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WG Ve, PBSVEVRIR B TEH A L1 S, W T
IKIPIE T —80 CHRUAMAT , 1l T A RNA $2 5.
1.2 B RNARRE

i H TRIZOL ¥ 42 B3 B o5 4k i 1 41 408
RNA. U5 19 RNA 75 {5 FH 126 &6 VKR i A
i AR, 94553 Nano Drop AR, #f 72 2L RNA
[ OD 50/ O fHTE 1.9~2.1.0D 50/ O fEE 1.4~
1.8, Jffi I Qubit Xt RNA #F17 % # , Agilent 2100,
Bioanalyzer 5 i — L A7 TR A, F2HUAY B RNA
Jo it SR S ARIRARATE , i J5 SEEA T SO
1.3 XEHERNF

A 8 SCE JUr fift FH 9 RNA 75 224 Qiagen 105
G iEAT et A A B, DLARAS B v BT 9 RNA.
B )5 fd FH SMARTer ® PCR ¢cDNA Synthesis Kit izt
& 4533 cDNA, KA cDNA Jit i i fe ™ 1 2
24, i il KAPA HiFi PCR Kits 5 & i A7 9738 , %t
AT 42K cDNA F B fifi H§ SMRT bell template
prep kit 1O @AGEESCIE . [, XF cDNA #EA7R
Wi S AR B S AL B, A 4 K cDNA A B 7
stem loop sequencing adapter #F 17 Jifi 2% , SC 78 4 #E A,
)& , M H PacBio Sequel #lll J7-F- 5 F J K f 5k 4
DT
1.4 ESRERAHFRARESHE

Xf Iy AR B A kh BCHE B S
SMRTLINK 5.1 0 H A7 B, 28 Jm 8 1 SNR
(Signal Noise Ratio) §ifi 17 51 B3 A5 5 12 £ 8 K 4 3k v
H1) , 153 2| I ¥ — 2 ¥ 5] (circular consensus sequence,
CCS). %£Bx# 5 primer. 3’ primer.poly A H Bt 3k
BRI SR TP S R ER B ITURE AT T

IEE ¥
1.5 FEBTEKT

I8 H ICE (iterative isoform-clustering) H1 )
algorithm BEHLH AT RIS, i il DAGCon 15 3] — 1
JE9, I it arrow $EATACIE o B AREEAL IE 5 1Y
ERIP I 5SS H A X, KRG S K AR
BB 5, B LU 21 2 25 B D 2 W] — JE A | A AN [
isoform HFATHEHL, B A AT AR 5y 42 . AR 4l AT A8 57 41
] (I sy kAT o326
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AT R T 2K SR AP A s i KOG &
F 5 B AZ R RBO GO JE AR IR B E i KEGG
PRI BECE PR NR AR TCAY B AU 12 . Swiiss Prot
B B 7R 6 T 119 Tsoforms #4718, FH LATE
fli R 17 41 2 B DR B D e Ve AR B M L2 5 A
R % R R DR 285, T AT 5 L] A P e A R o

2 FHRE5HMH

21 NEFBRESH

X RAE I B B B AR 1 B2 T AR T R AR T L JULTE]
JE Wi it Al ] PacBio “F & 5% AR P E R #1722
B SR AN iy , HE4RAS 19.81 G WYL bR Ec | BRTE Sk A1
K EE/NT 50 bp (S54GBS A 5, 1531 13 014 954 4%
Subreads, - K A 1 474 bp(Full Passes=1 /)N
TN R E 0.8) , K% B T HLECHE B9 CCS (circular
consensus sequence ) [ Jii i , F: 3545 779 3454~ CCS
reads, CCS BB F %M 1 812 898 181 bp, CCS Read
SR RE 2 320.43 bp, T4 Full Pass 3~ 11, i
ILHES 519 .37 59 poly-A B EE , 345 & T
i 1) FLNC (full-length nonchimeric reads) 640 205
4, b 821500, KN 2 091 bp, DA B 45 2R 13
W] 4 K A it 20 T 50 ot A A, T DL T e 2
Y .
22 £KERE Reads BRERIE

I A 51 AR TR A i 1) AR 5 5504 X PacBio
SB35 = AR reads HEATASIET . ASIEEIR
FAIFRAS T 779 3454 consensus reads., ffi F ICE %
BRERIF SN FICAR T )5 , #E— 2 f ] Lordec 54,
A ZARBAE 1 S 2 BE Xt 356 772 4k — BobE e 51 45
HEATREIE , FRAS AT T3k — 20 40 A 0 — 3 v 7 41 B
4790 043 023 bp.,
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HAb T AR gy (R 1)

