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Abstract. Anopheles minimus (Theobald) is one of the most important vectors of human malariain
Southeast Asia. Morphological studies now have revealed five sibling species asits complex, desig-
nated as species A to E. The present study investigated the genetic divergence among An. minimus
populationsfrom four countries (Japan, China, Thailand and Indonesia), based on the DNA sequences
data of the D3 (the third domain of the 28Sribosomal gene) and I TS2 (the second internal transcribed
spacer of theribosomal gene) isreported. The D3 and I TS2 phylogenetic trees, and the el ectrophoretic
profile of ITS1 (the first internal transcribed spacer of the ribosomal gene) indicated that our An.
minimus popul ations are comprised of three groups:. the Japanese population as group I, the popula-
tion from Guangxi Province of China (GX population) as group Il, and others, as group IlI. The
results showed the morphological similarity of group 111 and GX with the species complex A and B,
respectively. It is interesting that both two species A (YN population) and species B (GX) occur in
China, and that both species, An. minimus speciesA (L B-95 population) and the closer population An.
flavirostris (Ludlow) (LB-00 population) appeared to be present on the Lombok Island of Indonesia,
although in far separated localities. Moreover, this molecul ar evidence confirms the previous sugges-
tion that the population from the Ishigaki Island of Japan should be classified as a new genetic status
species E.

INTRODUCTION C from China (Subbarao, 1998) until now. It has
been suggested that the prevalence of malariain-
fection could be associated with the morphol ogi-
cal variations of the mosquitosinhabiting thein-
fected areas (Yu and Li, 1984). Based on mor-
phology of An. minimus, members of the com-
plex are difficult to distinguish from closely re-
lated species, because they have overlapping
morphological characters (Harrison, 1980), and
An. minimusis acomplex of at least two species,
which are isomorphic and can only be distin-
guished using molecular markers.

Variations in protein polymorphism were

Anopheles minimus (Theobald) isone of the
most important vectors of human malariain East
Asian countries. It is found in India, Nepal,
Bangladesh, Thailand, Indonesia, south Chinaand
also in the Yaeyama Islands of Japan. Based on
the morphological study, An. minimus complex
has now revealed five sibling species (speciesA
and C; Sucharit et al, 1988; Green et al, 1990,
form B; Sucharit et al, 1988, form D; Baimai
1989, species E; Somboon et al, 2001). Species
A has been obtained from India, A and C from

Vietnam, A, C and D from Thailand and A, B and
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helpful for establishing agenetic identity between
the morphological species A and C identified in
Thailand (Sucharit et al, 1988; Green et al, 1990),
Vietnam (Van Bortal et al, 1999), between spe-
ciesA and form B in China (Sawabe et al, 1996)
andfor speciesE inthe Yaeyamal s ands (Sawabe,
unpublished). Green et al (1990) indicating that
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the electrophoretic band patterns of the allele of
Octanol dehydrogenase (Odh) can be used to dis-
tinguish between species A and C. In molecular
phylogenetic studies using DNA sequences,
Sharpe et al, (1999) developed two polymerase
chain reaction (PCR)-based methods for identi-
fying species A and C, and other closely related
species at the 3¢ domain (D3) of the 28S gene of
ribosomal DNA (rDNA) using PCR. Van Bortel
et al (2000) reported distinguishing speciesat the
second internal transcribed spacer (ITS2) of the
ribosomal gene.

In the previous study (Sawabe et al, 1996),
the genetic differentiation between the two An.
minimus complex species inhabiting the Yunnan
and Guangxi Provinces of China corresponds to
the species A and form B, respectively. We thus
report here the molecular variations and confirm
genetically the status between them, and also for
populations from three other Southeast Asian
countries based on D3 and I TS2 sequences, and
I TS1 electrophoretic profiles. Although Somboon
et al (2001) reported that the popul ation from the
Ishigaki Island of Japan should be classified asa
new species E using the | SG population collected
in 1999, we attempt to clarify their genetic back-
ground and also discussthe genetic identification
of other | SG populationsincluding the specimens
used by Somboon et al (2001).

