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Genetic Variation of the Beet Armyworm, Spodoptera exigua
(Hiibner), Populations in Korea Using Polymorphic Allozymes

LMY - AR
Sungyoung Kang and Yonggyun Kim*

Abstract - Genetic variation of the beet armyworm, Spodoptera exigua (Hiibner), was analyzed
by polymorphic allozymes. Field populations were subdivided by different hosts, geographical
locations, and seasons. Estimated average heterozygosity (0.44330.013) indicated high genctic
variation in all field populations of S. exigua. There were significant inbreeding effects deviated
from Hardy-Weinberg equilibrivm in each of subpopulations. These significant nonrandom matings
were caused by within-subpopulations probably due to sampling errors, but not by mating isolation
among subpopulations. Wright’s (Fsy) and Nei’s (D) genetic distances indicated little genetic
differentiation among subpopulations, though some southern local subpopulations (Haenam and
Sachon) were relatively different to northern subpopulations (Andong and Kunwi). Estimated
number of migrants per generation was 5.9 among host subpopulations, 10.6 among geographical
subpopulations, and 31.8 among seasonal subpopulations. These genetic analyses suggest that
Korean S. exigua subpopulations have little genetic differentiation mostly due to their significant
migratory capacity.
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FE B g4 3RS g £ 9o A
AE 7oz IF A Fdeld da) o] 8¢
$fch(Buth, 1984). whiule] oZ9] Spodoptera
exempta (Walker)®= 400km g2 Atz 67 &
a9l M Z2 HolE doH F At A W
A& F7 3 ch(Den Boer, 1978). ¥]58 ZAE9)
u|2d ZBX A 3:e] Heliothis virescens (F) T
A} 7he)) Webgck(Sluss and Graham, 1979). ¥ba
o] Pashley (1986)% 11712 o8 9 & A4S oL
sted Spodoptera frugiperda (JE. Smith)¢] ZH$tE-o]
7)Fe wel H3A- HelE B9YE Y.

speh il (Spodoptera exigua (Hiibner))2 3 gdo}A]
ol7} AAAz MAMe=z d=] dulA gl MF
9] shtza goliglE Aozt e Akl A
FE otddi x| ulel] AX B H3A 25T (CAB,
1972), AA# eo]gA #HF oz Lol 2d9A
WA= wrAlgke) Zr)sln 9)e)l(Mikkola, 1970).
oA E 1990 o] F HzEEHe 2T LA
27 FAl|A w7t A3l oiel shihuke] 4
AaFo] ZoyslE AdkE Holoern =3t fAF
gRA e 2 22 gkl (Gho, 1993). o] &
uie}l Frlehe spihdube] Haef A2 FHT A
Ao el w2 AL 717 SHF =
4Z A Sddl 71dEe Aoz FAE
gheloo] aflFofl st gk d-ellA] AW EH
Ak, WAl 57, W5 28D T4 5 WI 7
2 B83tT 9es wET, AR 37 (o}
ARz o] Hel A Aale] kA 0g o]F o7l 4
A 71Fs} 2= FHLEE 27)6M W 4%
7FeAl& A A (Kim and Kim, 1997; Song er al.,
1997; Kim and Song, 2000). &3} o] #H&E=2 7)E2]
AEA 8] A=A, A W AskeE Aea
7\2-g dEAAH WAl Z o8- Fa glen
obA] Mg Azt A HH, A7 er kg
el o (Kim e al., 1997; Kim et al., 1998a).

olgj¥t 71&e] whihplel] gk AF = oL
Ze g A 7S 2y degld 1)aihd 271
s shhbuel 39 wAe YEshe A
Z7h <4 F1Q5E7 2) A s o
A e el &AYZE wa| e 3] 7)<l
=71 3) Sl shahopel Alshe eing gt A4t
A23E o7 sl 4) 9% il T
JFARE AU 5) G pihpe A7
7+ AR AW

40(3), September 2001
ol el S shiby Azl WEAEe BAs)
7] 98 shhdwke] 5% &5 98 83 (Kim,

1998), n|=£ =2l e} DNA (Kim et al., 1998b) ¥ %
$) &4 (Kim and Kim, 1998) #| elalEe] sit=qd
o2 AT oy AR F Tt a3
A 23 AFHAE 2 de FHEL Y
e olgstlor], ol & A 1070e] FHaLT
Aibste] A)7]14, 294 9 7)Fe uhel dhepgk o)
el fA 23 A= 2MEn.

