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Genetic Analysis of Three Overwintering Diamondback Moth,

Plutella xylostella (Linné), Populations in Korea

dg - UEH - HYY
Kim, Yonggyun*, Hyochan Park and Myungseob Chung

Abstract - Four polymorphic allozymes were used for genetic analysis of overwintering
populations of field diamondback moth, Plutella xylostella (Linn€é). Different allele frequencies were
found among three local populations of Andong, Youngchon, and Yangsan in all loci. Two allozyme
loci (acid phosphatase and phosphoglucomutase) showed significant deviation from Hardy-
Weinberg equilibrium in allele frequencies among these populations. Estimated Nei’s genetic
distance varied from 0.0151 between Yangsan and Youngchon to 0.0877 between Andong and
Youngchon. Compared with the previous genetic distances in this moth, a little higher genetic
differentiation among these overwintering populations suggests that there would be a specific
genetic bottleneck in each local population during overwintering period.

Key Words - Diamondback moth, Allozyme, Genetic differentiation, Overwintering, Genetic
bottleneck
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vl F=Z 38} (Plutella xylostella (Linné))-2 @< = |}
A AW ebiA] FEdAsA Bmsh ARt
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1978), 7h8}s) o] =4 (Sun et al., 1978), 3] & 274 (Liu
et al., 1982), TZ A2 A (Pering et al., 1988), H]
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E3) wjFE ke AR o|FA dFe=EA B
A AdellA HAE A AL GE AHe=w
gy 7PAe W =Estar ¢lok(Shelton and Wyman,
1992). J2=fv} o2&t o Ae 2 Fu wlFE
uhe] ofA] ZrpAll x]ode] el AEE #WolE Heq
31 9]v}(Lee et al., 1993; Kim and Chang, 1996). 4]
Ao] w179 seholel AATR wFEE A
7% 3 Skm A= Geolzl ARt = A8 oA
A3A zle]E Bk (Tabashnik et al., 1987). <A
AetAd-e A "Ahe Z (Geourghiou and Saito,
1983) o]& gt Mol FAA WolE 2H|slA Hu.
Yudos 427 Wels) SPed e A F2A
23] e 95 wE 3E wd JHYNE
(random genetic drift), o]F, EdHe] P =] 5
Wz 0 ale| 7]} (Falconer, 1981), o] &
'l..

=

o3
P 23S A L HE adE

r+

\J Rt T
< AEse FLA7ES e woh ue
s A A wEE o FeHe AdD & w'

25z odAls Frd Few 9%¢ s Ao
(Caprio and Tabashnik 1992).

W el e FPedom I YF 7
o) W5 we °l Ay Azel Agolzie B
1zAe A5 $AH WFo= 40 ey

HEa3 ook &, Ade] wel FAHA &L
Ag 87 2AL AEANE ENGE T ol
det 42 7 Ao ATEES A9 494 2
o) vEhiA HE ol A A A7t A A
wolo] dske FAATE PsAe WP,

B TR e N I AR e
SEaz olLdd o|ARem o FRY $249)
(acid phosphatase, esterase-1, glucose-6-phosphate
dehydrogenase, phosphoglucomutase)7} ©}8j o2 X
1EGHKim er al., 1999). 245 oke] F FThe
ok 50km A= "o]x glel.er, Nei (1978), Weirs}
Cockerham (1984)2] 3 "ol 7]x3le] AR &
A= Aele ¢ 2o} (0.0215~0.0550) AT §4
A pRe welx @otch o AP I WM
o Q9 o FHe pAes AXsgot 4
9 W] AT elg AH Eae Rehie
23] olgje Wzt 487 o) Fel® BT of
SN et AEA ARE PelT o€ A
Rehke el

ru1o ot 01r

40(3), September 2001

o} A7 wjFEEbe] olF $HL o A =Y

EYFAE o] &3] BA T

=} |
=

M= o

o

-

[EH2E AE 2 M
LA, ekake] A R E kel A v gt
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I ] oA 72 YA E Ao AR ER =
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19981 49 209, 4Y 249,59 19 AR5 7o)
3 oodAHe 19989 59 29 AAG 7o), oAt
2 19984 49 2593 A A slG}
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o] (Hillis and Moritz, 1990) B] A1 A|7]e] A&
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Fig. 1. A map showing geographical features and distances
among Andong (AD), Youngchon (YC) and Yangsan (YS)
chinese cabbage farms as the sampling sites of Plutella xylo-
stella. Each locality comprised of three subsamplings, each of
which was separated at least by 1km.
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A =70°Cell R3FH .

