
UNIV
ERSITY

 O
F I

BADAN LI
BRARY

, ';~'~

I"

. . .'" '" , ; . ." !( "' .. ,.'

Anopheles gambiae Complex: Molecular Forms and-Occurrence of
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ABSTRACT. An investigation focusing on themolecular forms-of Anopheles gambiae
complex and occurrence of the .knockdown resistanceIkdr gene) was carried out from June to
July 2001 and August to September 2002 at Igbo-Ora, NigeriJusirig aspirator and DNA
analyses; Of the 127 An. gambiae s. I. analysed.fhere were 66 (51\:9%):.:tv1and61 (48.03%) S
forms, both recorded in An. gambiae s.s. andAnopheles arabiensis. The forms were virtually
sympatric throughout the study. Two of the An. gambiae s.s.examihed h~rbQured the kdr gene
(RR, RS). The occurrence ofthekdr gene at Igbo-Ora indicated the\existen2e of the gene in the
savanna woodland populations; earlier records were from the rain forest and Guinea savanna.
The implications of these results; within the context of incipient speciation in Anopheles

gambiae s.s. a~ediscussed. . . " . , .. ....\'" "::~:,:

Keywords: Anopheles gambiae, molecular forms, kdr gene, Gulri~as~YM.na, southwestern
. Nigeria\' .",~'
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INTRODUCTION·
Anopheles gambiae complex and Anopheles
funestus group represent the most efficient
vectorial system available in the world for
Plasmodiumfalciparum and account for over
95% of all infective bites in the West African
sub-region (Coluzzi, 1984). The selective
adaptation to changes in the environment, the
availability and characteristics of ·local host
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populations candrive a speciation process in
vectors; this may ~xpiain the appearance of
reproductively isolated -sibling species that

1

manifest unique biological characteristics
(Klowden and Zwibbel". 2005). The Tropical

I .
Diseases Research! (TDR) programme on
Molecular Entomologyadvocates a thorough
understanding o~ mosquito population
genetics as an essen~ial tool for the eradication
of malaria (WHO, 1999). An. gambiae s.l. is a
complex of sibling taxa characterized by
various paracentric inve,isions, three of which
are sympatric in W~st Africa. Coluzzi et af.
(1979) identified five chromosomal forms of
An. gambiae, designated, by a non-Linnean
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rainforest i(Fig 1), with an average annual
temperature of26.14°C and an annual rainfall .
of 1,317! mm (Encarta, 2005). his
approximately 70km west of the university
town of'Ibadan. Contrary to the description by
Lawr,ynce 1(1965), the town is strewn with
streams that serve as breeding grounds for,
mosquitoe~. The town consists of 170 hamlets,
grouped into seven villages (Ajegunle, Igbole,
Idofiri, Igbo-ora, Iberekedo, Packo and
Sagaun), '-¥ith 60,000 inhabitants, dominated
by Yorubas. The major activities are
subsistence farming, small-scale cocoa and

I . .

tobaceo farming, and petty trading among
middle class citizens. Additional information
on tlie;: ar~a has been documented (N outcha
andAnumrdu, 2009; 2010).

i
Field Studies

i
Collections were made daily for a week, in

I

each of four months: June, July 2001 and
-> !

Augu~t, September 2002, during the malaria
transmission seasons. These were undertaken
from 85 h4uses in 2001 and 72 in 2002 in four
villages (1jegunle, Igbole, Igbo-ora, Sagaun),
All the anophelines found resting on surfaces
in selected rooms were visually identified
basedon their resting position (Gordon and
Lavoipiere, 1978) and, systematically
aspirated i with a WHO-designed simple
aspirator, modified from the mouth aspirator
model of! Coluzzi and Petrarca (1973). All
collections were made in the morning, 08.00-
u.oon«, in rooms where people had slept the

.•. I

previous rlight, before they vacated the rooms.
Upon capture, the mosquitoes were stored in

I

paper cups, capped with nylon netting; one
cup was used per room or house, depending on
the mosquito density. Before handling at the
field, mosquitoes were put on ice for about 10
minutes to incapacitate them and transferred .
into a Petri-dish for proper morphological
identificabon with a hand lens as members of

!

