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We determined the complete sequences of six size
variants of intergenic spacer (IGS) region from one
individual of the malaria vector mosquito species,
Anopheles sinensis. All six size variants observed in
this study show almost the same basic primary struc-
ture in which three repeat regions (A, B, and C) are
interspersed by highly conserved nonrepeating sec-
tions. In contrast to the well-ordered subrepeating
patterns found in A and C, the repeat region B dis-
plays extremely variable and complicated profiles in
the number and arrangement of subrepeat units among
different size classes. It is apparent that the prominent
level of length differencein therepeat regions B and C
isresponsible for the intragenomic length variations of
the IGS molecule observed in the present study. High
level of sequence homology and regularly arranged
repeating pattern of 11 to 14 bp motif sequences har-
bored within the B repeat region allow us to consider
that these motif sequences may be associated with
their potential role as a recombination site. Compared
to those previously published in other mosquito spe-
cies, theGS of A. sinensis showed a very unique struc-
tural format in subrepeat patterns of the IGS region.
This result suggests that the structure and sequence
profiles of the IGS region would provide useful infor-
mation for the exploitation of a convenient molecular
marker to identify morphologically complicated spe-
cies complex and to characterize the genetic variation
of population. This suggestion is far from being con-
clusive at present, but a further genetic study will bring
mor e compelling evidences for this pending issue.
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Introduction

The nuclear ribosomal RNA gene (rDNA) in higher eu-
karyotes is typically composed of tandem arrays of a ba-
sic unit that contain the transcription unit (18S, 5.8S, 28S)
and an intervening intergenic spacer (IGS) region. The
tandem arrays of the rDNA gene cluster (often called
‘multigene family’) evolve not independently, but in a
concerted fashion (Arnheim, 1983) that confers a high
degree of homogeneity among their basic components.
Due to its universal presence and abundance (hundreds to
several thousands of copies per cell), and different rate of
sequence evolution among different regions of the rDNA
repeat unit, rDNA has been extensively employed as a
powerful genetic marker for accessing phylogenetic rela-
tionships of diverse biotic taxa (Crease and Lynch, 1991,
Hillis and Dixon, 1991; Hwang and Kim, 1998).
Although the core domain of the rDNA coding regions
is highly conserved, 1GS region intervening between the
28S and 18S rRNA subunits often displays high degree of
sequence divergence and length variation among mem-
bers of closely related species (Doyle and Beachy, 1985;
Saghai-Maroof et al., 1984), or among local populations
of the same species (Black et al., 1989; de Merida et al.,
1995). Much of the works published to date has consis-
tently confirmed that these length variations observed in
IGS region are ascribed to differences in the pattern and
number of tandemly arrayed subrepeat units (Williams et
al., 1987). Recent molecular surveys for IGS sequence
diversity have reported a noticeable length polymorphism
among individuals of plant populations (Chou and Tsai,
1999; Rogers and Bendich, 1987; Taira et al., 1988), and
particularly, in some cases, have found the existence of
different size classes of the IGS within a single individual
of freshwater cladoceran (Crease and Lynch, 1991), of
salmon (Reed et al., 2000) and of some mosquito species

Abbreviation: |GS, intergenic spacer.
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(Beach et al., 1989; McLain et al., 1989). In contrast to
these cases, however, little or no length heterogeneity of
the IGS regions has been recorded from diverse animal
groups [sea urchin (Passananti et al., 1983); insects
(Manning et al., 1978; Renkawitz et al., 1979; Schmidt et
al., 1982)]. For this reason, species-specific repeat pattern
and length variation of IGS region have been widely used
in order either to characterize the genetic structure of
population, or to identify morphologically indistinguish-
able cryptic species, including malaria-carrying mosquito
species (Black et al., 1989; Collins and Paskewitz, 1996; de
Meridaet al., 1995; Pepera et al., 1998; Scott et al., 1993).

Re-emerging of malaria is one of the most intensive
public health issues in many countries including India,
China, and Korea (Chadee et al., 1992; Kho et al., 1999;
Sharma, 1996; Sleigh et al., 1998). Due to the fact that
Anopheles sinensis is one of the major vectors of malaria
in Asian countries and considered to be dominant
anopheline mosquito species in Korea (Chai, 1999), the
availahility of a convenient molecular marker which can
characterize the genetic structure of vector species would
be a prerequisite to more efficient control over the trans-
mission of malaria. In the present study we determined
the complete sequences of the ribosomal DNA intergenic
spacer (IGS) and firstly report the intragenomic length
variation, as a candidate molecular marker, in Anopheles
sinensis.

Materials and Methods

Mosquito sampling and total genomic DNA isolation Mos-
quito samples were collected from Jeongeup of Jeollabuk-do
Province (35°55’N, 126°87’E) in Korea and identification of
specimens was made using taxonomic key published by Ree
(2000). Total genomic DNA was prepared using Qiagen DNeasy
Tissue kits for the Long PCR amplification.