M7|dE=8M

W ) 2 A28 1.5ml tubeel] @Y S0ul 3=
Z£2-W(40% sucrose, 0.1% bromophenol, 0.04% basic
fuchsin, 1.54% dithiothreitol, 0.372% EDTA, 0.125
mM Tris-HCl, pH 8.3)2 o] &3l E3)9ict. &
H whfAe 527k 94122 (14.500 rpm, 5°C)=H %
o 7193 Fe] Ay E wj7hA] 22 s -70
Col R3S Felem EANIE HE T o)
14,000 rpmel| A 132-7F A EE] Bl AEAE F
E4 ¥H8 Anz olgaanh HANY Awst
7 99 2Ado] 47k 20280k 2 7} 7|9
2 o onfelsh 34l ol-£3%v.

A7) 52 0.05M Tris-glycine buffer (pH 8.3)
system®] 10% H|®A] polyacrylamide A (Davis,
1961)ef| A 300V At A AFE]E bromophenol blue
aalo] vlepa] o5 A7 AWAR.

FAE &4 acid phosphatase (Acph),
esterase-1 (Est-1), glucose-6-phosphate dehydrogenase
(G6pdh) 2 phosphoglucomutase (Pgm)e|m] # 7]e3
25 7 9540 982 Blacky} Krafsur (1985)

¢} Hillis€} Moritz (1990) ¥}-& o]8-3}. A A]
ofF &4V 238E Pgme] 9L agar overlay =
HA Mg 24 5}

rde

FER R EA

FANEHAL Qi 4 AR 4 2139
SN ANE G 7 fAB A BED B
AN H)F RAE AA A5 Bl g AEE

Aot olwl 7+ Atte] Hardy-Weinberg 3 Abe] <)
27¢ ete el JdRE oldy A
EH) = 1-3IPPez A5 h(Nei, 1978). «J7]
A P A A9 FRAYA Aol of
23 ZHA ) shdAd-e AAEY] A6 FA @ A
F=(F)7} 1—(HJ/H) 2 AHE= ) vF(Wright, 1978). o
29 4ol Ared S BHARNE
13Pre 2 A= $)YH(Crow and Kimura, 1970). A
=7t A EE Nei (1978)2] #4171z Aabg
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A= 9o} Estl‘— :ﬂom 47) ol e] EAR H
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Table 1. Enzyme loci used for genetic analysis of Plutella
xylostella infesting chinese cabbages in three different field
localities of Andong, Youngchon, and Yangsan

Polymorphic
No. Subunit e/

Enzymes EC. genomes siructure Monomorphic
(M)
Acid phosphatase .

(Acph) 3132 247 monomer P
Esterase-1 (Est-1) 3111 246 dimer P
Glucose-6-phosphate

dehydrogenase 1.1.1.49 241 dimer P

(G6pdh)

Phosphoglucomutase 2751 244  monomer P

(Pgm)

* Criterion for palymorphism of a locus is a frequency of the most frequent
allele of <X 95%.

Table 2. Allele frequencies for four polymorphic loci of Plutella
xylostella in three different localities

Allele frequencies

Locvs  Alleler RmP
Andong Youngchon Yangsan

1 0.14 0.1437 0.0416 0.0963
Acp 2 0.17 0.5125 04226 04156
3 0.19 0.3437 0.5357 04879
(80)° (84) (83)
1 0.13 0.0361 0.0679 0.0792
2 0.14 0.0602 0.1481 0.0975
3 0.15 0.1265 0.1913 0.1646
Est-1 4 0.16 0.1084 0.1790 0.1280
5 0.17 0.2590 0.1604 0.2439
6 0.18 0.3554 0.1666 0.2378
7 0.20 0.0542 0.0864 0.0487
(83) (81) (82)
1 0.07 0.0961 0.0250 0.0361
Gépdh 2 0.08 0.5769 0.6500 0.6265
3 0.10 0.3269 0.3250 0.3373
(78) (80) (83)
1 0.21 0.2437 0.0370 0.0361
2 0.24 0.2500 0.1851 00361
Pgm 3 0.26 04125  0.7160 0.6626
4 0.27 0.0937 0.0617 0.0000
(80) (81) (83)

2 Alleles are numbered according to their migrating distance away [rom the
origin.

b Rm represents relative mobility measured by the migrating distance of an
allcle divided by the migrating distance of the tracking dye from anode.

