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WE: TAALRRBRRIRG AR, LD RABFALAELEL, HA AL KGR
WA LVRB IR RREFT TP e, ANAETRAEL PHRERAE, RN R FRH
DNA 53] B %P7 7= 4 69 T i 4% £ 7, 6146 DNA RNA & & i fo 3 & UK -F b 04 B AP R W3R 4% R 4
SR, TRALAYHRAF TER, LRHFHANEFRE L LOEHAND @ — 2 RKNEAEAE
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Advances and perspectives of epigenetic regulation of insect diapause

AN Hao-Min, LIU Wen, WANG Xiao-Ping* ( Hubei Key Laboratory of Insect Resources Utilization and
Sustainable Pest Management, College of Plant Science and Technology, Huazhong Agricultural
University, Wuhan 430070, China)

Abstract; Diapause is a strategy for insect to avoid harsh environment, and has a great significance for

continuation of insect population. In particular, facultative diapause can be affected by periodic seasonal
changes, in which epigenetics may play critical roles. Epigenetics refers to heritable variations
independent of DNA sequence, including various modifications at DNA, RNA, protein and chromatin
levels, and may be involved in development plasticity. The research of epigenetic regulation of insect
diapause mainly focuses on two aspects; one is how epigenetic regulation respond to environmental
signals, and the other is how environmental signal induces epigenetic regulation in insect diapause.
Although it has been reported that DNA methylation can respond to photoperiodic signal and histone
acetylation can be coupled with endocrine systems, the detail mechanisms of epigenetic regulations of
insect diapause, however, are not completely revealed. Regulations of diapause induced by epigenetics
have been reported in multiple types of insect diapause. For the same diapause process, there may be co-
regulation between different epigenetic mechanisms. However, how this synergy responds to
environmental signals and how it precisely regulates insect diapause are still unknown. In conclusion, the

previous research only indicated the possibility of epigenetic regulation in insect diapause, but the
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molecular mechanisms are scarcely known and need further study. Especially the following aspects might

be critical in the future research; the molecular mechanism of epigenetics responding to diapause-induced

environmental signals, the molecular mechanism of epigenetics coupled with endocrine regulation, the

cell signal transduction of epigenetic regulation, and the synergetic regulation of epigenetics in insect

diapause.

Key words: Insects; diapause; epigenetic regulation; DNA methylation; post-translation modification ;

small non-coding RNA

SRR 2T AR AR Sh A A K A A R R
JAARRR ( dormancy ) 45 ¥ % ( Guppy and Withers, 1999;
Lennon and Jones, 2011) ., A=W 7ER IR — % B A
TSR A PRI 52 1, RE WS 1R 45 PR v JE SE M R
PRIRFRI AT AT T B 55 191755 (Boon et al.,
2001; Lennon and Jones, 2011) , FWi5/% ( epigenetics )
A EeZ 5 KIRIEY (Shu et al., 2016; Rossari et
al., 2020) . TEAEPIRNTIRIRGE S40], 2 PPz 1%
PP - 102 1R, 55 PN T ) U R R I R 4 e 1
{RHR ( Kallioo and Piiroinen, 1959 ; Sondheimer et al.,
1968 ; Liu et al., 2011) . /NS, Mus musculus 5155 7l
[aFT2k B Caenorhabditis elegans Y& {0 J5i & 1 7K S GE
fig me 7 PR IR 75 R A 5, JE T 4 AR IR B R F
( Demoinet et al., 2017 ; Hussein et al., 2020) ,

B HUH B R RHR () —Fh 2 Y, 252 85 45 1Y
—MFENAR, - HFEAR B RE S ARE
A REZ IR EE WA PR A M R ER A . B
HU 2 LN (obligatory diapause ) FIFEE
W E (facultative diapause ) , G & VEAF B 19 X A
WO T IR 251, ek s 75 0 A LB 75 IR EE O
WSS 5T (Danks, 1987) , (R4 B K&
A, B Ui B R4 O B B BRI W E
diapause ) . %) H W &F ( larval
diapause) | 1F 7 & (pupal diapause) | 5 W & 54
¥4 W B ( adult/reproductive diapause ) ( Danks,
1987) . i & o #2645 5 B i 9 ( pre-diapause ) | it
F 1 (diapause ) 1 B 5 1 ( post-diapause ) , H i
B AT A AR B A E e 8.
AERFRNARER i B AR F S LA E Sk
# (Denlinger, 2002; Kostal, 2006) . B H/EH & 7
A AL, HAR N A R (insulin) ({1 4))
W F (juvenile JH) F0oMi fz R
(‘ecdysterone ) S0 [ fif 7 15 5 I 9 SR 454 5, 4%
i B RS s B TR B A AR R IR ) ot 5 g
A E o B2 T A R 358 (Hahn and Denlinger,
2011) . i & 175 5 FIHE 45 33X PR I ST R 20 52 i) B2 1

( egg/embryonic

hormone,

T A IEA S LR L R i KB MRS, 2R
W F HLEI BT 28 19 ¢ 8 ( Kostal, 2006; Hahn and
Denlinger, 2011)

