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1.3.1 Chemotherapy

Few drugs are currently available for treatment of HAT and include pentamidine,
suramin, melarsoprol, eflornithine, nifurtimox and diminazene aceturate.
Pentamidine and suramin are used to treat the first stage of HAT, melarsoprol and
eflornithine are effective in treatment of second stage of HAT while nifurtimox and
diminazene aceturate are alternative drugs (Priotto et al., 2009). The actual mode of
action for these drugs is unknown and proposed mechanisms could involve
disruption of multiple cellular processes (e.g. binding to nucleic acid, disruption of
kinetoplast DNA, inhibition of RNA-editing and mRNA trans-splicing of
trypanosomes) and inhibition of numerous enzymes (Checchi et al,, 2007). AAT is
primarily controlled in sub-Saharan Africa by three trypanocides: isometamidium
chloride, homidium (bromide and chloride) and diminazene aceturate (Geerts et al.,
2001). Different treatment strategies are adopted for trypanocidal drug usage which
could be routine block treatments, strategic block treatments, monitoring and
treatment of infected animals or monitoring and treatment of clinical cases (Priotto
et al, 2007). The development of drug resistance (Geerts et al, 2001),
compounded by toxicity and high cost of available drugs necessitated the search for
improved chemotherapeutics. Treatment of sleeping sickness can be improved by
combination of nifurtimox and eflornithine (Priotto ef al., 2009) and it has been
demonstrated that Nifurtimox-Eflornithine Combination Therapy (NECT) is as

effective treatment of second stage of HAT patients (Chatelain and Ioset, 2009).






meat and milk productivity and unsuitability as draught animals (D’leteren ef al.,

1998).

1.3.4 Tsetse vector control

Different methods have been used to control tsetse fly with varying degrees of
success. These include discriminative bush clearing and destruction of wild hosts
(Rogers ef al., 1994), ground and aerial spraying with insecticides (Jordan, 1986),
application of sterile insect technique (SIT) (Bailey, 1998; Vreysen et al., 2000),
insecticide treated livestock (Barrett, 1997) and insecticide-treated targets
(Hargrove, 1980). Control of tsetse populations with insecticides proved to be
effective in many areas of Africa (Jordan, 1986). The success of this resulted from
rapid treatment of tsetse infested bush by ground and aerial spraying though
eradication was not achieved because of re-infestation of cleared areas, high costs
of spraying technology and there were also environmental objections about
widespread use of insecticides and spread of insecticide resistance (FAO, 1993;
Rogers et al., 1994). Sterile insect technique (SIT) was successfully used to
eradicate Glossina austeni Newstead from Zanzibar (Vreysen et al, 2000). A
number of SIT control programs have been undertaken in Africa (Cuisance et al.,
1984; Brandl, 1988;) with considerable efforts initiated to implement the SIT
program (Kabayo, 2002; Enserink, 2007). Though environmentally friendly, SIT is
the most expensive tsetse control method and also requires complex logistics. It

works best when preceded by initial suppression of tsetse populations by use of






























1990; Vogt et al., 1991a,b). GOBPs expressed in both male and female antennae
(Breer et al., 1990) and located in the sensilla basiconica (Laue ef al., 1994), are
more similar to each other (Pelosi and Maida, 1995) while PBPs are mainly
expressed in male antennae and located in the pheromone sensitive sensilla
(sensilla trichodea) (Raming et al., 1989). The distribution of OBPs in different
types of sensilla is related to the odorants detected and associated with distinct
classes of ORNs (Vogt ef al, 1991a). Both OBPs and PBPs are involved in
perireceptor events but differ in the molecules they bind with OBPs binding more
general odors while PBPs bind pheromones (Du and Prestwich, 1995). OBPs are
synthesized by accessory cells and secreted into sensillum lymph surrounding
dendrites projections of ORNs (Steinbrecht ef al., 1995). They are thought to bind
volatile hydrophobic odorants entering this fluid and transport them to membrane
bound odorant receptor (Or) located in the ORNs (Sandler et al., 2000). Insects
OBPs have been isolated from a variety of insect species including Antheraea
polyphemus (Raming et al., 1989), Antheraea pernyi (Breer et al., 1990), Heliothis
virescens (Krieger et al., 1993), Bombyx mori (Gong et al., 2009), Drosophila
melanogaster (McKenna et al., 1994; Pikielny et al., 1994; Kim and Smith, 2001),
Apis mellifera (Foret and Maleszka, 2006), Anopheles gambiae (Biessmann ef al.,
2002; Xu et al.,, 2003), Culex pipens quinquefasciatus (Pelletier and Leal, 2009),

Aedes aegypti (Zhou et al., 2008) and G. m. morsitans (Liu et al., 2010).

The discovery of great diversity of OBPs in insects suggests that these proteins

could ensure the molecular coding of odorants and be the first step in odorant
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Before insect Or genes were identified, it was proposed that GPCR-mediated
second messenger pathway was involved based on identification of phospholipase
C and inositol-1,4,5-trisphosphate (IP3;) (Krieger and Breer, 1999). Increase in IP3
concentration caused opening of IP;-dependent Ca®* channels in the outer dendrite
membrane, causing Ca’* influx in the cell. These inward currents form a receptor
potential that elicits a discharge of action potentials which travel down ORN axons
to antennal lobe where olfactory message is decoded (Krieger et al., 1997). Recent
studies provide evidence that insect Ors are ligand-gated non-specific cation
channels. Activation of G-protein by ligand-bound receptor stimulates adenyl
cyclase. This generates cAMP which binds intracellular side of CNG channel
causing an influx of Na* and Ca®, resulting in depolarizaton of ORNs (Wicher et
al., 2008). Divergent views also propose a model involving a ligand-gated ion
channel, formed by Or83b/Or complex, that is directly opened by binding of
odorants to cause influx of cations (Sato et al., 2008). These proposals provide new
insights on insects olfactory signal transduction mechanisms involving either ion or

ligand-gated channels.

1.8 Justification

Effective control of tsetse flies depends on different complementary approaches
that entails an integrated approach. Chemotherapy and tsetse vector control are the
most widely used methods despite limitations linked to development of resistance,
high costs and degradation to the environment. The use of Bacillus thuringiensis

(Bt) toxin genes has been successfully applied in crops as an alternative insecticide
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to control insect pests. However, Bt toxins mostly target lepidopteran pests and
there is need to develop strategies that reduce current reliance on insecticides to
control insect vectors. One potential approach is to interfere with the tsetse
olfactory system because of the vital role it performs in foraging for food, mates
and sites to deposit their larvae. Determining molecular and structural aspects of
olfactory proteins is an active area of research in insects chemical ecology as it
promises alternative approach to controlling insects by interfering with its ability to
find suitable mates and hosts through volatile chemical odors (semiochemicals).
Such olfactory based approaches have been applied successfully in ‘push-pull’
strategies with plants that produce repellents (push) and traps that are blended with
attractants (pull) to control insect pests. An alarm pheromone synthase gene from
aphid has also been cloned into Arabidopsis thaliana to produce plants that repelled
aphids and attracted beneficial insects. Thus, there is also need to develop
environmentally friendly control strategies for insect vectors of human and animal

diseases, such as mosquitoes, sand flies, horn flies and tsetse flies.

Tsetse flies use olfaction to find mates for reproduction and locate hosts for
nutrition by detecting volatile semiochemicals in their external environment. The
antennae is the main olfactory organ that allows odors to enter through pores and
are transported to the olfactory receptor neurons (ORNs) through the sensillum
lymph. A lot of research has been done to study insect olfaction system at the
molecular level to help identify olfactory proteins and functional components

involved in signal recognition and transduction mechanism. The main olfactory
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proteins include Odorant binding Proteins (OBPs), Pheromone Binding Proteins
(PBPs), Chemosensory proteins (CSPs), Odorant Degrading Enzymes (ODEs) and
Odorant receptors (Ors). It is important to undertake studies that will help identify
olfactory genes in different tsetse species and determine their functions as it will
contribute towards understanding the crucial role olfaction plays in tsetse chemical
ecology as well as genomic divergence that may underline behavioural and
physiological differences among the Glossina groups. Such information will be
useful in developing novel and innovative ways of controlling tsetse flies to

interfere with host interactions and mating behavior.

This study focussed on odorant binding proteins (OBPs) which are proposed to be
the first molecules involved in odor perception during perireceptor events. G.
pallidipes was selected because it is the principal vector of nagana and transmits 7.
congolense, T. vivax or T. brucei brucei. Moreover, its feeding patterns to preferred
and nonpreferred hosts has been documented with a range of attractants and
repellents already identified. The need to compare OBPs from riverine and
savannah tsetse vectors necessitated the inclusion of G. tachinoides and G. palpalis
gambiensis in this study. The latter two species are important riverine vectors of the
disease trypanasomiasis. Thus, the three selected species make a good set for
comparative studies because of the differences in their ecological habitats and host

animal preference.
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1982a). The G. pallidipes sampled (4500) were immediately preserved in
RNA/ater (Ambion Inc, Austin, TX) and transferred to the laboratory for analysis.
Glossina p. gambiensis and G. tachinoides adults were reared from 250 and 220
pupae respectively, and exposed to acetone and cow urine for ten (10) minutes, all
under standard laboratory conditions (temperature 25 + 1°C; relative humidity 75 +
10%; fed on sterilized pig blood after every 24 hours using an artificial membrane)
in the insectary at ICIPE (Moloo, 1971). The pupae were kindly donated by Dr.

Philippe Solano of Institut de Recherche pour le Développement (IRD), Bukina
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Figure 2.0 A map of Nguruman showing sampling sites (Dransfield et al., 1990)
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2.3.2.2 Glossina palpalis gambiensis clusters with matches to nonredundant
(NR), Conserved Domains (CDD) and Gene ontology (GO) databases

Four clusters from G. p. gambiensis (184, 204, 206 and 255) had significant
matches to olfactory proteins from Drosophila (Table 2.2). Cluster 195 had
homolog to transcription factor IIIB from Dictyostelium discoideum (Chung et al.,
2007). Its involvement in odorant/pheromone binding is based on GO annotation.
Altogether, twenty three (23) clusters were linked to energy metabolism while
transcriptional factors, cytoskeletal and transporters had 17, 11 and 23 clusters
respectively. Fifteen clusters were associated with signal transduction molecules
and ninety clusters annotated as proteins of various functions. The unknown and

hypothetical clusters had 29 and 92 clusters respectively (Appendix II).

Notably, 4 clusters were homologs to G. m. morsitans proteins with cluster 174
being related to G. m. morsitans imaginal disc growth factor 4 and encodes a gene
related to chitinase. Cluster 207 is similar to MnFe superoxide, cluster 221
represents G. m. morsitans homolog (Gmfb8) with unknown function and cluster
259 is homolog to G. m. morsitans ferritin. Among the signal transduction clusters,
two clusters are related to vision, one cluster to Homo sapiens G-Protein Coupled
Receptor (GPCR 52) and one arrestin. The percentage of clusters having signal
peptide and those without significant matches to NR protein database was 13.4%
and 4.9% respectively. Many high identities of species were of insects, few Ixodes
scapularis and other organisms which included mammals, plants, parasites and

nematodes.
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2.3.3 Molecular weights and Isoelectric points

The numbers of amino acids for putative Glossina OBPs are in the range of 103 to
210. Predicted molecular weights (MWs) also vary considerably between 11.9 kDa
to 25.1 kDa while pls reported are mainly alkaline implying that OBPs in Glossina

species are positively charged at physiological pH in the antennae (Table 2.3).

Table 2.3 Predicted Molecular weight and Isoelectric points for putative Glossina

OBPs

Putative Glossina Number of amino Molecular Weight Isoelectric point
OBP acids (kDa) (pD)
Gpacontig265 136 15.4 9.77
Gpacontig266 188 21.9 8.49
Gphcontig184 192 22.8 9.49
Gphcontig195 195 224 8.51
Gphcontig204 178 20.5 9.1
Gphcontig206 111 13.1 10.31
Gphcontig255 210 25.1 9.14
Gthcontig63 198 22.8 9.46
Gthcontigl51 126 15 927
Gthcontig219 103 11.9 9.43

kDa — Kilo Daltons; GpacontigXXX - Glossina pallidipes antennae contigs;
Gpheontig XXX - Glossina palpalis head contigs; GthcontigXXX - Glossina
tachinoides head contigs
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pernyi), OBP2 (Phyllopertha diversa), PBP (Bombyx mori), PBP (Heliothis
virescens), OBPASPS (Apis mellifera) and ABP8 (Manduca sexta). The CSPs used
in the alignment were from Heliothis virescens, Bombyx mori, Apis mellifera,
Microplitis mediator, Glossina morsitans morsitans, Tribolium castaneum, Aphis gossypii
putative, Sclerodermus guani, Spodoptera exigua, Plutella xylostella, Drosophila

melanogaster and Anopheles gambiae.

The alignment revealed that OBP sequences are diverse unlike the CSPs which are
more highly conserved at certain amino acid residues. They have four conserved
cysteines, three highly conserved aromatic residues, a lysine residue between
cysteines 3 and 4 and a glutamine residue at the fourth amino acid from cysteine 4.
The Glossina CSP ortholog (Gthcontig63) have the first, second and third aromatic

amino acids as phenylalanine, tryptophan and tyrosine respectively (Figure 2.6).

It was noted that Antennal-binding protein (ABP) from Manduca sexta also had
four conserved cysteines though at different positions from CSPs. The four cysteine
amino acids are in similar position with the other cysteines found in OBPs,

suggesting that ABP belongs to the OBP family.

48












2.3.5 Phylogenetic analysis of Putative Glossina OBPs

There is high bootstrap support for B. mori and H. virescens PBPs (100%), M.
domestica OBP3 and D. erecta OS-F (96%), H. virescens and A. pernyi, B. mori
GOBP2 (96%), Gpacontig266 and Gphcontigl84 (83%) (Figure 2.8). The weak
bootstrap values for M. sexta ABP8, Gpacontig265 and A. mellifera OBPASP5
could imply they are not related to the classical olfactory proteins (OBPs, PBPs and
GOBPs) while PBPs and GOBPs could be more similar than to GOBP1. The
clustering is supported by spacing pattern of the first conserved cysteines where it
is the same for PBP, GOBP1 and GOBP2; Gpacontig266, Gphcontig184, OBPs,
OS-E and OS-F and different for ABP8, Gpacontig265, OBPASPS5, Gthcontigl51
and Gthcontig219 (Figure 2.6). The phylogenetic tree in Figure 2.8 could indicate
the existence of different olfactory protein subfamilies and shows the relationship
between putative G. pallidipes OBPs (Gpacontig265; Gpacontig266), G. p.
gambiensis OBP (Gphcontigl84) and G. tachinoides OBPs (Gthcontigl51 and

Gthcontig219) with other insect’s OBPs downloaded from GenBank.

The sequence similarity tree in Figure 2.9 shows the relationships between G.
tachinoides CSP (Gthcontig63) with CSP1 from H. virescens, B. mori, A. mellifera,
M. mediator, G. m. morsitans, T. castaneum, A. gossypii, S. guani, S. exigua, P.
xylostella, D. melanogaster and A. gambiae. It is noted that the Glossina CSPs are

more similar than to other Insects CSPs. There is good bootstrap support for many
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terminal relationships with CSP1 from Insects of different orders randomly

distributed.

2.3.5 Phylogenetic analysis of Putative Glossina OBPs

There is high bootstrap support for B. mori and H. virescens PBPs (100%), M.
domestica OBP3 and D. erecta OS-F (96%), H. virescens and A. pernyi, B. mori
GOBP2 (96%), Gpacontig266 and Gphcontig184 (83%) (Figure 2.8). The weak
bootstrap values for M. sexta ABP8, Gpacontig265 and 4. mellifera OBPASP5
could imply they are not related to the classical olfactory proteins (OBPs, PBPs and
GOBPs) while PBPs and GOBPs could be more similar than to GOBP1. The
clustering is supported by spacing pattern of the first conserved cysteines where it
is the same for PBP, GOBP1 and GOBP2; Gpacontig266, Gphcontigl 84, OBPs,
OS-E and OS-F and different for ABP8, Gpacontig265, OBPASPS5, Gthcontigl51
and Gthcontig219 (Figure 2.6). The phylogenetic tree in Figure 2.8 could indicate
the existence of different olfactory protein subfamilies and shows the relationship
between putative G. pallidipes OBPs (Gpacontig265; Gpacontig266), G. p.
gambiensis OBP (Gphcontig184) and G. tachinoides OBPs (Gthcontigl51 and

Gthcontig219) with other insect’s OBPs downloaded from GenBank.

The sequence similarity tree in Figure 2.9 shows the relationships between G.
tachinoides CSP (Gthcontig63) with CSP1 from H. virescens, B. mori, A. mellifera,

M. mediator, G. m. morsitans, 1. castaneum, A. gossypii, S. guani, S. exigua, P.
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is available even though twenty two OBPs have also been identified in. G. m.
morsitans (Liu et al, 2010). Two putative Glossina OBPs (Gpacontig266 and
Gphcontig184) had the hallmark features of OBP protein family which includes a
signal peptide, a major hydrophobic domain and particularly the six conserved
cysteine residues. The other eight putative OBPs had neither signal peptide nor six
cysteines. Classification of these proteins as OBPs was based on significant
similarity to other OBPs from NR protein and GO database. The predicted amino
acids, MWs and pls for the tsetse OBPs are similar to those of other insects (Vogt,
2003). The predicted pls are mainly basic at physiological pH, unlike lepidopteran
OBPs found to be acidic (Horst et al., 2001; Lee et al, 2002) while dipteran is
between 4 and 10 (Kruse et al, 2003; Wogulis et al., 2006). The low sequence
similarity of OBPs within and across insect species is consistent suggesting that
insects OBPs are under strong adaptive selection (Vogt, 2005). Insect species are
numerous and occupy diverse biological niches. Over time they have evolved to
have different lifestyles and feeding ecologies where they encounter a wide range
of chemicals. In order to locate mates, nutrients, resting sites, oviposition and
larviposition sites, insects rely on their chemical senses, particularly gustatory and
olfactory. Hence, the great diverse OBPs play an important role in insect’s
behavioral ecology. The large number of OBPs found in different insects could
account for the wide range of chemicals each species detect in its environment (de
Bruyne and Baker, 2008). Alignment of the selected insect and putative Glossina
OBPs revealed a highly conserved region, LKCYMNC, around the second and

third conserved cysteine.
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The sequences were trimmed of primer and vector sequences, clustered using
StackPACK™ v2.2 (Miller er al, 1999), generating singletons (sequences not
included in any clusters) and contigs (consensus sequences containing two or more
sequences). For each organism, singletons and contigs were analysed identically,

thus were combined in a single set of sequences, referred hereafter as clusters.

3.2.2 Bioinformatics analyses of Glossina pallidipes antennal, Glossina palpalis
gambiensis head and Glossina tachinoides head ESTs against Glossina
morsitans morsitans Proteins

The resulting sequences were compared to the G. m. morsitans proteins available at
GeneDB (Hertz-Fowler et al., 2004) using wublastx (Gish and David, 1993). The
dataset (G. m. morsitans proteins) contains sequences derived from different tissues
and developmental stage specific libraries: head (2,700 ESTs), midgut (21,662
ESTs), reproductive organs (3,438 ESTs), salivary gland (27,426 ESTs), larvae
(2,304 ESTs), pupae (2,304 ESTs), fat body (20,257 ESTs), male and female whole
bodies (19,968 ESTs) (Hertz-Fowler ef al., 2004). StackPACK™ v2.2 was used in
clustering the ESTs since the G. m. morsitans ESTs derived from different libraries
had also been clustered using StackPACK software. G. m. morsitans sequences
which gave the best hits (E-value <0.0) were collected as putative orthologs and
grouped into eight different categories: odorant/pheromone binding, structural,
transport, signal transduction, nucleic acid metabolism, energy metabolism,

salivary gland and basic metabolism.
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3.2.3 Bioinformatics analyses of Glossina pallidipes antennal, Glossina palpalis
gambiensis head and Glossina tachinoides head ESTs against Selected Dipteran
Proteins

These sequences (from G. pallidipes antennae, G. tachinoides head and G. p.
gambiensis head) were then used to search phylogenetically related sequences
using blastx (Altschul et al, 1997) against the D. melanogaster (FlyBase5.13)
(Ensembl), An. gambiae (AgamP3.5), Ae. aegypti (Aaegl1.2) and C.
quinquefasciatus (CpipJ1.2) (VectorBase) protein databases (Lawson et al., 2009).
The sequences grouped as putative odorant/pheromone binding proteins from the
three Glossina species (G. pallidipes, G. tachinoides and G. p. gambiensis) and the
selected Dipteran species (G. m. morsitans, D. melanogaster, An. gambiae, Ae.
aegypti and C. quinquefasciatus) were aligned by ClustalW2 (Larkin et al., 2007).
The genetic distance was determined by phylogenetic analysis using PHYML
(Guindon and Gascuel, 2003) and the neighbour joining algorithm, maximum
likelihood model and WAG substitution matrix (Whelan and Goldman, 2001). The
consensus tree was generated based on 100 bootstrap replicates and viewed using

TreeDyn (Chevenet et al., 2006).

3.3 Results

3.3.1 Clustering of Glossina pallidipes antennal, Glossina palpalis gambiensis
head and Glossina tachinoides head ESTs

A total of 2863 ESTs were clustered by StackPACK™ v2.2 and generated 618

singletons and 45 contigs in G. pallidipes antennal library.
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Similarly, 387 singletons and 43 contigs were generated in G. p. gambiensis head
library while 404 singletons and 40 contigs were generated in the G. tachinoides
head library (Table 3.0). Singletons included sequences not found in any clusters
and contigs are consensus sequences containing two or more sequences. Singletons
and contigs are hereafter referred to as clusters, which could encode possible
transcripts. Compared with the clusters generated from cDNA Annotation Software
(CAS), StackPACK™ v2.2 software generated more singletons and contigs
resulting in a high number of sequences within the clusters. The singletons and
consensus/contigs generated by the two softwares (CAS and StackPACK™ v2.2)
included EST clones that could represent the same gene when compared with other

protein sequences in different databases.

