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Abstract — The present paper deals with the ITS2 sequence based interspecific variations and molecular phylo-
genetics of five Oriental species of genus Culex viz: Cx. quinquefasciatus, Cx. vishnui, Cx. bitaeniorbynchus, Cx.
tritaeniorbynchus and Cx. mimeticus. The length of ITS2 sequence varied from 323 to 410 bp with G:C content
ranging from 50.7 % to 66.5%. The sequence carried indels at 221 positions while the transition to transversion
(ts/tv) ratio ranged from 0.41 to 0.76 in which Cx. tritaeniorhynchus had the lowest ts/tv value of 0.04 while
Cx. mimeticus had the highest value of 0.76. The most frequent transversions were of the A:T type. By using
the sequence of Anopheles stephensi taken as an outgroup, the maximum parsimony based phylogenetic tree
with threshold (considering only the transversions) showed that An. stephensi and Cx. quinguefasciatus were
supported by 100% bootstrap value beyond which all other species got bifurcated into two clades in which
one clade consisted of Cx. tritaeniorbynchus + Cx. mimeticus with a bootstrap value of 62.8% while the other

consisted of Cx. bitaeniorbynchus + Cx. vishnui with a value of 19.5%.

Key words: five Culex species, ITS2, phylogenetics.

INTRODUCTION

In the recent years, investigations on the mo-
lecular cytogenetics of the mosquito vectors of
malaria, filaria, dengue and yellow fever have be-
come priority areas of research. The multilevel
approach to the studies on the genomic analysis
has become more demanding as some of the mos-
quito taxa are known to exist as groups of sib-
ling species whose recognition needs more than
one parameters of study (NARANG ez al. 1993a;b;
MUNSTERMANN 1995; SUBBARAO 1996; REINERT
et al. 1997; CHAUDHRY 1999; RAMIREZ and DEs-
SEN 2000 a;b; WHO/UNDP/World Bank 2003;
CHAUDHRY et al. 2006). The correct identifica-
tion of disease carrying species and their sub-
specific variants is also a first important step
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in co-relating their malariogenic activities with
their correct taxonomic status. The phenom-
enon of insecticide resistance, genetics of resist-
ance and genetics of vectorial capacity had also
been important in developing various different
means of their population suppression (CoLuzz1
and KrrzMmILLER 1975; STEINER et a/. 1982; WHO
1984). In the last few years, molecular systemat-
ics of insects has undergone remarkable growth.
Advances made in the methods of data genera-
tion and analysis have led to the accumulation
of a fair amount of DNA sequence information
from some of the major vectors of disease (BE-
SANSKY et al. 1992; WILKERSON et al. 1995; CARL-
SON 1997; MARINUCCI et al. 1999; PROFT et al.
1999; CHAUDHRY et al. 2004; NEETU and CHAUD-
HRY 2005; CHAUDHRY and KonLl 2007; KoHLI
and CHAUDHRY 2007).

As compared to the mosquito species belong-
ing to genus Anopheles very little progress has
been made in accumulating the genomic infor-
mation on different species of the genera Culex
and Aedes which also include several species
of epidemiological significance. Keeping this
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in view, species-specific PCR primers have also
been designed for studying the sequence varia-
tions in the first and second internal transcribed
spacers (ITS 1,2) of nuclear rDNA gene array of
Culex pipiens complex as these are also impor-
tant genetic markers (COLLINS et al. 1996; COR-
NEL et al. 1996; WALTON et al. 1999). In the light
of the advances made in the DNA diagnostics of
mosquitoes and the number of options to choose
the genes of interest for phylogenetic studies,
the present paper deals with the study of DNA
fingerprinting and phylogenetics of five species
of genus Culex using ITS2 sequence (Culicidae:
Diptera). The aim of the study was to test the
utility of these introns as potential sequences for
studying the phylogeny of five species of the ge-
nus Culex viz: Cx. quinquefasciatus, Cx. vishnui,
Cx. bitaeniorbynchus, Cx. tritaeniorbynchus and
Cx. mimeticus.