B R E 5 E bk 1K /2 1k th e
( Denlinger, 2002) , L5527 SR M AEw £ 2
H1 ( polyphenism ) Bl 42 19 5 4 ( Hartfelder and Emlen,
2005) , XA AEAE S H S EY KT TSR
WLigi 1% 5 B A O (Glastad et al., 2019) , FWLiEE 1%
JEARHE DNA J3 370 (4 2528 BT 7 A= 1) 7T 3 4% 19 722 S5
(Bonasio et al., 2010) , 5% 3| Z fh 5 (=E 5 1 H
(Rando, 2012) . W35t 1% B 1l 42 45 4% /A E 17
(nucleosome positioning ) | ¢ £, [fi F ¥ ( chromatin
remodeling ) .2 & [11& i ( histone modification) ,DNA
B 2 fk ( DNA methylation ) , RNA 7] 28 Y J2
(alternative RNA splicing ) . 3E 4 fih RNA ( noncoding
RNA) . RNA & i ( RNA modification ) F fi% %t
( pseudogene ) 2% ( X &%, 2012; ¥ %% %, 2018;
Reynolds, 2019; Yao et al., 2019) . 7EE H A7, =W
BHETRES 5 HAR S K E A7 fir Al ) e g
(Suh et al., 2015 ; Cardoso-Junior et al., 2018 ; Zhang
et al., 2018 ; Kirfel et al., 2020; Peng et al., 2020) ,
WATRE R MU E . HATHGE 1T B dL DNA I
A a] Lo L % B 81 {5 5 ( Pegoraro et al., 2016;
Delaney et al., 2017) , 20 25 11 Z Bk Ak AT DAARER B
N3 E 5 (George et al., 2019; George and Palli,
2020; Lyu et al., 2020) , A] GE 2 B ML it & 45 1
BT, A M  DNA HEAL RNA HELAL N
e RNA SR M e #E 5 5 B iy i
DLEHRIE . A SCAAS[R] 27 B o iy 8 R332 1% 1 4
M EELRIR T AR R ik — Sl i i o 1 g, LTk
TRATF e B Hu iy & R HLRI A T SR A5 1)

1 B E SRR T IEE

B He B 7 AT LUR AR TE R i & AR AT BB
ZEN=RCAEIN SRR IDYS RNt ik o e N T b
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B3 8 BEAKR 5 W 1 Wi B M & ((diapause hormone,
DH) AR B B & B 2 )8 #8728 ( Denlinger
et al., 2005) . ZZAx Bombyx mori 73R BIKE &
— PRI, H BRI — I T b 285 1R O A A

BT B i DH fE H 0P 3 )5 15 % B i hy & P
(Denlinger et al., 2005) ., #1% M £ Wik .DNA H 3
Ak RNA B34l A1 miRNA Xf B dt B & 2 A B 7E
IEEAERI (B 1 A)

A
o 5 |AEALkL DNAH JE AL
0 —g'ﬂ Histone acetylation DNA methylation 7
ST ———— > >
A g
> £ | oxassg
Gl §b LDNAmelhylalinn 7
& £ >
3 = miRNAs - === -
= ¢ |RNAHA:AL N -
® % JRNAmethylation : :
E P, : :
i A i J wEE
Pre-diapause Diapause Post-diapause
B C D
EhARHCL +h FRHCL
1LED'/J<¥ W B / ' miR-2761-3p

i AL Termination 23 miRNA

: I_V A -

5\..; DH " iﬂ of diapause ‘—Q 38 miRNAl ° SD‘H
— (‘AT- S 2=y 41 s S }. ’
o WEALS L WE AR 7 *

High Dlapﬂll.ce Diapause Non-diapause 11 B4 W R
maintenance egg egg Glycogen Glycogen
B 1 R LS5 R R O IR
Fig. 1 Epigenetics involved in regulation of insect egg diapause

A B DN B S R LB AL PR AL 4185 B9 2 BE 1L ( Reynolds and Hand, 2009 ) ; DNA Hl 24k ( Sasibhushan et al., 2013; Li et al., 2019) ;
RNA S (Jiang et al, 2019) s miRNA(Fan et al, 2017) . A 12 A 427 K000 42 U038 4 TR LR, 2 26 7 2 B S 45 4
[ 3485 7 I 00 1) 28 Ak 3 R T IR A [] 26 W0 s A2 R s WL =2 1] (R 7K S 22 5% (18] 2 ~ 4 [A] ) . Epigenetic regulation mechanisms involved in insect egg
diapause, including histone acetylation ( Reynolds and Hand, 2009) , DNA methylation ( Sasibhushan et al., 2013 ; Li et al., 2019) , RNA methylation
(Jiang et al., 2019) , and miRNA (Fan et al., 2017). Different lines indicate different types of epigenetic regulations, and the height of lines indicates
change process of the same type of epigenetic regulation in different diapause periods but not the horizontal differences among different epigenetic
regulations ( the same for Figs. 2 —4). B: %7 RNA HEALAEMS I B DH /K (KK -1 DH FIERFR T LIRS IR A 7S RNA L0 7K T DA T A0 B v
H (Jiang et al., 2019) , RNA methylation in the silkworm can respond to DH level, and low levels of DH and HCI can reduce RNA methylation and
relieve diapause of the silkworm ( Jiang et al., 2019). C. g ] AR F BT , 5 EZ BN B IR miRNA 2555335 (Fan et al., 2017) , HCL
can relieve egg diapause and cause different expression levels of miRNAs in diapause eggs of the silkworm (Fan et al., 2017). D, FhfR 0] G i 10
miR-2761-3p 7P M SDH Zh e & B K 251 & (Rubio et al., 2011; Fan et al., 2017), HCI may activate the silkworm SDH by inhibiting
miR-2761-3p activity, and finally relieve diapause ( Rubio et al., 2011; Fan et al., 2017). DH. {i & ##Z Diapause hormone; SDH. [l1%3 i &/t
Sorbitol dehydrogenase.

