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Mitochondrial DNA Sequence Variation of the Firefly,
Pyrocoelia rufa (Coleoptera: Lampyridae), in Korea
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Abstract - We have sequenced a portion of mitochondrial COI gene (403 bp) of the firefly, Pyrocoelia
rufa, to investigate genetic diversity within population, geographic variation, and phylogenetic
relationships among haplotypes. A total of seven mtDNA haplotypes ranging in sequence divergence
from 0.2% to 1.2% were obtained from 26 fireflies collected at four localities in Korea: Namhae, Pusan,
Muju, and Yongin. The samples collected at the urban area, Pusan, were all fixed with one haplotype,
differently those collected at the forest and/or agricultural areas. This appears to suggest that habitat
fragmentation and population bottieneck caused by urbanization might have been severe in Pusan. On the
other hand, from Muju known as the largest habitat and sanctuary for the firefly, four haplotypes with the
maximum sequence divergence of 1.0% were obtained, and this estimate was the highest among the areas
studied. The fireflies collected at the isolated islet, Namhae, revealed relatively low haplotype diver-
sity (H=0.25), but one haplotype (PR7) was phylogenetically differentiated from others. This pheno-
menon was explained in terms of biogeographic history of the island and gene flow in the recent past.
Grouping of Muju-Yongin and Pusan-Namhae, respectively, in the hierarchical genetic analysis suggests
the presence of historically occurred, biogeographic barrier against gene flow between them.

Key Words - Firefly, Pyrocoelia rufa, Mitochondrial DNA, COI gene, Conservation genetics,
Genetic diversity
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haplotype & dglow o] &2 WHolx 0.2~12%°Ith =4l BAldA A7 HgiEol: &
*P% 2 FHY AAHAGH de] o] haplotypeo 2 T E o] glo] ®A|Zlol] W Aghe] W
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FAbolol 4R o 5ol uhe el 24 AHeAE AN e APH.

HMO| - uitlgo), =ull Bo], m 22 2] o} DNA, COI gene, B §A, §-4 4 t}okA

AAR ez aFe) 27k 4GS L, A3 Fo
2 Q3 AE AMAA A, 27243,
4. 90:Fe 7Y 5o AES TGPl ZA Y
W AV AA R B FEo] o|u] HEF AA o]
o olT AL WT B2 PR ohizh o2
I} e HE AgAe] HA, fAH ohefde] 7
A, FHAL Y A § ookt A Sl Gk A
7} Wk sl 9o} (Soulé, 1986; Wilson, 1992).

$2] ebs A 4097 FEAWS] oS A
A2 MAH e 7FA, AT, I Sl o3 B
£Eo] oju] HEYA, EF RS FH A
EahAt BES7)o) e A AAelch o 25,
AEo]l A FE F oF 10% A= R, o
13%A =9 27571 7] IAY ATz A
g5 o] qlt} (Kim, 1994). ©]-9-7] & F2] HFo] Al
How ABd Be £ FE op|UE B3 2
A A9l 3}A} (deterministic process)el|] &]& Z vty =2
#1823 Ao =T8 F9 kx| oY
ol5 A= vS ZU1E oz dAT 4 94

22 vehe Gadoz 629 welEelrt A4
otz Bag vt 9)9d e} (Kim and Nam, 1981) &
vl BHsE A dE dAez 3 Bx A A,
Lulgl B-o) (Pyrocoelia rufa), o)¥bulE-o] (Luciola la-
teralis), S}=} 2 ¥kl B-o] (Hotaria papariensis) 5 2°}3}
3& 3%9] diglEolgte] &IF o] (Kim et al., 1998)
Gelx ES 9EE s EAsdds 39
wug 2719 Jee JHRT g Aoz 325
Aok B97] o] F F I Eo| (P. rufa)s} outlE-
ol (L. lateralis)= 3lHFoz AAH vt 9o 53],
gl ol TAIE7) o] Roix|R] o2 A4,
F9, = F9, 39, AT SR AN F2 U=
202 olE Ao U7tEE-& A3 Aol
QA AH A $Ash tlde] F8Y HE
g oz 7HEHT Y= AA ol (Kim, 1999) X424
ol Abgizhel A3 T3 olel whE AA X9 FrA
9 Loz AR ALY HAHE A g 5
A= AA el

B GgFME SAHer JdB F9 HiglHo] 4
A Qo2 RE] YA FHtd o] Aol W3k X
Aere] fAA =7, X9 AAe] A4 A, A%
33 BA B 3| Aoz Ar|HQ wldE
o] AL % A HTE Al=3taAl . o)

£ sl5lo] AEuAse] §04 2we Aol ol
A5 3 )= m|EZ =a]o} DNA (Avise, 1994; Moriz,
1994) 3 =25 e #01 Wole] Aol wol AF
453 ¢l= cytochrome oxidase subunit I (COI) gene
(Simon et al., 1994; Kim et al., 2000)8] A3 7 1M g

& ol gahoiet.

