
INTRODUCTION

 Fireflies, luminescent insects, have species-specific

flash patterns, which are used in sexual communication.

In the light organ luciferase reacts with the substrate

luciferin to produce bioluminescence. The firefly lucife-

rase gene is widely used as a genetic marker or as a

reporter gene in a variety of organisms including bacteria,

plants and animals (De Wet et al., 1985, 1987; DiLella et

al., 1988; Howard et al., 1988; Kondo et al., 1992; Miller

et al., 1992; Jacobs et al., 1993; Bailey et al., 1994; Vikas

et al., 1995; Lee et al., 2001). The enzymatic assay of

luciferase is preferred because it is sensitive, rapid and a

noninvasive method of quantification. More than 10

luciferase genes have been isolated from various firefly

species. These include several species of the Luciola-

group such as L. lateralis (Tatsumi et al., 1992; Cho et

al., 1999), L. cruciata (Masuda et al., 1989) and L. min-

grelica (Devine et al., 1993) and the Hotaria-group such

as H. parvula (Ohmiya et al., 1995), H. unmunsana (Choi

et al., 2002), H. papariensis (Choi et al., 2003), and H.

tsushimana (Choi et al., 2003). Ye et al. (1997) cloned

and sequenced the luciferase from Photuris pennsyl-

vanica of the Photurinae subfamily of the Lampyridae

and compared it to that of several Luciolinae and one spe-

cies of Hotaria. The ORF of the genes commonly

encodes a protein of 548 amino acids and the percentage

identity ranged from 80.8% to 99% among Luciolinae.

The subfamily Luciolinae, which is composed of seven

genera including about 400 species, is divided into two

tribes: Luciolini (Luciola, Pteroptyx, Pyrophanes, Colo-

photia, Lampyroides and Bourgeoisia) and Curtosini

(Curtos). They are widely distributed in the world except

for the polar ice caps and North and South of the

Americas (McDermott, 1964). Luciola lateralis is

common in Korea, Japan, and Siberia (Kim et al., 2001b;

Suzuki, 2001). The luciferase gene of this species was

sequenced independently by different laboratories using

samples from different places (Tatsumi et al., 1992; Cho

et al., 1999). Tatsumi et al. (1992) found one clone in

samples collected in Japan. Cho et al. (1999) analyzed the

genomic structure of the gene and found two structurally

different genes: 128-bp deletion/insertion in the 5’

upstream region, 16 nucleotides substitutions of 1,794 bp

in the 5’ upstream, 7 nucleotides out of 1,644 bp in the

coding region (resulted in two amino acid replacements),

4 out of 328 in the introns and 4 out of 419 in the non-

coding 3’ region.

In terms of phylogeny, several studies report genetic

differentiation between geographic samples of L.

lateralis. For example, Kim et al. (2000) sequenced a por-

tion of mitochondrial (mt) 16S ribosomal RNA and found

a substantial sequence divergence between Korean and

GenBank-registered Japanese samples (AB009906;

Suzuki, 1997). Suzuki et al. (2004) also found genetic

divergence between Korean and Japanese samples using

the mt cytochrome oxidase II (COII) gene. In addition,

Kim et al. (2001a) reported that L. lateralis sampled in

Korea has two distinct mtDNA clades. Although these
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studies attempted to clarify the phylogenetic relationships

between Korean and Japanese populations (Kim et al.,

2000; Suzuki, 2001; Suzuki et al., 2004) and within

Korean populations (Kim et al., 2001a) only mt DNA

genes were utilized as no data was available on the

nuclear DNA then. If L. lateralis shows genetic differen-

tiation geographically then the luciferase gene may be a

useful portion of the nuclear DNA for drawing phyloge-

netic inferences about geographically separated popula-

tions. As fireflies use light signals in sexual

communication and the luciferase gene is the sole enzyme

interacting with the substrate luciferin to produce biolu-

minescence, the primary structure of the gene from local

populations would be of interest for inferring phyloge-

netic relationships among geographically separated popu-

lations. This is because a local population, adapted to a

given environment and with a specific flashing pattern

may have a luciferase gene with a particular amino acid

sequence.

