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Two regions of mtDNA genome, cytochrome oxidase
subunit I (COI) and 16S ribosomal RNA (16S rRNA)
genes, were sequenced for 15 species of the long-
horned beetle belonging to four subfamilies and geo-
graphic samples of mulberry longicorn beetle, Apriona
germari, from two localities in Korea. Ten samples of
A. germari collected from Suwon and Busan revealed
three COI haplotypes ranging in nucleotide divergence
of 0.3% to 0.5%, and the two populations shared one
common COI haplotype (80%). The sequence diver-
gence among 15 species of the long-horned beetle was
much higher in COI gene (12.3%~39.4%) than 16S
rRNA gene (7.2% to 23.1), and the maximum value in
the COI gene is exceptional compared with other rele-
vant studies, including that of Coleoptera. The greatly
increased divergence in the COI gene, in fact, was
stemmed from a peculiar sequence of Prionus insularis
belonging to Prioninae, divergence of which ranges
from 31.2% to 39.3% from other species. We discussed
possible reason of the divergence in this species. Due to
the abnormality of COI gene divergence, decrease in
phylogenetic signal was severe in COI nucleotide and,
subsequently, the converted amino acid sequences,
rendering us to put more confidence on the 16S rRNA
gene data. Although the molecular phylogeny confi-
dently supports the monophyletic origin of Lepturi-
nae, the presence of discrepancy between molecular
data and traditional taxonomic view also is a testable
hyothesis. One such discrepancy includes taxonomic
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position of Sophronica obrioides and Theophilea cylin-
dricollis belonging to Lamiinae.
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Introduction

The Cerambycidae, commonly known as long-horned
beetles and sometimes as longicornia is one of the largest
groups in Coleoptera. The family have about 20,000 spe-
cies throughout the world and about 300 species belong-
ing to 43 tribes occur in Korea (The Entomological
Society of Korea and Korean Society of Applied Ento-
mology, 1994; Lee, 1987). The family is mainly tropical
but has representatives throughout the world. Most species
of the family are wood-borers, usually attacking dead or
dying trees, although some of them are considered as seri-
ous pests in timber and wood products in the tropics (Lee,
1987; Daly et al., 1998).

The species of Cerambicidae characteristically have
very long antennae, often longer than the body, and vari-
able in their length and size (e.g., 85-120 mm in length in
male Callipogon relictus and 6-8 mm in adult Dinoptera
minuta, excluding the antennae). Another peculiar feature
of the family is cylindrical, fleshy white, and legless lar-
vae. Larvae generally bore into wood, though some are
restricted to the softer roots and stems of herbaceous
plants. In most species the larval stages last for several
years (Crowson, 1981; The Entomological Society of
Korea and Korean Society of Applied Entomology, 1994;
Gillott, 1980).
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There is a substantial body of literature on the phylo-
genetic studies of insects using molecular markers (Fer-
raris and Palumb, 1996), and mitochondrial DNA has
been subjected to a popular candidate to infer phylogeny
among insect taxa (Avise, 1994; Funk et al., 1995; Farrell,
1998; Kelly and Farrell, 1998). However, phylogenetic
study on the Cerambicidae alone is not currently available
as far as we know, on the basis of our extensive effort
made in the GenBank and throughout reference search.
One of the relevant study, which can be cited here is a
phylogenetic study of the Coleoptera, which includes a
few long-horned species in their analysis, using mitochon-
drial cytochrome oxidase I gene (COI) sequence data
(Howland and Hewitt, 1995). In the analysis, they sug-
gested that COI might be an informative gene at lower
taxonomic levels, or in other insects, but improved reso-
lution for the phylogeny will require a more highly con-
served sequence. This is highly plausible in that the
Coleoptera, including long-horned beetles, is an ancient
group of insects, undergone considerable evolutionary
time.

In this study, we analyzed 15 long-horned beetle species
to construct phylogeny using two regions of mtDNA
genome, mitochondrial cytochrome oxidase subunit I
(COI) and 16S ribosomal RNA (16S rRNA) genes and
discussed the utility of the two genes for the inference of
Cerambycidae phylogeny. Additionally, we sequenced
COI gene from a few individual mulberry longicorn bee-
tles, Apriona germari, collected from two localities in
Korea to test if any geographic variation exists among
them. Although this species is known as a mulberry pest
in eastern Asia including Korea (Hua, 1982; Lee, 1987,
Yoon et al., 1997), information on the molecular aspect,
including molecular phylogenetic relationships among the
species of the subfamily, Lamiinae, is not available at
present.

Materials and Methods

Samples

Fifteen species of long-horned beetles and one false
blister beetle, Xanthochroa luteipennis, which was uti-
lized as an outgroup in the phylogenetic analysis, were
collected from eight localities in Korea and one in Tsush-
ima, Japan from 1997 to 2000. Collection information of
the samples is listed in Fig. 1 and Table 1. Psacothea
hilaris was kindly provided by a person at the Department
of Sericulture and Entomology, NIAST, RDA in Korea.
Apriona germari was collected from two regions, six sam-
ples in Suwon and four in Busan (Table 2). The collected
samples were frozen at 70°C for molecular analysis after
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Fig. 1. Sampling locations of long-horned beetles and false
blister beetle, Xanthochroa luteipennis. Numbers in
parenthesis were introduced to indicate species collected at
each locality as follows: 1, Apriona germari; 2, Theophilea
cylindricollis; 3, Anoplophora malasiaca; 4, Psacothea hilaris,
5, Moechotypa diphysis; 6, Thyestilla gerbleri; 1, Sophronica
obrioides: 8, Massicus raddei; 9, Chlorophorus diadema; 10,
Demonax transilis; 11, Plagionotus christophi; 12, Prionus
insularis; 13, Anastrangalia sequensi; 14, Corymbia rubra; 15,
Leptura aethiops; 16, X. luteipennis.

the measurement of a brief external morphology and tak-
ing of the picture.