£

2 %Wy

SAE

2 A3 A3 RHbE-o] (Pyrocoelia rufa)=
19991 74 2092 E 9 94Y 29471A] MRl E-o)
LYoz ojn] dEx e HeEx FF P B
AL £3% T3 B 373 MAA R Eeld
A7 81, A IAEF W Addx S S

by

of

126" 130° 127° 129°

1+36°N

34

=]

Y
0  50Kkm . %ﬂ X
- P

125° 127°E 129"

Fig. 1. Sampling locations of the firefly, Pyrocoelia rufa, in
Korea. General locality names in the text are as follows: 1,
Nambhae; 2, Muju; 3, Koejong-dong, Pusan; 4, Yongho-
dong, Pusan; and 5, Yongin. The right-low box represents
trapping sites in Pusan City. The striped areas in the box
depict the fragmented forest.
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Table 1. A list of trapping localities, animal numbers, mitochondrial COI haplotypes, and GeneNuri and GenBank accession

numbers
Collecting locality Collection Animal COI1 GeneNuri GenBank
(no. of individuals) date number haplotype number number

1. Bonghwa-ri, Samdong-myon, 99.7.29 F50 PR6 KS103582 AF277807
Namhae-gun, Kyungsangnam F51 PR6 KS103583 AF277808
Province (8) F52 PR6 KS103584 AF277809

F53 PR6 KS103585 AF277810
F54 PR6 KS103586 AF277811
F55 PR6 KS103587 AF277812
F56 PR6 KS103588 AF277813
Fs7 PR7 KS103589 AF277814

2. Suan-ri, Solchon-myon, 99.7.20 F58 PR1 KS103590 AF277815
Muju-gun, Chollabuk F59 PR1 KS103591 AF277816
Province (9) F60 PR1 KS$103592 AF277817

F61 PR2 KS103593 AF277818
F62 PR4 KS103594 AF277819
F63 PR2 KS103579 AF272702
F64 PR2 KS103595 AF277820
F65 PR5 KS103596 AF277821
F66 PR1 KS103597 AF277822

3. Koejong-dong, 99.8.12 F67 PR6 KS103598 AF277823
Saha-gu, Pusan F68 PR6 KS103599 AF277824
City (4) F69 PR6 KS103600 AF277825

F70 PR6 KS5103601 AF277826

4. Yongho-dong, 99.8.26 F71 PR6 KS103602 AF277827
Nam-gu, Pusan
City (1)

5. Muk-ri, Leedong-myon, 99.9. 2 F72 PR3 KS103603 AF277828
Yongin City, Kyunggi F73 PRI KS103604 AF277829
Province (4) F74 PRI KS103605 AF277830

F75 KS103606 AF277831

PR1

W 33h T M0 AG S AN AR AAEE
AR89l o™ (Fig. 1) 219 AHg- 7§ A<= Table 13}
2ok AR Y AR E DNA 32744 —70°Cell B
3tsict.

o] E2 2|0} DNA (mtDNA)

JE H¥33q ulgliieo]z RE phenol-chloro-
form-isoamyl alcohol& A}4-3}= Proteinase K o2
total DNAS Z23l¢ o} (Kocher et al., 1989). MtDNA
2] COI #3403 47] (bp)®] ZF-& $13 primer?]
g71x 492 PCR 272 Kim 5 (2000) #ApAM3] 7]
%3t A4 PCR 232 &g 93t 0.7%
agarose gelellA| 0.5x TAE bufferg Al4, A7]4 %5
Al A3kl e}, o] B-2] primers}t nucleotideS | #3}7]

$)3}e} PCR Purification Kit (QIAGEN)& A}-4-3}51t}.
DNA 7149 #4-2 ABI 377 Genetic Analyzer (PE
Applied Biosystems)E ©]8-3le] EM3hgir}. Aozl
Zr A P71M Q- IBI MacVector (ver. 6. 5)& o]
f3ted A, 7 AL HE G S AAzGL
W 7 AAzRE A2 97IMEE dEYE ha-
plotype 1 3.5 o3}t

