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Suppression of Gene Expression in the Fifth Instar Larvae of Spodoptera

exiguaat Low Developmental Threshold Temperature
Bongki Choi, Youngjin Park and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea

ABSTRACT: This study aimed to understand the physiological status of the beet armyworm, Spodoptera exigua at low developmental
threshold temperature (LTT) through analysis of gene-expression patterns associated with different functions (metabolism, nervous
system, immune, and stress). The estimated LTTs for egg, larval, and pupal developments varied with 5.5 ~ 11.6°C. Larvae were able
to develop at the lower temperatures than eggs and pupae. However, the physiological LTT (15C) in the fifth instar was much higher
than the estimated LTT (10.3°C). Gene expression patterns estimated by a quantitative RT-PCR (qRT-PCR) indicate that most genes
in different functional groups increased their expressions with increase of larval instars. In the same fifth instar, as the treatment
temperatures increased, the gene expression levels increased. Moreover, the newly molted fifth instar larvae were different in their gene
expression rates according to their previous culturing temperatures. Most gene expressions were suppressed in the fifth instar larvae at
the physiological LTT (15°C). However, the larvae at 15°C gradually exhibited significant increase in the gene expression rates with
rearing time just like those at the higher temperature. These results suggest that S. exigua at LTT exhibits a typical gene expression pattern
with maintaining significantly suppressed levels.
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Table 1. Genes analyzed in this study and their PCR primer sequences

Genes GenBank accession number Primer sequences
Cytochrome oxidase-I (CO-I) AY722705 GCG]? CG CCCACGCC"I}“EE(?(“}%iIZEiéféc
—
Chitin synthase (CS) AB271784 Aéi?ggi%f:?:éé?gﬁég?ggg
Acetylcholinesterase (Ace) AY 032625 ziézggig,?ii;ggigig_ﬁzié
Odorant receptor 83b (OR) G0923610 T CCCAAAGCAGGGAGCCATCC(?((;S ;ﬁAG(?ﬁAGCT
Cecropin (Cec) GU206789 CC? GC (_JAT(;TG(;%CCCGAA(]},ZC;TCGATGCCG
Peptidoglycan recognition protein (PGRP) EU399240 GC;ALT(? jg,f ggggff éf(?]%rfG
Phenoloxidase (PO) FJ151228 GCC"I? GT”I("} GCCACC CCAATTTTGG”IEFCG/?“CGTAGAGTG
Heat shock protein 70 (Hsp70) AB282645 %?\IZTGCG%AG(ZC(?G(} (;J%GGC(;:TGC:GT(S
Cytochrome P450 (CYP) FJ023535 CAGCAGTGAAGCCAAAAGGAG

CCACTGCCGAAAGGTATGAATG

@™ $haks}o] B w3l THLivak and Schmittgen, 2001).

7S LSAPIE |4K L 24

FlellAl 71 R 25 C oA QIFARRRE FAIAIR] Tt

U3, 4, 9 533 7130, 10 L 50te] S ¢lo) 2 Aeiske] A
AAE o= 3%k

RNAE =31 th qRT-PCR2 1071
= UASgI

UUF AR 2 7oA Z2A1E 48 822 A2 T2 Y] 77| &

(15, 20, 25 2 30°C )0l H|3}%L, o]

55 5% §% SThelE 47510l RNAZ

2o 53 90| SXiX}

.
S = A =22 A

25C oA 245 wpdhpr 53 639
1

Eoﬂx{ao O]__é;ls Q%‘T 73757 ‘;%

7 ewolq 2 g
sazaloch. 47

I A 2 2ol A 39k AA ISR

15,20, ¥25C ol &

A0z 20C

o 49 1,3,5 9 79 74 0.2, 25 C ol A= 1, 32| 22} 5mf
2% 5:71310] 3UHE 0 2 RNAS 5510] §414 2l 14

o) AT,
S

W B8 215 A= arcsine M2} & SAS2] PROC GLM(SAS
Institute, 1989)2 ©]-83}o] ANOVA EA4159ith 21229 =3
3= Sigma Plot 8.0(Systat Software, Inc., Point Richmond,
CA, USA)S o]-8-3to] =21 5}s it

