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Abstract

Mitochondrial DNA Variability and Development of a PCR
Diagnostic Test for Populations of the Whitefly Bemisia

afer (Priesner and Hosny)

M. N. Maruthi,* A. R. Rekha, P. Sseruwagi, and R. J. Hillocks

The whitefly, Bemisia afer (Hemiptera; Aleyrodidae), is emerging as a major agricultural pest. The
current identification methods based on adult and pupal morphology are laborious and unreliable. A diag-
nostic polymerase chain reaction (PCR) protocol was developed for the first time in this study to discrimi-
nate B. afer from other whitefly species. Primers specific to mitochondrial cytochrome oxidase I gene
(mtCOI) were designed to amplify a band of approx 650 bp. The PCR products were sequenced from B.
afer samples collected from Malawi, Tanzania, Uganda, Zanzibar, and the United Kingdom. Phylogenetic
analyses of mtCOI sequences and those of reference B. afer sequences clustered the African B. afer sepa-
rately from the UK and Chinese populations and from other whitefly species. The African cluster was
divided into two clades by parsimony and neighbor-joining methods. This indicates the existence of at
least two genotypic clusters of B. afer, which are diverged by 0.8 to 3.2% nucleotide (nt) identities. Analy-
sis of molecular variance indicated that these differences were the result of within population variation but
were insufficient to identify discrete populations. Among the whitefly species used in the analysis, B. afer
was equally dissimilar to Bemisia tabaci and Bemisia tuberculata (21.3–26.2% nt identities). As is the case
for B. tabaci, these data show that mtCOI sequences are informative also for identifying B. afer variants,
which lack distinguishing morphological features.

Index Entries: Aleyrodidae; cytochromoe oxidase I gene; genetic diversity; genotypes; molecular markers.

1. Introduction
The whitefly, Bemisia afer (Priesner and Hosny)

(Aleyrodidae; Sternorrhyncha; Hemiptera), is an
emerging pest whose geographical range is increas-
ing (1,2). It is an apparently polyphagous pest of a
variety of crop plants belonging to 20 families
(3,4). High numbers of B. afer adults and nymphs
cause extensive damage by direct feeding on cas-
sava in Malawi (5) and South Africa (J. P. Legg,
personal communication), on soybean and citrus
in China and Italy (2). The first outbreak of B. afer
s.l. in the New World occurred in Peru on sweet
potato (1). More recently, B. afer has been found
colonizing ornamental plants in the United King-

dom in unheated polytunnels with temperatures
near freezing levels.

The taxonomy of whiteflies has long been prob-
lematic because of similarities in the morphology
of adults. Precise identification of B. afer and
Bemisia tabaci (Gennadius), which occur together
on cassava in Africa (6), is difficult and presents a
practical problem for field ecologists. In addition,
nymphs and pupae of Bemisia species exhibit phe-
notypic variation in response to differences in leaf
surface topology (7) and to environmental and
physical factors (8). For these reasons, whitefly spe-
cies have often been synonymized (3,9). B. afer, for
example, was described originally in the genus
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Dialeurodes (10), and then later transferred to the
genus Bemisia (11). Bemisia hancocki (3,12) was
then synonymized with B. afer (13). This synonymy,
however, may have been premature, because it was
based on the examination of one badly damaged
syntype of B. afer (1). Moreover, the basis of
synonymization remains questionable because it
relied on the morphology of the fourth instar
nymph. Examination of puparial morphology of
B. hancocki in Africa (14) and of B. afer from
Europe and USA indicated that the B. afer group
actually displayed much greater morphological
variation than does the much studied B. tabaci and
its variants (1). These observations have stimu-
lated the need for molecular studies to resolve the
systematic questions.

Molecular markers, such as the mitochondrial
cytochrome oxidase I (mtCOI) gene (15–19) and
internal transcribed spacer 1 (ITS1) region (20–
22) sequences, have been used extensively to
identify B. tabaci variants that exhibit rich bio-
logical differences, but lack distinguishing mor-
phological features. Using these two markers, a
strong biogeographical pattern has been estab-
lished for the world’s B. tabaci populations,
whereas only one B. afer population has been
characterized at the molecular level to date (6).