PAUP 3! Networks B 0|83t HE|RHEN 24A

Haplotype Alole] #A54d @& sjotarr] $latel
PAUP (Phylogenetic Analysis using Parsimony) ver. 3.1
(Swofford, 1990)-8 A}£-3}%t}. Outgroupo. 2= HAL
ARE 9 AR FFdM AT 2 3 W
s}zte] HbolE-o] (Hotaria papariensis)?] §4 ¥4 4
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71X QD& o] &-38lgdc}. o] transition3y} transversion
W& 1:1,1:5,1:10,1:2022 A|A, heuristic A}
Wog BAIgon A% AF = bootstrapty
& Ab8-3}¢l o} (Felsenstein, 1985). &4 2] mtDNA 4
714 9& parsimony-& o] &3] ¥ 79 back
mutations} parallel mutation® 2 Q18] FF AE59
32 Al SHERS B B 47t @
o ol=ig EAE WA T shie dHes
parsimonious one-step median networks (Bandelt 5,
1995)& & 4 sloh o] WL o}F 717& haplo-
type7ts] $ABAE Tetetr] 9isted gt

FHH Az x|

Z+ o] §AA Weolo =78} f3& oty
#8led A haplotypezte] He| @7|X]gHE, A
W haplotypeAto]®] HF 17]X%HE, haplotype ©}%F
=, nucleotide Z}} = & Arlequin ver. 1.1 (Schneider
et al., 1996)-& A3t 3}t A<ty haplotypeZt
o] JF 97]4 Aol F haplotypee] E3t¥ ol
A E Aoz FAHHE S9dHe] £9 o AAl
5% haplotype] 44 wl=g T=id rpid 3
A e] =E haplotype Abe]] #A17] vl Z el
s LA Q75 HF 2] B A s AAL
gt A9 nucleotide THf = F 719 F-3H)
2 AE3t haplotypeo] o8 ¥-E& AAldh= WAle
2 AAEAT (Nei, 1987). FAH £A49 AFE ¥
o]7] $J&te] 4MA o]Ae] AHEE AHRE WA=z
slgeomz BAke] 4352 A 93t

ASH RETE

Holsinger and Mason-Gamer (1996)2] AS Eo]&
o] 4, 7+ Awte] AZ3td FAA FPE FIIHA.
Nei’s 4] (Nei, 1982)o] |3k bias 3 F, F<te] <l
A3 Aoz MaAse EAA Helrt ofer AA
Q) “sampling” AN A of7|3s FAIA Wol (8w
e vHFgez ooz RS AALSd T (Weir
and Cockerham, 1984). =3} o] 24 o2 Ag &=
A dzre] §A332 Agle] W3 BAXH FAE
B-A819 o} (10,000 bootstraps).

izt ¥ AHe| 9 REX O|SE

zr A" xlo]o] $-AAH A (Fst)e Excoffier &
(1992)¢Y 7<% ¥ Y 2 Arlequin ver. 1.1 (Schneider
et al., 1996)& o|&3}le F3lHct. 7F FHHAe]e] F
KA z}olel Wil EAIA $2A =% permutation test
o] 93] Fs}eic} (10,000 bootstraps; Excoffier er al.,
1992). Fst 3] E3}A17bol] w2 A3 718 o
epf %] e} T Sl gl B H3}e] A

i

= & 3 = Vol. 39, No.3
Zre] vlmA Z& Zlojehs 7HASleIA A3} 7hs
g, o]8jgt PR3l AMEEHE 342 D=-log
(1-FspE DE A7t B3 xo o, dFHez
AMAQ FExA A 4o} (Reynold et al., 1983). 4
HAe] slollM MG HRY o] & NmE TF317]
13k Fsr=1/2Nm+1)9] 34& AH8-3l% 0.

4 =

MIDNA HI[ME &M

$2vele] 49 Ay 5 NFe=zRE AT %
vkl B-o] 2670412 COI f-A4A+ Y3 (403bp)2] 7]
Ahg BAsle] 7789 haplotyped A<} (Fig. 2;
PRI-PR7). o] & haplotype-d A &3 A7}, 7709 7]
Ao Al x| ge] MAFG e 1 F 17)3ke] tran-
sversion X3 (280¥; A«T)o|glen U T
transition X3 (25T Ge>A)o|gtt. ZE XE X3
€ A E A3, 97 2314Rke] F A 2]
Al8] x)8to|glem o= Q18] haplotype PR5:= 7]
48] Argininedl| A Z& §7)Al¢] Histidineo 2 nv}H
et

Nucleotide &2&

2 d728E Y58 7709 haplotypeAte]d] 7]
AL 10 02%)~570 (1.2%)2 HAG7 el +-5F
ol M WAE PR4st ‘FafelM LAE PRTA 12
3 GA FFelA LAY PRSS FE @ HAalelA
W E PR6 Aol oA 2= i} (Table 2).

