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Effects of feeding different plant species on the phenotype and
insulin-like signaling pathway of Oedaleus asiaticus
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Abstract  Oedaleus asiaticus Bey-Bienko, a grasshopper pest occurring in North China, has evolved a food-specif-
ic adaptation to different plants. In this study, we analyzed the growth rate and gene expression of insulin-like sig-
naling pathway (ISP) in O. asiaticus with different plant species. The results showed that the growth rate of
O. asiaticus was significantly increased (P<C0.05) when presented with Stipa sareptana var. krylovii. The ex-
pressions of gIGF1, gINSR, gIRS1, gPI;K, gAKT, gmTor in the ISP pathway were significantly up-regulated
(P<<0.05). The downstream genes gL.CP, gCHY and gALP were also significantly up-regulated (P<Z0.05). In
contrast, the growth rate of grasshoppers feeding on Artemisia frigida and the gene expression in the ISP pathway
were significantly decreased (P<C0.05), while the downstream genes gP450s 6K1, gUDP 2C1, gCarE were signifi-
cantly up-regulated (P<C0.05). These results suggested that O. asiaticus has evolved an active mechanism using ISP path-
way to regulate its growth rate and adapt to wider ecological area comprising different plant species. This explains why
O. asiaticus is the most widely distributed and easy-to-outbreak species in Inner Mongolia, China.
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T Cleistogenes squarrosa (Trin, ) Keng,EEL Leymus
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1.1 #5RXIEER

RIS A T N ST B MO R T P R Ak AR A
TR AR A A T AN 56 3 P (42°15
—42°35'N, 113°45"' —114°21'E) , E- 34k 1 300 m,
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AR CEAR 40 cm) TR 2—) 1K AR
Sigma 3K15 ¥ LML THZ-D & 2UE IR IR G 4
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SA max BIfEHRIY ; PrimeScript™ [[ 1st Strand cD-
NA Synthesis Kit 2 # 53857 & . Bestar™ ¢PCR
MasterMix (SYBRGreen). & RNA 2 Bk 57 &
(Cat:; R6934-01, 2 E OMEGA ). RNase-Free
DNase 1(Cat: E1091, 2 E OMEGA) ; B U5 £ %
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16 Sk ARYE A AL P AR 4 AL EE, 43 B R E AL
PR PGILET P AR HT A B R A RNV s A 3L SR B
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1 ml TRIzol, 7E53HES B A B0 ZEIREEL 5 min,
2)4C,13 000 r/min B.0> 5 min, FULLE, FiE
BATHRELE .,

MA 250 pl @47 &G de il ZUPR 15 s &
HFE 5 min,4°C,13 000 r/min &[> 10 min, F T
VE IR 400 L FIEWREE AR .LE T,

DA 200 pL &4 I Gt R 15 s, F i
#E 5 min,4°C,13 000 r/min B.C> 10 min, FFULIE , W
B 300 pl. FiE#FEF55) RNA spin column H1,

SYMA 300 pL ZEARFRR) S BE. %% 30 s, 3
JEAE VK EFFE 10 min,

6)4°C,12 000 r/min B> 2 min, FHJEHR .

DA 400 ul. RNA washing solution, 4 C,
12 000 r/min B.0» 2 min.

EE AT 7),12 000 r/min &> 2 min, F-JE
W B FE BRI

9) [l RNA spin column H1 il A 100 pL. DEPC
AhFEJK IR FE 3 min, 13 000 r/min B> 2 min,

10) PCR Al RNA $# BUsk F ¥ 4 4% (1. 9<
ODyg0/250<2. 1), JEIH — 80 C LA, 25 H .
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8 uL RNA B (5 ng) B AR R 1 A 65C4:
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RNase Inhibitor (40 U/ul),4 pl 5 X PrimeScript
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4.5 pl. oY 2 B K.