MtDNA amplification and sequencing

Total DNA was extracted from the tissue samples by
using Wizard Genomic DNA Purification Kit (Promega)
following the manufacturers recommendation. The
primers used for PCR amplification and sequencing of
a portion of mitochondrial COI and 16S rRNA genes
are described for their nucleotide sequences in Table 3.
PCR amplifications were performed for 40 cycles
under the following conditions: denaturation at 94°C
for 30 s, annealing at 50°C for 40 s, and primer exten-
sion at 72°C for 45 s. To ascertain successful DNA rep-
lication, electrophoresis was carried out on 1% agarose
gel. The PCR product was then purified with PCR puri-
fication Kit (QIAGEN) following manufacturers
instruction. DNA sequencing was performed using ABI
377 Genetic Analyzer (PE Applied Biosystems). Sequ-
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Table 1. Collecting information of each species and GenBank accession numbers of the mtDNA

GenBank accession number

Species Collecting locality Animal number Collecting date Col 165 (RNA

Family Cerambycidae

Subfamily Lamiinae

Apriona germari Suwon-si, Gyeonggi-do HA12 1999 AF332943 AF332927

Theophilea cylindricollis Tsushima Island, Kyushu ; Japan HA62 2000 AF332946  AF332930

Anoplophora malasiaca Suwon-si, Gyeonggi-do HA7 1999 AF332945 AF332929

Psacothea hilaris NIAST, RDA, Suwon-si, Gyeonggi-do HA1S 1999 AF332944 AF332928

Moechotypa diphysis Suwon-si, Gyeonggi-do HA4 2000 AF332942  AF332926

Thyestilla gebleri Yeongwol-gun, Gangwon-do HAT72 2000 AF332941 AF332925

Sophronica obrioides  Suwon-si, Gyeonggi-do HAS87 2000 AF332940  AF332924
Subfamily Cerambycinae

Massicus raddei Suwon-si, Gyeonggi-do HA17 1999 AF332951 AF332935

Chlorophorus diadema Mungyeong-si, Gyeongsangbuk-do HA74 2000 AF332950 AF332934

Demonax transilis Busan-si HAS8 2000 AF332949 AF332933

Plagionotus christophi ~ Ganghwa-gun, Gyeonggi-do HA®61 2000 AF332948 AF332932
Subfamily Prioninae

Prionus insularis Cheonan-si, Chungcheongnam-do HA3 1998 AF332947 AF332931
Subfamily Lepturinae

Anastrangalia seqgensi  Yeongwol-gun, Gangwon-do HAS81 2000 AF332939 AF332923

Corymbia rubra Yeongwol-gun, Gangwon-do HA71 2000 AF332938 AF332922

Leptura aethiops Yeongwol-gun, Gangwon-do HAS85 2000 AF332937 AF332921
Family Oedemeridae

Xanthochroa luteipennis Busan-si HAS88 2000 AF332936  AF332920

Table 2. A list of trapping localities, animal numbers, mitochondrial COI haplotypes, and GenBank accession numbers of Apriona
germari

COHeCt.l HE lqcallty Collection date Animal number col GenBank accession number
(no. of individuals) haplotype
1999 HA12 AGI AF332943
HA11 AG2 AF335528
. . HA46 AG1 AF335529
1.S -si, G -do (6
uwon-si, Gyeonggi-do (6) 2000 HA47 AGI AF335530
HA48 AGl AF335531
HA49 AGl1 AF335532
HA41 AG1 AF335533
. HA42 AG1 AF335534
2. Busan-si (4) 2000 HA43 AG3 AF335535
HA45 AGl1 AF335536

Table 3. Amplification and sequencing primers used in this study

Gene Primer Length (mer) Sequence
COl
Forward CI-J-1718 23 5'-GGAGCTCCTGACATAGCATTCCC-3'
Reverse CI-N-2191 26 3-CCCGGTAAAATTAAAATATAAACTTC-3'
16S rRNA
Forward LR-J-12887 22 5-CCGGTCTGAACTCAGATCACGT-3'
Reverse LR-N-13398 20 5-CGCCTGTTTATCAAAAACAT-3'

Note. Nomenclature of the primers follows the standard given by Simon et al (1994).
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Fig. 2. COI nucleotide sequences (394 bases) of three A. germari haplotypes, 14 species of long-hornd beetles and one X. luteipen-
nis. Only nucleotides that differ from A. germari (HA12) are indicated

ence alignment was performed using IBI MacVector

(ver. 6. 5).

Phylogenetic analysis using PAUP and PHYLIP
PAUP (Phylogenetic Analysis using Parsimony) ver. 3.1
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Fig. 2. Continued

(Swotford, 1990) was used to infer possible phylogenetic
relationships among the matralines of the long-horned
beetle sequences. X. luteipennis was used as an outgroup.
PAUP analysis was performed using an equal weighting
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of transitions and transversions as well as several ratios up
to and including 1:20. Also, the nucleotide sequences of
COI gene were converted into amino acid sequence for
phylogenetic analysis. For both cases, heuristic searches
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Fig. 2. Continued

were performed and reliability of the topology was tested
by bootstrapping (1,000 iterations). As an alternative to
the form of parsimony analysis, we used Neighbor-Join-
ing method in PHYLIP (Phylogeny Inference Package)
ver. 3.5¢ (Felsenstein, 1993). To obtain phylogenetic tree,
the data set was first iterated 100 times using the sub-
program SEQBOOT. Each iterated data set was run with
the subprogram DNADIST or PROTDIST to obtain dis-
tance matrix between pairs of nucleotide or amino acid
sequences. For nucleotide sequences Kimuras 2-parame-
ter method was employed to obtain distance matrix
(Kimura, 1980). Individual trees from each distance
matrix were obtained using the subprogram NEIGHBOR.
The homologous sequences of X. luteipennis were

included in the analysis to root the trees. Finally, a con-
sensus tree representing reliability at each branch in the
tree was obtained using the subprogram CONSENSE.

Results

COI gene sequences

Fig. 2 shows the nucleotide sequences of 18 samples for a
394 bp region of the COI gene. No insertion or deletion
was found is this region. These sequences were deposited
in the GenBank, and accession numbers are shown in
Table 1. The GC-contents for the COI gene of 16 samples
are presented in Table 4.

Table 4. Sequence length of the mitochondrial COI genes and 16S rRNA genes analyzed and their GC-contents

Speci COI DNA sequence 16S rRNA sequence
pecies Sequence length (bp)  GC-content (%) Sequence length(bp) GC-content (%)
Apriona germari (HA12) 394 33.0 507 26.2
Theophilea cylindricollis 394 40.6 504 28.8
Anoplophora malasiaca 394 327 508 25.6
Psacothea hilaris 394 36.8 507 26.4
Moechotypa diphysis 394 37.1 508 25.2
Thyestilla gebleri 394 38.3 507 27.6
Sophronica obrioides 394 353 505 26.3
Massicus raddei 394 37.6 510 32.2
Chlorophorus diadema 394 38.6 504 30.2
Demonax transilis 394 348 510 27.1
Plagionotus christophi 394 36.3 507 274
Prionus insularis 394 33.2 505 28.1
Anastrangalia seqensi 394 353 510 24.5
Corymbia rubra 394 34.8 510 23.9
Leptura aethiops 394 33.8 510 23.5
Xanthochroa luteipennis 394 34.0 502 239
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Fig. 3. COI amino acid sequences (131 amino acids) of 15 species of long-hornd beetles and one X. luteipennis. Only amino acids
that differ from A. germari (HA12) are indicated.