In this study we were unable to amplify the
mtCOI gene of B. afer reliably using the primer
set (C1-J-2195 and L2-N-3014) (15) that has been
used extensively on B. tabaci. For this reason and
the lack of reliable alternative techniques, experi-
ments were undertaken to design new set of
primers to amplify B. afer mtCOI gene and, sub-
sequently, to develop a polymerase chain reaction
(PCR)-based diagnostic technique for nymphs
and adults. This will facilitate future studies on
B. afer genetic diversity and thus contribute to our
understanding of the systematic status of popula-
tions currently grouped under B. afer.

2. Materials and Methods
2.1. Collection of B. afer Samples

Samples of B. afer adults were collected from
cassava fields at Entebbe and Namulonge in
Uganda; Chenika, Kibaha, Zigowale, and Zanzi-

bar Island in Tanzania, and at Nkhata Bay
(Mkondezi Reasearch Station) in Malawi (Table 1).
Depending on their numbers, 5 to 20 adults were
collected from each location using an aspirator
and stored in 70% ethanol. Samples of UK B. afer
were collected as nymphs on the ornamental plant
sweet bay (Laurus nobilis) in the gardens of
Hampton Court, Surrey.

About 50 to 100 live adult B. afer were col-
lected from Zanzibar and placed into plastic boxes
containing fresh cassava leaves. The insects were
transported to the quarantine insectary of the
Natural Resources Institute and colonies were
established on a Colombian cassava variety as
described previously (6,23). The colonies were
maintained in the insectary at 25 ± 1ºC, 50% rela-
tive humidity, and 12-h light and dark cycles.
Pupae and adults were identified as B. afer on
the basis of pupal and adult morphology at the
Natural History Museum, London.

2.2. DNA Extraction and Primer Design
The method used for DNA extraction from

individual whitefly was described previously
(24). DNA extracted from two B. afer female
adults or nymphs were used initially in separate
PCR to amplify partial mtCOI gene (~860 bp)
using the primers C1-J-2195 and TL2-N-3014
(15,25), which have been used extensively on B.
tabaci.  These primers, however, did not reliably
amplify products of the expected size. A new set
of primers specific to B. afer mtCOI gene was
designed (Ba1F 5'-GGGGGCATCACATGTT
TACTG-3' and Ba1R 5' –TGTGTCTGACGC
TGGGCTT-3') by aligning (CLUSTAL W 1.7) (26)
the reference sequences of B. afer from Uganda
(EMBL accession number AF418673) and China
(AJ784260); B. tabaci from Uganda (AF418669)
and Tanzania (AF418667); Trialeurodes vapor-
ariorum from South America (AF110708) and
Reunion (AJ550183); T. abutilonea (AY057221)
and B. tuberculata (AY057220). Ba1F was designed
to anneal about 130 bases downstream of the primer
C1-J-2195 and Ba1R about 30 bases upstream of
TL2-N-3014 (25). Primers were designed at these
nucleotide positions because they were conserved
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within B. afer and diverged in other whitefly spe-
cies. The Ba1F anneals the nucleotides between
positions 2100 and 2400 in the most conserved
region of mtCOI gene, and Ba1R on the most
divergent tRNAleu(UUR) gene (25).

PCR was performed in 25-µL reaction mix con-
taining 2 µL of template DNA, 0.5 U of Red hot
polymerase (Abgene, UK), 2.0 mM MgCl2, 0.15 mM
each of dNTP, 0.6 pmol of each primer in 1X reac-
tion buffer (20 mM NH4SO4, 75 mM Tris-HCl pH
9.0, 0.01% v/v Tween). Reactions were carried out
in a Gene Amp PCR System 9700 thermal cycler
(Applied Bio-Systems, UK) programmed for 94ºC
for 2 min, followed by 35 cycles at 94ºC for 45 sec,
52ºC for 30 sec, and 72ºC for 1 min, and ending
with 72ºC for 10 min. The PCR products were sepa-
rated through 1% agarose gels and visualized
under ultraviolet light after staining in 0.5 µg/
mL ethidium bromide solution.

