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A preliminary study on the insulin signaling pathway and its related

pathways in diapause of Lysiphlebus testaceipes Cresson

LIU Min', HAN Hai-Bin', LIU Ai-Ping” , GAO Shuding', XU Lin-Bo', HUANG Hai-Guang’
(1. Grassland Research Institute, China Academy of Agricultural Sciences, Hohhot 010000, China;
2. Inner Mongolia Autonomous Region Forestry Science Research Institute, Hohhot 010000, China)
Abstract: To clarify the role of insulin signaling pathway and its related pathways in diapause of Lysiphlebus
testaceipes Cresson, so as to search for insulin substitutes and provide new ideas for pest control. In this
experiment, we used RNA-seq technology to sequence the transcriptome of L. testaceipes from diapause and
non-diapause groups, and the differentially expressed genes of insulin signaling pathway and its related
pathways were analyzed by bioinformatics. There were 31 differentially expressed genes related to insulin
signaling pathway, among which, PI3K Akt, FOXO and MAPK were the three major pathways, with 55, 21
and 28 differentially expressed genes, respectively. The genes of Sos, FASN, TSCI and PRKAB were
closely related to diapause of L. testaceipes, which jointly affected the diapause. Insulin signaling pathway
and its related pathways play a very important role in diapause of L. testaceipes, which mainly affected
energy metabolism, lipid accumulation, cell proliferation.
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2 JEARJRE W ¥ Lysiphlebus testaceipes Cresson,
FEME# H Hymenoptera 1 2 1 F} Aphidiidea, J&
—FhAEER AL, WA T 2RI, AR
X Wf Schizaphis graminum Rondani. #Ff ¥f Aphis
gossypii Glover. T KWF Rhopalosiphum maidis Fitch
KRS8 Aphis gylcnies Matsumura 28 2 5/EY E RO
B ARG SRR R VD AR R ) R T
T8t Aphis craccivora Koch ( Rodrigues and Bueno,
2001; Silva et al. , 2008; X244, 2009) , 214
R R H B e

TR, R R (E 5 @ # (Insulin
signaling pathway) & — 45 3F # 8 209 (5 7 08 2%,
PR RSN A, TR
M Ay i A AR R RN (W
and Brown, 2006) . 7EEIAIKN, FA7E 56 HESHY)
[P R P SIAHL A 1, Gl 44 o B R AR
[ ( Insulindike peptides, ILPs) o 3% N L Aedes
aegypti TLP3 b, BB RAEE A HA — D21k
5% 2 Z 4K ( Insulin receptor, INSR m§ IR) ( Wen
et al. , 2010)

B RMEN SR RZERE SR, BER
FOR S, BOE AR B BERR AL B R 2K
JEY) ( Insulin receptor substrate, IRS); #% Ifij i iG
P2 T2 B, B — ZF o i i 3 e R T UL 73—
1M EF ( phosphatidylisonsitol 3-kinase, PI3K) , G
HEHIEEF B ( protein kinase B, PKB/Akt) , fEH¥
fity B WML T WERYRERR S 1, ISR sk 1
0 Z J& FoxO ( Forkhead box-containing protein,
FoxO) , RIXFNWATE H 8, TR A= i A 14X
I C AR uR N Ik e N S i B SIS SN
( Frame and Cohen, 2001; Tzivion and Hay, 2011;
Leto and Saltiel, 2012) » FoxO % s iH 4= N TR S
FAn o g R O EE > T, R T, FoxO
(ERTEA A%, b T REERmRACIRE, e
1 FoxO s A7 1T LA -5 AH S A $E L DA 45 5 AT 52
WA SE . AR T RERK A BT R AR A
B AEHE T K45 ((Accili and Arden, 2004)
TR FoxO ARESEMUBEIR AL, W 2352 B He AR K
Z FEANMISET ( Rhodes and White, 2002) ; 45—
S5im % 2@ o Ras (rat sarcoma, Ras) JH#5H 25>
24 B UE B9 R IS ( mitogen-activated protein
kinase, MAPK) {5 %5 B % ( Taniguchi et al.,
2006; Slack et al. , 2015) , 52845 40 a1y Y 2K
H & B4R 55 701k ( Cantley, 2002) o