the An. g'ambiae complex. The length of the
. ,I' 1

8

nomenclature, as Bamako, Bissau, Forest,
Mopti and Savanna. three of these, namely
Bamako, Mopti, and Savanna exist and occur
in sympatry with An. arabiensis at many
locations in Mali. The efficiencies of these
chromosomal forms as malaria vectors reflect
their specific adaptations to eco-ethological
parameters of their environment (Coluzzi et
al., 1979). Favia et al. (1997) classified these
members into M and S'molccular forms of An.
gambiae s.s. The kdr gene which contributes
to resistance to pyrethroids inAn. gambiae s.s.
is widespread in West Africa (Gentile et al.,
2004; Della Torre et al.., 2005; Santolamazza
et al., 2008;Awololaet al., 2007).

Unfortunately, a comprehensive map of
the distribution of human malaria vectors in
the West-African sub-region is very limited
(WHO,2005). This necessitated a concerted
effort at the comprehensive vectorial mapping
in countries of the sub-region. Parasitological
and immunological investigations, as it
c omponen t 0 f a' c omprehens i ve
epidemiological study on malaria at Igbo-Ora,
a rural community in south western Nigeria,
were initiated in 1991 (Nwagwu et al., 1998).
Igbo-Ora was the site to be used for malaria
vaccine trials. It was against the background of
dearth of data on the malaria vectors that
entomological studies commenced in 2001;
results on entomological indices (man biting,
anthropophilic and entomologic Inoculation
rates) and sibling species composition of
Anopheles gambiae s. 1. had been reported
(Noutcha and Anumudu, 2009, 2010). This
paper is on molecular forms and occurrence of
the kdr gene inAn. gambiae s. 1.,the dominant
anopheline. ;.

.1

MATERIALS AND METHODS

Study area ,
Igbo-Ora is located 7.4333N and 3.2833E, at
the boundary of the savanna woodland and
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palps, which are as long as the proboscis was
used to confirm members of the genus

. Anopheles (Gordon and Lavoipiere, 1978).
Smooth 3-banded palps, black legs with white
yellow speckles, pale brown, hairy abdomen
(Gillet, 1972; Gillies and Coetzee, 1987) and
patterns on wings (Holstein, 1960; Diagne et
al., 1994; Robert, 2003) were used to separate
An. gambiae s. 1. from other species. The
mosquitoes caught in a house were then
transferred into a labeled SO ml-Corning tube
and kept in the shade for 3-6 hours to ensure
complete digestion of their blood meal. They
were classified for gonotrophic state: unfed,
fed, half-gravid and gravid, based on
abdominal appearance (Detinova, 1963),
fixed in Carnoy's fixative (100% ethanol:
glacial acetic acid, 3: 1) and freeze- stored at -
20 to -70°C. Prior to mosqui to processing at the
lab, they were re-sorted with a pair of flexible
tip forceps in a Petri-dish under a binocular
dissecting microscope (Bunton Instruments
Co. Incorporation, Rockville, MD. USA), and
later dissected into various parts (head-thorax,
blood meal, abdominal carcass, ovaries) based
on their gonoptrophic stage. They were
subsequently stored at -70 to -20°C in 0.2 ml
Eppendorf tubes with Camoy's fixative for
PCRanalyses.

Laboratory Analyses: Laboratory analyses
were undertaken at the Malaria Research and
Training Centre, Bamako, Mali, July, 2003-
April, 2004.

DNA Extraction for PCR Analyses:
Mosquito DNA was extracted from abdominal
carcasses and from head-thorax crushes used
for CSP- ELISA by the method of Collins et al.
(1987). The DNA was used for species
identification of the An. gambiae complex
(Scottetal., 1993), the molecular forms (Favia
et al., 2001) and the determination of the, kdr

- gene(Martinez-Torresetal., 1998).

