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(& HMB T 8% miR-17a-5p R EFLEE 5
FuiE', o B, OEAGR, MEET, REFY

(1. H EK = B2 A B VLK P20 AT, b i 430223;
2. Ml R 2 Ak L s e =, WEdE :C 430070)

E: 7K miR-17a-5p 7 6 (KA M8 T A oh ik, 78 37 414k small RNA 0| /7 69 3 b+ 3¢
8 miR-17a-5p FAT WA E TN K sy 8 £ o040, BARK L EBERERIERL S HIF-1a B
Bk A, HRNMMAME T miR-17a-5p fo L ¥ L F A ST E. o & JEFo 88 10N 41 4 o
W s A RAFME. £R T, # miR-17a-5p &7 B 4 fF 16 & F R F, T H 381 4 miR-
1Ta-5p b E R AE R ZE £ A A, mTORE S EHEURGELFT RN AN A K3 A
KEGG £ & # ¥ F . miR-17a-5p 7 5 HIF-1a mRNA # 3'UTR 44, 3 & it HIF-1a mRNA
AT, KAME T miR-17a-5p Wy KK E TS, W HIF-la RENE EA#E; 3AE
%% % KEGG @ iy 11 A~ miR-17a-5p AR KX F A KA EI BT TR AL T B X
ok, REEAIEFHERSL, BRSGKI N, HEREFLAES. AREW, KEAHE TH#L
428 F miR-17a-5p By R 3£ TR E T H A WA RN W HER, #W T HIF-la. dditd Fo
Lrp5 % v b MR & 18 09 35 B 3R 3k BB AHE R b 1K A 38 T 8 miRNA B & ik 5 i & AL

HEH LM, CAEEMIRANEET G R () RET HE,
KB2IA: 6 ; miR-17a-5p; (KE; WK LEH, LR, F5AK

&S S: S965.113

VoS fife SRR e SR W A AR R T 0 5 B A
W&, AEYXHREATEIE NS — 2R E 40
R, 5SRAPAESTEML, KIKERES
ZRNREE . WREE VL SR R R . B
H, AREEHE © B 28 ELEM AR R 2
— Bl RS 8 A S g R A 2R — R A N
N, ANAEE RN . AR G2 B 2 B 3
&, IR 29 At S W] i i 2 2 S ARl e
Ri¥, WTHE (Oncorhynchus mykiss) 15 2 MR E 0
6 h Ji & B UK SR L ILYE B 5 T v A ep
HIF-1o %% 5% 1R A5 RO N, AR EGA 23 )™ 552 T
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XHERARERD: A

LR A BT GE, T34 ik NS B R P,
Buentello 55 & B, B 55 X 2 0l (Ictalurus pun-
ctatus) E K HEF M EESKETHHASTER
EAHSE, TEAHEISAET , ARAME T B S 2 i
AR B AR T 1E AR E A T

W/ N R microRNA (miRNA) 2 —2K 4
MRS PR /N RNA, HAK B2 22 nt, HA
FEERSEE, T2 TAEMRN, S 590
T, BUASRSE . ERKEES —RINEYIKREZEN
TGS R, FEAYIHCHUI R a0 Oy 1 R P
HEEAERY, BEP, SMTEME T 28 miRNA /Y
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BRI —a # R, 2EREma T, R
H B85 (Micropterus salmoides) I IJE 41 % % ) miR-
130a-3p. miR-2 188-5p Fll miR-15b-5p % 13 155
AR AT 22 5 58 38 miRNAs® 3 i 2 PR SR
HEAP, RIA L (Megalobrama amblyceph-
ala) W K22 3 33510 miRNA £ 5 HIF-1 18 g% 1)
W, S e A A A e T Rk B
A, A S T2 0 4 B IR E S S8 3k
(EL B S i0]S e N (10 2872 S PN R LS
TG IS I A 44 % 32 AT AR B Ry QB A 5 1% =
AR ARESE S R R S AR IR SE
4815 % T HIF-1a 5 HIF-1p & BUF I 14
55 1R i R B A S R JG 4 (hypoxia response
element, HRE) 254, FH7E— S0 5 SH 3006 R T 19
FLEVEHT, B TUEER A RE, NG E—
RO AR A" P JEAER, miR-17 #
J% B8 AT 38 o 41 AR 405 5 T (hypoxia inducible
factor 1o, HIF-Toy) > 2 F5 A= #1405 AR
LR T

