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Genetic Variation of Larval Stripe Patterns of
Spodoptera exigua (Hiibner)

HETR
Yonggyun Kim

Abstract - Larval morphological characters such as body color and stripe pattern were analyzed to get
morphological genetic markers of beet armyworm, Spodoptera exigua (Hiibner). Body color was varied
from light green to dark brown with diets. Stripe characters were classified by the presence of dorsal and
lateral lines: three stripes with both lines, one stripe with dorsal line only, and zero stripe. Proportions of
each stripe character increased with successive selections for its own character. Three stripe was
dominant to one stripe when they were crossed. The estimated heritability in narrow sense (h?) of the
stripe pattern was 0.50+0.42. About two fold more females than males were produced in zero stripe line.
Stripe pattern was not significantly changed by different diets except in welsh onion which had lower
proportion of three stripe individuals than that of the expected. Larval stripe pattern was also correlated
with larval and pupal developmental rates and cold hardiness but not with insecticide susceptibility.

Key Words - Spodoptera exigua, Genetic variation, Body color, Stripe pattern, Heritability

£ - shih) (Spodoptera exigua (Hiibner)) $-%2] ell® A RS F9817] s &
At Exy wold] Hdtel EA3Gt £33 AL o] TR wet Gl /5 2
= A 249 E=Ae) wet 3259 FA A2 UYH Ao 3%“:’«1 A 2 me2a),
225 A REEA), 02 (A 7 é/‘d BEE o). o]5 Aol §HA oo %I—L—Xl% ZA}3}
8 323 1E3des Aot A3 zh A4k 3dalo] w)go ——7}3‘1‘:} 3 l%d‘%—%
J el slgE o 3ZF Ao $AL BYrh 25 A oA 3ele §HY ) 050+
22 AZFHYT. 02ADANE BAF7F 224 vl oF 20 wekch BAH 2eE 2AS
7] A8 Y AE 32F HololA AFEHL o AdFARSY AAZ 7] AdgedE §32E
FHol= M E Ao): %i‘li gt gtz AFEE Al E 3E0A L vl Eo] ol ol
BAoh olF #29 2RHE §353 £9 w9 YA s ABAL By o}t A 7
FA 2= F3Ee Vel o

HAO| - shuhpay, gadulo], A, 27, $41Y

fo I-)||
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Hol: #4714 R BAY 29 Jasgal 12
M = = wl$ B3y o183 A Eo)o) (Hartl and Clark,

1989). o]2jgt 2|¥ e 3 A Eo] Drosophila robusta

e Zda] B =7), A4 2 28 = Rl (Stalker and Carson, 1947), Pemphigus populi-tranversus
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(Sokal ef al., 1971), Culicoides spp. (Aichley, 1971),
Musca domestica (Bryant, 1977; Bryant and Turner, 1978;
Black and Krafsur, 1986) zo 220 Aotz $4 W
A2 (Holx Ux) £M6 o] &FH gtk v
H|E §3 il o]4EE J-ae A, e
o, B2 4 g X7 Fo| 9l (Peterson, 1977).
Spodoptera &) A} Levy$} Habeck (1976)2 532 A
AF wbys 27 S FoT% $EF ¥HEA
o) &3}, Ipehul (Spodoptera exigua (Hiibner))2 W}
vinks), sl Ruhateldlel &3 22 Spodoptera
ol A AAHo=2 34Fo] A gl (Poole,
1989; Holloway, 1989; Lalanne-Cassou et al., 1994) $-=]
el Al shabubabe)el A uhn) (S, depravata
(Butter)), Zrul} A Ml w38} (S. litura (Fabricius)), FHlul A
Zrdubi)nl (S, pecten Guenée) 5 4Fo] R FHH
(ESK and KSAE, 1994). spihvpale o gl oldd &
23 Exsid 71FhHert wl - € 3oz 71Ee
Azl s g, e P AREbg 7l 2
3 A3tido] wE el wel whAle] £ oS Fu
9l=} (Meinke and Ware, 1978; Chaufaux and Ferron,
1986; Brewer et al., 1990). 22t} kA #3aHAde] A=