Haplotype?| Bix A x|y X

Haplotype®] A|93 Rz} /A4 281 7} &4k
tlE-o] A|&2] GeneNuri ¥ GenBank accession num-
ber:= Table 1¢] “lehlidc}. & 26744 F PR13}
PR6S 18704] (69.2%)2 RHtElBolo e £x7}
°]% haplotype® XR-#3l3 Ul PR1S AHAHE=

Table 2. Pairwise comparisons among seven haplotypes
obtained from the partial sequences of mitochondrial COI

PR1 PR2 PR3 PR4 PR5 PR6 PR7

PRI — 0002 0002 0005 0.005 0007 0.007
PR2 1 - 0005 0007 0.002 0010 0010
PR3 1 2 — 0.002 0007 0.005 0010
PR4 2 3 1 - 0.010 0002 0012
PR5 2 1 3 4 - 0012 0012
PR6 3 4 2 1 5 - 0010
PR7 3 4 4 5 5 4 -

Numbers above the diagonal are mean distance values; numbers
below the diagonal are absolute distance values.
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30 60
PR1 (F58) TCGAATAPAT AATATAAGAT TTTGACTITCT TCCACCATCA TTATCATTAC TTTTAATAAG
PR2 (FO1)  iiiiieiiie tveuennens  sennsneses  sassssnsss  sesssesses  aseansases
PR3 (F72) tiiiiiener vennveenes  seesenness  sesssanere s eieestes seeensenas
PR4 (F62) tiiiiitiie seenennsss  saessnesns  easesnssss  seesseeses  aseserenes
PRS (F65)  ciiiieins tennevenas saseesnnse  seesssiere seeeseasss  assseseens
PR6 (F50) tiiiieieee  suenenoens  seessnecns  easessnsss  sesseseses  sesserssas
PR7 (F57) tiiiieiine  snenvenens  ecussnssess  sasesnesss  sasssesess  saaseaenas
H. papariensis (F26) A......ccv  tiieviiias cansnsness Ao, C.o.T vvvevnnns CC.uutntn
H. papariensis(F4) A......... ... Guves  ceennnnans A..C..C..T ..vvnvnnn. CCovttnnn

90 120
PR1 (F58) AAGATTAATT GAAAGTGGGG CAGGTACGGG ATGAACAGIT TATCCGCCCT TATCAGCAAA
PR2 (FO1)  iiiiiivnnee dennessees  eosssnesss  sasessssss  aassareces  seseasaenss
PR3 (F72) it iiiitniee  teenasnses  eesssnense  sanssnsess  sesseseses  asesesaess
PR4A (F62) iiiiiiinse  seenesnens  saeresesse easesiesss seessseess  saasesesas
PRS (F65)  iiiiiiives sessanoses  eassenesss  sasssisess  sessaeecss  saesesasees
PR6 (F50)  titiiinnee teroeenees  auenevense annssiesss eenes
PR7 (F57) eeiiiienee cvsveannees  anavees
H. papariensis F26) ....A..G.A ....A.
H. papariensis (F4) ....A..G.A ....A...

150 180
PR1 (F58) TATTGCACAT AGAGGTCOCT CTGTAGATTT AGCAATTTIT AGACTTCATT TAGCAGGTAT
PR2 (FO1) iiiiiiiiet tiinennias tisesnsnee  seseennnens  sassssenes  seareeesas
PR3 (F72)  tiiteisens  senesnaces  teasensaes  sssssserse  ssesessies eseessesas
PR4 (F62) = ittt cresiniiss anresaaenes Guvinniene  serseseres  eessesenes -
PRS (F65) tiiiiiiint teevsnsens casensenas sasssaiases  enesesases  sesseesans
PR6 (F50)  tiiiiins veiiiiines seseanenes Guevinnrane  sitieseite erasnenns
PR7 (F57) eiiiiities teenreaess  onassasses  tsesssaess  aessesesis asasesenss
H. papariensis F26) ...... Tv.. ......T.A. A
H. papariensis (F4)  ...... T... ......T.A. .A..

210 240
PR1 (F58) TTCCTCAATT CTTGGAGCAG TGAATTTTAT CTCAACTATT ATTAATATAC GCCCTAATAG
2 ) 5
PR3 (F72) i iiiitits cevaeenans  savsuisesse  atessesisse  sesansasss eececasuns
PR4 (F62)  iiiiiiiiis ceventeanst seenaesnes seesessees  sesesssate esesenaens
PR5 (F65)  iiiiiiint tiiieienss caieiirasee eareeesess aeaeasaans L
PR6 (F50) i iiiiiis titiseieass tietarases esesiseaess aasessasss eseesasens
PR7 (F57) et tiiits vieeeneess  seasessses  seeseiesss  sesesaaces  seaseaneas
H. papariensis 26) ...... S L L - AT.ALT.G.
H. papariensis (F4)  ...... T... T.Acc..... I R o Acet i .AT.A.T.G.

