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Effects of Fkbp51 gene knockout on the alternative
splicing of liver transcriptome in mice
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[ Abstract]  Objective The purpose of this study is to understand the influence of Fkbp51 gene knockout on
alternative splicing of mRNA in liver tissues. Methods mRNAs of liver from both Fkbp51 knockout( KO) and wild type
(WT) mice were isolated. mRNA expression profiling was performed using RNA-seq reads. The mRNA reads produced
from RNA-seq was analysed by TopHat for alternative splicing. Exon skipping and intron retetion were identified according

to alignment analyses. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
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were analyzed using online tools DAVID. All genes which had differently expressed alternative splicing between WT and KO

were annotated using NCBI database. Results

(1) Fkbp51 KO can introduce new mRNA alternative splicing; (2)

Fkbp51 KO also cause mRNA alternative splicing expression change; (3) According to GO and KEGG analysis, it was

found that the mRNA alternative splicing changes mainly enriched in fat metabolism, immune, bile acid secretion, and

PPAR signaling pathway etc. (4) The genes which have different intron retetion events are mainly involved in regulation of

actin cytoskeleton organization and amino acids metabolism. Conclusions Fkbp51 gene knockout can cause the change of

mRNA alternative splicing, and thereby affect the metabolism of liver in mice.
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HorryEfirh, 2T i A ALY R A, 2t i A
YRR FA R, AR AR AR 1Y) S T AR = R T
05 B RSN o, R T U Re R SR
¥ 4B R JRmA G

HER2 P, EZRANEFREEE EEEENE
YreE il B2 mRNA A R |2 TR 09 A= ) 6 Bl
IR AR AR AR, LS AR A R 2 5K
(R 20 it 22 3 R A A AR i o R, X R T S R

FE SN, S A AR i 4 20 57 T A%, i o U= i
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Tab.1 GO annotations of the genes which have different
expressed exon skipping events between the KO and WT mice

SR GO AR P
Category  Gene Ontology P-Value
AR S A 8. 17E-05
SR SAE BN HP IR R 8. 26E-05
AMASLTE 8.26E-05
A LRI A T 1. 77E-04
Erlivliw igur i 1. 77E-04
W R 3.26E-04
(LSRRI 4. 06E-04
Je AR A 7 8.23E-04
2 R A 1 2 1 A 8. 23E-04
AMAREIE , £ SRR 9. 39E-04
Jig i iz 0.00104
JIE ] A Rl 0. 001087
R AR 0.001161
G SERUN L 7 0. 001342
e bA 0. 001439
PR G BR AR (1A S A (AR R e 1oy 2 0.001479
[P A i 0. 001551
AMASLE Bk 0. 001804
SRS SN 0. 001869
05 A R A IR 1Y 4 A AR e 0. 002196
o E I B R 0. 002328
BTN 0. 002747
A A 0. 003468
I5 A A A P S A AR e R 0.004122
211 oA A O 0. 005019
i ALYy A 0. 005019
LR AL 0. 005473
AR X 0. 008396
(G Ry 0. 032757
YN 2H o3 0. 043765
rTIRE FHETES 0. 004541
RSB R e R BT A S AL 0. 005684
RS 0.009515
MR & 0. 030974
¥ P-fl <0. 05,

Note. P-value <0. 05.
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2.4 ZRAITHEMN KEGG RGERK S
N T WESE 22 S AT AR B H Ak K 2 5 R 2L A i
e, FAM 10 DAVID T KEGG 1R 38 # 43 #F , 3%
3.4 R, 25 SE R IR 322 4 00 A HMA A
T2 KOS5 Wr RAEZFNE TIREIERNE GO R
Tab.2 GO annotations of the genes which have different
expressed intron retetion events between KO and WT

ZFR GO AT P-{H

Category  Gene Ontology P-Value

AP AR LR 4. 64E-05
Al LR AT A AR AR 6. 71E-05
mRNA (15 e 2. 28E-04
Jilkz) R S Uk = R AR E 3. 41E-04
T T WUBh R 225 R Y R % 3. 82E-04
B SR 2H SUR A 6. 35E-04
— A 6. 37E-04
X A AT S R 9. 48E-04
AR BRUS NE 9. 89E-04
2 [ I 04 2 ) A A 0.001071

