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Abstract

The purpose of this study was to investigate the function of miR-34 targeted genes and the expres-
sion and regulation relationship between miR-34 and its target gene Bcl-2 in Daphnia magna ex-
posed to Dibutyl phthalate (DBP). Firstly, miRbase database, Clustal W and MEGA7.0 software
were used to analyze the sequence conservation of miR-34 in various species. The target genes of
miR-34 were analyzed by Targetscan and miRanda. The functional enrichment analysis of miR-34
target genes was performed using GO and KEGG. Finally, real-time quantitative PCR method was
used to detect the expression changes of miR-34 and its target gene Bcl-2 in D. magna exposed to
environmental concentration of 6 mg/L DBP for 24 h and 48 h. The results showed that the miR-34
sequence was highly conserved during species evolution. The sequences of 13 species have 17 bases
identical. GO and KEGG functional clustering analysis of miR-34 target genes found that these tar-
get genes were involved in multiple signaling pathways. The main biological processes analyzed
for GO enrichment are intracellular transcriptional regulation, signal transduction and endocyto-
sis. The relative expression level of miR-34 was significantly up-regulated in Daphnia magna after
DBP exposure for 48 h. The relative mRNA expression of the target gene Bcl-2 was opposite. It in-
dicated the negative regulation relationship between miR-34 and Bcl-2 in D. magna. The results
suggest that miR-34 may play a role in the response of D. magna to DBP toxicity. Among them,
miR-34 affects the life activities of cells by regulating the expression level of Bcl-2. This has a cer-
tain reference for studying the regulatory response mechanism of aquatic invertebrates under
toxic stress.
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1. 5|8

A28 — W2 — ] TiE(Dinbutyl phthalate, DBP)F¥)J™ V2 N2 HI A e e oA —Fh i WK A LTS G« 9l il
AR IR B BRVL I TSI 27K 46 DBP &84 14.8 pg/L [1], 2014 SR BT THRIT 5B DBP & &
N 5.54 ng/L (2], HpEIE T A E R R OK PR AR RO K B AR AE, GB 5749-2006) 1 IR 7K Hi%
4&#&55’9H§@(3 0 pg/L). WFFEFRIA DBP %t T/KAEAEYAE —EMEHEER, Flasbinf3]. £E
FE[4] [ RREAE 6] [7] FARARH ZEELI8]5 . IR AT W FLE S DBP Xt KBS 1 A4 i # k
&E’%ﬁxﬁzf Hﬁﬁk/y‘ﬂlzj} R W R AR, AR DBP 5] KR 4 A B AL T 1 SR

—[9]1[10], JE4FK DBP X/KA APy B A 7032 8 1) 2 I E AL

MicroRNA (miRNA)E A= P4 A Rl Jik DR 3 A S % o 5 AR E T IO A08E RNA, 7] 2 SRR IE 5%
PE R KA A R 5 R PR IR, 4R REA HUAR AR i FR AR [ 1] B /e 5 & @ R e fE T,
il £8 15 JJF P9 () miR-155 A1 miR-181a Fi& & EF, A5E miR-155 5 HO-1 B B R ¢ &, 5 ZhiR
AIUAAR FFD G 2 V8 AL DA %o 685 P B M e A P [12] 0 1T 7 40 B IO B TS A T #i%mléﬁﬂﬂ’atiﬂﬁai%
FHIRHY mlRNA%@iEﬁﬁﬁ%Mc XU miRNA 8 I R AE — i FERE R T AL ZH M 0 A R
M BRI TS SRR, AN 7 45 (4 PR EEE B AGUR RE A3 13]. WF FUHOE 7 LR i R 8 T, ﬁ@
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1 miR-731 F1 miR-2188-3p i@k 4 [F] TLR JE[A, WIS MRIHTI&4E, S2Mf 1 SUMLAR Bt i £ LA i 42 4
[14]. FIRBEFCUEEA, KA 5t A= P R0 AE AR A BR 53 6 e 92— > miRN A 5E R 4% X 2 2 5 (1
LR AR AR