WaEEREN —MEmi g, BRI N
FiE N & FAFH, A, B BRI,
& B AR A AL P A I 35 W AN B SR BR B T 3K
PRI —FEAEARGT (TR AR, 1994) o HirE my4: 3
AU R AE K B 1E, WRETEST R U7
BB AR LUK 03 B 1840 7 3558 ( And and
Tauber, 1976; Denlinger, 2002) . #3155 S2K B
WA RN E, T LUE R S SRR . W R
B THLE 2, X— AR ERZE T
T PP R VR TR Y A2 2 M 4%, 3ok A G
MZITCR A R R E R, IR DL Ko
EORAE, PRl S S AR T2 AU B T
M ARBE S BUPESE, BN RTE BB A
I

1 2205558 I R FoxO 2 428 1hl Vs 3 1Y) G
SR B L AR AN i BT Ak A7, BN LR IS
PEBAAETE R, R H Y, RS RGSEE
BEOCHT, I HARBRXT R F FoxO B4, M52
PRITRYFR R, S FIRE, B8 R A5 5
TE A AR TE =X o 22 B s AR 8] 9 VR AL # (2
W, 2015) .

1EXG# B B 3 88 Drosophila melanogaster H,
e 2R A7 o 18 B S H A B AR L E (Simand
Denlinger, 2013) o ¥ 0 |, ) ) 19 & 2% 13 5 25 RO
AW Pieris brassicae ( Arpagaus, 1987) [Wf)5, 1
WA B A IR B W R E . iR R M PIBK
(Dpll0) J&, RMEHHE RIS, MAAEMSRGE T
WK Dpl10, WBERLSEN TGS o F n M
IE WL Culex pipiens RNE# NI K, PSS
IR T30 A 7 I 1 B 2K 32 4, HC O
HBlufs bk, BRERFEA 1 MRS REERS
TERGEEH 7 00 ME I P 1) 8 i LR AR, R R
BERMEEA L, RiFE DN ESEILLERF
( Williams and Sokolowski, 2009) . X SUHff5% R,
R e 5 AR S E B ] 51U E L WO
BL LB G2 -

ML R LA Y, 19 8 3R A o 18 s A il 75 B 7
N B SCHEAE F L 2% R AR IO e I T Y E Y
R B A T I i b AR DG AR B A A4 A
RS CMFR MR, AR AR
T A OE % A U A B M 0 Al AT R
SREHIY, HSAESE 5 R R AR S 00 s SO AR O
WA R B A B IRS S AR B RS T Rk
AYZE, DR AR e 3 2 A 5 i % S LA O &
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AR AR I e S R P IR R, B
TE A2 RS 96 oF i e 25 /N TR 2 A e B L o ML B
WEFERY 5 1), O BRI P OB e RS PR A
FERLHIH, Al DU R R AR B A
Gl IR I AR R R A R T, ok
P A A el A, AT SR A 1 P K G R ML By
AE A

1 #MB5ETE

L1 #iihiE. iFEEYEFEES

25NN I A T R R AR A R
AV B2 Bie w58 B b K0 B, i ar T
W) R4z Vicia faba.

B iR B EeHh 0 E 48 Hedysarum mongolicum
FbE b, IR AR S B K Ol B, &
HEX ARG TR (100 HEF R, 55 em x
55 em x55 em) , BRORE 1B R ORECAT A2,
2 ~3 WRRTETE WA W N3 T, ARl S AR SR
5 ARUAEAE R R H i

Nl R B 4 A A 1 A R E, DA R BRI
AP 5E A 00 8 T N AR AR, R 25 +
1°C, MIXHERE 70% 1%, e L:D =14 h:
10 h 50 P35, FriePib)E, Pkt s 2 i wf
AR I (10 em x3 em) N, ] 20% 45
KAER AN FEE IR, AR AEHE Y& L,
NS T A IR o O R R g R R R, R A E
T HTERE A R % 10 /R0 E.