¢ The number in the parenthesis indicates the sarnple size analyzed in each
location and allozyme.
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Table 3. Observed (H,) and expected (H.) heterozygosities, effective numbers of alleles (N.), and inbreeding coefficient (F) for four
polymorphic loci of Plutella xylostella in three different localities. Chi-square (X?) test of inbreeding coefficient under a null hypothesis
of Hardy-Weinberg population followed the method of Li and Horvitz (1953)

Locus No. Genome H, H, Ne F T X2 Df
Andong population
Acph 80 04750 0.5983 249 0.2061 6.80 3 0.0786
Est-1 83 0.6144 0.7705 4.37 0.2026 2044 21 0.4936
Gbpdh 78 0.6923 0.5508 223 —0.2569 10.30 3 0.0162
Pgm 80 0.6625 0.6989 332 0.0521 0.65 6 0.9955
Mean 0.6111 0.6546 3.10 0.0510
Youngchon population
Acph 84 0.3095 0.5325 2.14 04188 29.47 3 0.0000
Est-1 81 0.9012 0.8432 6.40 —0.0688 2.30 21 1.0000
G6pdh 80 0.6000 04712 1.89 —-0.2733 11.95 3 0.0076
Pom 81 0.4074 0.4475 1.81 0.0896 1.95 6 0.9242
Mean 0.5545 0.5736 3.06 0.0416
Yangsan population
Acph 83 0.2168 0.5795 2.38 0.6259 65.03 3 0.0000
Est-1 82 0.7926 0.8217 5.63 0.0354 0.62 21 1.0000
Gopdh 83 0.4939 0.4922 1.97 —0.0035 0.00 3 1.0000
Pgm 83 0.3855 0.4687 1.88 0.1775 7.85 6 0.2493
Mean 04722 0.3905 2.97 0.2088
All populations
Acph 247 0.3338 0.5701 2.34 0.4169 85.86 3 0.0000
Est-1 246 0.7694 0.8118 547 0.0564 4.70 21 0.9999
Goépdh 241 0.5954 0.5047 2.03 —0.1779 22.88 3 0.0000
Pgm 244 04851 0.5384 2.34 0.1064 8.29 6 0.2176
Mean 0.5459 0.6062 3.04 (.1005
AFE7L O FRAAL B Gopdhiz 7] £ IR 59 FHADL 4 RAHAAE 2
o 4N E JEAT, o] B9® Ewlst Rol 4 fskA 2Pk
A3zrk ol ZRNANT DU 1] 44 5 FHE 2 J9e] AYHAA U=E Hardy-
air 2E 3AP4AAE JbHon o F H  Weinberg AR shYelel A%W o WARA
9 e dAeHALT A SAIAHANN 05% o] NEE =z A9 W) == A% ) AAEY @

Wl s Be] 25 8o wyEqich

7F fRF A NHAAAY Qs AEEH
oh(Table 2). ] FA A= =gl F= HH5-4
s}t 87 ARz TR 245 2E §
AFHANAM F AYFAAE Aphs A3t M
At 25 FAdch Acphs BE Ao A A WA
Az 39 dg-5axke 35, 7 A
FAA N M= FEATe] F vl whdE QA
oFARE A WA AR Esr-12 T8
B HFARE A=Y 2E Aol 117 7
W H-HAAR) FH REHRARRE JeRg et
HAAA e ARz Aboldie. 53] JHAA FF
E o] FE YHAAAE GE F AdEd w=r)
w48} Gopdhe 3709 BAH AR FAEEE
A AR 2% 2dst F ARk} 37 o
PAdar FE Bk Peme 4708 SR
A2 FAHEY WA HPFAAVT 28 e
A T AR gl et HH ARk oFA)

