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Glossina morsitans (G. morsitans), commonly known as tsetse fly, have 

caused public health concerns throughout the years. G. morsitans is the 

vector for Trypanosoma brucei (T. brucei), the parasite responsible for 

causing the deadly African sleeping disease (African trypanosomiasis). 

Researchers have searched for ways to contain this disease, but to little 

avail. Fortunately, new advances in sequencing methods have given 

researchers a new opportunity to win the war against the disease. The 

whole-genome sequence of G. morsitans provides essential data 

regarding involved genes that transmits T. brucei to humans. Information 

about those unique genes facilitates researchers to create new methods 

to prevent G. morsitans from becoming the vector of T. brucei, enabling 

the containment of this disease. With this, we review the unique genes in 

the G. morsitans genome, such as those that contribute to blood-feeding 

ability, establish a relationship with symbionts, and G. morsitans unique 

sensory genes, with an expectation that it would enhance our knowledge 

of G. morsitans as the vector for parasites causing African 

trypanosomiasis.   

 
Introduction  

 
The tsetse fly (G. morsitans) is the 

vector of T. brucei, a parasite that causes 
human African trypanosomiasis (HAT). HAT 
can infect humans and animals, impacting 
the human population, livestock and food 
supply. As G. morsitans is endemic to sub-
Saharan Africa, around 70 million people in 
the region are at risk of contracting HAT.1 
Although treatments are available, they are 
relatively expensive and are not affordable 
for most people. Furthermore, there have 
been several reports of resistance to the 
available drugs, which calls out for a new 
drug development. At the moment, vaccine 
discovery is still an ongoing project.2  

A way to minimize the disease’s spread 
is by controlling the vector, G. morsitans. 
Whole-genome sequencing (WGS) of G. 

morsitans genome provides new ways to 
analyze its genetics and opens the door to 
many possibilities. Attardo and his team 
were ones of the pioneers who used WGS 
technology to sequence G. morsitans 
genome.  Attardo and his team WGS 
project resulted in 366 megabases of G. 
morsitans genome, in which there are 
12,308 predicted protein-encoding genes. 
The predicted protein accounts for 
properties such as a family of lactation-
specific proteins, reduced complements of 
host-pathogen recognition proteins, and 
genes that are responsible for blood-
feeding.1 Whole-genome sequencing of G. 
morsitans enables us to analyze the unique 
genes that distinguish this species with 
other flies, and how its role as T. brucei 
vector. The most notable genes are those 
related with its ability as a blood feeder, the 
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ability to enable a symbiotic relationship with 
pathogens, and unique sensory genes. That 
genetic information subsequently could be 
used, controlling G. morsitans population to 
tackle the HAT.  

Trypanosoma brucei, Glossina 
morsitans and the present situation  

HAT has caused unrest among sub-
Saharan Africans since its discovery in 1901 
due to the mortality it caused. Once 
transmitted by the vector G. morsitans, this 
parasite will enter the bloodstream of 
humans. As depicted in Figure 1, after two- 
or three weeks post-infection, the disease 
would progress into two clinical stages, i.e., 
the hemolymphatic and 
meningoencephalitis stages.3 The first 
stage, the hemolymphatic stage, begins 
after two or three weeks and can be 
diagnosed by the occurrence of fever 
episodes, liver problems, and a painful 
lymph node’s swelling. In this first stage, the 
parasite has successfully invaded the blood 
and the lymph fluid. However, this stage is 
often undiagnosed and untreated since 
people think of it as a simple fever. The 
second stage is the meningoencephalitis 
stage. The parasites had crossed the body's 
blood-brain barrier and invaded the central 
nervous system (CNS) and the 
cerebrospinal fluid. This second stage 
appears slowly, and ranges from months to 
years.  

 

Figure 1. Life cycle of T. brucei and stages of 
infection. Human stages depict the presence of 

Trypanosoma brucei in humans, while G. 
morsitans stages depict the presence of the 
parasite within the fly (Centers for Disease 

Control and Prevention, 2022). 

When T. brucei has successfully 
invaded the CNS, host immune responses 
will cause inflammation in the CNS. The 
inflammation would cause damage to the 
brain. In the terminal stage, patients will 
have dementia with incoherence and 
seizures due to the demyelination of the 
cells.5 The most common cause of death is 
due to heart failure, brain inflammation 
(encephalitis), as well as weight and muscle 
loss (cachexia).6 The term “sleeping 
disease” is derived from the fact that the 
parasite infects the hypothalamus that 
controls the circadian rhythm. Thus, an 
infection by the parasite will disturb the 
cycle.  

