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Abstract: [ Aim] MicroRNAs (miRNAs) play important regulatory roles in insect growth and development. In this study, miRNAs

preferentially expressed in Plutella xylostella larvae were identified, and their potential functions in growth and development were ex-
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plored. [ Method] The small RNA libraries of the eggs, 3rd instar larvae, pupae, and adults of P. xylostella were sequenced. Based

on bioinformatic analysis, miRNAs preferentially expressed in the larvae were selected and verified by quantitative reverse transcrip-

tion-PCR. The target genes of the miRNAs were predicted using RNAhybrid and miRanda. miRNAs with potential target genes relat-

ed to growth and development were selected, and an in vitro dual luciferase reporter assay was conducted to test miIRNA-mRNA in-

teractions. [ Result] A small RNA library constructed from the four developmental stages of P. xylostella was sequenced on an Illu-

mina sequencing platform, revealing 2116 known and 189 novel miRNAs. A total of 265, 228, and 132 miRNAs showed significant-

ly higher expression in larvae than in eggs, pupae, and adults, respectively. Further selection of 11 miRNAs that were highly ex-

pressed in the larvae was verified by quantitative reverse transcription-PCR, which exhibited a larval-based pattern and was consist-

ent with the results of small RNA sequencing. Target gene prediction of these miRNAs showed that seven miRNAs may target the ju-

venile hormone metabolism pathway. In vitro analysis of the miRNA-mRNA interactions illustrated that pxy-miR-6094-3p, pxy-miR-

750-3p, novel-m502, and miR-274 can target juvenile hormone esterase genes. [ Conclusion] Larval-based miRNAs of P. xylostella

may be involved in juvenile hormone metabolism regulation.
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A, B: Venn diagram of different expression miRNAs among known and novel miRNA samples, respectively;

C, D, E: Comparison of miRNA edpression levels between larva and other stages: egg, pupa and adult, respectively.
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Different letters above bars indicate significant difference in the relative expression level ( P<0.05, one-way ANOVA, LSD method).

2.4 HHIEFRIZ miRNA §950E E H I8 E
i85 T )y Al 4 3R 7k miRNA RSB RE DY, B sE
RS B H BB/ HLAAEE E TR R ¥ TR AR A
LR /NS Bl B 2R ) miRNA Ay 7 A
( pxy-miR-6094-3p . pxy-miR-750-3p, miR-1175-3p,
miR-317-3p .miR-274 .miR-750 F1 novel-m502 ) ¥ 1]

PRL4 K TR B (juvenile hormone esterase, JHE) , pxy-
miR-6094-3p Fl miR-317-3p i [] Bsf 1 1] 5 ) 38 25 BF
ALY K fi# B (juvenile hormone epoxide hydrolase,
JHEH) (% 2) , JHEH Fl JHE JtREIfEH], fER 2
HELZMRAR R 515, XU 4 B br %

KA miRNA 0] RE SR/ DRI A RUE B HIC
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FUEARAE . /NSRS HU i 4 221K B9 microRNA %852 K DI RERTSE <71 -

T TR B 2R GRS e I 1 2 I
%%?Eﬁﬁ*ﬂ%%%%%ﬁ, L) Luc/Ren B9 FL{H
Ve , LA5 1M h77) miRNA agomir FIHEA 5
RAFFHI pmirGLO-MUT 4% 4% HEK293T 4l i /4
Xt R ARSI ah57] miRNA agomir X miRNA 254
1 H TS pmirGLO-WT f520 , F T I miRNA &
oo 5 AL R4 5, 45 R R #E ) JHE /Y
miRNA H7, pxy-miR-6094-3p agomir , pxy-miR-750-3p
agomir .miR-317-3p agomir A1 miR-274 agomir 5 H:H
LIRS A7 i SRR G J | LG R M R 5 HA 3
AN R 2 AH E I 2 B AIK (P <0.05) 5 novel-m502 ag-
omir , miR-1175-3p agomir 1 miR-750 agomir 5 X i
FOIE D A, L O IS 5 B XS B agomir NC 5
FOAL A 2878 1A pmirGLO-MUT 45 Yb Ji5 (1) il I 1
TolE 2 5 (P>0.05), #i[a JHEH % 2 > miRNA
( pxy-miR-6094-3p £ miR-317-3p) agomir 1%} Jif ]
JHEH $EA7 R MR YL S | SO0 3R B M5 0] IR A
b, B W22 5 (P>0.05) (1 6) o HH LRI, pxy-
miR-6094-3p . pxy-miR-750-3p . miR-317-3p F miR-
274 REASIH T HIE DN CDS X G5 R 4)y 50 25 T g
A B /K926, 17 novel-m502 \miR-1175-3p Al
miR-750 5 JHE, Ll &2 pxy-miR-6094-3p #l miR-317-
3p 5 JHEH Z[A| A REAFEAIAR G R
3 i

