o R 244 Chinese Journal of Applied Entomology 2020, 57(2): 265-271. DOI: 10.7679/j.issn.2095-1353.2020.030

EHBS RS TSR RERE

w—m"T OB H OEMAT X g

(1. P EPBHABESI P TE IrAl 2URRE 27 IR I B R E TSI, JUaE 1001015 2. yRMIIME4ABE, &M 061001 )

B OE WG E 2B R A Y E I B R R N L, Hob, BRI a et e
BT R 2 R LA o A 2 RS , pH I o R A R (G e e, XS ) R A i 1, TR AR %
P53 e L B8 5 208 1 5 oK, AE B BN H A F RPN A g 2 o AR ST E N MR it s it &
SEAEE ACITIE, REMLHAE T R AUAN S 5 A R i 2 Mg R sk, ks 255
W WRMRE S NSRS S E . INK {5 Sl . RS Bl AR T R KRR R, 1R
H T ARk &R 1] o XSRS R AN Tt — 2 B B A 2 R ) - FOLR A IR S B L, Ik
DUR R ol 2 B 25 00 BUEE AR B RIS %

kiR W2, ST IREALEL FSEEE; /N RNA, FEPUKCFER

Molecular regulatory mechanism of wing polymorphism in insects
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Abstract How organisms adapt to a changing environment is an important question in biology. Wing polymorphism allows
insects to respond rapidly to environmental cues and balance their energy allocation between dispersal and reproduction.
However, the molecular mechanism underlying this process is largely unknown. In this review, we discuss current knowledge
regarding the mechanisms regulating wing polymorphism at the molecular level, including the insulin/insulin-like growth
factor signaling pathway, ecdysone signaling pathway, JH signaling pathway, JNK signaling pathway, biogenic amine
signaling pathway, as well as the lateral transfer of virus genes. These results not only shed light on how such pathways
regulate the switching between different wing types, but also provides new perspectives for developing novel insect
management strategies.
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M2 R G 3k R i iy P 1 R, B
AP TC (B AR ) SRR A
M4 ( Harrison, 1980; Roff, 1986; Zera and
Denno, 1997; Braendle etal., 2006 ), Hri, FH
SN A A AR B S R F A AT LA
IS SRR BT K, A MO A G S % 75 3
AR A, To s AR B
CATRE S, (T HALA: I s Rk an S5 EE T )

J5 T e RS o S ok 9 S B () A e
B AT X AN [ A PR A5 ikt e 7, DA TR 5
U853 e DAV £l 3 7% 5 B8 (1) 75 5K ( Zera and
Denno, 1997; Zera and Brisson, 2012 ).
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. 6B 4 ( Kisimoto, 1956, 1965 ; Watanabe,
1967; Mochida, 1975; Iwanaga et al., 1987; Zera
and Denno, 1997; Miiller et al., 2001; Braendle
etal., 2006 ) ABRES S mA B A py R R AL 4, TE3H
BRI HE 1], B B el B 55 1

IR LA AR M R) 55 DA | e ZH 2L anidd
ZFHATHL) mE N X — AR RIE R AT
( Xu and Zhang, 2017; Lin and Lavine, 2018;

Zhang et al., 2019 ), JEE 4R E 2500 B
0 2 B BREE R B A, (HJR R ARG 5
&3 1 4L H T A ERE . ASCE SR
HUsaR R oy LR R F ST RS, LA B
HUH Z RIS B 2% S E .

1 BERABESAENTEESEE
1.1 BRRRESEE

Jii 5% 2R A5 T B (Insulin/insulin-like growth
factor ( IGF ) signalling (IIS ) pathway ) 1E N5
A B — PR DR ST B S SR AH DGR 5 i
B, AMUERIHAL BB ENERKE, MTASS
T AW RAY A SRR PR R R A R A T
Y i) K/ ( Brogiolo et al., 2001 ; Britton et al.,
2002; Emlen et al., 2012 ; Hietakangas and Cohen,
2009 ), CAHPFFIERERY, FEEYEFH
BrArE R OU R s KEL Nilaparvata lugens
(AR 4 i F R R (B A RS | 1981
Padgham, 1983 ); #g & @/ &K 4> 44 A9 ILP3