MiR-34 {ENIE JLAERF 7T LLE V2 B miRNA 2 —, FEERRF AR E R Az, Flin/
(P AL AR miR-34 RIE B S 5 T HA A I 115], A& miR-34 76 NARBS IR . 45 B
B PR S bR R ) OB A N SN R B [ 16] [17] [18]. B WKEL4HMIIRE 2 FE[F(Bel-2) /& miR-34 (#EIEH
22—, TENUAHH M AR Gyl 2 R A At T AR AR G« AR AR AT AR ) LR S HR PR S 21 DGR FH[19)
[20]. Bel-2 fENAMA TR — 51, BAPUETER, HmRiEn mslapm e, kR HERE
AT AR T2 [21] 0 S YE T T AR A LE IS5 2 v B 3 AR LA RS AN AR B TR B (W 4 R B OC HL B,
o D AU A 1 OO LA R 1Y) Bel-2 Rk, SECONAIMRIET, &ESeo BB E 2 AR &
PR G 48 h J5 oK 1 24 8 E b Bel-2 RIA B BRI 0.04 %, 36 gt g T — e FE B 1Y)
YIHIRFE[22] [23] [24]

SR, PRBENCBAAIE T, TE/KAESIYH miR-34 /275 A] LU A1 4R R Bel-2 (I3RIL, SEmLAR
I 7 AL A3 R AR o AT 06 0 E] miR-34 7 51 (AR <3 1 B LR IE R ThRE HEAT 70 M7, % miR-34
£ DBP 255 T~ KA b N R ) DhEedE T T WP ER T, DARR KAELE miR-34 F1 Bel-2 ZEHTETS 444
B P e e S A 3R 43 B

2. MRS EE
2.1. REGRHIEFFAZYLE

SEI AT FH R B R F T LU RS KRB0, 163 T /KA AR A0 s 1 98 . S0 IR I — U,
R DIOME AR FE I i HE S8 LA O 30 + 5 UL gkt o, A3 En R T /E8eR. #H
VRN 7.96 + 0.5 mg/L, ¥EFEH pH Jy 7.80 0.2 HIf S E KK, FMEELE )y 3~4 x 10° cells/mL I
AR IERL

W HE DBP KB 6 mg/L NZWALERA RN A, FHAKE 4 MES, BAOEELE 1000 mL FEH4F+
BN 100 HOKBS R SEB0 SRR AR AHEIE, DAR ORI A AR Fa 2 o 24 h A1 48 h JE K473 I R B 38 43 il i
AN LS ml B0, S B K T 8 80 A7 5 A T R 858 AT

2.2. miR-34 FHIBIRFHED T

KR miR-34 JFHIKE TG4 AT DBP #8 N AZRE miRNA FiE 7545, HFHh
UGGCAGUGUGGUUAGCUGGUUGU . fE miRbase £ 4 £ (http://mirbase.org/) 1 345 A= M (R
WG, SCEMAL Rk, BES A JEDTE. B AERNIE. . RS MR AZHH miR-34 751,
B KAE S 13 MR miR-34 751 F] ] MEGA7.0 #E Cluster W SH%3ET £ 751 EL X .

2.3. miR-34 SBEEATMMEE ST

KH TargetScan Fl miRanda 7E4% T 2%} miR-34 BEATHIEER 7047, B RE %M, fE TargetScan 5
151 2B 13 77 (context score percentile)/NT- 50 HIHEFE[A, 7 miRanda 5329 2 Bk f K H H1fE(Max Energy)
KT-10 HOREHER o HUPR R R A 280 ) AS B AR g e 28 e IO BE S RV )

R GO AR FEXT miR-34 HEEKE GHAT I REIRE, S EFEMEST, FIRG R EE LK
GO RiEEHEAMEER . A KEGG Hl X T miR-34 F$EIE R4 4T & A B S & 4541, o]
PLE B R QR A AL R b S SRR . B ST B E 5K p H, BREESHEE
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2.4. qPCR