TEZ IR T 7% U8 bR WP A i s 42 12 100 1Y
B AT LR TR X % AV R O e, ARUORE S
HABFFEBLRI AT R, A R A F RO A TR e
AT, WAMEINARLE A 120 h, BRI EEFAA
WAL T Rl AL (3 ~4 %) BTBL Mgl
SRR AV R B P 0 A AR S U R,
BEmf YRS AN T h AT R S &
e S R =7 L NS B NS v K | o2
B, MERE LT — B, 28 %iuE, Yk
TR, EAMGSET (RIS, 2018) o A
SRR, U AT AN B SO RO S
BESC. HBHML: D=8 h:16 h, FHEFEKHN
30 do e Ztad 30 d i F 5T B4R F DR AT A
Ve B 2 W 1 2% SRR W e AT AR, DR
PR T ALRE il T O o ST A T A R A e
HIE, BUETE25+£0.5C RH70% £5% « St

L:D=14 h:10 h. YGREHR A 8 800 Lx ( A TS f%
#i, bBig—taA W MGCHP R41) KT, 4
WEPRARZE & H 168 h (WG INyIF S A T 25) L X
R HEAT A7), PRARWE S A ) RO SR N e R
KE WM

1.2 MFEfMARE

25 AR I s A S AR A 0 B R A
I P TAE AL 5t AR BOERHS B A7 BRZS 7 58 o
M PAT 3 DAY s, 6 A3k My
ST, L8R WAL, R F Trinity ( Grabherr
et al. , 2011) X%} clean reads #f7Hf%.

1.3 FolfEiE

1) A5 2 Y 28 e A e of A e 7 S 28 00 s 4%
5 Ne SR PEFEAT Blastx HoXT (B RTR 59 B
HEE, FRETHN) , GESF Evalue <1° -5,
EEREEEA -

2) W EEA RPKM ( reads per kilo base
of exon model per million mapped reads) , DA%E/{~FE
ARHYSRIE BN BRPEAT Fisher-test 22 524G 10, K
W KB G & 5L A5 AT I, R
FDR 5323k 2% S 4550 Fold-Change J7VE#E1T 2% 5 3
Rk, TivEsefdl: FDR<O0.05, Fold-change=2.

3) X R B 4 2 S B DK R T P B AR I
L4 IheeiEE

Kk 2 10 15 91 5 KEGG $i ¥ 4 k47 H Xt
KEGG ( Kyoto Encyclopedia of Genes and Genomes)
JEA K Pathway (1% 32 %2 0 404 % ( Kanehisa,
2008) . Pathway % 2 1 & 4 73 7 LA KEGG Pathway
AL, B LR B, R 22 S5 R DA X T
P A TERE R L N 1225 & AR A9 pathway o %0 HT Y

HEAES
M\(N -M
IO

i=0 N
)

TERX I N i BE R i B pathway {3 8 1 5&
NECH: n A N R REFNPEHE; M AT
AR PR R E Pathway RYZEIECH:; m o4
RN B FEE Pathway 1) 25 5 RIA L4 H.
FDR <0. 05 (1) Pathway & XCOh#F 25 7 Rk HE K i
2w 4R 1) Pathway, {#iF] KOBAS (2.0) , && S5
—fdr > BH ( BMffi ] BH £¢1E) #47 Pathway 548
53T
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2 HR5HMH

XS AV 968 MF o e i A B SR L DU ) e B
KEGG R 19 5 5 2 A5 5l B AH G iy HE P A
64 1>, @A EH SERFHERE
IREEPIA 31 Ao R 2R A5 BRI 1) SR AR
AW, sr3lE PBK &M MAPK i48, R R
o FEOR X PRI, RS R (INS)
TG R 2K (INSR) , B 2R SZ AR R AT 1l i
B ZEZIRY) (IRS) , BRI IR 5 R Z KK
A LATE PI3K AT RAS, #&E Y ARTE, o
THEAARFBE S G REE. PBK #GE, R4
BERRWELRE = ®ER2 (PIP3) AR, T PIP3 #ik
R R E, PBK 541 A %A