W BB S B SRR R N 1815, 42C T ki
60 min,95C 4@ 5 min {515 . {4 Nano-
Photometer {3 & 43 Y6 )6 B 314 M cDNA ¥k B,
—20 CLRAFRE AT
1.7 5|¥igit

AR EL I PH /N7 B8 S 4 (NCBIL: SRP072969)
FRHX ISP 38 % 18 G S D CRIE S RAK P+ 1, in-
sulin-like growth factor, glGF1 .2kl & %K ho-
mologous insulin receptor, gINSR 28 1% X Z KIS
¥ :insulin receptor substrate, gIRS1 . #i G EENLEE 3-
18 Hif . phosphoinositide 3-kinase, gPI, K, 3-f fig L
#8851 38 fF . phosphoinositide-dependent ki-

nase, gPDK ., 2% [ & fiff B: protein kinase B, gAKT,
FHIHE R E [ : mammalian target of rapamycin,
emTOR, X 3k# 5% [H T forkhead transcription fac-
tor, gFOXO) Fr By 4, Rl , 2 Pf ISP 3 i T i
FERACE AN A B AH O G BE Y, R A R
cuticle protein, gl.CP, it ¥ & (1 i 2: chymotryp-
sin, gCHY . o %2 BT i : alpha-glucosidase, gALP. 41
M8 2 P450 6K1 : cytochrome P450 6K1,gP450s 6K1 .
PRAT W1 ) 760 W 1 5L 5% A4 il 2C1: UDP-glucurono-
syltransferase 2C1, gUDP 2C1 . # & fig fif# : carboxyles-
terase, gCarE [ Bt¥ 4. FIH DNAMAN 8 #xf4i%
T+ PCR (& D JFgIER: Rk

F1 EEHE |
Table 1 Design of PCR primers
B SR S LY 51971 (53"

Gene name  Primer Primer sequence
Bactin  LUFFH) CCCATCTATGAAGGTTACGC
e CTTGATGTCACGGACGATTT
gIGF1  F#51¥  AAACCCGGAGAACTGCACAAATGC
FEY TGCCGATAAGATTGTTATGAGCAAGG
gINSR  FW#s|¥  TTATTATCGGAAAGGCTCCAAAGG
THEY  CACTACACCGTAACTCCAGACATCG
gIRS1  Lilifn|9 ATCCCGATCCAGAACCAGATGC
TG AAGACGATGCCGACAAAGAGCC
gPLK  FiB|Y  TATACAAGTCTGTAACATCCCACG
e ACATCTCCTGCTTTGAGTCCTT
gPDK L5149 GGAGTTTAGGGTGCATCTTGTA
TSI GTATTGCCACCTCTTGGTTAGT
gAKT L5y GGTAATGCCTCGTAATTTCTGT
TS AACTCTTTATGATGGGTCTTCT
gmTOR L84 TAGGATGGCACCAGATTATGAC
TS ATACTTCTGATGATGGCGATTT
gFOXO  Liis1% CATCACGCAGGCCATCCAG
e GCTGTTGCTGTCGCCCTTG
gLCP  LiF51Y AGTGTACTGAGCGCTCTGG
TS GTCTCCATCTCTTCGCAGT
gCHY L5149 ACGCCAACATCGCCAACTA
TG ACGGTGTCGCTGTTGTAGGA
gP450s 6K1 E3514 CCTTCTTGCTGGCTATGAAAC
TS CCACATCAATGGTCACTTCTG
gUDP 2C1 FiE5|9 TGATACCACCGCCACATTC
TWEs 14 AACCCACTGAGGTCCGTCAT
gCarE  Lli019 ACAGTGGCATCTCGGATG
TG TCAGTCGGCGATGTGGAG
gALP LBy CCATCATTCAGCAGTTCCG
TWEs 14 CAATCACCCAGTTGGACCAC
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X b3k 14 DL TIOEE B PCR 734 B AL b
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Bars marked by different lowercase letters indicate significant difference based on Tukey’s HSD analysis at 0.05 level
E1 HERRHENTENNEELFERER
Fig. 1 Growth variables of Oedaleus asiaticus feeding different food plants
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The qPCR values of grasshoppers feeding on A. frigida are set to one to calibrate the relative gene expression levels. Bars marked by different lowercase
letters indicate significant difference based on Tukey’s HSD analysis at 0.05 level
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Fig. 2 The relative gene expression levels (& SD) in the insulin-like signaling pathway of Qedaleus asiaticus

when fed with Leymus chinensis , Stipa sareptana var. krylovii, Cleistogenes squarrosa and Artemisia frigida

