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Abstract | Tsetse fly (Diptera: Glossinidae) vector control measures can rely upon knowledge of ge-
netic diversity between species’ population. Two species were studied: Glossina palpalis palpalis and 
Glossina morsitans submorsitans using two mitochondrial DNA fragment primers- Cytochrome oxi-
dase subunit II (COII) and Cytochrome b (CytB). Twelve samples of laboratory-reared population 
of each species were used for the study. Sequencing data were used to calculate haplotype, haplotype 
diversity and nucleotide diversity for the two species. Based on combined loci of cytochrome oxidase 
II (COII) and cytochrome b (CytB), twelve haplotypes were generated for G. p. palpalis and five for 
G. m. submorsitans. Similarly, for the combined loci, haplotype diversity (Hd) was higher for G. p. pal-
palis (0.90) than G. m. submorsitans (0.68). Nucleotide diversity was homogenous for G. m. submorsi-
tans (0.24859) than G. p. palpalis (0.24093). A higher genetic diversity suggests a higher evolutionary 
rate. Haplotype diversity and Nucleotide diversity (genetic diversity) of a species population is often 
related to the ecological systems, evolutionary rate, adaptation of the species, gene flow, epidemiology 
and control strategies. Our study observed that the two laboratory grown species of tsetse flies may 
be genetically related.
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Introduction

Tsetse flies (Diptera: Glossinidae) found in sub-Sa-
haran Africa are important vectors of trypano-

somes causing Human African trypanosomiasis 
(HAT), or sleeping sickness and Animal African 
trypanosomiasis (AAT) across the West African re-
gion. Human African trypanosomiasis has impacted 

heavily on public health and human economic devel-
opment of sub-saharan Africa with over 100,000 cas-
es globally and 60 million people at risk of the disease 
of which 40% is from Africa (Cattand, 1995; Kioy et 
al., 2004). Animal trypanosomiasis and tsetse flies are 
widely distributed across five agro-ecological zones 
of Nigeria including areas that were initially thought 
to be free of the flies and disease possibly because of 
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the ability of the flies to disperse over a long distance 
(Kalu, 1996; Hargrove, 2003; Majekodunmi et al., 
2013). Primarily, AAT is considered as an economic 
disease of cattle but losses also extend to pigs, camels, 
sheep and goats. Generally, trypanosomiasis caused by 
Trypanosoma brucei rhodesiense and T. b. gambiense are 
considered a zoonotic disease and deployment of ap-
propriate control measures will affect both AAT and 
HAT. 

Tsetse flies are vectors that belong to the genus Glossi-
na and are subdivided into three subgenera or species 
groups: palpalis, morsitans and fusca made up of 33 
species and subspecies (Gooding and Krafsur, 2005). 
The riverine palpalis and savannah morsitans species 
are the major vectors of human disease while the fusca 
group are responsible for AAT in animal (Aksoy et al, 
2001). 

Trypanosomiasis is caused by the flagellated protozoa, 
Trypanosoma. Of the known strains of trypanosomes, 
only Trypanosoma brucei species causes both HAT 
and AAT. Variability in vector competence of AAT 
or HAT depends on the species of trypanosomes as 
well as the species of Glossina (Geiger et al., 2005). 
The major human disease vectors belong to the palpa-
lis and morsitans complex that inhabit the riverine and 
forest areas while the fusca group is found in forest 
areas where most of them are considered unlikely to 
feed on humans. Over the years as a result of human 
activities leading to reduced habitat, the distribution 
of the three major species: G. pallidipes and G. bre-
vipalpis has reduced in population densities while that 
of G. fuscipes has continued to increase (representing 
the subgenera: palpalis, morsitans and fusca, respective-
ly) across the East, Central and West Africa region. 
Sleeping sickness therefore exists in two forms, either 
the chronic form (West and Central African form) 
caused by T. brucei gambiense or the acute and more 
deadly form (East African form) resulting from in-
fection with T. brucei rhodesiense. Uganda is the only 
country that has the two forms of the sleeping sick-
ness parasites separated by a narrow 160 km belt 
(Abila et al., 2008).

