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Phylogenetic Relationship of the Firefly, Diaphanes pectinealis

(Insecta, Coleoptera, Lampyridae) Based on DNA
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Abstract: Diaphanes is the fourth largest genus in Lampyridae, but no luciferase gene from this genus has been re-
ported. In this paper, by PCR amplification of the genomic DNA, the luciferase gene of Diaphanes pectinealis , which is
the first case from Diaphanes, was identified and sequenced. The luciferase gene from D. pectinealis spans 1958 base
pairs (bp) from the start to the stop codon, including seven exons separated by six introns, and encoding a 547-residue-
long polypeptide. Its deduced amino acid sequence showed high protein similarity to those of the Lampyrini tribe (93 —
94% ) and the Cratomorphini tribe (92% ), while low similarity was found with the North American firefly Photinus pyralis
(83%) of the Photinini tribe within the same subfamily Lampyrinae. The phylogenetic analysis performed with the de-
duced amino acid sequences of the luciferase gene further confirms that D. pectinealis, Pyrocoelia , Lampyris, Cratomor-
phus , and Photinus belong to the same subfamily Lampyrinae, and Diaphanes is closely related to Pyrocoelia , Lampyris ,
and Cratomorphus . Furthemore, the phylogenetic analysis based on the nucleotide sequences of the luciferase gene indi-
cates Diaphanes is a sister to Lampyris . The phylogenetic analyses are partly consistent with morphological (Branham &

Wenzel, 2003) and mitochondrial DNA analyses (Li et al, 2006) .
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Fireflies include the beetles of the family Lampyri-
dae (lampyrid fireflies) in a narrow sense, or the bee-
tles of the families Lampyridae and Rhagophthalmidae
(thagophthalmid fireflies) in a broader sense (Li &
Liang, 2006) . Lampyrid fireflies are well known as lu-
minescent insects, which mainly occur in tropical and
subtropical areas, including about 2000 known species
in more than 92 genera and subgenera (McDermot,
1966) of eight subfamilies (Crowson, 1972; Lawrence
& Newton, 1995) . In China, 116 lampyrid species be-
longing to 13 genera and 5 subfamilies were reported
(Li, 2005). Among these Chinese lampyrids, the most
enigmatic is a species from Gaoligongshan Mt., Yun-
nan, Southwest of China, which exhibits the general
morphology of Diaphanes luniger Motschulsky, i. e.
the type of the genus Diaphanes, except for its pecti-
nate antennae, which make its phylogenetic position
uncertain. Based on our observations on morphology
and the references to mitochondrial DNA data (Li et
al, 2006), this enigmatic species should be placed in
the genus of Diaphanes (Lampyrinae: Lampyrini) and
described as new to science under the name of Di-
aphanes pectinealis (Li & Liang, paper submitted ™ ) .

Firefly photic signals play an important role in sex-
ual communication. Therefore the firefly is a good sys-
tem for studying sexual selection and speciation
(Lloyd, 1971, 1973; Ohba, 1983, 1997). For this
reason fireflies have been studied widely with respect to
behavior (see Viviani, 2002). More importantly, the
luciferase gene, responsible for bioluminescence, has
potential ~applications in molecular biology and
medicine as a biomarker (Greer & Szalay, 2002; Vi-
viani, 2002) . Recently more attention has been direct-
ed towards the study of the luciferase gene, of which 14
lampyrid ( three subfamilies, six genera) and one
rhagophthalmid genes have been cloned and sequenced
so far (Tab. 1).

quence of the luciferase gene among some species indi-

Comparison of the amino acid se-

cated the usefulness of this gene for phylogenetic analy-
sis at the species, or higher taxomic level (Choi et al,
2002). Tt is regretful, however, that no Diaphanes
species luciferase gene has been reported.

In this study, in order to investigate the luciferase
gene of Diaphanes species and the phylogeny of D.
pectinealis better, we analyzed the gene structure, and

compared the sequence with the luciferase ¢DNA se-

quence and genes of species from similar genera as list-

ed in Tab. 1.