T §7 M 8% (Hypophthalmichthys molitrix)
miRNA )7 %8, AREMHA T miR-17a-5p Fik T
PN, AHIE S 38 2 X6 B Y miR-17a-5p #4177 51 4
B, T AL RIS HIF-10 (R R E R,
AN [] 2 BE IR AU 38 T miR-17a-5p FH AR L 4]
TEBERFAE . G . O BEFNEE PO A2 Y B S R A
FRAE, 4 s RS0 T 6 miRNA 138 5 R
IREr BTN o

1 M

L1 SKEMBSRELTE

S 36 T Y B 357 ol Al AN S e 35 A% 7 e e
POt SIS TFLAET, K fCE A IR OK RS
MK FE TR IR 2 J8 [ KR (23.0+0.5) °C, ¥ RA>
6 mg/L]. T HAE N &S, BEHLBPKE IR TCHi 1
H AR K /N —2 (R (15.06£1.23) cm, K&
(53.64+4.84) g] Ul 120 B2, 45 10 2S5 fh ik B
F 1 AP KB (50 cmx35 emx30 ecm) W7, FHER}
TR B, KR P A R A SR AR, T IER
SO S SIPROL . SI A 1 A Ay HQ40d
RS HUNEE GEE) M KR [(23.5+0.2) °C],
pH (7.74+0.04) RISl SR o o R4 L0 007
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L, BUREVE MRS 4L [DO: (0.76+0.03) mg/L,
90 min]; 4L B AR P, HUREAR
FfEH A [DO: (0.62+0.09) mg/L, 110 min]; 24
S 0 TF AR R UL B T T S SRR
HUREVE Jy'3E B4 [DO: (0.27£0.06) mg/L, 190 min];
w7 AEOGT 2 T S 30 300 [ O R I R U i 4 [(6.90+
0.04) mg/L], — MBI GIIERN—ANERE, HHK
B 3ANEAE ., BURES S BA 100 mg/L MS-222 Jik
s, RS ORI RO R Y S 20
2, WA A 80 °C UKk AE, T R4tk
RNA #2552 7 k34 2 i K = Rl24 0 58 e K
VLK W5 i sl W Ae B 22 51 24t

1.2 miR-17a-5p BIFF 534 $EEE T A Ih
T

i i3 miRbase (https:/www.mirbase.org/) I
EFREUBRE D 8 (Danio rerio, 55 : MI0001897).
# (Cyprinus carpio, %35 : MI10023342), 3 i
YR (B RS MI0024524) . KT P (Gadus
morhua, & 5 ;. MI0036194), 41 & 7 J5 fif
(Fugu rubripes, %5 : ). T B (Tetraodon
nigroviridis, & 3¢5 . MI0003232). 5 (Oryzias
latipes, 35 : MI0019542). K 74 V6 (Salmo
salar, &35 . MI0026535), #aH7 NYE (Xenopus
tropicalis, % 5%'5 : MI0004803), BE i # 4 (Tae-
niopygia guttata, 3¢5 . MI0013784). A (Homo
sapiens, &35 . MI0000071). /N (Mus muscu-
lus, &35 . MI0000687). 1% I\ (Microcebus
murinus, ‘& % 5 . MI0039918), [ i < B
(Nomascus leucogenys, *% %% : MI0040207), 7<
MI0039225) .
I3 (Capra hircus, %55 : MI0030648). JULHF
PSR (Dasypus novemcinctus, 3¢5 : MI10038909)
IR %% T ¢ (Ophiophagus hannah, % 5% 7 .
MI0031372). M 8 (Tupaia chinensis, 2 %5 :
MI0031174), U k¢ (Python bivittatus, % 5% 5 .
MI0030161), Jit &% (Columba livia, & 3% 5 .
MI10029912) Fil Jii 3% (Gallus gallus, & 5% 5 .
MI0001184) miR-17 BRI F 51, F %] F§ MEGA-
X @A F P F miR-17 ) R Gk BMW, @t
UNAFold M} (http://www.unafold.org/mfold/applic-
ations/rna-folding-form-v2.php) 3k 14 miR-17a i —