HAT and AAT are endemic in some regions of 
sub-Saharan Africa, covering 37 countries. The num-
ber of reported cases of HAT dropped below 10,000 
in 2009, for the first time in 50 years, and the down-
ward trend was maintained in 2010 when 8,000 new 
cases were reported in 7 countries with a planned total 

eradication by 2031 (AU, 2010). The downward trend 
was attributed to some factors such as tsetse fly dis-
tribution, increasing human population and activity 
(Ford, 1963; Reid, 2000) leading to the destruction of 
some tsetse fly habitats. The other reasons for the re-
duction in sleeping sickness were the use of preventive 
measures resulting from avoidance of heavily infested 
areas, wearing of preventative clothing and the use 
of chemical sprays (CDC, 2012). An estimated to-
tal number of 30,000 people were infected as at 2012 
(WHO, 2012) besides, the cases that go unreported. 

Out of the 11 species of tsetse fly in Nigeria, four are 
of economic importance. G. p. palpalis and G. tachi-
noides, both of the palpalis species group are found in 
riverine and lakeshore habitats of both the northern 
and southern parts of the country. G. m. submorsitans 
and G. longipalpis are of the morsitans species group 
and found mainly in savannah areas (FAO, 1992; 
Leak, 1999). Tsetse flies have had a marked influ-
ence on cattle distribution and production systems 
in Nigeria and possibly across West Africa. Cattle 
keeping in Nigeria is practised mainly in the north-
ern regions where grasses and shrubs of the savannah 
provide grazing areas. The southern parts of Nigeria 
and neighbouring countries are more forested and 
infested by the palpalis and fusca groups. The bulk of 
Nigeria’s human trypanosomiasis and much of cattle 
trypanosomiasis are transmitted by the riverine spe-
cies of tsetse fly (palpalis group). Human sleeping 
sickness in Nigeria was predominantly a disease of 
the drier northern savannahs and not of the southern 
forests where tsetse flies were more abundant (Leak, 
1999). There is little information on the incidence of 
sleeping sickness in Nigeria although it appears to 
have decreased and appears in only small persistent 
foci (Leak, 1999). The Card Agglutination Test for 
Trypanosomiasis (CATT) used in an epidemiologi-
cal survey of then Bendel State of Nigeria revealed 
that parts of the state had unreported endemic foci of 
sleeping sickness (Edeghere et al., 1989).

There are new reports indicative of changing ecology 
as regards localization of tsetse fly in Nigeria. Tsetse 
flies and cattle infections have been reported in pre-
viously known tsetse-free areas such as Jos, Mambil-
la and Obudu plateau (Dede et al., 2005), in Bassa 
Local Government Area of Plateau State (Qadeer et 
al., 2008) as well as Danja Local Government Area 
of Katsina State (Danbirni, 2008). This shows that 
Nigerian livestock population stand at greater risk of 
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infection. The need to accelerate effort in eradication 
of tsetse fly in view of the enormous losses associat-
ed with trypanosomiasis has prompted putting into 
consideration control measures that include genetic 
methods at national and international levels (Gooding 
and Krafsur, 2005). The genetic methods are expected 
to form part of an integrated control approach which 
is preferred to single strategies. A number of useful 
molecular genetics tools are becoming invaluable in-
cluding molecular marker applications for pests and 
parasites species’ characterization, population genetics 
and evolutionary studies. In addition to many appli-
cations of mitochondrial DNA, some recent Glossina 
phylogenetic studies have also used genetic markers 
such as microsatellites and internal transcribed spac-
er (ITS) 1 of rDNA (Abila et al., 2008; Dyer et al., 
2008), while application of Single Nucleotide Poly-
morphism (SNP) is also advocated. 

The knowledge of genetic diversity can help in de-
termining the degree of structuring or genetic dif-
ferentiation between populations of any species and 
establish if there is any gene flow between the popu-
lations. Similarly, a tsetse fly species’ population struc-
ture (differentiated or undifferentiated) has implica-
tions for tsetse fly control because different genetic 
groups could display differences in infection rates and 
trypanosome identity (Bouyer et al., 2007; Ravel et 
al., 2007). 

In this study, mitochondrial DNA (COII and CytB) 
data were used to determine the genetic relatedness 
between laboratory-reared populations of G. p. palpa-
lis and G. m. submorsitans. This laboratory population 
study will be useful as a tool in initiating population 
genetic study of tsetse fly populations within Nige-
ria’s ecological areas. The results from this study will 
provide useful information from a population genet-
ics perspective to support an effective and sustainable 
tsetse fly control in Nigeria. 