HEE 1 CIRAGAR 1 S Y 40 5[] B G €0, BT A8 4
1 ST 38 5 5 5% S 05 A ¢ ( Drazica et al.,
2016) ,{HL 45 iF 55 & LA & 11 & BE AL AKF 1 T =
RED L R B S M il . 5% S AW ) 7 Reptin J&2H
B WL FE B Tipe0 iy & M 5L, AR A i
A, {H 2 i 3] 35 DX 2 S A A ( Qi et all.,
2006) ., 7E T J7 b 0% Allonemobius socius W B Hi
Reptin 323k L APIAG, HE AW B J5 X 4% 0 3 T 4
(Reynolds and Hand, 2009), Tip60 /5 #y4H & H

CRALTTRES S s 7 HE £ AH DG SE R A 38, iX
L PR (4n i Joi 4 Aok A 5 TR 4 ) B R O T BB S ST
B IRYTR R, 26 B 4E 45 ik Lo B ] 1) B
SR AT BER HRTIO .

DNA HEAL AT RES SR B M. R
#eii & B0 DNA F AL BRI /KT8, i
Z 5 R AW N B 4E 15 (Sasibhushan et al., 2013)
At R Ax Ak &k B DNA HE I8 5% 75 il 5 [
BmDnmil F BmDnmi2 (%) 335 0] LI 6 R 75 5, T
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AR T LU BR K A R (Li et al., 2019) o Dnmul
Ml Dnmt2 F 3% 543 DNA 34k ( maintenance
of DNA methylation) ( Ooi et al., 2007 ) , &7~ i 7K -
(%) DNA P AR 58 A B & AR i OG5, I Ah, TE
WSTERIRIOG R A58 T 10 DNA HYEEA% 7% i
M S-R MG BERZ H (S-azacytidine) , HEABER AL
JESIRT S A Ot 5 A S  (Egi et al., 2016) . DNA
FR AR 5 A DR 7 A R A 75 B — 20 I

RNA 42 5 B Aol & W B AR5 A IR
H R TE 2 2 D & A b T . ey 4 Fib
AR F AK4 (—4k) | Qiufeng ( —4k) \NH(Z
PR E ) Al Nistari (Z24LAEHE) ', RNA m°A T JE
A B Mentl3, Mettlld, Wiap/fi(2)d, Ythdcl F
Yehdf3 S5 DA 7 i A0 ol L Y O R Sk A B o SRk A
A, 2 B — & AR PEAR et . ARA—1k
MEAbih R, AbS R R A RNA m°A A ICHEN (1%
KR A8 ] RE— AL A 224k i R BAT TR E 1Y
WA, B2 RSN R R M, meA H I
PRI ¢ 7o W 1 o 2 SR 2 A 25 57 3R W m° A ]
RESS T 2 A By file 7 E 4% 5 0 19 A 3 RTAEG e B2 1Y
DH 4b PR BB b 2 B (IR U1 A BmN ( 5 7 B1 §L.40 Jid ) 4
FELA m® A ZKOF, B ZRARK T m® A 5K A R & Rk
(R 2R 22 — 5 T 7o e B2 1) DH WU 5 5 7K 57 m® A A
5 HEM R KT m°A 25 5 1 BRI 7 4 (Jiang
et al., 2019) (1. B),

miRNA 2 8 5 5 A2 B il & 19 e 6 . AH
LU A N, ER IR A B W 7 5 A 61 > miRNA R A#E
R4 T WEZ, H 23 4> miRNA K3k [, 38
ATHR(E 1, C), k8 miRNA By 976 ¥ N nT RE
Z 5 EE A AN TR K (Fan e al.,
2017) , AT 5 ¥l 7 4E 5 70 T A OC e e
et S g 7 1L A4 P i S B ( sorbitol dehydrogenase
SDH) I Bmo-miR-2761-3p ik 1 41 5¢ (Fan et al.,
2017) ,SDH 25 A | H] 1L B ( glycogen ) & JiH Jit
(4 G (Rubio et al., 2011) o XUHEGR B 43
Hr /R, Bmo-miR-2761-3p BERZANH BmSdh (31K ;
R b B J5 BmSdh 335 W 2% LV, 1 Bmo-miR-
2761-3p 4. % F ¥ ( Fan et al., 2017 ), % 7% miR-
2761-3p Xt BmSdh [ S5l PR il J& 5K 4 B & 4
RS THAE(E 1 D),

AR 35 A% 1 4 5 A DI B Y F 58 TR A
B, Z Fh R MEAL AL AT REAL R IA A K &, P42
BHR RSP, X S35t A% R i AR A A AR
(A& DNA F1 RNA S5 [F] K-, el & 45 h BA

AE A2 DIRE , nTRESS H AHEAE T, T RE P [F]
PEAA B A AZ. O A2, Bl a0 DH Y5 i s bR
20T DH fma B 5% o H AT, 5 T2 Mgt 7% 96 55 51
i BT F R AN O 2 T B AR, = D RE
PESUEBTSE o R I , WO 26 3 U0 388 % 9 32 aod e A B i
B IR RO A AN B, 7 20— IR