1 Materials and Methods

1.1 Materials

The firefly, Diaphanes pectinealis used in this
study was collected at Gaoligongshan Mt., Yunnan,
Southwest of China in October, 2003. Extra specimens
were pinned or soaked in 75% alcohol as voucher spec-
imens, and deposited in Kunming Institute of Zoology
(KIZ), the Chinese Academy of Sciences (CAS), Chi-
na.
1.2 DNA extraction

Total DNA was extracted according to the phenol-
chloroform method (Sambrook et al, 1989). Only the
thorax of a single specimen was minced with scissors
and digested at 56 °C overnight in 600 pI. STE (10
mmol/L NaCl, 10 mmol/L Tris-HCI, 1 mmol/L ED-
TA, pH 7.5) plus 60 pul. 10% sodium dodecyl sulfate
(SDS) and 10 pLI. 20 mg/mL proteinase K. DNA was
purified by saturated phenol extraction once followed by
chloroform and isoamyl alcohol (24 : 1) extraction
twice, and then precipitated with isopropyl alcohol and
rinsed with ethanol once. Finally, DNA was dissolved
in TE (10 mmol/L Tris-HC1, 1 mmol/L EDTA, pH
8.0).
1.3 PCR amplification and DNA sequencing

The primers used for amplification of the genomic
DNA of the luciferase from the D. pectinealis were
Lam _noc _ 10 (acg cge taa tat cat tge a) and Lam _R
(ttc gtt aga ata tag taa acc gaa g), which were designed
by authors based on the luciferase ¢cDNA of Lampyris
noctiluca (Sala-Newby et al, 1996). PCR conditions
were as follows: an initial denaturation step at 94 °C for
4 min; 35 cycles of 94 °C for 20 s, 48 °C for 30 s, and
72 °C for 3 min; and a final extension step at 72 °C for
7 min. PCR products were checked by electrophoresis
using 1% agarose gel in 1 x TAE buffer. The PCR
products were then purified using DNA Fragment Quick
Purification/Recover Kit (Yun Ke Co., China) follow-
ing the manufacturer’s instructions.

DNA sequencing was performed using an automat-
ABI3100. The
primers were the same as the PCR amplification

ic sequencer initially  sequencing
primers, with subsequent sequencing being performed

by primers designed with reference to previously-deter

“Li XY, Liang XC. A new species of Diaphanes Motschulsky (Coleoptera: Lampyridae: Lampyrinae) from Gaoligongshan Mountains of western

Yunnan Province, China, with A review of known Chinese species[J]. (submitted)



439 ARty . NI S PO C R 250 MR SR T 2 9E30) 369

mined sequences (primer walking) .
1.4 Data analysis

With 23 GenBank-registered sequences, initial
alignment of the sequences was conducted using Clustal
X (Thompson et al, 1997), and confirmation of the
alignment was done manually using BioEdit (Version
4.7.8).

Phylogenetic trees were constructed by the Neigh-
bor-Joining (NJ) (Saitoh & Nei, 1987) and Maximum
Parsimony (MP) methods (Farris, 1970) using PAUP*
4.0b10 (Swofford, 2002).

The accession numbers of

the sequences in the GenBank are listed in Tab. 1.
Kimura’s two parameters model was selected
(Kimura, 1980) and bootstrap of 1000 replicates was
performed in the NJ analysis. Maximum Parsimony
analysis was performed using heuristic searches with
100 random-addition sequences via Tree-bisection-re-
connection (TBR) branch swapping, and support for
the resulting nodes was assessed using bootstrap (BP)
analysis (1000 replicates) (Felsenstein, 1985). All

characters are unordered and weighted equally .

