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Genetic Divergence and Phylogenetic Relationships among the
Korean Fireflies, Hotaria papariensis, Luciola lateralis, and
Pyrocoelia rufa (Coleoptera: Lampyridae), using
Mitochondrial DNA Sequences
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Iksoo Kim, Sang Chul Lee, Jin Sik Bae, Byung Rae Jin, Sam Eun Kim',
Jong Kil Kim', Hyung Joo Yoon', Sung Ryul Yang!,
Soo Ho Lim' and Hung Dae Sohn

Olok

Abstract - Genetic divergence and phylogenetic relationships among the major Korean fireflies
(Hotaria papariensis, Luciola lateralis, and Pyrocoelia rufa) were studied. A portion of mitochondrial
COI (403 bp) and 16S rRNA (490~504 bp) genes were sequenced, and the GenBank-registered,
homologous 16S rRNA sequences of Japanese fireflies were compared (27 species of Lampyridae, one of
Lycidae, and one of Rhgophthalmidae). Greatest DNA and/or amino acid sequence divergence was found
when P. rufa, belonging to Lampyrinae was compared with H. papariensis and L. lateralis, both belong-
ing to Luciolinae, confirming the current taxonomic status of the species. In the PAUP and PHYLIP
analyses with 16S rRNA data, grouping of the two geographic samples of H. papariensis with H.
tsushimana validate the use of generic name, Hotaria. Nevertheless, lack of sister-group relationship of
the two geographic samples of H. papariensis renders further investigation on this group. Although the
Korean and Japanese L. lateralis formed a strong monophyletic group, a substantial genetic differen-
tiation was detected between them (2.9% of 16S rRNA gene sequence divergence). Finally, the geo-
graphic samples of Korean P. rufa strongly formed a group with Japanese P. rufa, warranting the use of
generic name, Pyrocoelia, but the genetic distance observed between the Cheju-Island individual and all
others requires further investigation on this subject. Summarized, this study supports the current taxo-
nomic status of the Korean fireflies in that each respectively formed a strong monophyletic group with its
own species or genus.

Key Words - Firefly, Hotaria papariensis, Luciola lateralis, Pyrocoelia rufa, mtDNA, COI gene,
16S rRNA gene
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Table 1. Collecting information of each species and internet accession number of the mtDNA sequences analyzed in this

study
Internet accession number
imal  Collecti
Species Collecting locality Animal - Collecting cor 168 rRNA
GenBank  GenNuri  GenBank  GenNuri

H. papariensis  Suan-ri, Solchon-myon, F4 1999.6.17 AF272639 KS103555 AF272695 KS103560
Muju-gun, Chollabuk Province

H. papariensis Koejung-dong, Saha-gu, F26  1999.6.30 AF272694 KS103556 AF272696 KS103561
Pusan City

L. lateralis Ansung City L1 1999.6.15 AF272703 KS103559 AF272704 KS103565
Kyonggi Province

P. rufa Suan-ri, Solchon-myon, F63  1999.7.20 AF272702 KS103579 AF272699 KS103562
Muju-gun, Chollabuk Province

P. rufa Poryong City, F79 1999.9.18 AF272697 KS103557 AF272700 KS103563
Chungchongnam Province

P. rufa Cheju Province F89  1999.9.16 AF272698 KS103558 AF272701 KS103564

subunit 1 (COI) -2 ke} F3e] {314 Wl A+
o] wro] ALE&F 3 )& 16S ribosomal RNA (16S
rRNA) $-F 2} (Simon et al., 1994; Kim et al., 2000a, b;
Lee et al., 2000)8) X F7A L& o|&3te F3he)
A2 WHolg& votelyg ony of-&8 GenBankel] %
3 g8 wglEe] 29% (dhlEelF} 27, 3l
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=
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wutt) 80| (Pyrocoelia rufa) 2] 48 /WA & AL83}
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3 2.

fr o
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Table 2. A list of species names, trapping localities, and GenBank accession number of the Japanese fireflies utilized their
16S rRNA sequences for phylogenetic analysis with Korean fireflies (Suzuki, 1997)