A D 28 T AR B T Y SR R AT GO B 4
Br, 7R 5 834~ 2% H i 3 A0 C (P<<0.05) , Horfrigg 48
FFIIRESEM GO 4 B A 224, 44 7251 GO
2B 144, Y RIS GO 4 B 474 144l
532 Hh e S R IR R R IR BT R
EBRERH . 0 FUReRS i B 1
HE”, HUOR " “EARES G4 H . At
TR 2 ) v e W 3 T AR R Y RO A e R
AR A R AR, D Ak FRATIE A 2
JIg T A A B AR A O A A Y 3 AR AR R

A
Statistics of GO term enrichment

AT AR AR O AR S R R R A
Yy G AR W I g A T R R AR AR b
PO " A5 . S U a] 28 B X i I IO AR R 4
P02 AT REAT B R (1)

XA 1) P AR 0 B B R AT KEGG B 4
SYHT L USR5 0] A8 B 2 060 5 R 22 (] BAE G R 19 5%
Wiy, 25 5 AT 27 SRl R 2 AR P B S R
B S AR R AT 15 2% 3, 10 i s 4 e v g
fifp AR AR T A < g s A P R 1 S
B%” “PPAR {5 518 %" “AMPK {5 = il i 7 “PI3K-
Akt {55l XU AR iE NS5 S 2R
DUBUE R M 45 1 2 44k

F1 WEFEEEBGITR
Table 1 Statistical table of alternative splicing types

I
FM Type Nujli%eifa AS Num%ef[fz gene

Hh i FBkER Exon S 4677 2406

MR TR AltD 1939 1184

M THES AltA 2138 1262

W& T Intron R 14 606 4085

AP B R Alt P 6490 2365

HiAth Others 20 670 4143

TE - AS Gert MR I 7P 1R RS A 5 275 Ik R SR AR LA B
Note: AS statistics are based on the comparison of sequencing anno-
tation results with reference gene transcripts.

B
Statistics of KEGG pathway enrichment

Sequence-specific DNA binding transcription factor activity { @ Regulation of lipolysis in adipocytes{
Regulation of transcription, DNA-templated | ® Ras signaling pathway- ®
Regulation of RNA metabolic process { ® Rapl signaling pathway-
Regulation of RNA biosynthetic process { @ PPAR signaling pathway - .
Regulation of primary metabolic process{ ® Platelet activation-
- - Q value : Q value
of - compound process { ® 1.00 PI3K-Akt signaling pathway: @ 1.00
of nucleic acid: lated transcription { ® 0.75 Phagosome- . I 0.75
ion of nitrogen compound bolic process | ® 0.50 Parathyroid hormone synthesis, secretion and action? . 0.50
Regulation of metabolic process { ® 0.25 Neurotrophin signaling pathway - . 0.25
Regulation of macromolecule metabolic process { @ 5= 0.00 MAPK signaling pathway: @ - 0.00
Regulation of macromolecule biosynthetic process | @ Gene number Glucagon signaling pathway - . Gene number
Regulation of gene expression { ® ® 25 Focal adhesion o ® 55
Regulation of cellular metabolic process| ® ® 50 Fc gamma R-mediated phagocytosis+ . ® 5)
Regulation of cellular macromolecule biosynthetic process { ® ® 75 Fat digestion and absorption- ® 75
Regulation of cellular biosynthetic process | @ : }[2)2 ECM-receptor interaction . * :(2]2
Regulation of biosynthetic process { @ Cortisol synthesis and secretion
Nucleic acid binding transcription factor activity { @ Axon guidance .
Metalloenzyme regulator activity AMPK signaling pathway -
Metalloenzyme inhibitor activity Adipocytokine signaling pathway-
Metalloendopeptidase inhibitor activity Adherens junction{
025 050 075 100 010 015 020 025

B AT Rich factor

B4 F Rich factor

A GO &AM HUS I Scatter plot of GO enrichment analysis; B: KEGG & #43Hr #5818 Scatter plot of KEGG enrichment analysis.
1 GORKEGGIIREEEE
Fig.1 Functional enrichment of GO and KEGG

2.4 FHEEHEINBEERESH
TR A B WA TR R ] NR VKOG .
GO . KEGG HI Swissport 5 ™%l B 471 B, 7F 42

.80 756 57 HI AT 69 259 ZA TR, INER 2 /R .