Materials and Methods

Laboratory Reared Tsetse Flies
The two tsetse fly species studied were G. p.palpalis 
and G. m. submorsitans which are two of the four spe-
cies of economic importance in Nigeria. Represent-
ative flies from two laboratory colonies maintained 
at the Nigerian Institute for Trypanosomiasis (and 
Onchocerciasis) Research (NITR), Kaduna, Nigeria 
were obtained. The increasing need of tsetse flies for 

research and biological control (Sterile Insect Control 
or SIT) has necessitated their laboratory rearing. At 
NITR the flies are reared on the blood of rabbit hence 
the tsetse flies are usually housed inside a production 
cage and made to suck blood through the ear of a re-
strained rabbit. Tsetse fly reproduction is viviparous 
as the female gives birth to live offspring. The larva is 
nourished within the mother and is larviposited at an 
advanced stage of development. The average female 
lifespan is 100-120 days with an average of about 10 
pupae per female under laboratory conditions. 

A total of 24 teneral tsetse flies were collected ran-
domly from the laboratory, 12 flies for each species. 
Sample collection, laboratory analysis and sequencing 
were done between May and June 2012. Tsetse flies 
were preserved in 95% ethanol and stored in a 4oC 
following collection before use based on a procedure 
described for sample preservation for DNA extrac-
tion for insects (Schauff, 1986).

Molecular Methods
DNA extraction and PCR was carried out at the Bi-
otechnology Laboratory of Nigerian Veterinary Re-
search Institute (NVRI), Vom, Jos, Plateau State, Ni-
geria. Each whole body of the 12 G. p. palpalis and 
12 G. m. submorsitans were used. Homogenate was 
obtained by grinding each fly body in a mortar with a 
pestle, and 1000 µl of Phosphate Buffer Saline (PBS) 
was added to make a solution. Extraction of genomic 
DNA was performed using the ZR Tissue and In-
sect DNA MicroPrepTM (Zymo Research, CA, USA) 
based on manufacturer’s instructions. 

Figure 1: Amplification of a 400bp fragment of COII for 10 Glossi-
na palpalis palpalis; Lane 1-8: amplification; Lane 9-10: no ampli-
fication; Lane M: 100 bp ladder; Glossina morsitans submorsitans 
400bp fragments of COII also amplified in a similar pattern

Amplification was carried out for 400 bp region (Fig-
ure 1) of the mtDNA Cytochrome oxidase II (COII) 
and 500 bp region (Figure 2) of the Cytochrome b 
(CytB) gene using universal invertebrate primer pair’s 
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Table 1: The invertebrate universal primers for the amplification of the universal mitochondrial genome 
Name Region in Genome Sequence(5´ - 3´)
mtD-13 COII COIIF – AATATGGCAGATTAGTGCA
mtD-15 COII COIIR – TCATAAGTTCARTATCATTG
mtD-26 CytB2 CytB2F – TATGTACTACCATGAGGACAAATATC
mtD-28 CytB2 CytB2R  - ATTACACCTCCTAATTTATTAGGAAT

mtD13/mtD15 and mtD26/mtD28, respectively (Si-
mon et al., 1994) (Table 1). Polymerase chain reac-
tions (PCR) were performed based on a 25 µl reac-
tion mixtures containing 1 µl of template DNA, 2.5 
µl 10X PCR buffer, 0.8 mM dNTP, 2mM MgCl2, 0.4 
µM of each primer, 1µl of BSA (Bovine Serum Al-
bumin) and 1unit of AmpliTaq Gold (Applied Bio-
systems, Waltham USA). Gene Amp PCR® System 
9700 (Applied Biosystems, Waltham, USA) was used 
for the amplification reactions. Thermal cycler condi-
tions consisted of an initial 10 min denaturation step 
at 94o C, followed by 35 cycles of 1 min at 48oC and 
1 min at 72oC. Reactions were terminated with a final 
extension time of 5 min at 72o C (Abila et al., 2008). 
PCR products were analyzed by electrophoresis on 
2% agarose gel and visualized under ultra violet light 
using Gel Doc™ XR+ (BioRad, CA, USA) (Figure 1 
and 2). 

