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M FRi1E ace-miR-14-y X3 Fhie 2 ig T g 2f) i 20
EERZE MG EESNENE

wES'T AAET X' R E OB BHEW
HHE' BB KRB B oA

(1. FRERMAR e G W BE 2524 F%, FaM 350002; 2. fEEAR BN E AR 2:BE, #EH 350002;
3. RREYTFRERITBG TSI, RN 350002; 4. fRERMAKFETFIIAT, &M 350002)

B E [HH] %553 %EE ace-miR-14-y X #8414 Apis cerana cerana T4l i §IE 358 K 3235 Ko MAFN
i R, HEfT4E R ace-miR-14-y MIWSFEIMEM ., [ Ak ] (2538 RT-PCR Fl Sanger I3
UE ace-miR-14-y [T FNF A1 o SR A SR T5 A1 53T ace-miR-14-y [FERER i 1 47 PR AL ) Mimic )
HITHRIAHIE T ace-miR-14-y 13Tk, FIFH RT-gPCR Al ace-miR-14-y f93d iR ZR it ik
ace-miR-14-y JE#EILR (WAIXS ik & . i T KX MR A TR E, [ ER ] ace-miR-14-y
TE T W4l BB TP A FR3E 5 ace-miR-14-y JLHll) 265 PNER, W 33 4 GO 45 H 5 180 %% KEGG i#
%, mimic-miR-14 £H ace-miR-14-y i35 3 5 T mimic-NC 2 ( P<0.05); id 33k ace-miR-14-y J5,
FLEEIA Wg Fl AP-1 (3R 3k 1 24 B35 T (P<0.05), &AM 8 Y 58 2 0 82 B TF (P<0.01 ),
[ £ ] 13355 ace-miR-14-y i 3& 70 A8 28 8 T4 4 s izl SR PR Wig D AP-1 18 283k B 4l H AR Al
HIER T, ace-miR-14-y il it P83 Wg Al AP-1 ik B IERTE T EH o
KEIF  rhREEE; 2l ace-miR-14-y; IRk LR

Overexpression of ace-miR-14-y affects target gene and
gut weight of Apis cerana cerana larvae
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Abstract [Aim] The objective of this study is to investigate the effect of ace-miR-14-y overexpression on expression of
target genes in the Apis cerana cerana worker larvae as well as weights of individual and gut. [Methods] Stem-loop RT-PCR
and Sanger sequencing were utilized to confirm the expression and sequence of ace-miR-14-y. Relative software were used to
predict and analyze the target genes of ace-miR-14-y. Overexpression of ace-miR-14-y in the larval gut was performed by
feeding mimic, followed by examination of the effect of overexpression and the relative expression level of target genes after
overexpression. Electronic balance was employed to weigh the larval individual and gut. [Results] The results demonstrated

that ace-miR-14-y authentically existed and expressed in the A. cerana cerana worker larval gut. ace-miR-14-y targeted a total

*¢ B30 F Supported projects: [FH5E HAABI S FINE (32372943, 32172792 ); [il%mﬁizgkfﬁgu}zﬁﬁx%%mﬁﬁz
( CARS-44-KXJ7); &4 HARBHFILAT LW (2022101133 ); TERBIE HAXE A LINE (2022BBF02037 ); & AR MK
RIS H (KFb22060XA )
**JL[R] 2 —A4E#& Co-first authors, E-mail: xuguojun@fafu.edu.cn; liuxiaoyu2000@163.com
#5350 L E# Corresponding author, E-mail: ruiguo@fafu.edu.cn
Wik H W Received: 2023-11-08; 4%5% H ] Accepted: 2024-03-13



13 TRERISE: 13235 ace-miR-14-y Xof v Ao 2 ige T e 4yl BERE PR 3R 0k K A PRI i 8 o Bk 1) 2 ) - 115 -

of 265 genes, involving 33 GO terms and 180 KEGG pathways. The expression level of ace-miR-14-y in the mimic-miR-14

group was significantly higher than that in the mimic-NC group (P<0.05). After overexpression of ace-miR-14-y, the

expression level of target genes Wg and AP-1 were both significantly downregulated (P<0.05) and the weights of larval

individual and gut were increased with extreme significance (P<0.01). [Conclusion] The overexpression of ace-miR-14-y

significantly affects the target genes Wg and AP-1’s expression in Apis cerana cerana worker larval gut as well as the weights

of larval individual and gut, ace-miR-14-y plays a potential regulatory part through the regulation of expression of Wg and AP-1.