Table 3.0. Summary of EST sequences and clusters generated from Glossina
pallidipes antennae, Glossina palpalis gambiensis head and Glossina tachinoides

head libraries

ESTs Singletons Contigs Total Sequences in

Clusters
G. pallidipes 1127 618 45 516
G. palpalis gambiensis 906 387 43 529
G. tachinoides 830 404 40 431
Total 2863 1409 128 1476

3.3.2 Categories of Glossina pallidipes antennal, Glossina palpalis gambiensis
head and Glossina tachinoides head clusters
In order to identify orthologs between the four Glossina species, the clusters

(singletons and contigs) were compared by wublastx (Gish and David, 1993) to the
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G. m. morsitans proteins from the GeneDB database (Hertz-Fowler et al., 2004).
This resulted in 120 (18.1%), 154 (35.8%) and 170 (38.3%) positive hits for the G.
pallidipes, G. p. gambiensis and G. tachinoides clusters respectively, which were
grouped into eight categories: odorant/pheromone binding, structural, transport,
signal transduction, nucleic acid metabolism, energy metabolism, salivary gland
and basic metabolism (Table 3.1). The majority of the clusters from G. pallidipes,
G. p. gambiensis and G. tachinoides (199 sequences in total) fall into the basic
metabolism category and included male-specific sperm, iron transport ferritin,
reproduction-associated vitellogenin, kinases and trypsin inhibitor Kunitz domain.
A total of eighty-one clusters were linked to salivary glands category. Other
categories identified included odorant/pheromone binding, signal transduction,
energy and nucleic acid metabolism with 8, 23, 54 and 44 clusters respectively.

Structural and transport categories each had 16 clusters.

Table 3.1. Number of clusters found in Glossina pallidipes antennae, Glossina

palpalis gambiensis head and Glossina tachinoides head

Number of Number of G. Number of G.
Category G. pallidipes  palpalis gambiensis tachinoides
clusters clusters clusters
Odorant/Pheromone Binding 2 5 1
Structural 5 6 5
Transport S 6 5
Signal transduction 8 6 9
Nucleic Acid Metabolism 8 15 21
Energy Metabolism 6 23 25
Salivary gland 29 26 26
Metabolism 57 64 78
Total 120 151 170
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Table 3.2 Olfactory related clusters from Glossina pallidipes antennae, Glossina
palpalis gambiensis and Glossina tachinoides head producing best matches to

Glossina morsitans morsitans protein GeneDB

Cluster Size Best GeneDB Match E-value
(bp)

gpacn30 771 29% to LAR-001B13.b PBP-related protein 5 precursor 0.00067

gpacn31 529 23% to cn15569 General odorant-binding protein 99a 0.994

gphen109 746 31%to LAR-001B13.b PBP-related protein 5 precursor 0.00064

gphfl-8a06.plk 488 26% to cn7404 General odorant-binding protein 99b precursor  0.99994
gphfl-5g01.plk 568 67% to cn14025 Odorant binding protein 1.1E-44
gphfl-8d10.plk 658 35% to cn15569 General odorant-binding protein 99a precursor 8.5E-22
gphfl-9d09.plk 58 40% to cn15569 General odorant-binding protein 99a precursor 0.997

gthfl-5d10.qlk 393 28% to cn15569 General odorant-binding protein 99a precursor 6.1E-07

gpacnxx — Glossina pallidipes antennae; gphen/gphflxxxx — Glossina p. gambiensis head,;
gthflxxxx — Glossina tachinoides head.

3.3.2.2 Glossina palpalis gambiensis clusters with matches to Glossina
morsitans morsitans protein database

Blast results for G. p. gambiensis (154 clusters) matches to G. m. morsitans protein
database are compiled as shown in Appendix V. Clusters cnl09 and gphfl-
5g01.plk had significant matches to PBP (31% similarity) and OBP (67%
similarity) respectively while clusters gphfl-8a06.plk, gphfl-8d10.p1k and gphfl-
9d09.p1k were all related to general odorant-binding proteins (GOBPs) with
percentage of identity ranging from 26% to 40% (Table 3.2). Twenty-three clusters

have significant indications of being involved in energy transduction processes
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while the nucleic acid metabolism category included fifteen clusters. Notably,
structural proteins, transport and signal transduction categories each had six
clusters. The structural proteins included actin, cuticle and histone while transport
category had acyl carrier proteins, ADP/ATP translocase, cation and tricarboxylate
transport protein. Most signal transduction clusters are involved in vision. Salivary
proteins category had 26 clusters and 64 clusters were attributed to basic

metabolism category.

3.3.2.3 Glossina tachinoides clusters with matches to Glossina morsitans
morsitans protein database

Significant matches reported for the 170 clusters from G. tachinoides were similar
to those of G. p. gambiensis (Appendix VI). Only one cluster (gthfl-5d10.q1k) was
related to GOBP with 28% identity (Table 3.2), while energy and nucleic acid
metabolism categories had 25 and 21 clusters respectively. Structural and transport
category each had 5 clusters with majority of structural clusters being adult cuticle
protein and one cluster (gthfl-4g01.qlk) had tubulin fragment which wasn’t
reported for G. palpalis gambiensis. The transport category had a GDP-fructose
transporter and sodium: neurotransmitter symporter which were also not identified
in G. p. gambiensis. Transcripts implicated in signal transduction were 9 while
salivary gland proteins constituted 26 clusters. Majority of the clusters (78)
represented various proteins involved in basic metabolic processes with cluster

cn65 having ejaculatory bulb-specific protein-3 (95% identity) as its ortholog.
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3.3.4 Identification of Putative OBP genes

A total of nine putative odorant-binding proteins (OBPs) and one chemosensory
protein (CSP) were identified in G. pallidipes (2 OBPs), G. p. gambiensis (5
OBPs), G. tachinoides (2 OBPs and 1 CSP) clusters by searches against G. m.
morsitans, D. melanogaster, An. gambiae, Ae. aegypti and C. quinquefasciatus
protein databases (Table 3.3). The two G. pallidipes OBPs (GpOBP1, GpOBP2)
and one of the G. p. gambiensis OBP (GpgOBPI) were most likely related to genes
encoding pheromone binding proteins (PBPs) in G. m. morsitans, D. melanogaster
and C. quinquefasciatus with percentage identity varying from 23% to 70.1%. The
four other G. p. gambiensis OBPs had different homologs, with GpgOBP2 having
no homolog in D. melanogaster and GpgOBP4 predicted to encode general odorant
binding protein (GOBP) (31.1% sequence identity) in C. quinquefasciatus.
Interestingly, GpgOBP3 had a match against GOBP (26% identity) in G. m.
morsitans and ubiquinol-cytochrome-c¢ reductase (63.6% identity) in D.
melanogaster, An. gambiae and Ae. aegypti while the homologous gene reported in
C. quinquefasciatus was a mitochondrial containing fragment having 55.7%
sequence identity. The other OBP gene (GpgOBP5) was similar to the G. m.
morsitans GmmOBP1 (40% identity), and had no match in Drosophila and
mosquitoes. The only CSP gene reported in this study was in G. tachinoides
(GtCSP); it had a high degree of similarity (95% identity) to the Ejaculatory Bulb
Serum Protein-3 (EBSP-3) in G. m. morsitans. It also matched a Pherokine-3
protein (49.2% identity) in D. melanogaster, the CSP1 protein (49.6% identity) in

C. quinquefasciatus, as well as the Olfactory Specific-D (OS-D)/PhBP protein
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Table 3.3 Putative Odorant Binding Proteins (OBPs) identified from Glossina pallidipes antennal, Glosinna tachinoides and Glossina palpalis
gambiensis head libraries

Cluster Size Best G. morsitans Match  Best D. melanogaster Match  Best An. gambiae Match Best Ae. aegypti Match  Best C. quinquefasciatus Match Signal

(aa) (Identities, £ value) (Identities, E value) (Identities, E value) (Identities, E value) (Identities, E value) Peptide
Gpacn30 (OBP1) 143 PBPRP-5(29%, 6.7e-4)  Pbprp-3 (70.1%, 8.e-41) OBP17 (51.7%, 2¢-037) OBP (48.2%, 3¢-36) OBP (48.3%, 2e-35) 1-11aa
Gpacn31 (OBP2) 98  GmmOBP1 (23%, 0.994)  Os-E (66.7%, 4.6¢-13) OBP17 (49.5%, 2e-20) OBP (43.8%, 3e-18) OBP/ PhBP (45.5%, 5¢-19) 1-16aa
Gphen109 (OBPI) 123 PBPRP-5 (31%, 6.4¢-4)  Os-E (63%, 5.1e-39) OBP17 (53.7%, le-34) OBP (52%, 1e-34) OBP/ PhBP (52%, 3e-34) 1-14aa
Gphfl-5g01.p1k (OBP2) 99  OBP (67%, 1.1e-44) No Hits OBP (32.6%, 1¢-8) OBP (28.3%, 2¢-7) OBP (29.3%, 5¢-9) 1-22aa
Gphfl-8a06.p1k (OBP3) 88  GOBP99b (26%, 0.994)  Ubg-cyt ¢ red (72.9%, 1.4¢-40) Ubg-cyt.c red (53.9%, 1e-20) Ubg-cyt.c red (64%, 4e-23) Mitochondrial (55.7%, 1e-22) ~ No Signal P
Gphfl-8d10.p1k (OBP4) 136 GmmOBP1 (35%, 8.5¢-22) OBP83g (61.4%, 3.4¢-65) OBP9 (32.4%, 2e-17) OBP 99¢ (31.6%, 4e-17)  GOBP (31.1%, 6e-17) 1-18aa
Gphfl-9d09.p1k (OBP5) 45 GmmOBPI (40%,0.997) No Hits No Hits No Hits No Hits NA
Gthcené5 (CSP) 123 EBSP-3 (95%,2.8¢-62)  Pherokine-3 (49.2%, 2e-37)  PBP/A10/0S-D (60%, 5e-41) OS-D/PhBP (61%, le-41) CSP 1 (49.6%, 8e-35) 1-18aza
Gthfl-5d10.q1k (OBP1) 77  GmmOBP1 (28%, 6.1¢-7) OBP83g (63.6%, 2.1e-18) OBP9 (28.6%, 0.002) OBP 99¢ (29.5%, 8¢-4)  GOBP 99a (27.3%, 0.002) No Signal P
Gthfl-8b10.plk (OBP2) 58  Tsall (45%, 0.74) No Hits OBP17 (42.6%, 9.0e-9) OBP 56a (41.4%, 2¢-8)  OBP/ PhBP (39.3%, le-7) 1-17aa

GpacnXX - Glossina pallidipes antennae cluster; GphenXXX - Glossina palpalis head cluster; GthenXX - Glossina tachinoides head cluster;
Gphf1-XXXX - Glossina palpalis head singleton; Gthfl-XXXX - Glossina tachinoides head singleton.
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classic OBPs and was found to be more expressed in the antennae of females than males G.
m. morsitans (Liu et al, 2010). Hence, the three OBPs (GpOBP1, GpOBP2 and
GpgOBP1) could be involved in mediating olfaction process in G. pallidipes and G. p.

gambiensis.

Both GpgOBP4 and GtOBP1 share a common ancestor with GmmOBP11 with the closest
D. melanogaster homolog being OBP83g (84% bootstrap support). The two proteins
(GmmOBP11 and DmelOBP83g) have been reported to play an important role in olfaction
(Liu et al.,, 2010; Graham and Davies, 2002; Hekmat-Scafe et al., 2002) and this could
implicate GpgOBP4 and GtOBP1 in odor binding suggesting occurrence of orthologs in
the different Glossina species. Clustering of D. melanogaster OS-E and Pbprp3 to
GmmOBP9 has also been reported and it was observed that GmmOBP9 is highly
expressed in antennae (Liu et al., 2010) while OS-E and Pbprp3 (OS-F) are normally co-
expressed with the D. melanogaster pheromone-binding protein LUSH in one neuron. The
clustering analysis shows that some of G. m. morsitans OBPs are more closely related:
GmmOBP13 and GmmOBP14 (30% bootstrap), GmmOBP15 and GmmOBP4 (47%
bootstrap), GmmOBP6 and GmmOBPS (45% bootstrap), GmmOBP22 and GmmOBP21
(68% bootstrap), GmmOBP3 and GmmOBP7 (37% bootstrap) (Figure 3.4). Interestingly,
GmmOBP1 has a strong bootstrap support with GmmOBP (100%) and was found to be the
only Glossina OBP that clustered with the three mosquitoes OBPs (AaegOBP99c,
AgamOBP9 and CquiOBP99a). GmmOBP1 has been implicated in blood feeding in

insects (Liu ef al,, 2010).
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Multiple sequence alignment of G. tachinoides CSP (GtCSP) with the identified orthologs
in D. melanogaster, An. gambiae, Ae. aegypti, C. p. quinquefasciatus and selected
homologous CSPs (Bombyx mori Chemosensory protein 4; Papilio xuthus Chemosensory
proteins; Tribolium castaneum Chemosensory protein 9; Heliothis virescens
Chemosensory protein 1; Mamestra brassicae Chemosensory protein; Schistocerca
gregaria Chemosensory protein; Locusta migratoria Chemosensory protein; Apis mellifera
Chemosensory protein 1; Anopheles gambiage Chemosensory protein 5 and Apis cerana
cerana Chemosensory protein), downloaded from GenBank revealed a highly conserved

class of olfactory proteins (Zhou et al., 2006).

The amino acid sequence of GtCSP was also consistent with the CSP family of other
insects in many features i.e. predicted size of 123 amino acids, signal peptide of about 18
amino acids (Table 3.3), four conserved cysteines, three highly conserved aromatic
residues, a lysine residue between cysteines 3 and 4 and a glutamine residue at the fourth
amino acid from cysteine 4 (Figure 3.2). The G. tachinoides CSP (GtCSP) have the first,
second and third aromatic amino acids as phenylalanine, tryptophan and tyrosine
respectively (Figure 3.2). The 4 conserved cysteines and the 3 conserved aromatic residues
are probably involved in formation of 2 disulfide bridges and in the binding sites

respectively (Angeli et al., 1999).
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There is good bootstrap support of 97% between GtCSP and GmmCSP3, identified to be
an ejaculatory bulb Serum protein 3 (EBSP-3) (Figure 3.5). High bootstrap values also
support other othologs which includes An. gambiae A10/0S-D and Ae. aegypti OS-
D/PhBP (92%), S. gregaria CSP-sg4 and 5 (93%), M. brassicae CSP and H. virescens
CSP1 (91%), An. gambiae CSP4 and GmmCSPS (97%) with Apis cerana cerana CSP
(92%). However, there was moderate support for the other possible orthologs e.g. C.
quinquefasciatus CSP1 and GmmCSP1 (50%), L. migratoria CSP and S. gregaria CSP-
sg4/S (58%), P. xuthus CSP8b and B. mori CSP4 (52%). Clustering of the CSPs indicates
that Dipteran (Culex, Glossina, Anopheles and Aedes), Orthoptera (L. migratoria and S.
gregaria), Lepidoptera (P. xuthus, M. brassicae, H. virescens and B. mori) and Coleoptera
(T. castaneum) could have diverged separately from Glossina (GmmCSP2, GmmCSP4 and

GmmCSP5), A. mellifera CSP1, An. gambiae CSP4 and CSP5, A. c. cerana CSP and D.

melanogaster Pherokine.
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3.4 Discussion

A total of ten putative olfactory proteins (9 OBPs and 1 CSP) were identified from
Glossina species, G. pallidipes, G. p. gambiensis and G. tachinoides, by comparison of
head and antennae EST libraries to G. m. morsitans, D. melanogaster, An. gambiae, Ae.
aegypti and C. quinquefasciatus protein databases. Analysis of the homologs revealed a
diverse set of genes implicated in different processes indicating the complexity of the
Glossina antennae and head. The putative OBPs identified in this work is small
comparable to the number identified in G. m. morsitans (Liu et al., 2010) and Apis
mellifera (Foret and Maleszka, 2006). Most studies have a repertoire of more than twice as
many OBP genes (Krieger ef al., 1993; Kim and Smith, 2001; Xu et al., 2003;). This may
be due to the short truncated sequences but it is most likely due to the small scale of the
EST project, compared to the various genomic studies on which some of the gene
discovery efforts are based (Ishida et al., 2004; Zhou et al, 2008; Gong et al., 2009;
Pelletier and Leal, 2009). It is very probable that more OBP and CSP genes are present in
the unsequenced fraction of the ESTs. Completion of the G. m. morsitans genome and

other species of tsetse flies may reveal more olfactory genes.

The characteristic features of the predicted OBPs (small size of about 120 amino acids,
conserved 6 cysteines, signal peptide) identified in G. pallidipes, G. p. gambiensis and G.
tachinoides, suggest that the OBPs are conserved across different Insect orders. Presence
of a signal peptide confirms that the OBPs are secretory, while the 6 cysteines ensures
formation of 3 disulfide bridges that enables the protein to fold into its 3-dimenstional

tertiary structure necessary for binding of odors (Sandler et al., 2000; Kruse et al., 2003;
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Wogulis ef al., 2006). The Insect OBP gene family is very large, quite diverse in sequence
and the different homologs identified from Dipteran species show that tsetse flies could
also be expressing different olfactory proteins which may play significant roles to adjust to
specific life cycle stages, adaptation to different habitats and response to various odors

emitted by hosts.

The PBPs, predominantly expressed in males (Raming et al., 1989) may be important in
response to female tsetse fly’s surface cuticular paraffins or synthetic 15,19-
dimethyltritriacontane that has been reported to evoke response in male G. m. morsitans to
elicit a mating response (Huyton ef al., 2008a,b). The OBPs/or GOBPs, expressed in both
male and female Insects (Breer et al., 1990; Vogt et al., 1991a) may participate in odor
induced host location in tsetse flies (Gikonyo et al, 2003; Saini and Hassanali, 2007;
Omolo et al., 2009). Both PBPs and OBPs are most probably involved in binding and
transport of hydrophobic pheromone/odors and delivery to odorant receptors (Ors) located
in the dendritic membrane of olfactory receptor neurons (ORNs) as proposed in Insects
olfaction models (Jacquin-Joly and Merlin, 2004; Rutzler and Zwiebel, 2005). Although
there are no experimental studies done to determine functions of Glossina OBPs, the non-
olfactory homologous genes reported in this work (ubiquinol-cytochrome-c reductase,
mitochondrial fragment and Tsall) may pinpoint that some Glossina OBPs could be
involved in functions not related to olfaction. Salivary odorant binding proteins have been
identified in salivary transcriptome of some insects (Ribeiro ef al., 2004; Kalume et al.,
2005) and their tertiary structure predicted (Paramasivan ef al., 2007). They belong to the

D7 family of proteins and are thought to play a role either in endogenous or housekeeping
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Pollock (1982), stored at -80°C and frozen in liquid nitrogen prior to use.

4.2.2 Screening for the putative OBP transcripts in G. pallidipes tissues

Total RNA was extracted from antennae, head (minus antennae), thorax and abdomen of
G. pallidipes (100 males and 100 females flies), using RNAgents Total RNA Isolation
System (Promega, Madison, WI), and treated with RNase-free Dnasel (Fermentas, Glen
Burnie, MD). Integrity of extracted RNA was validated by electrophoresis in 1.0% agarose
(Sigma — Aldrich Chemie, Gmbh) RNA denaturing gel in 0.3% agarose/ethidium bromide
(0.1 ug/ml) gel run at 60V for two hours. The yield and quality of RNA was determined
spectrophotometrically (Sambrook and Russell, 2001). The genomic DNA was extracted
from the legs of the tsetse fly by conventional phenol-chloroform DNA extraction method
and digested with RNAase A (Sambrook and Russell, 2001). The RNA was used for
cDNA synthesis and DNA extracted was used for detection of gDNA contamination in
each transcription product. Reverse transcriptions were conducted using RevertAid™ H
M-MuLV reverse transcriptase (Fermentas, Glen Burnie, MD). Oligod(T);s was used as
primer in the first strand cDNA synthesis in the reaction mix that consisted of 5X reaction
buffer, Spg total RNA, 2.5 uM oligo-dT, 20U/pl RNAse inhibitor, 500 uM dNTPs, 200
U/ul M-MuLV reverse transcriptase and H,0 in a total volume of 20 pl. This was incubated
at 65°C for 5 minutes to maximize primer-RNA template binding, reverse-transcribed at
42°C for 60 minutes and heat inactivation at 70°C for 5 minutes. Integrity of each cDNA
was validated through PCR amplification of G. m. morsitans GAPDH specific primers;
forward (5°-TAAAATGGGTGGATGGTGAGAGTC-3’) and reverse

(5’-CTACGATGAAATTAAGGCAAAAGT-3’) (product size 377bp) (Attardo et al., 2006).
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Standard PCR reactions were conducted with OBP specific primers as described by
Marone et al. (2001). Briefly, 1 ul cDNA products were amplified with 0.2 ul Phusion
DNA polymerase (0.02u/ul) (New England Biolabs, Ipswich, MA), 4 ul 5X Phusion GC
buffer, 0.5 ul DMSO, 0.5 ul dNTPs (10mM) and 13 ul PCR grade water, in the presence of
0.5 ul of each primer (10pmol). Reactions were carried out in 9800 Fast Thermal Cycler
(Applied Biosystems, Foster City, CA). Cycle conditions were as follows: initial
denaturation at 98°C for 1 minute; 33 cycles of 98°C for 1 minute, 55°C for 1 minutes,
72°C for 1 minutes; final extension at 72°C for 8 minutes. The primers (Table 4.0) were
manually designed for G. m. morsitans OBPs (Liu et al, 2010), G. pallidipes, G.
tachinoides and G. p. gambiensis OBPs, to span a predicted intron in the gene to exclude

contamination of cDNA with genomic DNA.

