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1  Executive summary  
Black flies (Diptera: Simuliidae) are the second most medically-important group of arthropod pest 
species affecting human health and are now the most important group of disease vectors and pest 
species lacking a representative genome project.  The family also occupies a critical taxonomic 
placement in the sub-order Nematocera, making it an important out-group for genomic studies in 
mosquitoes and other important hematophagous Diptera associated with leishmaniasis and viral 
encephalitis.  Simulium species are the sole vectors for the human filarial parasite Onchocerca 
volvulus, the causative agent of onchocerciasis, or river blindness.  River blindness is a scourge of 
some of the poorest regions of the world, affecting 39 million people worldwide.  Historically, it has 
been the second most important infectious cause of blindness (after trachoma) and the second most 
important disease in terms of overall socio-economic impact, eclipsed only by polio. 

The socio-economic impact of onchocerciasis has been recognized by the international community, 
which has supported a number of large control programs to reduce the impact of the disease on the 
afflicted populations.  For example, the Onchocerciasis Control Programme in West Africa, a program 
that focused primarily upon the control of S. damnosum in 13 countries of Africa was active from 
1975-2002, and spent more than $565 million over its lifetime.  The tradition of interest in 
onchocerciasis by the international community continues to this day, with ongoing programs in Africa 
(the African Programme for Onchocerciasis Control (APOC)) and Latin America (the Onchocerciasis 
Elimination Program in the Americas (OEPA)) spending millions to control the disease.   

Until recently, it was felt that onchocerciasis could not be eliminated using the currently available 
tools, which rely primarily upon mass distribution of the anti-helminthic drug ivermectin.  However, 
recent studies have suggested that long term treatment with ivermectin has dramatic effects on fertility 
of the adult female parasites.  This finding has resulted in a paradigm shift in the field of 
onchocerciasis control, moving from a focus upon control in Africa towards elimination.  The strategy 
to accomplish elimination involves delineating isolated foci of the infection, and eliminating the 
infection sequentially in these isolated foci, eventually resulting in continent wide elimination of the 
parasite.  For this strategy to be successful, it is first necessary to delineate these isolated foci or 
transmission zones.  In Africa, the major vector Simulium damnosum s.l., is known to be capable of 
long distance migration.  The extent of the transmission zones will thus likely be determined by vector 
movement throughout most of Africa.  To delineate these transmission zones, polymorphic markers 
capable of distinguishing populations and of determining effective population sizes are critically 
needed.  Genome sequences of the African vectors for onchocerciasis will provide a rich source of 
such markers. 

This document proposes the sequencing of 11 Simulium genomes (genome size smaller than 187 
Mb), including both disease vectors and non-vector species.  For critical vector species and 
populations, we simultaneously propose re-sequencing of 50 individuals per species, to identify 
polymorphisms for vitally needed population genetic studies, and to identify genes involved in 
vectorial capacity and the ability to colonize.  The availability of multiple black fly genomes will provide 
an epidemiological and genetic framework delimiting the spatial distribution of vector sibling species in 
areas where onchocerciasis control is on-going, greatly aid the identification of promising species-
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specific genetic control targets, provide a frame-work for ecological genomic studies, and give an 
entrée into detailed gene regulation analysis in an otherwise intractable group of insects.   

 

 
Table 1:  Proposed Simulium species targeted for genome sequencing. 
 
TIER Species Location Vector DNA source* Laboratory 

S. vittatum North America - Colony material UGA 

S. sirbanum Burkina Faso 
(Savanna spp.) ++ Larvae from 

isofemale progeny MDSC 

S. damnosum ss Togo (Savanna spp.) ++ “ MDSC 
S. ochraceum Mexico ++ “ UANL 

1 

S. squamosum Ghana 
(Forest spp.) +++ “ NMRI 

S. ochraceum Galapagos Islands - Larvae from pure 
sibling site Creighton/  CDF 

S. thyolense Malawi 
(Colonizing species) +++ Adults from pure 

sibling site NMRI/Creighton 

S. sanctipauli Ghana 
(Forest spp.) +++ Larvae from 

isofemale progeny NMRI 

S. woodi 
Tanzania 

(Different subgenus 
from other vectors) 

+++ 
" 

NMRI/LSHTM 

2 
 

S. exiguum Ecuador +++ “ Creighton/CDF 

3 
 S. yahense Ghana    (Forest spp.) +++ “ NMRI 

"+++", "++": major Onchocerca vector, "+": vector.  "-": non-vector model species. UGA, University of Georgia 
(Athens); MDSC, Multi-Disease Surveillance Centre, WHO; UANL, University of Nuevo Leone, Mexico ; CDF, 
Charles Darwin Foundation (Ecuador); LSHTM, Post lab London School of Hygiene & Tropical Medicine; NMRI, 
Noguchi Medical Research Institute, Ghana; Creighton, Creighton University, USA.  