YAELH S AT 5.58E-06
A 5 I 1. 65E-05
[ 2. 34E-04
L 8 04 P S 3.75E-04
I 285 A i 7. 95E-04
0 P9 40 25 1% P 0.00111
2 25 5 0. 003159
2 T 2% 0. 003312
2 i A5 0. 00385

SFUIRE BEHMREE 1. 88E-07
RNA %54 1. 93E-06
RIS R IR S 2. 89E-04
Bt mRes & 5. 72E-04
RIS RS A 5.72E-04
/NG BRI E TE ME 0. 001295
GTP M4 & 0. 002407
T P B R R 37 T TG 1P 0.004178
RAB 5 A% 8 38 46 R 7 16 0. 005133
PRI AT IR S & 0. 005275

. P-fH <0.05,
Note. P-value <0. 05.
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PPAR 5518 % B9 cyp450 KGAH Cypdald, FE
S5 IRWIFR Y A AL ; Apoc3 = 5 i85 ; Sep2 F
Ehhadh Z 5 RHITREAL, TEAIIE (R P4A50 AT
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FIR, o B 0 T 2 45 e H R o 4810 ) Tl T
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Iy EERN o AR UGIER ; Ugtl aba 9 % 25 WE 0
PRI F I, B AL /N 3 i 1 43— A [T Pt i 35 AN I 21
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ANTA] . Skotheim [ fHRE IF 95 45 S R B | A TE 1IE &
Y o AN P N R B S A R b
Tt , A 2 F BRI A )R R
2.5 ZERATHEZIMAERE

Fkbp51 H PR R 5% %6 A= 9 & — R AR A= W i
FkbpS1KO J& , WA ZE38 12— Lo 35 R 9 8 15 R R
Fkbp51 FHEKI B THEE 1 AT 2B 59 452 5l & X e — Fh i 5
ACFRIIET, 7E3R 5 h 7RSS Aot 7 kR
i S5 I B O AMAR IO, A PLIRR B AR
AR R IR R e A R, Bk R E
I, 22 R B S fife %) 2 1) o A ok R AR R R T ]
AN R A AT AR B Bk 2 5 AR ok B AT

$£3 KO 5 W Bk %550 i TR LAY KEGG pathway
Tab.3 KEGG pathway of genes which have different expressed exon skipping between KO and WT

KEGG 1R ifi8 % R P-E
KEGG pathway Gene P-value
AMAFIERE 1l 2R 16K 2 )3 €3,09,C8a,Cfi,Cd59%a 0. 003392
WL A=A B Baat ,Scp2 , CypTbl 0. 006713
A EE P450 A0 SR Gsta3 , Gstzl , Cyp2¢50, Ugtl aba 0.017394
2 A Gsta3 , Gstzl , Cyp2¢50 , Ugtl aba 0. 024364
PPAR {558 % Scp2 ,Apoc3 , Ehhadh , Cyp4al4 0. 02788
TR Akrl¢6 , Ehhadh ,Abat 0. 037901
ik S R A Hgd ,Gsizl , Comt 0. 041729
R A Kynu, Cebll | Ehhadh 0. 043695
. P-{H <0.05,

Note. P-value <0. 05.
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F4 KOHWI BAEZRNEFIREERN KEGG pathway

Tab.4 KEGG pathway of genes which have different expressed intron retetion between KO and WT

KEGG fRifim M PE
KEGG Pathway Gene P-value
P R AR AR A Cdol ,Cbs ,Mai2a ,Srm ,Ahcyll ,Amdl 4.51E-04
FMACRIE M K356 S5 7 Clsl ,Kikb1 , Serpincl , Cfb , Serpinala ,He , C4a , Proc 0. 002096
o N Gnai3, Cxcll , Stat3 , Mapkl , Statl , Ccl9 , Hras, Gnb2 ,
FAPLIE T 15 5 s i oy Rapla Crel12 ,RZﬂ S 0. 004077
SOPERE R M0 Mapk1 ,Piml ,Cendl , Hras ,Rafl , Stat5h 0. 008005
P g,i[;)‘;:,lém;:;iv’mgdrza , Cyp4a32, Entpd8, Tkl, 0. 009504
Ji B g Mapkl ,Statl , Vegfa ,Cendl , Jakl , Rafl 0. 023581
i PR 8 B 1 1975 Hdacl ,Cendl , Hras ,Rafl , Stat5h , Cdkn1b 0. 029839
R A Cbs ,Ma2a ,Ahcyll 0. 032948
BELAK Creb313 ,Calm2 ,Gnai3 , Hras, Creb312 ,Adcy6 , Rafl 0. 035037
B e 8 Vegfa,Ccndl , Hras , Rafl 0. 040094
. P-{H <0.05,

Note. P-value <0. 05.

