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Abstract. Fifty-three isolines of Anopheles peditaeniatus were established from individual
wild-caught females collected from cow-baited traps in 17 provinces of Thailand. Three
types of X (X;, Xy, X3) and 6 types of Y (Y1,Ys, Y3, Yy, Y5, Y¢) chromosomes were determined
based on different amounts of major block(s) of heterochromatin. These sex chromosomes
comprised 6 karyotypic forms designated as Forms A (X3, Y;), B (X;, X5, X3, Y3), C (X5, Y3), D
Xy, Xy, X3, Yy), E (Xy, Xy, X3,Y5) and F (X, X3, Y¢). Form F is a new metaphase karyotype
discovered in this study and is commonly found in all regions. Form A was found only in
Lampang province, whereas Form E is widespread throughout the country. Forms B, C and D
were obtained from the northern, northeastern, western and southern regions. Crossing
experiments among the 11 isoline colonies representing the 6 karyotypic forms of An.
peditaeniatus indicated genetic compatibility yielding viable progenies and complete synapsis
of salivary gland polytene chromosomes through to the Fs-generations. The results suggested
the conspecific nature of these karyotypic forms which were further supported by very low
intraspecific variation (genetic distance = 0.000-0.003) of nucleotide sequences in ribosomal
DNA (ITS2) and mitochondrial DNA (COI and COII).

INTRODUCTION

Anopheles (Anopheles) peditaeniatus
belongs to the Lesteri Subgroup, Hyrcanus
Group of the Myzorhynchus Series. It is
widely distributed in Asia including Thailand,
Myanmar, Cambodia, Indonesia, Malaysia,
the Philippines, Vietnam, Borneo, Celebes,
China, India, Sri Lanka and Nepal (Reid, 1968;
Scanlon et al., 1968; Harrison & Scanlon,
1975). Anopheles peditaeniatus is considered
a suspected vector of human malaria,

Plasmodium vivax, in Thailand (Gingrich
et al., 1990; Rattanarithikul et al., 2006). In
addition, it has been incriminated as a
secondary vector of Japanese encephalitis
virus in China and India (Zhang, 1990; Kanojia
et al., 2003). However, its status as a vector
of the Japanese encephalitis virus remains a
crucial question in Thailand, although it is
widespread throughout the country. Due to
the vicious biting-behavior of An.
peditaeniatus on cattle and its ability to
transmit filariae of the genus Setaria, it is
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considered an economic pest (Reid et al.,
1962; Reid, 1968; Harrison & Scanlon, 1975).
Although An. peditaeniatus has never been
incriminated as natural and/or suspected
vector in endemic areas of filariasis caused
by Brugia malaysi, it has been demonstrated
to be a good experimental vector for
transmitting this filarial nematode (Wharton
et al., 1963). Our recent experiment has
shown that An. peditaeniatus exhibited
high potential as a vector to B. malay?
(Narathiwat province, southern Thailand
strain) (unpublished data).

Cytologically, Baimai et al. (1993) found
that An. peditaeniatus from Chiang Mai,
Phrae and Chanthaburi provinces, Thailand
showed different forms of mitotic sex
chromosomes due to extra block(s) of
heterochromatin. Recently, Choochote
(2011) reported crossing experiments
and DNA sequence analyses of internal
transcribed spacer 2 (ITS2) of ribosomal DNA
(rDNA), cytochrome ¢ oxidase subunit I (COI)
and cytochrome ¢ oxidase subunit II (COII)
of mitochondrial DNA (mtDNA) among 8
allopatric strains (Chiang Mai, Nan, Udon
Thani, Ubon Ratchathani, Kamphaeng Phet,
Ratchaburi, Chon Buri and Chumphon
provinces) which represented 4 karyotypic
forms (B, C, D and E) of An. peditaeniatus in
Thailand.

We report herein a new karyotypic form
of An. peditaeniatus, crossing experiments
among the 6 karyotypic forms and
comparative DNA sequencing of the ITS2,
COI and COIl regions of 53 isolines obtained
from different populations in Thailand.

MATERIALS AND METHODS

Field collections and establishment of
isoline colonies

Wild-caught, fully engorged females of An.
peditaeniatus were collected from cow-
baited traps in 17 provinces of Thailand
(Fig. 1, Table 1). A total of 53 isolines were
successfully established and maintained
in our insectary using the techniques
described by Choochote et al. (1983) and
Kim et al. (2003). These isolines were used
in this study.

Metaphase karyotype preparation
Metaphase chromosomes were prepared
from 10 samples of early 4" instar larval
brains of F;- and/or Fs-progenies of each
isoline of An. peditaeniatus using the
techniques previously described by Saeung
et al. (2007). Identification of karyotypic
forms followed the standard cytotaxonomic
key of Baimai et al. (1993).