270 300
PR1 (F58) AATAATATTT GATCAAATAC CITTATTTGT ATGAGCAGIT CTAATTACTG CCATCTTATT
PR2 (FO6L) it iiitt ieiiennnes taesanssns eenssaaees seessasiss saieseesss
PR3 (F72) tetiiiiiee tetnesenes  suvenvenne  easesnssss  seesassens  assesseens
PR4 (F62)  iiiiiitse tertennsns eaesesense aasasasess  seesssness aessssesas
PRS5 (F65) ieiiiiniis titeerests tresreenes sassersene  esessesese enesasenns
PRO (F50) ittt tiiiitiiets aeeieasies teeseseene seerinsess saseaaeess
PR7 (F57)  tieiiiiies teveneanes sranteenss  aesesenes A tiiiiiieie dareneeans
H papariensis 6) C....C...A ..C.G..... ....Giever  cuunns Tooo .. Gevrnnnn .A..TC.TC.
H. papariensis (F4) T....C...A ..C.Gi..vev +eanGivnen wunnnn Teve  tennnnnnnn .A..TC.CC.
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Fig. 2. Sequence alignment of seven mitochondrial haplotypes (designated as PR1-PR7) obtained from 403-bp COI gene
sequences and two homologous sequences of H. papariensis, which were used as outgroups in the PAUP analysis. Only

nucleotide positions that differ from haplotype PR1 are indicated.

23] A F 447} 28| 75,17]5 L9019 47)
A F RA A BHHA S PR HA A5
43504 AAR A ANA(F 57H1ﬂ)°ﬂ/ﬂ A = 9
o o] 8704 &= 7T/WA| 7} o] haplotyped B4
s Sl o2 2 Wlx= MHFHE oF F
haplotype-2- &t=Z-2] JFHX]ule]] $)x]3F RAla} s
oA AR ARG T BFeh Fie gl
Sl A} ) 9feh (PR1).

PAUP 3! Networks® O|23l HESHA BM

o] 7}A| transition®} transversion ¥|E&o] W=
PAUP 24 A3}, Huld o2 FU3 AESLE d9e
22 1:12 AXZ Fdagrs Jeplde (Fig. 3). ¢
sl A AR PR7E A3 FHe tlEo
haplotype< 55%<] bootstrap %] S Kol 3}
e W4T W PRTS oB2yH peldel &
AH o2 thh o|AAYE e

HaplotypeAtel o] z131% :Ae) dw& RoAFE
unrooted one-step median networkj-2 ©]-£-3} haplo-
typeAtele] f-xA A M A Fig. 491 7).
EE haplotypee] A& <l Wol& ol 7hd &
sell A WHE PR72 7 24§ haplotype (PR1 Y
PR6)3} A=) ¢l8] 3 =& 42] mutational stepo]
875e] PR7Y §AA oA L Jepiglen o]7

Localities
PR1  Muju, Yongin
61 PR2 Muju
55 .
PR5 Muju
PR3  Yongin
100 ]
PR4 Muju
PR6 Namhae, Pusan
PR7 Nambhae

H. papariensis (F4)

H. papariensis (F26)

Fig. 3. PAUP analysis of mitochondrial COI sequences of
seven haplotypes obtained from this study. The tree shown
is a majority-rule consensus of eight equally parsimonious
trees from an heuristic search using H. papariensis as out-
groups. Tree length is 101 steps, Consistency Index is
0.960, and Retention Index is 0.947. The numbers shown
on the branches represent bootstrap values for 100 repli-
cates.
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Muju

Muju

Fig. 4. Parsimonious one-step median networks analysis
among seven mitochondrial COI haplotypes. Each bar
indicates one nucleotide difference from the neighboring
haplotype, and the empty rectangles indicate the hypo-
thetical haplotypes, which were not found in this study.
Haplotype PR7 requires three and four mutational steps to
connect to PR1 and PR6, respectively.

g A= PAUPY M ZA3}el dA5HH.

7HH ddE

7z} At ¢ haplotype 4, haplotype T}k = (H),
haplotypeAte] 2] ZHd @7]AE o] (MSD), haplo-
typertel o] H# @714 *lo] (MPD), nucleotide ©+oF
% (m) £22 Table 3o Jeplg. HAEe] FA 5o
2HEE x| 8 s haplotype (PR6)S o} 713
@2 §AA gz (H=008 vehd vl Agie
T35 7709 haplotypes 4717} AR Z+ A<
% 714 ¥ haplotype THF= (H=0.75% ehigl
o} o]} gt H2}= MSD,n, MPD Sol| = Hlejse] £
oz wRr= Aoz & F4H Ak JA
33 9l Aoz vepd ubd AR Ao fAA
thefe A4g Jepideh &8 22 F 71 ¢] haplo-
typeo] AR AAGE Fal= PR7Y §43 oA
o 7 (+E haplotype o2 HE 0.7~12%2 ¥7] 3
& Table 2) HE A% Adxe= w2 44
teoks x4 Jepl el MSD=1.0%, MPD =1.00,
n=0.0025).