E:i:%o
2 PHFEFIEE

A B H R R E WL, RZH
2 B Y B B DR WS 4 gk A&, WA Wi
4 du i 7 B9 4HE ( Denlinger et al., 2005) o fE# &
P ST, vk BE Y JH AR A M AR R
( prothoracicotropic hormone, PTTH) f) f Jit, PTTH
B2 U R RS A B, T 4 AR 2 B
HURFE Y BB B, PRI, TH G i b IR R e
PR B = J2 4 HUHE F A S HE (Bogus and Scheller,
1996 ; Denlinger et al., 2005) , H&EH LEHL  4HE
35 AL (DNA HIJEAL siRNA il miRNA WIREZ 5
B duiE (J2: A),

T BRI M Tetrapedia diversipes &= —Fp A= 1% 15
T I e, — AR A, TERT FR R AR S 1 AR
BRI A 2 1EELS 40 sk A7 (Santos
et al., 2018) . ¥ir & W4l AL 26 11 £ R 5% A% il 1A
Kat7 A EEP H3 FARIE PR TR 45 M R 1 2B
( bromodomain adjacent to zinc finger domain protein
2B, BAZ2B) FEPRI KGR W35 ol A H 5L H2A4
1 H2B 3K T 8 ( Santos et al., 2018) , KAT7 J& F
MYST %%, & 2 it b H4 4 & (1 2 Bk 1k 18 1
(Drazica et al., 2016) ; £ & 1R K W% WE 45 #9 1 1Y
BAZ2B J2 4 E H WAL B iy 1) B2 s , BB 5 Lk
i 8 H R R EARE, TL S 4 EH H3 i H
Ve (BAZ2B 5 H3 BY%% 5636 M — SO ENE 173X
—i+5) (Filippakopoulos et al., 2012) , FH] KAT7
T He CSREALFN BAZ2B AHOCH) H3 ZTkfb B
Z: e n 4 WO & 4ERE R A QB KF 1 T
e T REFERERY & 4R3I BL D 5 i 284k, R TR R
S 1 WP BE DR %) Rk 1 i i — 2B ST

TN MR A £E 45 /N Nasonia vitripennis W)W B 2 )
BRI, A4l JUgE A B (Saunders, 1965) . Mtk
I A 4 5 < /N 9 DNAL PP BE AR AP FEAS /] 19 O JoT 30
T REA, RPIREA DNA HIEAL /K- BE % e
BRSO FMIE S (B 2: B) ; HICIBTEM RG]
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A
& HEH LBE
55 | o sceblion _
N2
PN I ik E AL
j?ﬁ £ . I_lilitzn_e_nﬂlﬂam ______ >
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Fig. 2 Epigenetics involved in regulation of insect larval diapause
A, B Hgh g E v M r R WS AL R ALE 4 3 ZBiAL (Santos et al., 2018) 5 2 4 H HH 34K ( Poupardin et al., 2015 Hula and Kostal, 2017) ;
DNA H 34k (Pegoraro et al., 2016 ) ;sSRNAs ( Poupardin et al., 2015; Batz et al., 2017 ) , Epigenetic regulation mechanisms involved in insect larval
diapause, including histone acetylation ( Santos et al., 2018) , histone methylation ( Poupadin et al., 2015; Hula and Kostal, 2017) , DNA methylation
(Pegoraro et al., 2016) , and sRNAs ( Poupadin et al., 2015; Batz et al., 2017). B. Fi#amH4E 4/ NEEMERE DNA I B4k /K SERE A% i N 6 JE W15 5
( Pegoraro et al., 2016) , DNA methylation of female wasp of Nasonia vitripennis was able to respond to photoperiodic signals ( Pegoraro et al., 2016). C.
Dnmula 415 DNA 2t FHREAL - i B8 58 /NI 77 (0 SR 5 107 D3 A 5:149 DNA Sk HYREAR AT B B3 506 00 107 51 ] 393 5 45 9 22 b 5 1HLX
— T R B BRI S 35 W ( Pegoraro et al., 2016) , Maintenance of DNA methylation mediated by Dnmtla is the key to diapause of N.
vitripennis, and de novo DNA methylation mediated by Dnmi3 may be the first to respond to photoperiodic signals; however, specific mechanism of the

process is still unclear ( Pegoraro et al., 2016). LD: & H I Long day; SD: 4% H & Short day.

it RNAD T4 DNA HL 5 R g 5L K Dl a
AR IR 580 2% M I W A Y AR s o5 T M AR R
JE AR R D3 2235 W) 25 38 - ' IECT 32006 1Y) i
H R (Pegoraro et al., 2016) , Dnmt3 5 Mk DNA H
FAk.(de novo DNA methylation ) ¥35<( Ooi et al., 2007) ,
FEIRARIKF-4EHF DNA FEAL 2 2 5 T g 0 £ 4 /)
W B 5 EE R Sk H AR K 7 1Y B AR
A RER ST N IS (K 2: C) o X J2 1 DNA
AL FE PR 1), ISk DNA AL R 75 AR 4%
AAAE TP A B , T 4R 4 P AL R
ZAFTE R P AL B M5 T (Ooi et al., 2007)

P AL A T DPY-30, WDS 1 AGO-2 ]
ez 5 1R R gt Chymomyza costata 14 B &
JH$E (Poupardin et al., 2015) , Dpy-30 1 Wds Rt
Y176 H3K4 H ILHE B i Set] C/COM-PASS il 3%