B RNA FJHR U 32 14 8 MiniBEST Universal RNA Extraction Kit i) & (KA TR RKEF R A H)
XIFERBEAT 203 WAL B0 VELAEERIE, FEAI RNA R B E K. KA Evo M-MLV RT Kit
with gDNA Clean for qPCR 7 & (5 Fg SR AE P TREA R A &)X R AL I A RNA T sk, 183
cDNA. miR-34 X ] miRNA 1st strand cDNA synthesis kit 185 & (51 rd LRl AE W) TREA BRA 7)) IEAT [ 8%
AT

miR-34 [J#EIEK Bel-2 £ NCBI H1//3 515 4: LOC116929975 . iz H NCBI-Primer B i145 57 P51 47,
miR-34 N S EEE N U6 [25], K454 LOC116922842; Bel-2 [ S FEK A Beta-actin [26], FE K 4w
59 LOC116919128. GIpdit L& 1, JPHImA: TAEY) TR i) 5 .

Table 1. gPCR primer sequences
# 1. gPCR 349551

gene Primer sequence (5'-3")
U6-F CCCCATTTATGAAGGTTACGC
U6-R CCTTGATGTCACGGACGATTT
miR-34 CCGTGGCAGTGTGGTTAGCTGGTTGT
Beta-actin-F CCCCATTTATGAAGGTTACGC
Beta-actin-R CCTTGATGTCACGGACGATTT
Bcl2-F AGGCACCTAAGTGAGTCTCCA
Bcl-2-R AGAAAACACTTGTGCCCCCA

miR-34 A1 Bel-2 {2k K H R 24 SYBR® Green Premix Pro Taq HS g-PCR Kit IT (Rox Plus)
GRS HEATR . 2R B R BE miR-34 T Bel-2 JE A (A KA

2.5. #IEALE

i Excel (T-test £ %)+ SPSS 17.0 (one-way ANOV AN BT HUAF I 5 BE AT 5 & 1t o i, R RIA S
EVEVERIN 0.05, ZFWMILEER 0.01 (H**FIR).

&R
1. miR-34 FH|R RS

KEFRFIM miRbase Hdl FEFRAG ZoRE. WG R . SCE M. Fif. S m. JETE. . AER
HIAE 1L 2L SRS /N R AN 2R 13 MFH K miR-34 1% 51 L5 2 miR-34 S #EIE R (115 A & 8 it miR-34
FEHII 551 7 2 (55 2-8 B IR) S HEFE K mRNA [ 3' UTR [X BEATHRIERLAT K52 i, 2 2 P hks
CER 4T B &R miR-34 IR 51

KH MEGAT7.0 [f] Cluster W A K BUESE 13 MR miR-34 (17 FIHHAT T 250, 4558 E
INAE RIS % A miR-34 JPHIKFE 23 bp, 1M HAR T F A miR-34 J7FIHKE 9 22 bp | 25 bp A5,
H 13 MR P HAE 17 ke 4 —8(E 1), U miR-34 JEHE A it 78 B m AR ~F 1 .

KD

w W
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Table 2. Mature sequences of miR-34 in thirteen species