Key words Apis cerana cerana; larva; ace-miR-14-y; overexpression; target gene

miRNA J&— 28 iy Py U 3 PR s (4 4 BE 24 22
nt f/NEZHS RNA( Non-coding RNA, ncRNA ),
A FERG SR SR KR SE R 3Rk, EisZ s |
TP A S A KR R B S5 2 A )i
2 (Fabian etal., 2010 ), 1> miRNA 7£ 75 Bz
¥k i Caenorhabditis elegans FP 8 & P, I #IE
ST TR R IEH R B AT SR ( Lee et al.,
1993 ), Bl =g 38 0 5 R AE M)A B A i D
KM miRNA FEL7E 2 Fh s b ) A 9 bk
e F), 445/ Mus musculus, 4l Nicotiana
tabacum L, 7R84 ¥ Tribolium castaneum Fl %<
7 S W I B Nosema ceranael Wu et al., 2017;
Ban et al., 2020; Shao et al., 2021; Yang et al.,
2023 ). B2 5T miRNA 2 575 B )
KL RE . R, s Al A ariE sl (Kim
et al., 2009; Huntzinger and Izaurralde, 2011 ), #H
KAFE R, miRNA 7EVE )5 %% Apis mellifera
FICAZIE B A oAb RN i T B8 45 7 T AT
B EEIER, #lUn Michely 4% (2017 ) it
fdi ] miRNA #PHGRESS T miR-12 F1 miR-124
TE VPG Jy 2 b T B AN Bk B i A2 R B B B T2
B 3R] & AR Freitas 45 (2017 ) &3
miR-34-5p 7E P4 J7 2 8 1 40 Kk & #E P )
PR oAk B A5 R LR, DT 52 Ml AR5 434k

miR-14 CHIELS 58 EME &G R
HEEA RS R E IR, RSN R
BB A ET R, miR-14 &2 SCHEM Y
YE 1 ( Ashby et al., 2016; Chen et al., 2017; Liu et
al., 2018 ), 7r3-if Drosophila /7, miR-14 AJ L)
B 1) 5 3L EcR 335 ( Varghese and Cohen,
2007 ) Chen F1 Fu (2021 ) it F 5 AIR K
miR-14 & BLHAL ) 845 EcR 23k 1M 52 Wi #
Y7 B o

HhAE % 1% Apis cerana cerana ( fajFR HH ) &

WA R T E ¥ A cerana RN, T2 ]
THRtEA T, NMUBBHREE & ML B, 8
AR Z ARAE Y R A= R 4, DR LA B 2
s . AEARFFRME (&5, 2017 ), AH
BART 38 1 Small RNA-seq ( sSRNA-seq ) 7E 14
T i E P E R ace-miR-14-y 55 435 4>
miRNA (EERAE, 2022) o W TG B ¥/ N
MR, iR CE 57 R
MEZEMSE . HAT, miR-14 2525 LA
T B R TN AR R
ace-miR-14-y 17 70 + % Uk, 9 U A 4 By
ace-miR-14-y A9 H0JE P, I 38 2 18] AL S0 4
( Mimic ) & 3k v d& T8 4 bt i 16 b 1y
ace-miR-14-y, AR G EE 0 ] 1 AH X 2638
W, R NMREpENERE, BERRER
ace-miR-14-y 7F T840 B 718 B 41 E - .

1 MRERE

11 #idhiR

Hh e T Ay UM AR R AR R S e 5
W= 242 g B e R 3P S S A T TR B AT

1.2 Sem-loop RT-PCR 5 Sanger fll

MR HE ace-miR-14-y W) ¥ R ¥ %) ( 5'-
UCAGUCUUUUUCUCUCUCCUAU-3'), ¥it3f
HHEEAGI A LTS (R 1), KL
A (2022) M7, $REUTIE T 5 H 40
JAERE 0B RNA, 28 55 545 51) cDNA A4,
FLUEAT PCR ¥ (B LWk ( 1) By
BRRAF, HED, 2R EEER (1.8% )
HLUK A . # FRER R e 55 (2022) kAT
Bl 5007 oibe, EWmELE TAY TR (-
) Bty A FRZA w247 Sanger M7 o
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Tablel Seguencesof mimicsand primers