MATERIALSAND METHODS

M osquitos used

The details of al mosqguitos used are given
in Table 1. Ten An. minimus popul ations and one
An. flavirostris were collected from four South-
east Asian countries. Morphological identifica-
tion was performed on al individualsin thefield
for larvae and/or adults. Some populations were
colonized and maintained at the laboratory after
collection, and larvae at the end of the 4th-instar
of the following generation were used for analy-
sis. Based on the morphological characteristics
and/or enzyme electrophoretic analysis, GX was
confirmed as species B, | SG-93 and RKU as dif-
ferent from species A to D, and | SG-99 (namely
ISG by Somboon et al, 2001) as species E. All
other populations were confirmed as species A.
Details of the 1SG-99 and the CMU were also
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described in Somboon et al (2001). All specimens
were stored at -80°C until used.

For the DNA sequencing, male (CMU, LB-
00, LMP, 1SG-99), femal e adults (fraviro-00) and
larvae (GX, 1SG-93, LB-95, PK, RKU and YN)
were used. The sequences of speciesA (minimus
A, AF114019 and AF230461 for the D3 and the
ITS2, respectively), species C (minimus C,
AF114017 and AF230462 for the D3 and the
ITS2, respectively) and two Myzomyia Series, An.
flavirostris (flavirostris, AF194483 for the D3)
and An. aconitus (Donitz) (aconitus, AF114015
and AF194491 for the D3 and the ITS2, respec-
tively), were obtained from GenBank database
as references.

DNA extraction, amplification and sequenc-
ing

Genomic DNA was extracted from indi-
vidua mosquitos using an 1soQuick DNA extrac-
tion Kit (Tanehashi, Tokyo, Japan). The regions
of the D3, ITS1 and ITS2 were amplified in a
final volume of 25 ul containing RTG PCR Beads
(Amersham Pharmacia Biotech, Uppsala, Swe-
den) and primers using PCR (Model 9600, PE
Applied Biosystems, USA).

The PCR cycling conditionswereasfollows:
30 seconds 95°C, 30 seconds 55°C and 1 minute
72°C for 35 cyclesfollowed by a4 minutes final
extension at 72°C (for D3 primers); initial dena-
turation at 95°C for 5 minutes followed by 1
minute 95°C, 1 minute 39°C and 2 minutes 72°C
for 45 cycles (for ITS1 and ITS2 primers). Prim-
ersused were5-GACCCG TCT TGAAACACG
GA-3 and 5'-TCG GAA GGA ACCAGC TAC
TA-3' (Litvaitiset al, 1994) for the D3 region, 5'-
CCT TTG TAC ACA CGC CCC GT-3 and 5-
GTT CAT GTG TCC TGC AGT TCA C-3
(Sharpe et al, 2000) for the ITS1 region, and 5'-
TGT GAA CTG CAG GACACA T-3 and 5'-
TAT GCT TAA ATT CAG GGG GT-3' (Beebe
and Saul, 1995) for the I TS2 region, asaforward
and reverse primer, respectively.

A five-ul portion of the PCR product was
electrophoresed on a 2% agarose gel (NU Sieve
3:1, FMSBio Product, USA), and the remainder
was concentrated using ethanol precipitation
methods. An excising individual band was cut
away from a 2% LMP agarose (SeaPlague GTG
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agarose, USA) visualized by ethidium bromide,
and cleaned using the methods for phenol-chlo-
roform-ethanol purification. Each purified
double-stranded PCR product wasdirectly cycle-
sequenced from both ends using Dye Terminator
Cycle Sequencing FS Ready Reaction Kit (PE
Applied Biosystems) and the same primers used
for PCR using the thermal profile 10 seconds
96°C, 5 seconds 55°C and 4 minutes 60°C for 25
cycles(Model 9600, PE Applied Biosystems), and
ABI PRISM 310 Genetic Analyzer (PE Applied
Biosystems).

Phylogenetic analysis

Alignment analyseswere done using the pro-
gram GENETY X-MAC ver. 10.01 (Software De-
velopment Co, Tokyo, Japan). Phylogenetic
analysiswas performed using distance and parsi-
mony methods in MEGA (ver. 2.1; Kumar et al,
2001). Alignment gaps were treated as missing
data. For the trees, a distance matrix was con-
structed using the Kimura 2-parameter model and
trees were inferred using the neighbor-joining

method. The parsimony trees also were con-
structed using the heuristic search of maximum
parsimony method. Because of these two phylo-
genetic trees inferred by different algorithms
mentioned above showed similar topology, the
numbers of bootstrap replicates from parsimony
treeswere added but not to drown the treesin the
text. Asno great differences were found within a
population, one or two (for LMP) typica aign-
ments were used for the following analyses and
shown in this text.