£22. 13 M miR-34 BIRREFTI

= o I K i
b 4 s Rl ot
Species miRNA name Serial number Conservative sequence 4
length (bp)
KA .
3 dma-miR-34 e UGGCAGUGUGGUUAGCUGGUUGU 23
Daphnia magna
X
= /{*& dpu-miR-34 MIMAT0012663 UGGCAGUGUGGUUAGCUGGUUGUG 24
Daphnia pulex
@% & cte-miR-34 MIMAT0009516 UGGCAGUGUGGUUAGCUGGUUGU 23
Capitella teleta
pa=gil
Branchiostoma bfl-miR-34a MIMAT0009475 UGGCAGUGUGGAUAGCUGGCCGUUU 25
floridae
% it . . dgr-miR-34 MIMATO0008619 UGGCAGUGUGGUUAGCUGGUUG 22
Drosophila grimshawi
B&% & ) dre-miR-34a MIMAT0001269 UGGCAGUGUCUUAGCUGGUUGU 22
Danio rerio
4F¥J‘l‘|mﬂ% . xtr-miR-34a MIMATO0003578 UGGCAGUGUCUUAGCUGGUUGUU 23
Xenopus tropicalis
5 eca-miR-34a MIMAT0012917 UGGCAGUGUCUUAGCUGGUUGU 22
Equus caballus
— ks iy
H EE 1 M% sla-miR-34a MIMAT0002500 UGGCAGUGUCUUAGCUGGUUGU 22
Saguinus labiatus
Ll g|g chi-miR-34a MIMAT0036166 UGGCAGUGUCUUAGCUGGUUGU 22
Capra hircus
G
SR . cli-miR-34a-5p MIMAT0038467 UGGCAGUGUCUUAGCUGGUUGU 22
Columba livia
=]
MR mmu-miR-34a-5p MIMATO0000542 UGGCAGUGUCUUAGCUGGUUGU 22
Mus musculus
A ) hsa-miR-34a-5p MIMAT0000255 UGGCAGUGUCUUAGCUGGUUGU 22
Homo sapiens
dma-miR-34/1-23 AGC
dpu-miR-34/1-24 AGC
cte-miR-34/1-23 AGC
bfl-miR-34a/1-25 AGC
dgr-miR-34/1-22 AGC
dre-miR-34a/1-22 AGC
xtr-miR-34a/1-23 AGC
eca-miR-34a/1-22 AGC
sla-miR-34a/1-22 AGC
chi-miR-34a/1-22 AGC
cli-miR-34a-5p/1-22 AGC
mmu-miR-34a-5p/1-22 AGC
hsa-miR-34a-5p/1-22 AGC -
UGGCAGUGUCGUUAGCUGGUUGUUU
Occupancy = === =
Figure 1. Alignment analysis of miR-34 mature sequences in thirteen species
L. 13 F4fhe miR-34 FRERAFFIR % FHIEL %S
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3.2. miR-34 $BEEEE T

JEIT Targetscan 1l miRanda 7EZREF X miR-34 AT EEIERI TN, W5 3 SRA3 B R A 4, ek
33 616 > miR-34 HUHEILE . FRATFIH GO Bidla PEXT AR BIH 616 NMERE R HEAT T AEW 2 A2 . IE4i i
SERLAIGY T INBE =AM GO HIERE, ZiRILAEE] T 1416 2 GO HER(EE. Wil 2(A)Fr7r, miR-34
RN Z 5 8 A R RE . DNA B (5 5% FAMNGE SH 5T, KA K
(V20 A TR B BT 7y FohRe R AR EER A4 S ME RS ATP 456 ="1TJ7 1.

FIH KEGG £ HUBHHHR R, 530 616 SFHERE L E R 112 56F Sl . K8 R UBUs R
TEAXEI(E 2(B)), i#Id Rich factor. P value Fl'E 75 [A]— Sk id % LR RN £ & KEGG & HEFRE .
Rich Factor & KEGG W& &£ K+, s R/NER, EREBS . RRBEREARR P value {6, ik
AN, BT . miR-34 $EEER7E MU A 4E H (Endocytosis) . HFRA¥I& li(Folate biosynthesis). | BRAX 5
(Butanoate metabolism). MAPK {5 ‘518 #(MAPK signaling pathway) 1 P53 {558 % (p53 signaling pathway)
W) E SRR R

3.3. DBP & T AE/% miR-34 5 Bel-2 RENTRIESHT

B K% E TR E Y 6 mg/L DBP 145 24 h, S5xIR4AM L, miR-34 (IEEELE TR =
0.011) (] 3(A)); TMiZFEE 48 h, miR-34 FRIAERE Fifi(p=0.016), HIHLFRE/KFI & T X0 B2 24
h#l. B RHEFEET 6 mg/LDBP 24 h J5, SXHIRAAIEL, Bel-2 ZEA ) mRNA Rik & R[4, 4kE:75E
F]48 h J&5, Bel-2 B mRNA KEENEZE T =0.007) (B 3(B)).