(Jiang et al., 2011) , ¥ B PEF &M T, Dpy-30
Wds 15 C. costata %] U P 35T 9, B 2R KK F
H3Kdme A[§EZ 1 C. costata (B W, SR, H
A HOE R PIIE R & H 14 3L H3K4me 7KF KA T
A 40 M (Hula and Kostal, 2017) , Dpy-30 F1 Wds
I AL RAE C. costata T B AL ¥ 75
#E—E05T Ago-2 5 siRNA JH#% #2 4056 ( Tomari
et al., 2007) , fEU B PR EDCHBI AT BE T
Y5 ( Poupardin et al., 2015) , % B AL & 1 H K
b, K- sSiRNA W 5T C. costata WHEH 15T

miRNA WAl g2 54 i FiHE, WHE S
ST, S Aedes albopictus B2 il miRNA
FREBA W 8k, W] miRNA JEAE R B R
WML 552 5 st BUR 515 S, e & 4R
H miRNA “F R T W84k, R W] miRNA 7] fE



4 14

LT BT ROV P DTS

515

Z: 5 NSRS ) U T 4R R X SR R A AR AL
) miRNA "] RES 5 K 5 45 il L JPM 30 TS 52 | 928 1y 25
AR, W RE S A S ol & 4R 4 1 A
*(Batz et al., 2017)

W358 15 R 458 10 B 2 45 R R B R 1 R Pk 3R
ik, H TR i o B 20882 4% 1 1T 2l il & A
SRR FE R AR, TC A A 7 s I AR . 5 R W s A% 1A
PEGR AR O B 2, AN [R) L8 4% i A ] RE W] iy 2
5 C. costata W) 4l B B WS, 3F— 20 #2830 5t
v R A B e R, 534, FER i gh i &
PR PR R B WIS A% RE AR RIER TH G 2 8 R
SRR R B PR G R E T, I ik — 2D

P R L5t e i [0 75 R MLy H iy 7 AL I 5
MBI

3 WEEEHEE

B B R HATSGH H R R PO L.
HiEFAMT PTTH G 32, PTTH Gk = i — DR
% 20-F2 L 158 Kz Fl ( 20-hydroxyecdysone, 20E) & %,
/K P/ PTTH A1 20E J2 B AU & 9 P9 43 s S it
(Denlinger et al., 2005) . FWit1E2 5 R R E
FERIR R Z  HE A CBE A B A A
miRNA FJREZ: 5 B B & (&1 3. A)

A
[reee——————————————— ->
& 1 PeG
% S ) ) Do o o o o o e e >
B2 |mmane :
5% [Hsonemethylation 3™ — — T T T T %
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Eifew T
O
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Fig. 3 Epigenetics involved in regulation of insect pupal diapause
A B HUARE W B s AL I 2R E IR (PeG) (Lu et al., 20135 Yocum et al., 2015) ; 54 (578 (HP1a) (Reynolds, 2017) ;
13 L HkAL (Reynolds et al., 2016) ; 41 35 A B £ 1k ( Reynolds et al., 2013 ) ; SRNAs ( Reynolds et al., 2016 ) ; miRNA ( Reynolds et al., 2017,

2019) , Epigenetic regulation mechanisms involved in insect pupal diapause, including polycomb group (PcG) (Lu et al., 2013 ; Yocum et al., 2015) ,

heterochromatin protein 1a (HPla) ( Reynolds, 2017 ), histone acetylation ( Reynolds et al., 2016) , histone methylation ( Reynolds et al., 2013 ) ,
sRNAs (Reynolds et al., 2016) , and miRNA (Reynolds et al., 2017, 2019). B #4285 PRC2 45 PTTH J3 )+ H3K27me3 GEME 75 PTTH /K3
M A E (Lu et al., 2013) , PRC2 mediated PTTH promoter H3K27me3 in Helicoverpa armigera can regulate PTTH level and then regulate
diapause (Lu et al., 2013). C. miR-277-3p J@ i 4004 5 S g oA 10 52 £ AR -S4 FOXO (ki ity , #E i o AR BT AR R, e & B8 A 4%
TR s XF miR-2773p AP AT GE S WA A B B I BRI B A &4 (Ling et al., 2017 ; Reynolds et al., 2019) , miR-277-3p inhibits nuclear output

of FOXO by inhibiting insulin signal transduction into the cell, thus promoting lipid accumulation, and eventually leading to diapause in Helicoverpa zea

inhibition of miR-277-3p may be the key for diapause elimination of pupal diapause insects ( Ling et al., 2017 ; Reynolds et al., 2019). DzNep: PRC2 il
#il77 PRC2 inhibitor; PTTH: {2 F IR #LZ Prothymocytic hormone; 20E . 20-¥%Eiii iz i 20-Hydroxyecdysone; DH: {ifi & #{ Z Diapause hormone;
RNAi: RNA 3 RNA interference; FOXO: O AUk 5% 5% K Forkhead box O.
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Z i s F R MK (polycomb group, PeG) E— % 4
il ¥~ , 28 2 2 A R S AB  e Ge (5 B4 |, E
MOTERAH DGR R 1 3k PeG A TE#EfL A R
PRSI, FEAA SIS 5 AR 48 B it
I 1, il 25 H2AK119Ub f# PRCI ( polycomb
repressive complex 1) F1 H3K27me3 ] PRC2
(Reynolds et al., 2017) ., PcG FIEINHEL I FE
5 SRS — W 88 1 5% (trithorax group, TrxG)
PHEFSY, X — I BHEAE AR A B2
(Kennison, 1995 ; Ringrose and Paro, 2007 ; Schwartz
and Pirrotta, 2007)