ME 2 Y

AEEE

EE FHE4 842 dhand g ol
o] (Kang and Kim, 1998)8 Zo]7] 3
o) Azg olgskq). 7% L AR P A
o AHSE Y AL Table 16 7o) AN s
viaRE AgAA dFALE(Gho, 1993)8 Hol=
25 25+1°C, F57] 16:8h (L: D), A &= 60+
10%N A AAZF74A AFEE & ~70°Cef] Y% B3}
st} gl o4t A7)} ohe A §
FAL 1998 649 214,79 229,8% 244,99
18de]] ghg-A] FAbH "] IpgelA ARt ot
e olgaigE. 13 AL 2HAG 3
A A\ZAA ARG b ol shgon A

A2 T BAE 4%, 2 A= AL A B
Ao s, Az 8 Aoz bR Ao
SHELEY
7 71 F A delA AR el e

Table 1. Sampling logs of the field Spodoptera exigua for
allozyme genetic analysis

Collection date
Aug 11.1997

Collection sites Host plants!

Andong, Kyungsangbuk-do welsh onion

Gunwi, Kyungsangbuk-do purslane July 26. 1997
Gunwi, Kyungsangbuk-do red pepper Tuly 26. 1997
Gunwi, Kyungsangbuk-do soybean July 26. 1997

welsh onion Ang 1.1997
purslane Aug 2.1997

Chungdo, Kyungsangbuk-do
Sachon, Kyungsangnam-do

Yeochon, Chullanam-do welsh onion  Aung 2.1997
Yeochon, Chullanam-do red pepper Aug 2.1997
Yeochon, Chullanam-do welsh onion Aug 2.1997
Posung, Chullanam-do purslane Aug 3.1997
Posung, Chullanam-do welsh onion Aug 3.1997
Haenam, Chullanam-do soybean Aug 3.1997
Haenam, Chullanam-do welsh onion Aug 4.1997
Chindo, Chullanam-do welsh onion Aug 4.1997
Chindo, Chullanam-do welshonion  Aug 4.1997

' Welsh onion (Allitm fistulosim L.), purslane (Pormlaca oleracea L),
red pepper (Capsium annuum L), and soybean (Glycine max Merr.)
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AAE = 30ule FEgdE49(40% sucrose, 0.1%
bromophenol blae, 0.04% basic fuchsin, 1.54% dithio-
threitol, 0.372% EDTA, 0.125 mH Tris-HCI, pH 8.3) .
2 child g $23 &, 14000 pme A 57 22
g ATaE FHES BME ARE ojgdH. A
7193 %2 0.05 M Tris-glycine buffer (pH 8.3) system
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(175x 16 cm: 7}2 X A =2)E o]8sled 300V Aot
24 Al FAde) WA o 5E W7
wig 2ol ARG AT F 4 2Hm
49 G fAREY 5L Blackzt Krafsur
(1985)¢} Hillis$} Moritz (1990) & o]-&3o-

Data £

FHA cieky
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e A 9=, N: A $E F4 =9 2 (Nei, 1978),
AN FE A RAHA 4 Ne=1/Zpi? (Crow
and Kimura, 1970)2.2 AlZ=¢lc), 24 was} F
- (1-HJH)2Z #3995 FRtel B4 w942
7l ARG W=HISE B AFAYA U=
(H.)E olf3te] X2 A X2=NF(k-1)l &34
BAE ok W H-8-AAb<) (Li and Horvitz, 1953).
X 2x¢) #HE7L PE SAS program (SAS Institute,
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Table 2. Allozymes used for genetic analysis for field Spodoptera
exigua populations varied by different locations, hosts and sea-
sons and their polymorphism

Polymorphism (P)
or monomorphism

Enzymes Egé}éme Locus Subunit (M) according o
subpopulations
Location Host Season
Acid 137 Acpl  monomer P P P
phosphatase ~ 7" Ac¢p2 monomer P M P
. DiaJ monomer P P M
2.2
Diaphorase 1622 Dig2 monomer P P P
Esterase 3.11.1 Est dimer P P P
Glucose-6-
phosphate 1.1.149 G6pdh monomer M M M
dehydrogenase
: Hex]l monomer M M M
Hexokinase  2.7.1.1 Hex? monomer M M M
Phosphogluco-
isomerase 5139 Pgi monomer P P P
Phosphogluco- , - 5 | Pgm monomer P P P
mutase
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AAEglem Esrito] e]gAoln WwAE BIF
whaks) o] §3h(Table 2).
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Table 3. Allele frequencies of six polymorphic loci in three
host! subpopulations of Spodoptera exigua