Crossing experiments

Eleven laboratory-raised isolines of An.
peditaeniatus were selected arbitrarily from
the 53 isolines representing the 6 karyotypic
forms, i.e., Forms A (Lp3A), B (Nk1B, Ns4B),
C (Cb3C, Ns8C), D (UrbD, Ns5D), E (Cb5E,
Tg3E) and F (Sb2F, TglF) (Table 2). These
isolines were used for crossing experiments
to determine post-mating reproductive
isolation by employing the techniques
previously reported by Saeung et al. (2007).
The salivary gland polytene chromosomes
of 4th instar larvae of F;-hybrids from the
crosses were investigated using the
techniques described by Kanda (1979).
Polytene chromosome arms were identified
by comparing them with the euchromatic
arms of mitotic karyotypes. The shortest
chromosome is X; the autosomal long arms
are designated as 2R and 3R, and short arms
as 2L and 3L (White et al., 1975).

DNA extraction and amplification

One individual Fi-progeny adult female from
each isoline of each An. peditaeniatus Form
(A-F) was used for DNA extraction and
amplification. Genomic DNA was extracted
from each individual adult mosquito using
DNeasy® Blood and Tissue Kit (Qiagen). The
ribosomal DNA (rDNA) internal transcribed
spacer 2 (ITS2), and the mitochondrial
cytochrome ¢ oxidase subunit I (COI) and
subunit II (COII) were amplified using the
primers described previously by Park et al.
(2008b). The sequence data of this paper
have been deposited in the DDBJ/EMBL/
GenBank nucleotide sequence database
under accession numbers AB714987-
AB715145. The ITS2, COI and COII
sequences obtained from this study were
also compared with deposited sequences
available through GenBank (Table 1).
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Figure 1. Map of Thailand showing 17 provinces where samples of An. peditaeniatus
were collected and the number of isolines of the 6 karyotypic forms (A-F) detected in

each location
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Sequencing alignment and phylogenetic
analysis

Sequences of ITS2, COI and COII were
aligned using the CLUSTAL W multiple
alignment program (Thompson et al., 1994).
Gap sites were excluded from the following
analysis. The Kimura two-parameter method
was used to calculate genetic distances
(Kimura, 1980). Construction of neighbor-
joining trees (Saitou & Nei, 1987) and the
bootstrap test with 1,000 replications were
conducted with the MEGA version 4.0
program (Tamura et al., 2007).

RESULTS

Karyotypic characters

Cytogenetic observations of F;- and/or
Fy-progenies of the 53 isolines of An.
peditaeniatus revealed different types of
sex chromosomes due to the addition of
extra block(s) of heterochromatin. There
were 3 types of X (metacentric X;, small
submetacentric X5 and large submetacentric
X3) and 6 types of Y chromosomes (very
small telocentric Y;, medium telocentric Y5,
large telocentric Ys, very large telocentric
Y,, submetacentric Y; and medium
metacentric Yg) (Fig. 2). These types of X
and Y chromosomes comprise 6 forms of
mitotic karyotypes on the basis of Y
chromosome configurations designated as
Forms A (XB’ Yl)’ B (Xla XZ, XS! Y2)7 C (XS, YB)’
D (X1, Xo, X3, Yy), E (X, X, X3,Y5) and F (X,
X3, Ys). The number of isolines of these
karyotypic forms occurring in different
localities in 17 provinces of Thailand are
shown in Fig. 1 and Table 1. Form A (X3, Y;)
was very rare and has been detected only in
Lampang province. On the other hand, Form
E was quite common throughout the species’
distribution in Thailand, while Forms B, C, D
and F were found sporadically in several
localities (Fig. 1).

Crossing experiments

Details of hatchability, pupation, emergence
and adult sex-ratio of parental, reciprocal
and F;-hybrid crosses among the 11 isolines
of An. peditaeniatus representing Forms

A-F are shown in Table 2. All crosses
yielded viable progenies through to the
F,-generations. No evidence of genetic
incompatibility and/or post-mating
reproductive isolation was observed among
these crosses. The salivary gland polytene
chromosomes of the 4™ instar larvae of F;-
hybrids from all crosses showed complete
synapsis without inversion loops along the
whole lengths of all autosomes and the X
chromosome (Fig. 3).

DNA sequences and phylogenetic analysis
DNA sequences were determined and
analyzed for the ITS2, COI and COII regions
of the 53 isolines of An. peditaeniatus Forms
A-F. They all showed the same length for the
ITS2 (463 bp), COI (548 bp) and COII (672 bp)
sequences. The evolutionary relationships
among the 6 karyotypic forms using
neighbour-joining trees were constructed
(Fig. 4). The average genetic distances
within and between the 6 karyotypic forms
exhibited no significant difference in these
DNA regions (genetic distance = 0.000-
0.003). Hence, the 53 isolines were placed
within a single species namely An.
peditaeniatus. Additionally, these isolines
showed little genetic distance difference
(0.000-0.005) from An. peditaeniatus Form
B from Ratchaburi province previously
reported by Choochote (2011). However, the
trees for ITS2, COI and COII of these isolines
representing Forms A-F were clearly
different from An. sinensis from Korea and
An. lestert from Korea and China with
strongly supported bootstrap values (99-
100%) (Fig. 4).