RESULTS

D3 and ITS2 sequence alignments
Following electrophoresis of the PCR prod-
uctsthrough a2% agarose gel, similar sized PCR
products of ca. 380 bp werevisible at D3 regions
among all An. minimus populations. The align-
ment of the sequences, including thosein minimus
A, minimus C, and two Myzomyia Series mos-
quitosof An. flavirostris (namely flavirostris) and
An. aconitus (namely aconitus) all from the

Table 1
Abbreviations and origins of individuals sequenced and GenBank accession numbers.
Species Abbreviations Geographical origin? Regions
D3 ITSL ITS2
Anophelesminimus  1SG-93 Nishihama-kawa, Ishigaki Is, Japan, 1993.11 3 3 3
1SG-99 Nishihama-kawa, Ishigaki |s, Japan, 1999.8 5 5 5
RKUP Ryukyu University, Japan, 1992.11 - - 5
YN Sumao, Yunnan Prov, China, 1993.8 3 3 3
GX Baise, Guangxi Prov, China, 1993.8 3 3 3
PK Pakalo, Mae Hong Son, Thailand, 1997.1 5 5 5
LMP Bantae, Lampang Prov, Thailand, 2000.12 3 3 3
CMU* Chiang Mal University, Thailand 8 8 8
LB-95 Obel-Obel, Lombok Is, Indonesia, 1995.5 5 5 5
LB-00 Labhan Poh, Lombok Is, Indonesia, 2000.1 5 5 5
minimusA¢  Kanchanaburi Prov, Thailand AF114019 -  AF230461
minimus C* Kanchanaburi Prov, Thailand AF114017 -  AF230462
An. flavirostris flaviro-00  Labhan Poh, Lombok Is, Indonesia, 2000.1 2 2 2
flavirostris' Banggi Is. Sabah, Maaysia AF194483 - -
An. aconitus aconitus’ Kanchanaburi Prov, Thailand AF114015 -  AF194491

aEach gpecieswas origindly collected fromiit'slocality during 1993-2000;

Morphologica identification was performed in thefied;

®RKU was colonized and maintained in the laboratory after it was collected in 1992 at the same locdity of other two 1SG

populdions,

¢CMU was colonized and maintained for more than 10 yearsin the laboratory.
“The sequences were obtained from GenBank database as references.
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minimus A¥* 1:AAGCCAAT-GGGTAAATGGTGCGGTACGCCGCCCATGACTGGAAACCCACAGGCCGAAGACAAATCGAGTGGTGCGGGATT
YN 1:.C...... S T i e i
GX 1:GG.TT..ARA..... Y AC. ... ..t T,
PK 1., B e e e et e e e e
LMP1 1. ..., i
LMP2 1. ..., S
CMU 1
LB-95 l:Ccc..... e Y T i e i
LB-00 1., e T....... C e e C....... T.A.......
ISG-93 l1:.G6C..... G...... T o e e T...... 7 T.........
ISG-99 l:..C..... P T...... 7 T.........
minimus C* 1., Y AC............. T,
flaviro-00 1:........ T e e P C....... T.A.......
flavirostris* 1:........ T e N C....... T.A.......
aconitus* 1., = T T.-GA..... Tt e e e e e T.oovinn...
* *hkk k kkk kkkkkkkkkkkkx * *hkkkk khkkk kkkkkk *hkkkkk *k kkkk *k kkkkkkk
minimus A% 81
YN 81:
GX 81:
PK 81
LMP1 81:
LMP2 81:
CMU 81:
LB-95 81:
LB-00 81:
ISG-93 81:
ISG-99
minimus C* 81: -
flaviro-00 8l:...... T e e [ T...C..G..CCAT.........0......
flavirostris* 81l:...... Y G.iii i -...C..G..CCAT..........o...
aconitus* 8l:...... e Gt - T - TAL
Kk kkk Kkkhkkkkhkkhkhkkhkhkkhkhkhkkhhhkk *hkkkhkkkkkkhkkk *kk *k **k Fokk Kook ok ok okok ok ok kkk ok
minimus A¥* 161 : TGGACATCCCCGGAGTGCGTAGGATGTGACCCGAAAGATGGTGAACTATGCCTGAT CAGGTTGAAGTCAGGGGAAACCCT
N I 7
GX B
PK Y Coiiiiiiin. C i e
LMP1 e
LMP2 3
CMU I
LB-95 T
LB-00 L
ISG-93 e
ISG-99 I
minimus C* 0 P
flaviro-00 B
B N e I o= o e = A
aconitus¥* 161:. . e Tt e it et ettt e e e C e
dk kkkhkkhkkkhkkhkhkhkdhhkhk dhkhhkhhkhkhhkhhkhhhhkhkhkhkhhkhkhkhkhhkdx *hkkkkkkhkhkk khkkhkkkkkkkkkkkkkkk
minimus A% 241 : GATGGAGGACCGAAGCAAT TCTGACGTGCAAATCGATTGTCAGAGTTGGGCATAGGGGCGAAAGACC
N
GX
PK
LMP1
LMP2
CMU
LB-95
LB-00
ISG-93
ISG-99
minimus C*
flaviro-00
flavirostris*
aconitus*

