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Reanalysis of rDNA-ITS2 region
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‘Bluchistan’ revealed conspecificity
to A. dthali
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Anopheles cf. culicifacies ‘Bluchistan’ was reported as
a new variant of A. culicifacies species complex based
on internal transcribed spacer 2 (ITS2) region by
Djadid and Saifi in 2001 (GenBank accession number
AF_402296) and was later stated to be phylogeneti-
cally close to A. culicifacies sp. A. Though comparison
of ITS2 sequences of the members of A. culicifacies sp.
complex with A. cf. culicifacies ‘Bluchistan’ revealed
appreciable polymorphism to state the existence of
new species, local alignment search and phylogenetic
analysis results showed the conspecificity to A. dthali.
In short, the present study gives a case report of mis-
identification of a species that highlighted the impor-
tance of initial morphotaxonomical identification
befor e conducting the computational molecular phylo-
genetic studies. Such misidentification may sometimes
lead to the suggestion of wrong vector control strate-
giesfor disease management.
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ANOPHELES culicifacies sensu lato, is recognized as a
complex of five sibling species provisionally designated
as species A, B (ref. 1), C (ref. 2), D (ref. 3) on the basis of
diagnostic inversion genotypes on polythene chromosome,
and species E based on Y -chromosome mitotic karyotype
variations and sporozoite positivity?. Recently, different
DNA markers, viz. cytochrome oxidase | (COI)®, cyto-
chrome oxidase 11 (COIN)®, internal transcribed spacer 2
(1ITS2)"® and 28S D3 region® are reported to distinguish
different members of the A. culicifacies species complex.

In 2001, Djadid and Saifi (http://www.ncbi.nlm.nih.
gov/nuccore/16903461) reported the presence of an enti-
rely new species of A. culicifacies identified from
Zeineddini, Baluchistan province and named it as A. cf.
culicifacies ‘Bluchistan’ based on variance in ITS2
region of ribosomal DNA with the available sequences of
members of the A. culicifacies complex.

Thereafter, using ribosomal DNA (rDNA)-ITS2, ran-
domly amplified polymorphic DNA (RAPD) and simple
sequence repeat (SSR) primers, this new species was
reported to be distributed in wide geographic regions of
Iran; in Koutiji, near Kerman Province and in Baluchistan
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of southeastern province. This species was earlier desig-
nated as sp. X (refs 10 and 11). Moreover, the author also
reported a close identity of the new species A. cf. culici-
facies ‘Bluchistan’ to A. culicifacies sibling species A at
the 1TS2 DNA sequence region (GenBank accession
number AF_402297).

The ITS2 marker gene was extensively used to differ-
entiate the members of various anophelines and their sib-
ling species™™*. Though molecular techniques hold some
merits over morphotaxonomical methods for species identi-
fication, the importance of the latter cannot be over-
looked. In Vietnam, misidentification of A. minimus as A.
varuna led to the suggestion of wrong vector control
methods™®. Here, we present a case of morphological mis-
identification, which has led to the report of existence of
a new variant of A. culicifacies species that was actually
A. dthali. A. dthali is reported as malaria vector of secon-
dary importance with wide distribution in southern parts
of Iran including Baluchisthan® and it is worth mention-
ing here that A. cf. culicifacies ‘Bluchistan’ was reported
to have been collected from this area™®.

Available 20 DNA sequences of ITS2 region of the
members of A. culicifacies complex (of which, 8 sequen-
ces were of sp. B, 7-sp. A, 2-sp. E, 1-sp. C and 1-sp. D)
were downloaded from GenBank (http://www.nchi.
nlm.nih.gov/). To substantiate the data further, more
specimens of species B, C and D were sequenced. Field
collected specimens of A. culicifacies from villages of
Alwar District (76°38E long. and 27°34'N lat.; Rajast-
han, north-west India), Surat District (72°54" long. and
21°10’ lat.; Gujarat, West India), were identified to sib-
ling species B, C and D, following COIl-PCR assay®, and
used for sequencing. DNA was isolated following the
procedure described in Collins et al.*’. The rDNA-ITS2
region was amplified using primers ITS2a (TGTGAACT-
GCAGGACACAT) and ITS2b (TATGCTTAAATTCAG-
GGGGT), and by following the PCR protocol described
in Goswami et al.”. The PCR product was cleaned using
QIAquick PCR purification kit (QIAGEN) according to
manufacturer’s instructions. Direct sequencing was per-
formed, transposing the cloning intermediate step, using
the Big Dye® terminator v3.1 Cycle Sequencing Kit (Ap-
plied Biosystems) in volume of 10 ul containing 10 ng of
purified DNA and 2 ul of Big Dye terminator master mix,
and 1.6 p moles of primer, according to manufacturer’s
instructions. Sequencing reactions were performed 25
cycles of 30 S at 96°C, 30 S at 50°C, 4 min at 60°C. Ex-
cess of dye terminators were removed by ethanol/sodium
acetate precipitation method. Sequencing reactions were
electrophoresed using the POP-4™ polymer on ABI
PRISM® 3730 Genetic Analyser (Applied Biosystems).