MATERIALS AND METHODS

Larvae and adults of all the five species were
collected from a village Nadasahib (Panchkula,
Haryana), 20 Kms South-east of Chandigarh,
Hamirpur (Himachal Pradesh), Patiala, (Pun-
jab) and Sector 25 of Chandigarh ((30°43’N,
76°47’E). The DNA was extracted by following
the phenol-chloroform extraction method of
AUSUBEL et al. (1999) according to which, three
specimens of freshly hatched unfed females each
of the two populations were individually ho-
mogenized in 100ml of lysis buffer consisting of
10mM Tris-HCI, ImM EDTA, 25 mM NaCl and
1% SDS for lysis of cell membranes. These con-
tents were incubated at 37°C for 30 minutes in a
water bath after which proteinase K was added
to the tubes and the contents were incubated
again at 65°C for 1h in a water bath. While the
tubes were still warm, 3M sodium acetate was
also added and again incubated on ice for 1 h.
After this, the contents were ultracentrifuged at
4°C for 10 min at 10,000 rpm. The supernatant
containing the dissolved DNA was transferred
to fresh 1.5 ml eppendorf tube to which equal
volumes of phenol-chloroform-isoamyl alcohol
were added. These tubes were again centrifuged
at 8,000 rpm for 10 min at 4°C after which the
upper aqueous layer containing the DNA was
transferred to another eppendorf tube and twice
the volume of chilled ethanol (-20°C) was added
before keeping the tubes overnight at -20°C.
These tubes were again centrifuged for 10 min
after which the aliquot was removed without

disturbing the pellets containing the DNA. The
contents of the pellets were washed gently with
70% ethanol and dried. Each pellet was then
dissolved in 20 ml of Tris-EDTA (10 : 1) buffer
for maintaining the pH before storage at 4°C.
Extraction and PCR amplification of DNA -
Both forward and reverse primers used in the
present 7z vitro DNA amplification of ITS2
were oligomers having a base sequence of FP
5 TGTGAACTGCAGGACACAT-3’ and RP
5 - TATGCTTAAATTCAGGGGGT-3" (PORTER
and COLLINS 1991; WALTON ef al. 1999). The am-
plification reactions were performed as per the
modified protocol of WiLLIAMS ef al. (1990) ac-
cording to which each of the 25 ml of reaction
mixture was prepared by mixing 1-PCR buffer,
0.2 mM each of all the four deoxyribonucle-
otide triphosphates (ANTPs) 7z.e. dATP, dCTP,
dGTP and dTTP, 20 pmol of Primer, 1 unit of
Taq DNA polymerase and 10 ng of the genomic
DNA of the mosquito. The amplification was
initiated with one cycle of hot start at 94°C for
10 min for denaturation of DNA followed by
repeated cycles of denaturation, annealing and
extension of DNA at 94°C for 1 min, at 56°C for
45 s and 72°C for 1 min respectively for a total
of 35 cycles. The final cycle consisted of one cy-
cle of extension at 72°C for 10 min. In all such
amplifications, a negative control consisting of
all the components of reaction mixture except
the DNA, was also processed for the authenti-
cation of results. All the experiments were per-
formed in triplicate to rule out the experimental
errors while the PCR end products were elec-

trophoresed in 1.2% agarose gel for getting the
desired DNA bands.

RESULTS AND DISCUSSION

Sequence Analysis - The PCR amplification
of ITS2 sequence from the five species yielded
DNA bands ranging from 390-477 base pairs
(Fig. 1). For the purpose of sequence based cla-
distic analysis of species An. stephensi was taken
as an outgroup whose sequence was used dur-
ing sequence alignment. The detailed sequence
analysis of ITS2 revealed marginally higher per-
centage of 51.8% of G:C content in each species.

MARRELI et al. (2005) studied as many as six-
teen anopheline species from the Amazon Basin,
Brazil. In all of them the length of ITS2 varied
from 323 to 410 bp, with G:C content ranging
from 50.7% to 66.5% while sequence homolo-
gies ranged from 25% to 99%. In the overall as-
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Fig. 1 — PCR generated DNA bands of rDNA
ITS2 sequence. lane M: Gene Ruler (DNA lad-
der), lane 1: Culex bitaeniorhynchus, lane 2: Culex
quinquefasciatus, lane 3: Culex vishnui; lane 4:
Culex tritaeniorhynchus, lane 5: Culex mimeticus;
lane N: negative control.

sessment of A:T and G:C ratios of the present
five species of genus Culex, it was observed that
A:T and G:C regions were not uncommon in
the populations of Cx. guinquefasciatus. These
results are in agreement with MARRELLI ef al.
(2005) who also studied the A:T and G:C con-
tents in sixteen different populations of this
species from across the world including Brazil,
Mexico and Florida. This exhaustive survey also
revealed that majority of the subspecies and bio-
types of this taxon overlapped geographically in
many locations in North America, South Amer-
ica, Australia, Europe, Africa and in the Middle
and far East.

