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Application of hydrolysis probe analysis to identify clade
types of the malaria vector mosquito Anopheles
funestus sensu stricto from Muheza, northeastern
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Abstract. A hydrolysis probe analysis (TaqMan assay) was used to study clade types
in Anopheles funestus sensu stricto Giles, a major malaria vector in sub-Saharan Africa,
with specimens collected from Muheza in Tanga, northeastern Tanzania. A total of 186
An. funestus specimens were analysed, revealing that 176 (94.6%) were of clade I and 10
(5.4%) of clade II. These findings extend the distribution of clade type II from southern
Mozambique and northern Zambia to northeastern Tanzania. The technique used can
also be of great value in assessing the role and contribution of these clade types in malaria
transmission and insecticide resistance frequencies for An. funestus s.s.
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Introduction

Anopheles funestus Giles is the nominal species for a group
containing 11 species that lack distinct morphological identifi-
cation features at the adult stage (Gillies & Coetzee, 1987). It
is a major malaria vector, highly anthropophilic and endophilic,
and found throughout sub-Saharan Africa (Gillies & Coetzee,
1987), including Tanzania (Temu et al., 2007; Kweka et al.,
2008). Molecular studies in 2005, using mitochondrial DNA,
reported two subdivisions within An. funestus populations, with
clade I found across Africa (including Tanzania) and clade II
confined to Mozambique and Madagascar (Michel et al., 2005).
Subsequently, the presence of both clades was confirmed for
Mozambique based on mtDNA (Choi et al., 2012) and found in
Zambia using a new TaqMan assay (Choi et al., 2013).

The newly developed hydrolysis probe analysis (TaqMan
assay) which combines polymerase chain reaction (PCR)
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amplification and visualization to detect gene mutations has
been described for the knockdown resistance (kdr) mutation
in Anopheles gambiae Giles (Bass et al., 2007). The high sen-
sitivity and specificity of the hydrolysis probe analysis make
this technique reliable for detecting genetic changes such as
the kdr mutations (Choi et al., 2010) or identifying new species
(Vezenegho et al., 2013).

The aim of the present study was to identify An. funestus clade
types (clade I and clade II) from northeastern Tanzania using the
hydrolysis probe assay (TaqMan assay).

Methods

Mosquito sampling and species identification

Mosquitoes were collected from Zeneth (5∘13′S, 38∘39′E)
and Kwakibuyu (05∘27′S, 38∘67′E) villages in Muheza,
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Fig. 1. A map of the study site where mosquitoes were collected in Muheza District, Tanga Region, Tanzania. SE, standard error. [Colour figure can
be viewed at wileyonlinelibrary.com].

northeastern Tanzania (Fig. 1). Muheza District has been

defined as a malaria holoendemic area with An. gambiae s.s.

and An. funestus s.s. as the main vectors (Mboera & Magesa,

2001; Kweka et al., 2008). Host-seeking mosquitoes were col-

lected indoors using Centers for Disease Control (CDC) light

traps (John W Hock Co, Gainesville, FL, U.S.A.). Sampling was

carried out during January, February, March, April and Novem-

ber in 2014, as well as during March and April in 2015. The

communities in the areas have been using insecticide-treated

bed nets widely for the past two decades, which has resulted in

a shift in vector species composition (Derua et al., 2012), and

vector populations have declined (Meyrowitsch et al., 2011). In

all samples, the species of the An. funestus group were initially

identified using morphological keys (Gillies & Coetzee, 1987),

followed by molecular techniques (Koekemoer et al., 2002).

DNA of individual mosquitoes was extracted using an extraction

kit (ZyGEM Corp Ltd, Hamilton, New Zealand) according to

the manufacturer’s instructions. The extracted DNA was stored

at −20 ∘C for later PCR analysis.

Fig. 2. Allelic discrimination scatter plot analysis showing (A) clade
I, (B) clade II and (C) the negative control, with quantitative
peaks. FAM, 6-fluorescein amidite. [Colour figure can be viewed at
wileyonlinelibrary.com].
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Hydrolysis probe analysis

Primer and probe sequences were designed as previously
described (Choi et al., 2012; Choi et al., 2013). In brief, two
standard oligonucleotides and two minor groove binding probes
were used. For detection of clade I, the probe was labelled
with 6-fluorescein amidite (6-FAM), whereas for clade II the
probe was labelled with VIC™ at the 5′ end. PCR reactions
were conducted in a final volume of 20𝜇L consisting of 10𝜇L
of IQ™ Supermix (Bio-Rad, Hercules, CA, U.S.A.), 1.6𝜇L of
each primer (10𝜇m), 0.8𝜇L of each probe (10𝜇m), 4.2𝜇L of
sterilized distilled water and 1𝜇L of DNA from a leg or wing
of the mosquito. Samples were amplified using a real-time PCR
machine [the CFX96™ Real-Time System (C1000 Touch™

Thermal Cycler); Bio-Rad] and thermocycling conditions were
initial denaturation at 95 ∘C for 10 min, followed by 45 cycles
of denaturation at 95 ∘C for 10 s and annealing at 63 ∘C for 45 s.
Two positive controls and one master mix negative control were
included in the PCR tests. An increase in 6-FAM fluorescence
during real-time PCR indicates the presence of clade I, whereas
an increase in VIC™ fluorescence indicates the presence of
clade II.

Results and Discussion

A total of 186 An. funestus s.s. specimens from Zeneth and
Kwakibuyu were identified by routine PCR (Koekemoer et al.,
2002) and processed for identification of clade types. All 186
specimens were successfully analysed, with 176 (94.6%) iden-
tified as clade I and 10 (5.4%) as clade II (Fig. 2). This is the
first report from Tanzania indicating the existence of both clade
types I and II, with clade I predominating as it does in northern
Zambia (Choi et al., 2014). The specimens from Tanzania pre-
viously analysed for clade type (Michel et al., 2005) originated
from Kibanda outside Muheza town (approximately 25 km from
the two sites sampled here) and were all identified as clade I.
The clade mutations either arose de novo or were at a very low
frequency when these specimens were collected in 1997.

Anopheles funestus is a confirmed malaria vector in all
regions of Tanzania (Mboera & Magesa, 2001; Temu et al.,
2007; Kweka et al., 2008; Kigadye et al., 2011; Mboera et al.,
2015). The report of clade type is important for further work on
whether clade type has any differential association with insec-
ticide resistance or transmission efficiency. In other southern
African countries where the clade types have been reported
to coexist in single populations, there is no evidence that they
have different behaviours with respect to vectorial efficiency or
insecticide resistance (Choi et al., 2014). Across sub-Saharan
Africa, An. funestus s.s. is an important vector and it is important
to understand the basic underlying genetics of the species, as
this will allow us to better understand the role of clade type in
malaria transmission and the evolution and spread of insecticide
resistance.

Conclusion

This study reports the existence of clade types I and II in An.
funestus in northeastern Tanzania, as analysed by the TaqMan

assay for the first time. This technique can be of great value
in assessing the role and contribution of these clade types in
malaria transmission and insecticide resistance studies for An.
funestus s.s in Tanzania.
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