 ENSBTAT00000002523 — 3'UTR 88 755 737~88 789 416 88 753 667~88 789 416
9 ENSBTAT00000046332 — 5'UTR 69 540 273~69 583 721 69 540 273~69 583 933
10 ENSBTAT00000001668 + 3'UTR 25 880 971~25 925 727 25 880 971~25 926 100
11 ENSBTAT00000008106 + 5'UTR 11 326 475~11 369 731 11 326 325~11 369 731
12 ENSBTAT00000020126 — 3'UTR 82 296 498~82 322 844 82 295 034~82 322 844
13 ENSBTAT00000001268 + 5'UTR 74 640 691~74 643 705 74 640 451~74 643 705
14 ENSBTAT00000018083 + 3'UTR 56 385 156~56 556 667 56 385 156~56 557 201
15 ENSBTAT00000006638 + 5'UTR 56 473 004~56 530 219 56 472 958~56 530 219
16 ENSBTAT00000006773 + 3'UTR 71 591 831~71 713 585 71 591 831~71 719 974
17 ENSBTAT00000007876 — 5'UTR 18 582 256~18 600 421 18 582 256~18 600 624
18 ENSBTAT00000008257 + 3'UTR 19 131 365~19 199 820 19 199 820~19 199 820
19 ENSBTAT00000015224 — 5'UTR 42 015 614~42 041 251 42 015 614~42 042 853
20 ENSBTAT00000028278 — 3'UTR 17 842 584~18 052 859 17 841 978~18 052 859
21 ENSBTATO00000006650 — 5'UTR 56 210 637~56 245 304 56 210 637~56 245 525
22 ENSBTAT00000010230 + 3'UTR 16 946 297~16 957 323 16 946 297~16 957 409
23 ENSBTAT00000016029 + 5'UTR 39 461 718~39 465 516 39 461 658~39 465 516
24 ENSBTAT00000009214 + 3'UTR 35 553 464~35 564 144 35 553 464~35 564 895
25 ENSBTAT00000006410 + 5'UTR 2 871 276~2 888 333 2 871 250~2 888 333
26 ENSBTAT00000017090 — 3'UTR 23 740 410~23 813 189 23 739 169~23 813 189
27 ENSBTAT00000078362 + 3'UTR 34 063 676~34 126 284 34 063 676~34 127 722
28 ENSBTAT00000000186 + 5'UTR 28 287 394~28 297 656 28 286 557~28 297 656
29 ENSBTAT00000076965 + 5'UTR 43 758 770~43 774 081 43 758 480~43 774 081
30 ENSBTAT00000012726 + 3'UTR 33 366 140~33 425 170 33 366 140~33 426 878
et IEAE—. k.
Note: +. Positive strand; —. Negative strand.
2.3 REFERRANEESHRIR 2007
B G L IRAG 442 ADF I ok AL KR
215~21 315 bp. P KJEHN 1 930 bp. A [al K i #% £
9 200
AR LI 1. 52
FIH DAVID B A4 xF i 1€ 2 04 5 7% s A< i 47 Eé
(5]
GO EHEIHT . 442 DB AR B A Y 2T # . £ 100}
=
L 5> 3T IhEE . TR b A0 7 &
LERZEAPUN N AW PO NG 7/ B RV DB TS K A
4| P — N Ly 3 0 L 1 1 |
SFUIRE T 90w AR SR I B £, OO A AL TS <300  300~500 >500~ >1000
) N=oY 1 000
PRI 43— 4 BE 25 05 7E 45 5 76 20 M 28 43 . 40 B 20 #4525 18 bp
TBAT A B A A ) B R RIS ) 4 T 4R Y SR IR A Transcript length
Z (K 2), KEGG B £ M A, 442 ks AR 1 3 A A BEMOR i AR K R A A
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Fig. 2 GO annotation of new transcripts among 3 beef cattle populations
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Fig. 3 KEGG analysis of new transcripts among 3 beef cattle populations
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Table 7 New transcripts with significantly differential expression between crossbred Wagyu and Simmental cattle groups

it = e = 3 s #:

T’Ffafj—:ftﬁrD Ib(FC) FDR T’Ffaiﬁftﬁ% Ib(FC) FDR T*iiﬁft *;FD Ib(FC) FDR
MSTRG. 1221 1. 05 <C0. 001 MSTRG. 10117 3.56 <C0. 001 MSTRG. 242 —1.41 0.003
MSTRG. 6095 1.71 <0. 001 MSTRG. 574 3.41 0. 049 MSTRG. 3862 —3.32 <20.001
MSTRG. 4813 3.52 <0. 001 MSTRG. 9413 2.73 <0. 001 MSTRG. 10683 —2.00 <0. 001
MSTRG. 215 3.32 0.020 MSTRG. 2110 4. 34 0.043 MSTRG. 440 —1.78 <0. 001
MSTRG. 10230 2.34 <0. 001 MSTRG. 7837 3.39 0.016 MSTRG. 13399 —1.84 0.017
MSTRG. 3577 1.25 0.027 MSTRG. 2377 3.33 0.017 MSTRG. 10690 —3.01 <20.001
MSTRG. 9856 1.95 0.028 MSTRG. 5068 —2.23 <0. 001 MSTRG. 10225 —1.56 0.022
MSTRG. 14513 10. 11 <0. 001 MSTRG. 9976 —1.10 <0. 001 MSTRG. 6493 —1.50 0.002
MSTRG. 3086 5.21 0.037 MSTRG. 13812 —2.16 <0. 001 MSTRG. 533 —2.31 0. 004
MSTRG. 14512 9.96 <20. 001 MSTRG. 6263 —1.02 <0. 001 MSTRG. 14169 —2.18 0.031
MSTRG. 4549 1.47 0.043 MSTRG. 9073 —1.11 0. 007 MSTRG. 6849 —3.10 <0. 001
MSTRG. 10607 1.53 0.016 MSTRG. 10558 —1.53 <20. 001 MSTRG. 11123 —3.28 0.012
MSTRG. 14719 1. 16 0.017 MSTRG. 1182 —1.58 <C0. 001 MSTRG. 11843 —3.02 0.024
MSTRG. 7766 1.11 0.005 MSTRG. 5937 —2.93 <C0. 001 MSTRG. 1401 —3.22 0.011
MSTRG. 8941 1. 38 0.003 MSTRG. 13781 —1.94 <20. 001 MSTRG. 3522 —4.11 0.018
MSTRG. 12300 8.08 0.007 MSTRG. 12167 —1.04 0.002 MSTRG. 922 —3.95 0.029
MSTRG. 383 2.36 0.008 MSTRG. 1686 —1.50 0.005 MSTRG. 11523 —10. 05 <20. 001

V< FC Ol 4 SR P 185 7 2 e A 8 35 0800 M 0 5 F 064 % 2 50 R 2 D88 A 2 B 5 U B0 038 % 4 20 2 B 7 11385 2
BETH.

Note: FC is the ratio of expression of new transcripts between crosshred Wagyu and Simmental cattle; Positive values indicate significant up-
regulation of crossbred Wagyu compared to Simmental cattle,and negative values indicate significant down-regulation.
®8 FRAHFANBRFANREERRIEINFERES

Table 8 New transcripts with significantly differential expression between Pingliang red cattle and Simmental cattle groups

: N s 3 R 3 % R

'ﬁfaiiﬁiﬁrD Ib(FC) FDR 'ﬁfaii’—:iﬁﬁlrl) Ib(FC) FDR 'l%aiﬁi?tﬁrl) Ib(FC) FDR
MSTRG. 375 1. 06 0. 006 MSTRG. 4813 2.32 <20. 001 MSTRG. 10690 —2.52 <0. 001
MSTRG. 1221 1. 11 0. 001 MSTRG. 215 4.12 <C0. 001 MSTRG. 5937 —2.09 <20. 001
MSTRG. 13383 1.13 0.012 MSTRG. 3086 4. 81 0.018 MSTRG. 1182 —1.67 <0. 001
MSTRG. 10230 1.55 <C0.001 MSTRG. 12300 5.70 0.011 MSTRG. 6849 —1.66 <0. 001
MSTRG. 10607 1. 68 0. 007 MSTRG. 11620 5.78 0.015 MSTRG. 10683 —1.49 0.005
MSTRG. 11512 1. 82 0.019 MSTRG. 11523 —5.72 <0. 001 MSTRG. 6007 —1.37 0.023
MSTRG. 9098 1. 90 0. 003 MSTRG. 922 —4.78 0.028 MSTRG. 5068 —1.34 <20. 001
MSTRG. 6095 1. 94 <0. 001 MSTRG. 14169 —3.03 <20. 001 MSTRG. 10558 —1.27 <20. 001
MSTRG. 3926 1.98 <0. 001 MSTRG. 533 —2.88 <0. 001 MSTRG. 13781 —1.19 <20. 001
MSTRG. 383 2.05 0.022 MSTRG. 3862 —2.71 <C0. 001 MSTRG. 13812 —1.17 <0. 001