WA 2 R B4 16 572 4 FE B 5 A5 14 pr v
FE A 26 653 3L 2= /D7E 1B IE e R, HL
AR BE PR 81.61%6 119 65 902 N JE PR NR %k
Tt P e L AR AR e 9 [V L &5 5, Horp 28 530
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Fig.2 Venn diagram of functional annotation

55855 A A8 .10 028 2 S HEA-[1IR .3 265 45 5°F
J A= AR L2 970 45 S48 - [RUR .2 431 25 5 WK
A RV DA S 5 Al R U Y 18 678 2%, an Al 3 i
TR BKULHT T SR B AR AR SRR B A b Az )
T 2 IR A A2

YIFh/3 A Species distribution

Wy Species

W Bos taurus (43.29%)

W Bos mutus (15.22%)

W Bison bison bison (4.95%)
W Ovis aries (4.51%)

0 Bubalus bubalis (3.69%)
[ Others (28.34%)

3 NROZEFESITE

Fig.3 NR classification annotation statistics

x2 EeEBgEiITR
Table 2 Function note statistics table
i H HdJ5 % Database B o
Ttem KOG KEGG NR Swiss Port GO Total gene number  General notes
LR Gene number 41 004 45984 65902 57 880 26 653 80 756 69 256
R LA/ % Ratio of notes 0.78 56.94 81.61 71.67 33.00 — 85.76

KOG %8 22 1 B 51 41 004 45 77 90 16 5L 4 X 3,
di R E A 50.78 %0, MR T FIAE B AT LL4 Sk 26
4, o — Dy re N 4% H VR 8 406 74 L 15
SEEIHLHIZE 7 221 5 RO R A A A
(LA 5225) o WA mT UK R, VR B 240 A R A&
B ALERT I 4R ZH Bl NS

10 000

8 000]

6 000

4000

PO Number

2 000

KOG4rZE KOG classification

0!
ABCDEFGHITJKLMNOPQRSTUVWXYZ

S1 I FNHEALIZ By NG S R | R 2R e R AL
R REE] 2 8221 620,920 £ F 41, 1% 46 ik A2 I I
TAER BB A BRI L 2P AT A e AR Y e A R
L ) I 5 i3 iy, 3 mT B 55 B 7 40 Bk b i T R 2R
FHOC (& 4) .

: RNA processing and modification
: Chromatin structure and dynamics
: Energy production and conversion
: Cell eycle control, cell division, chromosome partitioning
: Amino acid transport and metabolism
Nucleotide transport and metabolism
: Carbohydrate transport and metabolism
: Coenzyme transport and metabolism
I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
: Transcription
Replication, recombination and repair
: Cell wall/membrane/envelope biogenesis
: Cell motility
: Posttranslational modification, protein turnover, chaperones
Inorganic ion transport and metabolism
: Secondary metabolites biosynthesis, transport and catabolism
: General function prediction only
Function unknown
Signal transduction mechanisms
: Intracellular trafficking, secretion, and vesicular transport
: Defense mechanisms
: Extracellular structures
: Unknown
: Nuclear structure
Cytoskeleton

ZoEERTOE>

=7

SCRPIOTOZ

=

N

B4 KOG ##iEmRE4titE
Fig.4 KOG classification annotation statistics
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100 174942
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B

GO {EF4r3E Go annotion classification
5 GOHHFRSITE
Fig. 5 GO classification annotation statistics

KEGG Ry Zh e B 45 SR & BH , SR b #5 4 R i 41
SV 4 KA SR 2 BOHE v e T R B JE TR 45 9844, i 4
TRHE R 1 56.94 % , KEGG $5 1: BR A5 2] it 36 R 475 8 4
J 5K A R B S B AL RAL {E B AL
AR A LR S, X L5 0 & 4 2 10 745,
9 516.5 789.7 005.1 6554~ F A, 4 1& 6 fr /R
KEGG B & 4 2] “ 4 i A= K A sE T “ dil iz 8 7
PERG MG RGN, i & B ge A
WA YA R e AR S S R A