Figure 2: Amplification of a 500 bp fragment of CytB gene for 10 
Glossina palpalis palpalis; Lane 1-8: amplification; Lane 9-10: no 
amplification; Lane M: 100 bp ladder; Glossina morsitans submor-
sitans 500bp fragments of CytB also amplified in a similar pattern

A total of 44 amplicons were selected for nucleotide 
sequencing. For G. p. palpalis, they comprised 24 sam-
ples: 12 samples for COII and 12 samples for CytB 
while for G. m. submorsitans they comprised of 20 sam-
ples: 10 samples for COII and 10 samples for CytB 
that amplified. Sequencing of the 44 amplicons was 
done in the forward and reverse directions. Sequenc-
ing was performed by Macrogen USA, Rockville, 
Maryland using ABI 3730XL (Applied Biosystems) 
automated sequencer following standard manufactur-
er’s protocols. 

Phylogenetic Analysis of mtDNA Sequences for Ge-
netic Diversity of the Species
BLAST (Basic Local Alignment Search Tool) of the 
sequences was done using BLASTIN 2.2.27 (Zang et 
al., 2000) and aligned by CLUSTAL W (Thompson 
et al., 1997) with default parameters and scrutinized 
and edited using MEGA 4 (Tamura et al., 2007).

The MEGA 4.1 data of the aligned sequences were 
exported to DnaSP v 5.0 (Librado and Rozas, 2009) 
and used to calculate DNA sequence polymorphism 
indices and generate the number of haplotypes, calcu-
late haplotype diversity (Hd) (Nei, 1987) and nucle-
otide diversity (pi) (Nei, 1987; Nei and Miller, 1990). 
Haplotype is the genetic constitution of an individual 
at a set of linked genes. Nucleotide diversity is a con-
cept in molecular genetics which is used to measure 
the degree of polymorphism within a population. This 
measure is defined as the average number of nucleotide 
differences per site between any two DNA sequences 
chosen randomly from the sample population, and is 
denoted by π (Nei and Li, 1979). Nucleotide diversity 
( Jukes and Cantor) is obtained using the Jukes and 
Cantor (1969) correction. The correction has been 
performed in each pairwise comparison; the Pi (p) es-
timates were obtained as the average of the values for 
all comparisons (Lynch and Crease, 1990). For each 
species in this study, haplotype diversity was estimat-
ed separately for each gene locus while the sequences 
for the two loci were later combined to obtain a com-
bined value which is a better estimate than a single 
locus estimate. Nucleotide diversity estimate followed 
the same pattern.

Results

BLAST of the Sequences 
Basic Local Alignment Search Tool (BLAST) of the 
database returned DNA sequences of related species 
for COII and CytB for the two species studied - G. p. 
palpalis and G. m. submorsitans with percentage iden-
tity ranging from 89-95%. No sequences of the two 
species for any of the two genes were found in the 
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GenBank implying that this is the first time that nu-
cleotide database deposits was made for these sequenc-
es. Results of random BLAST of the sequences with 
one another for each gene revealed 91-99% identity.

Table 2: Haplotype diversity for mtDNA for single and 
combined loci
Species /
mtDNA

No of
Sequences (N)

No of Hap-
lotypes (H)

Haplotype 
(gene) Di-
versity (Hd)

G. p. palpalis
COII 10 5 0.88
CytB 9 8 0.972 
CO II  + CytB 19 12 0.901
G.m. submorsitans
COII 8 3 0.464
Cyt B 9 3 0.417
CO II +  CytB 17 5 0. 684

DNA Polymorphism based on Mitochondrial DNA 
Diversity Indices
DnaSP was used to compute the number of haplo-
types and haplotype diversity, the results of which are 
presented in Table 2 (Column 3 and 4). The results for 
G. p. palpalis COII and CytB for single and combined 
loci for number of haplotypes and haplotype diversity 
are shown in the table. Similarly, the single and com-
bined results for G. m. submorsitans for COII and CytB 
for the species are shown. A combined gene locus 
(COII and CytB) was used to generate 12 haplotypes 
for G. p. palpalis and 5 haplotypes for G. m. submor-
sitans (Table 2 column 3) Haplotype diversity when 

combined for the two genes was 0.901 for G. p. palpalis 
and 0.684 for G. m. submorsitans (Table 2 column 4). 