d

g

o

F okak-g A8k vh(Table 3). ]2 8 Bl F 2
g AAgke] FAT A EF)olth o] EXH o7 o
$X)E= —lolA +12be]9) Zhg 71X 0o 23138}
A "o sy 22Tl o) abalda e
AR WEagle) 4 W #A=% olFHPA
B (H)7F 71HhE o183 A W= (H)ek Ze)7}
et o] 2 04 o £ ZHA "ot o] #
o] EAAH ez 03 Aeld A& HoIF= EA o
HlEEAHX)or FAHGG Az o2 FHE
A= olE g XAkl A wl-g- AelsiA EPgT
F, B8 FAelA Est-13 Peme EAMF Awhge]
Hardy-Weinberg®] olAtAlwtzl Fodsiohn vjepge
v} Acphs}t Gépdhol M ot5A g Al Qs 2%
Aehy o] mue] $elEivs wehgel(Table 3).
Aol = 2 FAXY FE RYHFAR
(N =5 AddellA wiaA 22 373 304708
el

Aol gt Ak EHRAA W= oFAR o)A ¢



Kim et al.: Genetic Variation of 3 DBM Populations 231

Table 4. Nei's unbiased estimates of genetic identity (above the
diagonal) and genetic distance (below the diagonal) among three
geographical populations of Plutella xylostella

Andong Youngchon Yangsan
Andong - 0.9160 0.9439
Youngchon 0.0877 - 0.9850
Yangsan 0.0577 0.0151 -
I Aeld mrgElE Bl FAEE Ae

}-‘] ol43le] Rzt §AA -5’—3]( Nei (1978)

£22 Az 2R ez BAE9E(Table 4). &
o e AP o A9 S 2
2R3 7o s ekalw 0321 o] b A4 A
] 7V, b2 i) kit et o &

4 257} Qe vehys

FJ.,_,EU[FUE.B
r

o &

WA Wb A
1 o o] 98 A=t
131 ﬂ Lo ATEHES IR 534 o
A9 Adaag v wtA H)lvh &
= 7]‘7‘]4 595 Foi A
Soll i HEHE i?i‘:}(Table 1). o]2] 8 53
FHILE 4D FAALD A A9 FF
o Bze Aoz +8 XIE 2 A%,
239 ARATA Qo1 SNEEA o1 85e]
(Loxdale and Lushai, 1998). 3¢ &4 FHA ==
o33 Qe BAYE ARL Helsk bt
SR9g Gusle Ael $40]5 (Black and
Krafsur, 1983; Hillis and Moritz, 1990). )28 w3
FHE2E AR 4 d3fA =S AFEst
of olg YLLAUT Yaste] BAHE o o

o %, o) Wl AYRAAE) EEEE

Ju..
a4

/HOH

2E W3

(Kimura, 1968)¢l] 7]z5he] o] B SAx15e] Azl
Rolt F94e) o 487 WEaslel ol

g ARe)A A e =, 4
WE=7E Z2A zZelzb v Avzk ke 2wt
g omsn olm B ATA FTFEE Ao
A Az A #Holx= vz ot A &=
9] AR ol Fol gl F)ABehy AT el
A B doz R ARERA D29 Folr}

How e} ]33 2% (random genetic drift) &=
opAael 719 A9E Wel gPHe 44

1_.71_]._ t'H E\:-;'l'l-%j]]'

19171 o FEs AR 13 01%01 Y
oulstA "t o] BN EAE o4t §AA A=
X DNA 37 A xel n|&)] §31A4 woele] siat=

o helA e "R ATk, BAu)E-0] HFHkT ML
A Aae 2574 A WY A Am BA M= F
of ZtHste gz o] 4-¥ $lvh(Loxdale and
Lushai, 1998), €| & Eo|, <Y 25 E-(Rhopalo-
siphum maidis (Fitch) 2] 7-¢ w]=2] TlinoisZ]st=}
FHHAY AU 2D FUAAA Hel2 2
o B Aol §AA mel YolthA] wee B
ok (Steiner et al., 1985). = ¥hpake] %91 Spo-
dopiera exempta (Walker)= 4,000km He]x Fg7h
of 67 ARSI NA ZL WelE doH T H
2 A5 wAakdhe Z=d3ledch(Den Boer, 1978). vj2=
g ABo] oI 2EB WAL Heliothis vires-
cens (F) % # LZ}*—“&]E v}ehgdol (Sluss and Graham,
1979). Pashley (1986)%= 117]1¢] v}8-& Hol:x 23
&A4F o83}y Spodoprera frugiperda (J. E. Snith)
o Qo] 71 weh 47 HelE malvn
ZJe3eh.