Long PCR amplification, cloning and sequencing Prior to
performing the Long PCR, two universal primers (1J-28S,5'-
GGG AAC GTG AGC TGG GTT TAG ACC GTC-3’; 1318S,
5-CCT GCT GCC TTC CTT GGA TGT GGT AGC C-3') were
designed by referencing the conserved regions of the 18S and
28S rDNA sequences obtained from various eukaryotes. The
complete IGS region was amplified by using the Expand L ong™
Template PCR System (Roche Co.) following the manufac-
turer’s recommendation: 1 cycle of initial denaturation (2 min at
92°C), 10 cycles [10 s at 92°C, 30 s at 65°C, 8 min (+ 20 s for
each cycle) at 68°C], and 1 cycle of prolonged elongation (7
min at 68°C). The amplified PCR products were isolated on
0.7% agarose gel, excised under long-wavelength UV light and
extracted using a QIAquick PCR purification kit (Qiagen Co.).
The ligates of the purified PCR products were prepared with T4
ligase using pGEM®-T easy vector (Promega Co.) and trans-
formed to DH5a. cell line. Plasmid DNA was purified using a

Table 1. The primers used for sequencing reaction in this study.

AST-28Sa 5-GCG TCT CTA CTG TAT TAT TGG-3’
AST-28Sc 5’-CGC AAG CTC AAA GGT CAT G-3'

AST-28Se 5’-ACC TAC TGA ATC TAC TTG GC-3’
AST-18Sa 5'-GTA ACT ATG TTG ATG ATC TCG-3’
ASI-18Sb 5’-CCA TTC GAT ACC GTC AAG CG-3’
ASTI-18Sd 5’-CAA GCA CGG ATA CTA CAC GC-3’
AST-18Se 5'-GTC AAT CAC TTG GAT GTG AAA-3’
ASI-18Sdr ©5'-GCG TGT AGT ATC CGT GCT TG-3’
AST-28Sa 5-GCG TCT CTA CTG TAT TAT TGG-3’
ASTI-28Sc 5’-CGC AAG CTC AAA GGT CAT G-3'

AST-28Se 5’-ACC TAC TGA ATC TAC TTG GC-3’
AST-18Sa 5’-GTA ACT ATG TTG ATG ATC TCG-3’
ASI-18Sb 5’-CCA TTC GAT ACC GTC AAG CG-3’
ASI-18Sd 5’-CAA GCA CGG ATA CTA CAC GC-3’
ASTI-18Se 5’-GTC AAT CAC TTG GAT GTG AAA-3’
ASI-18Sdr ©5'-GCG TGT AGT ATC CGT GCT TG-3'

QIAprep spin miniprep kit (Qiagen Co.). Subcloning was per-
formed to isolate the size variants of the IGS region. Cyclic
sequencing was done for both strands of each size variant with a
Big-Dye Terminator sequencing kit (Applied Biosystems, Co.)
and reaction products were electrophorased on an ABI 310
automated DNA sequencer. The sequencing primers used in the
present study are listed in Table 1.

Data analyses Sequence analyses were performed using the
Sequence Navigater (Applied Biosystems, Co.) and Gene
Jockey Il v. 1.6 (Biosoft, Co.). The subrepeat sequences were
aligned by using the Clustal X multiple alignment program
(Thompson et al., 1997).

Results and Discussion

In the present study, we firstly report details of structural
features of the rDNA IGS region by cloning and directly
sequencing 6 size variants detected in malaria vector spe-
cies, Anopheles sinensis. From cloning the long PCR
products of the IGS region of a single individual, we ob-
tained fourteen colonies. Using agarose gel electrophore-
sis, a total of six size variants (clones) are selected (Fig.
1). Direct sequencing of each clone confirmed that all of
these represent six different size classes of the IGS, and
the complete | GS sequences of each size variant (Clone I-
VI; GenBank accession numbers AF498237-AF498242)
are ranged from 3,255 to 4,348 bp in length with GC con-
tent of 49.9%. Six size variants observed show almost the
same basic primary structure in which nonrepetitive and
repetitive regions are arranged in an alternative way over
the whole length of 1GS region (Fig. 1): repetitive region
is composed of 3 sections (repeat region A, B, and C, in
the 5’ to 3’ direction), accounting 46.9 to 60.1% of the
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Fig. 1. Comparison of the IGS structural organization of six size
variants from one individual. A. Schematic diagram of ribo-
somal DNA unit. B. Subrepeat pattern of six size variants of
IGS. The repeat region A is indicated by shaded box. Cross-
hatching boxes and filled boxes represent b and b” subrepeat
units, respectively. Subrepeats in the repeat region C are marked
by blank boxes. Scale bar (1 kbp length) is provided at the bot-
tom.

total 1GS sequences, that are interspersed by different size
of nonrepeating islands designated here as A-, A-B, B-C,
and C (5 to 3 direction), which are approximately 505,
109, 404, and 707 bp, respectively, in length.