% (Oryctolagus cuniculus, %5
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K2R . K MiRanda #4FF1 qTar #4FHE4T miR-
17a-5p FHE KL PRI FI0I , B A BRAF 1 45 R 1 52
ARG TERL L B R SR TR
(https://www.omicshare.com/tools/) X 3 15 [ 1 78 411
FEP AT GO TIRE AN KEGG 3 # 5 424317

1.3 miR-17a-5p = IIHI & A

FEF e 38 0 AR AT ) 85 miR-17a-5p J¥ 51,
P 8 PR 55 A= B A FRZS ] 64T miR-17a-5p %
Y (mimics) 195 A, mimics HA XEELEHY, 1E
X 4% (sense) BE % #5 1 miRNA B9 7%, e X 5%
(antisense) WIARE, (HATVENEPEXTRE, FHI0LE 1,

14 FURNAEBREFERSREDERTF
GO AEES

HRPE A PR O AR AR 1 L A7 51, PRk
DU AW S = A4 BR A vl -6 i HIF-1a 1 BT
AR (WT) 5248 %1 (MUT) 3'UTR HBt, HEBEHf
5 miR-17a-5p 5 HIF-1a TR 3 A9 25 & 07 55, H
& A8 A 3'UTR Jr B, miR-17a-5p 5 HIF-la
2SN R H B AN fPiFR 3'UTR 38
B 21| pmirGLO Ao R B 5 F R gy, -0
FPYAE, A HIF-1a B 4 8 (WT-pmirGLO-HIF-
la 3'UTR) FIZEAEA] (MUT-pmirGLO-HIF-10.3'UTR)
XU 2R WA o PR 2 1A

L5 L HEE AN LI

MIERBLE VEFE (Procell) A= i BHE AT FRA F 1
SL203T 4R, FHEA 10% JG4E 055 A1 1% A9
B 2% -5 R R 1) DMEM (R IG R Lk 17 8 9%,
AL 5T 80% I R AR A A 24 FLAR T
UReREE TR, MROREEAS LAY AR R A B2 70% I
PEATHE e o B HIF-10 %5 42 FOR 58 A48 B WL R
fiti F2 A A 5 miR-17a-5p LU ILAE YL 5 293T 4
M. BB YL ET B AR SR, Hi I Lipo6000™
SR G U BT A Y, I 2 pg ST R
e FE R R A 2 & A 8 uL miRNA mimics [

50 uL DMEM }iFr 5k, B4 TIR 51 )5 #E A
1 pL Lipo6000 %% Je ik 7, 740 1R 21 )5 % il i &
20 min, ARG RIS INE 40 B SRR D,
BREEAIRIAREFRAG, 6 h 5 EHREIRdE, gkalhy
3% 48 h, %8 Dual-Luciferase” Reporter Il /& & & ,
JH Synergy 2 22 Ty i o I {SCRG: I 4% S5 114 4 L 114 7€
SRS

1.6 = RNA $ZEUHI cDNA B &L

#4184 Trizol (Invitrogen) #AEFE rE HEHUE RNA
I FH B W 43 0% O BE 31 (NP8, IMPLEN) £ il
RNA MMk B, I FH 1.5% 3 Big b 8 e H Ik Az il
RNA [958 %1 . miRNA 33 5% 5% 3% B MiRNA 1st
Strand ¢cDNA Synthesis Kit (by stem-loop) 17/ £ it
MH-F#EE, Hob miR17a-5p 228514 GTCGTAT
CCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACTACCTG, WZ U6 ZEH5|¥h AAAAC
AGCAATATGGAGCGC., mRNA i¥i % 53 % iR HiS-
cript Il 1st Strand cDNA Synthesis Kit (+gDNA wiper)
R S UL AR, IRTH ) cDNA {47 T-20 °C
#H.
1.7 RHAZEE PCR

LT85 miR-17a-5p. U6. Ethel . BPNT1 Fil §-
actinFIEH PR H1Y) (5 2), IF haDUR—
A YR RA A AT G . DABEIFIE |
i . O WE RN B ZH 21 B cDNA N KR, LA U6 Fil g-
actin W=, # IR ChamQ ™ SYBR"® qPCR Master
Mix i 7] 35 B 5 #E 47 2¢Ot € & PCR. &l >k
2T R AT
1.8 BRI

