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MFRIBACE NS 5 4 &5 KR, IF 2 517
2 Y A B R R o R A AR R
g AR R — B R S P Y 2
iK3Z#) miRNA 4% 40, miRNA-223-3p j&
A R I N5 9 S P B 40 i ( CMEEC) 15 5 1Y
0> miRNA |, miRNA-223-3p W] 3 1 & 75 4% B i
TE A rpsokbl/HIF-1o {5538 %, 104 Bt 1. CMEC
I AE BT A IR RN FE Ak A%, DA e ARG I 3878
AE 1o miR-455-3p ji ik 81 o] 45 fabp4 , DA T 411
il B L9 41 B 15 8 A%, A EE AR B SR 0
TEVGIT RS AN, HATA R 2 05 £ 0,
miRNA 234 4 F1 2l ) o i) B0 555 3 A0 S wieg iz
SR 7] o 3 8 5T 58 P 3k, miRNA 7] L)
VIS Bl AR () IR R, DA 3 58 41 i XS e
(T 210 TR SRR 85 U 8 23 3R 8 M
o —Fp AT HRTHIAESE , GHE  an A
WS BE A EEIEAT T /N RNA 4100 )7t
B EE R, A 2 4> miRNAs 7RI 8 Y
B E f il v R0k B 2 T R, XA IR
Ik miRNAs AR A] REJR4EE (A I8 T 8l b B 2
[ ESuNiUE SIS

O EERA T 5N ORI B i, s
UK R AL ™ SR RS K A S AR
SEH I B AR AR SO B 1y S X
Sl IR AE 8 5 R R AR T B 2 2R
B SN R 43 A, LU AR 8 5 8 AR 1 R
TR E O XN N RIE2E S 8N
1 75 B e I A AL T B AT L P

U RPRS ik

1.1 ##

SEI T R AR BRI BE St (WT) >k A T k¥
N AR TCIES 2 SIS = I R M i SR CIE 1
RV AR R B B MR By 6. 7 mg/L, FRGETREE Dy 28
C. AFH 8:00.,18; 00 MEEFAEH,

RIGIR LS Trizol IRHFN (FHAEW A,
DEPC 7K (AW TAMRA ) & i (24:1) 7
EERITCIK L

SRR Y RO AR Iy (D SN VI
T AL EP & BB R GBS TAER K
(A B E T AR RN ) B (E
[ Eppendorf 45 FR 2 &) | i 38 3 FIIK S 91 Ak 46
(Kb HEm i TR A BRA A E ) o

1.2 Fi&
1.2.1 Bty

SR AN e R A Sy A S B 8 SR 1 2 A
e, o3 E T 2.0 mg/L 5 1.0 mg/L (K4
YIFAE b, SR T A 30 A A 0 A 3, ) o A
WEE 6.7 mg/L (48 00 BRAH . (IR RN
SR T B ) f0RE 2 g AH ) 5l 3R, L AR 5% 25 14 55
SEA AR,

WIS BB 3 AN [ 4 0 e v B 2R T 1Y
BE T £ SR AT A, B B ZH 21, O R IIE RNA
PRI T, A E T i R N AR 15 AR B
o, )X SO BE I A 1 B, R E AL A
Trizol YA FEHA) RNA #E47 HL UK , 3 A L B AR
6 NREEAS 43l R H AR R ERA14T G1 .G251.0 mg/L
ATV E T HE41471.0G1 ,1.0G2;2. 0 mg/L 44
B B T 82 412.0G1 \2.0G2, LA b SEu A 9
BBV vk 2 07 Ol i i
1.2.2 Bkt

8 2 2RI AR 2 i 2 B H e (P AR S B = 2

B % M B AR (8 ] Python (¥ 4156 f 4K
IBCH: clean %4k , {1 hisat2 ¢ HFe 450 bam 4%
3, 4 ] samtools 5 FHE 7 )5 i A cufflinks 5% {4
BT 2 5 B R 2 A o (] Rstudio B DL K H A2
J¥f4 clusterprofile ,org. Dr. eg. db 58 R fi#17 GO
AR AT, 1] ggplot2 | pheatmap 25 2 |8 AH 5%
1 R At T BB 2
1.2.3  BEAELR T