225 7FEs7] fla) by 2t
Hew 2 AXEIY K Table 2). AA|Z o=
e erl 55-11.6C 2 Uehyton,

Sefoll whet AFolshglet. f3-& Gt w7 of wlsl e 2=
o W B3 G5 G710l whebA =

= L AA
8.2 Abolslgom, E5] S-S HE7| 2 Wesle o Hlw

i ok

Low threshold temperature of S. exigua 297



Table 2. Threshold temperatures (TTs) for growth in Spodoptera

exigua

Developmental stage' N TT(C)+SD Coefficient of Determination
Egg 296 8.51+0.42 R*=0.88; df = 1,2; P = 0.0028

Larva 368 5.53+£0.41 R*=0.96; df =1,2; P =0.0201

L1 185 3.36 £0.42 R*=0.95; df =1,2; P = 0.0228

L2 96 7.96 £ 0.41 R*=0.94; df=1,2; P=0.0273

L3 49 2.15+0.41 R*=0.97; df=1,2; P=0.0128

L4 25 4.52+0.43 R*=0.70; df=1,2; P=0.1616

L5 13 10.26 = 0.39 R*=0.98; df=1,1; P=0.0588

Pupa 61 11.62 +0.40 R*=0.96; df = 1,2; P=10.0226

L1~L5’ stand for larval instars.

Table 3. Development of different stages of Spodoptera exiguaat 15C

Development1 N Developmental rate (%) Developmental period (days)

Egg — LI 97 58.7+7.6 8.0+ 1.0

L1—L2 90 47.7+7.7 8.5+24
L2—>L3 43 41.8+8.6 46+2.1
L3—>L4 18 61.1+1.1 40+1.7
L4 —L5 11 545+£54 51+1.2
L5 — Pupa 11 0 -
Pupa — Adult 20 55.0+0.0 21.7+1.7
'/L1~L5' stands for each larval instar.
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Fig. 1. Development of each larval instar (L1~L5) of Spodoptera
exigua at different temperatures. Each temperature treatment
was replicated three times.
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Fig. 2. Effect of developmental ages on expression of 10 genes classified into metabolism-associated genes (CO-I, PTN, and CS), nerve
system-associated genes (Ace and OR), immune-associated genes (Cec, PGRP, and PO), and stress-associated genes (Hsp70and CYP).
Transcript quantity was estimated by relative amounts after normalization with the amount of a constitutively expressed gene, [3-actin.
‘L3~L5' represents each larval instar. Each treatment was replicated three times. Different letters above standard deviation bars indicate
significant difference among means at Type | error = 0.05 (LSD test).
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Fig. 3. Effect of rearing temperatures (15, 20, and 257C) in fifth instar Spodoptera exigua on expression of 10 genes classified into
metabolism-associated genes (CO-I, PTN, and CS), nerve system-associated genes (Ace and OR), immune-associated genes (Cec, PGRP, and
PO), and stress-associated genes (Hsp70 and CYP). Transcript quantity was estimated by relative amounts after normalization with the
amount of a constitutively expressed gene, 3-actin. The quantitative analyses were performed at two exposure periods at (A) 1 day after
treatment (1 DAT) and (B) 3 days after treatment (3 DAT). Each treatment was replicated three times. Different letters above standard
deviation bars indicate significant difference among means at Type | error = 0.05 (LSD test).
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Fig. 5. Effect of a physiological threshold temperature (15°C) in fifth instar Spodoptera exigua on expression of 10 genes classified into
metabolism-associated genes (CO-I, PTN, and CS), nerve system-associated genes (Ace and OR), immune-associated genes (Cec, PGRP, and
PO), and stress-associated genes (Hsp70 and CYP). Transcript quantity was estimated by a relative amount after normalization with the
amount of a constitutively expressed gene, 3-actin. Each treatment was replicated three times. The expression patterns at 15C (A) were
compared with those at 20°C (B). Pvalues indicate Type | errors of significant difference among means.
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