4.2.3 Sequencing and analysis of putative OBP transcripts in G. pallidipes tissues

The amplicons (5 ul) were run and visualized in 1% agarose gel (stained with ethidium
bromide (0.5pug/ml)), gel purified using QIAquick gel extraction kit (Qiagen Madison, WI)
and directly sequenced using ABI 3730 DNA sequencing system (Applied Biosystems,
Foster City, CA). Consensus sequences were generated by pairwise alignment of the
forward and reverse sequences using BioEdit software, (Hall, 1999) and function predicted
by searches against non-redundant GenBank protein (Wheeler et al, 2010) and GO
(Ashburner et al., 2000) databases using blast (Altschul ef al,, 1997). Similarities between
the protein sequences and selected homologs were estimated by multiple sequence
alignments using ClustalW2 software (Larkin er al, 2007). Where necessary, manual

adjustment was done to align the conserved cysteines in the alignments.
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Figure 4.1 Amplification of first strand cDNA synthesized from G. pallidipes male
(GpM) and female (GpF) antennae (A), head (H), thorax (T) and abdomen (Ab)
with GAPDH internal control primer of band size 377bp. 5ul of the PCR product
was resolved on a 1% agarose gel stained with ethidium bromide. M-1 kb ladder.

4.3.3 Amplification of First Strand cDNA with designed putative OBP primers
A set of nineteen primers (Table 4.0) were used to amplify G. pallidipes Male
(GpM) and Female (GpF) antennae (A), head (H), thorax (T) and abdomen (Ab).
No amplifications of either GpM or GpF tissues were reported for primers number
1 (Gpacontig265), 5 (Gthcontigl51), 9 (Gmm_cn15567), 11 (Gmm_cn15220), 13
(Gmm_cn15565), 15 (Gmm_GLAC953TV), 16 (Gmm_GLAERS58TV) and 18
(Gmm _cn13968). The primers, 8 (Gmm GLAAS20TVB) and 14
(Gmm_cn14014), amplified fragments localised to GpM thorax and abdomen while
primers 2 (Gpacontig266) and 4 (Gphcontigl84) amplified antennae of both GpF

and GpM. In general, the proportion of amplified fragments in antennae, head,

thorax and abdomen was similar in both GpF and GpM (Table 4.1).
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Table 4.1 Summary of amplified Glossina pallidipes body parts

GpF GpM

Primer Putative OBP A H T Ab Primer Putative OBP A H T Ab
No. Neo.

1 Gpacontig265 X X X X 1 Gpacontig265 X X X X
2 Gpacontig266 v X X X 2 Gpacontig266 v X X X
3 Gthcontig63 v X v X 3 Gthcontig63 v X VA
4 Gphcontig184 v X X X 4 Gphcontig184 v X X X
5 Gthcontig151 X X X X 5 Gthcontigl51 X X X X
6 Gmmcn7403 v oy NN 6 Gmm_cn7403 v X N N
7 Gmmen15569 v ¥ N X 7 Gmm_cn15569 v X NN
3 GmmGLAAS20TVB X X X X 8 Gmm_GLAAS20TVB X X V
9 Gmmcenl5567 X X X X 9 Gmm_cnl5567 X X X X
10 Gmmcn14707 v oA N A 10 Gmm_cn14707 v X N W
11 Gmmen15220 X X X X 11 Gmm_cn15220 X X X X
12 Gmmcen13435 X v ¥ X 12 Gmm_cn13435 v X N W
13 Gmmen15565 X X X X 13 Gmm_cn15565 X X X X
14 Gmmcn14014 X X X X 14 Gmm_cnl4014 X X V¥ X
15 GmmGLAC953TV X X X X 15 Gmm_GLAC953TV X X X X
16 GmmGLAERS8TV. X X X X 16 Gmm_GLAERS8TV X X X X
17 Gmmen15331 v 4 X X 17 Gmm_cn15331 v X NN
18 Gmmen13968 X X X X 18 Gmm_cnl13968 X X X X
19 Gthcontig219 v NN N 19 Gthcontig219 NN N

Glossina pallidipes Male (GpM) and Female (GpF) antennae (A), head (H), thorax
(T) and abdomen (Ab) amplified fragments with primers number 1 to 19. V-
represents amplification and X-represents No amplification.

Fifty (50) amplified fragments were resolved on a 1% agarose/ethidium bromide
(0.1ug/ml) gel along with 1 Kb+ ladder. Most of the amplified fragments were of

the size range between 250bp to 500bp (Figures 4.2 a, b and c).
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Table 4.2 Functional annotation of Consensus sequences against nonredundant and Gene Ontology database

Blastx match to
Consensus Size NR database Accession No Species E-value SignalP Best Matchto E-Value GO No Description
No. (bp) GO database
conl_P2 418 Os-E ref[NP_524242.2]  Drosophila melanogaster 6.0E-36 Yes Os-E 5.4E-36 0005549/ 0005550 MF odorant/pheromone binding
con2 P4 352  PBP- protein 3 ref]NP_524241.1  Drosophila melanogaster 4.0E-31 No Pbprp3 1.9E-31 0005549 MF odorant/pheromone binding
con3_P3 269 EBPIII refilNP_524966.1|  Drosophila melanogaster 6.0E-38 No EBP III 3.0E-37 0007552/0009615 BP metamorphosis/ response to virus
cond P3 301 EBPIII ref]NP_524966.1 Drosophila melanogaster 6.0E-38 No EBP III 3.0E-37 0007552/0009615 BP metamorphosis/ response to virus
con9 P6 416 Obp 99 gb|ABW78183.1|  Drosophila melanogaster 2.0E-29 NO Obp99b 3.2E-33 0005549 MF odorant binding
conl0 P6 418 Obp 99b gbl|ABW78183.1|  Drosophila melanogaster 4.0E-31 NO Obp99b 1.1E-34 0005549 MF odorant binding
conll_P6 487 Obp 99 gb|ABW78399.1|  Drosophila melanogaster 5.0E-31 Yes Obp99b 1.1IE-33 0005549 MF odorant binding
conl2 P6 414  Obp 99 gb|ABW78399.1|  Drosophila melanogaster 3.0E-35 NoO Obp99b 1.1E-34 0005549 MF odorant binding
conl3 P7 283 Obp4da refINP_610358.1]  Drosophila melanogaster 9.0E-24 NO Obp99b 3.4E-27 0005549 MF odorant binding
conl4 P7 282 Obpdda ref[NP_610358.1]  Drosophila melanogaster 9.0E-03 NO Obp44a 1.1IE-30 0005549 MF odorant binding
conl5 P7 291 Obpdda ref[NP_610358.1]  Drosophila melanogaster 7.0E-31 NoO Obp44a 8.3E-31 0005549 MF odorant binding
conl6 P10 273 Obp8a refNP_727322.1)  Drosophila melanogaster 3.0E-06 NO Obp8a 2.0E-09 0005549 MF odorant binding
conl7 P10 274 Obp8a ref[NP_727322.1  Drosophila melanogaster 3.0E-06 NO Obp8a 2.0E-08 0005549 MF odorant binding
conl8 P10 269 Obp8a ref[NP_727322.1f  Drosophila melanogaster 3.0E-06 NO Obp8a 2.0E-08 0005549 MEF odorant binding
conl9 P10 270 Obp8a ref]NP_727322.1|  Drosophila melanogaster 3.0E-06 NO Obp8a 2.0E-08 0005549 MF odorant binding
con20_ P12 424  Obp 99c gblABW78717.1]  Drosophila melanogaster 2.0E-43 NO Obp99c 1.3E-41 0005549 MF odorant binding
con2] P12 522  Obp 99¢ gbJABW78717.1]  Drosophila melanogaster 1.0E-43 Y€ Obp99c 1.0E-41 0005549 MF odorant binding
con24 P2 417 OsE ref[NP_524242.2|  Drosophila melanogaster 3.0E-35 Yes OS-E 2.3E-35 0005549 MEF odorant/pheromone binding
con25 P4 364 AF437884 1 OBP gb|AAL84179.1f  Anopheles gambiae 8.0E-32 No Pbprp3 9.0E-33 0005549 MF odorant/pheromone binding
con26 P6 439  Obp 99b gb|ABW78399.1|  Drosophila melanogaster 1.0E-36 NO Obp99b 5.7E-36 0005549 MF odorant binding
con27 P6 489  Obp 99b gbl/ABW78399.1|  Drosophila melanogaster 3.0E-30 Yes Obp99b 3.6E-30 0005549 MF odorant binding
con28 P6 488  Obp 99b gb|ABW78399.1]  Drosophila melanogaster 5.0E-03 No Obp99b 1.1E-33 0005549 MF odorant binding
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Table 4.2 Cont.

Consensus Size Blastx match to Accession No Species E-value SignalP Best Match to E-Value GO No Description

No. (bp) NR database GO database

con29 P3 298 EBPIII ref[NP_524966.1  Drosophila melanogaster ~6.0E-38 No EBP III 3.0E-37 0007552/0009615 BP metamorphosis/ response to virus
con30_P3 298 EBPIII ref[NP_524966.1]  Drosophila melanogaster ~ 6.0E-38 NO EBP III 3.0E-37 0007552/0009615 BP metamorphosis/ response to virus
con3l P3 302 EBPII ref[NP_524966.1]  Drosophila melanogaster ~ 3.0E-38 No EBP III 3.0E-37  0007552/0009615 BP metamorphosis/ response to virus
con36_P7 283 Obpdda ref[NP_610358.1)  Drosophila melanogaster ~ 2.0E-30 No Obpd4a 1.78-30 0005549 MF odorant binding

con37_P7 288 Obpdda reffNP_610358.1| Drosophila melanogaster ~ 2.0E-24 No Obp44a 8.2E-28 0005549 MF odorant binding

con38 P7 296 -Obpdda ref[NP_610358.1]  Drosophila melanogaster ~ 7.0E-31 No Obp44a 8.4E-31 0005549 MF odorant binding

con39 P8 519 Obp 83ef ref[NP_731042.1  Drosophila melanogaster ~ 1.0E-16 No Obp83ef 92E-24 0005549 MF odorant binding

cond0 P8 511 Obp83ef reflXP_001358932.2| Drosophila pseudoobscura 5.0E-21 NO Obp83ef 8.8E-25 0005549 MF odorant binding

con4l P10 268 Obp 8a ref[NP_727322.1|  Drosophila melanogaster ~ 3.0E-06 NO Obp8a 2.0E-08 0005549 MF odorant binding

cond2 P10 277 Obp8a refINP_727322.1)  Drosophila melanogaster ~ 3.0E-06 No Obp8a 2.0E-08 0005549 MF odorant binding

con43 P10 277 Obp8a ref[NP_727322.1)  Drosophila melanogaster ~ 7.0E-07 No Obp8a 5.9E-09 0005549 MF odorant binding

con 47 P14 437 Obp 19b refiNP_608391.2|  Drosophila melanogaster ~ 5.0E-26 No Obp19b 2.1E-26 0005549 MF odorant binding

con20 P12 — consensus sequence number 20 (derived from pair wise alignment of 20 P12F and 20 P12R) and amplified by primer number 12.
Os-E - Olfactory specific E; PBP/Pbprp3 - Pheromone binding protein; Obp - Odorant binding protein; EBP III - Ejaculatory Bulb Protein III; MF
— Molecular Function; BP — Biological Process
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The other olfactory proteins reported in D. melanogaster were pheromone binding
protein-related protein 3 and chemosensory protein homolog, ejaculatory bulb
protein III, reported to function in reproduction and humoral response (Ludwig et
al., 1991; Sabatier et al., 2003). It is similar to OBP in Mamestra brassicae in that
they can detect vaccenly acetate as a ligand and could represent orthologs that have
conserved function (Bohbot et al., 1998). Chemosensory proteins are small, highly
conserved soluble proteins expressed in the sensillium lymph (Leal er al., 1999;
Scaloni et al, 1999) and function as carriers binding a range of aliphatic
compounds, esters and pheromone blends (Nagnan-Le Meillour et al., 2000; Briand
et al, 2002). They have been identified in both chemosensory and non-
chemosensory tissues of different insects (McKenna et al, 1994; Maleszka and
Stange, 1997; Ozaki et al,, 2008), implying that they could also be involved in
functions other than olfaction. It is notable that only one CSP gene was identified in
this work. Small numbers of CSPs have also been identified in complete genomes
of D. melanogaster (4 CSPs), A. gambiae (7 CSPs), A. mellifera (6 CSPs) while a
large number were identified in Lepidoptera, Orthoptera and phytophagous insects
(Angeli et al., 1999; Robertson et al., 1999; Zhou et al., 2006). Identification of
OBPs and CSP in antennae, head, thorax and abdomen could imply other functions
of olfactory proteins in tsetse flies. Localisation of the olfactory proteins in
different body parts of male and female G. pallidipes need to be investigated

further to quantify their expression levels and determining their possible functions.

107



CHAPTER 5

5.0 GENERAL DISCUSSION AND FUTURE DIRECTIONS

This study reports the identification, characterization and tissue localisation of nine
(9) putative odorant binding proteins (OBPs) and one (1) chemosensory protein
(CSP) in the tsetse (Glossina pallidipes, Glossina palpalis gambiensis and Glossina
tachinoides). The different genes identified in the tsetse antennae and head suggests
occurance of many cellular and metabolic processes. Characterization of OBP and
CSP genes open avenues for further analysis to elucidate their functional role and
molecular basis of olfaction in tsetse flies that could be vital in determining the
vectorial capacity of different Glossina species in parasite transmission. The
discovery of orthologs in phylogenetically related dipteran species G. morsitans
morsitans (Liu et al, 2010), Drosophila melanogaster (Pikielny et al., 1994),
Anopheles gambiae (Xu et al., 2003), Aedes aegypti (Zhou et al., 2008) and Culex
quinquefasciatus (Pelletier and Leal, 2009) suggests that the OBPs and CSP
identified in G. pallidipes, G. p, gambiensis and G. tachinoides may be involved in
olfactory process. These results are consistent with other Expressed sequence tag
(EST) and genomic studies implicating OBPs and CSPs in olfaction. However, no
mutant tsetse flies defective for any OBP or CSP gene have been described, thus
the in vivo function of these proteins is unknown. Tsetse with mulfunctional OBP
or CSP genes can, however be produced and examined for behavioural response to

known attractants and repellents. Such studies have been done with Drosophila
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LUSH mutants, reported to be defective for pheromone evoked behavior (Kim and
Smith, 2001; Xu et al., 2005). This study also established that both OBPs and CSPs
are found in chemosensory (antennae) and non-chemosensory tissues (head, thorax
and abdomen). This could imply that they are also involved in functions not related
to olfaction. Identification of male specific G. m. morsitans OBP homologs in G.
pallidipes males calls for further investigation to ascertain their precise role as
previously identified OBPs in G. m. morsitans reported genes that were highly
transcribed in the female antennae. Localisation of OBPs and CSPs in G. pallidipes
males and females will be interesting to investigate further to determine their
expression profile within olfactory as well as other chemosensory organs. In
addition, ligand binding studies with already identified attractants and repellents
will generate more information on mechanism involved in odor-OBP/or CSP
interactions. Such information will accelerate discovery of new potent odors that
can be used to improve existing tsetse control methods (Omolo er al, 2009;
Rayaisse et al, 2010). These results can be used to study molecular basis of
olfaction in Glossina and help develop environmentally friendly control methods
based on odor behavior as have been used in 'push-pull’ pest control strategies with
recombinant aphid’s alarm pheromone synthase gene in Arabidopsis thaliana
(Beale et al., 2006). Thus, identification of Glossina OBPs provides alternative
targets that can be investigated to control tsetse as it may interfere with insect host

location and mating behavior (Zhou et al., 2010).
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APPENDICES

Appendix I - Functional annotation of cDNA clusters from Glossina pallidipes antennae library producing best hits to nonredundant (NR) protein database of
GenBank, gene ontology (GO) and conserved domains database (CDD) database

Cluster No. No of Match to NR DB Accession No E-Value Species Match Best Rpsblast to CDD DB E-value Match to GO DB E-Value GONo  SignalP
Odorant/ =

Pheromone Binding

265 1 Olfactory Specific F emb|CAE00444.1| 7.0E-18  Drosophila erecta Pfam PBP/GOBP family 0.029 pheromone binding 3.0E-18 0005550 No
266 2 AgamOBP1 gblAAO12081.1] 3.0E-30  Anopheles gambiae Pfam PBP/GOBP family 4.0E-19 pheromone binding 1.0E-30 0005550 Yes
Energy Metabolism

1 1 NADH DH subunit 4 reflYP_133766.1 0.11 Kog G protein-coupled receptors 0.68 No
20 1 NADH DH subunit 2 ref]NP_694903.1  0.027 Kog Predicted membrane protein 0.071 kinase activity 0.029 No
60 1 cytochrome b gblAAT99389.2] 0.074 Vasdavidius concursus Smart Cytochrome b-561 0.059 Yes
107 1 NADH DH subunit 2 refl[YP_271927.1 04 Kog UDP-galactose transporter 0.044 No
109 1 GA10478-PA gblEAL33178.1]  9.0E-76  Drosophila pseudoobscura Kog Cytochrome c oxidase 8.0E-61 cytoc-c oxidase activity 9.0E-76 No
148 1 NADH DH subunit 5 emb|CAI38858.1] 6.3 Kog Long chain fatty acid elongase 0.095 No
207 1 NADH DH subunit § gb|AAK21325.1] 5.0E-06 Chrysomya putoria Pfam NADH DH subunit 5 9.0E-08 No
234 1 NADH DH subunit 6 dbjiBAD90827.1 2.5 Kog Predicted DHHC-type Zn-finger 1.5 Yes
237 i cytochrome oxidase gb|AAR11468.1]  0.027 Hypoderma sinense Kog Voltage-gated Ca2+ channels 0.014 sleep 0.002 No
254 1 ENSANGP00000014099  gbl[EAA11886.2  4.0E-04 Kog Ca2+/Mg2+-permeable channels  0.002 NADH DH activity 3.0E-05 No
271 1 NADH DH subunit 2 reffNP_694903.1  0.076 Pfam Protein of unknown function 0.034 No
Transcription Factors

11 1 Smart DNA Topoisomerase [V 0.093 No
40 1 transcription initiation F reflXP_629530.1  0.025 Smart Ribonuclease Il family 0.28 Yes
44 i receptor-like pro kinase ref[INP_914396.1] 0.034 Oryza sativa Kog Translation initiation factor 3 0.11 Yes
48 1 SJCHGCO01957 protein gbl/AAX27763.1]  0.003 Schistosoma japonicum Smart Ribosomal protein L11/L.12 0.024 Yes
55 1 hypothetical protein reflXP 642344.1 0.027 Kog Alpha-1,2 glucosyltransferase 0.015 mRNA processing 0.052 Yes
90 1 Friedlin nascent p/peptide  emb|CAC22620.1 0.001 Kog Uncharacterized conserved pro 0.072 nucleic acid binding 5.0E-04 0003677 No
97 1 unknown gbl|AAX27955.1 1.0E-07  Schistosoma japonicum Kog Ribosome biogenesis protein 2.0E-05 snRNA binding 5.0E-05 0017069 No
104 1 TonB-dependent receptor ~ gb|AAZ44891.1 44 Kog RNA polymerase I 0.075 No
136 1 hybrid proline-rich protein  gb|AAA33132.1]  6.0E-05 Kog 5'-3' exonuclease HKE1 1.0E-04 DNA binding 3.0E-04 Yes
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Seqs
167 1 Smart tRNA-adenosine deaminase 0.091 No
289 1 Smart Histone 2A. 0.11 No
290 1 unnamed protein dbj|BAA97098.1] S.0E-06 Arabidopsis thaliana Kog Translation initiation factor 9.0E-04 embryonic/larval devmnt 2.0E-04 0003723 No
296 1 TFIID subunit reflXP_629530.1 34 Pfam Domain of unknown function 0.04 No
Cytoskeletal
8 1 TonB, C-terminal gblAAZ48780.1 0.004 Kog Histone H1 0.025  locomotory behavior 0.023 No
54 1 unnamed protein product  reflXP_503326.1 9.5 Smart bacterial histone like domain 0.054 No
69 1 guanylyl cyclase emb|CABS52252.1] 9 Tetrahymena pyriformis ~ Smart Ras-like GTPases 0.005 No
70 1 Serpentine Receptor gb|AAC25815.1 2 Smart LITAF 0.16 No
71 1 Smart Four-disulfide core domains 0.4 No
83 1 Nucleoporin Nup205 ref[XP_416176.1] 10 Gallus gallus Pfam BT family 0.15 No
108 1 Cleavage factor 6 gblAAQ97763.1 0.061 Smart Protein phosphatase 2A 0.078 No
116 1 Serpentine receptor reffNP_504379.1 29 Smart DNA polymerase type-B family 04 No
118 1 sperm autoantigenic protein gb|AAH75539.1 44 Kog RNA polymerase II complex 0.68 No
127 1 hypothetical protein emb|CAB96200.1] 4. 0E-07 Capsella rubella Pfam CAP protein 4.0E-04 eggshell formation 1.0E-06 0003779 No
130 1 Smart Histone 2A 1.8 No
131 1 Huntington disease gene reflXP_573634.1 4.0E-07 Rattus norvegicus Kog RhoA GTPase effector 0.003  spliceosome assembly 2.0E-08 0003676  No
168 1 expressed protein gblAAT85077.1] 6.0E-06 Oryza sativa Smart Cytochrome b-561 0.12 contractile ring formation 5.0E-06 0003779  No
178 1 SJCHGC09076 protein gb|AAW26562.1]  0.027 Schistosoma japonicum ~ Kog Uncharacterized conserved protein =~ 0.024  Maintenance of chromatin 0.088 No
Kog RNA polymerase II C-terminal
179 2 SJCHGC09076 protein gb|AAW26562.1| 8.0E-15 Schistosoma japonicum  domain 0.005 cartilage condensation 7.0E-04 0005201 No
187 1 hypothetical protein gb[EAA75452.1 2.0E-06 Kog WASP-interacting protein 4.0E-04 contractile ring formation 1.0E-06 0003779  No
202 1 unnamed protein emb|CAG02796.1| 9.0E-07  Tetraodon nigroviridis Pfam CAP protein 2.0E-04 axonogenesis 2.0E-05 0003779 No
210 1 Kog DHHC-type Zn-finger proteins 1.8 No
cytoskeletal protein
213 1 formin homology protein B  dbj|BAC16797.1] 7.0E-08  Dictyostelium discoideum Kog Adenylate cyclase-protein 0.01 binding 1.0E-06 0008092  No
structural cytoskeleton
215 1 Hypothetical protein emb|CAES8429.1] 1.0E-06 Caenorhabditis briggsae Kog WASP-interacting protein 7.0E-04 compt 3.0E-07 0005200 No
235 1 hypothetical protein gblAAU28478.1 0.51 Pfam Domain of unknown function 0.006  Microtubule complex 0.04 No
258 1 Smart Acidic/basic fibroblast factor 0.16 No
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s