{i Fi TargetScanFish ( http ://www. targetscan.
org/fish_62/) il miRanda ( http ://www. microrna.
org/microrna/home. do ) W A~ W uli [A] B #F 47
miRNA (8L PR F0IN ,  © 60 AR ) A A T Xof 3R 85
AR 2 o A B CH R T mRNA R B
LI R PR, AR SOR S AT AR A 38 S5 X 5
AL LA e mRNA 1 B30 15 A DG Y 238 1B 3%
AR AZ M AR 1 2 S BE DR A 7 23 A, e T AEAR S
B KA P TR 2 4% miRNAs
(miR455-3p Fil miR-125-b-5p ) ¥} 4% iR K H 24
S 60 Ak R FEA T #E I R T
1.2.4 qRT-PCR BiF

TEA TAYHEAT RN G (£ 1) B EA
AN BE 3 A AT S5, T A S A
qPCR ASGHEAT RN, J K S0 21 f 5 dh 5 e 207 o
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Tab.1 Primers for qRT-PCR
514 JPHl(5'3")
Primer Sequence(5'-3")
rpsl5a-F GGAGGCTGAACAAGTGTGGC
rpsl5a-R TCTTCGTGGTCCATGATGCC
pll3a-F TGGAGGACTGTAAGAGGTATGCT
rpl13a-R GGACAACCATGCGCTTTCTC
rps8a-F GCTGGTGAGAACCAAGACCC
rps8a-R CTTCCTCAGGGGTCAGTTTGG
rpll0a-F CGCCAAAATGAGCAAGGTCT
rpll0a-R GCTGATCTGGAGTTCCACGG
rps7-F GGTGGTAGCAGGAAAGCCAT
rps7-R AGGCAGGATTCTTCTCTGTGC
rpl18-F GTTCTGTTGTCTGGACCCCG
pl18-R CTTAGTGTCTGCGACCACGG
pl5b-F CAGCCTACTCCCATGAGCTG
ml5b-R AAACTTGTTTAACAGCCTGCGG
rps3a-F TGGTCAAGAAGTGGCAGACAA
rps3a-R CTGGTGCTGTGCATAGGAGG
pll1-F CGCTACACTGTGCGATCCTT
pll1-R CGTACTCGCGCACCTTCAAT
pl36-F TTCCGGTTTGGACGCCATTA
mpl36-R GTTTGGTCAGACGCCCTCTC
pl24-F CCAGAAGCCTGAAGTGCGTA
l24-R GCTGATTTAGCAGGAGCCTTG
pl32-F CTAGAGACAGGCTGAAACGGC
pl32-R GGTTTTCTCCAGTTTGCCCTGA
plpl -F TTACTCCGCTCTGATCCTCCA
rplpl -R CACGCTGGCCAGAGCCTTA
rps27a-F CCACACTTCATCTGGTGCTGA
rps27a-R TGCCATTCTCGTCAACCTTGTAG
pll3-F CTTGGAGGAGCTGAAGGCAG
rpl13-R GACATTGGCCTGCAGAGACT
B-actin-F ACGGCCAAGTCATCACCATT
B-actin-R TGATGCTGTTGTAGGCGGTT

1.2.5 Western blot

PRI 4R 1. 0 mg/TARSATT R B 26 4F T Y
DES SR VR 1, N REA SR IR 30 g W94
H k4T 12% SDS-PAGE #E H ML Ik, HIfLAE N
0. 22 wm {4 PVDF R (Millipore) 7 300 mA T
FEHE 70 min, 3PS 43 0 ] Anti-RPLIT $7 {4
(1:1 000) #i1 Anti-ACTIN Fiff& (1:1 000) 55T
B FEAT PBST PR 3 K (4K 10 min) , —4ihk
B (1:10000) ,EJR FHEE 1 h, ] PBST ¥4 3
U ARSI, A 27 R 6 AR SO 5, A6
HHMERIE
1.2.6 #EIELNEIE

HEPE LR BT £ T R — BT 2SI, RO,

http: //www. shhydxxb. com

PRI 2R O, AR 2 0 S BOR K tol2-EGFP-
rpl13 Fl tol2-EGFP-rplpl Jikr , i & ok ol 2 i i
W 100 ng/ul 35 50 pwmol/L miR-455-3p (5
B2) SO wmol/L NC ([ xy B2 ) Hh[a] i 5 22
Sy A= RUBE A 1 20 i 0 520K O o, 28 iORE (25
Xof BRAH ) BT SR RS2 RGO, 24 ~ 48 h SRR
WERDE R BE AR b o WO T A S Y B ) £ 32 4
YU, FH PBS ¥ 3 K, KA RIPA 2% vf i
(Beyotime, H1 [ ) 125 1 B0 i) 57 PMSF ( Sigma-
Aldrich, St. Louis, MO, USA ) #£ vK b Z44# 30 min,
BG4 °C 12 000 t/min &0 10 min, ¥ {5
W AB 1.5 mL EP &N, fillA 4X SDS Buffer, 3
10 min J5TA -20 C&H.