The accession numbers of the new sequences were
highlighted with asterisk mark (*) in Figure 1. Pairwise
and multiple sequence alignments were performed using
the program clustal X, version 1.83 (http://www-igbmc.u-
strasbg.fr/Biolnfo/ClustalX/)*. Inter- and intraspecific
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Figure 1. a, Phylogenetic analysis based on rDNA-ITS2 seguences revealed the formation of two separate clades by members of A. culicifacies
complex and A. cf. culicifacies ‘Bluchistan’. b, The phylogenetic analysis shows the formation of separate clades by A. culicifacies complex and
together by A. cf. culicifacies ‘Bluchistan’ with A. dthali. The accession numbers of new sequences are indicated with asterisk mark (*).

genetic divergences were calculated following Kimura's
2 parameter method (K2P)™. Neighbour Joining (NJ)%°
method was used to construct the phylogenetic tree. All
analyses were performed using MEGA 4 software™.

The available sequences of the ITS2 region in Gen-
Bank were utilized to ascertain the phylogenetic position
of A. cf. culicifacies ‘Bluchistan’ species with regard to
other members of the A. culicifacies species complex.
Contrary to the earlier report of Djadid™®, not much se-
quence similarity between A. cf. culicifacies ‘Bluchistan’
and A. culicifacies sibling species A was observed (Fig-
ure 1a). In order to determine the phylogenetic position
of A. cf. culicifacies ‘Bluchistan’ with other members of
the species complex, NJ phylogenetic tree was con-
structed with K2P using MEGA 4 software. It was clear
from the tree (Figure 1a), that A. culicifacies forms sin-
gle clades of species A and D (96% bootstrapped value)
and of species B, C and E (85% bootstrapped value).
However, the A. cf. culicifacies ‘Bluchistan’ formed a
clear single but separate clade. Intraspecific sequence
diversity in sibling species A, D, B, C and E was 0.001,
0.0, 0.001, 0.0 and 0.0 respectively. Since only one
sequence of A. cf. culicifacies ‘Bluchistan’ was available,
no intraspecific sequence diversity could be estimated for
this species. Notably, within-cluster, namely A/D and
B/C/E, sequence divergence was <1%. Whereas, inter-
specific sequence divergences between A. culicifacies sp.
complex (spp. A, B, C, D and E) and A. cf. culicifacies
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‘Bluchistan’ was 0.342; A. culicifacies sp. complex and
A. dthali was 0.336; A. cf. culicifacies ‘Bluchistan’ and
A. dthali was 0.003 respectively. The inter-species
divergence between A. cf. culicifacies ‘Bluchistan’ and A.
dthali is comparable to intraspecies divergence in A. culi-
cifacies sp. complex. Moreover, the maximum number of
nucleotide differences within the members of A. culicifa-
cies species complex ranged from 0 to 20 bp, whereas the
nucleotide differences between the members of this com-
plex and A. cf. culicifacies ‘Bluchistan’ was in the range
of 96-106 bp. The above results suggest that the A. cf.
culicifacies ‘Bluchistan’ is clearly different from mem-
bers of A. culicifacies species complex in contrast to the
earlier findings of Djadid™.

The BLASTN (nucleotide BLAST) search in GenBank
resulted in very high sequence homology (99.2—100%) of
A. cf. culicifacies ‘Bluchistan’ with three sequences of A.
dthali (strains MB2, N116A and Kh497 with accession
numbers DQ_662408, AY_445828 and AY_445827 re-
spectively). Using the same alignment, a NJ phylogenetic
tree was constructed (Figure 1b), and also tested for
homogeneity of substitution pattern employing available
sequences of A. dthali, A. cf. culicifacies ‘Bluchistan’,
and other members of the A. culicifacies sp. complex (A,
B, C, D and E). Three non-overlapping, unambiguously
distinguishable species clusters were formed with A/D
and B/C/E and A. cf. culicifacies ‘Bluchistan’ — A. dthali,
with the bootstrap values 96%, 87% and 99% respec-
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tively (Figure 1b). Further, A. cf. culicifacies ‘Bluchis-
tan’ and A. dthali were found to have shared substitution
homogeneity that was different from the members of A.
culicifacies species complex, while all the five members
of the sibling species complex shared similar substitution
pattern. The results, thus, confirmed that A. cf. culicifa-
cies ‘Bluchistan’ is closeto A. dthali, than to any member
of the A. culicifacies species complex.

In conclusion, the DNA sequence analyses of the ribo-
somal ITS2 region clearly revealed that A. cf. culicifacies
‘Bluchistan’ and A. dthali are the same species. Our con-
clusion is further substantiated by the fact that A. dthali is
widely distributed in southern parts of Iran including
Baluchisthan. Current developments in genome analysis
and barcode genes have further facilitated the identification
of new speciesin addition to existing methods such as mor-
phological, cytological, isozyme based methods. However,
misidentification of disease vectors sometimes leads to
the suggestion of wrong vector control strategies. This
study, thus, highlights the importance of accurate morpho-
logical identification of field collected specimens before
applying modern molecular and computational phyloge-
netic techniques to establish the taxonomic relationships.
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The FecB gene of Garole (G) was introgressed into
non-prolific Malpura (M) sheep and the performance
of the GM half-breds is being monitored. DNA sam-
ples of Garole, Malpura and Garolex Malpura (GM)
crossbreds wer e screened by PCR—-RFLP to determine
the presence of FecB mutation. The majority of
Garole (96%) and GM crossbred (72%) were carriers
(BB and B+) for the FecB mutation. The FecB®® and
FecB®" carrier ewes resulted in 81.19 and 69.31%
higher prolificacy respectively, as compared to non-
carrier Malpura ewes. The viable benefits accrued by
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