3 1 Kog mannosyltransferase family 1.8 No
5 1 cytochrome b gbJAAB91353.1]  0.15 Dennyus d. distinctus Kog Nat+:Ca2+ antiporter 0.29 No
15 1 hypothetical protein reflXP_646009.1  0.018 Pfam 7TM chemoreceptor 022 No
22 1 Kog Ferric reductase 0.098 No
42 1 ADP/ATP translocase gb|AAF32322.1|  1.0E-58 Lucilia cuprina Kog Mith ADP/ATP carrier proteins 1.0E-47 ATP:ADP antiporter 3.0E-59 0015207 No
43 2 aspartic acid-rich protein ~ emb|CAA07355.1] 0.003 Plasmodium falciparum  Kog Secretory carrier membrane protein 1.1 No
49 1 SAM-methyltransferase emb|CAG21321.1 6.7 Kog Nuclear transport receptor 0.24 No
52 1 CcwC22 gbl]ABA27413.1]  0.37 Bigelowiella natans Smart Ras-like GTPases 0.22 No
56 1 unnamed protein product  dbj|BAC87585.1] 6.0E-07 Homo sapiens Pfam ATP synthase A chain 0.021 No
75 1 SJCHGC01957 protein gbl|AAX27763.1 4.0E-07 Schistosoma japonicum  Kog Ferric reductase-like proteins 0.001  odontogenesis 0.039 No
91 1 Smart rRNA adenine dimethyiases 1.6 No
92 1 phosphatase reflXP_728980.1] 0.016 Kog Na+/K+ ATPase 0.06 No
98 1 Kog CI- channel CLC-7 0.61 No
139 1 Kog LDL B-like protein 0.5 No
146 1 CG11739-PC, isoform C ~ gblAAL90157.1 8.0E-05 Pfam Tricarboxylate carrier 4.0E-07 tricarboxylate carrier 3.0E-06 No
152 1 variola B22R-like protein  reffNP_955149.1 7.3 Kog Cytochrome P450 03 No
166 1 unnamed protein dbjlBAC86300.1]  0.007 Homo sapiens Kog Ferric reductase-like proteins 0.43 No
208 1 earl protein-like dbj[BAD28171.1 2.7 Kog Ca2+/Mg2+-permeable channels 0.63 No
221 1 Zea mays permease 1 gb|AAB60909.1]  0.51 Arabidopsis thaliana Pfam Ribosomal prokaryotic protein 0.17 No
224 1 succinyl-CoA synthetase  ref[NP_700961.1 0.16 Kog Permease-major facilitator 0.048 No
260 1 hypothetical protein ref[NP_705155.1  0.002 Kog Protein transporter-TRAM 7.0E-04 K transporter activity 0.018 No
Signal transduction

6 i Unknown protein gblAAH96212.1] 6.0E-04  Homo sapiens Kog RhoA GTPase effector 1.0E-04 nucleic acid binding 2.0E-04 0003723 Yes
9 3 Salivary proline protein sp|P04280[PRP1 1.0E-16 Kog RhoA GTPase effector 8.0E-11 structural molecule activity 5.0E-18 0005201 No
10 1 unnamed protein product  emb|CAG02796.1] 9.0E-06 Tetraodon nigroviridis Kog RhoA GTPase effector 0.11 nucleic acid binding 6.0E-04 0003723 No
16 4 receptor type 1 gb|AAR12889.1] 82 Kog Signaling protein 1.7 No
24 1 CG3983-PB, isoform B reffINP_732199.2  9.0E-35 Kog GTPase 2.0E-24 hydrolase activity 5.0E-15 0003924 No
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36 1 similar to Nebulin reflXP_851603.1| 43 Canis familiaris Pfam Diaphanous GTPase-binding  0.17 No
41 1 Adenylate cyclase 8 ref[XP_418437.1 5 Gallus gallus Smart G protein alpha subunit 0.12 No
80 1 unknown gb|AAX27955.1} 1.0E-12 Schistosoma japonicum Kog RhoA GTPase effector 1.0E-06 ISGIS5 carrier activity 2.0E-05 0005522 No
85 3 pherophorin-dz! protein emb|CAD22154.1| 2.0E-62 Volvox nagariensis Kog RhoA GTPase effector 7.0E-39 dense fibrillar component  2.0E-37 0003723  No
93 1 Wiskott-Aldrich syndrome  reffNP_001001206.1 0.45 Kog Racl GTPase effector 0.063 No
138 1 Protein kinase refiZZP_00769315.1 2.0E-06 Kog RhoA GTPase effector 2.0E-07 transcription factor activity 7.0E-06 0003779  No
142 1 unnamed protein emb|CAGO8643.1| 1.0E-11 Tetraodon nigroviridis Kog RhoA GTPase effector 8.0E-09 ribonucleoprotein complex 1.0E-07 0003723  No
143 1 Hypothetical protein emb|CAE70686.1] 1.0E-08 Caenorhabditis briggsae ~ Kog RhoA GTPase effector 2.0E-09 collagen type V 1.0E-08 0003723 No
165 1 formin homology protein  dbj|BAC16796.1| 2.0E-06 Dictyostelium discoideum  Kog RhoA GTPase effector DIA 1.0E-07 4.0E-06 0003924 No
176 1 GA20725-PA gblEAL31318.1| 6.0E-10 Drosophila pseudoobscura Kog CDP-diacylglycerol synthase 9.0E-08 rhodopsin mediated signal 2.0E-11 No
177 1 NAD(+) synthase gb|ABA04487.1 0.4 Kog guanine/nucleotide exchange 0.93 No
182 2 mannose-6-phosphate gb|AAO34909.1 2.1 Kog Protein tyrosine phosphatase 0.059 No
189 1 formin gb[EAN92551.1 2.0E-07 Kog Wiskott Aldrich syndrome 0.005  GTPase regulator activity ~ 6.0E-07 0003676  No
195 1 Hypothetical protein emb|CAE69130.1)  3.0E-05 Caenorhabditis briggsae ~ Kog Adenylate cyclase protein 0.002  GTPase regulator activity ~ 5.0E-05 0008321  No
196 2 capsid associated protein ~ ref[NP_848457.1 1.0E-06 Pfam CAP protein 8.0E-05 GTPase regulator activity  3.0E-07 0008321  No
199 1 regulatory protein gb|AAA33306.1| 0.002  Emericella nidulans Kog RhoA GTPase effector 1.0E-04 actin filament bundle 0.002 0003676  No
200 1 diaphanous-related formin  refifXP_636106.1 3.0E-06 Kog RhoA GTPase effector 0.001  ISGIS5 carrier activity 6.0E-05 0005522 No
275 1 putative membrane protein ref]lYP_294122.1 1.0E-24 Kog RhoA GTPase effector 7.0E-19 dense fibrillar component  1.0E-16 0003723  No
276 1 putative membrane protein ref|YP_293961.1 7.0E-16 Kog RhoA GTPase effector 1.0E-17 Rac protein signal 3.0E-15 0003723 No
278 1 ferlin OHproline/rich emb|CAH97750.1 5.6 Smart G protein alpha subunit 0.027 No
287 1 glycoprotein emb|CAB62280.1|  1.0E-20 Volvox c. f. nagariensis Kog RhoA GTPase effector DIA 2.0E-20 N/A binding 4.0E-17 0003723 No
294 1 PELPI gblAAC17708.2| 2.0E-07 Homo sapiens Kog RhoA GTPase effector 3.0E-08 embryonic/ larval develop 2.0E-07 0003723  No
Protein Function

2 2 Smart Protein phosphatase 0.058 No
12 1 Smart c4 zinc finger 02 No
14 1 Smart Interleukin-7 0.92 No
37 1 Smart G protein alpha subunit 0.52 No
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57 1 hypothetical protein ref[NP_700707.1 2.0E-07 Pfam 7TM chemoreceptor 2.0E-05 ubiquitin-protein ligase 1.0E-04 0003677 No
61 1 Smart LITAF 0.24 No
62 2 SICHGCO01957 protein gb]AAX27763.1| 0.028  Schistosoma japonicum Pfam Geminivirus AL3 protein 0.087 No
68 1 SJICHGCO01957 protein gb|AAX27763.1] 2.0E-04 Schistosoma japonicum Kog Predicted RNA methylase 0.025 Yes
76 3 unknown gblAAX27955.1] 3.0E-21 Schistosoma japonicum Kog Ribosome biogenesis protein 4.0E-10 Ca'/K' channel activity 7.0E-10 0005267 No
87 i proenkephalin gblAAU95755.1| 0.1 Bombina orientalis Pfam Vert endogenous opioids 0.086  perception of pain 0.008 No
89 1 unknown gb|AAX27955.1] 5.0E-10 Schistosoma japonicum Kog Telomerase elongation inhibitor 6.0E-06 Embryonic morphogenesis 3.0E-04 0003702  No
95 1 GHO01724p ref]NP_610284.1 4.0E-35 Kog Protein tyrosine phosphatase 1.0E-35 Golgi biogenesis 7.0E-24 No
121 1 formin homology protein A dbj|BAC16796.1| 2.0E-07 Dictyostelium discoideum  Pfam CAP protein 7.0E-04 Lamellipodium / actin 2.0E-06 0003677 No
125 1 SJICHGCO01964 protein gblAAX24673.2| 0.008  Schistosoma japonicum Pfam Acyltransferase family 0.16 No
134 1 SPAPB15E9.02¢ ref[NP_001018275.1 0.015 Kog Molecular chaperone 0.008 No
141 1 Glycosy! transferase gb|ABB32237.1 9.7 Kog spliceosome subunit 0.44 No
144 1 TLL2 protein gb|AAH13871.1| 0.007  Homo sapiens Kog CBF1-interacting corepressor 0.098 No
145 1 Smart Glycosyl hydrolase family 10  0.69 No
155 1 super cysteine rich protein  gb|AAB05810.1| 1.0E-04 Homo sapiens Pfam Metallothionein 0.005 No
157 1 Secl4d containing protein  gb|EAK90545.1 9.5 Smart endonuclease II1 0.056 No
Pfam Arginine-tRNA-protein
158 1 SICHGCO01957 protein gblAAX27763.1| 022 Schistosoma japonicum transferase 0.031 No
162 1 Smart Glycosyl hydrolases family 32 2.1 No
163 1 unknown gb|AAX27911.1| 2.0E-06 Schistosoma japonicum Pfam DUP family 0.74 No
169 1 unknown gb|AAX27911.1| 2.0E-06 Schistosoma japonicum Kog CBF1-interacting corepressor 0.004  odontogenesis 0.03 No
170 1 Pfam Sre, C 0.29 No
175 1 Smart E3 ubiquitin-protein ligases 1.4 No
181 1 hypothetical protein gblAAH49534.1 3.0E-04 Smart LITAF 0.003  neurotransmitter secretion  0.008 No
183 1 ENSANGP00000025094  gb[EAA43936.2 3.0E-05 Kog finger-containing proteins 0.027 No
185 1 Smart Presenilin 0.04 No
Pfam  Acetyl co-enzyme

191 1 SJCHGCO01957 protein gb|AAX27763.1| 0.016  Schistosoma japonicum carboxylase 0.65 Yes
192 1 Kog Permease of the major facilitator 0.25 No
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203 1 Smart DNA binding domain-helix-turn 0.36 No
Kog  Chitin  synthase/hyaluronan
204 1 KIAA1657 protein dbj|BAB33327.1§ 0.009  Homo sapiens synthase 0.055 No
206 1 reverse transcriptase emb|CAI96711.1] 32 Aedes aegypti Pfam Tryptophan/tyrosine permease  0.46 No
209 1 TeC31.7 gb|AAC14069.1| 023 Trypanosoma cruzi Smart prohibitin homologues 0.14 No
212 1 Pfam Surfeit locus protein 2 0.18 No
Smart Tissue inhibitor-
222 1 ENSANGP00000016593 gblEAA00286.3 0.002 metalloproteinase 044 sulfate permease 1.0E-.04 No
223 1 Smart RIO-like kinase 0.48 No
225 1 phosphoribosyltransferase gb|AA035570.1 543 Smart GTPase-activator protein 0.15 No
228 1 Pfam Poxvirus P4B major core protein 0.16 No
231 1 similar to Furin precursor reflXP_850069.1] 1.5 Canis familiaris Smart Ly-6 antigen / uPA receptor 0.18 No
233 1 Pfam Envelope glycoprotein 0.33 No
239 1 Zgc: 55396 protein gblAAH71500.1| 0.003  Danio rerio Smart LITAF 0.042 Yes
241 1 WRKY11 gb|AAQ20911.1] 0.009  Oryza sativa Pfam Cytochrome C oxidase subunit II 0.12 No
242 1 putative chaperonin ref]lXP_730128.1 0.012 Smart basic region leucin zipper 0.019 No
244 1 Ubal gene product-related  refiXP_729708.1 0.006 Kog Putative receptor CCR1 0.024 No
250 1 putative chaperonin refiXP_730128.1 0.007 Pfam Borrelia ORF-A 4.0E-04 No
267 2 condensin component cnd2  pir[[T49494 0.88 Neurospora crassa Pfam Protein of unknown function 0.003 No
273 1 major surface glycoprotein ~ emb|CAC43461.1] 1.2 Prneumocystis carinii Pfam 4-OHphenylacetate 3-OHlase 0.17 No
277 1 similar to Torsin family 1 ref[NP_001034286.1 1.5 Pfam Rotavirus VP3 protein 0.055 No
279 i Smart Phosphoinositide 3-kinase 0.79 No
280 1 KIAA1657 protein dbj|BAB33327.1} 1.1 Homo sapiens Pfam Papillomavirus ES 0.025 No
288 1 Pfam SCAMP family 1.8 Yes
292 1 ClpC/MecB emb|CAD74986.1 33 Smart Low MW phosphatase family ~ 0.35 No
295 1 Smart bacterial periplasmic substrate  0.27 No
Unknown
7 1 unknown gb|AAX27955.1] 0.003  Schistosoma japonicum  Kog Actin filament-binding protein 0.17 Yes
13 1 Pfam Poxvirus serine/threonine 0.024 No
18 1 unnamed protein dbj|BAC86300.1] 0.025  Homo sapiens Kog Endocytosis/signaling protein 1.8 No
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23 1 unknown gb|AAX27911.1] 0.52 Schistosoma japonicum  Kog Cytochrome oxidase subunit III 0.3 No
29 2 putative chaperonin ref]XP_730128.1 0.07 Kog Uncharacterized conserved protein 0.097 No
29 2 putative chaperonin reflXP_730128.1 0.048 Smart hypothetical protein domain 0.19 No
31 1 putative chaperonin ref]lXP_730128.1 0.004 Pfam Domain of unknown function 0.006 No
39 1 Pfam Protein of unknown function 0.38 No
46 1 unknown gblAAX27911.1] 0.005  Schistosoma japonicum  Pfam LacY proton/sugar symporter 0.068 Yes
65 1 Kog Predicted membrane protein 0.59 No
66 1 unnamed protein reflXP_454192.1 0.095 Smart Ras-Guanine nucieotide factor 0.1 No
67 1 unnamed protein reflXP_502130.1 2.0E-06 Kog Ferric reductase 5.0E-04 No
72 1 unknown gblAAX27911.1] 0.083  Schistosoma japonicum  Kog Cytochrome P450 0.027 No
Kog Secretory carrier membrane
81 1 unknown gb|AAX27955.1] 0.008  Schistosoma japonicum  protein 0.56 Yes
99 1 unknown ref[NP_704103.1 0.012 Kog Ca2+/Mg2+-permeable channels  0.048 No
101 2 unnamed protein product  dbj|BAC87052.1| 0.002  Homo sapiens Smart Glycosyl hydrolases family 32 0.3 No
106 i unnamed protein dbj|BAC87430.1j 0.89 Homo sapiens Smart Syntaxin N-terminal domain 0.14 No
114 1 unnamed protein dbjiBAC87575.1} 0.004  Homo sapiens Smart Putative GTP-ase 0.013 No
115 1 unnamed protein ref[INP_059419.1 1.1 Pfam CHDS5-like protein 0.094 No
Pfam recA bacterial DNA recom