AH9A, A)7|H o2 thefg Bed £9(Kim et al,
1997) = el A o] djEe] YFT)zte] i B
7% v} ¢Jov}(Kim and Kim, 1997) o] A =xe] 1
7} FellA dEdle] wid o)Fd & A EA)
e A= A QA @k o) E A wEe) #dk
AF¥HE A7 Y bl 34 A=
Eo] ZAFH o of el B Aol shihpike] A=

-
L -

2 Mol BAE AT $AAES 3] 9 439 9
¥ e de A
Az 9 gy
1. NE 25

B Ao olgd dyhpil Hoh 19959 9UTol
A 109z QHEAl 3% ThalA AAT Aoe=
Gho (1993)9] HM]E& o]-g3le] QFAERZ AdelA)
o Abgaigdnh AFE2R S 2% 25+1°C, $F7] 16
:8h(L:D)olgdom AZdAl:= 10% Adetgdo] Areh
2ol FFHAH-

2. FEMEEM

ZRH9 AS widz 249 o get 2 3FF
2 FEHAS Fig. 1. ol 27+ L 4% F
o) Yeh} seidse} 34 Egsizc Lens &%
o Aol #AL 53 x| it 74 7 A
Aete e dolvbes H3% F-F (genetic
drift) (Wright, 1938)& Z¢]7] 93 =) A= 7z 323
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Fig. 1. Three different patterns of body stripes of the fifth
instar larvae of S. exigua.
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Table 1. Larval stripe pattern of different breeding lines of
S. exigua

Breeding lines! o p rg;fonion (@ -

(+%%x87%) 3stripe  1stripe O stripe
3x3 310 74.5 17.7 7.7
1x1 141 8.5 80.1 11.4
0x3 61 47.5 37.7 14.8

1°3x3" and "I x 1" denote the inbred lines of the three and the
one stripe populations, respectively. '0x 3’ denotes the cross
between the zero stripe female and the three stripe male.

6. at&x WESHEY

% EFH ASA el AL $A3
71 s M /9 AEA] A (chlorpyrifos-methyl,
methomyl) & £4 2| F== ofH Bl EMHT F 59F
o] FFol| R IAF A5 HAL 2] 4847
F 5%%F2] e, vk ui s A & A i gow
el Aol slod Aoz I WAL
oFek (50% lethal dose: LDso)2- Finney (1971)9] probit
Byl o)) personal computerS- o] £-8hed A&}
o},

7. EAlEA

SAS2] PROC GLM (SAS Institute, 1989)& o]-&-5}od
HEzlaw @ FARRAE shgioh wl=EA e PROC
FREQE& of&3}gdvt 2x29] wl=&A-2 Fienberg
(1977)9] whell wel B X2 HAFS o] 43}
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E7HE 24 35/ FEHALY Fg D) ol8E &
T AL 48] 0) Fo) el 58 du)s) §A) B}
-} o] 2o dejstA =R WA (¥, dorsal
line), &A1 (A4, lateral lines) (Peterson, 1977)¢]t}. wj Al
3 ZAe) B WHEHE FHN 3E2 Hejmz A
A 325 (3stripe) 2 ®7)5g o wiAdgl By
A% 1EFH A stripe) , ¥ & 2571 ¢& AS 0&
2.4 (0 stripe)’ & %7]3k4 o}

2 2t FRHYFS MY MUEY [ RHY
JHT FFY PPl FAYAYL FaA7
A8l 12759} 3E 7= W AY Aasiac
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(Fig. 2). 0854 7MAE wiees A AltEs AA
AASE AR 2T 1575 ARl A Azt
AP g w2} 27 Filol WG (X =78.24,
df =6, P=0.001). 0|23+ z}ol= A 1Al9) BE] 04
Aol vl 1EFH BlEe] Fopdoz vehdw(X2=
13.50, df=2, P=0.001). = 1A o] & 34 7A = A
&3 A Ao adtE Bel FUU(X2=26.73,df=4, P
=0.001).