In this study, we determined the genomic structure of

the luciferase gene in L. lateralis from Boun and Muju,

Korea. This was done because previous mitochondrial

studies suggested the possibility of genetic divergence

between the L. lateralis collected at these localities (Kim

et al., 2001a). In addition, L. lateralis luciferase genes

from Japanese (Tatsumi et al., 1992) and Muju popula-

tions (Cho et al., 1999) were included in the analysis for a

better understanding of the phylogenetic relationships

between the various luciferase genes of L. lateralis.

MATERIAL AND METHODS

Animals

Information on the firefly, Luciola lateralis, used in this study

is listed in Table 1. Two individuals of L. lateralis were col-

lected both from Boun, Chungchungbook-do Province and

Muju, Chollabuk-do Province, Korea, which are located in the

mid-part of the Korean Peninsula.

Genomic DNA isolation and PCR of luciferase gene in the

firefly

Genomic DNA was extracted from the four L. lateralis using

a WizardTM Genomic DNA Purification Kit, according to the

manufacturer’s instructions (Promega, Madison, WI). The

primers used for amplification of the genomic DNA encoding

the luciferase were 5’-

GTGGAGTGTTTAGTTACAAGTGCGG-3’ for the transla-

tional start sequence region and

5’-GAGTATAAACGATTTGAATCCCAC-3’ for the 3’ coding

region, obtained from a previous study of a luciferase gene of L.

lateralis (Tatsumi et al., 1992; Cho et al., 1999). After a 35-

cycle amplification (94°C for 30 s; 48°C for 40 s; 72°C for 2

min), PCR products were ethanol precipitated, centrifuged at

10,000×g for 15 min and rinsed using 70% ethanol. These

DNAs were analyzed with 1.0% agarose gel electrophoresis.

The PCR products for sequencing were cloned in a pGem-T

vector (Promega).
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E05448Japan–Japan

U49182,

Z49891
MJ2–Muju, Korea

U51019,

U49181,

Z69619

MJ1–Muju, KoreaLuciola lateralis

Sequences obtained from the GenBank

AY192561MJ2MJ2Muju, Korea

AY192560MJ1MJ1Muju, Korea

“BUBU2Boun, Korea

AY181996BUBU1Boun, KoreaLuciola lateralis

Sequences obtained in this study

GenBank

accession

number

Luciferase

gene type

Animal

number

OriginSpecies

TABLE 1. Origin of the L. lateralis fireflies with their amino

acid sequence-based luciferase types, and GenBank accession

numbers.

Fig 1. Genomic organization of the luciferase gene of the L. lateralis firefly. A –  exon/intron structures. Numbers indicate the

length (bp) of exons and introns; B – lengths of exons and exon/intron boundaries.



DNA sequencing and data analysis

DNA sequencing was performed using an automatic

sequencer (model 310 Genetic Analyzer; Perkin-Elmer Applied

Biosystems, Foster City, CA). MacVector (ver. 6.5) was used to

align the amino acid and nucleotide sequences of the luciferase

gene. Maximum parsimony method was used to infer possible

relationships among L. lateralis luciferase genes in terms of

amino acid and nucleotide sequences, respectively, using PAUP

(Phylogenetic Analysis using Parsimony) ver. 3.1 (Swofford,

1993). The accession numbers of the sequences in the GenBank

are as follows: L. lateralis BU (this study), L. lateralis MJ1

(U51019, U49181, Z69619; Cho et al., 1999 and this study), L.

lateralis MJ2 (U49182, Z49891; Cho et al., 1999 and this

study), L. lateralis Japan (E05448; Tatsumi et al., 1992).