2.3 Wi/NZERE ISP BB E B BEER L /K F 47
ISP 3 i AT o 2 I B ALK SR RS S 4%
S 3. SPACEI AL 18 A F A ST /N 2 s
B R ZARBR L (P-INSR) B 5% R Z IR iR 1k (P-
IRS) 2R 133 B Btk (P-AK T FI S S 5 7
A (P-FOXO) K-35 R (P<<0. 05) , F A4 3K P-IN-
SRl P-FOXO BRI B EFALE 3). o] L, A[H
WS T I/ NG TSP SR P R L KT .
2.4 W/ ISP EEIRIEM T X BERRIE
AN A 9 Ak 1 I 9 /0 4 S B O R

PCR Z5 5 on (B 4, PULER 5 40 R S 91 /)N 22
AR LB MEFAUAE R L EE 6(gLCP) %
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WL 2C1 (gUDP 2C1) KR FRTSHE (gCarE)
FE R AR 2R 38 1 I 2 e T AR B (P<C0. 05),
PaAbER A PR AR (P<C0. 05)
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Bars marked by different lowercase letters indicate significant difference based on Tukey’s HSD analysis at 0.05 level
B3 SUxE/NFEERRESREREABBANZME
Fig.3 Protein phosphorylation levels (£ SD) in the insulin-like pathway of Oedaleus asiaticus when fed with
Leymus chinensis , Stipa sareptana var. krylovii, Cleistogenes squarrosa , and Artemisia frigida
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Bars marked by different lowercase letters indicate significant difference based on Tukey’s HSD analysis at 0.05 level
B4 ISPEETHFRAZHNERREE
Fig. 4 The downstream gene expression levels (& SD) of ISP in Oedaleus asiaticus when fed with

Leymus chinensis , Stipa sareptana var. krylovii, Cleistogenes squarrosa, and Artemisia frigida



« 30 . 490 44 25 2020

3 &St

ISP 3 % RE % i I, 2 ) 8 FR RS i i B 3k
IR FIEE IR IR fb 22 S 48 B OB R A 20 1 R/
AR AT RN B e AR A B AR, S e
B A EYE R ES . A SRR R
[ AR RE A S 2 R MRS I /N4 i TSP 3 i 3 R e 3k
FER FBERR AL KO 1 R 45 R Wi A K kB R B
PR S HE R 3k e AR 22 5, 52 P /0N 42 0 1) A
KB B Y IE N .

FL ISP i 37 i 5 2 AR K (IGF) M
#5059 5@ 1 INSR—>IRS—> AKT—>FOXO (5 mTor)
(2 IR T R 42 A K R 7l 7 AR S AH G
SR k1 78 B AU aE I R & T A
FE S, BERESTM/NER gIGF] JEH Rk
K. BBUE 55 SR8 T Ui S R 2k (gIN-
SR) K5 2 Z AR (QIRSD) W AR BENLEE 3-3%
it} (gPLK) & U B(eAKD) (& R E H
(gmTor) B[ 35 .3 N M., [A I P-INSR, P-IRS,
P-AKT,P-FOXO % 1 KV B 82 A6 T 4, 156 B 2 Y
/NZEE TSP 38 A5 5 e 2 0dl 55 . FiFRE AR AT .
RE R ARIAR G R K & 1 6 (gLCP) | et 7. 2 1 i
2(gCHY) . o i % 11 i (gALP) JE H R 9, 1fij
gFOXO 545 ) i 2 AT AH G A9 41 e 8. 38 P450
6K1(gP450s 6K1) | JRT 1 iR 7] 44 M 1 5L 77 7% i
2C1(gUDP 2C1) 2 % I fify (gCarE) 45 5] 19,
XS AT AR A ] DU R A A 2 BV v A B e
FERE ST 2 (A1) G it |2 e AV AN
ISP & 42 ¢ 8 & A & ik [, 3F H P-INSR— P-
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