Allele frequencies

Locus Allele? Rm?
Purslane Red pepper Soybean

7y (23) (25)

. a 0.144 0315 0.196 0.160
P b 0.158 0.648 0.609 0.460

¢ 0.171 0.037 0.196 0.380

(28) (28) (28)

Dial a 0.064 0.143 0.000 0.000
b 0.068 0.857 0.964 1.000

c 0.071 0.000 0.036 0.000

(26) (26) (28)

DPiad a 0.086 0.058 0.038 0.000
b 0.089 0.750 0.577 0.821

c 0.093 0.192 0382 0.179

(28) (26) (26)

a 0.126 0.054 0019 0.077

Eot b 0.135 0214 0.365 0.038
' c 0.144 0.143 0077 0.192
d 0.154 0.464 0.538 0.423

e 0.163 0.125 0.000 0.269

(28) (28) (28)

Pai a 0.110 4.107 0.058 0.268
b 0.124 0.821 0.904 0.607

c 0.138 0071 0.038 0.125

(28) (26) (28)

a 0237 0.000 0.000 0.036

Pgm b 0.259 0.375 0.654 0.571
¢ 0273 0.625 0346 0.393

d 0.295 0.000 0.000 0.000

(Table 3). 7t 71%e) whe Ykl A 2 a2l
A Fo WNIAFAHAE Estd, Acpl?, PGIY, Dial?,
Dia2? o), Pem&] 79~ &|8|S-(Poriulaca oleracea
Lyel A & Y52 R7 Pgmee| X"t 15=(Cap-
sium annuum L)} Z(Glycine max Merr.)o| A&
Pemi7k %2 Bl 4AR2 Yehge

O HAYAF Wl HellM 7|5 AE-S HlwEhe]
& A, A AR AA MR FARE =S Hae
v AA $AE9E FFE o|YHALA wl=T) 4
¥ & ATH(H,=02935, H,=04414)3} 33 A< (H,
=0.2607, H,=0.3937)9 w|ag] F H<HH,=0.3416,
H,=04557)°] 713 &4} o|=8h $43] zjo|&
Akt waf ooz FA47] 8 HA o]& A
9ol % golasol e 7 wilase dohn
tH(Table 4). Ests} Pgm AN E ALsty #2
g o1y AYEA Wizt A wis dAEHA @
of Al TAm EHE F= vga) 84

Table 5. Summary of F-statistic for six polymorphic loci in
different host subpopulations of Spodoptera exigua. Relation
among Fsis that (1-Fm)=(1 ‘FST) (1 —Fis)

Locus Fis Fsr Fir

Acpl 0.3242 0.0310 0.3451
Dial 1.0000 0.0582 1.0000
Dia? 0.9690 0.0335 0.9700
Est 0.0360 0.0013 0.0375
Pgi 0.1680 0.0510 0.2104
Pem 0.0308 0.0676 0.0963
Mean 04214 0.0404 0.4432

Table 6. Matrix of genetic distance coefficients obtained from six
polymorphic loci for different host' subpopulations of Spodoptera
exigua. Genetic distance (D) below diagonal and identity (1)
above diagonal were calculated by the method of Nei (1972)

! Purslane (Poriulaca oleracea 1..). red pepper (Capsium anmuum L), and
soybean (Glycine max Merr.)

*Alleles are numbercd in an alphabetical order with their migration
distance away from the origin.

FRm represents relarive mobility measured by the distance of an allele
divided by the distance of tracking dye from anode.

4 Number in parenthesis indicates the number of genomes analyzed.

Purslane Red pepper Soybean
Purslane - 0.9769 0.9696
Red pepper 0.0234 - 0.9658
Soybean 0.0309 0.0348 -

! Purslane (Portulaca oleracea L.), red pepper (Capsium annuum L.), and
soybean (Glycine max Merr.)