Table 3: Nucleotide diversity for mtDNA for single and 
combined loci

Species
/mtDNA

No. of 
samples / 
sequences
N

Nucleotide 
Diversity
 Pi(π)

Nucleotide Di-
versity Jukes and 
Cantor, Pi ( π) 
( JC) (Corrected)

G. p. palpalis
COII 10 0.02982 0.03135
CytB 9 0.03659 0.03829
COII + CytB 19 0.24093 0.34935
G.m. submorsitans
COII 8 0.02918 0.03157
CytB 9 0.00299 0.00301
COII + Cyt B 17 0.24859 0.38109

Similarly, Nucleotide Diversity pi (π) and Nucleotide 
Diversity Jukes and Cantor, pi (π) ( JC) (Table 3 col-
umns 3 and 4) are shown for the two species as was 
done for haplotype diversity above. Nucleotide Diver-
sity Pi (π) indices when combined for the two gene 
loci gave 0.2409 for G. p. palpalis and 0.2489 for G. m. 
submorsitans. Both the Haplotype Diversity and Nu-
cleotide Diversity are often expressed in percentage 
by multiplying with 100.

Sequences were used for the computation of haplo-
types, haplotype diversity and nucleotide diversity and 
also used to construct neighbour joining trees (Figure 
3 and 4). The sequences were for G. p. palpalis COII (5) 

Figure 3: Neighbour joining tree based on sequences of three species’ COII. G. p. palpalis COII clustered differently from G. m. submorsitans 
COII and G. f. fuscipes. A few exceptions are P3a-NITR and P10a-NITR which are G. p. palpalis COII that clustered with G. m. submor-
sitans COII. Both G. p. palpalis and G. f. fuscipes COII (GU2967652 and EU559620) show a common ancestry as both are members of the 
morsitans species group. The scale bar indicates the number of nucleotide substitutions per site
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Figure 4: Neighbour joining tree based on sequences of four species’ CytB. G. p. palpalis CytB has a common ancestry with G. f. fuscipes CytB 
(EU562277 and EU562281) from GenBank as both are species of the palpalis species group. Members of each species also clustered more 
closely. G. morsitans (KC177594) from GenBank also showed a common ancestry with G. m. submorsitans which are species of the morsitans 
species group. The only exception was the P5b-NITR, a palpalis species member that clustered with the G. m. submorsitans. The scale bar in-
dicates the number of nucleotide per site

Table 4: mtDNA sequences obtained from this study
Isolate Species Gene Haplotype Accession 

No.
P1a-NITR 
P8a-NITR
P3a-NITR
P9a-NITR 
P10a-NITR

G. p. 
palpalis 

COII Haplotype 1
Haplotype 2
Haplotype 3
Haplotype 4
Haplotype 5

KJ013516 
KJ013518
KJ013517
KJ013519
KJ013520

P1b-NITR
P2b-NITR
P4b-NITR 
P5b-NITR 
P6b-NITR
P8b-NITR
P9b-NITR
P10b-NITR

G. p. 
palpalis

CytB Haplotype 1
Haplotype 2
Haplotype 3
Haplotype 4
Haplotype 5
Haplotype 6
Haplotype 7
Haplotype 8

KJ013521
KJ013522 
KJ013523
KJ013524
KJ013525
KJ013526
KJ013527
KJ013528

M1a-NITR 
M5a-NITR
M12a-NITR

G. m. 
submorsitans

COII Haplotype 1
Haplotype 2
Haplotype 3

KJ207383 
KJ207384
KJ207385

M9b-NITR
M5b-NITR
M3b-NITR

G. m. 
submorsitans

CytB Haplotype 1
Haplotype 2
Haplotype 3

KJ207386
KJ207387
KJ207388

and G. p. palpalis CytB (8); G. m. submorsitans COII 
(3) and G. m. submorsitans CytB (3), giving altogether 
19 sequences. The MEGA 4.1 Kimura’s two-param-
eter model was used to calculate the genetic distances 
between pairs of sequences and constructed a Neigh-
bour Joining trees (Saitou and Nei, 1987) using the 
Bootstrap Test of Phylogeny using other sequences 
from the GenBank. Neighbour joining tree was gen-

erated separately for the two genes (Figure 3 and 4). 
Though a bootstrap value of 70% is considered signif-
icant evidence for phylogenetic grouping (Hills and 
Bull, 1993), results of BLAST of the samples both 
with GenBank sequences and between the sample se-
quences to reveal their percentage identity was also 
considered in evaluating their level of relationship.