In the multiple sequence alignment the loci
marked with asterisk (¥) shows those regions
where base sequences are identical in all the
species while dashes (-) indicate the loci differ-
ing due to insertions/deletions (indels) (Fig. 2).
Accordingly, the sequence carried indels at 221
positions while the transition to transversion (ts/
tv) ratio ranged from 0.41 to 0.76 in which Cx.
tritaeniorbynchus had the lowest ts/tv value of
0.04 while Cx. mimeticus had the highest ts/tv
value of 0.76. The most frequent transversions
were of the A:T type. An interesting feature of
the sequences was the base repeat of A (in bold)
from base 387 to 399 in the sequence of Cx.
quinqguefasciatus (Fig. 3).

Phylogenetic analysis - Genetic distance
among the species was estimated by the applica-
tion of Kimura-2 parameter model using MEGA
3.1 software. Sites containing alignment gaps
were not used in the distance analysis and were
treated as missing information. Maximum Par-
simony (MP), Neighbor Joining (NJ) and Maxi-

mum Likelihood (ML) Methods were used for
the construction of phylogenetic trees by using
PAUP version 4.0 beta 10 (Swofford, 2001). Ac-
cording to the Maximum Parsimony based phy-
logenetic tree with threshold (considering the
transversions) showed that An. stephensi and
Cx. quinquefasciatus were supported by 100%
bootstrap value beyond which all other species
got bifurcated into two clades in which one clade
consisted of Cx. tritaeniorbynchus+ Cx. mimeti-
cus with a bootstrap value of 62.8% while the
other consisted of Cx. bitaeniorhynchus + Cx.
vishnui with a value of 19.5% (Fig. 4).

For understanding the usefulness of differ-
ent weightings, the relative frequencies of transi-
tions and transversions were also estimated us-
ing Kimura-2 parameter distance method (K2P)
which is meant for estimating the evolutionary
rate of base substitutions through comparative
studies of nucleotide sequences. With this, the
data was re-analysed by giving two times more
weightage to transversions than to transitions as
this is the minimum value registerd in the soft-
ware programme. The resultant weighted tree
showed 100% bootstrap value for An. stephens:
and Cx. quinquefasciatus, whereas Cx. bitaen-
torbynchus and Cx. vishnui were supported by
considerably lesser values of 29% and 37% re-
spectively. In the same way Cx. tritaeniorbynchus
and Cx. mimeticus got bifurcated into one clade
with bootstrap value of 76% (Fig. 5).

Finally, the phylogenetic tree was construct-
ed using Maximum Likelihood (ML) Method
with molecular clock that helps in calculating
the molecular substitution rates and also de-
tects heterogeneity in those substitutions which
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Fig. 2 — Multiple sequence alignment of ITS2 sequence in five species of genus Culex (* Identical bases, - Insertion/
Deletion (indels).
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bitaeniorhynchus AGARATATTTCTCAARARMAGGGGGACACA———————————— CCCCCCAATAAARRATAR

quinquefasciatus BARACCACCCCACAARCARGGAGTGGGATAAARRAAAARRAACCCCCACGCCTCCCATAR

vishnui CCATGTAGGCCTCAAATAATGTGTGAC-TAC----—-—-———=- CCCCTGAAATTTAAGCAT

tritaeniorhynchus CCATGTAGGCCATCARAATAAGTGTGGCAG-— =~ - - - — s s s mm s s s m e

mimeticus CACACCCCACACCACCCCGGGGGGGGCGCGEAGGGARARCCCAGCCCTCATCAGCCGTGG

Ancpheles TCAAGTAGGCGTCARGTGATGTGTGACGACC———-———————— CCCTGAAATTTARAGCAT
* * W

Fig. 3 — Repeats of adenine (AAA...) in ITS2 sequence of Cx. quinquefasciatus.