Because the stop codon of L. lateralis Japan (E05448; Tatsumi

et al., 1992) is not available in the GenBank, all the stop codons

of the remaining luciferase genes were removed from the analy-

ses. The luciferase gene of L. cruciata was utilized as an out-

group in both analyses (M26194; Masuda et al., 1989). The L.

cruciata luciferase gene differed from L. lateralis luciferase

sequences by 6.4% (35 amino acid residues) – 6.8% (37 amino

acid residues) and 10% (165 nucleotides) – 10.7% (176 nucleo-

tides). No weighting scheme was used for the nucleotide

sequences. In both amino acid and nucleotide sequences, an

heuristic search was performed and the reliability of the

topology was tested by bootstrapping (1,000 iterations; Felsen-

stein, 1985).

RESULTS

Genomic structure of the luciferase gene of the

Luciola lateralis firefly

 The localities, from which the L. lateralis fireflies ana-

lyzed for the luciferase gene sequences come, are listed in

Table 1. To identify the genomic structure of the lucife-

rase gene of the L. lateralis firefly, a PCR primer set

based on the sequences of the L. lateralis luciferase gene

previously recorded by Tatsumi et al. (1992) and Cho et

al. (1999) was designed. Using this primer set the lucife-

rase gene of the genomic DNA of L. lateralis samples

were successfully cloned and sequenced.

The luciferase genes of the four L. lateralis fireflies

contain 1,971 bp, corresponding to 548 amino acids (Figs

1 & 2). Comparison of the genomic sequences with that

of the previously published luciferase cDNA of the L. lat-

eralis firefly indicates the presence of seven exons (Fig.

1A). From the known cDNA 5’ site to the end of exon 7

the gene is 1,971 bp long. Lengths of exons in luciferase

genes were identical in all L. lateralis fireflies. The intron

boundaries are listed in Fig. 1B. The consensus

sequences, including an invariant GT at the intron 5’

boundary and an invariant AG at its 3’ boundary, were

well conserved in all samples and those of the published

L. lateralis luciferase gene.

Isoforms

 From the samples a total of three types of luciferase

gene, BU (from Boun, Korea), MJ1 (from Muju, Korea)

and MJ2 (from Muju, Korea), were cloned (Table 1). The

BU type luciferase gene of L. lateralis fireflies in the

sample from Boun differed from the MJ1 and MJ2 types

from Muju by one amino acid sequence, respectively. The

amino acid sequences of the MJ1 type differed by two

positions from the MJ2 type luciferase. The other

GenBank-registered types (Cho et al., 1999; GenBank

accession numbers Z69619, Z49891), which originated

from Muju, Korea, are MJ1 and MJ2, respectively (Table

1). The luciferase gene of L. lateralis from Japan (Jpn

type) differed by five or six amino acid positions from

that from individuals from Muju and Boun in Korea. The
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Numbers above the diagonal are mean distance values; numbers below the diagonal are absolute distance values. The GenBank

accession numbers within parenthesis indicate identical L. lateralis luciferase gene types, based on the amino-acid sequences:

AY181996, AY192560 and AY192561 were obtained in this study.

–5564. L. lateralis Japan (E05448)

0.009–213. L. lateralis MJ2 (AY192561, U49182, Z49891)

0.0090.004–12. L. lateralis MJ1 (AY192560, U49181, U51019, Z69619)

0.0110.0020.002–1. L. lateralis BU (AY181996) 

4321

TABLE 2. Pairwise comparisons between amino acid sequences of the L. lateralis luciferase genes obtained in this study and from

the GenBank.

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

accession numbers within parenthesis indicate identical L. lateralis luciferase gene types, based on the amino-acid sequences:

AY181996, AY192560 and AY192561 were obtained in this study.