T FC g il 0 ARG 13 IR A e AR RGBS LB . 1B (B R8P i 20 A B0 11 B R 40 35 B, G 3R T B 20 A0 B T T B R A

BFETH,

Note: FC is the ratio of expression of new transcripts between Pingliang red cattle and Simmental cattle. Positive values indicate significant
up-regulation of Pingliang red cattle compared to Simmental cattle,and negative values indicate significant down-regulation.
R RTMFMERAFANBEERRIENTFERE

Table 9 New transcripts with significantly differential expression between crossbred Wagyu and Pingliang red cattle groups

7N . PN K < ¢ SKAN K -

'I%faiifj/{D Ib(FC) FDR 'I%fajif—rftﬁh) Ib(FC) FDR 'ﬁfaiiifjfil) Ib(FC) FDR
MSTRG. 8014 9.75 <0. 001 MSTRG. 8448 —2.19 0.001 MSTRG. 3519 —3.01 0.015
MSTRG. 4813 1. 20 <C0. 001 MSTRG. 3521 —2.88 0. 001 MSTRG. 3522 —4. 44 0.039
MSTRG. 14512 9.96 0. 005 MSTRG. 2484 —1.29 <0. 001 MSTRG. 241 —1.05 0. 049
MSTRG. 14223 —6.90 <20. 001 MSTRG. 2137 —2.73 <0. 001

1 FC 2y 2 38 R 40 T T 21 4 1 e e AR 638 et 1 LU (B 1B A8 KO8 JR S8 M AR 0P B 4 A 4 38 1AL Bl R 7R 28 S8 A B0 Bl 40 40 1 3

T
Note: FC is the ratio of expression of new transcripts between crossbred Wagyu and Pingliang red cattle. Positive values indicate significant

up-regulation of crossbred Wagyu compared to Pingliang red cattle and negative values indicate significant down-regulation.
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12. Negative regulation of biological process;13. Biological adhesion;14. Locomotion;15. Immune system process;

16. Cellular component organization or biogenesis; 17. Positive regulation of biological process;18. Reproduction;19. Reproductive process;

20. Binding;21. Molecular transducer activity;22. Enzyme catalytic activity;23. Signal transducer activity;24. Nucleic acid binding

transcription factor activity;25. Transcription factor activity, protein binding;26. Cell;27. Cell part;28. Membrane;29. Membrane part;

30. Organelle; 31. Macromolecular complex;32. Extracellular region;33. Cell junction;34. Organelle part;35. Extracellular region part;

36. Extracellular matrix; Fig. 5 and Fig. 6 are same
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Fig. 4 GO annotation of differential new transcripts between crossbred Wagyu and Simmental cattle
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Q. Corrected P-value. 1. Taste transduction;2. Endometrial cancer;3. Arrhythmogenic right ventricular cardiomyopathy (ARVC) ;

4. Adherens junction;5. Bacterial invasion of epithelial cells;6. Peroxisome;7. Leukocyte transendothelial migration;

8. Folate biosynthesis; 9. Hippo signaling pathway;10. Gastric cancer;11. Ovarian steroidogenesis; 12. Steroid hormone biosynthesis;
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Fig. 7 KEGG annotation of significantly differentially expressing new transcripts among 3 beef cattle
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Fig. 8 RT-qPCR validation of partial genes with significantly differential expression among 3 beef cattle populations

3w
5.1 4EREAAZHBHERA

RNA-seq $ AR 7E 56 5 5 X 20 45 14 17 2. F & 4
B SR A Ty A HEAEH L © A BN SR i
AAERE A R4 R By B AE 4R 11 362 Al
9 001/ Bt s AR, A R FER ALy Al FiE BT
SERC S AE R Y 5 AN T RE TR RIS R I
AHIF G A 3 AR A 1 3 A A A= BEAR 1) 15 B K L%
SR 2H B A S X AR R DR 2 0 R R A B HEAT T 4 R
ik, Ak T 3 705 A B FERR A, Hih5'UTR
FEAREE SEARA 1 081 4,3 UTR FEAH (5 A A
1586 4>, 5'F1 3" UTR [a] I} ZEf i 55 Sk A 1 038
ASTEIERE AR B sk AR 1 888 A, 7R i B |- 4
I EE ARG 1 817 A, whAF I 7 74 T35 /) 4 F
AT RKNM R T 993 S H i st A, A0
FEAE T 2 4 2% 28 AR RV 113 7K 4 h 2 4
AA2 A HT i S A 3k LT e SR AR B AR ) 148 450 K
o ABEREE IR AT RS TR R SR AR B
B DR E B AL T S A
3.2 GO # KEGG BE&E5H