In the ten samples of 4. germari collected from Suwon from the nucleotide sequence of COI gene (Table 2).
and Busan, three haplotypes (AGl AG3) were obtained Sequence alignment revealed two variable nucleotides
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Table 5. Pairwise comparisons of COI gene sequences among three haplotypes of Apriona germari, 14 species of long-horned bee-
tles and Xanthochroa luteipennis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1. Apriona germari (HA12) - 0.0030.0030.1880.1830.1370.1980.178 0.173 0.1950.203 0.211 0.208 0.3350.198 0.188 0.193 0.173

2. Apriona germari (HA11) 1 - 0.0050.1900.1850.140 0.201 0.1800.175 0.198 0.201 0.208 0.206 0.332 0.201 0.190 0.195 0.175
3. Apriona germari (HA43) 1 2 - 0.1900.1850.1370.201 0.178 0.173 0.1950.206 0.211 0.208 0.335 0.201 0.190 0.195 0.173
4. Theophilea cylindricollis 74 75 75 - 0.2180.1900.2010.2060.1780.1900.1750.228 0.188 0.371 0.190 0.208 0.211 0.198
5. Anoplophora malasiaca 72 73 73 86 - 0.1880.2230.1680.1900.2030.218 0.216 0.208 0.3380.198 0.211 0.175 0.180
6. Psacothea hilaris 54 55 54 75 74 - 0.2010.1830.1780.1750.193 0.234 0.201 0.363 0.198 0.211 0.226 0.198
7. Moechotypa diphysis 78 79 79 79 8 79 - 0.1980.2110.2110.2280.226 0.218 0.368 0.234 0.221 0.223 0.213
8. Thyestilla gebleri 70 71 70 81 66 72 78 - 0.1750.1900.208 0.208 0.180 0.393 0.208 0.206 0.218 0.185
9. Sophronica obrioides 68 69 68 70 75 70 83 69 - 0.1980.2080.2130.1750.3530.1650.1900.2110.183
10. Massicus raddei 77 78 77 75 80 69 83 75 78 - 0.2030.2260.1800.3550.1950.198 0.221 0.211
L1. Chlorophorus diadema 80 79 81 69 86 76 90 82 82 80 - 0.1900.1780.3600.2130.2180.213 0.206
12. Demonax transilis 83 82 8 90 85 92 89 82 8 8 75 - 0.2010.3430.2130.2010.2010.190
13. Plagionotus christophi 82 81 82 74 82 79 8 71 69 71 70 79 - 0.3630.1900.2110.2210.201
14. Prionus insularis 132 131 132 146 133 143 145 155 139 140 142 135 143 - 0.3320.3400.3120.345
15. Anastrangalis sequensi 78 79 79 75 78 78 92 82 65 77 8 84 75 131 - 0.1220.1420.165
16. Corymbia rubra 74 75 75 82 83 8 8 81 75 718 8 79 83 134 48 - 0.1570.188
17. Leptura aethiops 76 77 77 83 69 8 88 8 83 87 84 79 87 123 56 62 - 0.180

18. Xanthochroa luteipennis 68 69 68 78 71 78 84 73 72 8 81 75 79 136 65 74 71 -
Numbers above the diagonal are mean distance values; numbers below the diagonal are absolute distance values.

Table 6. Pairwise comparisons of amino acid sequences for the region of mitochondrial COI gene among 15 species of long-horned
beetles and Xanthochroa luteipennis

1 2 3 4 5 6 7 8 9 o 11 12 13 14 15 16
0.069 0.053 0.031 0.076 0.061 0.053 0.084 0.107 0.099 0.092 0.336 0.099 0.107 0.099 0.076

1. Apriona germari (HA12)

2. Theophilea cylindricollis 9 - 0.092 0.069 0.092 0.084 0.061 0.069 0.069 0.061 0.053 0.334 0.076 0.084 0.092 0.069
3. Anoplophora malasiaca 7 12 - 0.053 0.092 0.046 0.069 0.084 0.115 0.115 0.092 0.336 0.107 0.107 0.107 0.092
4. Psacothea hilaris 4 9 7 - 0.069 0.053 0.053 0.076 0.107 0.092 0.092 0.328 0.092 0.099 0.092 0.069
5. Moechotypa diphysis 100 12 12 9 - 0.076 0.061 0.092 0.130 0.107 0.122 0.328 0.122 0.122 0.122 0.092
6. Thyestilla gebleri g8 11 6 7 10 - 0.0530.099 0.092 0.099 0.092 0.344 0.099 0.092 0.099 0.061
7. Sophronica obrioides 7 8 9 7 8 7 - 0.084 0.099 0.084 0.084 0.351 0.076 0.084 0.076 0.053
8. Massicus raddei 1nm 9 11 10 12 13 11 - 0.099 0.076 0.084 0.351 0.099 0.107 0.099 0.099
9. Chlorophorus diadema 14 9 15 14 17 12 13 13 - 0.038 0.038 0.336 0.084 0.092 0.084 0.061
10. Demonax transilis 13 8 15 12 14 13 11 10 5 - 0.038 0.351 0.092 0.092 0.107 0.084
11. Plagionotus christophi 12 7 12 12 16 12 11 11 5 5 - 0.344 0.084 0.092 0.099 0.069
12. Prionus insularis 44 45 44 43 43 45 46 46 44 46 45 - 0.344 0.351 0.351 0.336
13. Anastrangalis sequensi 13 10 14 12 16 13 10 13 11 12 11 45 - 0.0310.038 0.053
14. Corymbia rubra 14 11 14 13 16 12 11 14 12 12 12 46 4 - 0.0610.084
15. Leptura aethiops 1312 14 12 16 13 10 13 11 14 13 46 5 8 - 0.053

16. Xanthochroa luteipennis 10 9 12 9 12 8 7 13 8 11 9 44 7 11 7 -
Numbers above the diagonal are mean distance values; numbers below the diagonal are absolute distance values.