Until now, HAT has been managed by 
using active or passive detection and 
treatment programs.8 Healthcare workers 
conduct active detection to determine 
whether an individual contracts HAT by 
observing their symptoms and running 
relevant tests. Passive detection is done 
independently, where individuals decide 
whether or not they have contracted the 
disease by comparing their symptoms to the 
guidelines given by health institutions.7 
However, these methods are inefficient 
since the current diagnostic procedure used 
in active detection is costly. Moreover, the 
procedure used in passive detection is 
flawed due to the non-specific symptoms 
presented in the early stages of the 
disease.8  

Since a specific vaccine is still 
unavailable, a fast and accurate diagnosis 
will be necessary, as poor surveillance may 
result in a re-emerging epidemic.9 Scientists 
are currently developing new rapid 
serodiagnostic tests for HAT, with an 
expectation that those tests can be used in 
a particular region with a high risk of 
infection and thus, novel rapid 
serodiagnostic tests will give more 
countermeasures against HATin that area.10 
In parallel, controlling the vector would be 
crucial as G. morsitans is the sole vector of 
T. brucei. An ability to control G. morsitans 
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would significantly contribute to the 
eradication of HAT. Therefore, the following 
parts of this review are dedicated to better 
understand the vector. 

Blood feeding and nutrition uptake by G. 
morsitans 

G. morsitans are unique since they 
consume blood as their primary nutrient, 
despite coming from the Diptera order. 
Three genes, i.e., tsal, putative adenosine 
deaminases, and insect growth factors 
(ADGF)-related and aquaporin genes, play 
a crucial role in the blood-feeding 
characteristic of G. morsitans. When blood 
from another organism is transferred to 
another, the immune system will detect it as 
foreign, resulting in activation of the 
complement cascade and the formation of a 
blood clot.11 However, in G. morsitans case, 
blood is their meal, and they need to be able 
to access non-coagulated blood. Thus, a 
non-coagulation protein is required. This is 
where the tsal gene plays the role (tsal 
stands for “tsetse salivary”), in which there 
are three distinct contributing genes: tsaI1 
(GMOY012071), which encodes for tsal1 
protein, and tsal2a (GMOY012361), which 
encodes for tsal2a protein, and tsal2b 
(GMOY012360) which encodes for tsal2b 
protein.12 The functions of these genes were 
deducted through multiple sequence 
alignment by Caljon et al10.  

The tsal1, tsal2a and tsal2b genes from 
G.morsitans were compared to homologous 
genes annotated as putative salivary gland 
nucleases in Culex quinquefasciatus 
(southern house mosquito), Phlebotomus 
argentipes (sand flies) and Lutzomyia 
longipalpis (sand flies), as well as the 
Marsupenaeus japonicus shrimp 
hepatopancreatic nuclease and the Serratia 
marcescens nuclease. The analysis can be 
seen in Figure 2. The tsal gene family 
encodes high-affinity nucleic acid-binding 
proteins without strong endonuclease 
activity.13 One of the compounds in G. 
morsitans saliva is the product of the tsetse 
thrombin inhibitor (TTI) gene, which plays a 
huge role in anticoagulation and 
antithrombotic activity during blood feeding. 
Not only serves as an anticoagulant agent, 

but this inhibitor also inhibits thrombin-
induced platelet aggregation.14 Taken 
together, genes encoding for G. morsitans 
saliva are really essential. Without those 
genes, G. morsitans will not be able to feed 
blood and survive. 

 

Figure 2. Multiple sequence analysis of tsal genes 
with homologous genes (Franco et al., 2018). Three 
tsal genes of Glossina morsitans were compared to 

homologous genes from P. argentipes, L. longipalpis, 
C. quinquefasciatus and M. japonicus. The species 
names in red have a confirmed nuclease activity in 
their genes. The black box represents the putative 

nuclease active site region. The black highlight 
indicates amino acid similarity in all eight species.  
The purple highlight represents histidine residues 

that supposedly are important for nuclease catalytic 
activity. 