The mtDNA sequences of the flies were submitted 
at National Centre for Biotechnology Information 
(NCBI) (GenBank) database and Accession Num-
bers given to them as follows: G. p. palpalis COII 
KJ013516-20, G. p. palpalis CytB KJ013521-28 G. m. 
submorsitans COII KJ207383-5 and G. m. submorsi-
tans CytB KJ207386-8 (Table 4).

Discussion

The BLAST results gave good values of percentage 
identity between the sampled species and the species 
found in the GenBank (89-95%). BLAST results be-
tween members of the sample for each species for each 
gene (COII and CytB) gave 91-99%. It can be seen 
that the percentage similarity observed between the 
samples and the other species from databases is less 
than the percentage similarity observed between the 
samples and other species from databases is less that 
the percentage similarity observed between members 
of the studied samples. Genetic diversity informa-
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tion as seen in the haplotype and nucleotide diversi-
ty indices revealed whether a specie is differentiated 
(structured) or undifferentiated (unstructured) within 
a population.

Haplotype diversity and nucleotide diversity are im-
portant population genetics and evolutionary studies 
parameters. Number of haplotypes obtained based 
on single locus of COII and CytB as well as for the 
combined loci were higher for in G. p. palpalis com-
pared to G. m. submorsitans (Table 2). The haplotypes 
and nucleotide diversity indices generated were useful 
in further identifying and characterizing the species. 
The differences obtained for the two gene loci when 
used in combination and individually showed that a 
better resolution was obtained when the two genes 
were combined. A table of haplotype diversity and 
nucleotide diversity (of different mtDNA markers) 
that includes the two species in this study and other 
published Glossina taxa (Table 5) further support the 
result and showed they compare with similar studies 
and thus help to show their relevance. For instance, 
haplotype diversity of 0.901 for lab-reared G. p. pal-
palis obtained in this work compared well with 0.95 
for lab-reared G. f. fuscipes obtained by Krafsur et al. 
(2008) for the different mtDNA markers used in both 
studies. Both species are members of the palpalis spe-
cies group. Similarly, nucleotide diversity of 0.24093 
was obtained for lab-reared G. p. palpalis in our study 
while 0.012 was obtained for lab-reared G. f. fuscipes by 
Krafsur et al. (2008). In addition to specie differences, 
differences between the mtDNA markers employed 
for natural and laboratory environments may explain 
the differences observed between the species. Howev-
er, our findings are in agreement with that of Krafsur et 
al. (2008) between wild and captive species of Glossina.

A strong relationship exists between nucleotide di-
versity and evolutionary rate that is useful in Glossina 
epidemiology and eradication. The higher the nucle-
otide diversity the higher the evolutionary rate (Len-
ski, 2001). Evolutionary rate is a measurement of the 
rate of genotype change of species and organisms over 
a period of time. The changes of interest may be in 
the genome itself or in the phenotypic expression of 
underlying genetic events. Mutation and natural se-
lection are factors that account for differences in evo-
lutionary rate. Evolutionary rate is a factor in an indi-
vidual’s adaptation to its environment (Lenski, 2001). 
Evolutionary concepts have also been influencing the 
thinking in the health sciences (Ewald, 1983; Stearns, 
2008) leading to the field evolutionary epidemiology 
(Galvani, 2003). Examples of evolution in action in 
a medical setting are development of resistance fol-
lowing the use of drugs against pathogens (such as 
antimalarial) or resistance following the use of in-
secticides against disease vectors such as mosquitoes 
(Coleman and Hemingway, 2007). 

Phylogenetically, distinct species clustered differently 
for each of the species however, with a few exceptions 
suggesting its utility in differentiation. The three spe-
cies (palpalis, morsitans, and fusca) clustered separately 
i.e. for the COII gene, G. p. palpalis clustered more 
closely with G. f. fuscipes both of which belong to the 
palpalis species group while G. m. submorsitans which 
belong to the morsitans species group clustered sepa-
rately (Figure 3). Similarly, utilizing the CytB gene, 
G. p. palpalis clustered more closely with G. f. fuscipes 
both of which are also members of the palplis species 
group while G. morsitans and G. m. submorsitans clus-
tered more closely as both are members of the morsi-
tans species group (Figure 4).