v 7H) B eREas ol4st wMiFEie
ATzt BN 7 F kA 4T A5
b Hl=E B9 ow, E5] Acphrt Gépdht A
s} Azbel] T v]dd izl S-S bl
(Tables 2, 3). Ae] 8}l A H-F-AALe EAl= 2d3lx]
g FAEANA 2 PHFAR] HEF= ==
qlo] trzrl= Al A E o)z (Powell, 1971;
McDonald and Ayala, 1974). = F218F w]] ]|
L olE AT = gl §AEEHE Yel gl
o qAZG. ditqew v delmw &EAEF
Wright (1951)3% Fis, Fsr R Fr A|#38te] A3}
At FISE 2R A B g2 sl v}
Bl o) AR =Y A on|dh Fyre
AR wa) 2l 8 vEhe o] FATA
NE F2E 2AY 2AClh Fre o4 F £

Amalg Zdst goz oL Fis)
(1-Fsn¢] BAE et 2 ﬁ?ﬂ]*’]"i o] A7
27 3t WAL A Fo= FSTe| 453 4
W7F FA RIS Nei (1978)2] 2HFAX) whyo=
2484 =9

2 EEe AR SARsE A9
Aol sholch(Table 4). =, Wiagvd AhEae o
A okibe] 00151& w9 wgkovt obgst A
2 008772 =2 /& A7 36 vle) o
A epAT) 72 AR 2 dT-s) fARSE
ZAA5E AHRg, r|=e] slgte] wiFEafule] A
£ A9zt AWMl Ax7F 0.028~0.0380]91 32
(Caprio and Tabashnik, 1992), = 2] #j S=Zuid)o)
734 0.022~0055¢) 9 H(Kim et al., 1999). = "=
Zzge} DNAZ RA¥E SR {8
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0.003~0.0142 HA] m& Fo oAdwo]= vjeh)
o}(Kim er al., 2000). ¥ dF2] 7[e} 72t 7
g zle]H-2 AFAF Y T~59 )9 ofA
£ ez A9zt AAEHE 2ACE Aol
o} ol A7t o7t A vehbe FAHEHE
AL7|12¢ F2 A A7} Abeldt A mA o] WEAH
o] A& A5AeE AL AR

E2 o]FHE BH3T ol wiSsEpite) Fd
4s A B3E dAE 4 slowiMx oFA A
47r AEA AP WelT BT & gl At
o] #]&=2] AGEA Fo I e)rH(Caprio and
Tabashnik, 1992; Kim et al., 1999). of2]=7A A 1}
Shibe dEEue ARA AP Ael:
(Tabashnik er al., 1987; Lee et al., 1993) AA] o)X o]
oA dA A GA A Apole ulE Ae]dl x|
ofe] ALEE =71 § Agolg: dF=2alel W
FEdE ARE HLHgy B £ 9loh o7t
2710 A ¥l 2h f3H HELA ] dojd 4 <l
om ool ape} AEA| A7) WelAde] rimlEe] A
FA AL WelE e Yu|rt Hrt A
Ho A B wf ghg3) dXe] dH ) oFale] w]
HA v 2 Aoz aEe] ovhs A g
& % alokFig. . 24 AFE e o5
ofE dash b Aelsh olFol ok A
& ook 12T A 1082 AARE 2T
HEL AF B3R gloewmM 1Y HFgrlLe
—43°Cql ubd, AL —1.8°C Z8]x SFAE 2.2
°C© = (AFFIS, http://weather.affis.or kr/cl/) X] <z}
2x=HErl Yeato 2 vepdth wj FEpe o
B ey a7 mew AdREgel e
—14.3°Colm £2& —192°CE B3HEYg e}
(Hayakawa et al., 1988), ¥ 2 FZ 2= opfx|qt
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W bl ADEL oA A =79 Akt F
AWole] 28] FHW]E FVIA|F|Z(Nei et al.,
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