Other genes that enable blood-feeding 
are the uncharacterized adenosine 
deaminases insect growth factors (ADGFs)-
related gene and the aquaporin gene. The 
still-yet uncharacterized abundant salivary 
gland’s protein reduces inflammation 
caused by adenosine and inosine-induced 
mast cell activation. A mast cell is activated 
when an antigen is detected by IgE bound 
to FcϵRI on the mast cell surface.15 Blood 
contains a variety of antigens. There is a 
high possibility that one of those antigens 
will react with IgE and cause inflammation. 
Since inflammation is not desirable during 
feeding, the putative ADGF-related protein 
will suppress mast cell activation. Another 
essential gene during the blood-feeding by 
G. morsitans is the aquaporin gene. G. 
morsitans has ten aquaporin genes, in 
contrast to six and eight respective genes in 
mosquitoes and Drosophila sp., 
respectively. The presence of aquaporin 
genes ensures water homeostasis following 
the blood meal.1 This mechanism is vital 
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since the ingested blood is equivalent to the 
G. morsitans weight. Hence, excess water 
needs to be excreted quickly to reduce body 
density.1 

 

The relationship between G. morsitans 
and its symbionts  

One of the interesting features of G. 
morsitans biology is how symbionts (i.e., an 
organism living in symbiosis with another 
organism, such as gut microbiota and 
humans) reside and evade G. morsitans 
immune response. Some factors enable this 
phenomenon, comprising external factors, 
genetic factors, and the capability of 
pathogens themselves.16 Aside from hosting 
the T. brucei parasite, G. morsitans also 
hosts other symbionts, such as 
Wigglesworthia glossinidia, which lives 
intracellularly in the midgut and 
extracellularly in lumen milk gland, 
Wolbachia spp. which resides in gonadal 
tissues, Sodalis spp. which resides in 
digestive and reproductive organs, as well 
as the salivary gland hypertrophy virus 
which resides in the salivary glands.17 G. 
morsitans competence to act as a host for 
these symbionts depends on multiple 
factors such as age, sex, and overall health 
condition. A study was conducted to analyze 
G. morsitans capability to eliminate 
pathogen invasion to find whether tsetse 
has an inherited defective immune system 
or other factors at play.18 The experiment 
involved feeding Trypanosoma-infected 
blood to G. morsitans.  In an optimal 
condition, less than 50% of the lab-grown 
tsetse flies that had fed Trypanosoma-
infected blood became infected with T. 
brucei. This finding suggests that normal 
tsetse flies with adequate nutrition and 
environment can resist the parasite’s 
infection.  

 

Figure 3. Factors that affect T. brucei, G. morsitans, 
and human infections. The interaction between the 

parasite, the vector and human or animal host dictate 
the incidence rate of African trypanosomiasis. In 

addition, the environmental changes will influence 
this three-party interaction as well. 

However, the environmental condition 
in sub-Saharan Africa differs from the one in 
the lab. Global climate changes, such as 
changing temperature, rainfall patterns, 
urbanization, deforestation, grassland 
degradation, and overgrazing, will affect the 
infection rate.16 The summary of the factors 
that affect Trypanosoma infections can be 
seen in Figure 3. The geographical 
distribution of Trypanosoma reservoirs, 
nutritional behavior, and development of 
Trypanosoma will be affected. Thus, G. 
morsitans and humans will also be affected. 
It could be that deforestation and 
urbanization cause G. morsitans to lose 
their original habitat and therefore move into 
closer contact with human populations. 
Furthermore, the constant climate change 
activity may weaken the G. morsitans 
immune system and impede the infection 
containment. 
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Figure 4. List of peptidoglycan recognition proteins 
(pgrp) genes in Glossina sp. and Drosophila sp. and 
their respective functions. While Drosophila sp. has 
13 pgrp genes, Glossina sp. only has 6 pgrp genes. 

 

G. morsitans genetics also influences 
the immune response towards its 
symbionts. A reduced number of genes 
responsible for microbial detection will 
simultaneously lower the immune 
response.19 Genes responsible for microbial 
detection are crucial since they signal the 
body that there is a foreign invader that 
needs to be neutralized. Pathogen detection 
is a multistep process that requires contact 
between host (G. morsitans) pattern 
recognition receptors (PRRs) and 
pathogen-associated molecular patterns 
(PAMPs). Subsequently, a symbiont must 
be able to withstand the activity of various 
proteins, such as peptidoglycan (PGN) 
recognition proteins (PGRPs), antimicrobial 
effector peptides (AMPs) produced by 
immune deficiency (IMD) pathway, midgut 
lectins, and other proteins.1 Figure 4 
compares PGRP components between 
Drosophila and Glossina spp. Drosophila 
sp. has 13 PGRPs that play a role in 
peptidoglycan (PGN) recognition. While, G. 
morsitans only has six identified pgrp genes, 
four in the long subfamily (pgrp-la, -lb, -lc, 
and -ld) and two in the short subfamily (pgrp-
sa and -sb).1,15 Glossina morsitans lack 
several PGN receptors (pgrp-le, -lf, -sc, and 
-sd) found in Drosophila sp. PGN receptors 
are important in microbial detection since 
PGN is the essential component of the cell 
wall of most bacteria. The absence of PGN-
detecting genes causes insensitivity to 
pathogenic invasion. Hence, an attenuated 