 

2 Background 
2.1 Vector profile 
The Simuliidae (black flies) are generally regarded as the second most medically important group of 
insects that impact the health and economic well-being of humans (Adler et al., 2004). They are by 
now the most important vector group that is not yet represented by large-scale genomics. The blood-
feeding activity of adult females transmits several pathogens to humans, most notably Onchocerca 
volvulus, the causative agent of river blindness, as well as Mansonella ozzardi; significant veterinary 
pathogens including species of Leucocytozoon,  Trypanosoma, and Dirofilaria, as well as vesicular 
stomatitis virus (Adler 2005). Onchocerca volvulus alone infects approximately 39 million people in 
Africa, the Arabian Peninsula, and Central and South America (Crainey and Post, 2010), and has 
been the focus of one of the World’s largest insect control programs (Onchocerciasis Control 
Programme). 
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2.2 Onchocerciasis: a debilitating disease 
Human onchocerciasis is a severely debilitating disease, which is caused by infection with the 
parasitic nematode Onchocerca volvulus (Onchocercidae: Filarioidea). Ninety-nine percent of cases 
occur in sub-Saharan Africa, where it causes blindness and skin disease, which are together 
responsible for the loss of over one million Disability Adjusted Life Years (DALYS) every year (WHO-
TDR, 2008). Affected persons spend an additional 15% of their annual income on health, children are 
more likely to drop out of school and farmers have about 30% less land under cultivation (Fischer & 
Büttner, 2002), thus directly contributing to poverty. The most important pathologies are blindness and 
skin disease. Onchocerciasis is the third leading cause of preventable blindness in the tropics (Narita 
& Taylor, 1993), but skin disease is responsible for 60% of lost DALYs. There is also some evidence 
that onchocerciasis may be associated with epilepsy and dwarfism (Basáñez et al., 2006), and 
perhaps it increases susceptibility to malaria and reduces efficacy of vaccinations (Druilhe et al. 
2005). The biting nuisance caused by the vectors also has a real but unmeasured effect on economic 
activities and this impact extends to northern latitudes (Hougard et al. 1998). 

 

2.3 A “translational” genome project:  The importance of genomic sequence to 
Onchocerciasis transmission and control 

Throughout most of its geographical range in Africa, the parasite is transmitted between people by 
biting black flies belonging to the Simulium damnosum complex. Therefore, larviciding was the main 
strategy adopted by the World Health Organization Onchocerciasis Control Programme (OCP) in 
West Africa, which treated vector breeding sites in 11 countries from 1974 to 2002, to interrupt 
transmission. It was estimated that ≥ 600,000 cases of blindness were prevented at a cost of $556 
million (WHO, 2002), and the parasite reservoir was considerably diminished. When the drug 
ivermectin was approved for use against onchocerciasis in 1987, it was adopted by OCP for annual 
distribution to communities to give immediate clinical benefit. With the support of the WHO African 
Programme for Onchocerciasis Control (APOC), the drug has become the mainstay of current 
onchocerciasis disease control in those 19 endemic countries, which had not been part of the old 
OCP. Annual Community Directed Treatment with Ivermectin (CDTI) has conferred enormous clinical 
benefits, and with more than 40 million people currently being treated it is helping to avert the loss of 
500,000 DALYS every year (Amazigo & Boatin, 2006). Ivermectin was shown to be a potent 
microfilaricide when given annually, meaning that little or no effect was seen upon adult parasites in 
the initial clinical trails conducted to evaluate the effect of treatment on O. volvulus (Devaney and 
Howells, 1984).  This necessitated that ivermectin be given at least annually to control onchocerciasis 
as a public health problem, and that complete elimination of the parasite population using ivermectin 
was probably not feasible in Africa, due to the scope of the problem and the intensity of transmission 
there (Borsboom et al., 2003; Winnen et al., 2002).  However, more recent studies have suggested 
that long term annual treatment with ivermectin dramatically reduces the fertility of the adult female 
parasites (cf. Cupp et al., 2010).  Furthermore, a recent report has suggested that after 15 years of 
annual and semi-annual ivermectin distribution, transmission has been interrupted in parts of Senegal 
and Mali (Diawara et al., 2009).  This finding has led to a paradigm shift in the thinking about 
onchocerciasis in Africa, where the emphasis is now shifting from control of the disease as a public 
health problem to elimination of the parasite population altogether. 
 