–3334353734367. L. lateralis Japan (E05448)

0.020–1311786. L. lateralis MJ2 (Z49891)

0.0210.001–210675. L. lateralis MJ2 (U49182)

0.0210.0020.001–8874. L. lateralis MJ2 (AY192561)

0.0230.0070.0060.005–433. L. lateralis MJ1 (U49181, U51019, Z69619)

0.0210.0040.0040.0050.002–32. L. lateralis MJ1 (AY192560)

0.0220.0050.0040.0040.0020.002–1. L. lateralis BU (AY181996)

7654321

TABLE 3. Pairwise comparisons between nucleotide sequences of the L. lateralis luciferase genes obtained in this study and from

the GenBank.



amino acid sequence of the luciferase gene from BU type

L. lateralis was 99.8% similar to that of MJ1 and MJ2

types, and 98.9% to the Jpn type (Table 2; Fig. 2).

The 1,644 bp of the nucleotide sequences corre-

sponding to the seven exons of the L. lateralis luciferase

genes are presented in Fig. 3. The two Boun samples had

an identical type even at the nucleotide level (BU type).
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........L. lateralis Japan

........L. lateralis MJ2

........L. lateralis MJ1

LKKPVAKM L. lateralis BU

      548

...................................S............E...........L. lateralis Japan

................................................E...........L. lateralis MJ2

............................................................L. lateralis MJ1

KIDGKAIREIVDEVPKGLTGAKRLRGGVRFMDYVAGQVSNKGKSMTEKKVELPGAVVVLEL. lateralis BU

540510

............................................................L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

VAGVPDPIAGLQHPNIFDAGVPPAELESVLKSLIKYKGYQEKHFFIVDRLHTGDIGYYDEL. lateralis BU

480450

............................................................L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

REIIDEEGWLKGYVDNPEATEVCVKGPMLMKKTLGPNRRGFKAKVIDLDTPGASGKVVPLL. lateralis BU

420390

............................................................L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

IIITPEGDDKGYGLTETTSARRFNLPGVRQLSKEIGEAVALVEIASGGAPELLDKYDLSNL. lateralis BU

360330

............................................................L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

PTLFAILNRSDYKCSSVILVDEETFLKTLQGFRIVMLTKFMFTTLGYLTCTVVPFHHGFGL. lateralis BU

300270

............................................................L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

NQVSPGTAILFSHARDPIYGQLTHENAVTRSGSTGLPKGVKEQVALIMNSSSFKTVEVNRL. lateralis BU

240210

.....Q.............................T........................L. lateralis Japan

............................................................L. lateralis MJ2

...................................T........................L. lateralis MJ1

KKNTPPGFKGRGYQSMDNFIIVILDSKVDYVQKTVNAIKTSKKGLDKVITGISKPTIVFSL. lateralis BU

180150

............................................................L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

YTLRELVHSLGVGVAPTNEIFIPVLAGLFIALCSENCEEFNYGLVVDGRIKSCCLGEALKL. lateralis BU

12090

............................................E.........E.....L. lateralis Japan

............................................................L. lateralis MJ2

............................................................L. lateralis MJ1

VDYTYAEYLEAIAFTNALTGKYMDRYAKLGEEGSAGAQLRVYGPKPFYPIMENMDNDENIL. lateralis BU

6030

Fig. 2. Alignment of amino acid sequences of the L. lateralis luciferase gene types obtained in this study and that of luciferase

genes in the GenBank. The GenBank accession numbers of identical L. lateralis luciferase types are in parenthesis: L. lateralis BU

type (AY181996 from this study), L. lateralis MJ1 type (AY192560 from this study; U49181, U51019, and Z69619 from Cho et al.,

1999), L. lateralis MJ2 type (AY192561 from this study; U49182 and Z49891 from Cho et al., 1999), and L. lateralis Japan (E05448

from Tatsumi et al., 1992). Only amino acid positions that differ from the BU type are indicated.