( Insulin-like peptide 3 ) A J4{iG ik 5 2 Z 44K InR1
( Insulin It i o PIBK
( Phosphatidylinositol-3-OH  kinase ) —Akt
( Protein kinase B ) Y& 2% R Ak i R 400 )32 25
1 FOXO ( Forkhead transcription factor subgroup
O) MG ME, M A& E MBS, T InR2
(Insulin receptor 2 ) WIREWS E %5 InR1 455>
) InR 1-PI3K-Akt {5738 -5 20 25 i 5
[Kl-F- FOXO M 4 5 i#E A S 40 A% Bes H R
IR R, AR EH WAHRIAA (Xuetal.,
2015; Linetal., 2016a), iXSEzERER, # K
4R S R 2k (InR1 Al InR2) fEHR45rF

receptor 1 )

TR OCFE ] A IR 15 2515 53 i R SR AR AR Py e
MW EE S TR ERRE (Xuetal., 2015),

BT — RIMF R G R AU, ZF AR
AP oz R R AT T S e 4 AU A L
f51] o AN 2T FE A ) 7K RS v A v ) A W T R B
JBR I 2R 4 DA 45 J DA T 380 0% R I 2545 I O o
LAMH T FE RN FOXO, M= A K Al
WEPEAS WL T Y A A ) R A KT I
B, RS>, FOXO TSRS, M
77 AR R A48 K EL (Lin et al., 2018 ),
o LSl B AR SZ 05 I PR A SR Y i) e A A R
AR R 32 s R G 5 B I Lin et al.,
2016b ), AR AR, HEMEE CEUSCR AP e
A Transformer-2 ( tra-2 ) W] o 845 1 AU &
5 5 ek AR AL 4% ( Zhuo et al.,
2017 ).

54 RESALL, A HORR R b A S L i,
54 EMP A E R E T B EA R
A6 % ( Sutherland, 1969 ; Vereschagina and
Shaposhnikov, 1998 ), Guo %5 (2016 ) BT &
i 5. Acyrthosiphon pisum £ # 1 FIJC## K =
W4 &)y M 2 ] i 5% 3R A 538 B RH DG 6 DX 3 3ROk P
R %25, RNAL T4 irp5S  (Insulin-related
peptide 5 ) FIk Al F I BUATE PR, HE
KT L B AGS P R G IR D S A /NGRS
R SR A RRAIE o 45 R /R 5 R AR 5l
AIRES 5 T i A B 4 i s 7 1
F& HREMh R B = B SC R

1.2 WEHRESER

Wd 7 B R R B T I A A ) — R A [ B
W, AU R AU 5222 (Nijhout, 1998;
Yamanaka et al., 2013), i 5T B &£ R n ¥
PER PR (Nijhout, 1999; Monteiro et al.,
2015 ). Brisson fif 5% ZHAKAS [m] %5 B2 A0 B F= 9 9IHE
Wi SRR LR 5 SR AL, R R S R A
SRS S T i A 2 R ST
5 ( Vellichirammal et al., 2016 ), #—F A5
R, o BEAR IO 590 v 00 v G 05 B Y8 3R sl LS )
Y] RO AR A e AH R, T
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RNAi H7 AR 5z 3328 52 PR BE PR 1 22 55 7K 7 )
A FEAR TR A4 3397 e 43 ( Vellichirammal et al.,
2017 )o AR, W R PAE AR 508 M AE I I A
TR A LA R Y L) PR T RE