Table 5: Comparison of the mtDNA diversity indices (haplotype diversity and nucleotide diversity) with other pub-
lished Glossina taxa 
Taxon No of 

Populations
Hd (mean 
pops Hd)

Nucleotide Diversity,  
pi (mean pops)

 mtDNA markers 
involved

References

G. f. fuscipes
(Lab reared) 1 0.95 0.012 COI, 16S2  (Krafsur et al, 2008)

G. f. fuscipes 3 0.84 0.009 COI, 16S2 (Krafsur et al, 2008)
G. pallidipes 20 0.63 - COII, 16S2, (Krafsur & Wohlford, 1999)
G.m. submorsitans 7 0.89 - 12S, 16S2 (Krafsur et al, 2000)
G.  f. fuscipes 10 0.74 0.0130 COII, CytB (Abila et al, 2008)
G. p. palpalis
(Lab reared) 1 0.901 0.24093 COII, CytB This study

G.m. submorsitans 
(Lab reared) 1 0.684 0.24859 COII, CytB This study
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Comparatively, gene sequence (and wing morphom-
etry) have been used to demonstrate tsetse fly species 
groupings (Patterson and Schofield, 2004). Howev-
er, the utility of gene sequences for tsetse fly species 
groupings and identification will continue to increase 
with increasing deposits in the in the GenBank. We 
therefore recommend that phylogenetic analysis be 
used to support conventional morphological tech-
nique in tsetse identification (Buxton, 1955; Pollock, 
1992). 

The importance of these mitochondrial DNA diversi-
ty indices are better appreciated in a study of the ge-
netic variation of a tsetse fly species involving different 
populations in different localities. It makes it possible 
to compare the structure of the populations and to 
evaluate if there is gene flow between the populations. 
It has been observed that the different populations of 
savannah species and forest species such as G. morsi-
tans tend to be substantially distinct in structure ap-
parently due to barriers brought by thick vegetation 
which isolates the populations (Ouma et al., 2006; 
Ouma et al., 2007). This suggests that there is wide 
genetic diversity between different populations for 
that species. On the other hand, the riverine species 
G. palpalis gambiensis found in West Africa are lesser 
structured thus showing lower levels of genetic dif-
ferentiation between populations (Solano et al., 2000; 
Bouyer et al., 2007). Together with G. p. palpalis these 
species live in the humid savannah vegetation and 
can easily disperse along the river banks through the 
savannah and forest vegetation. However, although a 
member of the G. palpalis species group which are riv-
erine in nature, both microsatellite and mtDNA data 
analyses revealed high levels of differentiation be-
tween the studied G. f. fuscipes populations in Uganda. 
This is because almost all pair-wise comparisons of 
Fst values were significant indicating some restriction 
in gene flow between populations. In this regard, the 
riverine G. f. fuscipes is more similar to the savannah 
species G. morsitans and G. pallidipes, by having patchy 
or isolated populations, than it is to the other riverine 
species G. p. gambiensis (Abila et al., 2008; Krafsur et 
al., 2008). 

A differentiated population based on a significant 
pair-wise comparison of Fst values between different 
field populations of any species would mean that there 
is restriction in gene flow between the populations of 
that species. Gene flow refers to the movement of in-
dividuals among populations. It is a collective term 

that includes all mechanisms resulting in the move-
ment of genes from one population to another. Gene 
flow generally occurs within species and can be due to 
migration of individuals or as a result of movement of 
extra-nuclear segments of DNA such as mitochon-
dria, plasmids and viruses (Slatkin, 1985). A review of 
the breeding structures of the principal trypanosome 
vectors - G. morsitans G. pallidipes, G. palpalis and G. 
f. fuscipes revealed that all showed highly structured 
populations among which there is little detectable 
gene flow (Krafsur, 2009). Tsetse fly population struc-
ture has implications for tsetse fly control because 
different genetic groups could display differences in 
infection rates and trypanosome identity. The popu-
lation indices are thus related to the tsetse fly species 
evolution, their adaptation to their environment and 
epidemiology of the diseases. In conclusion, the two 
species of tsetse fly from Nigeria are diverse and this 
diversity is more in morsitans compared to palpalis and 
can be utilized in specie differentiation. 
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