9

Polymerase C~ain Reaction Tests: The
primers for An. :gambiae molecular forms
(Favia et a!., 2001), and the kdr gene
(Martinez- Torrd et a!., 1998) were purchased
from Invitrogen. DNA amplifications were
done with PTC-~OOHB and PTC-200 DNA
Engines (MJ research, Inc. Watertown,

I

MA.USA). :
Mosquito DNA extracted was amplified,

using the following conditions for Anopheles
gambiae s.1. Mblecular forms (M & S)
identification a rtiodified protocol from Favia

I

et al. (2001) was used. The optimal
amplification cOrlditions were 94°C, lOrnin
(Enzyme Activation); 94°C (Denaturation);
63°C (Annealing); 72°C (Extension); 30s
each for 2Scycle~ <md 94°C, 7min for the
identification oftHe M and S molecular forms
of An. gambiae s.~. with four sets of primers
(forward, reverse] Mop int, B/S int) yield
727bp (M) and 47Sbp (S) products
respectively (Favia et a!., 200 1). .

The PCR assay for kdr resistance used the
four primers AgD I~AgD4 (Martinez- Torres et
a!., 1998). AgDf and AgD2 flank the kdr
mutation and amplify a 293bp product as an
internal control. :AgD3 binds only to the
resistant kdr allel6 and pairs with AgD I to
amplify a 19Sbp fragment, AgD4 binds only
to the susceptible allele and pairs withAgD2 to
amplify a 137bp fragment (Norris, 2002).

!
DataAnalyses: Data were analyzed using the
Chi Square Test (X2

- ~est).

RESVLTS

A total of 1789 moiquitoes, 809 in 2001 and
980 in 2002 were caught from 91 houses (45 in
2001 and 46 in\2002). Morphological
identification yielded 989 anophelines: 490 in

I
2001 and 499 in 2002.PCR analyses of the
identified anophelines recorded 802 (81.09%)
An. gambiae s.l. (420 in 200 1and 382 in 2002)
(Table 1). i

I
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Table 1:Numbers of peR- Identified sibling
species of Anopheles gambiae s.l.'
at Igbo-Ora

Anopheles gambiae s. 1.'
Study Period Anopheles gambiaes. s. Anopheles arabiensis Total

2001 June 100 (90.00%). 11 (10.00%) III

July 276 (89.32%) 33 (10.68%) 309

2002 August 197 (95.63%) 9 (4.37%) 206

September 159 (90.34%) 17 ~.66%) 176

* 187 morphologically identified specimens could not be
further characterized.

Table 2: Monthly Frequency of Molecular Forms
at Igbo-Ora in 2001 and 2002

Study Period
Molecular 2001 2002

Fon11' June July Total August September Total

M 1(1.85%) 53(98.15%) 54(lOO'Yo) 5(41.67%) 7(58.33%) 12000%)

S 11(30.55%) 25(69.44%) 36(100%) 15(60%) 10 (40%) 25(100%)

Total 12 (13%) 78 (87%) 90 (100%) 26 (54%) 17(46~.) 37(IOO~.)

The 1108 randomly- selected mosquitoes
tested for molecular forms by a modified peR
technique yielded results in 127. Among the

, .
Table 3: Frequency of Molecular Forms within the

. . A~opheles gambiae s.l. at Igbo-Ora

An. gambiae 5.1.

Molecular Forms An. arabiensis .An. gambiae s.s. Non- identified Total
I
16(9.1%) 45(68.2%) 15(22.7%) 66(6.1~%)

is (8.2%) 44 (72.1%) 12 (19.7%) 61 (5.66%),
:8.66 70.07

M

S

Non-identified refers to the 27 (21.3%) M or S forms not
attributable ti>either species.

I

127, the~e were 66 (51.97%) M and 61
(48.03%)1 S forms, when pooled over the 2-
year period (Table 2). The variation in the
proportions of the M and S forms over this 2-

I
yearperio:d was not significant (X2= 0.24, df=l,
p= 0.62)1. The difference in the relative
proportions of the M and S forms among

. I

villages oyer the 2-year period was significant
(X2= 0.3,! df=1, p=0.85). In 2001, higher
numbers of the M form were identified, in

Icontrast to 2002 when more S form were
recorded.iIn 2001, both M and S forms were

I •

most abtdant at Igbole arid Igbo- ora, and
. . I

Table 4: Distribution of the kds/kdr genes in Anopheles g~mbiae s.l. at Igbo-Ora

An. gambiae s.~.Study Period

Year Months

2001 June

July

Subtotal

2002 August

SS
Alleles An. gambiae s.s. An. arabiensis Non identified Total

100 (78. I%) II (8.6%) 17(13.3%)

276 (79.8%) 33 (9:5%) 37 (10.7%)

376 (51.5%)* 44 (62.9%)* i 54 (37%)*

197 (92.5%) 9 (4.2%) 7 (3.3%)

157 (60.6%) 17 (6.6%) 85 (32.8%)

354 (48.5%)* 26 (37.1%)* 92 (63%)*
\ .