13 REHRESER

HAE 20 st i E R A ES ST
B U 2 R A, B S 2200 8 DOAS [R) £ Xt
X BT TRk, Hod, SRR
TEM W EUEH B b i D R B o it OR
IR B Bl A AL FHAE T E 4l HURT I 2
M AIAMARY ] (Twanaga and Tojo, 1986;
Ayoade et al., 1999; Bertuso et al., 2002 ), Tfi
PR AR M1 ( Precocene 1T) W AT 75 & 7™
A= R LU R SR ( Ayoade et al., 1996a,
1996b ), RNAi i £& 41 3 B 48 Ak ) 7K ik Ty
( Juvenile hormone epoxide hydrolase ) &k 1]
V5 A5 vmy LG 3 R 4 EL AR 7 A2 ( Zhao
etal., 2017 ). [HLRHER R = 1 BE AR LR IR H
Hoim Z R ()RR D e W AR A R R, i,
{1 ] TH-ITT b FEIRER Gryllus rubens %) 8t Al & 2%
FEEARG HL A S B AN R 451 ( Zera and Tiebel ,
1988 ). AW LI ES R R, K #BERER L)
Wkt P RS R RS (JH esterase ) A% 1
0 3 8 TR AIANA ( Zera and Tiebel, 1989;
Zera and Holtmier , 1992 ; Fairbairn and
Yadlowski, 1997 ), #RT, <38 B H1 60 Al e
TERR R OB I ] ) O S R T B A
7225 (Zeraetal., 1989; Zeng and Zhu, 2015 ),
FBiH, DL IH-T A FEE SR Aphis fabae — 4]
B HSM R A ), AR N 12 B R
K@i 3 Bk B T B iR (Hardie,
1980 ), {H Schwartzberg %5 (2008 ) AYSZHZE R
& BLAME B G REAR MM T rh THAIT & 5
A 30 LA 05 A EL A B S A AR G
I, IRYICR AR o A A [R] R 2 B e 3 2 A
WEP IR R AR K ER.

1.4 Micro RNA (miRNA) N SH{ESBIEE(E

miRNA & Z A Y 2s Fi 1 S R 5 1
( Bartel, 2009 ). HoBt O 45 R 2, miRNA

WE5 T CaHZ R0 7 IRE SR (Ye
etal., 2019), 7EZMF5E T, Ye 55 (2019) A
#5 QAL miR-34 BEAZH L5 InR1 9 3'UTR X 4%
B RANHE] InR1 3K 1EHHEsh 7] agomir-34 7] 75
SRR A R AL B RS TR E, T R B
FHMHI5] antagomir-34 1 dsInR2 ( InR2 dsRNA )
W A] 75 P AR B LU A R L, A,
miR-34 1Y )7 3+ X AEZE i =X /E e Broad
Complex ( Br-C ), $&/RIi MR WA HES 5 T8
TREGH R R L, DA R R AL EEAE K
AT R miR-34 MFRIAAKF; LIRS LB
MR 380 miR-34 AYERIA, JF75F 5 & Lu il v 4
TIANMAT= . RNAL LS R (5 S me
OB L R AT U R 4R KT miR-34 19
g XEEZERERE LI, miRNA N5 T 4%
R OW PR RS R R B A
1, AT BT 48 R M AR 488 1) 1 ) 7 B 8 4
w# (Yeetal., 2019),

2 Hi25RAPIBIFITIRER
2.1 Jun-N-terminal Kinase (JNK) {SSi@%&

INK {5538 B2 B Y AR B IRy 5 5 %
FiER, MSEZRMARSRE (i,
YA GE . DNA BKAE ), T H AT o h 2 Fh BR5E
Jiipen i B i 2R Ak BE T4 X Ip and Davis,
1998; Davis, 2000 ), Lin 5% (2016¢ ) if i %46
KAL) B ST INK dsRNA T3 INK B K 65588
{6 FH INK AR5 CC-401 Ab 33 5 3514 m 1 % i )
MEHEAARP L], BEH INK 5525 T
TCEUH B R o (R OGS K EL INK R E
) B A 35 DR 1 A i 2 o, HAR FHAIL RIS AS