Khhkhkhkhhhkhhkhhkhhhkhhhhhkhkhhkhhhkhhkhhkhkhhkhhkhhkhkdx *k *kx *%k * * %

Fig 1-Nucleotide sequences of nuclear ribosomal D3 region of 28S gene. Dots denote homology with the minimus
A sequence (GenBank accession number AF114019). Popul ations marked with asterisksindicate popul ations
obtained from the GenBank database. For explanation of abbreviations of species names, see Table 1.
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Table2
Percentage pairwise differences among D3 (above diagonal) and I TS2 (below diagonal) sequences.

Species 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
An. minimus 11SG-93 27 41 52 59 48 52 37 38 81 45 41 74 73 74
2 1SG-99 16 41 63 41 34 37 30 44 66 30 27 63 59 67
3 RKU 10 16
4 YN 46 48 37 56 24 20 24 27 20 63 17 34 60 52 60
5 GX 46 54 48 54 66 59 63 59 56 93 55 38 86 81 82
6 PK 35 46 29 10 48 07 10 30 37 55 10 27 52 44 52
7 LMPL 43 48 37 13 51 08 03 24 31 48 03 20 45 37 45
8 LMP2 48 48 48 24 62 18 13 27 34 52 07 24 41 41 49
9 CMU 48 54 43 18 57 13 05 13 27 62 20 37 59 55 63
10 LB-95 40 46 35 10 48 05 08 18 08 70 27 44 67 62 63
11 LB-00 85 97 80 88 85 80 88 100 94 85 44 52 13 10 56
12 minimusA* 40 46 35 05 48 05 08 18 13 05 85 17 41 34 41
13 minimusC* 48 57 46 46 08 46 48 6.0 54 46 88 40 48 41 49
An. flavirostris 14 flaviro-OO 9.4 100 88 91 88 88 91 97 91 88 08 88 91 07 56
15 flavirostris* 4.8
An. aconitus 16 aconitus* 22.6 23.3 21.9 209 199 212216 226223 212 165 205 195 169

Values are transitions+transversions. Values are calculated from 307bp and 479bp in D3 and ITS2 sequences,

respectively.

GenBank database, were compared at 307 bp of
their lengths (Fig 1). Both ends of the alignments
had some variations, but coincided in the inter-
mediate regions. In the case of 1TS2 sequences,
lengths of approximately 480 bp were amplified
among all populations. Asshownin Fig 2, align-
ments of 479 bp in length showed severa inser-
tions and deletions (423-478 bp). Many more
variations were found in ITS2 than in D3.

Nucleotide variationsat D3 and | TS2 regions

The levels of nucleotide variation detected
between pairs of specimens for D3 and for ITS2
are presented in Table 2. Percentage nucleotide
differences within 1SG populations were 2.7%
(between 1SG-93 and I SG-99) for the D3 region,
and 1.0-1.6% for the ITS2 region, respectively.
The 1SG populations showed higher differences
from the other An. minimus populations, except
for the LB-00 (2.7-6.6% for D3, 2.9-5.7% for
ITS2). Among al of the An. minimus popul ations,
except for the LB-00, the differences were very
low ranging 0.3-6.6% for the D3 and 0.5-6.2%
for the ITS2. The differences between the LB-00
and two An. flavirostris populations (flaviro-00

Vol 34 No.4 December 2003

and flavirostris) were 1.0% and 1.3% for the D3
and 0.8% for the ITS2. These values showed
markedly lower levels of genetic differences.