¥R FH Excel 2016 Fi1 SPSS 25.0 #1748
0T, FIFHELE 3R J7 225341 (One-Way ANOVA)
#1 Duncan [XZ & BT EAEH T 22 700, SEit
{EI O - H(EAREZE (meanSD), P<0.05 F/R &L
Pz e 25

%1 miR-17a-5P mimics 5%

Tab.1 miR-17a-5P mimics sequence

EARN R 3175 1

name sequence direction

S FI(5—3")

primer sequence (5'—3")

IEMHE  sense

mimics miR-17a-5p

mimics NC

S MEE  antisense

CAAAGUGCUUACAGUGCAGGUA
UACCUGCACUGUAAGCACUUUG
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®2 ROEEE PCREMSIMMEFRMSIMFT
Tab.2 Universal primer and specific primer sequences for
RT-qPCR

ElEvEA

primer name

197 F(5'—3")

primer sequence (5'—3")

miR-17a-5p  F GCGCGCCAAAGTGCTTACAGTG

R GCAGGGTCCGAGGTATTC
U6 F TGCTCGCTACGGTGGCACA

R AAAACAGCAATATGGAGCGC
HIF-1a F GCACAGAGCCGAAGGAAGAAGG

R GCAGGTAGGCGATTGTGAGACG
Ethel F CAACCTCCCCAAACCTAAAAAA

R AAACCGACAAGAACAAACACTGAC
BPNT1 F TGGAGTCATCAATCAGCCCTTC

R GGTCACAAGTTTATTGCTATGGGA
ddit4 F TCCACTCCAACATCTGACGCTCCT

R ACCACTTCTTTGCACAACGCCTCT
SGK1 F TCCAGCGTGAGAGGGTGTTT

R GTGGTTGTGCCATTGGGTTC
Rps6ka?2 F TCCAGCGTGAGAGGGTGTTT

R GTGGTTGTGCCATTGGGTTC
slc38a9 F GATTGGTGCGATGGTGGTCT

R TGAATGCTGCTGTTCCTGTCTG
Lrp5 F CCCTCAACTTCATCGCACCC

R GGAGGAGGGTTGAGCATCTGT
sehll F TCAGATGGTTGTTGGGGCGG

R TCAGTGGGTTGATTGGTGGAGT
fzd3 F ATTACATCCATCGCACAACCCT

R CCTTCTCAACCAAACTAACGCC
icmt F GTTACAGCCATCATCAACCCACG

R CCCACAGAGAACCATCACCAGAC
PCYOX1 F CAAGTTGGGCGAAGGGGTTT

R TGTGCAGGTTAAGGGGGTGA
p-actin F TGAGAGGTTCAGGTGCCCAG

R TGTCAGCAATCCAGGGTAC

2 4k

2.1 miR-17a-5p FHIRFH S

1 o I R 5 I i miR-17a-5p FE 4 Jn, 18
UNAFold s i H: — 2 254, & B HAHy A LAy

https://www.china-fishery.cn

B — 2R A5, H RGBT I T 2R R A5 b
(1 1). M miRbase 4 4 H AR A5 AS [ 4 1) miR-
17a-5p WEF), & Bl miR-17a-5p A4 L2 F 51
BE Sk 22~24 nt, Hirfr 1~22 7 08 5L 5 51 5 B3,
UG 2 AR EAE A R P b A AN TR R BE R ek
miR-17a-5p 7EAS [ 9 Ff 18] A 1= B DR SF % (35 3).
FIH MEGA-X A Hg #EAS R ) Ff miR-17a-5p 1T
TRFIE R GEIEAR, % miR-17 B9RTAR T 51 5 fi
B} (Cyprinidae) 2SR A —3, HiR SifEK M
RKEBN—, BIFEPINGE . S FLIE
H—3 (Kl 2),

2.2 fif miR-17a-5p ZE A R4 LR R IR FRIE

PN IR LI, 6 miR-17a-5p 7E AL
FOORTRIZHEY FFIE . CRE . I FNER) rh 3Rk T A
25, VIR SN X R, miR-17a-5p 1£0 I
A e (P<0.05) (# 3).