Fig. 3. Alignment of seven nucleotide sequences of luciferase genes from L. lateralis fireflies. The four isoforms of the luciferase

genes, defined by amino acid sequences (BU, MJ1, MJ2, and Japan types), turned out to be seven nucleotide sequence-based types.

The GenBank numbers within parenthesis indicate identical sequences. Only nucleotide positions that differ from the BU type are

indicated.
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480450

............................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

....................................................A.......L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

....................................................A.......L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AGTTATAACTGATTAGATAATCTAAAAAAGTGTATTTAGTAGCCAACAATGGCATCTCTAL. lateralis BU (AY181996)

420390

............................A...............................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TCACAGTTTAGTGAATTGGTTACACTCTGCTAATGAGATTTGGCTCCAACGGTGTCGGTGL. lateralis BU (AY181996)

360330

T......................................C....................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

ATTATTTATATATTAGCCGGTTTATTCCTGTGAAGAATTTGTGAAAACTGGCGTTATGCAL. lateralis BU (AY181996)

300270

............................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TGGAAGAATTTGGTTGTTGAAATTATGGTTGGCTTTAAAGGTCTAGGAGAAAATCATGCTL. lateralis BU (AY181996)

240210

............................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

ATACTTAGAACGTACGCCGAGTCGATTATAACTTACCGGTTTACTAACGCGCAATTGCTTL. lateralis BU (AY181996)

180150

.........A..................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AAAACTTGGCATCGATATGCAAGTATATGGACAATTGCGCCTGCTGGAGCGAAGAGGGATL. lateralis BU (AY181996)

12090

......T.....G.........G.....................G...............L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619 )

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TTACCCCATTCTAAACCATTGTATATGGTCTGAAAATATTTGGATAACGAATGGAAAACAL. lateralis BU (AY181996)

6030
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900870

...........T................G....G..........................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AACACTGCAACGTTTTTAAAGACGAAGAAAAACAAAATTTTTGTCATGTTGGTTTTCGTAL. lateralis BU (AY181996)

840810

............................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TCTAACTTGTCTTTAGGCTAATGTTTACTATGGTTTTGGTCATTCCATCAACTGTAGTACL. lateralis BU (AY181996)

780750

......................C.....................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

GGCTATTTTACACCAGGCACAATCAAGTTTAATTTATGGACTAGAGATCCTTTTCTCACGL. lateralis BU (AY181996)

720690

...........T..............................................A.L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AGTCACTAGAACGAAAATGCCAACTTACTCAAAAGGTGTGCCGGTTTGCCTCGGGTTCCAL. lateralis BU (AY181996)

660630

.................T..........................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AATGAACTCTTTGCTCTCATAAAGAACAAGAGTTAACCGCAAACTGTAGATCAAGTTTTAL. lateralis BU (AY181996)

600570

................A...........................C..........T....L. lateralis Japan (E05448)

............................................G...............L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................G...............L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................G...............L. lateralis MJ1 (AY192560)

TTTCAAAGGACTCCACCAGGAAAAAAAACACAACTTTATTAATCAATGGAAGAGGATATCL. lateralis BU (AY181996)

540510

A.............................................C.............L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

..............................................C.............L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

..............................................C.............L. lateralis MJ1 (AY192560)

GGTGGATTATTGGACAGCAAATTGTTATATTATTAAAACCCGGTAAATGCGTACAAAAAAL. lateralis BU (AY181996)
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13201290

............................C...............................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AGGTTGGTTGTAGATGAAGAAGAGAAATTAAGAAGCAACATAGATAATCCAAAGGTTATGL. lateralis BU (AY181996)

12601230

..............G.............................................L. lateralis Japan (E05448)

..............G.............................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

..............G.............................................L. lateralis MJ2 (U49182)

..............G.............................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TATGCTTATGTAAAAGGTCCGAAGTTTGTGCAGACGTGGATGGGCCCGAAAAAAAAACTTL. lateralis BU (AY181996)

12001170

.........T..................................................L. lateralis Japan (E05448)