Phylogenetic trees

The neighbor-joining treesinferred fromthe
sequence dataof the D3 and the ITS2 regionsare
shown in Figs 3 and 4, respectively. From the D3
sequences (Fig 3), the An. minimus popul ations
could be separated into three clusters: the Japa-
nese population (1SG-93 and | SG-99) asgroup |,
the GX from China and minimus C as group I,
and the others (PK, LMP1and 2, CMU, YN, LB-
95) including minimusA asgroup I11. Anopheles
flavirostris and An. aconitus were widely sepa-
rated from the An. minimus complex. They are
suggested to represent an ideal outgroup of the
An. minimus populations. The LB-00 was closer
to this group than the An. minimus group. These
classification resultsfrom the I TS2 sequences (Fig
4) were similar to the D3 sequences. The RKU
wasincluded in the Japanese population clustered
by 1SG-93 and 1SG-99. The I TS2 sequences also
indicated that L B-00 was closer to An. flavirostris
than to the An. minimus group, although LB-95
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minimus A* 1: ACGTTGAACGCATATGGCGCATCGGAC-GTTTAAACCCGACCGATGTACACATTCTTGAGTGCCTACCAATTCCTTGTTACACACAACTCTAACTACATG
YN . -

GX

PK

LMP1

LMP2

CMU

LB-95
LB-00
ISG-93
ISG-99
RKU
minimus C*
flaviro-00
aconitus*

Kkkkhkk * Khkkkkkkhkkhk  Kkkkk Kkkkkkkhkk  Kkk Kk Kkkkkkkkkk *** kkk hkkkkkkkk kkkkk kKK *

minimus A* 101:G-CGCCCGTG-T--AC-G-GACG-G---CA-TCATGGCGAGCAGCCCGCCTTCTGATGTTGCTGAATGAACACGTGAGCGCACTGTG-CATCATTGCGTG
YN 101:.

GX 101:.
PK 101:.
LMP1 101:.
LMP2 101:.
CMU 101:.
LB-95 101:.
LB-00 101:.
ISG-93 101:.
ISG-99 101:.
RKU 101:.

minimus C* 101:.
flaviro-00 101:.
aconitus* 101:. . . .. . .. .

* kK kkkk ok *k Kk * * * ** * % % e K Kk K Kk ko ok ok Kk ok ok * kk kok kkk k ok kkkkk dedk Kok ok okokok *** * kkkkk

minimus A% 201:

YN 201:.
(>4 201:.
PK 201:.
LMP1 201:.
LMP2 201:.
CMU 201:.
LB-95 201:.
LB-00 201:.
ISG-93 201:.
ISG-99 201:.
RKU 201:.

minimus C* 201:.
flaviro-00 201:. e
aconitus* 201: .TT TT ACA C. AG .G...TG.A.C.C..G

* * % * % * Kk kkk * k ok kk kkkkk Kkkk K ** *kkkkkkkkkk

minimus A* 301:CGGGTCGAACTTCGGCTATGGACGACCTGAGATACCCGGCAGCCTACTAACACCAGGCTTGTCGACCAGGTTCCAGGGGTTACGAATCATCCGGCCGAGT
YN 301:

GX 301:...
PK 301:
LMP1 301:
LMP2 301:...
CMU 301:
LB-95 301:
LB-00 301:...
ISG-93 301:
ISG-99 301:
RKU 301:...

minimus C* 301:
flaviro-00 301:
aconitus* 301:

Sk Rk KRRk Rk KRRk Rk kK KRRk Rk Rk K Kk Kk kKRR KRk Rk kR Kk ko kK

minimus A* 401:CGTGTAACGCGTGACGACCCATACG-GTGGGCCCCTGTGG-CATGAGAAAACTTACTTCATA-AGTAGGCCTCAAGTGA
YN 401:

(>4 401:
PK 401:. ..
LMP1 401:
LMP2 401:...
CMU 401:...
LB-95 401:
LB-00 401:
ISG-93 401:...