FHR O|F
At Abols) §24 A2 (Fer), FFZA AND)
9 A9 ol% AL (NmE Fig. 53 2oh 492
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Fgr=0.705%**
D=1.22
Nm=0.21

Fr=0.748%**
D=138
Nm=0.17

Fgr=0.671%%*

«r=-0.109
P=0
Nim= infinite

Fig. 5. Diagramic summary of genetic distance (Fsr), per
generation migration rate (Nm), and coancestry coefficient
(D) in a geographic context. Note significant Fsr values
(*p<0.05 or ***p<(0.001) when Yongin and Muju were
compared to Pusan and Namhae, respectively.

9 FF2AAS0=FLdTe2%E 0~24002 A
oz & £A(2DE 443 FHE MG @
ol wmatedE A¢ vebteoy &A% #F (D=
0.054) L8] RAkz} 38l (D=0) Atolol M= ¢ ¢
< 2 bt ol 58 Nm)e] FAHA] A4 o
o} AF-g3ted Wbz} e eke] w]mell A (Nm = infinite)
ey B39 4749 vweA (Nm=9.14) o} ¥
2 F£X7) Jehgtont g Aol vl e A
A} o] F-Eo] el (Nm=005-0.25). F317] ®]a
o oJ& AH7re] FAHA A (Fsr) —0.109~091%
qA] 4213 FAbrbeloll M FhAk w8 27 el
om oy BAMoZ 23wt (p<0.05). vk, 7}
A ¥ Fa £ A dsge] viaels et
Bk (Fsr= —0.109). D8} Nm 23 %2} A3 A4
Moz {48 For A& 4203 758 HAls
o vmaldE A$ ebdovt 43 FRele]
WA s BAbs dajele] wlmAlelE AE o
Efu}A] okt

HEY yARFEFE

Holsinger and Mason-Gamer B (1996)ol] 2}3F #]
7k AEA A=) BAAA 449 gL F )
A3 a2Fo=z ¥z} (Fig. 6). &, Fsle} 2
o2 0E AFH FulblEol= FF9 49 JAE
He] BEAHoz ¢ Fod Az {3H A

fu o
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Nambhae

0.0000

(P=0.271)
Pusan

0.6576
— (P=0.000) _

Muju

0.0606

(P=0.262) Yongin

Fig. 6. Hierarchical relationships among localities analyzed
using Holsinger and Mason-Gamer method (1996). The
value at each node is the distance between its two daughter
nodes and the p value is the significance of differentiation
(based on 10,000 random resamplings).

2 (p=000008 “ehiiglet. b, A2 H ez si7ke
dall ok Bk kgl Eelr) shte] 53X 15S
I3 FFe 4§19 iPlEele = o8 53A
d ZEE ¥Asen 4 2FL W @2 31
A Hol ol FAXlzx fFoshA] 4
(& p=0271 % p=0.262).

o #H

FHH ol o HAFHE Fx

£ A7+ mtDNAS] COI gene G714 o] &, =
W RHl B o] (Pyrocoelia rufa)®] A=A FAW3E
AFEE 3 WA dFeld) =] 4l Ao (FF, &
Ql, AL Fal)el A A G 26mte] o] Bl Eo|zn
E] 77§2] mtDNA haplotype (PR1-PR7)& g om o]
S haplotype Atol¢] H7|X &S 02-12%= COI
gened A4 e TRAPel vlad As HA
A} (Table 2). 4|2 B9, Yo}l Choristone-
ura fumiferana®] F+AA B3-S ~0.4% (Sperling
and Hickey, 1994), W47 Nilaparvata legens$} Soga-
tella furcifera= 7t 0.23%2} 0.12% (Mun et al., 1999),
Heliconius \}8) 5= 0.5% (Brower, 1994), vl =&1}u}
Plutella xylostella’= 1.4% (Kim et al., 2000), <) #) 7}
2] Ophraella communas 3.8% (Funk et al., 1995) <] g}