JUL PN B 105 2 52 1R 4 [R) il BT A i B R 3R A R
ZH AT A I B P AL AR LN i I R A P
JBTF8 bR AR 3k B 4% 28 F A B oK B B0 T 19

IRAD AR T 3 A B R SR AR GO B S
3 RONE S [E1E F N R o RO R N RS AR U o
R R AR A Y R R — Ok U R
0 [ I A S R Y R S P A 0 B AR i i R A B
I P o 4 JC SR G B rh Y T TR 1 K 8 o 40 i
HEZ R B A VE R85 2R & L CBR D7 R A
W) PRI AAT L T AR 4 5 it LA v L R A Y
Z MR W A Y . AR R KL &
B, LA A AL T P T AR A R 3 AR v Rk
S5 R 38 3k G AR R 4 L AR Y 7L R R IR A
WA A A% o 1 T A DA A O R

AT R B R E S S TR B
AR A A BB RDY W S (Hippo) {7
SRR E R T LSRR S AN T T &
R L S5 Z R R, 0
50 7L 20 0 R P K S D R 4 B Ak s IELTE R R
T RN HIR (DHAD B & 5 . AR 50 % 22 50
R KEGG & 455k B, 2258 f 4= Fvg |1 4%
IR 25 R SR AS 3 R AR TR GEHE S L Hippo f5
530 5 DL K it Sk W i AR AR T R AT AR R
IR A 25 5B G AR W 35 AR TR 8 % L Hippo [
ST AR S A BT L, R T R S AR R
A 2Z [ 1 25 B e se AR T RE e R R B P A
FEH A R 2 2 5 00 5 R LIRS R



12 P AL MR K 2 . ABRE D) % 50 %

G BACHT . AW 58 b, P 2L 2R T 2R 58 A 22 7
B SR B 3 E 4T MAPK R p53 %5 {5 53 %
MAPK {5538 ¥ 2 5 4= WL i 5 DO R 8 27 %
THE WL NG 05 40 M2 i 5 » CTRP6 3 A 38 37 MAPK
5 AR A AR p53 fE T B T B A A
JIT JEL 0 (9 400 98 Ty B A L 38 e B 7 4L 2L AR P &
HIEAE DY CTRP6 5 M 8 #i % 7 » MAPK | p53
I 07 PR 5 5 3 1% 7 0 B O I 400 v o S bk
UL DR AR I AR 5 R AR AE MAPK Al p53 4
G LR SR A RES 5 DA e
Wit 4% . S AR AR T KERHE T
A U T I )T AR L K M T SR A A A BB O 4
NN E R ARt T S %, it — 2
TN DU A I 22 5 0 s A LRI AR AIE T 3R A
g

4 g5 8

PG R A B R AR 442 A Hh B E R R
FOARM B SR ART 92 4. B AT ER LMK
H 5 40 o g AR A 3¢ KEGG & 81 B 3% 2%
5 TR BB G SRR AR G T 2 E A I T
I (Hippo) {5 5 i % fl MAPK {5 5 i, X
S A S A 1 A R R R ALE KL )2 2 5 0
a2 WU AR K TR I OB 98 0 TR 6 88 55 4% 0 A i
3.

[ 5% 30k ]

[1] LiuT,Wu] P,Lei ZM,et al. Fatty acid profile of muscles from
crossbred angus-simmental , wagyu-simmental,and chinese sim-
mental cattles [ J]. Food Sci Anim Resour, 2020, 40(4); 563-
577.

[2] Gotoh T, Nishimura T, Kuchida K, et al. The japanese wagyu
beef industry: current situation and future prospects:a review
[J]. Asian Austral J] Anim,2018.31(7):933-950.

[3] ZEaE. “ Pyt gL 47 7 K R o) Ak 5% [T 1. v [ 40l )2
2018,44(1):64-69.

Li R S. Research on “pingliang red cattle” industrial developrnt
[J]. China Cattle Science,2018,44(1) : 64-69.