A

B biological_process [ cellular_component [\ molecular_function

Num of Genes

GO_term
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B Statistics of Pathway Enrichment
p53 signaling pathway - o
Vascular smooth muscle contraction- @
Valine, leucine and isoleucine degradation - o
Synthesis and degradation of ketone bodies - o
Retinol metabolism -

Protein processing in endoplasmic reticulum - @

Pentose phosphate pathway - Gene_number
@ 4
MAPK signaling pathway - . . s
Inositol phosphate metabolism - [ ) . 12

E @
L Hedgehog signaling pathway - o
3
% Glycosaminoglycan biosynthesis - heparan sulfate /- ([ ] pvalue
o l 0.15
Glycolysis / Gluconeogenesis - o
[ ] 0.10

Fructose and mannose metabolism -

B 0.05
Folate biosynthesis - [ ]

Endocytosis - ‘

Cellular senescence - .
Butanoate metabolism - (]
Autophagy - animal- @
Amino sugar and nucleotide sugar metabolism - [ ]
Adrenergic signaling in cardiomyocytes - .

0.050 0.075 0.100
Rich factor

Figure 2. Gene enrichment analysis of target genes of miR-34 (A: GO annotation; B: KEGG
pathway)
[ 2. miR-34 SEFEMINEEES(A: GO BIER; B: KEGG ES@E)

A B
1.2 * 1.2
%107 . 3 1.0 : -
€ s 0.8
. 8
E o084 k] x
: 5
5 0 6 . 'g 0 6 N
3
] o
504 % 0.4 1
i L
0.2 0.2 4
0.0 : : : 0.0 T T T
control 24 control 48 control 24 control 48
Time(h) Time(h)

Figure 3. gPCR analysis of miR-34 and Bcl-2 expression levels in Daphnia magna exposed to DBP (A:
Expression of miR-34; B: Expression of Bcl-2)

3. DBP #5 TAEE miR-34 FELEFE Bel-2 BIHEX RIZE(A: miR-34 FIHERTRIAE; B: Bel-2
B RIEE)
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4. ¥W1ig

IT4EREZE DBP 1) 328, M E 5 43R5, DBP Al iE AR FR A EE AN KA, X K AR AR 1 i s ik
JBP27] [28]. KALERALT/KAE YRR OCHEIATT, KM A AL G o] J ik K 2 V38 i 81 O o SR gk
YEN, X]“ﬁk_ﬁkf@% YEA X KRB REAL T B B 4 J A AT e 2 B 250 1 AR B AR A e S AN L [R A
GV REONE , AHJZXF DBP il T KB miRNA I 78 i A0 B . MiRNA {E—Fh A 944 P
E%Eﬁﬂtﬁﬁ%%ﬂ% RNA, (EBEAE R Ao 5 B Oy, B 8 R EH T mRNA SRgma et fs, A
RPN RIE, FHREIUANR A 78 [30]. miRNA 7EKAEEYEK. KE. LT Miba
R R R FERFEAER[12] [13] [14].

miRNA 2 I8 b 1 2 L R [ R SR R 4 26 A G 3l, #RE miR-34 [ 03 RUZ B 78 AR K A 30
H AR THRER OCEE . O T 481 miR-34 7E DBP Jiih e K AL B/ FALE], FRATE 26T T miR-34 1R
SEVEANER R R A D BE AR T . A SO K% ) miR-34 F%1, 5 miRbase H I+ A A miR-34 i
1TZ P AT, i MEGA7.0 H Clustal W H5 3 132 B %S00 miR-34 18857 41 8 7 52 2 —3(E 1),
Vi MW TE B HES Y B LA A AR R, miR-34 HOARSFIE LLAS R MIR-34 B R B AE 2011 4EXF
LRI R R[18], JERAEZ AN RILT miR-34 [(FELE. MiR-34 FEHI-H04#5F, fETEHES L
H—M miR-34, MEBHESYHAEE miR-34 FEF FKIE[31]. BRI miR-34 FIHARK) miRNA JEK K
WAL, MRSEAD RN S 52 HA B — RSP EE TS, AR E BB RS EE AR RES, N
MAEFMEEN IR T 2R 5K [32]