R A i B A O 1 A, T I S A 1 B
A HES SR UTRL M 45 A R

$ 80 756 45 ¥ %1 55 Swiss-Prot B 122 45 11 )% i
AT, 2 BA5 5] 69 259 AN FEA , 4 3 PR B
1 85.76 % . I angel # A4, X /¥ 5k CDS Fl Pro-
tein T, 3% Bl 94 458 4% CDS J3 371 Ko HX} 1 ) pep
FEAI), 3 HHE 2] UTR 3R 2 i X I 155 214 45 7
B K EE S R TR T A S L 758 3 or B
S X A 29 448 Ab, 43 G %R 21 145 4% reads,

3974

486

Norvous &

Excrel em
Lipid metabolism §Essd i | 204

KEGGIERS2E KEGG sub classification

KEGG_classification

Cellular processes
Environmental information processing
Genetic information processing

I Metabolism

I Organismal systems

7002

4329

10.0 15.0

FE 5 [6/% Percent of genes
6 KEGG #rEEBESITE
Fig.6 KEGG classification annotation statistics
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B2 GO MTKEGG & 0 Hrgh 1 Won , 834 4%
H i 2w 2, Hoh 505 B A OGS B i A b
AT A AR AR BRI ok AR D B R A it ik
ORI A4 . KEGG 453 BoR ik s nf 45
B A OC L PR W5 M 2 Yyl e AT 27 2%, SR A Al
B AR AH S 19 15 4%, Horp “PPAR {5 558 B
“AMPK {5 %5 i #%'*" " “PI3K-Akt {5 5 i@ #g'= "
“MAPK {5 53 %" “Ras 5 S @ 5 " “Rapl {5 5
A K7 ECM -2 A AR F A %077 “cGMP-PKG
o ST Apelin {5 5 257 45 K47 SCHRARE -
X AT AR B 42 R G e B, X B g T AR B %
BRI B A TS, ok FE 4 E AR AR IR T TR 9 4%
LA T B SRR AN T -

AR AF 5% 36 K B 80 756 4~ HT 3 I F 81, KOG,
KEGG NR, Swiss Prot GO ¥ )3 73 37 B 2 Hovp
41 004 .45 984 .65 902 .57 880,26 653 5751 , £ 4 F
(R LU X v A 30 B s v 2 2 S 5 3 2R R 4 [+
U8, 8 TR 7 B L GE A, 45 B /N 2 B i o
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Identification of alternative splicing events in bovine adipose tissue
based on full-length transcriptome sequencing

XIA Han, LI Fan, PENG Lingwei, DU Yuqin, GUO Aizhen, YANG Liguo,ZHOU Yang

College of Animal Science and Technology &. College of Animal Medicine ,Huazhong Agricultural
University/ Key Laboratory of Agriculture Animal Genetics , Breeding and Reproduction of
Ministry of Education, Wuhan 430070, China

Abstract In order to investigate the more complex regulatory network of fat deposition under the in-
fluence of alternative splicing, and to clarify the effect of the occurrence of alternative splicing events on the
regulatory mechanism of fat deposition, in this study, full-length transcriptome sequencing was performed
on abdominal fat, subcutaneous fat and intermuscular fat of Yiling yellow cattle based on the third-genera-
tion sequencing technology of PacBio sequencing platform.A total of 50 520 alternative splicing were detect-
ed in 15 445 genes, accounting for 33.4% of all bovine genes.Enrichment analysis of these genes revealed
that 83 GO items were significantly enriched , among which 16 were associated with lipid synthesis and me-
tabolism, and 27 KEGG pathways were significantly enriched , among which 15 were associated with lipid
synthesis and metabolism. The sequenced sequences were annotated using KOG , KEGG, NR, Swiss Prot,
and GO databases, and a total of 80 756 sequences were annotated to 69 259 genes, 94 458 CDS sequences
and corresponding pep sequences.In GO analysis, 15 039 sequences were enriched to 507 biological process
items, 7 907 sequences were enriched to 214 cellular component items, and 30 672 sequences were enriched
to 559 molecular function items. A total of 49 710 sequences were enriched in 34 pathways by KEGG data
analysis, of which 7 002 sequences were involved in signal transduction pathways. The above results indicate
that there are a lot of alternative splicing events in bovine adipose tissue, and these genes with alternative
splicing events play an important role in the regulation of fat deposition, which may provide necessary re-
sources and theoretical basis for analyzing the regulatory network of fat deposition from the perspective of
gene alternative splicing.
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