Tab. 1 GenBank accession number of luciferase gene used in this study

Family & subfamily Tribe Species GenBank accession number ~ References
Ingroups:
Lampyridae
Lampyrinae Photini Photinus pyralis M15077 De Wet et al, 1985, 1987
Lampyrini Pyrocoelia miyako 1.39928 Ohmiya et al, 1995
Pyrocoelia rufa AF328553; AY447202; Lee et al, 2001;
AY447203 Li et al, 2003b
Lampyris noctiluca X89479; AY447204 Sala-Newby et al, 1996;
Li et al, 2003a
Lampyris turkestanicus AY742225 Aplipour et al, 2004
Diaphanes pectinealis DQ408300 This study
Cratomorphini Cratomorphus distinctus AY633557 Viviani et al, 2004
Luciolinae Luciola cruciata M26194 Masuda et al, 1989
Lucioloa lateralis X66919 Tatsumi et al, 1992;
Cho et al, 1999
Luciola mingrelica S61961 Devine et al, 1993
Hotaria parvula 139929 Ohmiya et al, 1995
H. unmunsana AF420006; AF486800 Choi et al, 2002
H. papariensis AF486802; AF486803 Choi et al, 2003
H. tsushimana AF486801; AF486804 Choi et al, 2003
Photurinae Photuris pennsylvanica U31240 Li et al, 1997
Outgroups :
Rhagophthalmidae Rhagophthalmus ohbai - Ohmiya et al, 2000
Phengodidae Phrixothris viviani AF139644 Viviani et al, 1999
Phrixothris hirtus AF139645 Viviani et al, 1999

2 Results and Analysis

2.1 The gene structure and sequence

The luciferase gene of Diaphanes pectinealis con-
tains 1958 base pairs (bp) from the start to the stop
codons. Although the length is different, the luciferase
genes in various firefly species usually consist of six in-
trons and seven exons (Li et al, 2003a) . Furthermore,
the intron boundaries include an invariant GT bases at
the intron five boundary and an invariant AG bases at
the intron three boundary and are well conserved in the
known luciferase genomic sequence of fireflies, such as
Lampyris noctiluca (Li et al, 2003a), Pyrocoelia rufa
(Li et al, 2003b), Hotaria-group fireflies (Choi et al,

2003) and Luciola lateralis (Cho et al, 1999). By
comparison with the luciferase cDNA sequences of Py-
rocoelia miyako (Ohmiya et al, 1995), P. rufa (Lee
et al, 2001), Lampyris nociluca (Sala-Newby et al,
1996), L. turkestanicus ( Alipour et al, 2004) and
with the luciferase sequences of L. nociluca (Li et al,
2003a) and P. rufa (Li et al, 2003b), it was deduced
that there are also six introns and seven exons in the lu-
ciferase gene of D. pectinealis, which encodes 547
amino acid residues (Fig.1). The intron boundaries are
illustrated in Fig. 2.
2.2 Phylogenetic considerations

Compared with the amino acid sequence of known

luciferase (Tab . 2) , the deduced length of the lu-
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ATG GAA GAT GAT AAA AAT ATT ATA TAC GGT CCA CCG CCA TTC TAT CCT TTG GAG GAT GGA 60