RS LA G RE P R] A8 0 He

Tab.5 Several pathways associated with alternative splicing events

EEt7/fun RI SE HEH
Biological Process RI SE Gene
e A + +  Akrlc6, Fdps
. _ Stat5b, ScSd, Awip8bl, H2-Ke6, 0610007P14Rik, Insig2, Hmger,
Akr1 20, Pex2
- + Pbx1 ,Baat , Cyp7b1 ,Apoc3 ,Apocl , Petp
M SRR N Hh ISR 1 R + - Cfb,C4a,Clsl ,Maspl ,He
- + Cfi,AlI182371,C3,C9,C8a
MRS + - Cfb,Cha,Clsl ,Maspl ,He
- + Cfi,AI182371,€3,C9,(C8a
AR A + +  Kynu,Ficd
- Ido2 ,Cdol ,Ahcy ,Acoxl , Urocl , Pex13
- Ehhadh , Pex5 ,Hgd , Gstzl
R R Kynu, Fted
- Ido2 ,Cdol ,Ahcy ,Acoxl , Urocl , Pex13
- Ehhadh , Pex5 ,Hgd , Gstzl
JER AR + Kynu ,Comt , Fted
+ - 1do2 ,Cdol ,Dhps ,Ahcy , Urocl
- + Hgd , Gsizl
22 AR AR L7 1) 2R B + - He,Cfb, Spesl ,Clsl ,Maspl ,C4a
- + Cfi,AI182371,€3,C9,(C8a
SV SRR Y + - He, Cfb, Serpinala, Stat3 ,C1s1 ,Maspl , C4a
- + Cfi,Al182371,C3,C9,C8a

e+ AR R A B gt B, ¢ - AR R T AR B R B

Note. “ + 7 represents the occurrence of alternative splicing event, * -’
s
3 i

Fkbp51 1E8E BRI 2 v e i iy Bk
HATIANE 2, FoAE AL ol 6 e 24 Jr i, iX
B—NEHA Lkt 2] 25T WA A
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WP R — A E R,

FATMEER], FebpS1KO /N, TR G T LA | AR

represents the opposite.
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TRl — 9 35 K] F 3t o 8 A0 5% Wl A8 B 2120
BEFRATAE T f% FrbpS1 5 PR G BR 2 75 BE 52 M H: Ath
DRI B AT A8 B4 | RS0 Fhbp51 28 BUAH S A= Y ak
FRAR I8 %

B, AT BE 0 A 139 2 R AN
TBRER, it — B FE D8 (GO) il KEGG 1Y
W AT, FRAT R B s 22 S I I £ 2 S 5 5
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FENR A A/ E A B L,
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%#%li%?”% S sh & A 40 4R i
PR E LR S AT AR Y AR Lﬁﬂamﬁﬂn FEAL
A AN, H 5 26 [ B A AR A 5 X U B D
W& T IR L, ﬁbﬁ%@hﬁfﬂaﬁﬁﬁn%ﬁ»ﬁiﬂlﬂ
PEREEZ, AT TRETREZIS S WiE
I b 2 A A 4 ﬁnﬁﬂ%x S mRNA &
i, AN 230 1o R R A R A4 8VE

AR FEEIE T FhbpS1 %2 K B % AT A5 5 4
’Jﬁfﬂm X E 5T HAE B 105 AR b i 1 P AR — A
FISEE . T IUE Fhbps1 HE PR AR & B B mf 2% 5
YI Y 28 L, — 2 3R ATTH 5 2 WF 5T Ehhadh
Gsta3 ,Comt ,Glol , Acoxl , Ahey ,Rpl17 Fll He iX 4£ 0]
AR BRI AR AL il ad 3¢ 8 57 RACE Jrik, Xﬁar”
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