V=27
{HE -

2.2 HYIR{ESEE

A ) g 2 vh KR 28 2R G ) — 284
MRS Ny TACEY) , TEZ R APt #vh &
EINRE, WO RGOV AW IEEPIR
A WA AT IRTRIE T A2 ) Hidie
ZE (Roeder, 1994; Monastirioti, 1999; Blenau
and Baumann, 2001 ), B 5 #9AE YR58 2
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FA AT IR P FE AR AR e B BT R
JEE ARG (1) 1R R J A EL A AR I 52, FLAR
22 [ JHg R 5 €0 e 7K T 10 28 Ak 2 ke o HL T U 5
R (Anstey etal., 2009; Maetal.,

2011; Alessi et al., 2014), ULob, EYM(ES
3 38 P B 22 PP TR R, R B B G Y A
RIS 51 (Tba et al., 1995; Hirashima et al.,
2000; Chenetal., 2008; Wada-Katsumata et al.,
2011), $RAYMGE S EBATRSS TRR
W R4 FJ8$E . Vellichirammal 25 (2016)
) HPLC A4 SRt 7, 1455 A 24 %) IC0HE 5 2
WFCifs St s LA g )RR S 2 0
TR AN A KT B AR T S A B (5
FEAEAG HL A R F ). Wang %5(2016 ) & B RNAI
THelE M- B ¥24b W ( Tyramine B-hydroxylase,
TRH ) £ B AR ™ A= A 38 07 X 0% B 4 PICE wF
( Winged-offspring producers, WOP ) )%,
U E A E ST RS T o T 2R
R {2 RNAL #4i] TBH Rk A2 0 WOP
FAC A B LB, WL, A=Y s T m AR R
Hui Z R R R A D AT AN A

23 REEEKTEER

AN TR Ay 1) B BE R K P-4 7% (Lateral gene
transfers ) &Y FHH WL H SRS ( Dunning
Hotopp et al., 2007; Aswad and Katzourakis,
2012; Husnik and McCutcheon, 2018 ).
W R, I EE 3 R R B KPR 7
TR HRML R T 4 ( Parker and Brisson,
2019 ), 41 Parker il Brisson (2019 ) & 35 7. 4%
FERHFAEAEWIAN A “parvovirus nonstructural
protein NS1 superfamily” {f 5F %5 #4) 3 %) 5k
Apns-1 Fl Apns-2, B DELER L ik
% 7 ( Densovirus ) {3 KK SEHBIE K, H
Apns-1 Fl Apns-2 7E =175 5 58 J1 90 &2 05 i R FIK
WREES) i RZ A RIX A FAE R ER,
RNAG il i3 195 1> FE A A 2 1k /K- ] 25 A A
W 0 7 A A ST LA RN S T
FEPRUKV- 5 F e B dOl 22 B v e 451 Hi 2
FEIRE, M H AR B U A (1) 4 R E B

FEH IR,

3 HitERE

WL (B R ) PG R R AR O
A RE 1 2 (A1 43 L RE 2 0 T ZEORMG, thE i k
B FE LR B U 2 R AT 43 AR
AR P AN Y, Horp s BRI G 2 X 2 Fh
FAREE . BT, DAE CECHIFZET S AR
PR R R 48 1) T IR s DL AF 7 b J AR X A e
T RT3 57 95 i RSl B e 48 1) 1 L S AR T
WA AT B o BN, B0 A el MR E S
30 [ R 7 5 DR K T B A i 4 IO B4 22 Y
B S F LR AT 4 5 748 KRR 2RI &k
FERZ O P I JB 82 2R A5 5 30 I 2o o] )80 2 50 17
(1%) 85 A UG A b 1 R e s o IEAh, A i
¥8 1} Notch {558 % . Wingless/Wnt {5 53 % |
P B Buchnera %5t n] REYE T U 22 7Y 4%
H & ¥EAE ] (Ishikawa et al., 2012; Zhang et al.,
2015 ), {HJEZAREVDA T uEdE . A
PR UL, A AT R B U 22 RN A9 4 LB Y
FoE ot e e, (H B A T4 o id A H: P e LA
WA, B, FRARBUH BB B AR R
I8 FE AN F) TR 1 W 8 b 3 760 2 460 ] 4
AL, 1T X T DR 2 B H A ol F2
BN E REEAIA T A BN
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