M E D D K N I I Y G P P P F Y P L E D G

ACT GCT GGG GAA CAA TTG CAC AGA GCG ATG AAG AGG TAT GCA CAG GTT CCA GGG ACA ATT 120

T A G E Q L H R A M K R Y A Q Vv P G T I

GCT TTT gtaagtaaatttgttatcccatctatttatgaaatccaacctttttgcaaattt 180

A F

tttgtacag ACT GAT GCA CAT GCG GAG GTA AAT ATT ACA TAT TCC GAA TAT TTT GAA CTG 240
T D A H A E Vv N I T Y S E Y F E L

TCT TGC CGA TTA GCC GAA GCT ATG AAG AGG TAC GGA CTT GGT TTA CAA CAC CGC ATT GCC 300

S C R L A E A M K R Y G L G L Q H R I A

GTT TGT AGT GAA AAT TCT CTT CAG TTT TTT ATT CCC GTA TGC AGT GCT CTA TAT ATT GGA 360

v C S E N S L Q F F I P v C S A L Y I G

GCC GGA GTT GCA CCA ACT AAT GAT ATT TAC AAT GAA C gtaggtgctttgtcggtcttaaa 420

A G Vv A P T N D I Y N E R

aagaaatgatgataaactcttctgcag GT GAA TTA TAC AAC AGT TTG TCC ATA TCA CAA 480

E L Y N S L S I S Q

CCA ACA ATA GTA TTC TGT TCC AAA AGA GCG CTA CAA AAA ATC CTA GGG GTA CAA AAG AAA 540

P T I A\ F C S K R 2 L Q K I L G v Q K K

TTG CCT GTA ATT GAG AAA ATT GTT ATT CTG GAT TCT CGA GAG GAT TAT ATG GGG AAA CAA 600

L PV I E K I v I L D S R E D Y M G K Q

TCT ATG TAC TCG TTC ATT GAT TCT CAT TTA CCT GCA GGT TTT AAT GAA TAT GAT TAC AAA 660

S M Y s F I D 8 H L P A G F N E Y D Y K

CCG GAT TCT TTT GAC CGG GAT ACG GCA ACG GCA CTT ATA ATG AAT TCA TCG GGA TCT ACT 720

P D S F D R D T A T A L I M N S S G S T

GGA TTA CCC AAG GGA GTT GAT CTT AGC CAC AAA AAT GTT TGT GTT AGA TTT TCT CAC TGC 780

G L P K G v D L S H K

N V (o} vV R F S H C

AG gtacgtacggtcgtggcctattataaatgtaattgtattaaaaaatttacag A GAT CC 840
R

D P

T _GTG TTC GGT AAT CAA ATT ATT CCC GAT ACC GCG ATT TTA ACA GTT ATA CCA TTT CAT CA 900
vV F G N Q I I P D T A I L T v I P F H H

T GGT TTT GGA ATG TTT ACA ACA CTA GGA TAT TTA ACG TGT GGA TTT CGT GTT GTC CTT AT 960
G F G M FoT T L G Y L T c G F R Vv v L M

G TAT AGA TTT GAA GAG GAA TTA TTT TTA CGA TCA CTT CAA GAT TAT AAA ATT CAA AGT GC 1020
Y R ¥ E E E L F L R s L Q D Y K I Q S A

G TTG CTG GTA CCT ACC CTA TTT TCA TTC TTT GCC AAA AGC ACC TTA GTC GAC AAA TAC GA 1080
L L v P T L F S F F A K S T L v D K Y D

T TTA TCA AAC TTA CAC GAA ATC GCT TCT GGT GGA GCT CCC CTT GCG AAA GAA GTT GGA GA 1140
L S N L H E I A S G G A P L A K E v G E