&M miRNA 8 i e SR A i sl A mRNA 1E
1 S I K S A 48 JE TR 6 3K ((Asgari, 2013 Belles et
al.,2012; Lucas & Raikhel,2013) , il i Xf miRNA
B R R A AR A R ke 21 G VR Y Dicer-1 il
Ago-1 AT IR, CIESE miRNA ££ B #U/4
KMk B EBEPEEZEMN (Azam e al.,2012;
Wynant et al. ,2015) . ) BB B /N e f F -+
AERHER AR 77 1 T B, o 2/ 532 g bR A AT

A T VEE 25 10 DG B PS 3T , XoF /N 332 0k 4y b Al -2 326 1)
miRNA IWFRA B F T F 548 5 s /N ik &)
HAE KR H IR miRNA 7 1 8 7% /N3 ik 4y i 5
TR T IR LR,

miRNA J A 2 1 17 R 38 3 Dicer BV 58 1
(B YHRAE, 2019) , B DI 5 09 RE 52 £ miRNA
B E 5 1 B L0 A — 2 B ) P, AR RS
XA EI A 0]/ NSEIR E AT sRNA I | 3145 19 K BE
22 128 bp ) miRNA Ho @il , 5 R4 1 2
R AU miRNA KRR 3 (V2% ,2015; M7,
2015; #4555 ,2018) , WFTERHT, 240 miRNA 7
S S vty LRI B U 9 1) 1 (Lau et al.
2001) ; WA MR R KB R 24 bp [ siRNA #n]
TFLLA N S'ﬁﬁﬁ{ﬁfﬂ%( Czech & Hannon,2011; Mi
et al.,2008) , AT LE R,

H M & B miRNA FE5 5% J5 K B R A4E
PIK, miRNA FERRE S50 N BN 2 T
fie miRNA P75 D BEAY JE T 45 7, miRNA 7E B A
] 5 B W B A 2 0k B 0 E S EL AT o g A A B A Ak
IfE (Wang et al.,2017) . AWFFEN/NEHEDE &)
H R R H ) 4 786 ,1333 1104 i 572
MNEHIAY miRNA, LK 98,73 .93 F1 72 #r # miR-
NA, % miRNA TE/ NI [ 8 11 Y 2Rk K7
925 S0, K PLZ 8 miRNA 788 1) 22 ) 77 16 4%
Sk Hh A 577 4> miRNA {XTE /NS i 4l By
BEERIA 5 38 1 /N S 4y 5 B RN e
miRNA 353k, 45 R R, S HAME BB L, %)
Hfaf 2k miRNA Bl 2, /INEIERAF LB B
B2 miRNA RIBKPRHABERER, R T
miRNA FRIAT7ER UL T ot B8 HA B F MR IE
SR