TEAR%S B Helicoverpa armigera Wi & 1, E N
F PTTH #1243 WAl i) PRC2 WV 3& ESC (extra sex
comb)) TEAR 7 8 i v 205 v T F AR (Lu e
al., 2013) ;7 PRC2 J& H3K27me3 it 546 1
-+ ( Ringrose and Paro, 2004;
Reinberg, 2009) , ESC Befg i iSEn4d &t PTTH )3 3)
T, PRC2 4 5 #9 H3K27me3 7 PTTH J3 3 T
AR e HE W R 8 PRC2 4 ) DzNep ),
H3K27me3 7K-F-REAL, PTTH 3635 7F 4 , b 33 i 5 1
i E R, W] PRC2 4 SAK/KF- H3K27me3 J2
FRES U 75 R A SCHE (Lu et al., 2013) (8] 3:
B)., TEE T YIM ¥ Megachile rotundata T 5 515
R BT A S S B PeG KRR, A1
$% Bmi-1( B Lymphoma Mo-ML V Insertion Region 1),
E (pc) (enhancer of polycomb ), Psc ( posterior sex

Campos and

comb) , Asx(additional sex comb) 1 Sem ( sex comb on
midleg) ( Yocum et al., 2015) ,I5/8 PcG &5 T s
DIt iy & 4ERF . Ah, siRNA A OCHY Ago-2 KA
WS 5 T H A& Ui 0 i & 4855 (Yocum et al.,
2015) , KW Z Fh R W 5t A4 B M0 1 422 ] BE W] iy 2 5
R By E .

KWt te =5 B A A A & 7R R B
Sarcophaga bullata FIAIFRE N F&E . S YA TE
I 1a( heterochromatin protein 1a, HPla) n] fE 2 5k
g A R . AH L AR B, U E D HPla
F3K T 50% (Reynolds, 2017) , HP1 Sk & —
KARSF RGP PE R i 5 H3K9me3 H AR
Pk 5 Gl 8, Jo 45 14 S8 (4 s AL R 22 000) 1Y IE B
HP1 3B 0] LgE & g 0 BT 5 HA 8 P o (g 2
A& H LG dKDM4A ) 5% RNA F.AE, DA i 2 5 [
5 (Meister et al., 2011; Reynolds, 2017) , HPla
8T AR T O S e 5 v £ ST AR A, 1T R
Z: 55 & A A DG PR (0 7 SR3OS o

AN H3 ZEAAKCF B E — S Y Rh i &
FFE (Denlinger, 2002) , 21 F H3 ZWifLAEE S
BRI (R S T AR B R OK P2 R
FIH3 2 B Ak 7T B 2 R 0 0 i & 08 4 A OC B
(Reynolds et al., 2016) , JR4 G H3 ZBEALKF
FER, B2 5 & £ Bk i 72 09 AH G B P Hdac3
Hdac6 , Sirtl F1 Sirr2 Fe3K5 37 7% A B 2. _F 78 ( Reynold
et al., 2016) , KA S B b H3 £ W fny
P HLHIA R E— IR .

A1 2 AL FT BB S 5 R 1) B iy I 4
AR 2 HH SR L R Lsdl 1 Su(var)3 -9 7E1F
SEWEE MG H 430 R 1.5 12 £% (Reynolds et
al., 2013) . Lsdl F1 Su(wvar)3 -9 43525 H3K4
1 H3K9 py2H 34k 13 2 ( Czermin et al., 2001 ; Di
Stefano et al., 2007) , FBH{K /K H3K4 F1 H3K9 HH
AT RES SRR B AT HFARE I, M
IEH R B WK, Lsdl Fl Su(var)3 -9 Y3RIK L i
AR, R — KT 9 H3K4 T H3KO T 4k A]
AEAT B T R g A i 75 447 b Ah, miRNA AH ¢ 1Y
Ago-1,siRNA A1) Ago-2 I R2D2 L) K piRNA 4
Kl Piwi F Spindle-E YITER F 55 54T 2%
P, R PI/N RNAs A fE 2 5 T RREE M6 B 5 &
(Reynolds et al., 2013) ;—&5 miRNA 14 7] DL BH 11 R
W 4 1JE A% B (Reynolds et al., 2017) ,miRNA J##
W0 2 T RE 2 55 RRIE A 7 DROE o TERRIE LLAM Y 22
Erp A B miRNA 2 500 F . RN
1 Helicoverpa zea WY IF & ] LAgk 20E, DH A1 DH
AN R IR , Xl 7 M 0 R S 3 Rl R 2 3 BB
5 F/FO0X0 3@ & A7 O¢ (1) miR-277-3p W 2 T i
(Reynolds et al., 2019) , 7E3 R P IL Aedes aegypti
Hr, T4 miR-277-3p 0% WOIE R 5 R (7 5 1 ok
FOXO iz, AT Bl 15 4B T80 ( Ling et
al., 2017) , miR-277-3p £ JEHREIR T fE = —LE
Hf R B ROCHE(B13: C),

FWME 2S5 B AU R R L, K
HOJG LIRS A B RO S o . X LB L
FASCHERIFSE Sy 3, HLAIAF 52 8 R Rk, i £ 8 A
5%, PRC2 4p 3 W Al & dt PTTH J5 3 7 X
H3K27me3 figtl s i & , X — o RV E
Kl PR R R LR 9 - X3 ) 9 XL 3Bt A% 7 L e 1) i
FiAED BAEEAER . 7ESEYIRR £ dUiiy &
H1,20E i1 DH 45 (5 Z/FOXO #13¢ miR-277-
3p TR, R N 23 U5 5 2 R WLt A% A 45 L e
B RATRERR T . 25 b, F Lk — DR i iy 5 M
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P RMIE A 5 N 20 A 5 Z 8] AR ELAR T, L&
P i B I 5 5 IR PR