2 R 5500

2.1 WBARERBAERREIERSWN

Fe sk a R WoR  1E SR A R WL
1.0 mg/L i, KBS 179 AR R IK R A B H AL
b, d FIRFEIN SR 29. 08% . 2.0 mg/L % JiT
YR T RE S A P S 171 AR
ZSE RN BRI IR O 29. 04%
ZS LN GETHNIE 1 PR,

ZESEREPIRY TR A 2 frzR . 18 2 (a) Al
B2(b) & 1.0 mg/LARESM T, SHAKMAET
B L2 AL R . BT 2 () I 2(d) 2 2.0
mg/LARARME T, 50 RS P22 7 5
PR, P 2(b) AEl 2(d) PRI EIME T
WA B RN S0k 22 S Ae A U

m i Up-regulated

## Gill O T Down-regulated
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Fig.1 Differential genes in gill tissue under

normoxia and hypoxia conditions
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1. 0 Hypoxemia vs WT

1. 0 Hypoxemia vs WI (Ribosomal protein genes)
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EH M Log, 4k log, Fold_change &S Log, 4k log, Fold_change
(a) (b)
2.0 Hypoxemia vs WT 2.0 Hypoxemia vs WT (Ribosomal protein genes)
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1
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* TFid Down TEZR Not « i Up

BEAL R AT IR A [ iy b A A, AR AR U IR N B B A A e T2 R TR, I P A B AU AR R B i3

ARTC R EMERE S D, LR iR B3 BRI 2 R I, R R BT R 22 e R

(a) 1.0 mg/L AR 5% /MEF

B R AR SN LU (b) 1.0 me/L AR AU AC1F T S (B SURORE M 22 S 3 DI LA () 2.0 mg/ LIRS 3
AP TP ML 22 7 2P LA (d) 2.0 me/LARAS B T 0TS M AR SV IR 22 S 3 D LA

the abscissa represents change gene expression in different samples, ordinate represents the amount of gene expression changes of statistically

significant level, the scatter in the graph represents each gene, gray dot said there was no significant difference of gene, red dot said rise

significantly differences in gene, and blue dot said significantly lower genetic variations. (a) Comparison of differential genes in zebrafish gill

tissue under 1.0 mg/L hypoxia and normoxia conditions; (b) Comparison of ribosome differential genes in zebrafish gill tissues under 1.0

mg/L hypoxia and normoxia conditions; (c¢) Comparison of differential genes in zebrafish gill tissue under 2. 0 mg/L hypoxia and normoxia

conditions; (d) Comparison of ribosome differential genes in zebrafish gill tissue under 2.0 mg/L hypoxia and normoxia conditions.
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Fig.2 Volcano Plot of differently expressed genes in gill at different oxygen mass concentrations

TEPIFMICEUMHE T, A () S0 i iR 3 T 1Y 22
SRR Z AN (B 1) o P, 284 1.0 mg/L
ST VR B R AT R Y B U S
B LU 5 53 A B D A AR B AR R A A2 Ak
T, 225 GO & &M 45 R B  fE IR
Hj}iﬂ—l\#ﬁﬁqj%ﬁﬁ. A GO & 4 (A=t #2 ) Rl

5% GO h, WA R AR, 5 4%
@%Eﬂ‘zﬁﬁiﬁﬁ?E%%}ﬁ*ﬁﬁ,@%ﬁﬁﬁiﬁi
e L NIRRT
&4 “ribosomal large subunit biogenesis” , 1% ## {4

ribosome biogenesis’

kS NN
“ribosomal large subunit assembly” , KR N T
3 “ribosomal small subunit "X 5 Z5@ K (F£2) .