(nucleotide positions 186 and 254, respectively), and both second place of a codon, but these all designated identical
of them were transitionally substituted (A<>G) (Fig. 2). In amino acids, respectively (Fig. 3). The sequence diver-
terms of variations at the codon position, nucleotide posi- gence among three haplotypes in pairwise comparisons
tion 186 was the third place of a codon, and 254 was the ranged from 0.3% (1 bp) to 0.5% (2 bp) (Table 5). Dis-
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30 60
Apriona germari (HA12)  GGCTTTTIGT ATATAATTTA AAGTCTGGCC TGOCCACTGA AGTTTTAAAG ~GGOCGOGGT
Theophilea cylindricollis ...C.C...A T........ G .G....A... ..... G.... TT.A..... T ...iivnnn.
Anoplophora malasiaca  ......... A TA........ G..... A il G.AA..T..A ....T.....
Psacothea hilaris L.CALA RA.G...T G..iovih i TT....TG.A T.........
Moechotypa diphysis R o F TA.A...... G AL, L TG... GAG. ... e
Thyestilla gebleri ~  ......... A TA........ N AL b N
Sophronica obrivoides o ¢ RN TAT.T..... .G....BA.. ..... C.... @a...T... ........ A.
Massicus raddei L..CALLLA TP T LG T e GTAA.,..... ..unvnieennns
Chlorophorus diadema .T.C..... c T...G..... .G....A... ..... TA... .T.-..... b O
Demonax transilis  ~ ....... CA Givvvvvir viennn AA.. ... TA... .TA...... T .ieenen.
Plagionotus christophi RN o SR A L. .G....AA.. T.TA TT.A..... T .ovnnnn.
Prionus insularis ...Co.l A T......... GolL Al e GTA...... i
Anastrangalia seqensi L.CLLAC.. TG........ GolLALL e AR L. T ....... A
Corymbia rubra ... ...... S .G....AA..  ..... c AAL L T ....... A
Leptura aethiops RN o FV T..A...... G..LTALL .TAA. .... T ....... A..
Xanthochroa luteipennis IS N A Tooviiinn vivnnn. A,. ...T..A... .AA..A-..T .A..... A..
90 120
Apriona germari (HA12)  AACTTGACCG TGCTAAGGTA GCATAATCAT TAGTTTITTA ATTGRAAGCT GGTATGRATG
Theophilea cylindricollis R i PR AL Aol i e AL
Anoplophora malasiaca R W S ALG.L L. AL
Psacothea hilaris U
Moechotypa diphysis i e C... ...AG..... AL
Thyestilla gebleri B i AL G.
Sophronica obrioides B o R A ... C... ....G..... AL
Massicus raddei I S B e F N C Gl Couvn c
Chlorophorus diadema T e Al ool A, ... c LAG. L. AL,
Demonax transilis B v Ao i, A, ... CC... ...AGG.. A,
Plagionotus christophi ! Y o N Al i e AL
Prionus insularis N o B - AL A.
Anastrangalia seqensi JIT..... R PN Al A,
Corymbia rubra .TT..... T. Al e e A, AL A
Leptura aethiops JIT..... R - G
Xanthochroa luteipennis .TA. ... b P AL
150 180
Apriona germari (HA12) GITTGATGAA AAAATAACTG TCTCTGATTT ATTTTAATT- GAATTTTATA TTTAAGTAAA
Theophilea cylindricollis .C.G..... G GG...T.... ..... TT..A .A...TTA-. ......... T ....G.....
Anoplophora malasiaca B T AT..A ....... Al Lo, T ...
Psacothea hilaris LGPAALAG e e A...A ... Tovie viniinenn T e,
Moechotypa diphysis I & T.... .T..AA...A ...GAT.... T........ C i
Thyestilla gebleri Gl W GTL L AA.. ....G..AA.  ......... T e
Sophronica obrioides ...GALLAG ...... G... .. G... ...A....G. -—........ b
Massicus raddei R e S G .G...G.... ..... AG.LA i e e G
Chlorophorus diadema B e Tooo. ... TIC.. .G..ATTA-. ......... S G
Demonax transilis LLRALLLG L, T.... ...T.TT..A ..... o T i G
Plagionotus christophi ...@A...G ..., G.o.oo e TT..A ...... TA-. ......... T ...T..... G
Prionus insularis .C.RA.CA.G ..... e e AT..A ..ACT.G-. ~-........ T e,
Anastrangalia seqensi B - N L AT..A A, .ATTARA ......... T ..oine. T..
Corymbia rubra ...GA....G ....ATT... ...... T..A ....AT..AA A........ T .. T..
Leptura aethiops N o/ VN B AT..A ....AT.AAA T........ T ....... T..
Xanthochroa luteipennis ....AL.AG ....ATT... ....MAT... A -.TT.G. -........ T ....... T..

Fig. 4. 165 rRNA sequences (504-510 bases) of 15 species of long-hornd beetles and one X. luteipennis. Only nucleotides that differ
from A. germari (HA12) are indicated.

tribution and frequency of haplotypes are listed in Table 2. ples), and AG2 and AG3, respectively, were found either
Haplotype AG1 was found in both localities (eight sam- in Suwon or Busan as a single individual.
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210 240
Apriona germari (HA12)  AAAGCTTAAA TTTTTTTAAA AGACGAGAAG ACCCTATAGA GTTITATAAA TTT-A-AATG
Theophilea cylindricollis  .......... LAl e A T ...T.T...A
Anoplophora malasiaca  ........ . A e e e A...T...AT
Psacothea hilaris  ......... T BA....G.. ..oviiiiin iiiaan.. A..... AA.GT.G.GT
Moechotypa diphysis ... ... . e e e A.AG.T.TAA
Thyestilla gebleri .. .. .. i e e TG AA.TGG.TAT
Sophronica obrioides .......... ABA L i e e GT ...A..TTAT
Massicus raddei  .......... CAALAL L ... i e G AL, T. GAGTIGT..T
Chlorophorus diadema  .......... O TR TT .ARATT.G.T
Demonax transilis ~ .......... BB L i e e TTT C..A.A.G.T
Plagionotus christophi ~ ...... G... LARAA..... e e G....T ..AT.GIT.T
Prionus insularis ~ .......... o A...TT ...T.TIG.A
Anastrangalia seqensi ... ... L. .0 i e e A..T..... A
Corymbia rubra .. L i e A...T. A.AT...TAA
Leptura aethiops  .......... G s A..... A..T...T.A
Xanthochroa luteipennis . ......... ...... Bl i i i A.A~-.TTAT

270 300
Apriona germari (HA12)  TTAGTACTTT TAGGATTTTT ACTTTTAAAA -TTTAAA-TT TATTTGATIG GGGTGATTGA
Theophilea cylindricollis .TT.IT. .- ....... --A TT..G...T. T.G....A.. ...... G C......
Anoplophora malasiaca STOT A,. .T...AT..T ...AG.T... .......... C..... G
Psacothea hilaris LTAALT... el AGALLT AAATT. .. L e
Moechotypa diphysis ..WAAT... L.LAAA.. AALL... TT .. ..ALLT .. i i A
Thyestilla gebleri ...TAGT.-- ~-...TA.... TAAG.A..TG T..ATIT... ...... Go.. ... c
Sophronica obrioides LIT.TT... ...T..... A .AA T.T T.AA.——.AG ...... Govv e, A
Massicus raddei AATC.T.C.A ...T...... G..GGIT TCGA.TTTAG  ...... G... ....... c
Chlorophorus diadema .GT.GIT..- .G.T....-. .MA.G.T- T.GGTTTA.. ...... G c A
Demonax transilis AATTATT..- ...T....-A TT..AA.T G...T..GRA .G........ C......
Plagionotus christophi ATATT..G .T.T....-A .PAAG. .- TAC.T.TAA. ..... ™G C...G
Prionus insularis AATT. .- -LLALLALL L GI--. T...... AC ..... AG A......
Anastrangalia seqensi A.GARGT... ...A..... A .T..... TT. G..A.TT... ...iiiniivr triinnnnnn
Corymbia rubra A.GAATT... ...A..... A .T..... 6 G..A.TT..A ..... AG... ........ A
Leptura aethiops ..TAA.T... ..TAA.... .AA..AG.TT A A ..T... ........0. ..., G....
Xanthochroa luteipennis ~ AATT.TTA.. A..A-—-...A .A...A...T TAG.TTTA. ..... G... ....... AT.