2.3 miR-17a-5p #OE F F00 X% Th € 90 #hr

#1 ] MiRanda F qTar # f i# 17 miR-17a-5p
AL F, A5 R A AW FEE A 381 4. X
AT B 381 AR IER AT GO DI el KEGG i %%
RN, YRR, miR-17a-5p #L
PRES T v i R S| RN RO S INAEE /B U
MY . A B i B2 SF GO Term (P<0.05); 7F
YL 43K, SEREN R A R R
H R LRR NS GO Term (P<0.05); f/\d‘i
TIResKF-, HOEEDR 2w A Tz RIS
FEAR T . S-HR T H B iR Y S B Bl S5 GO Term
(P<0.05) (3% 4). KEGG &£ 45 R /5, miR-17a-
Sp HUEE DN I 2 B AR AE AR . mTOR 15 53 % LA
Kb B 2R A i 3 A . BhAk, —2E
55 48R O 0 B 40 MAPK {5 5 18 B% . FoxO
fF5 M . HIF-1 {5 5@k A T e 4 (5 4),
24 XS B R 55 miR-17a-5p ¥t H #0 &
HIF-1o B9800 A

R4 5 N TR 2 B IR AR 518 ik
e A BRI T, T HIF-1a 1542 miR-17a-
5p 381 DI TEHL KL A v ) — 51 . MiRanda 1 qTar
AR R L R T 25 SR 2 R HIF-10 5 miR-17a-
5p AETEM [ 6 &, miR-17a-5p 7EHL 3'UTR |45
B NE 5-a iR, AT #E— SR RIRIUE, 1

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn

<
I
(33
=
+P
#

IKPA 4R, 2023, 47(1): 019610

5 w /‘S
O3
Jﬁ—c—g—?—p—q—@—g—?—&—c—g)—c/ \>—>—O—C—J‘3—°—g—c—>—9—:‘>—o—c—@—$—> q)—c—>—o—c—<;/ \;|>
PO OO O C- OG-0 OO OO O 0O C- O (- Q- C— O~ C- O jo
a.ln ¢|>o \{>'>'(-{ L\ (!n \C‘—
< (=}
[=} = [=}

B 1 miR-17a B R 454

DAL 5 9 miR-Ta (A RIAFF B, L1€830 509 HIF 45400
Fig. 1

Secondary structure of miR-17a

The bold part is the mature sequence of miR-7a, and the red part is the HIF binding site

=3 A E4IM miR-17 HEF S KRHAFT)

Tab.3 Accession number and mature sequence of miR-17 in different species

Yikh T4 BaRS . BT
species Latin names accession miRNA ID mature sequence

g Cyprinus carpio MI10023342 cer-mir-17 CAAAGUGCUUACAGUGCAGGUAG
B £ Danio rerio MI0001897 dre-mir-17a-1 CAAAGUGCUUACAGUGCAGGUA

B A X R Ictalurus punctatus MI10024524 ipu-mir-17a CAAAGUGCUUACAGUGCAGGUA
AR iy Fugu rubripes MI0003231 fru-mir-17-1 CAAAGUGCUUACAGUGCAGGUA
5 By i Tetraodon nigroviridis MI0003232 tni-mir-17-1 CAAAGUGCUUACAGUGCAGGUA
PNILPES i3 Salmo sala MI0026535 ssa-mir-17-1 CAAAGUGCUUACAGUGCAGGUAG
KPS Gadus morhua MI0036194 gmo-mir-17-1 CAAAGUGCUUACAGUGCAGGUA
7 fiff Oryzias latipes MI0019542 ola-mir-17 CAAAGUGCUUACAGUGCAGGUA
iy Tl Xenopus tropicalis MI0004803 xtr-mir-17 CAAAGUGCUUACAGUGCAGGUAGU
DRI AR Taeniopygia guttata MI0013784 tgu-mir-17a CAAAGUGCUUACAGUGCAGGUAG
N Homo sapiens MI0000071 hsa-mir-17 CAAAGUGCUUACAGUGCAGGUAG
/IR Mus musculus MI0000687 mmu-mir-17 CAAAGUGCUUACAGUGCAGGUAG
[V Microcebus murinus MI0039918 mmr-mir-17 CAAAGUGCUUACAGUGCAGGUAG
SPIRSE Nomascus leucogenys MI0040207 nle-mir-17 CAAAGUGCUUACAGUGCAGGUAG
e Oryctolagus cuniculus MI0039225 ocu-mir-17 CAAAGUGCUUACAGUGCAGGUAG
ITES Capra hircus MI0030648 chi-mir-17 CAAAGUGCUUACAGUGCAGGUAGU
VKiig/k S Dasypus novemcinctus MI0038909 dno-mir-17 CAAAGUGCUUACAGUGCAGGUAG
AR T Ophiophagus hannah MI0031372 oha-mir-17 CAAAGUGCUUACAGUGCAGGUAGU
| Tupaia chinensis MI0031174 tch-mir-17 CAAAGUGCUUACAGUGCAGGUAG
U5 s Python bivittatus MI10030161 pbv-mir-17 CAAAGUGCUUACAGUGCAGGUA
J A Columba livia MI0029912 cli-mir-17 UCCAGUGAUUCACACCAGCUGU
JR G Gallus gallus MI0001184 gga-mir-17 UCGCcuucccuucccGeecuuc