ISG-99 401:...
RKU 401:
minimus C* 401:... .. . . . . ..
flaviro-00 401: R .AT. . . B

aconitus* 401:

Fig 2N ucleotide sequences of nuclear ribosomal ITS2 region. Dots denote homology with the minimusA sequence
(GenBank accession number AF230461). Populations marked with an asterisk indicate popul ations obtained
from the GenBank database. For explanations of abbreviations of species names, see Table 1.
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59 ISG - 93
62| P isG-99
66
60 GX
66 '— minimus C*
4L PK
66
LMP1
64
LMP2

44 minumus A*

52 CcMU
39| 65 [ YN
L 71— |Bos
o8 flaviro-00
99 LB-00
96
59 i is*
93 flavirostris
. aconitus*
Distance
f—
0.01

Fig 3—Phylogenetic tree of An. minimus complex in-
ferred from the D3 sequences shown in Fig 1.
For explanations of abbreviations of species
names, see Table 1. Tree was constructed using
the neighbor-joining method in the MEGA ver.
2.1, and adistance matrix was calculated using
the Kimura's 2-parameter evolutionary model.
Numbers at above nodes are percentage values
of 1,000 bootstrap replicates with neighbor-join-
ing tree, and numbersinitalic at below nodesare
with maximum parsimony treeinthe MEGA ver.
2.1. Thescalebar indicatesthe estimated genetic
distance (percent).

was included in the An. minimus group.

ITS1 electrophoretic profiles

The I TS1 region was abandoned because of
the large size of the spacer (ca. 1,500 bp) and the
presence of arepesat structure. It was anticipated
that the complete sequence could not be ampli-
fied by one PCR trial. However, some minor
bands were found on the 2% agarose gel (Fig 5),
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61 ISG - 99

100
99

ISG - 93

RKU
88

86 [ PK

67 || minimus A*

99|_

YN

100 42 ( LB- 95

99 LMP1
73

69 CcMU

46 LMP2

99 GX
93

minimus C*

100 LB- 00

99 flaviro- 00

- aconitus*
Distance

A
0.01

Fig 4—-Phylogenetic trees of An. minimus complex in-
ferred from nuclear ribosomal ITS2 nuclectide
sequencesshownin Fig 2. For explanations of ab-
breviationsof speciesnames, seeTable1. Treewas
constructed using the neighbor-joining method in
theMEGA ver. 2.1, and adistance matrix wascal-
culated using the Kimura s 2-parameter evolution-
ary model. Numbers at above nodes are percent-
age values of 1,000 bootstrap replicates with
neighbor-joining tree, and numbersin italic at
bel ow nodes arewith maximum parsimony treein
the MEGA ver. 2.1. The scale bar indicates the
estimated genetic distance (percent).

and al individuals per locality showed sameelec-
trophoretic band patterns. They could be classi-
fied into three groups as shown in the above-men-
tioned D3 and I TS2 sequences by their patterns.

DISCUSSION

Inthe present study, weinferred the sequence
differencesin the nuclear DNA at the D3 and the
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9 10 11

- - ——

12 3 45 6 7 8

1500 bp-»

500 bp_p

s35883538:5s0

Fig 5-An ethidium bromide-stained 2% agarose gel
showing the PCR products spanning the nuclear
ribosomal ITS1 region. Lane 1: 100-bp ladder;
lane2: YN, lane 3: GX, lanes4: PK, lane5: LMP,
lane6: CMU, lanes 7: LB-95, lane 8: LB-00, lane
9: 1SG-93, lane 10: 1SG-00, lane 11: flaviro-00.

ITS2 regions among populations of the An.
minimus complex collected from four Southeast
Asian countries. Phylogenies indicated that they
could be clustered into three groups:. three I1SG
populations as group |, the GX as group 11, and
theothers(YN, CMU, PK, LMP, LB-95) asgroup
[11, in which minimus A is included. This result
agreeswell with the morphological classification
that membersof group |11 are speciesA, and those
from group 11 (GX), are species B (unpublished
data). In this phylogenetic tree, the | SG popula-
tions presented in the cluster are separate from
minimus A, B and C (GenBank accession hum-
bers AF114017 and AF230462). Somboon et al
(2001) reported that the I SG population (1SG-99
inthe present study) should be classified asanew
species, An. minimus species E, based on the re-
sults from crossing experiments between CMU
and 1SG populations and on the morphological
characteristics. For the species D, although there
is no molecular information but morphological
data (Baimai, 1989), we demonstrated that the
other two 1SG populations (ISG-93 and RKU)
should probably be classified as species E.