330 360
Apriona germari (HA12)  AAAATTTAGT AAACTTTTTT TTTAT-TAGA ATATTAATTA GTAAGTTTTT GATCCA-TTA
Theophilea cylindricollis . ..... GA. .......... - TA Coevnnnn G AGGT..A.. ....... -.T
Anoplophora malasiaca  ....... GA. T......... A..AA.TIT .C..A..... A.G..AAA.. ........ A
Psacothea hilaris ~ ...... AA. T........ C ....... TIT .C..A....T AGA..... ........ AG
Moechotypa diphysis ~~ ........ Al Lo e T Coov... AT AG.T..... ..........
Thyestilla gebleri .CAT. A.T..ALA. CC...C...T A.G.AMA... ........ AG
Sophronica obrioides  ...... - G..... TA Covvrnnn T AGTA... ....... G.T
Massicus raddei ~ ...... AGAA ..., A..... T .C...T...T A.G.AMAA.. ......... T
Chlorophorus diadema . ... .. AT, ... A.-T...GIT .C...T...T A.G.A..G.. ..... G...T
Demonax transilis ~ ...... AT. ... AA..TA Coovvnn T A.GGTA.... ...... c..T
Plagionotus christophi ~ ...... GT. .......... GT...TZT .C...T...T AG.AC.A.. ......... T
Prionus insularis ~ ........ A, Toooiiiie aaee &Ccr .C...G.... A.G A . A.T
Anastrangalia seqensi ~ ........ Al Lo A.AA Covnnnn T A.GAA... ..........
Corymbia rubra ........ AG e e A.A Covvnnnn T AGA..... .iveevenn.
Leptura aethiops ........ A, e A...AT Covennn T AGAAA... ..........
Xanthochroa luteipennis  .......... (= R A ... G.A. TC..A T A.GTA.AA TT.AAT

Fig. 4. Continued

The sequence divergence among 15 long-horned beetles
in pairwise comparisons ranged from 12.2% (48 bp) to
39.3% (155 bp) in the COI gene (Table 5). All of the third
codon positions were highly variable (96.18% of variation

among species), whilst first position was somewhat con-
served (50.38%) and second position was highly con-
served (9.85%). The largest sequence divergence occurred
in a comparison between 7. gebleri of Lamiinae and P,
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390 420
Apriona germari (HA12)  ATAATGATTA TAAGATTAAA TTAOCTTAGG GATAACAGOG TAATTITTIT TGAGAGITCA
Theophilea cylindricollis  T.T....... ...... Bt i i c...C. ....... C..
Anoplophora malasiaca  .......... - A, Ll T
Psacothea hilaris T i heeaeeeies eaeeaaiee ereaeaenee eaeaeesaes eeaaaeaan T
Moechotypa diphysis T.T....... PP T..... A.. G.........
Thyestilla gebleri H N PA....... T
Sophronica obrioides S Lo .Vt AA. .T.A..... T
Massicus raddei TTG. ..... ven... A, L. Covv i ..C...C. A..... c.c
Chlorophorus diadema T.TGC..... R . AP C. G.........
Demonax transilis T.TG...... A LLAT.. e e C...C. A.........
Plagionotus christophi T.TG...... ..... ¥ C. T........
Prionus insularis T.TT...... .e.... A . i i LCoLC T
Anastrangalia seqensi P A..... Al e i e Tl C..
Corymbia rubra b AL e e e B RN
Leptura aethiops B AL N AL, B
Xanthochroa luteipennis  T..TA....G —..BGA.... .....viiir tiiinnennn tiernnes C. .Co...... T
450 480
Apriona germari (HA12) AATOGAAAAA AAAGATTGCG ACCTCGATGT TGGATTAAAA TTAATTTTTG GIGTAGAGGC
Theophilea cylindricollis . ....... G. GG.T..... .iiiiiiiin i T.A..... C...A..
Anoplophora malasiaca  ........ T. T A,
Psacothea hilaris b B N
Moechotypa diphysis ~ ...... T..T B O .LALLALL
Thyestilla gebleri ... ... .. i e it eeeeiii e eaeeeees i A..
Sophronica obrioides R o e CA..
Massicus raddei ~ ........ G. GG.T..... ciiriiin e G B E ¢ o o A.T
Chlorophorus diadema T..T....G. .G..T..... iiiviiine  eniinennn. ..G..C.. .C...A..
Demonax transilis T....G. GG.G..oot ittt i e C.. .C...A..
Plagionotus christophi b A A.L.C ..C...A..
Prionus insularis ~ ........ T & P A..
Anastrangalia seqensi B . ..C...A..
Corymbia rubra  ........ B it eeiaaenee et e e A.T
Leptura aethiops .......... €2 A
Xanthochroa luteipennis Too.o.os &G P G..A..... C..... A.T
510 515
Apriona germari (HA12)  TAAGAATTTT AGGTCTGTIC GACCTTTAAA ATTTT
Theophilea cylindricollis B N
Anoplophora malasiaca AT s G.. ...
Psacothea hilaris LA - Giciiiiee e e
Moechotypa diphysis B S S
Thyestilla gebleri LG s G.. .....
Sophronica obrioides N e
Massicus raddei B o N e
Chlorophorus diadema B T
Demonax transilis B
Plagionotus christophi SCGRALLGAL L s e e
Prionus insularis ~ ....... Bl e e e
Anastrangalia seqensi A..G.. Toovvviier ... S
Corymbia rubra LALLG.. Toaa.. AL
Leptura aethiops ALLALL Toaaaall AL
AGLL -

Xanthochroa luteipennis

Fig. 4. Continued
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insularis of Prioninae. In fact, the single species in the Pri-
oninae was most divergent from all other ingroups (31.2%
~ 39.3%). Excluding this single species, the sequence
divergence within Lamiinae, Cerambycinae and Lepturi-

nae ranged from 13.7% (69 bp) to 22.3% (88 bp), 17.8%
(70 bp) to 22.6% (89 bp) and 12.2% (48 bp) to 15.7% (62
bp), respectively. The deduced amino acid sequence diver-
gence in COI gene ranged from 3.1% {4 amino acids) to
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35.1% (46 amino acids) and the largest amino acid diver-
gence also occurred when P, insularis was compared with
several species of the other subfamilies (Table 6). The
amino acid sequence divergence within the family was
12.2% (48 bp) ~ 23.4% (92 bp). The sequence divergence
within Lamiinae, Cerambycinae and Lepturinae ranged
from 3.1% (4 amino acids) to 9.2% (12 amino acids),
3.8% (5 amino acids) to 9.9% (13 amino acids) and 3.1%
(4 amino acids) to 6.1% (8 amino acids), respectively. In
both cases, sequence divergence was highest in Ceram-
bycinae, Lamiinae next, and Lepturinae third.