DISCUSSION

The first cytogenetic investigations of 27
isolines of An. peditaeniatus from 3 different
localities in Thailand (Chiang Mai, Phrae and
Chanthaburi provinces) were performed
by Baimai et al. (1993). They showed that
An. peditaeniatus exhibited karyotypic
variation via a gradual increase of extra
heterochromatin on X (X;, X5, X3) and Y
(Yy, Yy, Y3, Yy, Y5) chromosomes. Recently,
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Figure 2. Metaphase karyotypic forms of An. peditaeniatus. (a) Form A (X5, Y;: Lampang); (b) Form
B (X5, Ys: Chumphon); (¢) Form C (X3, Ys: Chon Buri); (d) Form D (X5, Y,: Mukdahan); (e) Form E (Xs,
Y5: Nakhon Sawan); (f) Form F (X,, Yg: Trang); (g) Form F (X5, X5: Trang); (h) diagrams of representative
metaphase karyotype of Form F

Figure 3. Complete synapsis in all arms of salivary gland polytene chromosome of F;-hybrids of An.
peditaeniatus. (a) Lp3A female x Nk1B male; (b) Lp3A female x Cb3C male; (¢) Lp3A female x Ur5D
male; (d) Lp3A female x Tg3E male; (e) Lp3A female x Sb2F male; (f) Lp3A female x TglF male
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Figure 4. Phylogenetic relationships among the 53 isolines of An. pediataeniatus based on molecular
analysis compared with An. sinensis and An. lesteri. (a) ITS2; (b) COIL; (c) COIL The trees were
generated by neighbor-joining analysis. Numbers on branches are bootstrap values (%) after 1,000
replications. Bootstrap values under 50% are not shown. Branch lengths are proportional to genetic

distance (scale bar)

Choochote (2011) studied mitotic karyotypes
of An. peditaeniatus from 8 different
localities in Thailand (Chiang Mai, Nan,
Kamphaeng Phet, Udon Thani, Ubon
Ratchathani, Chon Buri, Ratchaburi and
Chumphon provinces) and demonstrated 2
types of X (X,, X3) and 4 types of Y (Y5, Y3, Yy,
Y5) chromosomes forming 4 karyotypic forms
tentatively designated as Forms B (X,, X,
Yy), C (X5, Y3), D (X5, Yy) and E (Xy, X5,Y5). In
this study, we have detected 3 types of X (Xj,
X2, X3) and 6 types of Y (Yl, Yz, Y3, Y4, Y5, Y6)
chromosomes forming 6 karyotypic forms,
i.e., Forms A (X3, Yl), B (Xl, X2, X3, Yz), C (Xg,
Y3), D (Xy, Xy, X3, Yy), E (Xy, X, X3,Y5) and
F (X,, X3, Yg). The newly discovered Form
F in this study was based on the medium
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metacentric Y4 chromosome which was
obviously different from the other 5 types
previously reported by Baimai et al. (1993)
and Choochote (2011). Clearly, the 6 distinct
karyotypic forms of An. peditaeniatus were
due to a gain in extra heterochromatin within
sex chromosomes. The phenomenon of
accumulation of heterochromatin in the
genome has played an important role in
karyotype evolution, at least in dipteran
insects (Baimai, 1998). In addition, such a
chromosome difference is very useful for
cytotaxonomic study of closely related
species particularly sibling species as
exemplified in the Anopheles dirus complex
(Baimai, 1988) and other groups of Anopheles
(Kanda et al., 1981; Baimai et al., 1987;



Subbarao, 1998; Junkum et al., 2005). In this
study, we found an ancestral Form A (X3, Y;)
in only one isoline from Lampang province,
while Forms B, C, D, E and F were widespread
in Thailand.

Crossing experiments using isoline
colonies of anopheline mosquitoes to
determine post-mating reproductive
compatibility have proven to be efficient
techniques for recognition of sibling species
within the Oriental Anopheles (Kanda et
al., 1981; Baimai et al., 1987; Subbarao,
1998; Junkum et al., 2005). In this regard,
intensive crossing experiments among the
6 allopatric karyotypic forms of An.
peditaeniatus showed no post-mating
reproductive isolation. Hence, these results
strongly suggested a conspecific nature of
these karyotypic forms of An. peditaeniatus.
Identical and/or very low intraspecific
sequence variations (genetic distance =
0.000-0.003) of ITS2, COI and COII of the 6
karyotypic forms provided good supportive
evidence. Thus our findings are in agreement
with the results of hybridization experiments
among the 4 karyotypic forms of An.
peditaentiatus in Thailand previously
reported by Choochote (2011). Similar
studies on other anopheline species have
been reported, e.g., Anopheles vagus
(Choochote et al., 2002), Anopheles pullus
(= An. yatsushiroensis) (Park et al., 2003),
Anopheles sinensis (Choochote et al., 1998;
Min et al., 2002; Park et al., 2008b), Anopheles
aconitus (Junkum et al., 2005), Anopheles
barbirostris species Al and A2 (Saeung
et al., 2007, Suwannamit et al., 2009), and
an Anopheles campestris-like taxon
(Thongsahuan et al., 2009). Thus, karyotypic
variation based on extra heterochromatin in
sex chromosomes seems to be a general
phenomenon within the Oriental Anopheles.
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