TE?%*?EE‘JIE,EXIEJWEHWE‘E%&HJ}L—F,
R S U RO A BRI i Rk Y Oy
e RPN BT v B I AU E T B 60 A4S
M PRER  JE D [R) i A 2 19, He e, R R A%
BEVREE 11 2k A 35 A4S, /N SEAZ M AR 2 1 Ak
A 25 4>, WL 3,

“ribosome assembly”
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Tab.2 Differential gene GO enrichment distribution in gills under 1.0 mg/L hypoxia stress

FEA 1D FE N AR Gene Ratio Bg Ratio
GO ID Description (3 164) (16 748) r
G0 :0006412 translation 167/3 164 492/16 748 6.78e-16
G0.:0043043 peptide biosynthetic process 167/3 164 496/16 748 1.57e-15
G0.0042254 ribosome biogenesis 85/3 164 204/16 748 3.73e-14
G0.:0042273 ribosomal large subunit biogenesis 34/3 164 57/16 748 1.13e-11
G0:0022613 ribonucleoprotein complex biogenesis 103/3 164 290/16 748 1.29e-11
G0 0042255 ribosome assembly 28/3 164 42/16 748 1.60e-11
G0 ;0000027 ribosomal large subunit assembly 15/3 164 19/16 748 2.42e-8
G0:0002181 cytoplasmic translation 28/3 164 57/16 748 2.31e-7
G0.0042274 ribosomal small subunit 29/3 164 61/16 748 3.44e-7
G0:0034470 ncRNA processing 75/3 164 231/16 748 5. 14e-7
G0 ;0006364 rRNA processing 49/3 164 135/16 748 1.41e-6
G0 ;0030099 myeloid cell differentiation 61/3 164 183/16 748 2.20e-6
G0 ;0030097 hemopoiesis 124/3 164 447/16 748 2.47e-6
G0.0016072 rRNA metabolic process 50/3 164 144/16 748 4.82e-6
G0 0048534 hematopoietic organ development 125/3 164 459/16 748 6.11e-6

HEEZRK

Gene name

rps3a

rpll0a

1ps7 8 000

rpli8 6 000
9

l
rml)fl) 4000

o
;'57238 IZ 000

8 ¥4 Gill. normoxia

P R AR B 3 T AN ) 6 B T AR U300 I Py ok, ML v 5
Ol IR B FILLAR T RIBRRYOE I .

The colors in the figure represent the expression levels of different

8 fRE Gill. 1.0 mg/L

genes after hypoxia stress, where the colors from blue to yellow to
red represent the sequential increase in the expression levels.
3 REME TRAEEKKRER
ERALAPERREST
Fig.3 Analysis of differential expression
of ribosomal family genes
in gill tissue under hypoxia stress
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MR P 2 Ak B (E4) .
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Western Blot SEATYIIE , 45 R R W] AR ST T,
pll 1 HH FE AR TR (] S) .
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/3
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#E{E4A, Gill. 1.0 mg/L
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X RIEER
Relative expression
o ~

*

M~ N 4 ¥ § T ¥ F N OO ¥ O W

do 8 sahes 0o anheaaa

EEERZaRREBRNERREE
[

# FORGX AR BE (P <0. 05) 5+ = Fom- 50 L2
SR (P <0. 01) ;5 s = = 7R -5 %] M2 2 S AR L 0 3%
(P<0.001),

# means significant difference compared with the control (P <
0. 05); * * means very significant difference compared with the
control ( P< 0. Ol ); * =* =+ means extremely significant
difference compared with the control (P <0. 001).

B4 REMETEEEFKEERE
882040 qRT-PCR £ RRIESH
Fig.4 Differential expression analysis
of ribosome family genes in

gill under hypoxia stress by qRT-PCR
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Fig.5 Differential expression analysis of ribosomal E N, KA B EFEUOT A QR R FEk
family gene rpll1 in gill tissues under hypoxia stress Yo EFEE3) N TR Z B FIAH T
1) miRNA [
HEF¥ R Nunber of genes
Translation | NN
Peptide biosynthetic process | [N
Ribosome biogenesis - [ NNENEG
Ribonucleoprotein complex biogenesis | [N
Ribosome assembly { [N
Cytoplasmic translation - [N
Ribonucleoprotein complex assembly - [N PiE
Ribosomal small subunit biogenesis { [N
Ribonucleoprotein complex subunit organization - [N
Ribosomal large subunit biogenesis | [ 2e-9
Ribosomal large subunit assembly { [l 4e-9
Ribosomal small subunit assembly - [l 6e-9
TRNA processing | [ 8e-9
TRNA metabolic process { [l
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Chordate embryonic development | [N
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ncRNA processing | [
ncRNA metabolic process | [l
Maturation of sSU-rRNA from tricistronic rRNA transcript 1 [l
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E6 SMARNREERBREEEAERGOESR