16S rRNA gene sequences

Fig. 4 shows the nucleotide sequences of 16 samples for
the 16S rRNA gene, including the outgroup taxon, X.
luteipennis. These sequences were also deposited in the
GenBank, and accession numbers are shown in Table 1.
The length of the 16S rRNA gene from the 16 samples
ranged from 502 bp to 510 bp (Table 4). Ranges of length
variation within Lamiinae, Cerambycinae and Lepturinae
were 504 bp ~ 508 bp, 504 bp ~ 508 bp, and all 510 bp,
respectively, also showing the highest variation in Cer-
ambycinae, next in Lamiinae, and homogeneity in Lep-
turinae (Fig. 4). The sequence divergence among fifteen
long-horned beetles in pairwise comparisions ranged from
7.2% (37 bp) to 23.1% (119 bp) in the 16S rRNA gene
(Table 7). The largest sequence divergence occurred in a
comparison between M. raddei of Cerambycinae and T,
gebleri of Lamiinae. The sequence divergence within
Lamiinae, Cerambycinae and Lepturinae ranged from
12.6% (65 bp) to 17.9% (106 bp), 13.4% (69 bp) to 20.8%
(107 bp) and 7.2% (37 bp) to 9.7% (50 bp), respectively.
Thus, sequence divergence was highest in Cerambycinae,
next in Lamiinae, and least in Lepturinae. In the compar-
ison of the magnitude of divergence among genes, COI
nucleotide sequences were most divergent, 165 rRNA
gene next, and COI amino acid sequences least.

Phylogenetic relationships

PAUP and PHYLIP analyses were performed to investi-
gate phylogenetic relationships among 15 species of long-
horned beetles. Several weighting schemes, both by PAUP
and PHYLIP, resulted in a variable topology in a few spe-
cies, depending on different transversion weightings.
Also, bootstrapping analysis weakly supported most
nodes, although overall shape of the topology remained
unchanged. However, bootstrap values were somewhat
increased in many nodes in the analyses using COI amino
acid and especially 16S RNA gene sequences. For the
simplicity, here, we present unordered tree obtained by
PAUP and PHYLIP. Fig. 5 shows the result of PAUP anal-
ysis using the nucleotide sequences of COI gene. As men-

Species Subfamily
Apriona germari (HA12) -—

Apriona germari (HA11)

Apriona germari (HA43)
Py hea hilaris
A hora malasi !

Thyestilla geblert
Moechotypa diphysis

Sophronica obrioides

Theophilea cylindricollis —

18 Chlorophorus diadema ——

21 Massicus raddei
Cerambycinae
Plagionotus christophi

D, x transilis

Prioninae

21 Prionus insularis

44 64 Anastr gali

43 Corymbia rubra Lepturinae

b

Leptura iop

Xanthochroa lutei)

'Y

Fig. 5. PAUP analysis of mitochondrial COI sequences. The
tree shown is majority-rule consensus of two equally parsimo-
nious trees from the heuristic search using X. luteipennis as an
outgroup. The numbers shown on the branches represent boot-
strap values for 1,000 replicates. Tree length is 759 steps, Con-
sistency Index is 0.445, and Retention Index is 0.392.

tioned above most nodes were weakly supported and the
members of Lamiiinae, S. obrioides and T. cylindricollis,
in this analysis grouped together with the subfamily Cer-
ambycinae. Furthermore, the most divergent, single mem-
ber of Prioninae, P. insularis, grouped together with the
species of Lepturinae. This trend was mostly remained in
the other weighting schemes, although species of Lep-
turinae often kept a monophyletic group with somewhat
higher bootstrap estimates (data not shown). PHYLIP
analysis from COI nucleotide sequence also revealed a
similar feature in that the position of Cerambycinae spe-
cies was fluctuating in their taxonomic positions. Also, P,
insularis formed a monophyletic group with Lepturinae
with somewhat higher bootstrap (55% bootstrap value)
(Fig. 6).

In terms of amino acid sequence, several nodes were
somewhat highly supported by bootstrap value both by
PAUP and PHYLIP (Fig. 7 and 8). For example, C. dia-
dema, D. transilis, and P. christophi belonging to Ceram-
bycinae grouped strongly together in both analyses (71%
in PAUP and 82% in PHYLIP), although monophyletic
grouping of the subfamily was not supported, because 7.
cylindricollis belonging to Lamiinae was included in the
subfamiliy. Also, the species of Lepturinae in these anal-
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Species Subfamily
i[— Anoplophora malasiaca ——‘
L Twyestitia gebleri
52 Apriona germari (HA12)
Apriona germari (HA43)
Apriona germari (HA11) Lamiinae

Psacothea hilaris
Sophronica obrioides

Theophilea cylindricollis

Moechotypa diphysis

Massicus raddei

Plagionotus christophi

E'— Demonax transilis
— Chlorophorus diadema

69 Prionus insularis —————

55 I_E Leptura aethiops R
lﬂE Anastrangalia seqensi

Corymbia rubra —————

Xanthochroa |t

Cerambycinae

Prioninae

Lepturinae

‘v

Fig. 6. PHYLIP analysis of mitochondrial COI sequences. The
tree was obtained using the subprogram NEIGHBOR incorpo-
rated in PHYLIP with the option of Kimura's 2-parameter
method (1980). The tree was rooted using X. luteipennis. The
numbers shown on branches, which represent bootstrap values
for 100 replications, was obtained using the subprogram CON-
SENSE.

Species Subfamily

——————————  Massicus raddei
39 —E Chlorophorus diadema
71 Demonax transilis

35 Plaionotus christophi

riag Ll

Cerambycinae

51 Theophilea cylindricollis ——

oo Sophvronica obrioides

Apriona germari (HA12)
22 Psacothea hilaris
Anoplophora malasiaca
13 Thyestilla gebleri
—

Lamiinae

Moechotypa diphysi

Prionus insularis Prioninae

Lepturinae

{ Anastrang
78 Corymbia rabra

Leptura

Xanthochroa |

Fig. 7. PAUP analysis of mitochondrial COI amino acid sequ-
ences. The tree shown is majority-rule consensus of nine
equally parsimonious trees from the heuristic search using X.
luteipennis as an outgroup. The numbers shown on the branches
represent bootstrap values for 1,000 replicates. Tree length is 109
steps, Consistency Index is 0.743, and Retention Index is 0.627.