4 RHFEHREESFEE

B HLTE T S M 2 S A I DT A
R 2 B AR B AR A7 S8 B dUd HAT Bl
TSRS B 94T R FRAE ( Danks, 1987) o H il
WA, i B EZ R JH = 5] (Denlinger e
al., 2005; Liu et al., 2016) ., B HNEZHEiIAES
PRI AR 5 5 4 ) W 0 4 ( corpus allatum, CA) 5 i
JH ARZKF- TH AR B0 S5 S BUR B & 2, i
BRSO EE S TUMESE CA G JH, 51 JH
fifg B R R B OJF AR 2 A2 B (Cad et al., 1987;
Denlinger et al., 2005) , HEIEWRES S5 E B
U B I A OT SR TEIE R Culex pipiens
T 5% 2 W 20 2 1 25 S BE Ak TixG 52 ik 1R AT
miRNA W] A F (E 4) .

i 7 175 T 2R T RE S A P A0 2H B 1 ST
KRG a5 1 o AR DG IR T 938 R i
Sin3 Fl NuRD & &R N #1512 F 4 (Hickner et
al., 2015) ,NuRD & & HA B/ MR E 1 E L%

Ak 5E 71 ( Clapier and Cairns, 2009 ), [fii Sin3 7 £ B[l
f13% HDAC1 FI HDAC2 Wi Ff £ 2 Bt 1k M 1% 1k
(Reynoleds et al., 2017) ; KB & 755 41 7] GERE
IR E PR A J5T £ IR AL 7K ST, 3 17 0 4 % 6 )5 1)
S0 M IR 21 I O N Y 5 B A
i B U5 B B R A DG R Y TR G, 1
46 ,20E & L EE X Spook FN Disembodied , L\ M. TrxG
KGR R I8 B # L 9% (Hickner et al., 2015) , TrxG
5 PeG H5HTREME IR Drosophila 1) 75 i F NI
S (Siebold et al., 2010) s AN i F iS4 TR
BB PeG IR ) ZRIBE L M A WIE , TixG 5K
JEHEDR B R AT BE S 5 U8 PR 75 SR PRI
F SRR, T BE 2 5 W A AR OGO 1 R A
(B AR R) HOPAE

it B AR WO P JE 5 22 RIFIR
BRI D5 VA G 5500 A PR AR, 2 5590 PEUIR B AR
FTO 8 B B AR OC miRNA 752 & PR IS0l He P 1k
B RMBRMNU B RE LS, TS S HIERE
WEA s HEATF S, MEHL miRNA 35K 2 T8 R B2
BAK, AT RES S H B 4EHF (Meuti et al., 2018) , &
WLEHAE ] BEIE VR T N 20 A5 5 B B it A o
B U R R .

P B AL RRE AL

Profiles of epigenetic regulations

D —

=Rl
Pre -diapause

Diapause

W5
Post-diapause

K4 FUsL 25 R RN A
Fig. 4 Period of epigenetics involved in insect adult diapause
B K i R WL AL AL Epigenetic regulation mechanisms involved ; = Jiij 2 [ ¢ i Trithorax group ( TrxG) (Hickner et al., 2015) ; %K 1 Z BtAk
Histone acetylation (Hickner et al., 2015) ; miRNAs ( Meuti et al., 2018).

A (R A R 3 W3 A% 1 B i & P B 1 P i
N, A AR AN ST R AL TR R
(s B 75 i E R T AR AN A A R
ATREERAT VR HT, BUA BT R AR TR IR 4
B M A R L, TR R R O B IR

5 NESRE

FAT ) 412 8 I, 48 A 2 i DNA TR AL
RNA HILAL RN ESES RNA T aE 2 5 RS
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M RAEHE DS . R A PR Y R A A5 R
HORRIE DR B R 223K (Lu et al., 20135 Ge et al.,
2017, 2018) , A (AT B 25 58 4 5] 2 WLt AL Rk 0%
PR B AH G JE R 3 SR T (Lu et al., 2013;
Batz et al., 2017 ; Fan et al., 2017) , SX 13X LEHF 5%
WA DU 7 B U B3RO0 35 4% A 45 19 4 BIL L
HEZ T B2 5EADOCTE S 7 B T
A 4 1A) B e 3 WLst A% 45 K P19 22 53, % Tk
Jre B Ao & A 2 W 35t A% 4R B A T A FR | 75 23
— B B AUl B s L 4R A AR
5.1 BHEGEERUBEEREEBENS FILHE

A A LUK AETE R R B AN I, e e
i B ISR R B AR AR N o WM 5 B HERR R T
MM — DRGSR, R &1
RE A EA A=Y= e, K, 2 W55 % # ik
R UG 2P R e = MU= == Wl = i 1 5P
C 4R HEH L OBLE S 208 Gl sE K 3%k
ik (Hickner et al., 2015) ,31 H 25 JH 358 ( George
et al., 2019; George and Palli, 2020) , 7EiRFLA B
Tribolium castaneum 1, 21 8 112 £ Wt fL i HDAC1
1 HDAC3 3@ 33 52 W JH [ 2 3 R Kr-h1 ( Kriippel
homolog 1) )ik, T A A K T (George et al.,
2019; George and Palli, 2020) , 7EZK 7z, Jita insh
5 20E BEW8 % Bml12 20 ] 28 PR B IR IR (cyclic
adenosine monophosphate , ¢cAMP) i v JTA4-45 & 2 [
( cAMP responsive element binding protein, CREB) [1§
21k, 311%S CBP( CREB binding protein) 45 A 2H
1 H3K27ac( Lyu et al., 2020) . [ iRBFSEI44 1]
FE % T RERRIE B 0 N I o R TIT R iE A%
JART W )57 B 75 S P 20 WA S A B R e A
HIRABG