Using these protocols, total DNA extracted
from five other whitefly species (Table 2) were
used in separate PCR reactions to test the speci-
ficity of primers to B. afer. Mock DNA extrac-

tions (without insect) and negative (water) PCR
reactions were included as controls.

Several attempts to amplify ITS1 by PCR using
polymerases from different suppliers and univer-
sal primers (22) were unsuccessful. This pre-
vented the characterization of B. afer by one other
molecular marker.

2.3. mtCOI Gene Sequencing
and Phylogenetic Analysis

The PCR products generated using the B. afer-
specific primers were cloned into the pGEMT-
Easy vector system (Promega, UK) following
manufacturers’ instructions. For each B. afer,
two clones were sequenced and each clone was
sequenced in its entirety, in both orientations.
Sequencing reactions were carried out at the
John Innes Centre, Norwich, UK. A consensus
sequence was obtained by editing the sequences
using the software package Editseq (DNAStar
Inc., USA).

A sequence of length 602 bases was used in the
phylogenetic analyses and compared with the ref-

Table 2
Whitefly Species Used in the PCR Amplification

of mtCOI Gene Using the B. afer-Specific Primers

Whitefly species/ biotype Geographical origin Host–plant origin

Aleurodicus dispersus Bangalore, India Cassava
Aleurotrachilus socialis Cali, Colombia Cassava
Bemisia afer s.l. Valle de Caunete, Peru Sweet potato
Bemisia tabaci Mtwara, Tanzania Cassava

Zanzibar, Tanzania Cassava
Entebbe, Uganda Cassava
Mukono, Uganda Cassava
Tamale, Ghana Cassava
Bangalore, India Sunflower
Bangalore, India Okra
Bangalore, India Pumpkin
Midatharahally, India Field bean
Bangalore, India Eggplant
Jessore, Bangladesh Eggplant
Bogra, Bangladesh Chilli
Philippines Cassava

B-biotype Tel Aviv, Israel Cabbage
Bemisia spp. Las Cuevas, Belize Bocconia spp.
Trialeurodes vaporariorum Bangalore, India Phyllanthus emblica
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erence mtCOI sequences of B. afer, B. tuberculata,
T. abutilonea, and T. vaporariorum that were used
initially while designing the primers (see Sub-
heading 2.2.). Multiple sequence alignments
were carried out using the software package
CLUSTAL W 1.7 (26). Phylogenetic analyses
were performed by parsimony and distance meth-
ods using the software PAUP version 4.0 b10 for
Mac (27), as described previously (18). The heu-
ristic and neighbor-joining methods were used to
generate phylogenetic trees with 70% confidence
levels. Bootstrapping for 1000 replications was
performed by stepwise sequence addition and
tree-bisection-reconnection. A distance matrix
was calculated with a Kimura 2-parameter model.
We were unable to carry out the maximum likeli-
hood analysis using this software package may be
because of the high numbers (42) of sequences used
in the analysis.

2.4. Analysis of Molecular Variance
Analysis of molecular variance (AMOVA)

(28) was performed using the software program
ARLEQUIN, version 2.0 (29) (Table 3). AMOVA
estimates the variance in gene frequencies by cal-
culating the mutational changes in the sequences.
Sequences of African B. afer were used in the
analysis, which were classified based on their
geographical origin into Uganda (n = 4), main-
land Tanzania (n = 14), Zanzibar island (n = 9),
and Malawi (n = 5) (Table 1). Variance was cal-
culated on populations between countries, within
locations, and between the two genotype clusters
(I and II) identified in the phylogenetics analyses
(discussed later). The significance of the variance
components was tested using 1023 permutations.