Species Subfamily
Massicus raddei
15 _ig‘{: Chlorophorus diadema Cerambycinae
82 Plagionotus christophi
27 D ax transilis
Theophilea cylindricollis ——
53 53 Apriona germari (HA12)
30 Psacothea hilaris
18 47 Anoplophora malasiaca Lamiinac
Thyestilla gebleri
12 ' Sophronica obrivides

41 Moechotypa diphysis ———
[: Prionus insularis —————— Prioninae
59 Anastrangalia seqensi
76 —E Corymbia rubra

Leptura aethiops

Lepturinae

Xanthochroa luteipennis
Fig. 8. PHYLIP analysis of mitochondrial COI amino acid
sequences. The tree was obtained using the subprogram
NEIGHBOR incorporated in PHYLIP. These trees were rooted
using X. luteipennis. The numbers shown on branches, which
represent bootstrap values for 100 replications, was obtained
using the subprogram CONSENSE.

yses formed a monophyletic group with pretty high boot-
strap values (78% in PAUP and 76% in PHYLIP),
unlikely the analyses obtained by nucleotide sequences of
COI gene (Fig. 5 and 6). Among the two species of Lami-
inae, S. obrioides and T. cylindricollis, which were
grouped together with Cerambycinae in the analyses using
COI nucleotide (Fig. 5 and 6), T. cylindricollis collected in
Japan still was grouped with Cerambycinae, although S.
obrioides was not (Fig. 7 and 8).

Bootstrap analyses of 16S rRNA gene sequences both
by PAUP and PHYLIP supported more nodes with higher
values than those obtained with any other analyses (Fig. 9
and 10). For example, Lepturinae species, which formed a
monophyletic group in the COI amino acid sequences
(78% in PUAP and 76% in PHYLIP), were supported by
80% and 87% of bootstrap values in PAUP and PHYLIP,
respectively (Fig. 9 and 10). Also, number of nodes sup-
ported by >50% of bootstrap value increased in these
analyses than COI amino acid sequences. In these anal-
yses again, T. cylindricollis was excluded from Lamiinae
both in PAUP and PHYLIP. Collectively, our extensive
phylogenetic analyses suggest better utility of 16S rRNA
gene for the longed-horned beetles than the region of pro-
tein-coding gene, which reveals a high divergence. Lack
of monophyletic relationships among Lamiinae and Cer-
ambycidae, respectively, fluctuation of P. insularis of Pri-



50 Hyung Joo Yoon et al.

Species Subfamily
.l: Anastr galia seq
80 Corymbia rubra Lepturinae
Leptura aethi
56 0 Apriona germari (HA12) —
51 Anoplophora malasiaca
18
Psacothea hilaris .
26 Lamiinae
Moechotypa diphysis
Thyestilla gebleri
75 31 Theophilea cylindricollis —-J
64 Demonax transilis —
55 Chlorophorus diadema
66 Cerambycinae

Plagionotus christophi

Massicus raddei ————

Prioninae

Prionus insularis

brioid, 1

Sophronica

2ot 1
X 0a

Fig. 9. PAUP analysis of mitochondrial 16S rRNA sequences.
The tree shown is majority-rule consensus of two equally par-
simonious trees from the heuristic search using X. luteipennis
as an outgroup. The numbers shown on the branches represent
bootstrap values for 1,000 replicates. Tree length is 761 steps,
Consistency Index is 0.515, and Retention Index is 0.402.

oninae in the taxonomic position, and formation of
monophyletic group in the Lepturinae were characteristic.

Discussion

To date, COI and 16S rRNA mitochondrial gene
sequences have been used in many phylogenetic studies of
insects (Howland and Hewitt, 1995; Juan er al., 1995;
Kim et al., 2000a, b, c; Suzuki, 1997; Vogler and Pearson,
1996). However, these genes as well as other mitochon-
drial genome have never been subjected to phylogenetic
analysis for long-homed beetles, Cerambycidae, even
thought some species in this family were included for
phylogenetic analysis of Coleoptera (Howland and
Hewitt, 1995). Thus, as far as we know, this is the first
report on the molecular phylogeny of Cerambycidae using
direct sequences, although our sample size is far less to
complete molecular phylogeny of Cerambycidae.

Sequence divergence in COI and 16S rRNA genes

The data in the present paper clearly indicate that maxi-
mum sequence divergence among 15 long-horned beetles
in the COI gene was higher than anticipated (39.3%; Table
5). In the study of the Coleoptera based on COI sequence
data, the maximum sequence divergence of 15 families, in
which one ~ seven species were included, was 18% within

Species Subfamily

83 Anastr gali

87 Corymbia rubra Lepturinae

67 Leptura dethiop
45 Moechotypa diphysis —
63 Thyestilla gebleri

Apriona germari (HA12)
58 Lamiinae

ﬁ: Anoplophora malasiaca
Psacothea hilaris

85 Th

hilea cylindricollis —

(4

Chlorophorus diadema

56 Plagionotus christophi
Cerambycinae
Demonax transilis

Massicus raddei

Prionus insularis Prioninae

Lamiinae

Sophronica obrioides

T 1
X 0a

Fig. 10. PHYLIP analysis of mitochondrial 16S rRNA
sequences. 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 X. luteipennis. The numbers shown on branches, which
represent bootstrap values for 100 replications, was obtained
using the subprogram CONSENSE.

family, and 27% between families (Howland and Hewitt,
1995). Thus, the divergence of COI gene sequence data is
far greater than the upper limit of Coleoptera and even
greater than the estimate of between-family. This inevi-
tably lowered the bootstrap value and, resultantly, phylo-
genetic signal. Howland and Hewitt (1995) also
encountered similar problem.