325 Ao e 22 Adads B F9)
o} (X2=90.25, df =4, P=0.001). A% 3, 4 el = 2
apolS Holx) hgron}(X2=5.97, df=2, P=0.051) A
AHez & 0 {39 275 AY A9t 3893
of whel Al Fe] AN Eo] oA A& & S

100 1

Selection for 1 stripe = © generation

}st generation
80 A < EEE 2nd generation
3rd generation

)
o
e
o
i)
=
o
g
100 - . .
5—_ Selection for 3 stripe = 0 generation
3rd generation
80 ? e 4th generation

3 stripe

1 stripe 0 stripe

Fig. 2. Selection effect of the larval body stripe patterns in
S. exigua. Numbers in parentheses are the numbers of
evaluated individuals in each generation.
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ol gt

38 2757 Al A 4 7 3
ARG A5 meidh & vl wiAde] 25
Feu) &M el (Fig. 3). 7IH3l 5o 4 2%
HE 24 A T FAADE ME 23 oo
Arolgted ot (X2 = 18.87, df =2, P=0.001). o] ¥ Act&
HeE FEiste] wujAlA d& F A de] =
AR 2 4l HADZbelE Z 2] E BTG (X=
70.57,df=6, P=0.001). & iAo x Az $= 2=
oFAFell A akeh(X2=12.02, df =2, P=0.002). oj>= i
Aol EA] 1&27Y SAADTAx HIHAE & Zol &
2ot 28y 327 FAGE v 1E32Y Ad
o] AF 327 Ao £Ao] mAH HF(Ax3)
F MZ T T FlA FHAT(X2=8.94, df=2,
P=0.011) 3255 Ao A7H 1275 At $7]
of Wil H(GX NI ME FF 53 FlA
z}o) 7} ¢laieh (X2=0.19, df =2, P=0.911).

3 MuEctel M5 mufol otE FFH ol
gl
13

_

4. 7|13l W RS EFH Ho|
FAdA 2N §F R FA ] ] I3
oJrAx Hbk=x] BAS7] 93 FY FFH 9L
Nz G oz A% F E27HE ¥asigoh 3
7} o Aol A o] A2 E uhEsln} (Fig. 4). 3%
T (F7h 125 (7)) Il A (X2 =3.85, df =4,

B,

100 - [ 3 stripe

1 stripe
. B O stripe
80 -
&
ot 60 -
2
=
a
o 40
L
a.
20 4
0 %

1x3 1x1
Mating structure (female x male)

Fig. 3. Inbred and reciprocal crosses between three and one
stripe populations in S. exigua. 3% 3" and ‘1x 1" denote
the inbred lines of the three and the one stripe populations,
respectively. "3 x 1" denotes the cross between the three
stripe female and the one stripe male. ‘1 X3" denotes the
cross between the one stripe female and the three stripe
female. Number in parenthesis above each bar is the num-
ber of evaluated individuals in each line.

% % 3 A Vol. 37, No.2
P=0.426)3 1&%H FAAD(X2=882,df=4, P=
0.066)ol M= Holo] w}E ZFH ] FAlel] 2}o]ld
A stk 28y 3E2RE AgdedME Holo w
g 255 fAol Aol BT (X2=14.84,df=4, P=
0.005). o] Ho|zt Aol HojA F 23 WHolg o
Ao oFila gl AFzlelE vl HL zpe)E 1}
el o} (2=5.88, df =2, P=0.053).