123 1 unnamed protein emb|CAG10585.1] 3.3 Tetraodon nigroviridis protein 0.13 No
124 1 Kog WDA40 repeat-containing protein  0.35 No
126 1 unnamed protein dbj|BAC86958.1| 0.11 Homo sapiens Kog Uncharacterized conserved protein 0.043 No
150 1 Kog Predicted membrane protein 1.9 No
151 1 predicted protein reflXP_366618.1| 1.3 Magnaporthe grisea Pfam Protein of unknown function 0.19 No
159 1 unnamed protein dbjiBAC87575.1| 5.0E-15 Homo sapiens Pfam Sre, C 0.007 No
160 1 unknown gb|AAX27955.1]  0.053  Schistosoma japonicum  Smart PRE_C2HC, PRE_C2H2 domain 0.28 No
171 1 SJICHGC09731 protein gbl|AAX31025.1| 33 Schistosoma japonicum  Pfam Uncharacterised protein family  0.14 No
172 1 Pfam Protein of unknown function L5 No
173 1 unknown gblAAX27911.1| 0.1 Schistosoma japonicum  Kog Endosomal membrane proteins  0.042 No
180 1 Pfam Uncharacterised protein family  0.28 Yes
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236 1 hypothetical protein gb/[EAN85835.1 0.028 Smart Presenilin 0.077 Yes
238 1 hypothetical protein ref{XP_644272.1 0.048 Kog RNA-directed RNA polymerase 047 Yes
240 1 hypothetical protein ref]XP_643556.1 0.009 Pfam 7TM chemoreceptor 0.06 No
243 1 hypothetical protein reflXP_638498.1 0.035 Kog CBF1-interacting corepressor 0.021 No
246 1 hypothetical protein reflXP_640040.1 0.046 Kog Predicted alpha/beta hydrolase 0.035 No
247 1 hypothetical protein reflXP_646009.1 0.016 Smart Formin Homology 2 Domain 0.014 Yes
248 1 hypothetical protein reflXP_635821.1 0.02 Pfam Rifin/stevor family 0.072 No
249 1 hypothetical protein gbJEAN93140.1 0.067 Pfam VpsS52 / Sac2 family 0.026 No
251 1 hypothetical protein reflXP_644272.1 2.0E-04 Homo sapiens Smart N-terminal to some SET domains 0.26 Yes
253 1 hypothetical protein refilNP_113368.1 33 Kog Uncharacterized conserved protein 0.27 No
255 1 hypothetical protein ref]lXP_645982.1 0.009 Kog Uncharacterized conserved protein 0.007 Yes
256 1 hypothetical protein gb|EAN86251.1 0.078 Kog Predicted RNA methylase 0.044 No
261 1 hypothetical protein gb|EAL87103.1 54 Smart Topoisomerasell 0.13 No
264 1 hypothetical protein emb|CAH86969.1 2.0E-10 Kog finger-containing proteins 0.003 No
269 1 hypothetical protein emb|CAH87320.1 44 Smart Galectin - galactose-binding lectin  0.22 No
270 1 hypothetical protein refilXP_666801.1 74 Kog Sodium/hydrogen exchanger protein ~ 0.56 No
282 1 hypothetical protein refiXP_644272.1 0.13 Pfam Cytidylyltransferase family 0.015 No
284 1 hypothetical protein reflXP_728229.1 03 Pfam Borrelia ORF-A 0.001 No
285 1 hypothetical protein reflNP_701842.1 43 Pfam Domain of unknown function 0.071 No
286 1 hypothetical protein gblEAN76693.1 1.5 Smart DSRM/ZnF_C2H2 domains 0.21 No
291 1 hypothetical protein refiXP_629925.1 5.6 Pfam Sre, C 0.029 No
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Odorant/Pheromone Binding
184 2 Olfactory Specific F ref]NP_524241.1| 5E-36  Drosophila melanogaster Smart Insect PBP/OBP domains 8E-18  pheromone binding 3.0E-37 0005550 Yes
195 1 transcription factor IIIB refiXP_640891.1| SE-05  Dictyostelium discoideum Smart Putative single-stranded NAs 0.077  pheromone binding 3.0E-04 0005550 No
204 1 CG11852-PA gb|AAMS50923.1| 2E-19  Drosophila melanogaster Pfam Odorant binding protein 2E-29 No
206 1 hypothetical protein emb{CAJ01441.1]  2E-09  Drosophila pseudoobscura Pfam Insect PBP-binding family 4E-09  pheromone binding 1.0E-09 0005549 No
255 1 GA16322-PA gb|EAL28074.1| 1E-45  Drosophila pseudoobscura Pfam PBP/GOBP family 2E-15  odorant binding 2.0E46 0005549 No
Energy Metabolism
15 2 mtAcyl carrier subunit 2 emb|CAA70290.1] 6E-18  Drosophila melanogaster Kog NADH-ubiqui oxidoreductase 1E-13 NADH DH activity 3.0E-19 Yes
21 1 mtAcyl carrier subunit 2 emb|CAA70290.1] 8E-50  Drosophila melanogaster Kog NADH-ubiqui oxidoreductase 2E-39 NADH DH activity 4.0E-51 No
32 2 NADH DH subunit 1 reflYP_245509.1] 2E-58  Haematobia irritans irritans Kog NADH DH subunit 1 1E-46 NADH DH activity 8.0E-51 Yes
33 2 NADH DH subunit 1 ref]YP_245509.1| 3E-64  Haematobia irritans irritans  Kog NADH DH subunit 1 3E-52 NADH DH activity 8.0E-57 No
34 4 cyt-c oxidase subunit ITI ref[NP_075453.1]  2E-88  Cochliomyia hominivorax Pfam Cyt-c oxidase subunit III SE-94  cyt-c oxidase activity 4.0E-87 No
35 2 cyt-c oxidase subunit ITI reffNP_075453.1]  2E-91  Cochliomyia hominivorax Pfam Cyt-c oxidase subunit III 1E-96  cyt-c oxidase activity 8.0E-92 Yes
46 1 cyt oxidase subunit 1 gblAAQ13680.1] SE-66  Drosophila wassermani Pfam Cyt-C oxidase subunit IT 4E-64  cyt-c oxidase activity 1.0E-63 No
47 2 Cyt oxidase subunit 2 gblAAX47684.1| 3E-69  Calliphora sternalis sternalis Pfam Cyt-C oxidase subunit I SE-64  cyt-c oxidase activity 7.0E-67 No
53 1 NADH subunit 2 ref[lNP_075448.1]  2E-43  Cochliomyia hominivorax Kog NADH DH subunits 3E-16 NADH DH activity 2.0E-36 No
54 1 NADH subunit 2 ref[INP_075448.1  2E-45  Cochliomyia hominivorax Kog NADH DH subunits 3E-17 NADH DH activity 2.0E-39 No
70 2 cyt ¢ oxidase p/peptide gblAAP88317.1| 4E-23  Drosophila simulans Pfam Cyt oxidase ¢ subunit VIII 0.014  cyt-c oxidase activity 2.0E-24 No
72 1 NADH DH subunit gblAAK21325.1| 2E-16  Chrysomya putoria Pfam NADH DH subunit § C-terminus 3E-17 NADH DH activity 8.0E-11 No
73 1 NADH DH subunit gb|AAL88695.1] 2E-04  Trichophthalma sp. Pfam NADH DH subunit 5 C-terminus ~ 0.0004  Actin depolymerization 1.0E-05 0005522 No
113 1 NADH DH subunit 5 ref]lYP_025917.1| 9.8 Xiphinema americanum Smart delta serrate ligand 0.47 No
166 2 cytc oxidase subunit I gblAAX35708.1] 2E-91  Drosophila ficusphila Pfam Cyt-C, Quinol oxidase p/peptide 6E-56  sleep 6.0E-92 No
177 1 NADH subunit 5 ref[NP_075455.1| 2E-57  Cochliomyia hominivorax Pfam NADH DH subunit 5 C-terminus 1E-45 NADH DH activity 9.0E-48 No
196 1 Cyt-c oxidase p/peptide Va gb|AAR30197.1{ 3E-55  Drosophila melanogaster Pfam Cyt ¢ oxidase subunit Va 4E-45  cyt-c oxidase activity 2.0E-56 0005489 No
212 1 GA18962-PA gb|EAL32669.1| TE-42  Drosophila pseudoobscura Pfam NADH-ubiqui oxidoreductase 5.0E-42 NADH DH activity 1.0E-42 No
228 1 1P05690p refiNP_724697.1| 3E-27  Drosophila melanogaster Kog Ubiquinol-Cyt ¢ reductase 9E-17  ubiquinol-cyt-c reductase 2.0E-28 No
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234 2 CG7216-PA gb|]AAM51018.1| 2E-22 Drosophila melanogaster ~ Kog Ultrahigh sulfur keratin 0.0002 structural constituent of cuticle 8.0E-24 0008012 Yes
243 2 RH70420p gblAAM29629.1| 1E-23 Drosophila melanogaster ~ Pfam Male specific sperm protein 0.0001 structural constituent of cuticle 3.0E-15 0008012 Yes
249 1 CG13042-PA gblAAY85051.1] 2E-26 Drosophila melanogaster ~ Pfam Drosophila Retinin like protein 1E-18  structural constituent of cuticle 2.0E-05 0005214 Yes
266 1 CG7178-PE, isoform E gb|AAMS52657.1| 2E-44 Drosophila melanogaster ~ Pfam Troponin 4E-13  troponin complex 2.0E-40 0003779 No
291 1 H313b protein gb|AAH88835.1| 4E-68 Mus musculus Kog Histones H3 and H4 1E-66  chromosome org & biogenesis 7.0E-69 0003677 No
Transporters
4 1 hypothetical protein emb|CAH87320.1| 2E-04 Plasmodium chabaudi Pfam Sugar transporter 0.035 kinase activity 0.086 No
38 1 hypothetical protein reflXP_678650.1) 2E-12 Plasmodium berghei Pfam Domain of unknown function 8E-06 nucleocytoplasmic transport 1.0OE-06 0003702 No
57 2, succinyl-CoA synthetase  reffNP_700961.1] 0.12 Plasmodium falciparum 3D7 Kog Voltage-gated Ca2+ channels 0.049 Yes
91 2 LD45288p emb|CAA20899.2| 1E-105  Drosophila melanogaster Pfam Synaptobrevin 3E-17 vesicle-mediated transport 1.0E-65 0005485 No
92 1 LD45288p embjCAA20899.2| 6E-58 Drosophila melanogaster Pfam Synaptobrevin 9E-17 vesicle-mediated transport 5.0E-33 0005485 No
93 1 Pfam LacY proton/sugar symporter 0.17 No
102 1 Substrate transporter reflZP_00845774.1] 1.5 Rhodopseudomonas palustris Smart Guanine nucleotide factor 0.071 Yes
119 1 putative chaperonin ref|(XP_730128.1| 0.004 Plasmodium yoelii yoelii Pfam HCO3- transporter family 0.006 Yes
126 1 SICHGCO01957 protein gblAAX27763.1| 0.005 Schistosoma japonicum Kog Predicted transporter 0.008 No
130 1 KogNa+:iodide/myo-inositol symporters ~ 0.21 No
154 1 K" voltage-gated channel  refiXP_692589.1| 1.5 Danio rerio Kog Voltage-gated K+ channel 12 No
155 1 K" voltage-gated channel  refiXP_692589.1| 9.8 Danio rerio Kog Putative RabS5-interacting protein 0.13 No
proton-transporting ATP
173 3 ATP synthase FO subunit 6 reflYP_133762.1| 8E-96 Dermatobia hominis Pfam ATP synthase A chain 3E-48 synthase 9.0E-95 0046933 No
176 1 CG6782-PA, isoform A gb|AAL29051.1| 3E-70 Drosophila melanogaster Kog Mit tricarboxylate carrier proteins 1E-53 mitochondrial citrate transport  7.0E-59 0015137 No
181 1 ADP/ATP translocase gb|AAF32322.1| 6E-66 Lucilia cuprina Pfam Mitochondrial carrier protein SE-15 ATP:ADP antiporter activity ~ 3.0E-66 0015207 No
191 1 ENSANGP00000011079  gblEAA05846.2| 1E-34 Anopheles gambiae str. PEST Pfam Mitochondrial ATP synthase 2E-22 proton transport 2.0E-34 No
192 1 CG8931-PA gblAAK92928.1| 7E-32 Drosophila melanogaster Pfam Mitochondrial carrier protein 3E-06 No
201 1 ABC cobalt transport system dbj|BAD04265.1| 0.28 Onion yellows phytoplasma  Pfam Srg, C 0.13 No
211 1 SD10334p gb]AAK93568.1| 9E-62 Drosophila melanogaster Kog Myosin assembly protein 6E-33 Mit outer membrane translocase 5.0E-63 No
214 1 CG18624-PA, isoform A ref]NP_727209.1| 6E-18 Drosophila melanogaster Kog Na+/K+ transporter 0.029 NADH dehydrogenase activity 3.0E-19 No
proton-transporting ATP
290 1 GA20881-PA gblEAL29617.1| 8E-94 Drosophila pseudoobscura  Kog Mitochondrial F1F0-ATP synthase 3E-67 synthase 3.0E-94 Yes
293 1 NodD emb|CAA88827.1] 0.23 Azorhizobium caulinodans  Kog Nat+/H+ antiporter 0.037 No
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52 1 hypothetical protein refiXP_640250.1 0.001  Dictyostelium discoideum Kog Cadherin EGF/LAG G-type receptor 0.084  spliceosome complex 0.022 No
55 1 SICHGC01974 protein gblAAW26857.1| 5E-10  Schistosoma japonicum Pfam Ferric reductase like transmembrane 0.034 No
58 1 putative Kazal-type serpin  gblAAL09362.1]  0.18 Trypanosoma cruzi Pfam Herpesvirus BMRF2 protein 0.36 No
59 1 diaphanous homologue reflXP_478998.1] 9E-06 Oryza sativa Pfam CAP protein 0.012  mitochondrion 2.0E-05 0008017 No
62 1 Similar- dispatched homolog reffXP_785823.1f 5SE-06  Strongylocentrotus purpuratus Smart LITAF 0.005  neurotransmitter secretion 5.0E-04 0003676 No
63 1 putative chaperonin reflXP_730128.1] 0.023  Plasmodium yoelii yoelii Pfam Envelope glycoprotein 0.028 No
64 1 mFLJ00419 protein dbj|BAD21439.1}  0.018  Mus musculus Pfam Atrophin-1 family 0.002 transcription corepressor activity 0.039 No
67 1 SJICHGCO01957 protein gblAAX27763.1| 0.026  Schistosoma japonicum Pfam Synapsin, N-terminal domain 0.11 Yes
76 1 GA22021-PA gb|EAL28728.1| 1E-32  Drosophila pseudoobscura Kog Translation initiation factor 3 5E-30 salivary giand cell death 3.0E-33 No
85 1 SJCHGC03138 protein gbjAAX25791.2] 0.19 Schistosoma japonicum Smart Presenilin 0.007  Ca' -activated K channel activity ~ 0.03 0005267 No
89 1 SJCHGCO01957 protein gblAAX27763.1 3E-16  Schistosoma japonicum Kog Telomerase elongation inhibitor 2E-08 embryonic development 2.0E-06 0003723 Yes
90 1 SJCHGCO01957 protein gblAAX27763.1] 0.51 Schistosoma japonicum Smart LITAF 0.15 No
94 1 Kog Predicted nucleolar protein 1.9 No
96 1 P0518C01.25 reffNP_914359.1] 0.06  Oryza sativa Kog P-type ATPase 0.064 No
100 1 Phosphoribosyitransferase  gblAA035570.1] 1.1 Clostridium tetani E88 Smart SprT homologues 027 No
methionine sulfoxide
106 1 reductase gbjAAV62883.1]  0.87 Streptococcus thermophilus Pfam Rft protein 0.12 No
117 1 SICHGCO01957 protein gblAAX27763.1] 1E-07  Schistosoma japonicum Pfam Sec-independent protein translocase 3E-06 Ca* -activated K* channel activity =~ 4.0E-04 0005267 Yes
121 1 SJCHGC01957 protein gblAAX27763.1] 0.002  Schistosoma japonicum Pfam TB2/DP1/HVA22 family 0.008 No
123 1 hybrid proline-rich protein  gb|AAA33132.1] 0.019  Unknown Smart STE like transcription factors 0.02 Yes
127 1 similar to FIP1 like 1 ref]lXP_690394.1] 2.1 Danio rerio Kog Cytochrome P450 0.19 No
Pfam  Diaphanous  GTPase-binding
128 1 similar to Nebulin ref[XP_851603.1] 43 Canis familiaris Domain 0.17 No
129 1 SICHGCO01957 protein gb|AAX27763.1f 0.013  Schistosoma japonicum Pfam FtsH Extracellular 0.11 Yes
131 1 Polyadenylate protein gb|EAL88129 | 5.6 Aspergillus fumigatus Af293 Pfam Prolipoprotein DAG transferase 0.38 No
134 1 CG9717-PA gb|AALA48537.1]  0.06 Drosophila melanogaster Smart Galanin 0.38 sulfate permease activity 0.002 No
135 1 SJICHGCO01957 protein gblAAX27763.1] 9E-05  Schistosoma japonicum Pfam YMF19 plant mitochondrial protein 0.13 No
139 1 LD31383p reffNP_572704.1f 0.006  Drosophila melanogaster Pfam Atrophin-1 family 0.0004 Rab guanyl-nucleotide factor 2.0E-04 0017112 No
143 1 3-hydroxyacyl-CoA DH gblEAM76027.1] 7.6 Kineococcus radiotolerans Pfam Cyt ¢ oxidase assembly protein 0.13 No
144 1 putative chaperonin reflXP_730128.1] 0.018  Plasmodium yoelii yoelii Pfam Domain of unknown function 026 Yes
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Hypothetical
9 1 hypothetical protein emb]CAE75230.1] 1E-24  Caenorhabditis briggsae ~ Pfam Sec-independent protein translocase ~ 2E-10  N/O-linked glycosylation 4.0E-13 0017069  Yes
10 1 hypothetical protein emb|CAE75230.1] 9E-25 Caenorhabditis briggsae ~ Pfam Sec-independent protein translocase ~ 2E-11  N/O-linked glycosylation 2.0E-12 0017069 No
19 25 hypothetical protein refflXP_642369.11 0.018  Dictyostelium discoideum  Pfam Borrelia ORF-A 0.001 No
23 1 hypothetical protein ref{XP_645055.1 2.2 Dictyostelium discoideum  Pfam Protein of unknown function 0.24 No
24 I hypothetical protein reflXP_646912.1 0.071  Dictyostelium discoideum  Pfam Protein of unknown function 0.27 No
28 1 hypothetical protein reflXP_729957.1] 74 Plasmodium yoelii yoelii ~ Smart Presenilin 1 No
36 1 hypothetical protein gblAAZ68053.1] 1.7 Ehrlichia canis str. Jake Pfam Mammalian taste receptor protein 0.01 No
43 1 hypothetical protein refilXP_644193.1] 0.05 Dictyostelium discoideum  Pfam Domain of unknown function 0.011  kinase activity 0.037 No
44 1 hypothetical protein reflXP_644272.1] 0.57 Dictyostelium discoideum  Pfam Uncharacterised protein family 0.14 No
45 1 hypothetical protein reflXP_642163.1] 0.078  Dictyostelium discoideum  Pfam Coronavirus nonstructural protein4  0.002 No
48 1 hypothetical protein reflXP_720764.1 4E-06 Candida albicans SC5314 Smart TLC/TRAM/LAG1/CLNS8 domains  8E-06 No
49 1 hypothetical protein reffXP_638906.1| 0.001  Dictyostelium discoideum  Pfam Sec-independent protein translocase =~ 2E-06  G-protein coupled receptor 0.005 No
50 1 hypothetical protein 4 pir{[E22845 2E-06  Trypanosoma brucei Pfam Domain of unknown function 5E-06 No
51 1 hypothetical protein 4 pir||E22845 0.052  Trypanosoma brucei Smart Presenilin 0.007 No
56 4 hypothetical protein refilXP_642527.1 0.52 Dictyostelium discoideum  Pfam Domain - MnhB of Na+/H+ antiporter 0.17 No
60 1 hypothetical protein reffINP_701006.1] 0.061  Plasmodium falciparum 3D7 Kog Uncharacterized membrane protein 0.054 No
65 1 hypothetical protein reffNP_197106.1| 0.051  Arabidopsis thaliana Pfam Atrophin-1 family 0.002 No
68 1 hypothetical protein reflXP_638495.1] 0.18 Dictyostelium discoideum  Pfam SCAMP family 0.027 No
69 1 hypothetical protein reffXP_643220.1| 0.018  Dictyostelium discoideum  Pfam YMF19 plant mitochondrial protein ~ 0.035 No
71 1 hypothetical protein reflXP_638906.1| 0.031  Dictyostelium discoideum  Kog Alpha-1,2 glucosyltransferase 0.042 No
77 1 hypothetical protein refflNP_700666.1| 0.027  Plasmodium falciparum 3D7 Pfam Domain of unknown function 0.006 No
78 1 hypothetical protein emb|CAC09395.1] 0.036  Neurospora crassa Smart Horizontally Transferred Domain 0.036 No
79 1 hypothetical protein gb|AANS7898.1]  0.52 Streptococcus mutans Smart Phosphoinositide 3-kinase 0.006 No
82 1 hypothetical protein ref]lXP_846856.1] 3.4 Trypanosoma brucei Kog Mannosyltransferase 0.19 No
88 1 hypothetical protein emb|CAJ04956.1| 0.0002 Leishmania major Pfam Domain of unknown function 0.001 No
84 ‘1 hypothetical protein ref[NP_704585.1] 0.51 Plasmodium falciparum 3D7 Pfam Domain of unknown function 0.044 No
86 1 hypothetical protein reflXP_641074.1|  0.0001 Dictyostelium discoideum  Pfam Sec-independent protein translocase ~ 0.0008  peptidyl-proline hydroxylation 0.023 No
99 1 hypothetical protein gblEAL87031.1]  0.002  Aspergillus fumigatus Af293 Smart Formin Homology 0.26 No
101 1 hypothetical protein reflXP_645982.1 9.1 Dictyostelium discoideum  Kog Secretory carrier membrane protein 0.001 No
104 1 hypothetical protein refiXP_646781.1] 0.042  Dictyostelium discoideum  Kog Predicted UDP-galactose transporter ~ 0.32 No
105 1 hypothetical protein reflXP_725254.1] 7.4 Plasmodium yoelii yoelii ~ Pfam Domain of unknown function 0.008 No
110 1  hypothetical protein reffXP_644272.1 0.0002 Dictyostelium discoideum  Smart Eukaryotic DNA topoisomerase II 0.04 No
111 1 hypothetical protein reflXP_640207.1 7.5 Dictyostelium discoideum  Pfam Pox virus E6 protein 0.077 No
112 1 hypothetical protein reflXP_644272.11 0.053  Dictyostelium discoideum  Kog Oxoprolinase 0.076 No
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Cluster No. No of Match to NR DB Accession No E-Value Species Match Best Rpsblast to CDD DB E-value Match to GO DB E-Value GO No SignalP
Seqs
257 1 hypothetical protein ref]XP_745683.1| 0.09 Plasmodium chabaudi Pfam Protein of unknown function 0.003 No
258 1 hypothetical protein reflNP_700669.1| 0.043 Plasmodium falciparum 3D7 Pfam V-type ATPase 02 No
263 1 hypothetical protein ref[NP_700669.1| 2.7 Plasmodium falciparum 3D7 Pfam Trehalose receptor 022 No
270 1 hypothetical protein ref]lXP_963466.1| 1.5 Smart Presenilin 0.12 No
272 1 hypothetical protein reflXP_643799.1| 3E-06 Dictyostelium discoideurn ~ Smart Presenilin 0.0002 odontogenesis 0.066 No
274 1 hypothetical protein gb|[EAN85835.1| 0.006 Trypanosoma cruzi Smart Presenilin 0.14 No
280 1 hypothetical protein emb|CAE76809.1] 1.6 Mycoplasma mycoides Pfam Protein of unknown function 0.004 No
283 1 hypothetical protein gb|EAN31130.1| 1.2 Theileria parva Pfam Disulfide bond formation protein 0.22 No
284 1 hypothetical protein reflXP_638906.1| 0.0001  Dictyostelium discoideum  Kog Secretory carrier membrane protein 0.008 No
285 1 hypothetical protein ref{XP_646009.1| 1.1 Dictyostelium discoideun  Pfam Fijivirus P9-2 protein 0.029 No
302 1 hypothetical protein reflXP_670767.1| 0.007 Plasmodium berghei strain Pfam 7TM chemoreceptor 0.008 No
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Appendix III - Functional annotation of cDNA clusters from Glossina tachinoides head library producing best hits to nonredundant (NR) protein database of GenBank,

gene ontology (GO) and conserved domains database (CDD) database

Cluster No of

No.  Seqs Match to NRDB Accession No E-Value Species Match Best Rpsblast to CDD DB E-value Match to GO DB E-Value GONo  SignalP
Odorant/Pheromone Binding