. . . Collection GenBank
Species Collecting locality date accession
number
Family Lampyridae
Subfamily Luciolinae
Luciola cruciata Yokohama, Kanagawa Pref., Honshu 1993.7 AB009904
Luciola owadai Kume-jima Island, Ryukyus 1994. 4 ABO009905
Luciola lateralis Yonezawa, Yamagata Pref., Honshu 1988.7 ABO009906
Luciola kuroiwae Okinawa-jima Island, Ryukyus 1991.5 ABO009907
Luciola yayeyamana Ishigaki-jima Island, Ryukyus 1991. 5 ABO009908
Hotaria parvula Aomori, Aomori pref., Honshu 1989. 7 AB009909
Hotaria tsushimana Tsushima Island, Kyushu 1990. 6 AB009910
Curtos okinawana Okinawa-jima Island, Ryukyus 1991.5 AB009911
Curtos costipennis Miyako-jima Island, Ryukyus 1991.5 AB009912
Subfamily Lampyrinae
Pyrocoelia rufa Tsushima Island, Kyushu 1995.10 AB009913
Pyrocoelia miyako Miyaco-jima Island, Ryukyus 1991. § AB009914
Pyrocoelia atripennis Ishigaki-jima Island, Ryukyus 1991. 5 AB009915
Pyrocoelia discicollis Miyazaki, Miyazaki Pref., Kyushu 1995. 10 AB009916
Pyrocoelia fumosa Tajima, Fukushima Pref., Honshu 1994, 8 AB009917
Pyrocoelia oshimana Amami-oshima Island, Ryukyus 1996. 8 AB009918
Pyrocoelia matsumurai Okinawa-jima Island, Ryukyus 1990. 12 AB009919
Pyrocoelia m. kumejimensis Kume-jima Island, Ryukyus 1995. 1 AB009920
Pyrocoelia abdominalis Ishigaki-jima Island, Ryukyus 1990. 12 AB009921
Lucidina biplagiata Tsukuba, Ibaraki Pref., Honshu 1990. 7 AB009922
Lucidina accensa Nango, Fukushima Pref., Honshu 1993, 8 AB009923
Lucidina okadai Gifu, Gifu Pref., Honshu 1996. 6 AB009924
Pristolycus sagulatus Yokohama, Kanagawa pref., Honshu 1994. 9 AB009925
Subfamily Cyphonocerinae
Cyphonocerus ruficollis Kyokushi, Kumamoto Pref., Kyushu 1994, 5 AB009926
Subfamily Ototretinae
Drilaster axillaris Kyokushi, Kumamoto Pref., Kyushu 1994, 5 AB009927
Drilaster sp. Kume-jima Island, Ryukyus 199%4. 4 AB009928
Stenocladius shirakii Iriomote-jima Island, Ryukyus 1994. 12 AB009929
Stenocladius sp. Kume-jima Island, Ryukyus 1995. 4 AB009930
Family Rhagophthalmidae
Rhagophthalmus ohbai Iriomote-jima Island, Ryukyus 1994. 5 AB009931
Family Lycidae
Calochromus rubrovestitus Kyokushi, Kumamoto Pref., Kyushu 1994, 5 AB009932

£ sje}s}r] ¢13led PAUP (Phylogenetic Analysis us-
ing Parsimony) ver. 3.1 (Swofford, 1990)& A}-4-, COI
3 165 RNA 544 9714 de] 27 38 % COI
gene?] olw|iAl B3 vlmslgch %8 el
A RS welge] £2) 2REE 912 9 olEe)
dE W Eo] Ze) AFEFIAY HAPL 16S

rRNA 7|14 9§ A4, PAUP 9 PHYLIP (Phylogeny
Inference Package, ver. 3.5¢; Felsenstein, 1993) £ &
3l To}steioh. PAUPY] 79, heuristic] & A4
sllon AE42] A= bootstrap S AME-3HY]
o} (Felsenstein, 1985). o] outgroupe2%& Suzuki
(19970l A4 A3 LycidaeT}toll 438} Calochromus



December 2000

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P, rufa (F63)

P. rufa (F79)

P, rufa (F89)

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P, rufa (F63)

P. rufa (F79)

P rufa (F89)

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P, rufa (F63)

P. rufa (F79)

P. rufa (F89)

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P. rufa (F63)

P rufa (F79)

P. rufa (F89)

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P. rufa (F63)

P. rufa (F79)

P. rufa (F89)

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P rufa (F63)

P. rufa (F79)

P, rufa (F89)

H. papariensis (F4)
H. papariensis (F26)
L. lateralis (L1)

P. rufa (F63)

P. rufa (F79)

P, rufa (F89)

..........

e

..........

