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Abstract: [Objective]l The objective of this study is to determine the effects of predator-induced stress from Harmonia
axyridis with various feeding resources on the development and metamorphose of Helicoverpa armigera, illustrating that whether He.
armigera can perceive and classify the predation risk, and show the trade-off characteristic between the development and
metamorphose, and to determine the effects of long-term and short-term stress on the stress protein gene expression of He. armigera,
illustrating that whether the predator-induced stress from Ha. axyridis can induce the physiological reactions of He. armigera at
molecular level. [Method] The development (larval and pupal duration, female and male longevity, and total longevity) and
metamorphose (pupae weight, pupation rate, fail eclosion rate, and wrinkled-wing rate) indicators of He. armigera were observed
and recorded under the predator-induced stress from Ha. axyridis with 7 kinds of feeding resources (hungry treatment, shrimp egg
treatment, cotton bollworm larva treatment, cotton bollworm egg treatment, aphid treatment, CK treatment with aphid, and CK
treatment). Long-term (first instar larvae to 3-day-old moth) and short-term (15 min to 6 h) stress treatments were set up, and the
changes of stress protein genes (heat shock protein genes) Hsp70 and Hsp90, heat shock cognate protein gene Hsc70 expression were
determined under the predator-induced stress by quantitative real-time PCR (qQRT-PCR). [Result] Under the predator-induced stress
from Ha. axyridis, larval and pupal duration, female and male longevity, and total longevity of He. armigera shortened, pupal weight
and pupation rate decreased, and wrinkled-wing rate increased significantly, whereas the fail eclosion rate was not influenced by the
predator-induced stress. Under the predator-induced stress from Ha. axyridis with various food sources, the larval duration of He.
armigera was the shortest when predators consumed aphids, the pupal duration was the shortest when predators consumed cotton
bollworm eggs, and the total longevity was the shortest when predators consumed shrimp eggs, whereas the female and male
longevity were not influenced by the diets of Ha. axyridis. The wrinkled-wing rate of He. armigera was the highest when predators
consumed cotton bollworm eggs, whereas the pupal weight, pupation rate, and fail eclosion rate were not influenced by the diets of
Ha. axyridis. Stress protein genes Hsp70 and Hsp90 were up-regulated after short-term stress (Hsp70: 30 min to 3 h; Hsp90: 15 min,
1.5 h, 2 h and 6 h), whereas heat shock cognate protein gene Hsc70 was up-regulated after long-term stress (the stages of 5th instar
larvae, prepupa, male pupae and male moth). [ Conclusion JUnder the long-term stress from Ha. axyridis, all developmental stages of
He. armigera shortened, and the development of He. armigera became faster to avoid the predation risk. The developmental
acceleration might disturb the metamorphose of He. armigera to some degree, leading the smaller pupal weight, lower pupation rate,
and higher wrinkled-wing rate, which was according with the trade-off hypothesis. The sensitiveness of He. armigera to
predator-induced stress were different among various diets of Ha. axyridis, and He. armigera might be able to classify the potential
predation risk, however this ability showed a degree of uncertainty. The predator-induced stress from Ha. axyridis could induce the
physiological reactions of He. armigera at molecular level, leading the higher expression levels of stress protein genes. Hsp70 and
Hsp90 expressions were more affected by the short-term stress, whereas Hsc70 expression was more affected by long-term stress.

Key words: Helicoverpa armigera; Harmonia axyridis; development; metamorphose; stress protein; non-consumptive effect
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HSP70F CCGTAGCTTATGGTGCCG FJ432703 176
HSP70R CTGAGTCTGCTTGGTGGG

HSPOOF GAAGCGTGAGGAAGACAAGG GU230740 166
HSP90R CATGATACGCTCCATGTTGG

HSC70F CGACTGCTGCTGCGATTGC XM 021342205 174
HSC70R CGAAGTCCTCTCCTCCCAAGTG

EFF AGGAGTTGCGTCGTGGTTA U20129 236

EFR GACTTGATGGACTTAGGGTTGT
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Table 2 Effects of Ha. axyridis stress with various feeding resources on the developmental duration of He. armigera (d)

st Y] U 77 3 WHERE A7 fir TR 77 i S
Treatment Larval duration Pupal duration Female longevity Male longevity Total longevity
YL AL Hungry treatment 14.60+0.20c 11.63+0.24bc 6.31+0.23 7.98+0.63 33.3840.23b
WRHE 4L Shrimp egg treatment 14.46+0.14c 11.99+0.14b 5.59+0.15 7.09+0.09 32.7940.19b
g% thg desb s 14.68+0.18¢ 12.06+0.11b 6.55%0.15 7.66£0.26 33.850.35b
Cotton bollworm larva treatment