G GCT GTA GCA AMA CG gtgagtcacgataccaagtactcagtttctattaagggtttgtag 1200
A A K R

CTG CCC GGC ATA CGA CAA GGT TAT GGA CTT ACC GAA ACT ACC TCA GCT ATT AT 1260

L P G I R Q G Y G

L T E T T S A I I

P E G D D K P G A
T GGC

C G K v v P F F C

ATT GTT GAT CTG GAT ACG GGC AAA ACT TTG GGC GTT AAT CAG AGA GGG GAA TT 1380

I Vv D L D T G K T

v
AAG
K
T ATT ACA CCA GAA GGG GAT GAT AAA CCT GGA GCG TGT GGT AAA GTT GTT CCA TTC TTT TG 1320
T
AARA
K

L G vV N Q R G E L

A TGC GTG AAC GGC CCA ATG ATA ATG AAG GGT TAC ATA AAC AAC CCA GAA GCA ACA AAT GC 1440

o v K G P M I M K G Y

I N N P E A T N A

A TTG ATA GAC AAG GAT GGA TGG TTA CAC TCT GGT GAC ATA GCT TAC TAT GAC AAA GAT GG 1500

L I D K D G W L H S G

D I A Y Y D K D G

T CAC TTC TTC ATA GTA GAT CGT TTG AAA TCG TTA ATT AAA TAC BAA GGT TAT CAG gtaaa 1560

H F F I v D R L K S L

I K Y K G Y Q

atgtggatttttgttataggcacataggtacaatttacctacaatgtctatag GTA CCG C 1620

v P P

CT GCC GAA TTA GAA TCG ATA TTG CTG CAA CAT CCC TTC ATA TTT GAT GCA GGT GCT GCA G 1680

A E L E s I L L Q H P

F I F D A G A A G

GA ATT CCC GAC CCA GAT GCC GGT GAA CTT CCT GCA GCC GTT GTC GTT TTA GAG GAA GGC A 1740

I P D P D A G E L P A

A v v v L E E G K

AA ACG ATG ACG GAA CAA GAA GTG ATG GAT TAT GTT GCG G gtaaatgaaccatttacgtga 1800

T ™ T E Q E V M D Y v

A G

tcattatacacacttaaattgtag GA CAA GTA ACT GCT TCT AAG CGT TTA CGT GGA GGA G 1860

Q v T

A S K R L R G G v

TT AAG TTC GTG GAC GAG GTA CCT AAA GGT CTA ACT GGA AAG ATT GAT TCA AGA AAA ATC A 1920

K F v D E v P K G L T

G K I D S R K I R

GG _GAG ATC CTT ATG ATG GGA AAA AAA TCC AAA TTG TAA 1958

E I L M M G K K s K L

*

Fig. 1 The nucleotide sequence of the D. pectinealis luciferase gene and its deduced

amino acid sequence

Nucleotide numbers are presented on the right. Exons are labeled with underlines.

ciferase gene of D. pectinealis showed high protein
similarity to those of the Lampyrini tribe (93% -
94% ) and the Cratomorphini tribe (92% ), while the
lowest similarity was found with America firefly P.
pyralis (83%) of the Photinini tribe within the same
subfamily Lampyrinae. The protein similarity of lu-
ciferase between D. pectinealis and Luciolinae species
was 67% — 69% . The lowest similarity was found with
Photurinae (62% ). Furthermore, the phylogenetic
analysis of deduced amino acid sequences showed that

D. pectinealis formed one group with Lampyris, Pyro-
coelia and Cratomorphus fireflies with high bootstrap
value (BP = 100) both in MP and NJ trees (Fig. 3A
and 3B). A small anomaly was that the relationship of
D. pectinealis and C. distinctus was not well supported
in the MP tree, but in the NJ tree D. pectinealis was
well at the base of Pyrocoelia + Lampyris .

Coding nucleotide sequences only as amino acid
characters for phylogenetic analysis may yield mislead-

ing results (Simmons & Freudenstein , 2002 ; Simmons
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1 126 190 397449 782 835 1155 1201 1

h
wn
wn

16141779 1825 1955
|

on§ Exo

ATG [AA
B
Exon Length of exon (bp) Position in gene Sequence at exon-intron junction
M E D D ...l A F
1 126 1-126 ATG GAA GAT GAT ...... ATT GCT TTT gtaagtaaat
T D A H ... Y N E R
2 208 190-397 tgtacag ACT GAT GCA CAT ...... TAC AAT GAA C gtaggtgc
E L Y ... S H C R
3 334 449-782 cttetgcag GT GAA TTA TAC ...... TCT CAC TGC AG gtacgtac
D P VvV ... vV A K R
4 321 835-1155 tttacag A GAT CCT GIG ...... GTA GCA AAA CG gtgagtcac
F K L ... K G Y Q
5 355 1201-1555 gegetttgtag T TTT AAG CTG ...... AAA GGT TAT CAG gtaaa
v P P ... Y V. A G
6 166 1614-1779 gtctatag GTA CCG CCT ...... TAT GTT GCG G gtaaatga
Q Vv T . S K L
7 131 1825-1955 attgtag GA CAA GTAACT ...... TCC AAATTG TAA

Fig. 2 The genomic organization of D. pectinealis luciferase gene

A: Exon/intron structures. Numbers mean the length (bp) of exons and introns; B: Lengths of exons and exon /intron boundaries .