3. Results
3.1. Development of a Diagnostic Test
for B. afer

Figure 1 shows the PCR products generated
from the DNA of several whitefly species using
Ba1F and Ba1R primers. An expected, PCR prod-
uct of size approx 650 bp was amplified in all re-
actions containing DNA of B. afer nymphs or
adults from Malawi, Tanzania, Uganda, and UK.
No specific PCR products were obtained from the
DNAs of Aleurodicus dispersus, Aleurotrachilus
socialis, Bemisia spp., and T. vaporariorum, and
13 samples of B. tabaci from Asia (Bangladesh, In-
dia, Israel, and Philippines) and Africa (Ghana,
Tanzania, and Uganda) (Table 2). However, a
faint band of size approx 600 bp was obtained
from DNA of T. vaporariorum from India (Fig.
1), the sequence of which is not determined. No
PCR products were obtained from the DNAs of
B. afer s.l. from Peru and in reactions that con-
tained blank DNA extractions and negative (wa-
ter) controls.

3.2. mtCOI Sequence Diversity in B. afer
A total of 31 B. afer mtCOI gene sequences of

length 650 bases were obtained from populations
of Malawi, Tanzania, Uganda, and UK. Unam-
biguous sequences of 602 bases (after removing
the primer sequence) were analyzed that consisted
of 276 invariable, 69 variable, and 259 parsimony
informative characters. The phylogeny from par-
simony and neighbor-joining methods generated
trees with similar topology and the consensus
most parsimonious tree is shown herein (Fig. 2).
The most parsimonious tree generated by heuris-

Table 3
Analysis of Molecular Variance of African B. afer Populations Using the Software Program Arlequin (version 2.0)

Source of variation Degrees of freedom (d.f.) Sum of squares Variance components Percentage variation

Between populations 3 1.50 0.00 Va 0.00
Within populations 28 14.00 0.50 Vb 100
Total 31 15.50 0.50

Abbr: Va: variation not detected between African B. afer populations due to geographical isolation in Malawi, Tanzania, Uganda,
and Zanzibar.

Vb: all the diversity in B. afer was the result of variation within populations that are present in the same geographical locations.
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Fig. 1. A photograph of gel electrophoresis of typical PCR products generated using the B. afer-specific prim-
ers Ba1F and Ba1R. B. afer (lanes 1–3); T. vaporariorum (lane 4); B. tabaci (lane 5); A. disperses (lane 6); A.
socialis (lane 7); negative (water) control (lane 8); M: 1 kb molecular weight marker, the sizes of which are shown
on the right.
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tic search with 70% confidence levels had a score
of 856.

B. afer, B. tabaci, and B. tuberculata formed a
single large “Bemisia” cluster, whereas the two
species of Trialeurodes (T. abutilonea and T.
vaporariorum) formed a separate cluster, and
the A. dispersus formed the out-group. B. afer
grouped into four distinct clades with bootstrap
support �85% for each clade. B. afer from Malawi,
Tanzania, and Uganda formed two clades (I and
II), indicating the existence of at least two geno-
typic clusters of B. afer on cassava in Africa. A
single sample each from UK and China formed
clade III and IV, respectively.

The two B. afer genotypes were distributed in
the three African countries. The sample UgCas-
Nam1 grouped in clade I with two other samples
from Uganda (UgCas-Nam and UgCas-Ent),
whereas the UgCas-Nam2, which originated from
the same field as UgCas-Nam1, grouped in clade
II. Similarly, samples from Chenika, Tanzania,
were distributed in both the clades. Two of the
Malawi samples grouped in clade I and the remain-
ing three in clade II, and five samples from Kibaha,
Tanzania, grouped in clade I and the remaining
six in clade II. All of the nine samples from Zan-
zibar Island, however, grouped in a single clade I
(Fig. 2).

Percentage nucleotide identities of mtCOI
sequences of whiteflies are summarized in
Table 4. The mtCOI sequence variation within
African B. afer was 0.8 to 3.2%. The UK B. afer
was closest to African B. afer by 92.5 to 94.3% nt
identities. The Chinese B. afer was most diver-
gent and, equally to the African and UK B. afer
(77.6–78.2% similar). B. afer mtCOI sequences

were equally similar to B. tabaci and B. tuberculata
in the ranges of 73.8 to 78.7% nt identities. Among
the whitefly species, B. afer was most similar to
B. tuberculata and dissimilar to T. abutilonea
(Table 4).