T B A4 R (WT-pmirGLO-HIF-1a 3'UTR) Fl158 78
Al (MUT-pmirGLO-HIF-1a 3'UTR) 35% % 2 il 4
I A, gL s B, A WT-pmirGLO-
HIF-1a 3'UTR 5 mimics miR-17a-5p é#%i%ﬂﬂﬁxa‘
PR BTG PE B FH R (P<0.05), H A4 5L

(i) FR ARG 2 Y 2R il 14 TG il 284k (P>0.05) (I S-b),

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

UE 32 T miR-17a-5p A DL #E ] 2% & HIF-1a 3
3'UTR X551,

i 3 92t % ft PCR 43 BT miR-17a-5p Fl HIF-
la FEARAE T AR A2 b AT ik, 450 8
N, EARRRREMAEWE T, miR-17a-5p 3£
SIS T X BR2H (8] 6), HIF-1a (335 34 5 T
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S

Bl O. latipes
KEGPEE S, salar
KUUEES G, morhua
9] [ LUERIIE  F rubripes

79

96

96
96

62
63
74
58
92
56

55
50
52
52

52
0.01 61

L HHLAEE T nigroviridis
Pt D. rerio
il C.carpio
B AN 1 punctatus
® fik [ molitrix
e X tropicalis
IRBE FiE  O. hannah
e P bivittatus
B A4S T guttata
JR55  C. livia
J73S  G. gallus

57 IR M. musculus
89 |: W2 C. hircus

NZ  H. sapiens
FIIKE R N. leucogenys
HEBEE O, garnettii
B M. murinus

A O. cuniculus
JLAEILIR D novemcinctus
W T chinensis

2 miR-17a IR FF| R G LR

Fig. 2 Phylogenetic tree of miR-17a precursor sequences in different species

a 2.0
w b
<
i = T
K 15}
iga
T o
Z5 10 2
Qv a
‘g§ 1
~ &
= ®
~ © 0.5
ég C
=
T oLl . . .
1 2 3 4
NG A

different tissues
& 3 miR-17a-5p fESER AR RIA D
LA, 206, 3.0, 488, AETFEEFRRZEREE, P<0.05
Fig.3 Expression distribution of miR-17a-5p in
H. molitrix tissues

1. liver, 2. brain, 3. heart, 4. gill. Different letters mean significant differ-
ence, P<0.05

MR (B 7). AEFREZHZ, miR-17a-5p MFRIAZK
SRR SR AL AN = B A P KT X R E(P<005)
(&l 6-a), 1fii HIF-1o ) RBEFIAAME S48
F T X A (P<0.05) (K 7-a). TE 4l 4,
miR-17a-5p R IKK P76 28 5 41 0 2 Ik T X0 1]
FHABAL L (P<0.05) (Bl 6-b), i HIF-1a $ik/K
S D) 7E A SR o R 38 T R AL (8] 7-b)s
TEOMERIERZHZ1h | miR-17a-5p 142835 K V16 T
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A AR AL 2] 2H 34 0 2 T X BR 2 (P<0.05) (& 6-
c,d), 1M HIF-lo F)FEACEWIAH B, 528 TXF
M8l (P<0.05) (K] 7-c,d)o DA LZ5HREEB, miR-17a-
5p Al 5 HIF-1o mRNA ) 3'UTR 45 &, I [ 1K
HIF-1o. mRNA F 2 7€ 1, fﬁ&ﬂﬂJ}LT, miR-
17a-5p W3R TREBEHE, T HIF-1a 2IK0 52 F
Fhitadhe, 3R T ALAHIR B E AR N .