Table 4. Average observed (H,) and expected (H,) heterozygosities, inbreeding coefficients (F), and effective number of alleles (N.) for
six polymorphic loci of three host subpopulations of Spodoptera exigua

Tocus No.Genome  No. Allele N, H, H, F X df Pt
Acpl 75 3 2.38 0.373 0.584 03606 19.50 3 0.0002
Dial 84 3 1.13 0.000 0.114 1.0000 168.00 3 0.0000
Dia2 80 2 1.72 0.006 0422 0.9851 155.27 3 0.0000
Est 30 5 3.26 0.650 0.698 0.0682 1.49 10 0.9990
Pgi 82 3 1.59 0.268 0.375 (0.2843 13.26 3 0.0041
Pgm 82 4 2.04 0463 0512 0.0956 2.25 6 0.8950
Mean 1.20 0.294 0.451 0.4656

sD 0.73 0.258 0.201] 0.4229

2 Chi-square test of Li and Horvitz (1953)
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7t EE we Fish & ARANAS o) F4Nm)t 59ete Aok Nei

AT k] 9Ae B slal FEARel (19722 $4 A D)= JFe B e 43
AR AR Table 5). A 228) FATN THEDE A Holh obF Dég bR AHTable 6)
A W] ol (Rl ek vebske s, Rz

el P2 (Fsp) €9 alish 2A 2= diss X ool o} F MOl

el Wrighte] ®wbg-& ol88le] 8 AAL FAT A7IAM M2 G2 A ARE3 4

Table 7. Allele frequencies of seven polymorphic loci in eight local subpopulations of Spodoprera exigua

Allele frequencies

Locus Allele! Rm? - - -
Andong Gunwi  Chungdo  Sachom  Yeochon  Posung Haenam Chindo

(48)° (73) (28) (28) (60) (47) (48) (43)
Acpl a 0.144 0.198 0.267 0.232 0.304 0.308 0.340 0.365 0.349
xd b 0.158 0.594 0.573 0.607 0.500 0.483 0.500 0.542 0.535
c 0.171 0.208 0.200 0.161 0.196 0.208 0.160 0.094 0.116

(31) (84) (28) (28) (40) (43) (30) (43)
Acp? a 0.073 0.000 0.000 0.000 0.000 0.063 0.011 0.000 0.000
P b 0.093 0.980 0.982 1.000 0500 0.750 0.944 0.867 0.889

c 0.113 0.020 0018 0.000 0.500 0.188 0.044 0.133 0.111

(50) (84) (28) (28) (63) (56) (54) (45)
Dial a 0.064 0.100 0.048 0.036 0071 0.127 0.071 0.074 0022
b 0.068 0.860 0941 0.964 0.893 0.825 0.893 0.870 0933
C 0.071 0.040 0.012 0.000 0.036 0.048 0.036 0.056 0.044

(50) (80) (28) (28) (62) (55) (54) (41)
Dia? a 0.086 0.100 0.031 0.143 0054 0.065 0.035 0.074 0.110
b 0.089 0.730 0.719 0.750 0.750 0.677 0.655 0.655 0.610

c 0.093 0.170 0.250 0.107 0.196 0.258 0.291 0291 0.281

(50 (80) @n (28) (63) (33) (49) (43)

a 0.126 0.130 0.050 0.074 0.036 0.032 0.027 0.010 0.011
Fst b 0.135 0.230 0.206 0.130 0.268 0.206 0.191 0.357 0.200
c 0.144 0.150 0.138 0037 0.286 0214 0.200 0.153 0.289
d 0.154 0.420 0475 0.704 0.339 0452 0418 0.378 0.389

e 0.163 0.070 0.131 0.056 0.071 0.095 0.164 0.102 0.111

(30) (82) (28) (26) (63) (33) (54) (45)
Pai a 0.110 0.060 0.146 0.036 0.077 0.143 0.136 0.065 0.056
£ b 0.124 0.710 0.774 0.964 0.827 0.746 0.809 0.741 0.900
¢ 0.138 0.230 0.079 0.000 0.096 0.111 0055 0.194 0.044

(50) (82) (28 (28) (63) (33) (54) (45)
a 0.237 0.030 0.012 0.000 0.054 0.048 0.027 0019 0.022
Pgm b 0.259 0.610 0.531 0.304 0.321 0540 0.355 0.704 0.456
c 0273 0.360 0457 0.696 0.625 0413 0.591 0.287 0522
d 0.295 0.000 0.000 0.000 0.000 0.000 0.027 0.009 0.000

! Alleles are numbered in an alphabetical order with their migration distance away from the origin.
2Rm represents relative mobility measured by the distance of an allcledivided by the distance of tracking dye from anode.
3Number in parenthesis indicates the number of genomes analyzed.