.........T..................................................L. lateralis MJ2 (Z49891)

............................................A...............L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TCTTGATACCAAGTTATCGATTTAAAGCAATGTGCCATTACTGGCAAAGTCCAGGTGCTTL. lateralis BU (AY181996)

11401110

..............G.............C...............................L. lateralis Japan (E05448)

....................................................T.......L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

..........................................T.......L. lateralis MJ2 (U49182)

....................................................T.......L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

CGATGATAAACACCAGAAGGATTATTATTAAACCTCTGCATAACAGAAACGGCTATGGTTL. lateralis BU (AY181996)

10801050

.......................................................T....L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TGTTCGTCAAATTTACCGGGAGACGTTTTAAGCTGTTGCTAAATTGGTGATTATCAAAAGL. lateralis BU (AY181996)

1020990

............................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

CGGAGCACCTTTGCATCTGGTTAGTTGAAATTTATCAAATATAAATATGAGAATTACTCGL. lateralis BU (AY181996)

960930

.........................T.....................C............L. lateralis Japan (E05448)

............................................T...............L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................T...............L. lateralis MJ2 (U49182)

............................................T...............L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TAATAGAAGTTTGCAATTCTCCGACCTTGTTATTCTTGTAGTTCAAGTGTGATTACAAATL. lateralis BU (AY181996)



8

................G.......L. lateralis Japan (E05448)

........................L. lateralis MJ2 (Z49891)

........................L. lateralis MJ1 (U49181,

U51019, Z69619)

........................L. lateralis MJ2 (U49182)

........................L. lateralis MJ2 (AY192560)

........................L. lateralis MJ1 (AY192560)

GATGCAGTTGCTAACTAAAGAAACL. lateralis BU (AY181996)

1644

............................C....C..........................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TAGAGAAATAGTAAAGCAATAAAATTGATGTCTTACTGGTTACCTAAAGGGTGGACGAAGL. lateralis BU (AY181996)

16201590

............................................TA..............L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TGTCCGTTTTTGCGTGGTGGGCAAAACGTTAGTTTCAAATTTGCAGGTCAATGGATTACGL. lateralis BU (AY181996)

15601530

....G.......................................................L. lateralis Japan (E05448)

....G.......................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

....G.......................................................L. lateralis MJ2 (U49182)

....G.......................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

AAAAAAAGTACTATGACTGAAAAGGAAAATTGTACTTGAAGAGCTGTTGTGAGCTTCCGGL. lateralis BU (AY181996)

15001470

............................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

............................................................L. lateralis MJ2 (U49182)

............................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

TATAGCTGGTTTCCAGATCCGTTGCTGGCGTGATGCCGGCCAAATATTTTTTGCAACATCL. lateralis BU (AY181996)

14401410

.........................A..................................L. lateralis Japan (E05448)

.........................A..................................L. lateralis MJ2 (Z49891)

............................................................L. lateralis MJ1 (U49181,

U51019, Z69619)

.........................A..................................L. lateralis MJ2 (U49182)

.........................A..................................L. lateralis MJ2 (AY192560)

.........................A..................................L. lateralis MJ1 (AY192560)

ATCTGTTCTTCTGAATTAGAGTACCTCCTGAGGATATCAATCAAATACAAAAGTCTTTAAL. lateralis BU (AY181996)

13801350

...........C................................................L. lateralis Japan (E05448)

............................................................L. lateralis MJ2 (Z69619)

............................................................L. lateralis MJ1 (U49181,

U51019, Z49891)

...........C................................................L. lateralis MJ2 (U49182)

...........C................................................L. lateralis MJ2 (AY192560)

............................................................L. lateralis MJ1 (AY192560)

GGATCGTTTGTTTTTATCGTGAAAAACATTTTACGATGAAATATTGGGTACACACAGGAGL. lateralis BU (AY181996)