Analysis of molecular variance performed to
estimate the genetic variation of B. afer revealed
no significant difference between populations col-
lected from different countries in Africa. All the
variation (100%) found in African B. afer popu-
lations was the result of differences within popu-
lations in the same geographical area.

4. Discussion
We report a simple, PCR-based technique for

the reliable identification of B. afer using a new
primer pair designed to their mtCOI gene. The
results were further extended by sequencing of
PCR products, which confirmed the specificity of
the new primers to B. afer. The new primers were
developed after a lack of a reliable detection test
for an increasingly important pest, B. afer, and the
inability of the most commonly used primers C1-
J-2195 and TL2-N-3014 (15) to produce PCR
products reliably.

Failures in PCR can be the result of mutational
changes on the DNA of the target organism at the
annealing sites of primers. The inability of the
new primers Ba1F and Ba1R to produce PCR
products from B. afer s.l. from Peru may be the
result of such mutations. Zhang and Hewitt (25),
for example, designed several sets of primers to
amplify mtCOI sequences of arthropods because of
mutations. Obtaining additional mtCOI sequences
of B. afer populations from a wide range of coun-
tries and host plants may facilitate designing more
general primers.

This is the first study on the genetic diversity
of B. afer using the mtCOI gene. As recorded for
B. tabaci (15–18,20), the mtCOI gene sequences
were informative in identifying variability in B.
afer for a species rich in biological variants but
lacking distinguishing morphological characters
(1,2). Phylogenetic analysis grouped the world’s
B. afer populations into four distinct clades based
on their geographical origin and indicated the
existence of at least two closely related B. afer

Fig. 2. (opposite page) Parsimonious tree showing
the relationship of B. afer populations with other
whitefly species based on 602 nt fragment of mtCOI
gene sequences. Vertical distances are arbitrary and
the horizontal distances are proportional to mutational
changes in sequences. Numbers at nodes indicate
bootstrap scores using 1000 replicates. Abbreviations
are as described in Table 1.
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genotypes on cassava in Africa. AMOVA indi-
cated that all the diversity in the African B. afer
populations was the result of within population
variation, implying that populations of both clus-
ters had a common ancestor and that each group
may have evolved separately only recently.
Within population variation was highest (3.2%)
for B. afer from Zanzibar. Variation was recorded
in the pupal morphology of B. afer (1), and for
the first time in this study B. afer was shown to
exhibit large genetic variation.

The UK B. afer cluster was supported by 100%
bootstrap score and diverged from African B. afer
by 5.7 to 7.5% nt identities. This was twice the
level of variation seen within African B. afer
(3.2%) and far too high for a highly conserved
marker such as mtCOI (25). These results thus
support the conclusion that this particular geno-
type may not have been introduced to UK from
Africa in the recent past. However, B. afer is
being constantly intercepted by the UK quaran-
tine authorities on ornamental plants imported
from many countries (2). Therefore, it continues
to pose a constant threat to the UK horticultural
industry, especially in polytunnels and glass
house conditions.

B. afer affects a large number of plant species.
In this study, however, samples were collected on
cassava in Africa and on ornamental plants in the
UK. Similar to B. tabaci, analyses of samples
from more locations and different host plant spe-
cies will almost certainly result in the detection of
higher genetic diversity and identification of more
variants of B. afer. Compared to African cassava
B. tabaci, the detected genetic diversity of cas-
sava B. afer was low, which may be because of
limited data available on the latter species. Exami-
nation of mtCOI sequences of B. tabaci, however,
indicated the existence of at least five cassava-
associated genotypes, some of which diverged by
8% (17,19,30). Analyses of 30 B. afer mtCOI
sequences from Africa showed the highest diver-
gence at 3.2%. Whether this is the result of a low
evolutionary change in B. afer compared to B.
tabaci requires investigation. Because of its impor-
tance as an agricultural pest, B. tabaci has been

subjected to changes in cropping practices, exposed
to wide range of insecticides and other control meth-
ods thus forcing the species to change constantly
to adapt to new environments. In contrast, until
recently B. afer has been considered a minor pest
on crops and seldom being subjected to selection
pressures of insecticides, which may partially
explain why B. afer genetic diversity was not as
high as B. tabaci.
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