63 2 RH74005p gb|AAM29645.1] 1E-44  Drosophila melanogaster Pfam Insect pheromone-binding family 1E42  odorant binding 6E-46 0005549 No
151 1  odorant binding protein 83g gb| AAN13232.1} 9E-19  Drosophila melanogaster Smart Insect PBP/OBP domains 3E-10  odorant binding 4E-20 0005549 No
219 1 odorant binding protein 3 gb|AAV74624.1] 5E-07 Musca domestica Smart Insect PBP/OBP domains SE-08 pheromone binding 2E-08 0005550 No
Energy Metabolism

9 3 CG4412-PA ref[NP_477194.1) 2E-40  Drosophila melanogaster Kog Mitochondrial F1F0-ATP synthase 3E-33  proton-transporting ATP synthase ~ 1E-41 No
11 2 cytcoxidase polypeptide IV gb|AAP88303.1| 1E-71  Drosophila simulans Kog Cytochrome ¢ oxidase 3E-59  cyt-c oxidase activity 4E-72 Yes
32 2 LDI14731p gbl[EAL25276.1]  7E-19  Drosophila pseudoobscura  Pfam Cyt ¢ oxidase subunit Viic 7E-07  cyt-c oxidase activity 4E-20 No
33 2 ENSANGP00000010167 reflXP_625078.1] 4E-23  Apis mellifera Kog FOF1-type ATP synthase 3E-27 proton-transporting ATP synthase ~ 9E-24 0046933 No
35 5  cytochrome oxidase subunit3  reffYP 133763.1] 1E-108 Dermatobia hominis Pfam Cytochrome ¢ oxidase subunit III 1E-107 cytochrome-c oxidase activity 1E-109 No
36 6  cytochrome b gb|AAGO08980.1| 6E-93  Scathophaga obscura Pfam Cytochrome b(C-terminal)/b6/petD 6E-26  ubiquinol-cyt-c reductase activity ~ 2E-90 0005489 No
42 2 GAIl4437-PA gblEAL25670.1]  2E-41  Drosophila pseudoobscura  Pfam Cytochrome ¢ oxidase subunit VIa 8E-26  cytochrome-c oxidase activity 2E-42 Yes
44 3 cytochrome oxidase subunit2  gbl|AAX47696.1] 1E-100 Hemipyrellia fergusoni Kog Cytochrome c oxidase 7E93  cytochrome-c oxidase activity 1E-95 No
47 2 CG9Y603-PA refilNP_652184.2| SE-29  Drosophila melanogaster Pfam Cytochrome c oxidase subunit VIla ~ 3E-09  cytochrome-c oxidase activity 3E-30 Yes
65 1 ENSANGP00000017699 gblEAA13279.2| 2E-13  Anopheles gambiae str. Kog Ubiquinol cyt ¢ oxidoreductase 2E-13  spermatid cell development 6E-14 No
66 1 SICHGCO01957 protein gbl|AAX27763.1] 4E-10  Schistosoma japonicum Kog Ubiquinol cyt ¢ oxidoreductase 0.001 No
72 3 NADH dehydrogenase subunit gblAAK21326.1| 6E-61  Chrysomya putoria Kog NADH dehydrogenase 6E-43  NADH dehydrogenase activity 2E-56 No
76 2 GA14517-PA gblEAL26698.1|  2E-65  Drosophila pseudoobscura  Pfam ATP synthase subunit C 3E-21  hydrogen-exporting ATPase 4E-66 0008289 No
89 2 cytochrome oxidase subunit I ~ gb|AAF28303.1) 3E-36  Scathophaga tropicalis Pfam Cytochrome C 1E-05 No
96 1 ATP synthase A chain gb|AAV41426.1| 3E-12  Periplaneta americana Kog ATP synthase FO subunit 6 1E-04  hydrogen-exporting ATPase 2E-08 Yes
97 1 ATP synthase FO subunit 6 reflYP_133762.1] 1E-43  Dermatobia hominis Kog ATP synthase FO subunit 6 5E-30  hydrogen-exporting ATPase 5E-43 0046933 No
101 1 NADH subunit 5 ref[NP_075455.1| 1E-104 Cochliomyia hominivorax Pfam NADH DH subunit 5 2E-55 NADH dehydrogenase activity 4E-93 No
116 1 NADH dehydrogenase subunit reflYP_054477.1 74 Podura aquatica Pfam RofA transcriptional regulator 0.17 No
131 1 CG18624-PA, isoform A refINP_727209.1] 9E-17  Drosophila melanogaster Pfam Phosphatidylinositolglycan class N 0.009  NADH dehydrogenase activity 3E-18 No
135 1 IP05690p ref[NP_724697.1 2E-17  Drosophila melanogaster Pfam Ubiquinol-cytochrome C reductase 6E-12  ubiquinol-cytochrome-c reductase ~ 9E-19 No
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184 1 putative chaperonin reflXP_730128.1] 0.018  Plasmodium yoelii yoelii Kog Na+/H+ antiporter 0.086 Yes
228 i phosphatidylinositol 4-kinase refiNP_113372.1f 0.036  Guillardia theta Pfam Acyltransferase family 0.05 No
231 1 putative protein kinase reflXP_549827.1] 0.86 Oryza sativa Kog Na+-nucleoside cotransporter 5E-04 No
Signal
transduc
tion
) 1 RH28686p gblAAX33382.1| 4E-62  Drosophila melanogaster Kog Arrestin 2E-38  rhodopsin mediated signaling 2E-63 0016030 No
39 21 opsin Rhl gb|AAS888722] O Bactrocera dorsalis Kog G protein-coupled receptor 6E-25  phototransduction 0 No
46 8 arrestinl emb|CAAS55672.1| 1E-66  Calliphora vicina Kog Arrestin 3E-52  metarhodopsin inactivation 8E-65 0016030 No
93 1 formin binding protein 30 reflXP_230291.3| 0.021  Rattus norvegicus Kog RhoA GTPase effector 0.009 ligand-dependent nuclear receptor  0.003 0003704 No
hydroxyproline-rich
118 1 glycoprotein emb|CABG62280.1| 2E-22  Volvox carteri f nagariensis Pfam Formin Homology Region 1 2E-16  small GTPase regulator activity 2E-17 0003677 No
197 1 arrestinl emb|CAAS55672.1) 9E-80  Calliphora vicina Pfam Arrestin (or S-antigen) 4E-15 metarhodopsin inactivation SE-79 0016030 No
198 1 similar to Olfactory receptor  ref{XP_870536.1] 0.86 Bos taurus Smart TLC/TRAM/LAG1/CLNS domains  0.009 No
Protein Function
7 3 SJICHGCO01957 protein gb]AAX27763.1] 0.004  Schistosoma japonicum Smart LITAF 0.078 No
16 1 conserved protein refiXP_743082.1] 041 Plasmodium c. chabaudi Smart SERine Proteinase Inhibitors 0.37 No
17 1 putative chaperonin reflXP_730128.1] 0.079  Plasmodium yoelii yoelii Smart Olfactomedin-like domains 03 No
20 I aspartic acid-rich protein emb|CAA07355.1] 0.004  Plasmodium falciparum Smart LITAF 0.039 No
21 177  galactosidase a-polypeptide ~ gb|AAA84370.1]  0.0005 Pfam YMF19 plant mitochondrial protein ~ 0.12 No
22 8 putative chaperonin reflXP_730128.1| 0.011  Plasmodium yoelii yoelii Pfam YMF19 plant mitochondrial protein ~ 0.14 Yes
24 2 maturase-like protein emb|CAA10854.1] 0.44 Euglena spirogyra Pfam Riboflavin kinase (Flavokinase) 0.25 No
S-formyltetrahydrofolate cyclo-
26 2 CG11079-PA, isoform A refflNP_611785.1] 7E-18  Drosophila melanogaster Pfam Mitochondrial ATPase inhibitor 4E-16  ligase 4E-19 0004857 Yes
27 2 LD46083p gblAAL90297.1| 4E-38  Drosophila melanogaster Pfam Lyase 6E-20  fumarate hydratase activity 1E-39 Yes
28 1 SJICHGCO01957 protein gblAAX27763.1| 6E-07  Schistosoma japonicum Pfam Cytidylyltransferase family 4E-04  embryonic development 0.023 0003723 No
29 8 polyprotein emb|CAD34006.2) 3E-38  Deformed wing virus Pfam RNA dependent RNA polymerase 1E-27 No
37 1 CG7875-PA reflNP_476768.1| 2E-19  Drosophila melanogaster Kog Calreticulin 3E-04  caimodulin binding 1E-20 0005516 Yes
52 2 SJCHGCO01957 protein gb|AAX27763.1 0.017  Schistosoma japonicum Pfam Protein of unknown function 0.11 calcium channel activity 0.09 0005262 Yes
56 2 putative chaperonin reflXP_730128.1 0.014  Plasmodium yoelii yoelii Smart Domain in homologues of a S 0.024 No
74 1 CG3590-PA ref[INP_650586.2| 1E-67 _ Drosophila melanogaster Kog Adenylosuccinate lyase 4E-55  adenylosuccinate lyase activity 4E-68 No
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Seqs
53 2 hypothetical protein ref[NP_701936.1] 0.038  Plasmodium falciparum 3D7 Pfam Domain of unknown function 0.014 Yes
57 2 hypothetical protein reflXP_644272.1 0.0002 Dictyostelium discoideum Pfam Domain of unknown function 0.01 Yes
58 1 hypothetical protein reflXP_637301.1] 0.022  Dictyostelium discoideum Kog Ribosome biogenesis protein 0.48 No
59 2 hypothetical protein reflXP_643220.1 0.017  Dictyostelium discoideum Smart domain in FBox and BRCT 0.41 Yes
67 1 hypothetical protein refiNP_703519.1] 0.87 Plasmodium falciparum 3D7 Pfam Sre, C 0.026 No
68 2 hypothetical protein emb|CAD70304.1| 0.67 Neurospora crassa Pfam Glycine rich protein family 0.077 Yes
70 1 hypothetical protein embjCAE06957.1] 2.1 Synechococcus sp. WH 8102 Smart Ubiquitin-conjugating enzyme E2 0.039 No
71 1 hypothetical protein reflXP_638495.1] 0.001  Dictyostelium discoideum Pfam GtrA-like protein 0.019 No
78 1 hypothetical protein ref[NP_704964.1] 1.3 Plasmodium falciparum 3D7 Pfam Myelin proteolipid protein 0.16 Yes
79 1 hypothetical protein ref]lXP_726011.1 0.031  Plasmodium yoelii yoelii Pfam Protein of unknown function 0.012 No
81 1 hypothetical protein gb|EAA71490.1] 9.6 Gibberella zeae PH-1 Smart Protein phosphatase 2A homologues 0.3 No
84 1 hypothetical protein gb|EANSS5835.1]  0.007  Trypanosoma cruzi Kog CAATT-binding transcription factor 0.34 No
86 1 hypothetical protein gbl[EAN77150.1] 031 Trypanosoma brucei Smart LITAF 0.047 No
87 1 hypothetical protein reflXP_730830.1] 5.7 Plasmodium yoelii yoelii Kog Serine/threonine protein kinase 0.16 No
90 1 hypothetical protein gblEANS85835.1]  0.011  Trypanosoma cruzi Pfam Protein of unknown function 0.15 Yes
105 1 hypothetical protein refNP_473073.2| 0.037  Plasmodium falciparum 3D7 Kog Multitransmembrane protein 0.1 Yes
107 1 hypothetical protein ref]lXP_644272.1| 0.006  Dictyostelium discoideum Pfam Fibronectin-binding protein A 0.12 No
109 1 hypothetical protein ref]lXP_642253.1 0.81 Dictyostelium discoideum Pfam Protein of unknown function 0.44 No
112 1 hypothetical protein reffNP_700669.1] 0.093  Plasmodium falciparum 3D7 Pfam YMF19 plant mitochondrial protein ~ 0.026 Yes
113 1 hypothetical protein reflXP_636980.1| 0.046  Dictyostelium discoideum Pfam Accessory gene regulator B 0.014 No
122 1 hypothetical protein ref[NP_703849.1] 5.8 Plasmodium falciparum 3D7 Smart Histone 2A 0.4 No
126 1 hypothetical protein reflXP_646781.1] 2E-05  Dictyostelium discoideum Smart Presenilin 4E-05 No
130 1 hypothetical protein ref|[XP_643220.1] 0.009  Dictyostelium discoideum Smart Cysteine-rich domain - Drosophila ~ 0.097  integral to membrane Yes
134 1 hypothetical protein reflXP_756946.1] 3.3 Ustilago maydis 521 Smart RIO-like kinase 0.09 No
138 1 hypothetical protein ref]lXP_640658.1| 4.4 Dictyostelium discoideum Smart LITAF 0.009 No
141 1 hypothetical protein reflXP_642086.1| 0.041  Dictyostelium discoideum Smart Presenilin 0.002 Yes
142 1 hypothetical protein ref[XP_644272.1) 0.001  Dictyostelium discoideum Smart TLC/TRAM/LAGI1/CLNS domains  0.014 Yes
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cont.

Cluster Size Best GeneDB Match E-value |Cluster Size Best GeneDB Match E-value
(bp) (bp)

gpafl-5g10.plk 348 52% to GMsg-7068 putative TSC1 protein 0.22 gpafl-7e01.p1k 136 41% to cn3294 Acyl-coenzyme A oxidase 1, peroxisomal 0.96

gpafl-6a04.plk 114 50% to GMsg-13d02.qlk Tsall protein precursor 0997 igpafl-7e04.plk 528 6% to cn6762 Calpain B, Contains: Calpain B catalytic subunit 1 ]

gpafl-6£10.plk 56 50% to GMsg-2943 putative Diaphanous protein 0.29 gpafl-7e10.plk 105 53% to cn14858 Proteinase inhibitor I1, Kazal domain protein 0.997

gpafl-7a02.q1k 335 50% to GMsg-87c12.q1k Pleckstrin homology domain 0.97 gpafl-7f01.qlk 566 32% to cn6781 Metallothionein-1 (MT-1) 0.43

gpafl-7b07.qlk 85 42% to GMsg-36a05.q1k Tsall protein precursor 0.97 gpafl-8b01.qlk 135 41% to cn7946 Matrix metalloproteinase 1 0.93

gpafl-7d05.plk 439 42% to GMsg-9481 putative Histone H2B 0.23 gpafl-8c02.plk 125 36% to ¢nl12771 Mod (Mdg4)-h55.7 0.98

gpafl-7e12.qlk 295 48% to GMsg-96h03.q1k Dosage compensation regulator 0.59 gpafl-8g10.plk 393 58% to cn2171 5'-nucleotidase 0.0043

gpafl-7f02.qlk 61 100% to GMsg-1858 putative Diaphanous protein 0.84 gpafl-8¢05.p1k 477 33% to Gmm-10891 putative CORTACTIN 0.53

gpafl-8¢05.q1k 308 36% to GMsg-5145 putative Dnal-like protein 60 0.00093 |gpafl-9a03.qlk 143 38% to cnd721 Tetratricopeptide region domain containing protein ~ 0.996

gpafl-8¢10.plk 269 43% to GMsg-15f09.p1k Mitotic checkpoint/RNA export protein 0.26 epafl-9b01.qlk 279 42% to cn797 Ferritin light-chain 0.61

gpafl-9b12.qlk 146 23% to GMsg-6889 putative XL6 protein 0.994  |gpafl-9¢02.qlk 156 33% to PUF-105D09.b Alpha esterase 0.4

gpafl-9c02.plk 153 63% to GMsg-08a08.plk Gamma-tubulin complex component 3 0.8 gpafl-9e05.plk 622 29% to Gmm-10891 putative CORTACTIN 0.49

gpafl-9g03.q1k 112 57% to GMsg-95g09.plk Tsall protein precursor 0.991  |gpafl-9ell.qlk 110 66% to cn4317 Protein expanded 0.12

gpafl-2c05.plk 90 2% to Tse64g05.plc S-adenosylmethionine synthetase 4 0.75

gpafl-3b07.plk 108 62% to Tse91c02.q1c Retrotransposon hot spot protein, RHS3  0.996

gpafl-5e08.p1k 243 41% to Tse80e02.plc RINT1-like protein (DmRINT-1) 0.27

gpafl-7¢07.q1k 276 37% to Tsel29h11.qlc CG5427-PA 0.47

gpafl-7€02.q1k 233 38% to Tsell4gll.qlc MADF domain containing protein 0.6

gpafl-7f07.qlk 126 46% to Tse59c01.plc Leucine-rich repeat 0.72

cnxxx - Glossina pallidipes consensus sequences; gpafl-xxxx.plk — Glossina pallidipes singleton
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Cluster Size Best GeneDB Match E-value |Cluster Size Best GeneDB Match E-value
(bp) (bp)
gphfl-8e04.qlk 116 75% to cn5236 NADH-ubiquinone oxidoreductase chain 5 9.9E-01 |gphfl-2g01.plk 390 37% to cn950 ATP-dependent RNA helicase p62 9.93E-01
90% to cn9962 NADH dehydrogenase [ubiquinone] iron-sulfur
gphfl-8¢08.plk 697 protein 2.0E-100 |gphfl-2g02.q1k 178 50% to cn604 Vitellogenin-2 precursor (Vitellogenin IT) 7.6E-01
gphfl-9c09.plk 669 97% to cn1940 ATP synthase B chain, mitochondrial precursor 4.9E-104 |gphfl-2g06.qlk 112 71% to cn5758 Transient-receptor-potential-like protein 9.7E-01
gphfl-9¢09.q1k 516 78% to cn14468 NADH dehydrogenase 2.8E-35 |gphfl-2gll.qlk 256 60% to cnS0 Imaginal disc growth factor 4 0.7
Nucleic Acid
Metabolism gphfl-2h01.pik 74  47% to cn12665 CG7769-PA (Damage-specific DNA protein) 0.9999
cnl 685 83% to cn840 60S ribosomal protein L15 1.4E-81 |gphfl-3b08.plk 175 29% to cn6 selenium-binding protein 0.87
cn49 841 30% to cn3379 RNA polymerase II largest subunit 4.7E-03 |gphfl-5b03.plk 429 81% to cn49 Imaginal disc growth factor 4 3.6E-58
cn53 504 31% to cn3379 RNA polymerase II largest subunit 9.9E-01 |gphfl-5c02.plk 474 20% to Gmm-10891 putative CORTACTIN 0.71
cnlll 896 97% to cn11956 RNA-directed RNA polymerase, P3D protein ~ 1.2E-114 |gphfl-5d04.plk 615 32%to cnl4311 SR family splicing factor SC35 (LD32469p) 0.000001
cnll9 793 30% cn1504 Translation elongation factor 2 (EF-2) 0.93 gphfl-5d08.plk 89  100% to cn11741 PFTAIRE-interacting factor 1A (CG33719-PA, 0.0061
gphfl-2a10.q1k 180 37% to GMsg-4148 putative RNA-binding protein cabeza 0.16 gphfl-5¢02.plk 492 53% to Gmm-2344 putative Congested-like trachea protein 0.0014
gphfl-2c01.qlk 146 44% to Gmsg-2447 putative 60S ribosomal protein L7 0.48 gphfl-5¢06.plk 601 34% to LAR-004G19.g Sperm mit-associated cysteine-rich protein ~ 0.99992
gphfl-2d08.plk 219 35% to cn3371 RNA-binding protein squid 0.25 gphfl-5¢08.plk 653 88% to cn9015 Profilin (Protein chickadee) 6.20E-90
gphfl-2h11.qlk 198 50% to GMre-04d03.q1k Transcription factor Adf-1 0.998 gphfl-5f08.plk 486 34% to cn4416 Gamma actin-like protein 1.0E-100
gphfl-7d07.p1k 412 100% to Gmm-2661 Heterogeneous nuclear ribonucleoprotein ~ 0.74 gphfl-5f10.q1k 505 37% to cnd4930 1-pyrroline-5-carboxylate dehydrogenase 1 6.1E-15
gphfl-8a07.plk 399 100% to cn14492 60S ribosomal protein L36 (Protein minute(1) 1.2E-54 |gphfl-5g04.p1k 367 37% to PUP-005021.g Vacuolar ATP synthase subunit D 1 0.95
gphfl-8g08.plk 410 100% to cn13635 60S ribosomal protein L38 3.7E-33 |gphfl-5h10.plk 649 57% to Glycoprotein-N-acetylgalactosamine-3-8-galactosyltransferase 3.6E-21
gphfl-8g10.p1k 702 92% to GMsg-6767 40S ribosomal protein S2 9.8E-115 |gphfl-7f03.plk 181 37% to LAR-005113.b Nascent polypeptide complex subunit a 2.4E-01
gphfl-8h01.plk 190 100% to cn13583 60S ribosomal protein 23 (L17A) 2.1E-14 |gphfl-8a05.plk 487 44% to cnl14907 Serine protease persephone precursor 5.1E-08
gphfl-8h07.plk 715 98% to cn2789 Ribosomal protein L5 (Fragment) 7.9E-111 |gphfl-8al0.qlk 209 36% to cn5649 Dihydroorotate dehydrogenase, mitochondrial 0.63
Structural gphfl-8c06.plk 486 35% to cn3341 Snl-specific diacylglycerol lipase alpha 0.999
cn82 248 29% to cn4456 Actin-87E 0.7 gphfl-8c08.qlk 334 46% to Gmm-8019 putative Diaphanous protein 0.97
cnll0 547 88% to cnl3615 Cuticle protein 8.0E-25 |gphfl-8d04.plk 190 54% to cnl2125 Protein spitz precursor 0.83
cnll3 588 87% to cn5217 Adult cuticle protein 1 precursor (AACP-1) 3.2E-53 |gphfl-8d07.plk 598 93% to cn2376 Calcyclin-binding protein (CacyBP) 9.3E-58
gphfl-5g03.p1k 548 92% to cn3635 Endocuticle structural glycoprotein ABD-4 5.9E-58 |gphfl-8e06.plk 555 84% to cn3698 Ferritin heavy chain-like 1.0E-44
gphft-5g11.plk 646 97% to GLAAL91TH UNC45 (Smooth muscle cell proteinl) 5.1E-70 |gphfl-8f01.ptk 574 70% to cn15801 Two-Kunitz protease inhibitor 3.3E-39
gphfl-9d01.plk 741 84% to cn718 Histone H3.3 1.1E-71 hfl-8f08.plk 553 39% to cn14188 Ankyrin 8.0E-10
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cont.