Anopheles stephensi

62.3

Culex quinquefasciatus

Fig. 4 — Maximum Parsimony based
tree showing phylogenetic related-
ness among five Culex species and
Anopbheles stephensi outgroup.

628 ———  Culex tritaeniorhynchus
Culex mimeticus
195 Culex bitaeniorhynchus

Culex vishnui

Anopheles stphensi

Culex quinquefasciatus

Culex bitaeniorhynchus

Culex vishnui

Fig. 5 — Distance Matrix based tree
showing phylogenetic relatedness
among five Culex species and Anoph-
eles stephensi outgroup.

760  —— Culex tritaeniorhynchus

Culex mimeticus

showed a close phylogenetic evolution between
An. stephensi and Cx. quinquefasciatus with
100% bootstrap value. Strong bootstrap values
generated a clade for Cx. mimeticus and Cx. tri-
taeniorbynchus while Cx. vishnui and Cx. bitaen-
torbynchus fell under a different clade due to
bootstrap value of 64% (Fig. 6).

On the basis of the ITS sequences, MARRELLI
et al. (2005) found Cx. quinquefasciatus and Cx.
pipiens to be polyphyletic. They also found that
populations located in or near the zone of hybrid-
ization contained some individuals which were
morphologically Cx. pipiens but had genotype
characters of Cx. guinquefasciatus. According to
the earlier studies of SIRIVANAKARN (1970, 1975),
CHAUDHRY (1981) and SAGANDEEP ez al. (1994) it

has been established that the Culex vishnui com-
plex is a group of subspecific variants which are
similar in the adults and male genitalia but are
chiefly characterized by the differences in the lar-
val stages. CHAUDHRY (1981) made a beginning
in the study of genomic studies of Cx. vishnui by
providing a much needed larval salivary polytene
chromosome map. As per its present status Cx.
vishnui is comprised of five sibling species viz:
vishnui, pseudovishnui, perplexus, annulus, al-
tens and tritaeniorhynchus. Out of these, vishnui,
pseudovishnui and tritaeniorhynchus are more
common and can be segregated on the basis of
their morphotaxonomic characters while the re-
maining two species in this group are apparently
rare and seldom encountered in the field collec-
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100

92.0

06.0

Anopheles stephensi
Culex quinquefasciatus
Culex mimeticus

Culex tritaeniorhynchus
k10 | Culex vishnui

Culex bitaeniorhynchus

Fig. 6 — Maximum Like-
lihood based tree showing
phylogenetic relatedness
among five Culex species
and Anopheles stephensi

outgroup.

tions. Within this complex tritaeniorhynchus and
its infraspecific form summorosus are currently
treated as a single variable species as both show
slight differences in the male phallosomes (Sa-
GANDEEP et al. 1994). Recently, CHAUDHRY and
KonLr (2007) have extended their studies to the
sequence analysis of mitochondrial 16S ribos-
omal RNA gene fragment of two populations of
Culex quinqguefasciatus from North-west India
with some valuable comments on the sequence
characteristics of this important taxon.

Acknowledgements — The authors are thank-
ful to Chairperson, Department of Zoology, Panjab
University, Chandigarh for providing the necessary
facilities to carry out the present research work un-
der Centre of Advance Studies (CAS) Programme
of University Grants Commission, New Delhi, In-
dia. The second author (MS) is thankful to CSIR for
awarding fellowship during the course of work.

REFERENCES

AuseBeL EM., BreuT R., KingstoN R.E., Moore D.D.,
SmEMAN J.G., SmrtH J.A. and StrunL K., 1999 —
Short protocols in molecular biology. John-Wiley
and Sons Inc., London.

Besansky N.J., Finnerty V.J. and Corrins EH., 1992
— Molecular perspectives on the genetics of mos-
guitoes. Advanced Genetics, 30: 123-184,

CarcsoN D.A., Remnerr J.E, Bernier U.R., Sutrton
B.D. and SEAWRIGHT J.A., 1997 — An analysis of
the cuticular hydrocarbons among species of the
An. quadrimaculatus complex (Diptera: Culicidae).
Journal of American Mosquito Control Associa-
tion, 13(4): 103-111.