[ msuLm sicmaLmiG parHway |

Pleckstrin Homology ( PH) 45 #4 1 i {5 5 & A
PDK1/2 454, dREEWEMIL 33 Ak 3646, WH
WESEAR B 9 (10 FoxO, GSK3, GLUT %§) &1k
R ARG AE . BRRRAL M Z AR IRY) LAR [A) 4%
BEEITRIRAL & sre [RIJRIX 2 (SH2) S5 HgE)
FTEASHC 5, 15 GRB2, GRB2 5 SOS 454
iz 4k, WG R SOS RIAT 5% 1 1Y Ras AHZS 5o
Ras fif Raf j& {7 TR, HOm HIG M, Raf 255 JF
WM b MEK1/2 i Z 306, dkZE gt 1715 515 %,
P MAPK G %, FeZOkBIEE DS 410
RrE e EH B (1) o 23504 55 4NF1 28 422
FFRIFFEH 5 PBK B2 MAPK 3R 240G, 5K
B A5 50 B VAR OG0 FoxO (5538 i, Jbf
21 MEFFGEEN (£ 1), HFREFBEEKX,
MR AR BESE, PRk 515 53 g % U AH OG0
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Pathway map of differentially expressed genes enrichment in insulin signaling pathway

T A BIRREEM KO 45 S HERRLT (@, A ARG KO Y s MERRER (o, A b FIMM AR 8 (o S0 8k

RED TR EAE SR, BIRCERLE T T -

JoLETk - RIEAME, AERRE TTHE - SLOHEk - B -

FAREARE , AARANE: TiHE - Rk sk - BRI, (UREHEME: B2 - i - 908k - B - HA - 7 HE - 900
Fik A, AR ELER NPT Ak HE Bl “+P7 AURBRRIL, b “ - P7 fURLBER I

Note: The KO node border containing the up—<egulated genes is red, the KO node border containing the down-regulated genes is

green, and the border containing the up-and-down regulated is yellow; a solid arrow represents an interaction or relationship between

molecules and a circle represents a chemical molecule; box-solid arrow-eircle linked, for expression; box-solid arrow-vertical line—

circle linked, for inhibition; box-dashed arrow-ecircle linked, representing indirect action; line-box-solid arrow-eircle-straight line—

box-solid arrow linked, representing two consecutive reaction steps; lines with arrows are marked “ + p” for phosphorylation and

“—p” for dephosphorylation.
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Table 1 Differentially expressed genes in insulin signaling pathway

RS
e ke
Number of up

KEGG i@ @S
KEGG pathway ID

IRLESN
2 kiey

Number of down

FEIN 4 PR

Gene name

regulated genes regulated genes

Insulin signaling

ko04910 16 15
pathway
PI3K-Akt signaling
ko04151 23 32
pathway
FoxO signaling
ko04068 11 10
pathway
MAPK signaling
ko04010 14 14

pathway

PRKAB, SHCI, FASN, PKA, RHEB, PTPRFIAR,

GRF2, GSK3B, RAPTOR, SOCS2, E2.4.1.1, glgP,
PYG, FRAP, EIF4E, PHKG, TSCI, pckA, SOS, JNK
E4.1.1.32, PEPCK, MKNK, MNK, CIS2, GRB,
PRKAG, RAPGEFI, CRKIlI, PRKAR, CRK, GYS, AKT

PPP2RI, YWHAE, ATF4, GSK3B, CREB2, CREB3
LAMA3 _5, RHEB, GYS, TRAI, PPP2R5, RAPTOR,
VEGFRI, HSP90B, PKN, LAMAI _2, PPP2R2, SOS,
ITGB1, COIAA, PTEN, FRAP, GBL, EIF4E, PHLPP
RACI, IGFIR, FE4.1.1.32, PEPCK, HSP90A, PPP2R5
pckA, hipG, GRB2, PPP2R3, FLTI, CPKC, FGF, AKT
LAMBI, EIF4, COL6A, STKI1l, LKBI, TSCI, CDK2