£ K Name

F51) (5-3")

Sequence (5'-3") A& Purpose

mimic-NC-sense
mimic-NC-antisense

mimic-miR-14-y-sense
mimic-miR-14-y-antisense
ace-miR-14-y-LOOP

UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT

UCAGUCUUUUUCUCUCUCCUAU
AGGAGAGAGAAAAAGACUGAUU
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATAGGAGA 4 i 2531

4 1% mimic-NC
Synthesis of
mimic-NC

4 % mimic

Synthesis of mimic

Synthetic stem-loop

ace-miR-14-y-F ACACTCCAGCTGGGTCAGTCTTTTTCTC RT-qPCR
UniR CTCAACTGGTGTCGTGGA RT-gPCR
AcUG6-F CCAGGAGATGAAGTGGATACTC RT-qPCR
AcU6-R CTTGCTTGAACTGCTGCTT

actin-F TTCCGCTATTTTACTCCG RT-qPCR
actin-R ATACTTTGGCTACGCTTG

CKII-F GTGAATCCCAACCTAT RT-gPCR
CKII-R AATCCTGTTCCAAAAT

AP-1-F TTCACCTCCGATGTCT RT-qPCR
AP-1-R TTTATCTTCCAGCCTG

APC-F AAAATGCCATCCCAGA RT-qPCR
APC-R GGAGCAGAAGACCAGG

Wg-F TTTTTGCCAATGTCTCCA RT-gPCR
Wg-R CTGCGTTGCTTTCTCCTC

13 mhETHESRGERRHE

H¥E ace-miR-14-y AR P, BTt &
1% ace-miR-14-y ) Mimic ( mimic-miR-14 ) &7t
X Mimic( mimic-NC X 3 1), #i ff 2= E55E( 2023 )
iz 8 0B 7, 4 BB H % mimic-miR-14
(mimic-NC ) AYfEEF, 29k 44 20 pmol/g.
ZRRER IS (2022) 75, b g i 51
L 2 Hidgh A IO 48 FLETFRAFLIY,
FE (35.0£0.5) CHIFHXTIEE 90% (1) 18 i e 1 4H
( BRSSO A BR AR, FE) PSR 24 h,
bR 3 H 4R EME 50 uL 1% mimic-miR-14
FRIGRRE (HREE N 50 pgsk ), XFHRZE 3 Hit4hd
T 50 uL 7 mimic-NC FFREE (2R R 50 pg/
3k o B 24 h YRR}, SRS NL) R
5 Hiy, BURERT, HSASTJ0R A RNA-Free B0
A 3 Sk imiE, JE 3 WEYS¥ES,

1.4 ace-miR-14-y B RIAZRE D
SR HLE S (2022) 5k, 2092 HL

mimic-miR-14 £l mimic-NC 41 5 H #&4) #7386
FER PR RNA, JREEHI 2 1y, Hor,
ace-miR-14-y ] qPCR #i4t cDNA F|H Stem-loop
1Y% RNA #17RH5% 5 ace-miR-14-y [1)H1IE
. HEELPRI N2 actin A ( GeneBank & k5 .
LOC107999330 ) J% ace-miR-14-y N5 U6 JE[A
( GeneBank %3¢ : LOC107994478 ) [} qPCR
Bt cDNA F|H] Oligo DT 5¥RIEHLE | it 17
RS, TE4 A PCR &4 (P64 KEER
HABR A, E ) E i T ace-miR-14-y ) gPCR
N, RN ARTFIR R 2 AR R IR A8 (2022 ),
ace-miR-14-y FIXF R 2 2 k. B
P oy A Fn 2z B DL S e PR 50 (ns: P>0.05, *:
P<0.05, **: P<0.01 ) 43-5%|#]H GraphPad Prism 8
LA K Student” s t K BriEA T o 45 RO HI
3MEAHEE
15 ace-miR-14-y FEBE TN 5 o

FL T R 3 3045 1w e T 4y i T A SR 4
B (MBS 2022) , HS RS (2023)