.........

Korean J.

RRTATGRGAT

..........

T.

b bbb o

TTTTTTCGATC

Appl. Entomol.

30
TTTGCTICT

80

..........

..........

150

..........

210

..........

270

..........

330

390

ACCCTCCICT

----------

..........

..........

L

60
TTATCATTAC TCCTRATAEG
CoToTC.Te v,
........... T,
.......... I T
.......... T
120
TRCCCCCCTT TATCTGCRRA
......... C vt
......... C .T..RAGT
.T..G..C. -V
S T..G.Co L A,
TR AL
180
EGTTTACATC TAGCAGGAAT
G G..
..GCo.... T Tl
5ol S, T..
EC.T...T eennnn. T..
Yol U, G..
240
ATTRATATAC GATCAATTG
T.Covurnnn ool
.......... CC.T.A.A
.......... CC.T.A.A
.......... CC.T.B.A
300
CTRATTACTG CAATTCTCCT
A T..
.......... T..C..G
.......... C..CT.AT
.......... C..CT.AT.
............... T.AT.
360
CTTTTAACAG ATCGARATTT
.................. c.
Y-V T, .Ceirnn. C
- VR
T
Y-
403
ATT
G.A
G.A
G.A

215

Fig. 1. DNA sequences (403 bases) for a region of mitochondrial COI gene in two haplotypes isolated from H. papariensis.
one from L. lateralis, and three from P. rufa. Only nucleotides that differ from H. papariensis (F4) are indicated.
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COI 528 DNA 9471M el g ofn| Al (aa)
Table 3. Pairwise comparisons of COI gene sequences, their
amino acid sequences, and 16S TRNA gene sequences amo-
ng Korean firefly species

COI DNA sequences
1 2 3 4 5 6
0.191

1. H. papariensis (F4) — 0.042 0.179 0.203 0.203

2. H. papariensis (F26) 17 —  0.169 0.199 0.199 0.184
3. L lateralis (L1) 72 68 — 0211 0211 0.208
4. P. rufa (F63) 82 80 85 - 0002 0042
5. P. rufa (F79) 82 80 85 1 - 0.045
6. P. rufa (F89) 77 74 84 17 18 -

COI amino acid sequences

1 2 3 4 5 6

1. H. papariensis (F4) — 0 0052 0097 0.097 0.097

2. H. papariensis (F26) 0 — 0.052 0097 0.097 0.097

3. L. lateralis (L1) 7 7 — 0.09 0.090 0.090

4. P. rufa (F63) 13 13 12 - 0 0

5. P. rufa (F79) 13 13 12 0 - 0

6. P. rufa (F89) 13 13 12 0 0 -
16S rRNA sequences

1 2 3 4 5 6
0.010 0.089 0.169 0.169 0.169

1. H. papariensis (F4) —

2. H. papariensis (F26) 5 — 0.087 0.171 0.171 0.171
3. L. lateralis (L1) 45 44 — 0.147 0.147 0.153
4. P. rufa (F63) 85 86 74 — 0.000 0.008
5. P. rufa (F719) 85 86 74 0 — 0008
6. P. rufa (F89) 85 86 71 4 4 -

Numbers above the diagonal are mean distance values; numbers
below the diagonal are absolute distance values.