5. Floh Aalx Hae| duty

Nz e 2AAss welx A AY U
(Table )& ol§3ted 73 2759 43 % 429
=% HZATFig. 5). o1F AVEL #3712 F=
8.88, df =2, 60, P=0.0004)3} &7)7F (F=21.31, df=2,
41, P=0.0001)o) A Nz Dol B3] 32447 e
AFLSS §354 49 FHEwr} w3t

Nz e F7Hd Be drelshe) d#4e 3

of\

80 - 7 3 stripe
70 { 3 x 3 line

60 -
50
40W
30
20 -
10
0,
60

50 -

Proportion (%)

120 +
100l
80 -

1x1line

Diet

Fig. 4. Diet effect on larval stripe pattern in S. exigua: AD
= artificial diet, LT = lettus, and WO = welsh onion. ‘3x3
line' and ‘I x 1 line’ denote the inbred lines of the three
and the one stripe populations, respectively. "3x 1" denot-
es the cross between the three stripe female and the one
stripe male. N = 150~200 per diet.
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Fig. 5. Developmental rates of different larval stripe popu-
lations in S. exigua. '3x3 and ‘I x1' denote the inbred
lines of the three and the one stripe populations, respec-
tively. ‘0x3’ denotes the cross between the zero stripe
female and the three stripe male. Different letters above the
standard deviation bars are significantly different at o =
0.05 (LSD test). N =100 per cross line.

slaal EFH7F o8 g deEEn|s 24
©} (Table 2). &AL Al A xizbel] AJRz]nle] sloir
ol7} Qlglek(X2=10.21, df =2, P=0.006). o8] g A}
2] zo)= 05FH Awte] PFlkls $AoA W)
" Aoz A7ty

2R 9 WA ol31Y] ExolAM AdE WA
o] AAZ Loty yEA o] Mz vE 33He #
3 E9HE AP ol F AT wAY 53 EE&
—8°Col|l A 2417} xZA)F] F Aopde AAut Mwts}
of Zkzh 3, 4Av ] AAghg & Fle|vh o] & 37
FE ~10°Col A AZhEE xE2AZE © BF &4
7ke] F7tell el AEgo] At MAAAES o
Aol wla) %2 AEH-E Boh(Fig. 6A). o]F A
WEtgdel v& 33HE 3 749 H=x 9%
o} (X2=27.12, df =4, P=0.001). o]&] & o] AlA)
o} wjADdA7Ee] Aol AR 3, 4A T el zfo] 7
AL (X2=0.45, df =2, P=0.797). E3] W3FAJe] =7}
ol whet 324A ) W=7} golF o} (Fig. 6B).

59 7Y ue} AFA] AR5 Aol

o

X
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Table 2. Sex ratios of different breeding lines of S. exigua

Breeding lines n Frequencies Sex ratios

(F$¥x8) 22 23 (%D
0x0 46 31 15 2.07 a!
1x1 88 40 48 0.83b
3x3 285 120 165 0.73b

! Different letters followed by sex ratios are significantly differ-
ent at o = 0.05 (X2 test).

100
80
60
40

20

Survival (%)

Time (h) at -10°C

80 -

70 1 — [0 3 stripe
60 A 1 stripe
50 | e O stripe

30

20 4
10 B

Proportion (%)
H
a

S3 S4
Selection generation

Fig 6. Variation in cold tolerance (A) in larval S. exigua
according to their stripe patterns (B). ‘SO0’, ‘S3’, and ‘S4’
stand for the Oth, the 3rd, and the 4th generations selected
under —8°C for 2 h, respectively. Each point of survival
was measured with 30 individuals.

7F =R dolrr] 23] chlorpyrifos-methyl 3}
methomyl®] % ¢fAlE =¥z Mz 92 &7+
sl 533 Fell A3t oh (Table 3). 22| ¥ 5ol
w2 Aas g8 9§30 2o chlorpyri-
fos-methyl (X2=2.91, df=1, P=0.088)3%} methomyl (X2=
0.13, df =1, P=0.912)2] <}a| B} Wjdt spuhiule) 7+
SAdel Balo) gisieh
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Table 3. Insecticide susceptibilities of different stripe popu-
lations in the fifth instar larval S. exigua

Mortality (%)

Insecticide Dose (ug)
3 stripe 1 stripe
chlorpyrifos- 100 10.0 40.0
methyl 200 40.0 50.0
400 45.5 75.0
800 58.3 66.7
1600 60.0 80.0
methomyl 25 333 333
50 57.1 62.5
100 50.0 100.0
200 66.7 83.3
400 923 50.01

.