2.5 miR-17a-5p $BEF AKX EME T ARREHLE
PR RIEE

Xt 34~ 4 B 4 ) KEGG {55 %, i/t
W (sulfur metabolism). mTOR 1§ 5 i % (mTOR
signaling pathway) F1ili 28 42 14 4= W1 & Wl (terpen-
oid backbone biosynthesis) ) 11 /> miR-17a-5p A%
FOJE DA TR AU 38 T I 3RA A (8] 8). (R4 AL
HJS B A i Ethel 1 BPNT1 I35 TE LA
20 e 22 02 Y R R U 2H 2 g 2 1 (P<
0.05), TMAENLHZIH Ethel W RAESEBHEF I
i (P<0.05), BPNT1 FIANE T EiH (P<0.05);
mTOR {5518 & dditd . Lrp5. fzd3 £ A RME R
38 T BRI R A 5 FRIK, Sehll {UAES
JZH 1 I A 2 R AR 2 R i 2 2 b B SRk
(P<0.05), RPs6ka2 il Slc38a9 1L 1E AT E rf 3%,
5 EEaE (P<0.05), SGK1 T8 FI T I h ik 1y
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#F 4 miR-17a-5p BEHMERE GO BEE
Tab.4 GO enrichment analysis of miR-17a-5p target genes
GO RiBECEE1ZR) GO RiBE(EE2R) R E E-Y7S A SR
GO term (level 1) GO term (level 2) number of gene gene names references
LR biological process ML cellular process 218 EIF2B3 [16]
RYILFE  metabolic process 142 cenf [17]
WIS biological regulation 139 Opn3 [18]
43 FH)fE  molecular function S FUIREVATE  molecular function regulator 13 Retsat, EIF2B3 [16,19]
P EATEPE  electron carrier activity 3 A0X1 [20]
fZH 45 cellular component JHHZHAL  cell part 186 ddit4, CALM [21-23]
YN/ X 5> extracellular region part 9 CALM, WNT94 [23-24]
AL extracellular matrix 6 MMP2, WNT94 [24-25]
J&filt synapse 6 CALM [23]
SR synapse part 4 CALM [23]
ffH  sulfur metabolism {

B oK L

amoebiasis

mTOR {55 mTOR signaling pathway

BJ#  gastric cancer

TR EIAEY) A, terpenoid backbone biosynthesis
JEFE  malaria

Hili# 1% glycerophospholipid metabolism
B IR e R

IL-17 {5 5 il #

GnRH 5 5if % GnRH signaling pathway

ABC #1214  ABC transporters

PI3K-Akt {5 5@ # PI3K-Akt signaling pathway
MAPK 1551 MAPK signaling pathway
NF-kB {55l NF-kB signaling pathway
CAMP {55 5 il i

FoxO 5 Z il FoxO signaling pathway
1294t platinum drug resistance
AEJEALCLP  hypertrophic cardiomyopathy
HIF-1 {55 HIF-1 signaling pathway
Jak-STAT {5 5 il %

alzheimer disease

IL-17 signaling pathway

cAMP signaling pathway

Jak-STAT signaling pathway
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Fig. 4 KEGG pathway enrichment analysis of miR-17a-5p target genes
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miR-17a-5p: 3" AUGGACGUGACAUUCGUGAAAC 5’
WT-HIF-103'UTR: 5' TTAAAATTGTAATAGATGACCT GCACTTTC 3’
MUT-HIF-1a. 3'UTR: 5' TTAAAATTGTAATAGATGACCT CGTGAAAC 3’
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3'UTR Jfi#i 5 mimics NC FL#£%Y; 2. WT-pmirGLO-HIF-1o 3'UTR 54 5 mimics miR-17a-5p 3545 4%; 3. MUT-pmirGLO-HIF-1¢ 3'UTR Jii fi 55
mimics NC JL# 4, 4. MUT-pmirGLO-HIF-1a 3'UTR JFiki 5 mimics miR-17a-5p JL#6 4%, “+”RRBM, “"RRABIM. RFEFEERRIELE
BEER, P<0.05, Eo6ME 7T
Fig.5 miR-17a-5p binds to the 3'UTR region of HIF-1a