Table 8. Average observed (H,) and expected (H.) heterozygosities, inbreeding coefficients (F), and effective number of alleles (N.) for
seven polymorphic loci of eight local subpopulations of Spodoptera exigua

Locus No. genome No. allele N. H, H. F X2 df pr
Acpl 377 3 2.50 0.387 0.601 0.3557 95.40 3 0.0000
Acp2 324 3 1.16 0.053 0.141 0.6282 255.72 3 0.0000
Dial 408 3 1.24 0.000 0.194 1.0000 816.00 3 0.0000
Dia2 398 3 1.89 0.038 0473 0.9202 674.03 3 0.0000
Est 397 5 343 0.673 0.710 0.0521 431 10 0.9323
Pgi 403 3 1.54 0.246 0.350 0.2983 7196 3 0.0000
Pgm 405 4 212 0.462 0.530 0.1284 20.03 6 0.0027
Mean 1.98 0.265 0.428 0.4833

SD 0.80 0.254 0.210 0.3744

2 Chi~square test of Li and Horvitz (1953)
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A Wel7t EAFAH(Table 7). BE bl M 7
Gl Fo HY-GAR = Esr, Acpl?, Acp2b,
PGP, Dial®, Dia2b2 yebrort, Peme] 7%, Qb5
=9, A, s F2 AR Pgmbolt A
=, AL A, Al me) F AR RAAE P 2}
o1& ViEret.

NRATA WA A4S YRS 0w B
q, A AN M2 fAR A= Bgle
A $AANT ATE IFHYA UETH(He
A A= AGe] 001952 Retor}, AL 3
F olWARA WS 03642 AP ¥ Wole
e elEiR 50 Aol Al me by
oz BA37] A& ®A olF Y] 4 FHEA
of W2 EA e &3= dolwglti(Table 8). Est
E Alelsty FaAE o ¥AHYA wlEs)l A
Hsl ol Sl oGP A W= Azl e}
e, ol 2322 me| Felol B[HH FA

S

218
F-ZA %] 2R % %iv}(Table 9). o H-32-2] 5 mw)
EH(Fr)ye A 914 3l (Fr)ell whe} vebyd
on, Akt el FAFS(For) 49 asiet =2A o)
27 g&S vepdu Wright] shg& o] 431
g MALE T AWML o]F4(Nem)= 10.69)
2lodet. Nei (1972)8] $-2A (D)= Ao wp&
SATED 44 Aols} obF FeE Ushigie
(Table 10).

Table 9. Summary of F-statistic for seven polymorphic loci in
different local subpopulations of Spodoptera exigua. Relation
among Fs is that (1 —Fp) = (1~ Fsp) (1 —Fs)

Locus F[s FST F]T

Acpl 0.45806 —0.0146 0.4426
Acp2 0.3384 —0.0641 0.2960
Dial 1.0000 0.0095 1.0000
Dia2 0.9139 0.0106 0.9148
Est 0.0199 0.0167 0.0363
Pgi 0.2801 0.0318 0.3030
Pgm 0.1558 0.1717 0.3008
Mean 04512 0.0231 0.3582

40(3), September 2001

AlZ[of mtE T Ho|

$A3 AF9) AQelN Az B A9 27
e #AA "Helrl BAMEE(Table 11). &
ATEAA 2+ FHFAHNA T2 HHFAAE=
Acpl?, Acp2?b, Pgi®, Dig2"= vlepgdrt. 78w} Este)
735 69,74, 99 ARY ALY Fe o
HAAAR Estigdont, 8o AT LA gEA
L Esec® Eton, Peme) 7% 79,9 A4
A AAREY 22 AYRHAE Pomteltt, 64, 8

Table 11. Allele frequencies of six polymorphic loci in four
seasonal subpopulations of Spodoptera exigua