50
H. papariensis (F4. F26) FMNNMSEALL PPSISLITMS SMVENGAGTZ  WIVYPPLSEN IAHSGSSVDL
L. lateralis (L1) ... .. ... ooiooioo. . e e S, i,
P rufa (F63,F79,F89)  .......... ... ...... D P....
ico
H. papariensis (F4, F26) TIEFSLHLAGL SSTLEAVNET STIINVRSIG  MILDRMPLEV — WAVLITATLL
L. lateralis (L1) 2 O Mooo.o. RS A~ B
P. rufa (F63, F79, F89) 2 NS OMELQ..... ..
134
H. papariensis (F4, F26)  LLSLPVIAGA  ITMLLTCRNL  NTSFFDERGS  GDPI
L lateralis (L1) o i i i i iiieiie e e
P rufa(F63,F79,F89)  .......... ... ...... Seeen. v

Fig. 2. Amino acid sequences (134 amino acids) for a region of mitochondrial COI gene from three species of the Korean
fireflies. Only amino acids that differ from H. papariensis (F4, F26) are indicated.
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Fig. 3. DNA sequences (490~504 bases) for a region of mitochondrial 168 rRNA gene in two haplotypes isolated from H.
papariensis, one from L. lateralis, and two from P. rufa. Only nucleotides that differ from H. papariensis (F4) are indicated,
and bars indicate deletions relative to the position of the H. papariensis (F4) sequence.

Species

Hotaria parvula
Hotaria tsushimana

99 Luciola cruciata
9 Luciola owadai
31 Luciola lateralis
p=————Luciola yayeyamana
Sttt ee—t

Luciola kurotwae
Curtos costipennis
Curtos okinawana

Pristolycus sagulatus

" Pyrocoeliarufa

100 Pyrocoelia miyako

Pyrocoelia atripennis
Pyrocoelia fumosa
Pyrocoelia oshimana
Pyrocoelia m. kumejimensis
Pyrocoelia matsumurai
Pyrocoelia discicollis
Pyrocoelia abdominalis
Lucidina biplagiata
Lucidina okadai

Lucidina accensa

52

100

Cyphonocerus ruficollis

100 Stenocladius sp.

5 Stenocladius shivakit
Rhagophthalmus ohbai

100~ Drilaste axillaris
1 -

Drilaster sp.

Calochromus rubrovestitus

GenBank
accession
number

AB009509
ABQ009910
AB009904
AB009905
AB009906
AB009908
AB009907
AB009912
AB009911
AB009925
ABQ09913
AB009914
AB009915
AB009917
AB009918
AB009920
AB009919
AB009916
AB009921
AB009922
AB009924
AB009923
AB009926
AB009930
AB009929
AB009931
AB009927
AB009928
AB009932

Subfamily
(*Family)

Luciolinae

—

Lampyrinae

~— Cyphonocerinae
] Ototretinae
—*Rhagophthaimidae
:] Ototretinae

—* Lycidae

Fig. 4. PAUP analysis of mitochondrial 16S rRNA sequences using mtDNA sequence of 29 Japanese fireflies obtained
through GenBank search (Suzuki, 1997). The tree shown is a single-most parsimonious tree from the heuristic search using C.
rubrovestitus as an outgroup. The numbers shown on the branches represent bootstrap values for 1,000 replicates. Tree length

is 884 steps, Consistency Index is 0.484, and Retention Index is 0.670.

F3HEe] HoYH: 52~97% (7~13 aa)ol$ e F HiGl ol g RulREe] Atelell& 9.7% (13 aa), 223
W oolu|xAl wAE #AHA 43l (Fig. 2). 772 of it Eole} TRt Eo] AbojellE 9.0% (12a2)9)
25l g-ol e} efkRE-e] AbelellE 5.2% (7 aa), TE] 1A Bahgo] At olz st Eelgt
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). 16S IRNAX deletion®} additione.2 QI 2+ 2
o HEE Eutd FueiilEel: 502bpolde
o, ofulgl o] 504bp BT R Eo|= 490 bp
2,4 I AAe AN = FuteuigliEe]e} oful
RE]E FAMIATH £7F 16S IRNA g71M 4] #
o] & 8.7~17.1% (44~86 bp) o]l o o}z ¥lA
Fo]g} ofutlE-o] Alelel= 8.7% (44bp) =+ 8.9%
(45 bp), H A Helgl TRl Eeo| Atole:

. GenBank
Species accession
number
=== Hotaria parvula AB009909
= Hotaria tsushimana AB009910
Hotaria papariensis (F26) AF272696
Hotaria papariensis (F4)  AF272695
Luciola yayeyamana AB0Q9908
» Luciola cruciata AB009904
= Luciola owadai AB009903
> Luciola lateralis AB009906
» Luciola lateralis (L1) AF272704
+ Luciola kuroiwae AB009907
» Curtos costipennis AB009912
» Curtos okinawana ABO009911
» Pristolycus sagulatus AB009925
= Pyrocoelia rufa ABO009913
» Pyrocoelia rufa (F63) AF272699
s Pyrocoelia rufa (F89) AF272701
s Pyrocoelia miyako AB009914
Pyrocoelia atripennis ABO009915
Pyrocoelia fumosa AB009917
> Pyrocoelia oshimana AB009918
» Pyrocoelia m. kumejimensis AB009920
» Pyrocoelia matsumurai AB009919
= Pyrocoelia discicollis AB009916
s Pyrocoelia abdominalis AB009921
+ Lucidina biplagiata AB009922
» Lucidina okadai’ AB009924
=+ Lucidina accensa AB009923
» Cyphonocerus ruficollis AB009926
» Stenocladius sp. ABO009930
s Stenocladius shirakii AB009929
» Rhagophthalmus ohbai AB009931
» Drilaste axillaris AB009927
» Drilaster sp. AB009928
+ Calochromus rubrovestitus  AB009932

Fig. 5. PAUP analysis of mitochondrial 16S rRNA sequences using five mtDNA sequences of Korean firefties and 29
Japanese fireflies obtained through GenBank search (Suzuki, 1997). The tree shown is a majority-rule consensus of three
equally parsimonious trees from the heuristic search using C. rubrovestitus as an outgroup. The numbers shown on the
branches represent bootstrap values for 1,000 replicates. Tree length is 902 steps, Consistency Index is 0.477, and Retention

Index is 0.715.
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169% =X 17.1% (85, 86 bp), ZL8]11 ofjutlE-o]2} =il HISE0] &9 Y& "zl go[ete] HH

LGl Bof Alojell 14.7% == 153% (74 =& 75 =2 ulgl®-e] 2 (H. papariensis, L. lateralzs P
bp)®] A3 —’?‘5}'%°] A5t} o] 24 hujeint rufe)7re] AR RS Fods-3 o] HiHE|

HEolg}l ofutglEel: COI fAAMS] A 2 7)o} w} s} (Lampyridae)joll M o] Al2x5stdql A& .@}
A7 A= 7 ;LL £AA 23ee ngov g o8}z PAUP3} PHYLIP B4& AAIgE Ad:
¥ HAH $ahe Col At o Aze} vf Figs. 5,6, 7l \febi5ieh. $-41, Fig. 4= Suzuki(1997)
A7 =2 ﬂJrJJral,_Aso]&} SR gl 9] Blamel A of s HuE dE winlEeld] AFH AL

el o} (Table 3). PAUP®] heuristic] & 3] 243 A=z, vitlEo]
. GenBank
Species accession
number
Hotaria parvula AB009909
99 6 Hotaria tsushimana AB009910
31 100 Hotaria papariensis (F26) AF272696
Hotaria papariensis (F4)  AF272695
29 Luciolu yayeyamana AB009908
100 Luciola cruciata AB009904
90 Luciola owadai ABO009905
20 i: Luciolu luteralis AB009906
Luciola lateralis (L1) AF272704
80 o r————— Luciola kuroiwae AB009907
100 Curtos costipennis AB009912
Curtos okinawana AB009911
Pristolycus sagulatus AB009925
Cyphonocerus ruficollis AB009926
100 Pyrocoelia rufa AB009913
100 Pyrocoelia rufa (F63,F79) AF272699
82 100 Pyrocoelia rufa (F89) AF272701
57 100 Pyrocoelia miyako AB009914
| Pyrocoelia atripennis AB009915
99 ] Pyrocoelia fumosa AB009917
67 68 Pyrocoelia oshimana AB009918
92 Pyrocoelia m. kumejimensis  AB009920
77 100 Pyrocoelia matsumurai AB009919
| 25 | T 7 E Pyrocoelia discicollis AB009916
Pyrocoelia abdominalis AB009921
Lucidina biplagiata AB009922
10 o [ Lucidina okadai AB009924
Lucidina accensa AB009923
100 Stenocladius sp. AB009930
100 Stenocladius shirakii AB009929
L Rhagophthalmus ohbai ABO009931
100 Drilaste axillaris AB009927
\—— Drilaster sp. AB009928
Calochromus rubrovestitus  AB009932