(a) the sequence of the bind site of miR-17a-5p and HIF-1a 3'UTR, the red underlined sequence represents the binding site sequence of miR-17a-5p and
WT-HIF-1a 3'UTR, while the red ununderlined sequence represents the complementary binding site sequence in MUT-HIF-1a 3'UTR. (b) dual-luci-
ferase reporter gene assay verified the targeted relationship between H/F-1a and miR-17a-5p. 1. 293T cells co-transfected with the WT-pmirGLO-HIF-
lae 3'UTR plasmid and mimics NC; 2. 293T cells co-transfected with the WT-pmirGLO-HIF-1a 3'UTR plasmid and mimics miR-17a-5p; 3. 293T cells
co-transfected with the MUT-pmirGLO-HIF-1a 3'UTR plasmid and mimics NC; 4. 293T cells co-transfected with the MUT-pmirGLO-HIF-1a 3'UTR

represent addition and no addition, respectively. Different letters indicate the existence of a significant dif-

"

plasmid and mimics miR-17a-5p. "+" and "

ference, P<0.05, the same as Fig. 6 and Fig. 7
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Fig. 6 Relative expression of miR-17a-5p in liver (a), brain (b), heart (c) and gill (d) of H. molitrix under hypoxia stress

1. normoxia, 2. hypoxia, 3. semi-asphyxia, 4. asphyxia, the same below
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Analysis of miR-17a-5p and its target genes in
Hypophthalmichthys molitrix under hypoxia stress

LI Xiaohui ', FENG Cui', Wang Qiaoxin', ZOU Guiwei', LIANG Hongwei "*'

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. Hubei Hongshan Laboratory, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Silver carp (Hypophthalmichthys molitrix) is an important freshwater economic fish in China ’s
aquaculture industry. In 2020, six species of freshwater farmed fish in China had production greater than a
million tons, of which the yield of silver carp was 3.8129 million tons, ranking second. Silver carp is widely dis-
tributed in natural waters, and plays a major role in regulating the ecological environment. In the process of H.
molitrix culture, hypoxia has become an important factor restricting the increase of its yield. In previous studies,
miR-17a-5p was identified and differentially expressed in H. molitrix under hypoxia stress based on the small
RNA sequencing. The micro-ribonucleic acids (miRNAs), a class of endogenous and noncoding small RNA, play
an important role in biological resistance to environmental stresses. In order to explore the role of miR-17a-5p in
H. molitrix under hypoxia, sequence analysis and target gene prediction of miR-17a-5p was performed. The res-
ults showed that the miR17a-5p are highly conserved among species, and 381 target genes were identified, includ-
ing HIF-1a. Dual-luciferase reporter assay results demonstrated that when 293T cells were co-transfected with
miR17a-5p mimics and WT-pmirGLO-HIF-1a 3'UTR, the luciferase activity decreased, confirming H/F-1a to
be a target gene of miR17a-5p. This conclusion is in agreement with the observation of the increasing trend of HIF-
la alongside the decreasing pattern of miR17a-5p under hypoxic stress in different tissue. KEGG pathway ana-
lysis revealed that the target genes were significantly enriched in Sulfur metabolism, mTOR signaling pathway and
Terpenoid backbone biosynthesis. The expression of 11 target genes involved in the above three signaling path-
ways under hypoxia in liver, brain, heart and gill were detected by quantitative real-time PCR. The results showed
that the overall trend of increase for the relative expressions of these genes, and upregulation was most pro-
nounced in liver. In this study, we analyzed the bioinformatics of miR-17a-5p, predicted and further identified its
target genes, and subjected H. molitrix to different degree of hypoxia stress, revealing that the downregulation of
miR-17a-5p expression in H. molitrix under hypoxia stress attenuates its inhibitory effect on its target genes. Our
finding provides a new idea for miR-17a-5p regulation of its target genes in H. molitrix under hypoxia stress, and
provides a reference for further analysis of the role of miRNAs in the process of hypoxia tolerance of fish.
Key words: Hypophthalmichthys molitrix; miR-17a-5p; hypoxia; dual-luciferase reporter assay; target genes; pathway
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