Hi% R Ak B 15.43+0.32b 11.330.12¢ 6.52+0.75 7.85+0.51 33.950.37b
Cotton bollworm egg treatment

ief i AbE Aphid treatment 14.30+0.33¢ 12.14+0.05b 6.49+0.18 7.06+0.04 33.21£0.37b
e HOxt I AR B CK treatment with aphid 16.32+0.08ab 12.97+0.12a 7.79+0.73 8.35+0.81 37.37+0.66a
X HAL 3 CK treatment 16.63+0.11a 13.20+0.05a 7.47+0.40 8.90+0.61 38.02+0.12a
Fe1a 19.375 25.815 2.753 1.718 33.547

P <0.001 <<0.001 0.056 0.189 <0.001
SVH B AL Total stress treatment 14.69+0.14 11.83+0.10 6.29+0.17 7.53+0.18 33.44+0.16
SR AL Total CK treatment 16.4840.09 13.09+0.08 7.63+0.38 8.63+0.47 37.6940.33
t 7.681 10.114 3.741 2.712 12.801

df 19 17.886 19 19 19

P <0.001 <0.001 0.001 0.014 <0.001

B R PIEEARE D, AR FRFROR A EL R 2 7 B3 (Tukey HAS, P<0.05). T

Each value was the mean+SE of three collections. Different letters indicated significant differences among treatments according to Tukey comparison test (P<<

0.05). The same as below

#3 FRRREFEINHMEMREBRESLZENEME

Table 3  Effects of Ha. axyridis stress with various feeding resources on the metamorphosis of He. armigera

s e ATES PR MR
Treatment Pupae weight (mg) Pupation rate (%) Fail eclosion rate (%)  Wrinkled-wing rate (%)
YU AL FE Hungry treatment 243.1£5.1 62.67£1.76 34.15£1.95 31.67+1.67a
IFBR4LEE Shrimp egg treatment 243.4+3.8 62.00+3.06 29.92+11.18 30.00+1.53ab
F# 4l di4b 3 Cotton bollworm larva treatment 238.8+4.7 62.00+6.43 38.56+3.88 28.33+2.03ab
44 LG ALFE Cotton bollworm egg treatment 239.6+1.4 64.00+3.06 27.33+8.53 31.89+0.11a
I d14b 2 Aphid treatment 244.1£2.4 64.00+4.16 26.37+5.77 31.00+1.15a
UF HEX TR AL B CK treatment with aphid 253.0+4.1 68.332.20 25.3041.22 20.67+2.73bc
X HEALEE CK treatment 254.4+6.5 71.00+5.51 23.2945.05 18.00+2.93¢
Feo14 2.055 0.731 0.734 8.450

P 0.125 0.633 0.630 0.001
BB AL Total stress treatment 241.8+1.53 62.93+1.54 31.27+2.93 30.58+0.65
Bt AR PE Total CK treatment 253.7+3.5 69.67+2.72 24.30+2.36 19.33+1.89

t 3.698 2.269 1.415 7.255

df 19 19 19 19

P 0.002 0.035 0.173 <0.001

2.3 REIHAKEPENEHNEAERRIEZNZIE
PORRA I SERSPA B RS N i) e S e E A R g |
FEN Hsp70 fygeikt (B 1), 5 BRI 5 5 i

AbBE Hsp70 FARS 2% 5 b duld AR Al i 348 o — 2L,
15 12 WM BARAKFRIL, 3—4 W BRIk
5 (AARTE: Fon=17.277, P<<0.001; XMEALFE:
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Fy50=15.212, P<<0.001) . JiMaALEE 3§84l t Hsp70
(AR B #ETHR (=7.980, df=4, P=0.001) , ffjH:
i BB B, Wi S5 AR R A A R 2= 7 (1
W 1=0.406, df=4, P=0.705; 2 #: =0.251, df=4,
P=0.814; 4 % =2.136, df=4, P=0.100; 5 #*: =1.893,
df=4, P=0.131; Tilf: ~0.008, df=4, P=0.994; M
If: =1.951, df=4, P=0.123; HElf: =1.393, df=4,
P=0.236; MEifk: =1.258, df=4, P=0.277; ik =2.356,
df=4, P=0.078) . %I Hsp90 ik w4 KR (K
1), {EXTIEACI T, Hsp90 AEWH AR Rk HUH R 1K K
B (Fon=81.327, P<<0.001) , AR dissAMEK
REW B, i 5 AR 2 M B =R (1
W =1.782, df=4, P=0.149; 2 #%: =4.098, df=2.014,
P=0.054; 3 #%: =2.737, df=4, P=0.052; 4 {%: =1.185,