However, the two amino acid-based Muju types (MJ1 and

MJ2), recorded in this study and that of Cho et al. (1999)

differed at the nucleotide level. Thus, these appear to be

at least seven nucleotide sequence-based luciferase gene

types, including one Japanese type (Table 3; Fig. 3). The

sequence divergence among the six Korean nucleotide

types ranged from 0.1% (one nucleotide) to 0.7% (11

nucleotides). However, when the Japanese type was

included, the sequence divergence ranged from 33 to 37

nucleotides (2.0%–2.3%) and the Japanese type was more

distant from the Korean types than they were from one

another (Table 3).

Phylogenetic analysis

To illustrate the phylogenetic relationships among L.

lateralis luciferase genes of different geographical origin,

a maximum parsimony analysis was performed on the

amino acid and nucleotide sequences using PAUP soft-

ware (Figs 4 & 5). The analysis using amino acid

sequences revealed that the Korean types (BU, MJ1, and

MJ2 types) formed a strong subgroup (90% of bootstrap

value), with a close relationship between the BU and MJ1

types, and excluded the Japanese type from the Korean

types (Fig. 4). This suggests that the Japanese and Korean

L. lateralis have diverged genetically. In terms of nucleo-

tide sequences the two Muju types defined by amino acid

sequences (MJ1 and MJ2 types) were subdivided into two

groups and the Boun type grouped together with the MJ1

type. There are also two groups in the GenBank-

registered sequences from Muju, Korea, which also sug-

gests the presence there of phylogenetically divergent

groups. As shown by the analysis using amino acid

sequences, the Japanese luciferase gene is not grouped

with the Korean types (Fig. 4), suggesting a genetic

divergence between the populations in Korea and Japan.

As an alternative to the parsimony analysis, FITSCH for

amino acid and NEIGHBOR for nucleotide sequences

incorporated in PHYLIP (Phylogeny Inference Package)

ver. 3.5c (Felsenstein, 1993) were also utilized, but

overall the topology was identical with that obtained

using the maximum parsimony method (data not shown).

DISCUSSION

 It is well known that the firefly uses luciferase to pro-

duce bioluminescence. The firefly luciferase genes have

been isolated from various firefly species and are widely

used as a genetic marker or reporter gene in a variety of

systems. In this study, we cloned the luciferase genomic

DNAs from four individuals of the firefly L. lateralis.

The length of the gene is identical in four individuals

from two populations: it contains 1,644 bp, corresponding

to 548 amino acids. The previous studies on luciferase

genes of L. lateralis also indicate they are all the same

length (Tatsumi et al., 1992; Cho et al., 1999). This fea-

ture is conserved among species of the Luciolinae sub-

family (Masuda et al., 1989; Devine et al., 1993; Choi et

al., 2002, 2003). The analysis of the exon/intron

boundary suggested the presence of seven exons in the

luciferase gene of L. lateralis. The total length of the

luciferase gene, including exons and introns, is 1,971-bp,

and the exon/intron boundary is identical in all samples.

However, there are isoforms in the four individuals of L.

lateralis collected from the two Korean localities: BU

type from Boun and MJ1 and MJ2 types from Muju. The

luciferase gene in several firefly species is known to be

polymorphic (Wood et al., 1989; Tatsumi et al., 1992;

Zenno et al., 1994; Ye et al., 1997; Cho et al., 1999). The

MJ1 and MJ2 types are identical in terms of the amino

acid sequences of the genes with those previously col-

lected from Muju, Korea (Cho et al., 1999): MJ1 to Luc2

and MJ1 to Luc2. However, the luciferase gene of BU

type is novel. In terms of nucleotide sequences, the amino

acid-based MJ1 and MJ2 obtained in this study are dif-

ferent from the MJ1 and MJ2 recorded by Cho et al.