CHAUDHRY S., 1981 — The salivary gland chromo-
somes of Culex (Culex) vishnui (Diptera : Culici-
dae). Genetica, 55: 171-178.

CHAUDHRY S., 1999 — A review of polytene chromo-
some dynamics in genus Anopheles (Diptera: Cu-

licidae). In: Some Aspects on the Insight of Insect
Biology. Sobti R.C., Yadav J.S. (Ed). Tausco Book
Distributors, New Delhi, Pp 205-235.

CHAUDHRY S. and KoHLIR., 2007 — Sequence analysis
of mitochondrial 16S rRNA gene fragment in two
populations of Culex quinquefasciatus Say (Culici-
dae : Diptera). National Academy Science Letters,
30(1&2): 55-60.

CoaupHry S., Neeru, Duanpa R.S. and SaLuja D.,
2004 — Random amplified polymorphic DNA-
polymerase chain reaction based differentiation
of some species of the genus Anopheles (Culici-
dae: Diptera). Journal of Cytology and Genetics,
5(NS): 173-183.

CHAUDHRY S., SHARMA M., GupTA S. and CHHILAR].S.,
2006 — Multiple technique based species discrimi-
nation in the taxon Anopheles (Cellia) stephensi
(Culicidae: Diptera). “In :Vector Biology” Sharma
V.P, Kirti J.S. (Ed). National Academy Science
Letters, India, Pp. 105-112.

Corrins EH. and Paskewirz S.M., 1996 — A review
of the use of ribosomal DNA (rDNA) to differen-
tiate among cryptic Anopheles species. Insect Mo-
lecular Biology, 5(1): 1-9.

Coruzzi M. and KirzmiLLER J.B., 1975 — Anopheline
mosquitoes. In: “Handbook of Genetics”. King
R.C. (Ed), volume 3. Plenum Publishing Corpo-
ration, New York. Pp. 285-309.

CorneL AJ., PorteEr C.H. and Corrins EH., 1996
— Polymerase chain reaction species diagnostic
assay for Anopheles quadrimaculatus cryptic spe-
ctes (Diptera : Culicidae) based on ribosomal DNA
ITS 2 sequences. Journal of Medical Entomology,
33(1): 109-116.

Konri R. and CHAUDHRY S., 2007 — Sequence analysis
of mitochondrial 16S rRNA gene fragment in the
two populations of Armigeres (Armigeres) subalba-
tus (Culicidae: Diptera). Cytologia, 72(1): 83-88.

Marinuccr M., Romi R., Mancint P, Dr Luca M. and
SEVERINI C.,1999 — Phylogenetic relationships of
seven palearctic members of the maculipennis com-
plex inferred from ITS2 sequence analysis. Insect
Molecular Biology, 8(4): 469-480.

MARRELLI M.T., FLOETER-WINTER L.M., MALAFRON-



ITS2 SEQUENCE POLYMORPHISM IN CULEX SPECIES

TE R., Taper W.P., LoureNcO-DE-OLIVEIRA R,
Frores-Menpoza C. and MariNotTt O., 2005 —
Amazonian malaria vector anopheline relationships
interpreted from ITS2 rDNA sequences. Medical
and Veterinary Entomology, 19: 208-218.

MuNSTERMANN L.E., 1995 — Mosquito systematics:
Current status, new trends, associated complica-
tions. Journal of Vector Ecology, 20: 129-138.

NaraNG S.K., KLEIN T.A., PERERA O.P,, Lima J.B. and
TanG A.T., 1993a — Genetic evidence for the ex-
istence of cryptic species in the Anopheles albitar-
sis complex in Brazil: allozymes and mitochondrial
DNA restriction fragment length polymorphisms.
Biochemical Genetics, 31(1-2): 97-112.

NARANG S.K., SEAWRIGHT J.A., MITCHELL S.E., KAISER
PE. and CarLsoN D.A.,1993b — Multiple tech-
nique identification of sibling species of the Anoph-
eles quadrimaculatus complex. Journal of Ameri-
can Mosquito Control Association, 9: 463-464.