KM WIER T L2 E 5 E%S S, [
5 Z B0 7E 19 ( mechanistic target of rapamycin, mTOR)
I AT BE A B A TP RIS S S AR L 1Y
SREEFRTT, mTOR 3 6 68 % i L/ A £ A= 4 [F il
JEJ A5 5, W 2 40 i AR KL 3 Bk F AR
( Markaki and Tavernarakis, 2013) , 7¢Z2HE i@ D.
melanogaster H1, TOR 1514 [ HEA% Ik 2 19 5% FOXO
T AT B [ i 5 2 1K A B K SR 8 754 ( Luong er
al., 2006) . MLy 2=/ TOR 3# F% 6 i e W it FE 15 5
P WK R Modicogryllus siamensis /) 4 Z= 25 W&
(Miki et al., 2020) , TOR A& T FE ] fE 5 B &
M E RIS (Wang et al., 2020) , 7ERREE R H
Ui, TOR i1 TOR AH G 1 Raptor {3 i, 5

— TOR FHOCH ) P-S6K W i 2 |1 ; P-S6K fE i i
R _E G P4 (reactive oxygen species, ROS) 1 AKT
IR E CREB 55 HIF-lo J5 3h 745, dE M
HIF-1o (9635 7 K HIF-loo RERS 35 W &
B 2R R M, AT #0 BR S o e i A LA S i
HEA,CREB I HIF-1o 3K T fiEfERE CBP /&
ML I O e B (Wang et al., 2020)

SR TORCL (3800 5 2 Bk SZ AR L A2 28 M3
i £ H (transient receptor potential channel M-like,
TRPML) f45 (Wong et al., 2012) , BBt 2R H {7
i# i ¥ H ( transient receptor potential channels,
TRPCs) "] GE7E mTOR 3 B b R $5E4E ] Wb &
i 2 B B BRSO A I A% 0 (Saunders, 2020)
i TRPCs AT URBIK 36 5330 2 5 5 5 /B WA R 4t
(Wolfgang et al., 2013) , H. TRP & &4 & R o] 4
R SR AR LA S A A A (X et al., 1997)
Wt B 52 & B 7 C1 3@ 18 & [4 ( transient receptor
potential channel C1, TRPC1) /519 Ca’ " {Z5 i fig
I hE A% N PCAF ( P300/ CBP-associated factor) /-5
R LB i (Yap et al., 2019) 3] TRPCL n]
REFBIBE PR IE 15 5 A 2 L35t 4% I 122 , 7 B SR s 75 ) 5
W] BB B O . WER Z R HLAL AL Gl B
(transient receptor potential channel A1, TRPAL ) if
o w37 B A5 U AR A, TN/ 2 2 A i B 175 5 ( Sato
et al., 2014) . TEZEACIV T4 BmTipal RERS W%
P 25°C (M B ) T RO RY AR 7 &,
TRPAL 2R BE 85 52 Wi 5 A (99 W 7 15 5 20F T 52 1
SEACIE ) DH A9 BT (Sato et al., 2014), R4
TRPCs 1EA A= YRS 5 1> F oo 2 2 A
B &5 52 ( Venkatachalam and Montell, 2007 ), {H
TRPCs 275 2 5 W5t 1% 45 B HUi & o 75 4 in
DL
5.2 REHERAME

L iy B 1Y 2 W358 4% ] 428 32 A0 45 P A [ 2«
— e B B R PR B  ane E me ROWs A% s — 02
FNEAL T B & . Rk B 2 1 R TT e
(1) FW35 £ 0 oy i 7 5 3 PR BE A5 5 1 20 7 Bl A
55 (2) FNLBALHEIR A 70 W8 ] 425 1) 70 5 L F 5 5
(3) AR T A MEAE 5 57 095 (4) R
WLIEHA% 1 B[] 45 7 B e dir & v I DRI o (A%
TR , VB AL R L 5 175 5 BRBE A5 5 A 1) 3
LS T A R Y B, s L 5 &
ZUAR R G b R4 , 3k b % 1ok A 45 v] BRI B
Bk B AR . RS AE AT BRI N E
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PAPR ol R B UE 9 F AR R, T 2 UL A% 5 i 1
ViE R b ) ELAAE P WA B U A AL
HAHRKE L,

A LA, e Wt A5 s 2 5 A4 W & B T iR v
WFoE e it AL B o ARG P A
P =k ke B NG R B U S e = B E et
Hr 7 IR S B S I (S S R R 5 E
FH S B B AEML I AR5 S a1 ¥ 7 1 s IR
TE R 2 s AL PR R B U B LRI I A A% O
W2, IR 1% 2 5 B dis & s 0 BRI
JE R U BRI M s 28 2 B X T T A KR Fn
Wk BAEE RS, 0 LIt — 4 R R R
HOGEEAR SR 5 BB 5 25 A I B A0 1 4
REIK-,

Bift AT RLEXFHMHRFEAFRATE
Bl EALBE PREGEZFTENFEL,
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