Tab. 2 Pairwise identities and similarities of the deduced amino acid sequences among D. pectinealis
luciferase and other luciferase genes

Percent similariy

Animal

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1. D. pectinealis (DQ408300) - 97 97 98 95 9% 95 95 9% 90 8 8 81 8 81 8 8 8 81 8 76
2. L. noticluca (X89479) 94 - 99 99 97 97 9% 96 97 90 8 8 81 8 8 8 81 8 81 8 76
3. L. noticluca (Y447204) 94 99 - 99 97 97 9% 9 97 90 83 8 8 8 8 8 8 8 8 81 76
4. L. turkestanicus (AY742225) 94 98 98 - 97 97 97 97 97 91 8 8 8 81 8 8 81 8 & 81 76
5. P. rufa (AF328553) 93 95 95 95 - 99 99 98 95 8 81 8 8 8 8 8 8 8 8 80 75
6. P. rufa (AY447202) 93 95 95 95 99 - 99 99 95 8 8 8 8 8 8 8 8 8 8 81 75
7. P. rufa (Y447203) 93 95 94 95 99 99 - 98 95 8 8 8 8 8 8 8 8 8 80 80 74
8. P. miyako (139928) 93 95 95 9 98 99 98 - 95 8 8 8 8 8 8 8 8 8 8 80 74
9. C. distinctus (AY633557) 92 93 93 93 91 92 91 91 - 9 8 8 8 8 8 8 8 81 81 8 76
10. P. pyralis (M15077) 8 84 84 84 8 8 8 81 8 - 8 8 8 8 8 8 8 8 8 81 75
11. L. lateralis (X66919) 69 69 69 69 68 68 67 67 69 68 - 98 90 90 90 90 90 90 90 90 74
12. L. cruciata (M26194) 68 68 68 68 67 67 67 67 68 68 93 - 90 9 90 9 90 90 90 90 73
13. L. mingrelica (S61961) 67 66 66 67 66 67 66 66 66 67 8 8 - 98 98 98 98 98 98 98 73
14. H. unmunsana (FA86800) 66 66 66 66 66 66 65 65 65 67 8 8 96 - 100 100 100 99 99 99 73
15. H. unmunsana (AF420006) 66 66 66 66 66 66 65 66 66 67 8 8 96 99 - 100 100 99 99 99 73
16. H. papariensis (AF486802) 66 66 66 66 66 66 65 65 65 67 8 8 96 100 99 - 100 99 99 99 73
17. H. papariensis (AF486803) 66 66 66 66 66 66 65 65 65 67 8 8 96 100 99 100 - 99 99 99 73
18. H. tsushimana (AF486801) 66 65 65 66 65 66 65 65 65 67 8 8 96 99 99 99 99 - 99 99 73
19. H. tsushimana (AF486804) 66 65 65 66 65 66 65 65 65 67 8 8 9% 99 99 99 99 99 - 98 73
20. H. parvula (1L39929) 67 66 66 66 66 66 66 66 66 67 8 8 97 98 97 98 98 98 97 - 73
21. P. pennsylvanica (U31240) 62 61 61 61 60 60 60 60 62 59 56 55 53 54 54 54 54 54 54 54 -

Percent identity

et al, 2002; Cameron et al, 2004). Therefore, phylo- compare with those of deduced amino acid sequences.
genetic trees (Fig. 4A and 4B) based on nucleotide se-  Similar to trees of deduced amino acids, the monophyly

quences of the luciferase gene are also constructed to of Lampyrini + Cratomorphini is recovered in both MP
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Pho. pennsylvanica (U31240)
99 [ Phrixothris hirtus (AF139645)
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Rhagophthalmus ohbai

(Ohmiya et al, 2000)

Luciolinae 100

90 Lampyrini
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Photurinae
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100
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H. tsushimana (AF486804)
H. papariensis (AF486802)
H. papariensis (AF486803)
H. tsushimana (AF486801)
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H. parvula (1.39929)
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Cratomorphus distinctus (AY633557)
Photinus pyralis (M15077)
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hthalmus ohbai (Ohmiya et al, 2000)
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Luciolinae 100
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Lampyrinae 10
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Photinini
Photurinae

Y
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Fig. 3 Phylogenetic trees for aligned amino acid sequences of the D. pectinealis luciferase and the known

luciferases. A: MP tree; B: NJ tree.