However, the greatly increased maximum sequence
divergence of the family in this gene was mainly stemmed
from P, insularis belonging to Prioninae. Sequence diver-
gence of this species from others ranges from 31.2% to
39.3% (Table 5), but, excluding this species, the maxi-
mum sequence divergence is 23.4%, although the estimate
is still higher than those of Coleoptera (Howland and
Hewitt, 1995). In fact, we sequenced this portion of COI
gene from P. insularis four times with two independent
PCR products and carefully examined the external mor-
phology of the species to find out any possible mistake,
but no evidence was found. Nevertheless, the peculiarity
of the COI sequence of P. insularis is obvious when the
sequence was compared with those of the GenBank-reg-
istered insect sequences. In those comparisons, the
sequence divergence between species of Cerambycidae
and other insects such as leaf beetles, fruit flies, mosqui-
toes, locust, and honey bees ranged from 18.5% (73 bp) to
36.8% (145 bp), suggesting P. insularis is still highly
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Table 7. Pairwise comparisons of 16S rRNA gene sequences among 15 species of long-horned beetles and Xanthochroa

luteipennis

1 2 3 4 5 6

7 8 9 10 11 12 13 14 15 16

1. Apriona germari (HA12) -
2. Theophilea cylindricollis 89 -

3. Anoplophora malasiaca 65 100 -

4. Psacothea hilaris 71 103 71 -

5. Moechotypa diphysis 70 94 79 86 -

6. Thyestilla gebleri 81 100 81 88 82 -

7. Sophronica obrioides 92 106 93 93 89 98
8. Massicus raddei 109 96 110 106 119 117
9. Chlorophorus diadema 107 79 113 111 96 99
10. Demonax transilis 99 75 104 114 103 102
11. Plagionotus christophi 103 74 112 107 109 107
12. Prionus insularis 84 71 90 98 93 101

74 8 8 8 74 19
79 91 9% 94 71 81
76 94 79 84 62 74
113 109 119 108

13. Anastrangalis sequensi
14. Corymbia rubra
15. Leptura aethiops
16. Xanthochroa luteipennis 111 122

0.173 0.126 0.138 0.136 0.157 0.179 0.212 0.208 0.192 0.200 0.163 0.144 0.153 0.148 0.216
0.194 0.200 0.183 0.194 0.206 0.186 0.153 0.146 0.144 0.138 0.163 0.177 0.183 0.237
0.138 0.153 0.157 0.181 0.214 0.219 0.202 0.217 0.175 0.167 0.186 0.153 0.219
0.167 0.171 0.181 0.206 0.216 0.221 0.208 0.190 0.171 0.183 0.163 0.212
0.1590.173 0.231 0.186 0.200 0.212 0.181 0.144 0.138 0.120 0.231

0.190 0.227 0.192 0198 0.208 0.191 0.153 0.157 0.144 0.210
- 0.219 0.204 0.196 0.202 0.192 0.184 0.173 0.194 0.194

113 - 0.192 0.208 0.190 0.188 0.219 0.216 0.214 0.256
105 99 - 0.151 0.134 0.173 0.198 0.198 0.200 0.239
101 107 78 - 0.1590.184 0.177 0.179 0.198 0.233

104 98 69 82 - 0.171 0.196 0.194 0.192 0.229

9 97 8 95 88 - 0.171 0.159 0.165 0.217
95 113 102 91 101 88 - 0.072 0.082 0.202
89 111 102 92 100 & 37 - 0.097 0.184
100 110 103 102 99 8 42 50 - 0.212
100 132 123 120 118 112 104 95 109 -

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

divergent from major insect species (data not shown). Fur-
thermore, human COI sequence (GenBank accession
number NC001807) is diversified from the species of Cer-
ambycidae by 32.7% (129 bp) ~ 37.8% (149 bp). Con-
sidering saturation of mitochondrial protein-coding genes,
especially in the third position of codons, such divergence
is very hard to reconcile with any known comparative
data, and no obvious answer is currently available, except
for the possibility of pseudo gene encoded in the nuclear
genome. We, therefore, carefully checked amino acid
sequences to see if any termination codon suddenly
appears within COI gene, but this effort was not success-
ful. Until more scrupulous experimental scheme provides
the evidence of nuclear-encoded mitochondrial genome,
we tentatively regarded the sequences as a mitochondria-
encoded COI gene as usual.

Unlikely COI gene sequence data, 16S rRNA gene
data showed the maximum sequence divergence of
23.1% (Table 7), and this resultantly supported more
branches with higher bootstrap values than any other
analyses both in the PAUP and PHYLIP. In the study of
the fireflies based on 16S rRNA gene, the maximum
sequence divergence of 27 species belonging to four
subfamilies was 24.2% within family and 26.5%
between families (Suzuki, 1997). Thus, our data are
somewhat similar to those of firefly species, Lampy-
ridae, although we included less number of species in
the analysis.

COI gene sequence divergence in A. germari

Ten samples of A. germari collected from Suwon and
Busan revealed three haplotypes, ranging in sequence
divergence from 0.3% to 0.5% (Table 5). Even though the
two localities are separated more than 350 kilometers in
distance, the two population shared one common haplo-
type, AG1, with a high frequency (80%) and the sequence
divergence among haplotypes were substantially low
(0.5%). In fact, the magnitude of the sequence divergence
is low compared with other Korea-dwelling insect species
that are available for the homologous sequences of
mtDNA (Kim et al., 2000a, b; Lee et al., 2000). However,
an extensive sampling may explore further divergent array
of haplotypes, so we want to avoid any conclusive remark
on this issue.

Phylogeny

Even under some phylogenetic limitation of COI nucle-
otide, COI amino acid, and 16S rRINA sequences per se
and resultant fluctuation in many branches, 16S rRNA
data supported more branches with higher bootstrap val-
ues, and was close to the current taxonomy. For example,
monophyly of Lepturinae was either not supported by
nucleotide sequence of COI gene or less strongly by COI
amino acid sequence, but robust by 16S rRNA data. How-
ever, all the data set collectively suggested us the presence
of discrepancy between molecular data and traditional
taxonomic views. Such discrepancy includes the taxo-
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nomic positions of S. obrioides and T. cylindricollis in
both phylogenetic analyses. This was especially obvious
when COI amino acid and 16S rRNA sequences were uti-
lized for data matrix. Although our samples included only
small number of species within tribes, a consistent result
by both genes questions the taxonomic positions of the
two species within the subfamily, Lamiinae. Because spe-
cies of the long-horned beetles are highly diversified in
their morphology by a long evolutionary time, and by con-
vergent evolution, adaptive to host plants, possible misi-
dentification based solely on morphology might be one
source of discrepancy between data set. Another possible
source of discrepancy could be limitation of one small
portion of mitochondrial gene. In fact, many studies
including Coleoptera phylogeny suggested several ana-
lytic schemes to better resolve taxonomic position using
mitochondrial and nuclear genes (Edwards et al., 1991;
Irwin et al., 1991; Brower, 1994; Howland and Hewitt,
1995; Kim et al., 2000c). However, this effort was not
always successful even if more than one gene was
included, and several analytical techniques also were
involved. Particularly, Howland and Hewitt (1995)
pointed out that data from one sequence inevitably might
be insufficient to résolve phylogenetic relationships at all
levels within such a large group, such as Coleoptera. In
fact, A. malasiaca and P. hilaris both belong to the same
tribe (Tribe Agniini) within Lamiinae, but they only
showed a sister relationship when 16S tRNA gene was
utilized as data in both PAUP and PHYLIP analyses (Fig.
9 and 10), supporting Howland and Hewitts view. As
more species and data from more genes are accumulated
better resolution on the phylogeny of Cerambycidae will
be possible.
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