NLK, IGFIR, PRKAG , catBPRKAB, USP7, PEPCK
pckA, E4.1.1.32, PTEN, katE, SOS, PLK4, CAT,
srpA, LKBI, STKI11, USP7, AktFBX025_32, CCNG2,
CDK2, SOD2, JNK, TGFBRI, UBPI5 ALK5, GRB2

NLK, CPKC, TGFBRI, JNKCNB, PPMIB, PP2CB,
SOS, HSPAI_ 8, PPP3R, RAPIA, RACI, RAPGEF2,
CREB2, JUN, CRKIl, MKNK, ATF4, MKK4, MNK,
FGF, GRB2, PKAPDZGEFI, AKT, MSKI, CDC42,
ALK5, RPS6KAS5, MAP2K4, CRK, MAX

PR AT 00T 25 Bk 4 5505 50l Kk
KA Sos, FASN, TSC1, JNK, Racl, PRKAB, Akt,
NLK S5 JE[H o X Se LA v, fR PRKAB JE[A |
Faksh, HABIER B T ERSE. EN15 5 2R
IoF BB T DDA DG, LR 5 MR 2% A R
AR S, AR ) A RE A IR R
TR i 58 55 75 TH] -

3 @St

BTHHREEAERRAERET. U,
A LA R R S A A TG B P A E A, AR SO 2R
RN S8 B M i LU S I T A AT R
IPFOFE, O 08 H 5 IR 0 2815 5 38 5 AH 5% B AT 56
AR, JF X IR T IR R . WETEAE R
TRAFZY IR 8 32055 38 s S AR DGR A A G R

M2 BE B9 KL Al XF SR W8 ( Tater er al., 2001;
Williams et al. , 2006) , FEBL Culex pipiens ( Sim and
Denlinger, 2008) A1 2k i Caenorhabditis elegans
(Lee et al. , 2001) FEATWIFE R, BRERE T
eI A EE R F M. REREZZM
HilJG, S PBOX L YRR F A5 w5 SR 0
MIRBRFEE A PR RZIRPS R Z IRy
AL, B A N Sk dFoxO, Bl
FHI PIP3 i 50) PTEN, 3 645 fti 8 A0 i I & R A%
T, AFHIFMAER (Clancy, 2001) o @R AT
HEHIK FoxO 5, JRBARZZIE (Sim and
Denlinger, 2008) o AT AN, S 5B R
FIE P, PIBK-AKt {5538 %, FoxO {5 53 i,
MAPK {5 5 3 % () S L HE[H], Sos FASN. TSCI
JNK. PRKAB 553 D1 fiff 75 19 2% A2 AP TR U0F 2 06 0
R AR AR RS By B R R R
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Sos ( Son of sevenless) & [K 5 FL7E S b 52 HR it
ZRBEH R % HE PR B 178 kDa (195
Fl, 7R DR E WA RIK BAL 7 Lg 2
BN, REAEKKEFLEE 9000 LK H 52 453
4558 1 GRB2, ff Sos [AEFIK I, BE/S Sos
Ve FEACIA 7315 Ras 985 GDP JE AL GTP. AT
THE T — RIVRIKE AR AL, & Mn
MAPK {553 o % S AP9JR WoF P 0005 75 M v Sos ik
R R IA, b2 33 MAPK {5 5 %52 3
M. ERK J& MAPK ZJ5 A 51, 78 T2 A ) s i 1
Atrachya menetriesi [ XF A% 15 i 38 1 5% &% Bombyx
mori I WE I 25 S AR ( Fujiwara et al. .
2006; Kidokoro et al. , 2006) . #FFE NG AP, 18
Fachn A AR, ERK S P A 5 28 [ A 1L AL
WA MY, RL LR YR E ( Fujiwara
et al. , 2006) . Iwata K ERK 5 R &M T 5K
KB K (Iwata et al. , 2005) o [HBCHEDN, 7EfK
IR, Sos X MAPK {5538 14 52 1 3 202 5
Wi ERK #6E. ERK it 25 B R 7E AR A1 T 1)
R, R AR H SRy B &, ok
2 R R AP R I, AT PR B0 B e R e O i 3t
5o 2% AR IO BN 7 M D Sos FEPRIXF 2R ERK
TEM FERLRI T AVERT , w5 B — 2D AR SE