Allele frequencics

Locus Allele! Rm?
June Tuly August September
(13> (28) (28) (28)
Acnl a 0.144 0000 0.000 0000 0.000
r b 0.158 0923 0911 0911 1000
c 0.171 0077 0089 0089  0.000
(13) (28) (28) (28)
Aco2 a 0073 0077 0.196 0.125 0089
P b 0093 0577 0.518 0500 0.607
c 0.113 0346 028 0375 0304
(12) (27) (27} (28)
Dia2 a 008 0000 0074 0074 0179
b 0089 0833 0778 0778 0.821
¢ 0093  0.167 0.148 0.148  0.000
(13) (28 (28 (28)
a 0.126 0000 0071 0018 0018
E b 0.135  0.154 0.179 0089 0071
st c 0.144 0269 0250 0411 0232
d 0.154 0385 0464 0339 0518
e 0163 0.192 0036 0.143  0.1601
(13) (28) (28) (28)
Poi a 0.110 0077 0071 0.179 0161
&t b 0124 0731 0893 0732  0.69
¢ 038 0231 003 008  0.143
(13) (27) (28) (28)
a 0237 0.015 0019 0071 0071
Pgm b 0259 0269 0648 0339  0.500
c 0273 0615 0333 058  0.357
d 0.295 0.000 0000 0000 0.071

!'Alleles are numbered in an alphabetical order with their migration
distance away from the origin.

2Rm represents relative mobility measured by the distance of an allele
divided by the distance of tracking dyc from anode.

* Number in parcnthesis indicates the number of gencmes analyzed.

Table 10. Matrix of genetic distance cocfficients oblained from seven polymorphic loci for different local subpopulations of Spodoptera
exigua, Genetic distance (D) below diagonal and identity (I} above diagonal were calculated by the method of Nei (1972)

Andong Gunwi Chungdo Sachon Yeochon Posung Haenam Chindo
Andong - 0.9995 0.9739 0.9494 1.0273 0.9828 0.9534 0.9868
Gunwi 0.0005 - 0.9870 0.9625 0.9918 0.9940 0.9852 0.9953
Chungdo 0.0264 0.0131 - 0.9502 09711 0.9849 0.9497 0.9801
Sachon 0.0519 0.0382 0.0510 - 0.9775 0.9673 0.9521 0.9725
Yeochon —0.0269 0.0082 0.0293 00228 - 0.9896 0.9888 09914
Posung 00173 0.0060 0.0152 0.0332 0.0105 - 09773 0.9960
Haenam 0.0477 0.0149 0.0516 0.049]1 0.0013 0.0230 0.9842
Chindo 00133 (4.0047 0.0201 0.0279 0.0086 0.0040 0.0163 -
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Table 12. Average observed (H,) and expected (H,) heterozygositics, inbreeding coefficients (F), and effective number of alleles (V)
for six polymorphic loci of four seasonal subpopulations of Spodoptera exigua

Locus No. Genome No. Allele N. H, H, F X2 dt P
Acpl 97 3 1.13 0.062 0.117 0.4696 42.78 3 0.0000
Acp2 97 3 2.38 0.392 0.582 0.3273 20.78 3 0.0001
Dia2 94 3 1.52 0.000 0.345 1.0000 188.00 3 0.0000
Est 97 5 329 0.629 0.700 0.1009 3.9502 10 0.9496
Pgi 97 3 162 0.207 0.385 0.4643 41.82 3 0.0000
Pgm 96 4 2.36 0.469 0.579 0.1903 10.43 6 0.1077
Mean 2.05 0.293 0451 0.4254

SD 0.78 0.245 0.211 03174

#Chi-square test of Li and Horvitz (1953)

Table 13. Summary of F-gtatistic for six polymorphic loci in
different seasonal subpopulations of Spodoptera exigua. Relation
among Fs is that (1 —Fr) = (1 —Fsr) (1 —F)

= ¢t (Table 13). 522 FAmd &ESHFIT)E
Ay w] 9ol @l (FIS)el wheh heskem, A3l
] FHEESD delmi A deA S