1(100%)** 0 0

1(100%)** 0 0

732 (77.2%) 70 (7.4%) 146 (15.4%)

91 (69.8%) 0 38 (21.7%)

SS

128 (27.0%)

346 (73.0%)

Percents in italics are An. gambiae s.l. with susceptible gene (kds) based on monthly totals
*:An. gambiae s.l. with susceptible gene (kds) .based on annual totals . i
**: An. gambiae s.s. with resistant genes (kdr) m September 2002 ,;
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Figure 1: Spatial distribution of the Molecular forms in Villages at Igbo-Ora
. \
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a: The MMolecular Form, 2001
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I

a: The M Molecular Form,' 2002
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Figure 2: Spatial distribution of the Molecular forms in Villages at Igbo-Ora
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least abundant atAjegunle and Sagaun (Fig 1);
but, in 2002, both forms were most abundant at
Ajegunle (Fig 2). Among the 1077 mosquitoes
tested for the knockdown resistance (kdr)
gene, 946 (88%) had the susceptible (kds)
gene (474 in 2001 and 472 in 2002). Some
molecular forms (9.1 % M and 8.2%S) were
recorded among PCR identified Anopheles
arabiensis (Table 3). Two specimens of An.
gambiae s. s. caught in September 2002 from
Igbo-ora harbored the kdr gene: one
heterozygote 'resistant (RS) and one
homozygote resistant (RR), (Table 4),

DISCUSSION
Possible reasons for the poor performance of
the M and S assay are not available at this time.
The non-significant difference in abundance
between the M and S molecular forms in An.
gambiae s. s. is similar to results obtained by
Awolola et al. (2005) at Poka in the rain forest
near Lagos. The spatial distribution ofthe two
forms across the villages of Igbo-Ora was
virtually similar. They were wholly sympatric
at Igbole and Igbo-ora villages in 2001 and at
Ajegunle in 2002. Literature is dominated by
incipient speciation in An. gambiae s. s.
(Fontenille et al., 2005; Lehmann and Diabate,
2008).

The presence of the knockdown resistance
(kdr) gene at Igbo-Ora complements the
observations of Awolola et al. (2002; 2003)
and Santolamazza et al. (2008), who recorded
pyrethroid-resistarttAn. gambiae s. s. in the M
form in the forest and savanna zones
respectively. It was not possible to ascertain
whether these heterozygous (RS) and
.homozygous (RR) resistant alleles werein the
.M or S form because the DNA amplification
yielded no .bands.. Recent studies; have
indicated that the kdr gene is now widespread
in the West African subregion (della Torre et
al., 2001; Gentile et al., 2004; Santo1amazza et
al., 2008). The basis for this type of resistance

13
,

!
has been discussed by Martinez-Torrez et al.
(1998). Although many studies inWestAfrica:
Ivory Coast and Burkina-Faso (Martinez-

I

Torrez et al., 1998; Chandre et al., 1999), Mali
(Fanello et al., ~002), Nigeria (Awolola et al.,
2005) had recorded the kdr gene exclusively in
the S form; wei\ll et al. (2000) found the kdr

I
gene in the M form in the Republic of Benin, at
a location approximately 1OOkmsouthwest of
Igbo-Ora. The~ concluded that the kdr
mutation in tlie M taxon was not an
independent mutation. Although it was not
possible to detehhine whether the resistant
alleles were froin the M or S form, recent

I
studies (Reimer et al., 2005) have shown that
they are disproportionately present in M vs S

. I
forms. It was the~efore likely that the 2 alleles
were in the M form, particularly when Weill et
al. (2000) recorded same from contiguous
Benin Republic. Onyabe and Conn (200 1) also
suggested at leastlpartial barriers to gene flow
between the two forms in the Ivory Coast and
other West Africah countries to the north and

I

west. Further studies are in progress at Igbo-
Ora on the distribution ofthe kdr gene between
the two forms. \

I
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