13 TRERISE: 13235 ace-miR-14-y Xof v Ao 2 ige T e 4yl BERE PR 3R 0k K A PRI i 8 o Bk 1) 2 ) <117 -

B P A5 32 ace-miR-14-y A9 = A {5 B 0 3
IR S HAH N A0 T E R v o

1.6 EEER RT-gPCR #&ill

Y% KEGG, GO FiI Nr Bo¥fa JE (15 B 4%
2% E N SN HGEE( Gonsalves and DasGupta,
2008; Yoon et al., 2013 ), fiiE i 4R AERKEE
R 2 D OCHEEEEE R £ 4T RT-qPCR fal], £
$5 5 % A ¥ AP-1 ( Transcription factor AP-1,
AP-1) FEH AP-1 FMIJEHEFEH ( Protein wingless,
Wg ) FEK Wg., {#iFH Primer primer 6 #4511 I
REEIE R K NS LA actin i qPCR G1#H( £ 1),
PA 1.4 75384549 mimic-miR-14 41 Al mimic-NC 41
5 B4 dUiniE cDNA Rtk T RT-gPCR i
W o S S5 FAR F B HR ST iR 1.4 77,

1.7 EFRiE acemiR-14-y J5 il T iE4h 4k
FiFEE SR

Z: M Borsuk 45 (2017) BT EE, 43 9IH
mimic-miR-14-20 F1 mimic-NC 411 5 H 34,
i/ PBS ZZiPif e S vk o, T
VR UE AR/ N IR TR R B BR AR . Bl X 4l R AT
FREE, T4 A4l B PR TR . e G o
S mimic-miR-14 20 Fl mimic-NC 2[4 5 H
s i miE , RERAIE TASH R RIS
FA2004 MiKGAHH TRl ARE . e
3 WAEYEER, BAEES 1 kYR, FIH
SPSS 26.0 {4, it Student’s t A& 56Xt 4 HL A
R 18 o R BE R A T 4 1A) 22 5 S 2 2T (s
P>0.05, *: P<0.05, **: P<0.01 ), 3>k F§ Graphpad
Prism 8 #k{F#HAT4 A .

2 GREHSH

2.1 ace-miR-14-y B4 FIIE

WL PCR BN HEH T B — HAT A HU K
/N (60 bp) WIHB B (I 1: A), BLHA
ace-miR-14-y 7 Hié T4l izl b 3ik . 55
FHEHBAE TN A ace-miR-14-y TR 51
M, AWFFRHEATT 3 K Sanger ¥, 25581
BoRTER—NE (5 15 2 20 M3k ) KAHE
%72 (K 1: B), il ace-miR-14-y fJE 751
N: 5-UCAGUCUUUUUCUCAACUGAAU-3',

&

& &
%Y' zf&

bp &

B 1 HfeEig TiEs HFEH acemiR-14-y B
S FIIE
Fig.1 Molecular validation of ace-miR-14-y in the gut
of Apis cerana cerana worker larva

A. PCR "33 My ) B IR Bt 58 2R HL K 5
B. HAYF BLAY Sanger I 14,
A. Agarose gel electrophoresis for the amplified product
from PCR; B. Peak diagram of Sanger sequencing
of the target segment.

2.2 FhigTiELHEGES acemiR-14-y iR
IEHR

RT-qPCR Z53 7R, mimic-miR-14 41 5 H
W4 B 7 ace-miR-14-y B F R KF-, AHE T
mimic-NC 40 3% Fi# (P<0.01) (K 2),

10 . @R-_Mﬁﬁu%
g ] mimic-miR-14
I T R
l:l Iﬁ ﬁ'xj‘l\\\
mimic-NC

X RE =
Relative expression level

B2 AREMYEREEETES IR HFER
ace-miR-14-y AN RIZE
Fig. 2 Therelative expression level of ace-miR-14-y in
the gut of Apis cerana cerana worker 5-day-old larvae
after mimic-feeding

RS Student’s t K2R BE (*P<0.05;
#% P <0.01; ***P<0.001), [&4FE S5,
Asterisk indicates significant difference by Student’s

t-test (* P<0.05; ** P<0.01; *** P<0.001).
The same for Fig. 4 and Fig. 5.
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2.3 acemiR-14-y HEBEHE TR AHRIEN , WE 3 (A) PR, XSUEEIL a] i