Tl Eol2] mtDNA Welo] gle] EFvjz¢ He
FAke] bRl Eel= 342 haplotype 22 117 5o
Actes Aol A8 4 AL 2T AT F )
©]/4¢] haplotype& HA3tx AT F5 HAS
&ht2] haplotypeo.2 1A ¥ o] 1%t} (Table 3). o
7] RAAME g2 Ao de £ Y AXF 2

i
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Table 3. Within-locality diversity estimates

Locality SS* NH® H¢ NP¢ MSD¢ (%) MPDf 2
Nambhae 8 2 025 4 10 1.00 0.0025
Muju 9 4 075 4 10 1.22 0.0030
Koejong-dong 4 1 000 O 0.0 0.00 0.0000
Yongin 4 2 050 1 0.2 0.50 0.0012
aSample size "Number of haplotypes
‘Haplotype diversity d9Number of polymorphic sites

*‘Maximum sequence divergence
fMean number of pairwise differences
gNucleotide diversity

235 A% 13km A))dlAM ZHlBo| & A A&}
QAT o] &2 =F 32 haplotype (PRO) 2.2 1A
Heol et A A & mtDNA Heol & fX]3+=
g o7 A7t et Mol & AE FA AV
(Slakin and Hudson, 1991) A}l oz =IYHoz &
A2 ATHHA 1Fe] HZ olFel o8 &3
H AGE T elgtn & 4 3ok (Avise eral,
1987). wt 2 v 7i7kg- A6 e HEHAL
£ 3oy W=l B2 haplotypes] ¥ #A4
7bFeAdez ddx oz w§ g gofde e A
v shie] AFer nAE Foztx Ad#A
(Wilson et al., 1985). o]&]3l o] &3 w|A3} < Bs}e]
3Akel| A 2] haplotype 14 $-41-2&, = A]3}e} F¢i3}
of o AHgA|e} A9 M4 H & Fo= A
g ZubglE-o] ] AMAIA Zrae] wWE Aty A
A obgy AMAX e EIH3 (==, FAXY, Tt
2 AEd 2 A el AR 2R/
2|gt =& haplotype?] f-Ale] L f1le= 43S
7o 2 F=Hrt}(Neigel and Avise, 1986).

T30 uigl o] A B A3AY F A g2
haplotype 4~¢} #-%A o= A 4$F BH313 U
(Table 3). -5+ vjmd 7Rte] A" F<d/AH
Aoz wilE-ole] XA FHAe] fud Ho=z F
F2UW 82HARRE] WIlEo]e] Aol FHelx wl
oo B3 A¥ AAAE AT £ bl A L
T ekn el A F (=Bl sl 3
stelabsiaelel weldelsl $EA 0 wAsk 9l
or] $2) et $UsHA wolEe] wHg 9
T AAH w2o] AYHT Y= Adoz 82 ¥
Fo) Wglaelg 7 AAAE HA7EE 43028
ARG oleld Moz mlFe] 35 el
4 ez w2 haplotype 49t ¥ H4H4 Hd=
A4-e ol2iet B4 we] Az ofAxch

ol ARl HrlAREee Wade) 35
s} Fd3 1.0%= Jeldoh A AT vjmAl g
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A Ao ARgel 12%3 e bgcha e
3 2 71N Bl P Aol 2ANT Ase U
4 olh olgdezt, 4ytte] Eeidos Az
o Iche HA e sholA & Aol A rbelz Ade)
g 5 /RA7} haplotype g T/ = = g2 11
+ 0 (population parameter 8+ effective female popula-
tion size Ne X <t o] u; Ewens, 1990)¢] v.2 2 g
d AelAg e §44 qgzrt ZidEsg & 5
Uev B AFAFAE o) va AuE . oA ¥
Aoz RE] Aeg Fal o] &2 A A &
el W3l B} FAY el H]Ete] AFSEE F
Y GY=E A A2 A, FEle Ad3T
o] & BEFe] Rultlio] MAXE f&o] A
A 4748 & 9o
T2} haplotype®] AlS%A Az, dsie] 3 A
(F57; Table 1)) A} 7% haplotype (PR7)2 &2 ha-
plotypec 2 HE ti4 Az]He] 1 A7t A<
I55 YT o= (Figs. 3,4) o)d A F714Hd A
Hol FHE AA T & A Welr F A9
- 55 mDNA A %52 35 TS 3L =2
3t choFsdt oA X1 ¥l v} ) (Taberlet et al.,
1992; Pumo et al., 1996; Kim et al., 1998; Kim et al.,
1999). Avise et al. (1984, 1987)¢]] w22 mtDNA A&
o EA%EA WA Axiez ¥ AN Ass
AW 28] & el 28 A7 TR A
o wrpsges 1 Qe BAMes Au 2 F
Zo] $43) BN A} Aoz AD Yo
o) B|mA A7k HAl o F3e] ThA) I 7
$bm Ashec |
Felsl wuslele] A Ge E3el4 Coe
Z13}h-gol B]3o] 3~42] mutational steps (0.7~1.0%)<
Bel PR7E ©& E]AQ Foli ofFoz 7153
Z1E I 2717 YR Aermg e Asre B
Aoz A Fol $ds] wAol TRHANE b5
He WS e Aoz naldh ma mubslgole)
H3e dA%d Sl 243 BN} A