Anopheles minimusis widespread in South-
east Asian countries. In Japan, this speciesisnow
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localized in the Southern I slands, and no endemic
malaria has been reported since 1962 (WHO,
1966). The distribution of many animals and in-
sects gradually changing and the characteristics
of the various species of malaria vector mosgui-
tos may also be changing. An ecological survey
of these areas has been carried out periodically
(Tomaet al, 19964, Tsudaet al, 1999, 2000). The
species has not been clarified either morphol ogi-
cally or by a protein polymorphism study (KS,
unpublished data). Yu et al (1984) suggested that
the prevalence of malaria infection could be as-
sociated with its morphological variant species
of mosquito inhabiting the endemic areas of
China. In Northern Vietnam, the two sibling spe-
cies differ in some behaviora traits that are rel-
evant for malaria transmission and vector con-
trol (Van Bortel et al, 2000). Asthey inferred, the
relationship between the sensitivity for malaria
transmission and the morphological variants of
vector mosquito is of a great interest to us. Fur-
ther investigation on these Japanese popul ations
should be performed as soon as possibleto clarify
the genetic background and to estimate the sensi-
tivity of transmission of the malaria parasite.

The Chinese species B (GX) is the closest
totheThai species C (minimusC) rather than Chi-
nese species A (YN). The GX constructs a clus-
ter in both the D3 and ITS2 phylogenetic trees,
however, the branch lengthinthe D3 treeislonger
than in the ITS2 tree. Thisindicates that the rate
of evolution of GX hasincreased since diverging
from minimus C. The D3 phylogenetic tree is
drawn as an unrooted one, contrary to the ITS2
tree rooted in An. aconitus. The D3 primers
(Litvaitiset al, 1994) used in thisstudy were des-
ignated asbeing ableto distinguish speciesC from
A. This suggests that the D3 primers are much
more specific for identification of closely related
cryptic speciessuch asspeciesAand C. Thel TS2
sequences are relatively conserved and intraspe-
cificvariationisminimal or non-existent intrema-
todes (Morgan and Blair, 1995; Despres et al,
1992). Actua divergences among species com-
plexes could appear for the An. minimus group.

In the present study, the LB-95 was an in-
group of speciesA, but LB-00 was not and closer
to An. flavirostris than to any other An. minimus
populations. Itisinteresting that both species, An.
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minimus species A (LB-95) and the closer popu-
lation to An. flavirostris (LB-00) appeared to be
present on Lombok Island in Indonesia, although
in far separated localities. The former was col-
lected from Obel-Obel on Lombok Islandin May
1995, and the latter from L abhan Poh on Lombok
Island in January 2000. These two populations
inhabited different streams that are located at
opposite ends of the Island. The difference be-
tween LB-95 and L B-00 could be caused by an-
nual, seasonal and/or aregional prevalence of the
mosquito. Somboon et al (2000) described in the
paper that An. flavirostris was found in Indone-
sia, but An. minimus was not. Among Myzomyia
Series, such as An. flavirostris, An. aconitus and
An. minimus, there are no great differencesin the
morphological characteristics. Crossinhabitingin
the samelocality isconceivable. Our results sug-
gest that additional ecological and genetic sur-
veys are needed on Lombok Island.

Thealignmentsof thel TS1and I TS2 regions
aregenerally discussed for theintraspecific varia-
tion between closely related sibling species.
Sharpe et al (2000) did not use the ITS1 datain
their phylogenic analysis of the An. minimus
group from Thailand, because of the presence of
a repeat structure. The ITS1 region was aban-
doned because of the large size of the spacer (ca.
1,500 bp). The sequence data from the ITS1 re-
gionwas not clearly obtained in our study either,
but an electrophoretic profile from the PCR prod-
uct was detected on the agarose gel. The results
fromthe I TS1 profilewasnearly equal to theclas-
sifying trend of the D3 and I TS2 phylogenies. Van
Bortel et al (2000) obtained clear diagnostic band-
ing patternsof the I TS2 rDNA fragment from six
An. minimus rel ated species on agarose gels after
digestion with two kinds of restriction endonu-
clease. Our banding patterns for the ITS1 PCR
product would be a useful diagnostic tool with-
out sequencing for this species complex. Further
examination using multiple numbers of com-
plexes species and specimens from the species
are needed in the future. The mitochondrial DNA
can be asensitive marker of phylogenic relation-
ship between cryptic species complexes at the
genetic level for many kinds of organisms (Nei,
1983). Data from the mitochondrial COIl region
would be useful for our phylogenetic study.
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