PR 7 N FIIRE . 16 1 LHEREAT 10 4
ace-miR-14-y LRI 559 4 mRNA , X 17 265 B2 7 40016 MY e R A 10 N2
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B3 acemiR-14-y HISBEFEEREM GO £H (A) F1 KEGG @ (B) BE
Fig. 3 Circlediagram of the GO terms (A) and KEGG pathways (B) annotated for the tar get genes of ace-miR-14-y
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MIZHAHOCHY 33 N4 H, R MEIIETE . A
VT AN RS oo BeAh, LRI R AT
FEEDH AR AR BT (5 B AL G Y 180 F%
KEGG il i, G45CH&4E . Hippo 5518 E%
MIAF VR & Th17 A5 455 (K 3: B ),

24 ik acemiR-14-y BEHMN 5 B4R
FAiE$RE E Wg 1 AP-1 RikKF

RT-gPCR Fiill45 R 277 5 mimic-NC ZHAH
I, mimic-miR-14 2 5 H %4} d 38 Wy il AP-1
MFERKE B2 FIH (P<0.05) (El 4. A-D),

25 TERiX acemiR-14-y BEERIN 5 H¥4H
MEEBGENER

mimic-miR-14 24 5 H B4 AR &
#oM(0.074 0£0.019 7 ) g, & 2 3 = F ( P<0.001)
mimic-NC 41 5 H # %) B A Kk 19 F 2 & &
[(0.020 3£0.002 1)g] (&l 5: A). @&l 5 (B) Jir
78, mimic-miR-14 41 5 H >4 i iE nd-F1 &
1 o4(0.023 7+0.003 2 ) g, B 2 3 = T( P<0.001 )
mimic-NC 20 5 H &4 27 1) F 8 & &
[ (0.0053+0.0010) g].

A . B Basp »
ace-miR-14-y g a0l - miR- 1445314
‘@ mimic-miR-14
27 15|
Wg3'UTR 5 & . ¥ ORE — BRI
-~ B8107 mimic-NC
T W A~ . E.gos—
— Potential binding sites ~ s
Q
0
UCA?G?ACGCQUACU z’lkz?,ﬁiA?[HﬁiA &~
miRNA 3 UAAGUCAACUCUU UUUCUGACU 5
AG=-15.47 kJ/mol
— *
¢ , D 5207 p TiR-148HY)
ace-miR-14-y » = s mimic-miR-14
L lor J
AP-13'UTR 5= - - 3 HZ — PR
- %f %{4?\ -H_’E & 10 mimic-NC
_ " Potential binding sites T— % ; 05t
SUGACGATONUAGAIEATTGH 5
miRNA 3 UAAGUCAACUCUUUUUCUGACU &' £ 0

AG=-13.25 kJ/mol

B4 Wg(A)FAP-1(C) EES acemiR-14-y EIHEBEZE A X R LT RIE acemiR-14-y f7

hiEZEETIE S Hig4 mAziEs Wy (B) 1 AP-1 (D) WM RIZE
Fig. 4 Target binding relationship between Wg (A) and AP-1 (C) genes and ace-miR-14-y and relative expression
levels of Wg (B) and AP-1 (D) in the Apis cerana cerana worker 5-day-old larval guts after ace-miR-14-y overexpression

B mimic-miR-14 3 mimic-NC

A 0.10 i B 0.03 - e
—_ “é 0.08 | ~3
g K=
1S o0 23
~ E | ~ E
2 0.04 tH 2 0,01
= 002} i =
SN 4y i
Larval individuals Larval gut

B 5 iEFkikacemiR-14-y FHELEETHE S QR HME (A) FliFE (B) HEE
Fig.5 Weightsof individual (A) and gut (B) of the Apis cerana cerana worker 5-day-old
larvae after ace-miR-14-y overexpression
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A T NAE HT A E il A PR Mimic 52
BT B el HU7IE N 2 miRNA ARk (4%
AR, 2022; RILESE, 2022 ), AFSEH, X
g T 0% 5 H B4 U Mimic-miR-14-y J5 &
PR, ace-miR-14-y B IKK 10 7B FE & il 2
LT, BIREERRY, AL B AR,
A 3 I A M ST miRNA B sad %3k, XM
JESERATFSE miRNA e840 B miE & & i)
ite BALHI AL T HZHFH ARG