Locus Fis Fsr Fir
. - . SN 1
Acpl 0.5526 ~0.0017 05518 HEhE. Wrighte] W& olgstel & AT
Acp? 0.3471 —0.0139 0.3380 A zE o] F<(Nm)= 31.8vte]gt) Ne1 (1972) ]
Dia2 1.0000 0.0042 1.0000 - = Y
Est 0.1049 —~0.0008 0.1043 AR D) A1l B2 AR AR 2pe]
Pgi 04531 0.0108 0.459] ol hE-& vlElY g
Pgm 0.1491 0.0483 0.1902 o8] ] L o] 3] =] 5F
Mean 04345 0.0078 0.4406 R LESC RIS el wE
£ gAom B snbee) A A7 WAY
A W E(H)E AFEE As) 0443400138 =2
Table 14. Matrix of genelic distance coefficients obtained from A Wol-&g eyt
six polymorphic loci for different seasonal subpopulations of - >
Spodoptera exigua. Genetic distance (D) below diagonal and
identity (J) above diagonal were calculated by the method of Nei
(1972) }
o
June July August September
Tune - 0.9652 0.9913 0.9679 e o o - = "
Tuly 0.0354 - 0.9614 0.9747 oty @S vElE fAEAL AdAe] A=
Aungust 0.0087 0.0394 - 0.9696 A AP 3l et EE BAgle alo
September 00326 00256 00309 - o H gl e L1H%° = Bsted el
8% F1Foleh A NATE $17 Fde) =4
Hel, A, o] TE]i Y] fEX Fgol ule
Qo) AR 2ARBANA F AP P AT B3 Hwg 2¥ehA Poh(Hartl and Clark,
2 Vel 1989).

o] FAHLA} ulme| M A]7)E ofe] APFEL H]
dto] B o, 7 AN AME fARE HES
Bolovt AA fAENE HE B o|FHIA
Wl e 649 (H,=02692), 8% (H,=0.2857), 7211 9
A (H,=0267Ne] Hlsf 79 (H, =03362)°] Hte
o, Ha 7| o|FAHEA wlEE 6% (H.=04547),
74 (H,=0.4227), 94 (H. =0.4332)] W]} 8U(H.=
0.4698)e] A3 AN A Ve

A wwl ok EME7] $l8 1A olE A
1o 7 g9 aael] g FA aEde delr
Qe (Table 12). Este} Pgm& A £)stm #2g o8
Al W=st 71 Rl wis] wtel Zeldh o)A
gzt W= A3lFE jelgon, o
A e w7t gle

A @ AL A5 8 F-E

U

-
. =
=1
=

%Eﬂq

AR sty AREE Bz 71 49T
(@618, 2, 23), A9 AHEE, P9, A=, A

<l °4i4 A, A=) H AV ARE6Y, 79,89, 9
)7 42 Aoz 2] 8] 10719 B9k
47} $HHGYT o8 SAELE B 60-70%)
SRUAE ebie] o B F9Esgol A
2] FAH AzaA AHEHAT FAES F21A]
2 ojash Ay RS A7k X} o) 7} v+
Bl TeiAslE Fushs Al $4lo|oh(Black

and Krafsur, 1985; Hillis and Moritz, 1990). o] g}k
94 Feasge] Y 4 AAFAAUEE A
E3lo} o8 ARTHULE Bohed BASE o
oo Yoz FolEal ksl
7} 845 policn wuehel oFe 457} A
A AEE i duEan "é‘%‘%ldr(Powell,
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1971; McDonald and Ayala, 1974).
el A=l & £ gl FF o|FHEAF 9
=(H)E 9utAez 10% AFz oA I}
(Nevo, 1978; Graur, 1985), spihulul ofe] zcte] 7
§ 443%2 -9 T2 FAAH HeAL Bl Fx
Ut olFA 2 FAe ) FAA el F
Aol whE AFTEe] 2ie] 7)AH DAt
AARNG. 7157, A L Aol me} Az oE
AAGEE BF w2 FAa EHE Ho ofF
AEE selA v g miizt S st
ae QR ael BE BADN 2oE Awst
(F-ZA )l 23pa o] dejmm &7} AE A
ol (FspRrhe= &g W (Fr)ollM 71595 2
& %+ AT Y AW OF 278 A4S
el 2 4 BE KL A AT 518
& veplo} QR Farh Fuhp ofsl ATl
AE Ae e P s,

2 pe A ZHe 2AVET 9o

BERREE 7;&”« L e ) Hee el

oA debitied, olx E222 WS4l
T B

AR} A=FD FAAHD)E 23] E 1.1— ‘5}
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AE7L A=A 7444 ¥ o) 7 (Kim et al., 1997) I
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