BATH miR-34 FEATREIER 4347, L3RI 616 MEEEE, H A CArE 2 M AP 45 B0k = i
SZIG IR ) Notch Bel-2 A1 TGF JERIZE[33] [34] [35] [36]. & GO #1 KEGG HITEREHT, &I miR-34
R A ThRE E 55 S H - T MEVIAHRE 2(A)), W15 il g N 3 28 EE A ER . iR
AT RREIARH . MAPK Al P53 {5 5@ L(& 2(B)). 75X T aImtsc, &I miR-34 X T4 1)
WEPEAE T A AR REAE R, REAR AR R A, B0 miR-34 @i FISE R Notchl Y4 75 4 i
FE AN AN T2[37]. 10 P53 JER AT LAV miR-34 [, S0 i md 40 Mo i 30, 38005 ke 400 P Fr)
PETI[38]. HEik, FRATHEN, KA A K miR-34 FE K th A fE il A LA A BT FE . PR 1R
PLK MAPK Fil P53 265 5 i@ %, JHANECE #HI4n e Togss, i pig i f2, 25 8 KM% H
TSI R

BAERL XS 52 6 mg/L DBP 24 h A1 48 h K% miR-34 FIHEIER Bel-2 (A&, % 3 DBP &3 T4
TR miR-34 FNYH 38 58 f 98 T2 AH G ] Bel-2 [RIA . fEMIRIRIE 6 mg/L ) DBP 85, KA
RN miR-34 AR AL KB L E (] 3(A)), R miR-34 ] GEE KA RN DBP #3144 H 1w S
FORIEMER . O SEI6UE BITER 8542 4225 18 F AR miR-34 RIAK TR ML, VL miR-34 Xf FA5E M
B BB AR AEFI[39]. Bel-2 SEANMIRET (S 5@ L EERER . —[21], BAEPRETIMEM, G
HIAHML P T2 [40], SR APIHLAA N GERF AR A7 P ) BRI [4 1] T K23 Bel-2 mRNA £ 6 mg/L DBP %
F& R A RIS =R N EE 3(B)), H#HEDN DBP nf Ge 2 i 40 M T R AR IE R . VA B
U B Bel-2 BIRIAAKSE, (EPRTIERRE LB, Hhn T U T, R TR
MR, Bel-2 RiIAEMHE LA, FHIAIFET, B8 Bel-2 788 R R e F R iR HE T — 2
YEFI[42] [43]. BATKIL, KAERSE DBP £:5% F miR-34 @3k, 1M Bel-2 il mRNA FFEHRRIL, £
A% miR-34 55 Bel-2 M 5UIA#E K R . DBP X KB # EAF A o] R it miR-34 380 4 ) /- 5
Bel-2 £ K] mRNA [RIEKT, VMR TR, HEm R KRR i 1B A ariG sl

g LRk, BN miR-34 $EREA ) Dh A &40, KIL miR-34 A eSS 5 R BN A4 i ) — & 51
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PEVEE R OGIE AL R %, A (558 MR IEHISE; qPCR KLl A B DBP Bk &0
KA miR-34 A1 Bel-2 (1579 2R3E, HED DBP [RE08E RN & 73 /& 5 K miR-34 A1 Bel-2 15 5 4 i
FURRRIMER, B Bel-2 ERZ5RMMPRA TS A MG EEL. ARSI DU 2R ALY B
Ge) e ITLAR 23 A7 B2 ALl A -

EHEWH

AL H E K B RR I 4 (42077226)F15L T4 B AREL £ 42(20180550774) % Bl

SE

(1]

(2]

(3]

[19]

LRI, XAFL. FoR B B 2K &R = R ER S S e AN S5 QR A XU (7], FA8AL7,
2021, 40(3): 706-716.

FEAERL, BV, MR, . RKIDTRTL IR BOK R AR 2R = F R IR 6 I 8 K o A DR [T]. PRER IR I L 5 HOR,
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