(4] B 4. 5RECH PR 6 55, ST DAL AR BE R AR MW 9T 0 R Rk

kE M TrE [T]. P E B A 2021,57(11) ¢ 1-8.
Ma J,Zhang L. P,Chen Y,et al. Research progress on popula-
tion characteristics and future breeding research directions of
pingliang red cattle [ J]. Chinese Journal of Animal Science,
2021,57(11) :1-8.

[5] ohaldk. Wl ZEH AL, 5. H AR 4 FRoRS 2% 38 AR b - Bt 41
RV [T B E A, 2017,36(4) 1 12-14.

Ma Z F,Cao X F,Li X K,et al. Hybridization effect of Pingli-

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ang red bull and Japanese Wagyu (frozen semen) [ J]. Journal
of Animal Science and Veterinary Medicine, 2017,36(4):12-
14.
B A e B T A S D 4 AT o I 1D OR 2 R4 A 0 4 g
DU G B 1 22 S 323k (D, NE 81T 5l R R 2%,
2020.
Han X R. Analysis of differentially expressed genes related to
fat deposition in Simmental and Angus based on transcriptome
sequencing [ D]. Tongliao, Inner Mongolia: Inner mongolia U-
niversity for Nationalities,2020.
Mirza B, Wang W, Wang J,et al. Machine learning and integra-
tive analysis of biomedical big data genes [J]. Basel,2019,10
(2):87.
Fmehs AL PR e St BIR M EE 29 [T, AR TR
[ B2 2 2 7, 2020, 54(5) :586-592.
Pei X T,Jiao X W,Ping Z G. Visualization of transcriptome da-
ta [ J]. Chinese Journal of Preventive Medicine, 2020, 54 (5) ;
586-592.
Zhao Y, Wang K, Wang W L, et al. A high-throughput SNP
discovery strategy for RNA-seq data [ J]. BMC Genomics,
2019,20(1) :160.
Owens N D L, De Domenico E, Gilchrist M J. An RNA-Seq
protocol for differential expression analysis [ J]. Cold Spring
Harb Protoc,2019(6).
Wang B, Wang P,Parobchak N,et al. Integrated RNA-seq and
ChIP-seq analysis reveals a feed-forward loop regulating
H3K9ac and key labor drivers in human placenta [J]. Placen-
ta,2019,76:40-50.
Holland C H. Tanevski J,Perales-Paton J, et al. Robustness
and applicability of transcription factor and pathway analysis
tools on single-cell RNA-seq data [ J]. Genome Biol,2020,21
(1):36.
Xing K, Liu H,Zhang F,et al. Identification of key genes af-
fecting porcine fat deposition based on co-expression network
analysis of weighted genes [J]. ] Anim Sci Biotechnol, 2021,
12(1):100.
Zhang ] S, Xu H Y, Fang J C, et al. Integrated microRNA-
mRNA analysis reveals the roles of microRNAs in the muscle
fat metabolism of Yanbian cattle [J]. Anim Genet, 2021, 52
(5):598-607.
Chen X,Luo Y, Wang R, et al. Effects of fatty acid transport
protein 1 on proliferation and differentiation of porcine intra-
muscular preadipocytes [J]. Anim Sci J, 2017, 88(5); 731-
738.
Rizzo M R, Fasano R, Paolisso G. Adiponectin and cognitive
decline [J]. Int ] Mol Sci,2020,21(6).
5.5k B REORIS AE. T T M O R R T R AR SR AL K
B S E [T, b 58l KA 2 4R CRO R % 0D 5 2018, 36
(3):39-44.
Guo R,Zhang L, Xiong C L,et al. Optimization of annotated
genes’ information and identification of novel genes in Apis

mellifera [J]. Journal of Shanghai Jiaotong University( Agri-



% 10 1)

FIESCL A5 3 A P AR TEACHT e S A T R e D BE A AT 13

(18]

[19]

[20]

[21]

[22]

(23]

[24]

cultural Science),2018,36(3) :39-44.
YK, EE KL ZBEFW, F. FET RNA-Seq 19 F R0 70 & K
B SRS AE gD RNA S [T o EONS3 B0m  i
2015,31(3):216-221.

Guo Y F,Wang Y F,Gong C L,et al. Identification of novel
transcripts and srna of Brucella melitensis by RNA-seq [ J].
Chinese Journal of Zoonoses,2015,31(3):216-221.

B 35X WL R AR T 2 SR e SR AR A A B kA
gikyflide LI, P B 5256 2h ) 2 4, 2019, 27(2) . 135-142.