Fig. 6. PHYLIP analysis of mitochondrial 16S rRNA sequences using five mtDNA sequences of Korean fireflies and 29
Japanese fireflies obtained through GenBank search (Suzuki, 1997). The tree was obtained using the subprogram
NEIGHBOR incorporated in PHYLIP with the option of Kimura’s 2-parameter method (1980). The tree was rooted using C.
rubrovestitus. The numbers shown on branches, which represent bootstrap values for 100 replications, were obtained using
the subprogram CONSENSE.,
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o}3} (Lampyrinae)oll 43} Pristolycus sagulatus7} 7
£4 o2 Lampyrinaedl] &3l FEI ©d 1§
HAstA 23k A, =3} Octotretinaeol| 43 FE ¢
Al 2 AlE IS ¥4k A X3 A 5 At
A o2 Suzuki(1997)9] £A ZAzs} AR|sh= A5
2 e} Suzuki (1997)7F AA1Ew PHYLIPS)
NI & o83k BA oA o]gf FABIAH (A= A
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U wiglEo] & X3 PAUP ¥4 Z ¥} (Fig.
5), il B-o] (L) dE ofutd Z-ole} 7} 3 oY
A B 18 (98% bootstrap value)-& Alslg o} F A
o SR Abolol = bRt fAA &) (29%)7F EA
&loi o) (Table 4). BAF(F26)2} Helie T3 (F4)o A
AA g ggjejulgl ol 42 dvte 245%] H
tsushimana®} 7FA 3 o 158 FAsl e 91%

2k). bootstrap value) ¢]| & &2 YA H. parvulag} 37 7}
. GenBank
Species accession
number
Hotaria parvula AB009909
Hotaria tsushimana AB009910

Hotaria papariensis (F26) AF272696

Hotaria papariensis (F4)  AF272695

Luciola yayeyamana AB009908

Luciola cruciata AB009904

Luciola owadai AB009905

Luciola lateralis AB009906

Luciola lateralis (LL1) AF272704

Luciola kuroiwae AB009907

Curtos costipennis AB009912

31 Curtos okinawana ABO009911
< === Pristolycus sagulatus AB009925

1094[3"' Stenocladius sp. AB009930

57 [ ‘—— Stenocladius shirakii AB009929

| I Rhagophthalmus ohbai AB009931

2 - =men Cyphonocerus ruficollis AB009926
93:?—3- Pyrocoelia rufa ABOOQ91§

97 | Yemm Pyrocoelia rufa (F63,¥79) AF272699

87 = Pyrocoelia rufa (F89) AF272701

53| IOO{Z’_ Pyrocoelia miyako AB009914
~== Pyrocoelia atripennis AB009915

77 === Pyrocoelia fumosa AB009917
Pyrocoelia oshimana AB00%9918

Pyrocoelia m. kumejimensis AB009920

Pyrocoelia matsumurai ABO009919

Pyrocoelia discicollis AB009916

Pyrocoelia abdominalis ABO009921

B Lucidina biplagiara AB009922

63 7 Lucidina okadai AB009924

Lucidina accensa AB009923

o1 Drilaste axillaris AB009927

Yme Drilaster sp. AB009928

Calochromus rubrovestitus  AB009932

Fig. 7. PHYLIP analysis of mitochondrial 16S rRNA sequences using five mtDNA sequences of Korean fireflies and 29
Japanese fireflies obtained through GenBank search (Suzuki, 1997). The tree was obtained using the subprogram DNAML
incorporated in PHYLIP with the option of Kimura’s 2-parameter method (1980). The tree was rooted using C. rubrovestitus.
The numbers shown on branches, which represent bootstrap values for 100 replications, were obtained using the subprogram
CONSENSE.
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o] frA5= & stgfejultlEo] w3 Howria 402
wEske Aol el s

stpejuig gelo] ) o)z A RAld 7F
A A gt uigl Bl =
MAZE 74EE dd AE15E
Hulovt 2 AE 2%¥A ok PAUPY 34 H
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