(1999). Furthermore, these Korean isoforms are not iden-

tical to the Japanese isoform (Tatsumi et al., 1992). So

far, the L. lateralis firefly is known to have four different

amino acid-based luciferase genes: three isoforms from

Korean localities and one from a Japanese locality.

 The deduced amino acid sequences of the luciferase

gene of the Korean L. lateralis firefly are very similar.

The amino acid sequence divergence ranged from 0.2% to

0.4% (one - two amino acid residues). When the L. later-

alis collected in Japan (Tatsumi et al., 1992) is included,

the divergence ranged from 0.9% to 1.1% (five - six

amino acid residues) and these values are obtained only

when Japanese and Korean isoforms are compared. This

suggests a genetic discontinuity between the Korean and

Japanese L. lateralis populations.

9

Fig. 4. A phylogenetic tree of aligned amino acid sequences of the L. lateralis firefly luciferase. The tree was obtained by boot-

strap analysis with the option of heuristic search and the numbers on the branches represent bootstrap values for 1,000 replicates.

The outgroup chosen was Luciola cruciata (Masuda et al., 1989). The GenBank numbers within parenthesis indicate identical

sequences.



A phylogenetic analysis based on the luciferase genes

of L. lateralis was performed in order to determine the

genetic relationships among the genes. In the maximum

parsimony analysis, luciferase gene isoforms in the sam-

ples from Korea formed a monophyletic group (90%

bootstrap value) distinct from those from Japan (Fig. 4).

As the luciferase gene is involved in sexual communi-

cation differences or similarities in its structure could

determine the boundary between species (Ohmiya et al.,

1995; Lee et al., 2001; Choi et al., 2002, 2003). The simi-

larity of the amino acid sequences of the luciferases of the

L. lateralis from Korea (Table 2; one - two amino acid

residue difference) and that they differed from that of the

L. lateralis luciferase from Japan (Fig. 3) suggest that

there is a distinct genetic boundary between the L. later-

alis fireflies from Korean and Japan. Phylogenetic

analysis of the luciferase gene based on nucleotide

sequences also separated the Korean from the Japanese L.

lateralis (Fig. 5). As Japan and the Korea are separated

by the Namhe Sea it is likely the genetic isolation is a

consequence of geographic isolation.

In fact, other molecular studies on L. lateralis mt DNA

also show genetic differences between Korean and Japa-

nese samples. For example, Kim et al. (2000) found 2.9%

divergence in the mt 16S rRNA sequences between two

geographic samples, and emphasized that the degree of

divergence is larger than that between two Luciola spe-

cies, L. cruciata and L. owasai (1.5%), endemic to Japan.

Suzuki et al. (2004) also performed an RFLP

analysis/direct sequencing of the mt COII gene of 46

Japanese and two Korean populations to test if the two

Japanese ecological types, based on the flashing pattern,

are associated with genetic differences. They found no

evidence for them but did found an obvious genetic sepa-

ration between the Japanese and Korean populations.

Thus, the result of our study on the luciferase gene is con-

sistent with the previous finding based on mt DNA. How-

ever, our results do not support the finding of Kim et al.

(2001a) that the Muju and Boun populations of L. later-

alis are genetically distinguishable on the basis of mt

cytochrome oxidase I gene sequences. We found two dis-

tinguishable groups in the Muju samples and that the

Boun samples have a closer relationship with one of the

two Muju isoforms than they have to one another. To

resolve this issue another molecular marker is required.

Further, a more population-oriented study is expected in

the future to confirm the geographic isolation between the

L. lateralis populations in Korea and Japan.

In conclusion, we sequenced and found a novel isoform

luciferase gene in the L. lateralis fireflies collected in

Boun, Korea and compared its structure with that of other

luciferase genes. This gene is identical in length and

exon/intron structure in all L. lateralis. Phylogenetic

analysis of the luciferase isoforms of the L. lateralis

firefly appears to suggest that L. lateralis fireflies in

Korea and Japan are genetically isolated.
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