immune response will be exhibited.1 
Therefore, this is the most probable cause 
of why symbionts can reside within the G. 
morsitans.  

In the case of infection by T. brucei, this 
parasite has evolved. It uses two 
mechanisms to escape from the G. 
morsitans immune system and 
simultaneously uses G. morsitans 
attenuated immune system to its 
advantage.9 First, T. brucei can evade the 
immune response by overcoming the 
complement system by recycling its variant 
surface glycoprotein (VSG). The classical 
complement pathway, activated by 
antibodies, can be overcome through a 
rapid VSG-recycling system that removes 
IgGs from its surface.20  

Secondly, T. brucei can suppress T-cell 
proliferation by eliciting suppressive 
macrophage by activating a parasite 
membrane protein, Trypanosoma 
Suppression Immunomodulating Factor 
(TSIF). As a result, the induced macrophage 
will produce nitric oxide and prostaglandins 
responsible for impairing T-cell proliferation 
during the early infection stage. These 
macrophages also have a reduced ability to 
activate specific T cells since macrophages' 
ability to present peptides via their MHC 
class II is diminished. Therefore, parasites 
are free to thrive.21 

 

Sensory genes of G.morsitans 

Population growth of G. morsitans 
needs to be controlled and reduced, if 
possible. One way is by using traps. 
Therefore, it is important to determine the 
traps that attract G. morsitans. Scientists 
currently use one unique feature of G. 
morsitans to lure them more easily to the 
traps, which is through their sensitivity to 
color.22 G. morsitans visual systems are 
similar to other calyptrate Diptera (e.g., 
house flies and blowflies), in which each 
ommatidium (a cluster of photoreceptors) 
consists of eight photoreceptors (R1 to R8). 
The Rh5 gene encodes those 
photoreceptors.1,23  
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Photoreceptors R1-R6 are similar 
across each ommatidium, as they are 
sensitive to ultraviolet (UV) and blue 
wavelengths. On the other hand, 
photoreceptors R7 and R8 are located at the 
center of each ommatidium. The R7 and R8 
have two forms: ‘y’ is sensitive to green-
yellow wavelengths and ‘p’ is sensitive to 
blue wavelength.19 While the R8y form is 
most sensitive to yellow-green wavelengths, 
the R7y form is most sensitive to UV 
wavelength since ‘y’ has an accessory 
sensitizing pigment sensitive to UV. The 
R8p form is most susceptible to blue 
wavelength, and R7p is most sensitive to 
lower UV lengths. Since tsetse flies are 
sensitive to those two types of color (green-
yellow or blue-UV), a study by Santer 
determined which color was preferred by G. 
morsitans.20 It was discovered that the blue 
wavelength was preferred over the green-
yellow wavelengths. Therefore, blue-
colored traps should be used since they will 
create a higher chance of catching G. 
morsitans in the environment.  

 

Conclusion   

WGS of G. morsitans are able to give 
us a better understanding of its role as the 
vector of T. brucei. Five essential genes 
drive G. morsitans to become a prime vector 
for T. brucei. The first three are the tsal, 
ADGF-related, and aquaporin genes. These 
unique genes are crucial for the growth and 
development of G. morsitans as a blood-
feeder and may be good candidates for 
vaccine targets. The next gene is the 
reduced pgrp genes which enable parasites 
and bacteria to evade G. morsitans immune 
response. The final gene is the Rh5 gene 
that causes G. morsitans to be sensitive to 
color. This finding is used to develop a 
control strategy to reduce G. morsitans 
population by setting up traps with blue 
color. In conclusion, the whole-genome 
analysis of G. morsitans facilitates a better 
understanding of G. morsitans behavior. 
This information could help to control and 
even prevent the spread of human African 
trypanosomiasis
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