Hsp70 *

df=4, P=0.302; 5#: =0.650, df=2.182, P=0.577;
T : =0.374, df=4, P=0.728; WEif: ~=1.017, df=4,
P=0.367; If£lfi: =0.657, df=4, P=0.547; Widk: =0.741,
df=2.022, P=0.535; MfEif: =2.348, df=2.044, P=0.141).
FEXT AL B A, P RIYE B BRI Hse70 710 1
R IR KT 5 (F92=299.092, P<<0.001) .
B IEREN S 65, WriabBiH Hse70 k47 B
e, JLPAER I 5 WA U I HEE I
W31, WM B ALER Hsc70 FIA KT 23 v To0 AL 2
(5#%: =11.48, df=4, P<<0.001; Tidfl: =39.998,
df=4, P<<0.001; HEWHI: =3.046, df=4, P=0.038;
WY : =3.976, df=4, P=0.016) . TM£ERRE LAl
REM B, M A B G g 2R (1 #:
=0.538, df=4, P=0.619; 2 #: =2.392, df=4, P=0.075;

—@— VHE AL Stress treatment
4k —O— AR CK

FLDRIAH N F4  Relative mRNA levels

Hsc70

0 1 1 1 1
Ist 2nd 3rd 4th

PP FP MP FM MM

K& W Bt The developmental stages

Ist: 1 #¥%hH st instar larvae; 2nd: 2 W54 2nd instar larvae; 3rd: 3 #44)H 3rd instar larvae; 4th: 4 #54)HL 4th instar larvae; Sth: 5§34}t Sth instar
larvae; PP: Tiilifi Prepupa; FP: MfElfi Female pupae; MP: HfEdf Male pupae; FM: Ml Female moth; MM: /fEif Male moth
RV RONFEST I OUMSIFEA ¢ K555, P<0.05) . 18] 2 [A] “*” indicated significant differences in gene expression at P<<0.05 level according to independent

sample #-test. The same as Fig. 2

1 SEIRKEPEIIRIEREREWNR Hso70. Hsp90. Hsc703RiERIFIT
Fig. 1 Effects of Ha. axyridis long-term stress on Hsp70, Hsp90 and Hsc70 expression during the various developmental stages of

He. armigera
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3 W =1.583, df=2.261, P=0.240; 4 #: r=0.048,
df=4, P=0.964; Mdfi: =2.638, df=2.239, P=0.106;
Ml =3.184, df=2.013, P=0.085) (1) .
2.4 ReIHENEXNEHNEEERRIENZM
JCME FAAAE T, M 3 W4 3 AR &
2L R RIB AT LR AR 2 (Hsp70: Fe14=1.650,
P=0.206; Hsp90: F,4=5.590, P=0.004; Hsc70:
Fe14=2.412, P=0.082) . RLIFIic e, M8 L3 #34)
M Hsp70 1 Hsp90 ZRIEA EES, Hsp70 7Ed
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P=0.011; 3 h: r=3.183, df=4, P=0.033) ; Hsp90
ZEMMETFUR 15 miny 1.5 hy 2 h F1 6 h IFF[A] 5 Rk &

0.5F

BEWRTF (15 min: =3.057, df=4, P=0.038; 1.5 h:
=4.391, df=4, P=0.012; 2 h: =13.06, df=4, P<
0.001; 6h: =10.895, df=4, P<<0.001) . ifij %}
TEACELS , MRS HU Hse70 WERIE KT B0 R 2
A5 4k, (15 min: =0.777, df=2.008, P=0.518; 30 min:
=0.660, df=2.180, P=0.572; 1 h: r=1.462, df=4,

P=0.217; 1.5 h: =0.310, df=4, P=0.772; 2 h: =1.042,
df=2.029, P=0.406; 3 h: =2.094, df=4, P=0.104;

6 h: =3.035, df=2.132, P=0.086) . Zi{E i ria
5 I [) sE s, 25 R AR AR L 3 e %) sz ) S )
)5, Hsp70 F1 Hsp90 LR, Hsc70 RIS W3
YEARAR, (Hsp70: 1=6.520, df=40, P<<0.001; Hsp90:
=3.884, df=40, P<<0.001; Hsc70: t=0.383, df=32.867,
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Fig. 2 Effects of Ha. axyridis short-term stress on Hsp70, Hsp90 and Hsc70 expression of He. armigera
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