Cluster Size Best GeneDB Match E-value |Cluster Size Best GeneDB Match E-value
(bp) (bp)

Transport gphfl-8f09.plk 523 79% to cn2901 Troponin I-b2 7.2E-37

gphfl-1a02.plk 641 91% to ¢n3215 Acyl carrier protein, mitochondrial precursor (ACP)  3.0E-67 [gphfl-8h10.qlk 172 30% to Gmm-9756 putative Serine/threonine protein phosphatase 0.31

gphfl-1a02.q1k 564 52% to cn15856 Acyl carrier protein, mitochondrial precursor (ACP) 3.2E-20 |gphfl-9a01.plk 681 98% to cn16483 Protein big brother 5.5E-89

gphfl-2d10.p1k 248 47% to cn7468 Sodium/potassium-transporting ATPase subunit 0.99 gphfl-9c03.plk 689 85% to cn11956 RNA-directed RNA polymerase, P3D protein family 2.3E-98

gphfl-5b10.plk 572 84% to cn12247 Tricarboxylate transport protein 1.5E-70 |gphfl-9c05.p1k 653 88% to cn12618 Dorsal-ventral patterning protein 1.3E-82

gphfl-5¢11.plk 726 81% to cn1167 ADP, ATP carrier protein (ADP/ATP translocase) 7.5E-77 |gphfl-9c06.p1k 341 23% to cnl4710 Major facilitator superfamily MFS_1 6.9E-01

gphfl-8a09.plk 147 50% to cn6319 Translocation-associated membrane protein 1 092 gphfl-9d11.plk 425 27% to cn9034 Lingerer protein typel 4.9E-01

Signal transduction gphfl-9f01.plk 653 98% to cn460 Calmodulin-A (CaM A) 4.7E-88

cnl3 147 91% to cn5249 Rhodopsin 1 Fragment 5.2E-06 |gphfl-9f10.plk 688 26% to cn6382 Prefoldin domain containing protein 9.93E-01

cn84 1216 93% to cn5253 opsin Rh1 (Outer R1-R6 photoreceptor cells opsin)  6.1E-155 |gphfl-10h01.p1k 1025 88% to cn4930 1-pyrroline-5-carboxylate dehydrogenase 1 1.4E-74

cnll2 765 86% to cn3533 Phosrestin-2 (Phosrestin II) 4.5E-96

gphfl-1e04.q1k 140 95% to cn5249 Rhodopsin 1 (Fragment) 8.6E-06

gphfl-1f09.q1k 141 53% to cnl1426 Transmembrane and TPR repeat-containing protein 0.71

gphfl-5d02.plk 540 29% to cn16801 Retinin-like protein family protein 0.00021

Salivary

Gland

cnd 227 40% to Tsel04g08.qlc LD18186p (CG12489-PA) 0.96

cnl4 2019 58% to GMsg68f01.p1ka Nucleosome assembly protein NAP-1 0.2

cn37 411 37% to Tse110gl2.qlc Rabconnectin 0.92

cn56 364 47% to Tsel04g08.qlc LD18186p (CG12489-PA) 0.17

cn58 315 34% to GMsg41h07.q1k Tsall protein precursor 0.54

cn66 175 50% to GMsg25g01.q1k Tsall protein precursor 0.96

cn95 155 37% to GMsg-0682 putative Zinc finger motif protein 9.9E-01

cnl06 99  66% Gmsg07c04.plk Tsall protein precursor 0.9992

cnl08 529 65% to cn13931 Putative secreted salivary protein 5.4E-26

gphfl-1c12.q1k 468 43% to GMsg-9054 putative Pygopus protein 4.6E-01

gphfl-2a09.q1k 89  52% to Gmsgl07¢c10.pik crinkled 9.98E-01

gphfl-2f12.p1k 121 33% to Tse5e01.plc Iron regulatory protein 1B (SD12606p) 7.8E-01
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Cluster Size
(bp)

Best GeneDB Match

E-value

gphfl-2h09.q1k 120
gphfl-2g05.q1k 183
gphfl-2f06.plk 228
gphfl-2f10.q1k 220
gphfl-5¢07.q1k 247
gphfl-5¢09.q1k 136
gphfl-5d05.plk 362
gphfl-5g09.plk 760
gphfl-5g10.q1k 206
gphfl-5h09.plk 157
gphfl-7d12.q1k 115

55% to Gmsg-10331 putative DNA-directed RNA polymerase I
46% to GMsg74d10.q1k Protein Tube

42% to GMsg50208.plk Tsall protein precursor

30% toGMsg91g10.plk Tsall protein precursor

44% to GMsg-6886 putative Caspase-8 precursor

42% to Tsel15h06.q1c Nucleoporin 98-96 (Fragment)

33% to Tse20el2.qlc Projectin (Fragment)

37% to Tse31e04.q1c Predicted membrane protein

47% to Tse68e10.q1c Kinesin-associated family protein

33% to cn8884 Salivary gland growth factor-2

9.4E-01
9.7E-01
6.1E-01
0.08
0.13
0.73
0.14
0.997
0.41
0.17

42% to GMsg110h11.p1k Nuclear hormone receptor HR96 (dHR96) 0.9995

cnxxx - Glossina palpalis gambiensis consensus sequences; gphfl-xxxx.plk - Glossina palpalis gambiensis head singleton.
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Appendix VI - Glossina tachinoides clusters producing best matches to Glossina morsitans morsitans protein GeneDB

Cluster Size Best GeneDB Match E-value |Cluster Size Best GeneDB Match E-value
(bp) (bp)
Odorant Binding Metabolism
gthfl-5d10.q1k 393 28% to cn15569 General odorant-binding protein 99a precursor 6.1E-07 {cn3 610 90% to cn1796 ATP synthase coupling factor 6, mitoch precursor 4.8E-65
I%Il:eet:gb)(')lism cn9 660 95% to cn460 Calmodulin-A (CaM A) 1.0E-69
cné 471 92% to cn9925 NADH-ubiquinone oxidoreductase chain 4 1.2E-23 lenl?7 1276 33% to Gmm-10891 putative CORTACTIN 9.6E-01
cnl9 930 97% to cn10291 Cytochrome c oxidase subunit 3 5.4E-47 [cn21 895 35% to Gmm-10148 putative Nuclear hormone receptor HR96 0.36
cn23 521 76% to cn7406 Ubiquinol-cytochrome c¢ reductase complex 1.2E-30 {cn25 505 35% to cn139 Carnitine palmitoyltransferase I 0.56
cn33 359 84% to cn14468 NADH dehydrogenase 9.2E-07 |cn35 337 47% to cn50 Imaginal disc growth factor 4 0.063
cn57 555 93% to cn13205 Cytochrome c oxidase polypeptide Via 5.7E-53 |cn36 336 33% to cn8930 Coproporphyrinogen III oxidase 0.94
cnS8 886 47% to Gmsg82h07.plk Cytochrome b (Fragment) 8.0E-31 |cn38 311 45% to cn9299 Elongation factor 1-alpha (EF-1-alpha) 0.34
cn60 669 97% to cn3108 Probable cytochrome ¢ oxidase polypeptide VIla 7.0E-32 |cn42 248 31% to cn12648 Sticky chl (Fragment) 0.69
cn69 754 96% to cn10291 Cytochrome c oxidase subunit 3 4.0E-45 |cn43 247 41%to cnl1251 Gelsolin (Fragment) 0.99
gthfl-1ail.plk 563 95% to cn1999 Cytochrome c oxidase polypeptide IV 9.4E-87 |cn47 212 32%to cn15475 T-cell lymphoma breakpoint associated target protein ~ 0.64
gthfl-1all.qlk 470 88% to cnl1999 Cytochrome c oxidase polypeptide IV 1.1E-21 |cn55 823 82% to cn4165 ATP synthase delta chain, mitochondrial 5.1E-61
gthfl-1c07.plk 442 97% to cn13690 Cytochrome ¢ oxidase subunit VIic 5.1E-31 |cn62 602 88% to cn3887 Laminin subunit gamma-1 precursor 1.3E-06
gthfl-1c07.qlk 381 87% to cn13690 Cytochrome c oxidase subunit VIIc 8.1E-26 |cn65 613 95% to cn13725 Ejaculatory bulb-specific protein 3 precursor 2.8E-62
gthfl-2b11.qlk 570 69% to cn9925 NADH-ubiquinone oxidoreductase chain 4 6.1E-19 |cn67 518 61% to cn2301 N(2),N(2)-dimethyiguanosine tRNA methyltransferase  7.7E-06
gthfl-2c08.plk 417 73% to Gmm-8685 putative Probable cytochrome P450 311al  2.6E-01 |cn68 424 96% to cn221 ATP synthase gamma chain, mitochondrial precursor 6.2E-41
gthfl-4a05.plk 246 66% to GMsg53b04.plk Cytochrome oxidase subunit II 9.6E-01 |cn75 771 95% to cn5310 Calcium-tran ATPase sarcoplasmic/endo reticulum 4.1E-105
gthfl-4b01.qlk 298 66% to cn5432 ATPase subunit 6 2.6E-12 |cn78 531 56% to cn3779 ATPase inhibitor homolog, mitochondrial precursor 2.2E-18
gthfl-4bll.qlk 157 91% to cn10291 Cytochrome ¢ oxidase subunit 3 1.8E-08 |cn83 685 83% to cn7418 ATP synthase lipid-binding protein 1.5E-45
gthfl-4c01.plk 790 71% to GMsgl44h12.plk NADH dehydrogenase subunit 5 3.5E-24 |gthfl-1d08.plk 595 100% to cn13644 Trp protein 7E-9
gthfl-4h09.q1k 127 50% to GLABL12TV AAA+ ATPase 8.4E-01 |gthfl-1e06.qlk 205 40% to cn6566 Protein YIPF5 (YIP1 family member 5) 0.49
gthfl-5b10.q1k 388 82% to ¢n13916 NADH DH [ubiquinone] 1 beta subcomplex 9 8E-37 |gthfl-1e08.q1k 281 68% to cn16618 Beta-NAC-like protein 2.9E-17
gthfl-5¢10.qlk 208 55% to cn13743 NADH DH [ubiquinone] 1 a-subcomplex 1.0E-01 |gthfl-1g03.q1k 447 53% to Gmm-9433 putative Ubiquitin-conjugating enzyme E2-17kDa  2.8E-01
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Appendix VI

cont.
Cluster Size Best GeneDB Match E-value [Cluster Size Best GeneDB Match E-value
(bp) (bp)
Structural othfl-5f02.q1k 328 37% to cn16368 NEB-CGP=CAMP generating peptide 1.0
cn52 911  57% to cn13836 Adult cuticle protein 1 precursor (dACP-1) 2.6E-62 |gthfl-5f09.qlk 80  72% to Gmm-11567 putative Tunen 1.0
cn53 624  60% to cn8742 Adult cuticle protein 1 precursor (AACP-1) 2.1E-54 |gthfl-5f11.qlk 159 35% to Gmm-10891 putative CORTACTIN 9.7E-01
gthfl-4g01.qlk 190  66% to cn5187 Tubulin alpha-1 chain 3.5E-01 |gthfl-5g03.qlk 117 62% to cn3876 Phosphoinositide 3-kinase 9.9E-01
gthfl-5b03.q1k 211  58% to cn5223 Adult cuticle protein 1 precursor (AACP-1) 7.7E-10 |gthfl-6a01.q1k 495 91% to cn8844 Protein big brother 9.1E-46
gthfl-6d01.q1k 435  48% to Gmm-02e05.p1k Histone H3.3 type 1 9.6E-08 |[gthfl-6c06.p1k 144 53% to cn7284 Peptidase S1 and S6, chymotrypsin/Hap 5.2E-01
Transport gthfl-6¢09.qlk 478 73% to cn1934 ATP synthase B chain, mitochondrial precursor 1.8E-26
gthfl-1h10.plk 156  37% to Gmm-7520 putative Probable GDP-fructose transporter 3.1E-01 |gthfl-6¢c10.q1k 107 42% to cn261Protein Mo25 (dMo25) 9.9E-01
gthfl-4al2.plk 682 99% to Gmm-3336 Sodium/potassium-transporting ATPase 1.1E-92 jgthfl-6d12.qlk 265 34% to GLAAQO6TV Moesin/ezrin/radixin homolog 2 2.3E-01
gthfl-4b10.q1k 535  81% to cn12247 Tricarboxylate transport protein 1.9E-61 |gthfl-6e04.plk 653 30% to Gmm-1607 putative Hook protein 9.2E-01
gthfl-4cll.qlk 117  91%to cnl1169 ADP, ATP carrier protein) 7.8E-06 |gthfl-6e08.qlk 315 32% to cn14304 Palmitoyltransferase ZDHHC3 1.0
gthfl-4h02.q1k 331  44% to cn7983 Sodium:neurotransmitter symporter 9.1E-01 |gthfl-6f01.p1k 307 45% to cn9227 ATP-dependent RNA helicase vasa 5.3E-15
Signal transduction gthfl-6g09.q1k 329 70% to cn11468 Protein Peter pan 9.0E-05
cnl 97  37% to Gmm-7284 putative Probable GPCR Mth-like precursor 0.55 gthfl-7g04.plk 718 94% to cn2130 Ubiquitin-conjugating enzyme E2 G2 5.9E-91
cnls 229 56% to cn5258 Opsin Rh1 (Outer R1-R6 photoreceptor celis) 0.016  |gthfl-8a07.p1k 208 30% to cn10843 Zinc finger, CCCH-type domain containing protein  1.9E-01
cn59 732 83% to cn3533 Phosrestin-2 (Phosrestin IT) (Arrestin A) 2.4E-84 |gthfl-8al0.qlk 194 40% to cn8570 Chaperonin 7.4E-01
cn87 237 75% to Gmm-10447 putative Probable GPCR Mth 1.9E-01 |gthfl-8b01.plk 313 91% to cn16483 Protein big brother 2.0E-36
gthfl-1e10.qlk 146 84% to cn5249 Rhodopsin 1 2.6E-02 |gthfl-8b02.plk 217 58% to cn797 Ferritin light-chain 3.7E-01
gthfl-4d09.ql1k 129 41% to PUP-005M12.g G protein-coupled receptor kinase 1 0.97 gthfl-8b07.p1k 312 53% to cnl12215 Zinc finger/leucine zipper protein DALF isoform C3 9.97E-01
gthfl-7601.plk 692 80% to cn3528 Phosrestin-2 (Phosrestin IT) (Arrestin A) 2.0E-89 |gthfl-8c01.p1k 290 27% to Gmre-05a07.plk DNA primase small subunit 1.0
gthfl-8b07.q1k 246 76% to cn3533 Phosrestin-2 (Phosrestin II) (Arrestin A) 2.8E-12 |gthfl-8c05.qlk 127 60% to cn4278 Protein jagunal homolog 1 9.92E-01
gthfl-18b01.plk 1357 85% to cn5034 Phosrestin-1 (Phosrestin I) (Arrestin B) 9.6E-110|gthfl-8¢07.p1k 579 32% to Gmm-2730 putative Troponin T, skeletal muscle 0.9999
Salivary Gland gthfl-8¢10.p1k 153 46% to cn5744 Transient-receptor-potential-like protein 0.83
cn2 571 51% to Tse128b04.qlc 60S ribosomal protein L28-like protein 5.6E-09 [gthfl-8c12.plk 425 50% to Gmm-2574 putative Cathepsin L precursor 0.998
cnll 1784 98% to Gmsg-0907 putative Opsin Rhl 1.2E-205 |gthfl-14h01.plk 1041 73% to cnl12539 Nesprin 1.4E-36
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Appendix VII cont.

Best Ensembl Match Best Ensembl Match
Cluster D. melanogaster Protein ID E-value Chr. Location Cluster Ié melanogaster Protein ID E-value Chr. Location
n ene

Gpghfl-9a01.plk greotlelcr FBpp0072643 5.2E-95 3L:1647959-1648426 Gthfl-2d09.p1lk CG3590 FBpp0082816  2.6E-83 3R:12846069-12846308
Gpghfl-5d04.plk  cyclophilin-33 FBpp0086101 0.74 2R:13432932-13433061 |Gthfl-8b01.plk Brother FBpp0072643  3.0E-38 3L:1647959-1648177
Gpghfl-9d01.plk  Histone H3.3A FBpp0078650 3.7E-82 2L:5055259-5055727 Gthfl-6f01.plk Dead box protein 80 FBpp0112438 022 3LHet:2423709-2423774
Gth-cn56 Ribosomal protein S3 FBpp0083802 9.3E-128 3R:19185044-19185535 |Gthfl-4f10.plk CG31075 FBpp0084452 1.7 3R:22811511-22811549
Gthfl-8b01.p1k Brother FBpp0072643 3.0E-38 3L:1647959-1648177

Metabolism
Gthfl-5g08.q1k lilliputian FBpp0077318 3.7 2L.:2950300-2950335 Gthfl-4h12.plk CG2887 FBpp0071393  2.5E-16 X:10371602-10371763
Gthfl-5h01.q1k Ribosomal protein L23  FBpp0071808 7.8E-26 2R:18743049-18743162 |Gthfl-4c07.plk upheld FBpp0100015  2.5E-13  X:13489076-13489254
Gthfl-5h07.q1k Ribosomal protein L5 ~ FBpp0110423 22E-35 21:22427727-22428399 |Gthfl-6c09.qlk ATP synthase-2C subunit b FBpp0076134  9.4E-25 31:9723956-9724066
Gthfl-6£01.plk Dead box protein 80 FBpp0112438 0.22 3LHet:2423709-2423774 |Gthfl-6a01.qlk Brother FBpp0072643  3.5E-22 3L:1648259-1648408
Gthfl-6a01.qlk Brother FBpp0072643 3.5E-22 3L:1648259-1648408 Gthfl-7g04.p1k Bruce FBpp0081717  0.34 3R:6139271-6139357
Gthfl-4c07.q1k Ribosomal protein FBpp0078416 9.0E-34 3R:1291582-1291704 Gthfl-14h01.plk  Muscle-specific protein 300 FBpp0091017  83E-18 2L:5204509-5204868
Gthfl-16e08.pik  TfIIA-S-2 FBpp0070177 19E-14 X:905246-905392 Gpafl-4g07.plk CG10317 FBpp0082769 12 3R:12195606-12195738
Gthfl-5g10.q1k string of pearls FBpp0079500 9.3E-33  2L.:9896330-9896626 Gpafl-6a02.q1k CG12360 FBpp0082186 7.9 3R:8853086-8853115
Gthfl-1h08.q1k RNA polymerase [ FBpp0077714 2.5E-18 2L:407385-407705 Gpafl-6b05.plk  No Hits
Gpa-cn95 CG7702 FBpp0083080 2.4 3R:14498679-14498708 |Gpafl-9ell.qlk CG3884 FBpp0086913 2R:8836858-8836878
Gpghfl-8a07.plk  Ribosomal protein L36  FBpp0070150 1.9E-81 X:522498-522891 Gpafl-7al12.plk CG7304 FBpp0075329 3L:15673312-15673341
Gpghfl-5¢07.q1k  CG31814 FBpp0080157 3.1 2L:13678375-13678407  |Gpafl-7d01.plk shuttle craft FBpp0080266 7.1 21:15114145-15114180
Gpghfl-7d07.plk  CG32529 FBpp0074570 9.1 X:19796431-19796448  |Gpafl-7¢04.plk No Hits
Gthfl-8¢02.q1k CG14642 FBpp0088629 0.94 3R:68094-68123 Gpgh-cn3 CG42319 FBpp0289014 49 2R:9151311-9151343
Gthfl-5a07.qlk Ribosomal protein L36  FBpp0070150 9.6E-72  X:522498-522873 Gpgh-cn20 No Hits
Gpafl-2c08.plk  No Hits Gpgh-fl-1b02.q1k  CG3546 FBpp0070647 49 X:4453460-4453486
Gpgh-cn49 No Hits Gpghfl-2d11.plk  No Hits
Gpgh-cn53 No Hits Gpghfl-8¢06.plk  Ferritin 1 heavy chain homologue FBpp0084995  0.00014 3R:26211709-26211771
Gth-cn8 No Hits Gthfl-4e09.plk p47 FBpp0088069 1.2 2R:3352651-3352683
Gthfl-8b08.p1k No Hits Gthfl-5g03.q1k CG40113 FBpp0112518  0.54 2RHet:2239984-2240007

Gthfl-4c04.q1k mitochondrial Cyt. ¢ oxidase FBpp0100176  1.3E-11  dmel_mitochondrion_ge

nome:2908-3009
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Appendix VII cont.