Hotaria unmunsana (AF420006)

81 H. papariensis (AF486803)

-H. papariensis (AF486802)
96, H. unmunsana (AF486800)
H. tsushimana (AF486804)
100 H. tsushimana (AF486801)
Luciolinae 100 62 —Luciola mmgrelzca S61961)

]Z’ parvula (L399
100 cruciata (M26194
L L tateral stx()(,g]g))
73— Pyrocoelia rufa (XY447203)
P. rufa (AF328553)
P. rufa (AY447202)
100 P. miyako(L39928)
Lampyris noctiluca (X89479)
L. noctiluca (AY447204)
L. turkestanicus(AY 7422 5&
Crat i Diaphanes pectinealis (DQ408300)
ratomorphind o qhomorphus distinctus (AY633557)
[Photinini __ pjipys pyralis (M15077)
Pho. pennsylvanica (U31240)
100 hth ixothris hirtus (AF139645)
“Phr. viviani (AF139644)
Rhagophthalmus ohbai (Ohmiya et al, 2000)

96

Lampyrini 98

100 Lampyrinae
100

Photurinae

Hotaria unmunsana (AF436800)
H. paparicnsis (AF486803)
-H. unimunsana (AF420006)
H. papurlcmm (AF486802)

H. parvula (L39929)
Luciola mingrelica (Sé 1961)

L. cruciata (M26194

L. lateralis (X6691 )

Pyrocoelia rufa (XY 447203)

P. rufa (AF328553)

P. rufa (AY447202)

P. miyvako (1.39928)
Lampyris noctiluca (X89479)
L. noctiluca (AY447204)
L. turkestanicus(AY742225)
Diaphanes pectinealis(DQ408300)
Cratomorphus distinctus (AY633557)
Photinus pyralis (M15077)
Pho. pennsylvanica (U31240)
100 r Phrixothris hirtus (AF139645)

100

100

Lamy rinael)(
ok 100

ICratomorphini
Photinini

Photurinae

Y Phy. viviani (AF139644)

Rhagophthalmus ohbai (Ohmiya et al, 2000)

Fig. 4 Phylogenetic trees for aligned nucleotide sequences of the D. pectinealis luciferase and the known

luciferases. A: MP tree; B: NJ tree.

and NJ trees of nucleotide sequences. However under
the level of tribe,

seems more appropriate,

the topology from the latter analyses
in which the tribe Lampyrini
forms a monophyly with D. pectinealis as a sister to the

Lampyris group.
3 Disscussion

The phylogenetic analyses based on both the de-
duced amino acid sequences and nucleotide sequences
showed that D. pectinealis formed one group with
Lampyris, Pyrocoelia and Cratomorphus fireflies with
high bootstrap value (BP = 100) both in MP and NJ
trees (Fig. 3A and 3B; Fig. 4A and 4B).

vealed by field observation that D. pectinealis emits

It was re-

continuous green bioluminescence. This gives supports

to its closeness to the Lampyrini and Cratomorphini
fireflies, which also emit continuously green light with
emission spectrum peaks usually at 550 nm (Ohmiya et
al, 1995; Sala-Newby et al, 1996; Viviani et al,
2004) .

The 16S mitochondrial DNA analysis also re-
vealed that D. pectinealis , together with its congeneric
and D.
formed a group with Pyrocoelia fireflies (Li et al,
2006). The morphological phylogeny ( Branham &
Wenzel, 2003) also indicated the close relationship
between Cratomorphus and Pyrocoelia .
thy that Diaphanes ,

species such as D. nubilus lampyroides ,

It is notewor-
Lampyris and Pyrocoelia , belong-
ing to Lampyrini and distributed in Asia, Europe and

Africa, actually show high morphological similarities to
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each other such as elongate clypeus and small
mandibles, which are different from those of Cratomor-
phus , placed in Cratomorphini and only limitedly dis-
tributed in South America (McDermot, 1964) . Never-
theless, it is regretted that the luciferase gene se-
quences of D. nubilus and D. lampyroides are still un-
known, and no 16S mitochondrial DNA sequence of
Lampyris and Cratomorphus fireflies are reported so
far, which, to some extent, restricts further explana-
tion of the phylogeny of D. pectinealis from the view-
points of both luciferase and mitochondrial DNA se-
quence data. Even so, the comparisons of the nu-
cleotide and its deduced amino acid sequences of D.

pectinealis and other known luciferase genes with refer-
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