Ma F,Liu Z,Kang Y J,et al. Analysis of novel transcripts and
optimization of the gene structure in the liver of rainbow trout
[J]. Acta Laboratorium Animalis Scientia Sinica, 2019, 27
(2).135-142.

Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2 (-Delta
Delta C(T)) method [J]. Methods,2001,25(4) :402-408.
2R SE, R ALHETN L . BT RNA-Seq & i 50 )5 H R
FA G 2 O SR S A 0 — 2P o B A AR SR DR S5 R 4R S
BAHARSCR B (1] R CE AR, 2014, 44 (3) .
307-317.

Lan D L,Xiong X R,Wei Y L.et al. Yak ovary transcriptome
research based on RNA-Seq high-throughput sequencing
technology: further improve the yak gene structure and dis-
cover new genes related to reproduction [ J]. Scientia Sinica
(Vitae) ,2014,44(3):307-317.

B % JE AR R AN N i IR 43 P B B AR SY (DL R
# I R R 2, 2019.

Huang X. The Transcriptome analysis of cerebrum and cere-
bellum reveals the well hypoxic adaptability of yak [DJ.
Chengdou: Southwest Minzu University,2019.

Yuan Z,Ge L,Sun J,et al. Integrative analysis of Iso-Seq and
RNA-seq data reveals transcriptome complexity and differen-
tially expressed transcripts in sheep tail fat [J]. Peer J,2021,
9:e12454.

Elsik C G, Tellam R L, Worley K C,et al. The genome se-
quence of taurine cattle:a window to ruminant biology and e-
volution [J]. Science,2009,324(5926) :522-528.

TR M AE N A AR S A A L 4L T eF s R ()]
YA AR ARBL B K2 F R CHARBL =D . 2015,43(11) : 17-23.
Wang H C, Mei C G,Zan L S, et al. Progress on whole ge-

nome sequencing of bovine [J]. Journal of Northwest A&F

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

University(Natural Science Edition),2015,43(11) .:17-23.
JR/NBR LU B AL RSO A P A R AR S R4 1Y DY A 5
FEAEBESE (1], b B 3 4 &, 2021, 57(5) - 113-116.

Zhang X Q,Sha Y Z, Wang Z W, et al. Study on the meat
quality characteristics of Pingliang red cattle and crossbred
Wagyu cattle [ J]. Chinese Journal of Animal Science,2021,57
(5):113-116.

Chen J,Guccini I, Di Mitri D, et al. Compartmentalized activi-
ties of the pyruvate dehydrogenase complex sustain lipogene-
sis in prostate cancer []J]. Nat Genet,2018,50(2);219-228.
AR ol A 5L TV PH L G5 N R A pH R AR iy R R R
JEAC @ B HL R 0o B ST R R [T 3h i E 9% R, 2020, 32
(2):571-577.

Wu F F,Mao J Y,Ding L. Y,et al. Research progress on influ-
encing factors of mutton pH change and its glycogen metabo-
lism pathway mechanism [J]. Chinese Journal of Animal Nu-
trition,2020,32(2) ;571-577.

Depoortere 1. Taste receptors of the gut: emerging roles in
health and disease [J]. Gut,2014,63(1):179-190.

Hong A W,Meng Z.Guan K L. The Hippo pathway in intes-
tinal regeneration and disease [ J]. Nat Rev Gastroenterol
Hepatol,2016,13(6) :324-337.

Imanaka T. Biogenesis and function of peroxisomes in human
disease with a focus on the ABC transporter [ J]. Biol Pharm
Bull,2019,42(5) :649-665.

Poleti M D, Regitano L, Souza G, et al. Longissimus dorsi
muscle label-free quantitative proteomic reveals biological
mechanisms associated with intramuscular fat deposition [J].
J Proteomics,2018,179:30-41.

Wu W, Zhang J,Zhao C,et al. CTRP6 Regulates porcine adi-
pocyte proliferation and differentiation by the adipoR1/
MAPK signaling pathway [J]. ] Agric Food Chem, 2017, 65
(27):5512-5522.

Lahalle A, Lacroix M, De Blasio C,et al. The p53 pathway and
metabolism:the tree that hides the forest [ J]. Cancers (Ba-
sel).2021,13(1):133.

Wu W.Ji M,Xu K, et al. Knockdown of CTRP6 reduces the
deposition of intramuscular and subcutaneous fat in pigs via
different signaling pathways [J]. Bba-Mol Cell Biol L,2020.
1865(8) :158729.