FEERAYIT, B miRNA fg [ i i)
BEEA M FRE, K2R (Bartel, 2009 ) o
AHFFE K, ace-miR-14-y AJ [a]H#E ) 265 ~Jk
R, 3k SeRLR AT R 3 33 4~ GO S5 H I 180 4%
KEGG % (& 3), il ace-miR-14-y i i 14
i AH DG 3 PR 3RV 7E S 5 R0 AH DG T RE R 3 s
PRI miRNA JEER) 2, 5
YIRS P RE 2L ( Rhoades et al., 2002;
Ban et al., 2020; 7K 3C{E4E, 2022)

miRNA 3 F 38 13 7 % 5% Jm 7K T 07 8 4 40
PR 1) & 3R AR S AE A D REEA TR YT (R T2,
2022 ) o ULAT, ARHPA#FFE AL ace-miR-3720
LY CK 7458 3 M REEIRIL, e rh
B Tl U i (SRR IRAE, 2022 ), 1R
HFL3h Y Wnt MR R H AR RS ( Bejsovec,
2018) , Wg fE N5 BOl i SE R, I e &
B LR RS BT R, XA Bk Y Bt
=t , fE SR IE 7 & B ARl A ke
F| 8 A/E M ( Gonsalves and DasGupta, 2008 ) .
Chaudhary F1 Boutros ( 2019 ) BF57 & #8433 5 H
Wg AT DLSTE SR s T 15514 5. Zhang
& (2015) i, &y We [FSESFN ST
Bsk 75 S ARKI AN AE T . ASBFTE KB,
ace-miR-14-y 5 Wg Z [RIfF7EETE R ] G R
IR ace-miR-14-y 52 5 H it K miEH Wy
fyFeik i B E T, AP-1 &M Jun, Fos fl ATF
ZKIG DNA 25 G A4S —RIEE &, T
I EAZ AN A 4 PR 0 PR e 420 5
ENMLEE S F RN ( Turpaev, 2006 ) , FF

Z 585 T ik, A L SRR R AL SR A
A= 4515 3h ( Shaulian and Karin, 2001 ) . 7F3F
PHITEE Xenopus FYHI & & M4 kA fE
AP-1 & 5iH# xFoxD5b )75 ( Yoon et al.,
2013) . I, AP-1 EHHIESCS/NRAME
BRI R B #VIA 5 ( Yoshitomi et al., 2021 ) , 74
52, ace-miR-14-y Fl AP-1 [H B AFZETETERY
B e &, 343K ace-miR-14-y $3 5 H ¥4l
JmiE b AP-1 B9 I5 K B ERAL., 25 1,
ace-miR-14-y MR iAo SHERK Wy il AP-1 119
TR MR R, W ace-miR-14-y
i AR W 5 AP-1 (IRiAS 5 hig T
W MBI R B o SR, X — M i —4
1) 5 B B

miRNA 2 598474 Bos taurus ( %78 55 4%,
2023 ) . KI& Locusta migratoria ( Song et al.,
2019 ) FlERJE F 4% Drosophila melanogaster ( Zhu
etal.,2017) FRMPEF IR, B, CIEK
miR-2/13/71 FEE LA HIHIEH Notch 93K
AR B ¥ 5 2R L A mRNA AKSE, T 50
HKRE (Songetal., 2019) ; RIE TAEYI LR
1Y) miR-162a A]§E o] R K SRR dm TOR [T
TR RAKOE, AR R R AR K AR
( Zhu et al., 2017) . AR, &FRKE
ace-miR-14-y J5 5 H ¥4l 54 ) 18 i 5 Ak
BETE, UL ace-miR-14-y & IEITE ) A1 4E
JH o8 ace-miR-14-y 27518 i 7145 Wg 5 AP-1
14 &R 2 M &y B A K i i T AT N R AR
4 T A T o5 2 A FH AR AT BA L 2 57 0 3 DX T e F
Tk (ERRESE, 2022 ) R ace-miR-14-y I
] Wg il AP-1 {45 &) B A4 1 B i ek
B R VE LS
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