Skl §39 AAT 27 el A4
o 7 #14 4 "o sl el 95
(Gho, 1993). A e] 7§ Izl 2)&x ZHA}o|x|7t
olo] et zfelsl igich old T WAe) T2 @
Qe Yubdes mF A9 Eo)4 9 B4 2900
ofsl 22 Aol AR (Peterson, 1977) = olo]

Fsle] ol Angde] Aol Fake Fol A3
B39 7)5= 22

%R PP 3G s FF 517
Ry oAe Jeich e 29 e 4 &
= Aol web AR Ageln el Ak
g7} BE 25 At Azml Aol

v RE FAPAdelse YRt es A YL f
A R 7o) g el 23] A)wlirt (Hartl and Clark,
1989). & Ade shihjulel 253 Ao fa%5H
o §o] Mol oF 50%elghT 2HHALh ol 4
A 2L AR ST AU o P2
2942 4 st f95Ee ouRh & nix 50%
o W Wolt W7 W $HA A2 34 = o
| 2epA| 2 a el 7] A3

a]29] 7% spuhube] 48 Spodoprera 42 9%
(dolichos, eridania, exigua, frugiperda, latifascia, orni-
thogalli, praefica, pulchella, sunia)o] ¥3EL3}(Levy
and Habeck, 1976). |5 Z& $-3Ateolls] TR
g eI A2 A FuHe] die] o4 4 ¢
Qi EFEG 71ERF o HE £F AL o
Aoy 29 RN d4Hes veple A
Ao gFolzt & 4 9lch(Peterson, 1977). & o] fF
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FRHE U E 42 dizTolx wolx
A ANF= ge] Aro od Aoz 713
91t} (Nijhout, 1985). dubd o 2 Aol gt HA
S A&+ 33EE melanin, carotenoids, pterines,
tetrapyrroles, flavones %9] 9]t} (Fuzeau-Braesch,
1985). spihinke] 274 FA2 olE MAEY 74 A
A& 183 £ 9 melanin®] A3 H-9 Ao 3
HAE A ez Bogxith £3] o e Ay
A2 tyrosinases® GElA &Ae] & orthodiphenol
7 indole®] 7|A& ol &3l FAlEle] 24 olEjdl
xae) wRe $93 Aol 2le Aew AmId
SAbgt §-A A #@Aro] Lycaena phlaes (Lees, 1968),
Aiolopus sp. (Fuzeau-Braesch and Chapco, 1977)2] Hjj A,
Melanoplus sanguinipes (Chapco, 1980)2] ©l2] =& 9]
Z5-H A el

ojgidt EF+ At A A kg do}
27] 8 5 ADE M2 GE 7FeM AMeE F
I 25 R HeolFFe wel AY Xeols Ko
2l oA w2 A AN 3ZFH sjA
vgo] yolx ZpolE He(th hihnlE FHAA 0] 7]
) -F-oll Hole) w2 F Wold A AF7) ot 2
o} 2 Aol A JeldSoe] 7|5 i HdE &
e AT % Stk TS $AR S, frugi
perdax® JA] TFst 7|F5 lEEte dFos o
ot A3} AL A7 7)|Fe O F FH(F
7} 2] Wo|Fo] Wiy vl gl (Pashley, 1986).

Z539H AN AR|E 2AbEl B A 05F
He A% 22 dHAuE JeRY & 2545 ¥
Al AR AR AgAA Ao el S-S
veldcl dRkR oz u]Ee A9 of 30709 A
E 73 QAT B2 Ao AgMAel Aol
9etx Boslolx g} (Sperling, 1994).

23949 oe AUd A5 dBYE 2AD
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£ A9 Aolrh Agich 2ei 2¥Y WA U3
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$-Azbe]] o3 G E (pleiotropic) At (Hartl and
Clark, 19894 B|EH 7I5A=E A = Yo
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