NEETU, CHAUDHRY S., 2005 — RAPD-PCR based ge-
netic relatedness among four malaria vector species
of the genus Anopheles (Culicidae : Diptera). Jour-
nal of Cytology and Genetics, 6(NS): 147-154.

Porter C.H. and Corrins EH., 1991 — Species diag-
nostic differences in a yDNA internal transcribed
spacer from the sibling species Anopheles freeborni
and Anopheles hermsi (Diptera: Culicidae). Ameri-
can Journal of Tropical Medicine and Hygiene,
45(2): 271-279.

ProFT J., Mater W.A. and Kampen H., 1999 — Iden-
tification of six sibling species of the Anopheles
maculipennis complex (Diptera : Culicidae) by a
polymerase chain reaction assay. Parasitology Re-
search, 85(10): 837-843.

Ramrez C.C. and DesseN E.M., 2000a — Chromzo-
some differentiated populations of Anopheles cruz-
it: evidence for a third sibling species. Genetica,
108(1): 73-80.

Ramrez C.C. and DEssen E.M., 2000b — Chromzo-
somal evidence for sibling species of the malaria
vector Anopheles cruzii. Genome, 43(1): 143-151.

Remerr J.E, Kaiser PE. and SEaWRIGHT J.A., 1997 —
Analysis of the Anopheles (Anopheles) quadrimac-
ulatus complex of sibling species (Diptera: Culici-
dae) using morphological, cytological, molecular,
genetic, biochemical, and ecological techniques in
an integrated approach. Journal of American Mos-
quito Control Association, 13: 1-102.

SAGANDEEP, Karoor V.C. and GrewaL J.S., 1994 —
Some mosquito species of Punjab and Himachal
Pradesh. Journal of Insect Science, 7(1): 48-50.

SIRIVANAKARN S., 1970 — Current study of genus Culex
in South-east Asia (Diptera: Culicidae). Mosquito
Systematics Newsletter, 2: 48-52.

SIRIVANAKARN S., 1975 — The systematics of Culex
vishnui complex in South-east Asia with the di-
agnosis of three common species (Diptera: Culici-
dae). Mosquito Systematics, 7(1): 69.

STEINER W.W.M., TaBacanick W.J., Rar K.S. and
NARANG S., 1982 — Recent developments in the
genetics of insect disease vectors. Stipes Publishing
Company, Champaign, IL, USA.

SuBBARAO S.K., 1996 — Genetics of malaria vectors.
Proceedings of National Academy of Sciences,
66(B): Special Issue.

Sworrorp D.L., 2001 — PAUP: Phylogenetic Analy-
sis Using Parsimony (and other methods), version
4. Sinauer Associates, Sunderland, Massachu-
setts, USA.

WarroN C., HANDLEY J.M., KuvanckapiLok C., CoL-
Lins FH., HarsacH R.E., Bammar V. and BUTLIN
RK., 1999 — Identification of five species of the
Anopheles dirus complex from Thailand, wusing
allele-specific polymerase chain reaction. Medical
and Veterinary Entomology, 13(1): 24-32.

WHO, 1984 — Vector bionomics in the epidemiol-
ogy and control of malaria. Document No. WHO/
VBC/84, 6:76-78.

WHO/UNDP/World Bank, 2003 — Special pro-
gramme for research and training in tropical dis-
eases (TDR). Molecular Entomology, 1-5.

WiLkERSON R.C., Parsons T.J., KLEIN T.A., GAFFIGAN
T.V,, BErGo E. and ConsoLM J., 1995 — Dzagnosis
by random amplified polymorphic DNA polymer-
ase chain reaction of four cryptic species related to
Anopheles (Nyssorbynchus) albitarsis (Diptera :
Culicidae) from Paraguay, Argentina, and Brazil.
Journal of Medical Entomology, 32(5): 697-704.

WiLLiams J.G.K., KuseLik A.R., Livak K.J., RAFAL-
skt J.A. and TINGEY S.V., 1990 — DNA polymzor-
phisms amplified by arbitrary primers are useful
as genetic markers. Nucleic Acids Research, 18:
6531-6535.

Received November 11% 2009; accepted November 4% 2010