Best Ensembl Match
Cluster D. melanogaster Protein ID E-value Chr. Location
Gene
Gpgh-cné Mit. Cyt c oxidase nit Il FBpp0100180 2.2E-107 dmel_mitochondrion_geno
me:5108-5509
Gpgh-cn7 Mit. NADH-ubiq. FBpp0100182 3.3E-06 dmel_mitochondrion_geno
oxidoreductase me:6508-6573
Gpgh-cnll4 mitochondrial ATPase ~ FBpp0100179 6.9E-73  dmel_mitochondrion_geno
subunit 6 me:4398-4568
Gpgh-cnll5 mitochondrial Cyt ¢ FBpp0100180 0.69 dmel_mitochondrion_geno
oxidase subunit III me:5357-5383
Gpgh-cnll6 mitochondrial Cyt ¢ FBpp0100180 1.0E-69 dmel_mitochondrion_geno
oxidase subunit II1 me:5087-5398
Gpghfl-3g03.q1k  CG15456 FBpp0077015 3.8 X:20297904-20297921
Gth-cné mitochondrial NADH-  FBpp0100183 14E-45 dmel_mitochondrion_geno
ubiquinone me:8510-8677
oxidoreductase chain 4
Gth-cnl9 mitochondrial FBpp0100180 2.5E-97 dmel_mitochondrion_geno
Cytochrome ¢ oxidase me:5108-5509
subunit III
Gth-cn55 lethal (1) G0230 FBpp0071373 1.5E-78 X:10107326-10107774
Gth-cn58 mitochondriat NADH-  FBpp0100187 1.3E-09 dmel_mitochondrion_geno
ubiquinone me:11780-11851
oxidoreductase chain 1
Gth-cn69 mitochondrial FBpp0100180 2.8E-121 dmel_mitochondrion_geno
Cytochrome c oxidase me:5087-5425
subunit II1
Gth-cn70 mitochondrial FBpp0100177 5.7E-102 dmel_mitochondrion_geno
Cytochrome c oxidase me:3320-3769
subunit 11
Gthfl-2bl1.qlk No Hits
Gthfl-5b10.q1k CG9306 FBpp0080051 1.8E-30 21.:13370374-13370517
Gthfl-7h05.p1k mitochondrial NADH-  FBpp0100183 8.6E-72  dmel_mitochondrion_geno
ubiquinone me:8771-8986
oxidoreductase chain 4
Gthfl-5h04.q1k CG6723 FBpp0081881 1.5 3R:7242355-7242378
Gthfl-6b01.q1k mitochondrial ATPase  FBpp0100179 1.3E-55 dmel mitochondrion_geno
subunit 6 me:4392-4598
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Appendix VII cont.

Best Ensembl Match
Cluster D. melanogaster Protein ID E-value Chr. Location
Gene
Gthfl-4b01.q1k mitochondrial ATPase ~ FBpp0100179 94E-09 dmel mitochondrion_geno
subunit 6 me:4632-4727
Gthfl-4b11.q1k mitochondrial Cyt ¢ FBpp0100180 1.1E-05 dmel_mitochondrion_geno
oxidase subunit III me:5351-5398
Gthfl-4c01.plk Mit. NADH-ubiquinone FBpp0100182 6.0E-46 dmel_mitochondrion_geno
oxidoreductase me:7003-7128
Gthfl-4h09.q1k CG33174 FBpp0073656 9.9 X:13702517-13702540

Gpa-cnxxx - Glossina pallidipes consensus sequences; Gpaf-xxxx.qlk - Glossina pallidipes antennae singletons; Gpgh-cnxxx - Glossina palpalis
gambiensis consensus sequences; Gpghfl-xxxx.qlk - Glossina palpalis gambiensis head singletons; Gth-cnxxx - Glossina tachinoides consensus
sequences; Gthfl-xxxx.qlk - Glossina tachinoides head singletons
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Cluster An. gambiae Protein ID E-value Chr. Location  Ae. aegypti Protein ID E-value Genomic Location Culex quinguefasciatus Protein ID E-value Genomic Location
Description Description Supercont Description Supercont
Gpa-cnl Prion AGAP008439-PA 0.005 3R: 10,805,155- Proline-rich region AAEL005017-PA 0.021 1.139:780,568- Proline-rich region CPIJ000931 0.036 3.9:1,953,966-
10,807,128 782,310 1,959,660
Gpafl-8f02.plk No Hits No Hits No Hits
Transport
Gpafl-1h05.plk ADP,ATP carrier AGAP002358-PC 1.0E-54 2R:20,598,090- ADP,ATP carrier  AAEL004855-PA 2.0E-46 1.132:1,668,937- ADP,ATP carrier CPIJ005941  3.0E-54 3.104:143,246-
protein 2 20,599,178 protein 1,682,495 144,296
Gpafl-7d12.q1k Tricarboxylate/iron AGAP004519-PA 6.0E-05 2R:57,327,659- No Hits sideroflexin CPIJ008314  7.0E-05 3.167:673,160-
carrier 57,329,455 677,888
Gpgh-cn101 Longin AGAP012717-PA 1.0E-101 UNKN: snare protein sec22 AAEL012875-PA 1.0E-105 1.753:388,957- transport protein CPLJ017814 1.0E-  3.1019:93,459-
24,915,268- 389,921 SEC22 105 94,353
24,916,389
Gpghfl-5b10.ptk  Adenine nucleotide AGAP007653-PA 1.0E-11 2L:48,762,165- tricarboxylate AAEL005991-PA 1.0E-63 1.184:106,061- tricarboxylate transport CPIJ013697  2.0E-64 3.492:260,522-
translocator 1 48,765,808 transport protein 115,898 protein 261,566
Gpghfl-5c11.plk  ADP,ATP carrier ~ AGAP002358-PC 1.0E-62 2R:20,598,090- ADP,ATP carrier  AAEL004855-PA 1.0E-54 1.132:1,668,937-  ADP,ATP carrier CPIJ005941  4.0E-63 3.104:143,246-
protein 2 20,599,178 protein 1,682,495 protein 144,296
Gpghfl-5¢02.plk  Mit. substrate/solute  AGAP002704-PA 2.0E-26 2R:25,826,373- Mitochondrial AAEL008718-PA 1.0E-27 1.344:870,632- Mitochondrial substrate CP1J002886  9.0E-27 3.37:1,054.405-
carrier 25,828,086 substrate carrier 889,122 carrier 1,056,054
Gth-cn75 Calcium-transporting AGAP006186-PB 7.0E-97 2L: 27,903,046~ calcium-transporting AAEL006582-PA 3.0E-98 1.211:1,168,009- calcium-transporting ~ CPIJ018021  5.0E-96 3.1063:57,960-
ATPase 27,928,073 ATPase 1,213,899 atpase sarcoplasmic 81,174
Gthfl-4al2.plk ATPase, P-type AGAP002858-PE 4.0E-99 2R:28,371,857- Na+/K+ ATPase AAEL012062-PC 2.0E-98 1.650:512,971- sodium/potassium- CPIJ005966  9.0E-57 3.104:497,581-
cation exchange 28,387,114 alpha subunit 547,252 transporting ATPase 503,775
alpha chain
Gthfl-4b10.q1k Mitochondrial carrier AGAP007653-PA 3.0E-09 2L: 48,762,165~ tricarboxylate AAEL005991-PA 1.0E-54 1.184:106,061- tricarboxylate transport CPIJ013697  4.0E-55 3.492:260,522-
protein 48,765,808 transport protein 115,898 protein 261,566
Gthfl-1h10.p1k No Hits No Hits No Hits
Gpa-cn130 No Hits No Hits No Hits
Gpghfl-1a02.qlk  Acyl carrier protein  AGAP010464-PA 8.0E-14 3L:3,944,950-  acyl carrier protein AAEL011689-PA 1.0E-11 1.603:180,673- Acyl carrier protein CP1J006168  7.0E-08 3.109:639,109-
(ACP) 3,945,956 precursor 194,411 (ACP) 645,442
Signal
transduction
Gpgh-cn84 putative rhodopsin ~ AGAP012985-PA 1.0E-90 2R:671,584- GPCR (Rhod)opsin  AAEL006498-PA 7.0E-88 1.208:1,715,269-  opsin-1 CPLJ012052  1.0E-89 3.358:153,562-
receptor 3 672,696 Family Source 1,716,390 154,668
Gpgh-cnl112 Arrestin AGAPO010134-PA 2.0E-51 3R:49,303,097- phosrestin ii AAEL013535-PA 2.0E-52 1.864:398,197- phosrestin ii CPLJ003101  3.0E-50 3.39:314,782-
49,304,807 (arrestin a) (arrestin 406,521 318,945
1§]
Gth-cn59 Arrestin AGAP010134-PA 1.0E-42 3R:49,303,097- phosrestin ii AAEL013535-PA 1.0E-43 1.864:398,197- phosrestin ii CPIJ003101  2.0E-42 3.39:314,782-
49,304,807 (arrestin a) 406,521 318,945
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Gthfl-5h01.q1k Ribosomal protein ~ AGAP010252-PA 8.0E-16 3R:51,662,651- 60S ribosomal AAEL013097-PA 8.0E-16 1.789:366,699- RL23 CPIJ011325 9.0E-16 3.310:461,499-
L14b/L23e 51,663,450 protein L23 367,486 462,272
Gthfl-5h07.q1k Ribosomal protein ~ AGAP009031-PA 2.0E-06 3R:24,355978- ribosomal protein =~ AAEL004325-PA 1.0E-18 1.114:1,986,958-  60S ribosomal protein CPIJ010112  2.0E-18 3.276:498,078-
L5 24,357,240 L5 1,990,971 499,646
Gthfl-6f01.plk RNA helicase, AGAP008578-PA 1.0E-16 3R:13,262,401- DEAD box ATP-  AAEL009285-PA 3.0E-15 1.387:804,914- ATP-dependent RNA  CP1J009286  3.0E-15 3.218:487,325-
DEAD-box type, Q 13,264,364 dependent RNA 823,594 helicase vasa 489,515
motif helicase
Gthfl-6a01.q1k Core binding factor, AGAP000317-PA 1.0E-27 X:5,610,066-  Core binding factor, AAEL005829-PA 5.0E-28 1.176:643,909- Core binding factor,  CPLJ019164  2.0E-27 3.1457:33,910-
beta 5,616,769 beta subunit 677,173 beta subunit 44,867
Gthfl-4c07.q1k Histone H5 AGAP002754-PA 2.0E-12 2R:26,675,074- ribosomal protein =~ AAEL000823-PB 2.0E-12 1.17:998,091- 60S ribosomal protein CPIJ008184  5.0E-14 3.183:728,929-
26,675,740 L35A 998,675 729,634
Gthfl-16e08.plk  TIF factor [IA AGAP004370-PA 5.0E-46 2R:55,365,431- (TFIIA) AAEL002140-PA 5.0E-48 1.50:2,297,312- TIF IIA gamma chain CPIJ007398  3.0E-47 3.147:699,798-
55,365,931 2,297,791 700,264
Gthfl-5g10.q1k Ribosomal protein ~ AGAP003768-PA 2.0E-29 2R:43,124,620- 40S ribosomal AAELO010168-PB 5.0E-29 1.458:871,944- 40S ribosomal protein CPLJ010326  1.0E-26 3.295:280,049-
S5 43,125,724 protein S2 872,978 282,560
Gthfl-1h08.q1k RNA polymerase AGAPO008151-PA 3.0E-64 3R:6,212,809- RNA polymerase = AAELO017156-PA 7.0E-64 1.84:2,256,737- DNA-directed RNA ~ CPIJ007655  1.0E-33 3.159:169,512-
Rpb2, 6,238,165 Rpb2, 2,268,271 polymerase II 173,328
Gpa-cn95 No Hits No Hits No Hits
Gpghfl-8a07.plk  Ribosomal protein ~ AGAP002921-PB 9.0E-48 2R:29,615,444- ribosomal protein ~ AAEL000010-PB 1.0E-46 1.1:4,236,762- No Hits
L36e 29,616,107 L36 4,237,585
Gpghfl-5¢07.q1k  No Hits No Hits No Hits
Gpghfl-7d07.plk  No Hits No Hits No Hits
Gthfl-8c02.q1k No Hits No Hits No Hits
Gthfl-5a07.q1k Ribosomal protein ~ AGAP002921-PB 3.0E-41 2R:29,615,444- ribosomal protein ~ AAEL000010-PB 2.0E-40 1.1:4,236,762- No Hits
L36e 29,616,107 L36 4,237,585
Gpafl-2¢08.plk No Hits No Hits hypothetical protein CPIJ009839  0.031  3.253:560,664-
561,263
Gpgh-cn49 Proline-rich region ~ AGAP005529-PB 0.001 2L: 16,654,663~ Sec24B protein AAEL004977-PA 0.047  1.137:1,147,263-  Proline-rich region CP1J017787 0.008 3.1119:98-27,917
16,656,903 1,174,647
Gpgh-cn53 Chitin binding AGAP001005-PA 0.02 X:19,092,108- No Hits No Hits
protein, peritrophin- 19,095,128
A
Gth-cn8 Cysteine-rich region AGAP013541-PA 0.01 X:20,029,435-  No Hits No Hits
20,030,978
Gthfl-8b08.plk No Hits No Hits Zinc finger, C2H2-like CPIJ006352 0.093  3.116:592,218-

594,934
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Energy
Metabolism
Gpafl-6d02.p1k Cyt. ¢ oxidase AGAPO008727-PA 2.0E-55 3R:16,158,434- cytochrome c AAELO013009-PA 5.0E-57 1.775:455,628- cytochrome ¢ oxidase ~CPIJ004823  2.0E-54 3.76:758,796-
subunit IV 16,159,082 oxidase subunit iv 461,779 subunit IV 762,083
Gpgh-cnl5 Peptidase M16, zinc- AGAP000935-PA 9.0E-29 X:17,669,389- mitochondrial AAEL005435-PB 2.0E-28 1.156:1,726,989-  mitochondrial CPLJ013398  1.0E-28 3.456:95,436-
binding site 17,671,168 processing peptidase 1,729,306 processing peptidase 98,497
beta subunit
Gpghfl-8b10.plk  Complex I LYR AGAPO009865-PA 8.0E-50 3R:44,586,368- NADH:ubiquinone AAEL010230-PA 2.0E-50 1.464:19,653- NADH:ubiquinone CPIJ002649  3.0E-21 3.42:1,327,695-
protein 44,587,032 dehydrogenase 31,462 dehydrogenase 1,328,454
Gpghfl-8c10.plk  GRIM-19 AGAP009652-PA 3.0E-53 3R:37,625,238- mitochondrial AAEL005693-PB 6.0E-50 1.170:43,032- cell death-regulatory  CPIJ0O00908  1.0E-52 3.9:1,540,609-
37,625,878 NADH:ubiquinone 43,570 protein GRIM19 1,541,061
oxidoreductase
B16.6 subunit
Gpghfl-8¢08.plk  NADH _UbQ _OxRdt AGAP000170-PA 2.0E-79 X:2,905,106- NADH- AAEL008072-PA 3.0E-78 1.299:1,166,704- NADH dehydrogenase CPIJ018869 7.0E-78 3.1453:49,857-
ase-like 20kDa 2,905,729 plastoquinone 1,167,351 iron-sulfur protein 7 50,495
oxidoreductase
Gpghfl-9¢09.plk ATPase, FO AGAPO001138-PA 3.0E-76 2R: 569,086- mitochondrial ATP AAEL005610-PA 2.0E-77 1.164:50,521- ATP synthase B chain CPLJ006067 1.0E-77 3.106:527,151-
complex, subunit B, 570,174 synthase b chain 58,740 528,237
mitochondrial
Gpghfl-9¢09.qlk  NADH_UbQ_OxRdt AGAP012374-PA 3.0E-20 3L:41,232,911- NADH AAEL007054-PA 3.0E-21 1.233:1,318,060- NADH-ubiquinone CPIJ014084  3.0E-19 3.496:66,701-
ase_BI12 41,233,246 dehydrogenase 1,318,383 oxidoreductase B12 67,045
subunit
Gpghfl-5¢01.plk  ATPase, FO AGAP009491-PA 2.0E-36 3R:34,710,853- ATPase, FO AAEL006509-PA 9.0E-33 1.209:719,920- hydrogen-transporting CP1J002431  1.0E-33 3.32:671,140-
complex, subunit G, 34,711,314 complex, subunit G 720,340 ATP synthase, G- 673,562
mitochondrial subunit
Gpghfl-5¢07.plk  Cytochrome ¢ AGAPOI11159-PA 2.0E-48 3L:18,111,843- cytochrome ¢ AAEL014944-PA 6.0E-47 1.1350:13,581- cytochrome c oxidase ~CPIJ008200 3.0E-45 3.168:362,317-
oxidase, subunit Va 18,112,304 oxidase polypeptide 14,039 subunit SA 362,775
Gpghfl-5h02.plk  NADH_UbQ _OxRdt AGAP007574-PA 6.0E-25 2L:47,791,258- NADH AAEL008490-PA 4.0E-24 1.328:823,062- Zinc finger, MYND-  CPIJ000198 1.0E-24 3.3:1,833,672-
ase_BI8 su 47,792,012 dehydrogenase, 832,150 type 1,841,944
Gth-cn3 ATPase, FO AGAP004616-PA 1.0E-26 2R:58,515,049- coupling factor AAEL002813-PA 2.0E-26 1.68:1,541,837- mitochondrial ATP CPIJ008665  8.0E-27 3.198:433,410-
complex, subunit F6, 58,515,445 1,563,004 synthase coupling 434,623
mitochondrial factor 6
subgroup
Gth-cn57 Cytochrome ¢ AGAP000851-PA 1.0E-36 X:15,724,507- cytochrome ¢ AAEL003234-PA 3.0E-33 1.82:1,176,603- cytochrome c oxidase, CPLJ004219 4.0E-23 3.63:241,673-
oxidase, subunit Via 15,725,070 oxidase 1,177,001 subunit VIA 242,099
Gth-cn60 Cytochrome ¢ AGAP000109-PA 6.0E-17 X:1,792,841-  cytochrome ¢ AAEL007752-PA 1.0E-14 1278:1,401,045- cytochrome c oxidase CPIJ015566 2.0E-15 3.680:230,253-
oxidase, subunit Vila 1,793,381 oxidase, subunit 1,401,670 subunit Vila 230,725
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Gthfl-1all.qlk Cytochrome ¢ AGAPQ08727-PA 7.0E-14 3R: 16,158,434~ cytochrome ¢ AAEL005170-PA 1.0E-14 1.144:82,069- cytochrome ¢ oxidase CPLJ004823  6.0E-14 3.76:758,796-
oxidase subunit IV 16,159,082 oxidase subunit iv 101,730 subunit [V 762,083
Gthfl-1all.plk Cytochrome ¢ AGAP008727-PA 6.0E-55 3R:16,158,434- cytochrome ¢ AAEL013009-PA 2.0E-56 1.775:455,628- cytochrome ¢ oxidase ~CPIJ004823  3.0E-54 3.76:758,796-
oxidase subunit IV 16,159,082 oxidase subunit iv 461,779 subunit IV 762,083
Gthfl-1¢07.q1k Cytochrome ¢ AGAP007621-PB 1.0E-12 2L:48,354,815- cytochrome ¢ AAELO011514-PA 3.0E-12 1.586:394,316~ zinc finger protein CPIJ008759  1.0E-11 3.205:97,140-
oxidase subunit VIIc 48,355,245 oxidase, subunit 394,624 100,516
VIIC
Gthfl-1c07.plk Cytochrome ¢ AGAP007621-PB 5.0E-15 2L: 48,354,815- cytochrome ¢ AAELO011514-PA 1.0E-14 1.586:394,316- zinc finger protein CPIJ008759  4.0E-14 3.205:97,140-
oxidase subunit VIic 48,355,245 oxidase, subunit 394,624 100,516
VIIC
Gthfl-5e08.q1k NADH_UbQ_OxRdt AGAP000170-PA 2.0E-10 X:2,905,106- NADH- AAEL008072-PA 2.0E-10 1.299:1,166,704- NADH dehydrogenase CPLJ018869  2.0E-10 3.1453:49,857-
ase-20kDa 2,905,729 plastoquinone 1,167,351 iron-sulfur protein 7 50,495
oxidoreductase
Gthfl-4h06.q1k NADH_UbQ_OxRdt AGAP000849-PA 4.0E-16 X:15,717,168- NADH AAEL003423-PB 6.0E-13 1.86:474,964- NADH dehydrogenase CPIJ015857  2.0E-13 3.679:40,646-
ase MNLL 15,717,335 dehydrogenase 475,131 40,816
Gpgh-cn88 No Domain AGAPQ04400-PA 6.0E-05 2R:55,672,938- conserved AAEL007490-PB 0.018 1.258:944,532- No Hits
55,673,356 hypothetical protein 944911
Gpafl-1a01.plk No Hits No Hits No Hits
Gpghfl-3g03.qlk  No Hits No Hits No Hits
Gth-cn6 No Hits NADH/Ubiquinone/ AAEL009076-PA 5.0E-18 1.368:182,965- No Hits
plastoquinone 183,204
Gth-cn23 No Hits Ubiquinol- AAEL000182-PA 7.0E-12 1.3:2,042,509- Ubiquinol-cytochrome CPIJ000728  9.0E-12 3.6:1,764,455-
cytochrome C 2,042,761 C reductase 1,764,704
reductase
Gth-cn55 No Hits ATP synthase delta AAEL002504-PB 7.0E-40 1.59:964,612- ATP synthase delta CPLJ012335  6.0E-40 3.375:305,600-
chain 972,428 chain 306,213
Gthfl-2b11.q1k No Hits NADH/Ubiquinone/ AAEL009076-PA 2.0E-15 1.368:182,965- No Hits
plastoquinone 183,204
(complex I)
Gthfl-5b10.q1k Complex 1 LYR AGAP009865-PA 4.0E-23 3R:44,586,368- NADH:ubiquinone AAEL010230-PA 2.0E-24 1.464:19,653- No Hits
protein 44,587,032 dehydrogenase 31,462
Gthfl-7h05.p1k NADH-quinone AGAP012727-PA 4.0E-14 UNKN: No Hits No Hits
oxidoreductase 25,591,108-
25,592,481
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