A9l uh 4 2o 4 Alelze) olgg B9 24
A9 mDNAS] 43} o]Fo] ofF HTe AMA,
A =278 #7149 27)s) olo] WE o)Fel
o) = AFel YAHAUE AL HEHoz A
A wg e Aoz 47Ec asne
o A1 2] haplotype®] ¥Ex tvhi Ha}Ael Bz} o
F vwA ke As 4% ool o3 A7}
T 324 % 4 Ao

= A8 Aol oJshE AFEE o 120004
Aol wpxletez 4ol Helsl Hglen] wbzel
AT AL AW 907 WAe) e Pol A5Hw
°F 70004 Mol HAH Aoz FelA Ue(Oshima,

1o v do et
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1990). PR73} o] 1 Wlxr} o} Yow AFHo
2 553} haplotype F3]o] JAAI7)E HAF3lo
EAE Aoz vlwd Azl JHed 3 2%
o 7]elsle] 72 AE2] haplotypeo] $-A13F Az}
G2 Nz EX3ln Qe ez Adgd o ubd, B
At} el A 2 wl==z wbAE PR6(46.2%)2 W)
zA JHE BA e dlxz E2A s 7ed gk
Z(E YW hyE Fi= o|Fae Aa ¢
= Ak FEHoZ WA Y B HEE
712 PR63} §H7 ofF e M= E Holuw AFHo
2 553 PR70] FAle] A3 AdkfAy A4
£+ YehiEs Aoz AR, o]2)g s A-E haplo-
type2] FXo wid wlmA dukAQl A shio
71 #ARH(Kim et al., 1998) At =7)2] 27}, 1 A
A, %% haplotype®] 3 B, JEA ] el 3 3
T A0l Aol EE B Aoz dF Ay
of o3 ®u} FA|HQ JEA Y AAE 79
& Aoz Ayzdd.

haplotype & PR62 46.2% (26703 & 127] A))

g e
= -y &
T oo

= 7bg §e NS noon Wx 2alw dalelA
AR W PRIS 269% 2670A% 774z 2
7| 230} ST BAHAG. £2 o] 5L 7 2
Fg mE A3 A ¥ s AXs

AeH(Z 13704 F 12 == 1344 F 7). o)xE ¥
RIEE Bo|: & haplotypeo] 7tz} x|H94 §HA)
7t o 2 (589 o PFALRE)) Fered A23
MR, 759 £qlo] hte) Z fAzHL A
e Tk AR FElvh = g2 fAaAgs 34
3kl v} (Figs. 5, 6). ©]21 % mtDNA2] haplotype 227}
AGH F25 G e ol F g A
3 717EE Holx 2Alo] A’ FAAF o] Fo)
433l AgEe] $&e el k. Chesser
(1983)= AR} o] ol HIgE A 7}#] 3Hele] 2y &
AABFAG (K] A Aol, MefA 2o, 52 Aof)).
A A 77§30 038 499 2 HAF
OFel &3l Moz vlFo] Rultlio] Axte]
dx Fx27F A AgE wedsiz Qo W)=
ol2l9] Hg(E 4 Al Frldl wlE §A44
Ao Z7b. =3 EElBol= A7 FH, =
W, 3, A 5 v|2A 24137} ol Rojz|A] ¢k
2 el A A3 FolZ dxuE AA)1x9) 2 H9A
Eoldo] &gt By EA8A| g AlA o]
3 (Kim e al., v T EF3). w=§ 7+ 1FA 2 ul
=2 A3 F haplotype-2 A37te] d7|X|3HE
o] 0.7%°]%] 3}A|5t & haplotypes} #3d}e] A&
Al Welg JepE He 38 o 2] ety
SHtglEol7t el Azb H5A A (g B9, w
I F3)E AYsidaa A9E7s o€y a8yt

e rlo

)
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e
Hl
ofo

Qe A4, 52 Ut ssuh st &3
2] %<) H.parvula®} $-2] Jetel TEXow

B

1
=

]
4 &}
w3l 28 o R vd vl 9o (Suzuki, 1997). &)
o olgjdt X9A Fxr} BT A N3t &
Algt e Zkw 9l oAk FAAM Fuba) kAl o
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o

12 o £

oo 1

(5
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dEEES
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