In the repeat region A, four different-sized subrepeating
units (66, 65, 78, and 79 bp) show a ‘head-to-tail’ ar-
rangement shared among all six size variants of 1GS de-
tected in this study. It is interesting to note that there is
100% sequence homology among the paralleled subunits
of six size classes of the IGS clones. In the repeat region
C, the 286-bp subrepeat units are tandemly arrayed in a
similar fashion of the arrangement to that of the repeat
region A, but the number of subrepeat unit varies among
the size variants. For example, the clone | and V contain
two and three units respectively, whereas each of the
other clones (11, I11, IV, and VI) is fixed to have four. In
contrast to the well-ordered subreating patterns found in
the repeat regions A and C, the repeat region B displays
extremely variable and complicated format in the number
and arrangement of subrepeating units among different
size classes: repeat region B is composed of two basic
subunits (b, b") that are about 130 and 139 bp, respec-
tively, in length and the two subunits differ from each

other in the number of highly conserved sequence motives.

The 14-bp sequence motif (5-AACGCTTAC-ACTTG-3’;
at 21st bp position from the 5" end) and 11-bp motif (5’-
CTTGGTCTGCA-3’; at the middle of the repeat) are
shared by b and b’ (Fig. 2), but the latter has an additional
10-bp motif (5’-AGTACACGGT-3) following the 11-bp
motif sequence. Although the b and b” subrepeat units
detected from clones |-V are alternatively ar-

A 0 50 100 130

B o 50 100 139

Fig. 2. Schematic representations of the subrepeats b (A) and b’
(B) in the repeat region B. The highly conserved 14, 11, and 10
bp motif sequences are represented by the shaded, filled, and
cross-hatched boxes repectively. Numerals mark base position
from the 5" end.

ranged, the clones V and VI comprise a mixture of differ-
ent sized subunit elements which increased size variation
in the repeat region B among six IGS size variants. For
example, the third b subrepeat of clone V and VI has a
prolonged insertion block (approx. 130 bp) at its 3" termi-
nal end. Along with the difference in the number of
subrepeat units, the size difference resulted from the pres-
ence of long-sized insertion block in the repeat region B
was substantial (a maximum of 669 bp size difference)
between either of clone V or VI and the other clones
(Clones 1-1V). Considering that the nonrepeating islands
intervening three repeating regions show highly con-
served in the sequence and length, the prominent level of
length difference in repeat regions B and C is responsible
for the intragenomic length variation of the IGS molecule
observed in the present study.

The IGS region has been well known as a potential ‘ hot
spot’ for recombination such as, unequal crossing-over
and gene conversion that may accelerate the change of
copy number among tandemly repeated rDNA units
(Rogers et al., 1986; 1987). Compared to A and C regions,
the B repeat region showed substantial variation in the
order and number of variably sized subrepeating se-
quences. Despite the noticeable changes in their structure,
the repeat region B contains two highly conserved motif
sequences (14 and 11 bp) that were harbored within their
basic subunits (b, b’). Note that these motif sequences
occur in every B repeat region, irrespective of remarkable
size variations among six IGS clones encountered in this
study. High level of sequence homology and regularly
arranged repeating pattern of these motif sequences allow
us to consider that these motif sequences may be associ-
ated with their potential role as a recombination site. Our
prediction is supported by the existence of traces for vari-
able size of truncated and/or inserted blocks with a rela-
tively low level of sequence homogeneity depending on
Six size variants. It is assumed that multiple recombina-
tion events within the B repeat may play an essential role
in accelerating the drastic changes in the copy number
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Fig. 3. Dot matrix profiles of 1GS sequence of Anopheles spe-
cies. The dot matrix was generated using the GeneJockey Il
program. Y axis, A. sinensis VI. X axis; A. sinensis | (A), A.
albimanus (B), A. gambiae (C), A. quadriannulatus (D). Differ-
ent dot colors represent a varying degree of sequence identity
among all comparisons of 10 bp sequence unit: match threshold
was set by default options (black, 10 matches; blue, 9; red, 8;
yellow, 7; sky blue, background).

and subrepeat rearrangement among the six different size
classes of the IGS detected in this study.

During the last decade, the IGS region has widely been
used, as one of the most powerful molecular marker, to
disclose morphologically indistinguishable cryptic species
and to characterize the genetic structure of population,
including malaria-carrying mosquito species (Black et al.,
1989; Collins and Paskewitz, 1996; de Merida et al.,
1995; Pepera et al., 1998; Scott et al., 1993). When com-
pared to those previously published in other mosguito
species [A. gambiae, A. arabiensis, A. merus, A. melas
(Scott et al., 1993); Aedes aegypti (Wu and Fallon, 1998)]
by employing the dot matrix analyses, the IGS of A.
sinensis presented in this study showed a very unique
structural format in subrepeat patterns of the IGS region:
An extremely low level of inter-specific sequence homol-
ogy and species-specific subrepeat pattern were discov-
ered among all pairs of the sequences compared (see Fig.
3). This result suggests that the structure and sequence
profiles of the IGS region would provide useful informa-
tion for the exploitation of a convenient molecular marker
to identify morphologically complicated species complex
and to characterize the genetic variation of population.
This suggestion is far from being conclusive at present,

but a further genetic study will bring more compelling
evidences for this pending issue.
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