R2 YHFEF miRNA RESRGHEAGEXHEER

Table 2 Larval-based miRNAs and their target genes related to juvenile hormone metabolism

miRNA TIMHLIED Potential target

F B¢ Annotations FEXTHE Score e Energy

pxy-miR-6094-3p Px001687 Juvenile hormone esterase 153 -22.8
pxy-miR-750-3p Px012592 Juvenile hormone esterase 140 -28.8
novel-m502 Px012592 Juvenile hormone esterase 147 -30.5
miR-317-3p Px009124 Juvenile hormone esterase 166 -26.5
miR-1175-3p Px001687 Juvenile hormone esterase 146 -22.4
miR-750 Px007180 Juvenile hormone esterase 144 -25.8
miR-274 Px004818 Juvenile hormone esterase 143 -28.9
pxy-miR-6094-3p Px013052 Juvenile hormone epoxide hydrolase 149 -25.1
miR-317-3p Px013052 Juvenile hormone epoxide hydrolase 145 -25.2
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AR . /I SERRAY L (RF SR microRNA 7 K DI AERTST 73

qRT-PCR ©£:4%) 12 W T 5 UE miRNA )3
IR AR T2 UK % |, qRT-PCR 125 R ¥
RAMFFRZRIFA —E —B, ARUTLEERIAESE,
A 11 > miRNA FE4J HUA ) Ze 3k i B B g - LAty
. miR-281-2-5p . miR-274 . miR-750 . miR-1175-3p .
pxy-miR-6094-3p ., pxy-miR-750-3p . novel-m502 Fl no-
vel-m679 FELJ L 4 43 T8 R W 0T 0 S5 2 A1
FUXEE miRNA 5 Al GBS 5 T /NS ik 4 H 21 i 1]
PFAL R RS, FESRME R miR-281-2-5p B 4
B RIA L4 (Ruby et al.,2007) . A WFFEF,
TAREE Chilo suppressalis (Walker ) H1H¥ csu-miR-6094
Fl csu-miR-281-5p LRI A &) fL ik & 1 3 = T 5L
TS 10T, LN 4 % &) de 2 10 33k i I 2 K (b
#7,2015) , Zafar et al. (2021) FIBFFE W F , miR-
6094-3p M5 F R HH . miR-4806-3p Hl miR-317-
3p FE/NEIR 2 F1 3 4l HUR Sk i v T A4S
I, 2 ~ 3 IR/ NS A T B s A8 X 2 A
miRNA 7] 82 5 %y s f7 13 #2 . miR-1245b-5p
TEREAS G Hu I ) 2 3K B A 0 35 0 T A 3 B
241 U R A R B 5 A5 o R L 303 BR, miR-
1245b-5p AT HEZ 5 4 AU A A Ak RS R 0 Rk R AT
REA/INSZ I AR i A0 o 2SR PR D6

ABIFSE 3 3k T NS i 4)) O 4R35 1) miRNA
TETERE LD | o3BT R S 1] DR 4 B3R AH DG B A
ZER R, 7 4 miRNA ( pxy-miR-6094-3p . pxy-miR-
750-3p . miR-1175-3p , miR-317-3p , miR-274 . miR-750
il novel-m502 ) # [w] fR G I R BR B, AL E B
R G KIN K PL, pxy-miR-6094-3p  pxy-miR-750-3p
novel-m502 Fl miR-274 34 5 {410 2 A B AH OC
BRI OCR . RIS FR X DR R T R 1
K F SRR 3 A 1) DG BEIR AR, R A 1 R G B Bt
ot FE AR AR IR T 3 BOL T R A VIS
(Tan et al., 2005), Zhang et al. (2017) i 1
CRISPR/ Cas9 HE& A v I fef 08 41 08 R R i 2 e 2k
FEFEYHEIIER B EHEN, pxy-miR-6094-3p |
pxy-miR-750-3p .miR-317-3p F1 miR-274 1] G i i
FEORBIR TR /NS 4 B B B AR KR

ZE L RBEIE S E T 11 AR /N IR 4h U B
Zn F B A miRNA, H ) pxy-miR-6094-3p | pxy-
miR-750-3p .miR-317-3p Hl miR-274 AJ 3 i3 54 4h
R TREEHE P CDS DX HAE X H 3 3k AT 5 4%
TS A M miRNA A1/ A KR & R

W2 Je H DI REBERE 1 LR, by i 1 /N5 MK 5t 12 5 4%
AR HE TR R . miRNA 55005 B AR G R
P i ) T AR, AR EAT I ) A 3 1 /e i A
KA BT IR A fF i — LT

&% 3k
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2 S W 24 VA 7o L R | A O = =
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