PRKAB J& AMPK Zj%. AMPK f§ AMP J% 75 i)
E L ( AMP-activated protein kinase) , 7F E.4%
W T AR, R 22 R U5 A TR
AMPK fe/ e s AP A A ks, I 38 2 52 Ml 48
ML B A B 2 A BRY, ok 4E SRR 40 i e 1 R SR P
fir. WA RRERERBEEHRMERLT, B% &
ROFHRe AR HEN . B AUE 7R F R
OBt A REIR D) BT, i B o AR P B AR, Ok
JRTERTE A R P RE R TR . R REIRY)
AT LA By B e o B A RO SR AR E
WrBe, RO E S RE A B Rt b aE & .
BRYRAHER T BE -2 df, B
HURBREARYE A B AR 1 00 B R AR D0 T 2 A A
B U N B F42 i BF ] ( Hahn and Denlinger,
2011) . HETA LKL LI, AMPK 7] #5 Racl
(Lee et al. , 2008) . Racl, Ras #H36HY C3 AR
JEEY 1 ( ras—related C3 botulinum toxin substrate 1) ,
J& Rho GTP [ Z % L Rac WK EH H)— . Rho
GTP i il LAFEA Wi ¥ GTP 45 &8 X ICili ¥ GDP

AW Z AIPER, Rac SRFBANM. 1E X PR
T 0] A 5% 0 75 Racl WA A0 PN B Z /015
SRR T Wi E AR R BF B R, Racl
FEPIR MR IK, Racl WUETESZ 2406, PRt 40 i
REFEZ B M, X5 A AR IR I AR i I 1]
WEARRAZA e FrUARPIFEHEN Racl 575
FEAVIRT R BV T AR B ARG, (HERKE 4
ST B — L SR IR I -

PRKAB PRI 75 2% f2 Ak 3 SF FEC0ee s 75 0 v 1A
Fik, VBT AMPK 5525 e A Je oF A 06 F) 0 75 AHOG
AMFFEHEN , AMPK =252 0 fif 5 1 F2 vh 2% fE AW
I e Re R AR, AR, AMPK Rl
H iR AL A B 5, B> ATP /Y™ A,
A ZE; W, i e e e IRy ETE
B A R, ARIEA 0% ATP L e A 4 i ) e s
WHYRE R . B RS 2 5L sh Y i A
NEZSACES By 45, DRI 00 Jpe B2 2R 2 1 vl g
Z 5 ER A E LR AR R .

e T A% AL A TR UF B0 JB 5 R A ol
R Wit & il ( Fatty acid synthase, FASN) J24iifhk
HRIIRR & B i — Fh 25 5 i, FASN JE PR Rl 34
VTR B A rh, AR A R FER R
W & B, TEW B HER I B, R MO o 2 4%
B, FREHEZLZAEHT ( Denlinger, 2005) o Bl FoxO
J& . PEBCME U BEAR A A R b BRR R R iR
( Sim and Denlinger, 2008) , VAR W B ME AR Y
el R 2 L R S, PSR R F 2B, e
PEE . TR RG-S, RK AL 7
SEINBE IR P Bk AF ( Tatar, 2001) o fh Al LA
s REY AR S AR S R AT B e R T AR R ke
HCHAE -

ABIFSE R 1B I A S i M AR DG iR AR
A —LERL I 5 B B B G R EAT oA, B AR
BRER BB WEM. X REEE T E 7SS
3 H R R G R e R R i AL g7 X, ARBESR
B TR RS E T S A AR,
BEPIZKAP- X B A EA T B S S AR AL TR R, [
IR 4R B 5 R AR T gt AT AR W B R
WHRAEEE L. (HEWH, 7ERRPIFA S
— {5 PR A Y D RE AR AR L T2 2 R A
AR, SRR T A5 518 o B O A
HHEW, EFEH 5.
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