Fig. 6 Gill tissue hypoxic ribosomal protein gene GO enrichment

PR , e PR RIS 08 1 A FE AR AR AF R BE S T 45 0 - miR-455-3p mJ L[] i 48 [ rpli3 1
S PR W R 2 4 miRNAs, X 60 A4~ rplpl  HZE G AL A HARIE AL IX AN 3 B
RRE VR 1 5 DA R AT S0 R D ) o e i e [

*3 HhZER miRNA £ EZEFEEEFRES
Tab.3 Differential miRNA targeting ribosomal protein gene targets in the gills

TR T T AR b R R AT
Gene Binding Sites( dre-miR455-3p) Predicted pairing of target region
5'... AUGAAAUGACCUCAUGCACAUAG
pll3 567 ~573 [l (NERREN
3’ GCUACAUCAGGUUCCCGUGUAU
5'... GCAAAUUAAUUGAAAGGCACAUG
rplpl 665 ~671 [ (. L rrrrrnd

3’ GCUACAUCAGGUUCCCGUGUAU

4 7 t0l2-EGFP-rpl13 FI tol2-EGFP-rplpl i r, i T i b g 4 Ji 4 ¥k J 100 ng/ L. Ff 15 50
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pwmol/L miR-455-3p (525520 ) .50 wmol/L NC( FH
PEXT B2 e [m] 3 5 2 By A AU Bk S [ A M) 32
R R, 28 JORL (25 0 REZH ) S S 22 52 4 B
Hr, 24 ~48 h J5HBILEESO LR EE AL (B 7))
I HAF IR, 42 LR R 1 54T Western blot, DX

100 pm| 100 pm

GFP-rplpl 3' UTR NC+GFP-rplpl 3’ UTR

Rl A AR (B 7) o 45 R K], miR-
455-3p 73 5 1pll3 A iplpl SEIR]TE S ) 9 55
JE VLR e 3k 0 1 AR T 0 B, i — 2P e T
miR-455-3p Em{E AT rpl3 F1 mplpl

miR-

455-

NC+ 3p+

GFP- GFP- GFP-

rplpl rplpl rplpl
3’ UIR 3’ UTR 3’ UTR

o R -

T  B-actin - am e 43 ku

miR-455-3p+GFP-rplpl 3’ UTR

(a) ¥ERERrplpIWIELE R Verification result of target gene rpipl

GFP-rpl13 3’ UTR
(b) ¥EEMFErpl13WiEL R Verification result of target gene rpll3

miR-

455-

NC+ 3p+

GFP- GFP- GFP-
rpll3 rpll3 rpll3
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Differential expression analysis of the ribosomal protein gene family in
zebrafish gills under hypoxia stress

JIA Ruonan', LIN Feng', XU Qianghua'*’"*

( 1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Minisiry of Education, Shanghai Ocean University, Shanghai 201306, China;
3. National Distant-water Fisheries Engineering Research Center, Shanghai 201306, China; 4. Collaborative Innovation Center
for Distant-water Fisheries, Shanghai 201306, China)

Abstract; To study the biological function of zebrafish ribosomal proteins in response to hypoxic stress,
transcriptome analysis was performed on the gill tissues of Danio rerio under hypoxic and normoxic conditions,
and the gene expression differences of ribosomal protein family genes in the gill of D. rerio were compared.
The results showed that the expression levels of 60 ribosomal protein genes in zebrafish gill tissues were
significantly up-regulated at two different concentrations of hypoxia stress, which included 35 large subunit
ribosomal protein genes and 25 small subunit ribosomal protein genes. Among the top 15 pathways enriched by
the significantly deferentially expressed genes in the zebrafish gills under hypoxia stress, all included the
ribosomal protein genes, and 5 were related to ribosomal protein assembly and synthesis. In the enriched
“translation” GO term, 44 ribosomal protein genes were included. In addition, the target genes of 60
significantly up-regulated ribosomal protein genes were predicted by two significantly down-expressed miRNA
in zebrafish gills under hypoxia stress, which were screened in our previous study. The results show that miR-
455-3p can target both ribosomal protein genes rpl13 and rplpl, which might be involved in the adaptation to
the hypoxia environment.

Key words: hypoxia; zebrafish; target gene prediction; transcriptome analysis; ribosomal protein
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