The strategic plan to eliminate onchocerciasis in Africa can be summarized by the title of an informal 
consultancy convened by the WHO and APOC to develop a plan for onchocerciasis elimination in 
Africa - “Shrinking the Map”.  The strategic plan calls for delineating isolated foci of the infection and 
targeting the isolated foci for elimination using mass treatment with ivermectin.  Foci will be 
successively targeted until elimination is complete.  To implement such a strategy, knowledge of the 
limits of the foci to be targeted is critical.  Throughout much of sub-Saharan Africa, the primary vectors 
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of onchocerciasis are S. damnosum sensu stricto and S. sirbanum, two savannah dwelling members 
of the S. damnosum species complex.  Both of these species are known to be capable of migrating 
long distances so that the spatial features of the foci in Africa will be determined primarily by the 
movement of the vector flies.  The most effective way to monitor this will be to measure effective 
vector population sizes.  Thus, population level genetic markers are critically needed to refine the 
estimates of the effective sizes of the onchocerciasis foci throughout Africa, as the current programs 
move from control to elimination.  The most effective way to generate such a suite of markers will be 
from complete genome sequence data, supplemented by transcriptome data derived from RNA-Seq 
runs.  Simulium epidemiology will be supported by the generation of a suite of molecular markers. 
Since different classes of markers are more appropriate for different applications, we can use the 
genomic and transcriptomic sequences to generate multiple types of markers including single-
nucleotide polymorphisms, microsatellites, and exon-primed markers. Such markers can now be 
rapidly genotyped, and will assist the community to better understand population structure, gene flow 
and can also be used as markers for monitoring epidimiological traits.  The black fly genome is 
favorable for detailed scoring of populations with molecular markers, due to the low chromosome 
number (n=3) and low recombination rate (0.7 chiasma per chromosome arm per meiosis, as judged 
from detailed cytogenetic studies; Rothels and Nambiar, 1975).   
   
 
2.4 Beyond parasite transmission 
 
2.4.1. Value of black flies for comparative genomic studies 
 

Not all black flies transmit pathogens, but their taxonomic 
placement and phylogenetic relationships in a superfamily of 
vectors is critical.  The Simuliidae is a basal family (Nematocera: 
Culicimorpha) in the order Diptera (“true flies”) composed of over 
2000 species.  It is a sister family to the Chironomidae-
Ceraptogonidae clade (non-biting and biting midges, 
respectively).  Using morphological characters, these three 
families, together with the Thaumaleidae, in turn, form a sister 
group within the Culicimorpha as a superfamily cluster that 
includes the Culicidae (“mosquitoes”) (Figure 1; from "Tree of 
Life", after Wood and Borkent, 1989).  Understanding the 
genetics governing life-history traits, which lead to a species 
evolving into a vector of human pathogens, can be greatly 

facilitated by comparing vector and non-vector sibling species within this family and between vector 
species in closely related families such as the Ceratopogonidae (“biting midges”).  
 
The availability of black fly genomes will also be of great value to the mosquito community.  The black 
fly genome will provide a critical outgroup in a sister clade within the Culicimorpha, but outside the 
mosquito/chaoborid/dixid clade (see Figure 1).  Comparative genomics between the two groups 
should prove enlightening, especially given the suite of critical biological similarities (haematophagy, 
etc) and differences (disparate host location mechanisms, blood feeding behavior differences, distinct 
ecological niches, etc) of the two families.  Furthermore, other research communities will benefit from 
the availability of black fly genomes, including investigators studying species belonging to the 
Chironomidae and the Corethrellidae.  Both families are placed within the Nematocera (lower 
dipterans).  The Chironomidae is included in the superfamily Culicomorpha and while not a blood 
feeding taxon, it is the focus of over 500 research laboratories as a model system for molecular 
cytogenetics, transcription studies, nuclear export, etc., including such luminaries as Beerman, 
Daneholt and Edstrom.  The black fly genome will provide a closely related entrée into a broader 
range of Chironomus genes than would otherwise be possible.  The Corethrellidae is believed to be 
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ancient family by comparison with the Simuliidae and also contains species that were the first in the 
superfamily to evolve the ability to blood-feed.   
 
The availability of sequence from this project and other vector species will therefore provide a unique 
opportunity to study how the genomes of disease-transmitting vectors have evolved.  Using sequence 
similarity- and Hidden Markov Model-driven orthology, we will identify potential genes which are 
essential for a successful vector or pathogen.  First, a robust phylogenetic framework will be 
established.  This will allow us to utilize a phylogenetic approach to identify genes which are  
diverging at different rates for a particular phenotype such as vector competency.  Secondly, the 
availability of metagenomes of the infected black flies will allow a comparison of pathogen genomic 
profiles between disease- and non-disease-causing populations within a single species.  A complete 
genome sequence of reference species will also allow us to determine the extent of microsynteny 
conservation between the Simuliidae.  This will assist with the genome assembly efforts. Finally, 
microsynteny conservation will facilitate the transfer of functional annotations from a well-
characterized species to a non-characterized one.  These predictions will drive subsequent research 
for biochemical investigations.  
 
2.4.2. Genetics of host location 

Studies of odor receptors (ORs) and odor binding proteins (OBPs) have been identified as promising 
areas for the development of tools to interrupt transmission by interfering with prey location.  Such 
studies are well advanced in both the model Drosophila system (e.g., Robertson et al., 2003; Xu, 
2009) and in vector taxa such as mosquitoes (e.g., Fox, 2001; Xu et al., 2003).  Comparative 
genomics examination of black fly odor sensing genes would not only be informative to simudologists 
but, given the differences between black fly and other dipteran host seeking behavior, should prove 
illuminating for other vector communities.  In addition, identification of such OBPs may lead to the 
identification of attractants for black flies, which could serve as the basis for the development of traps 
for their flies.  Such traps would have great utility as a surveillance tool to monitor O. volvulus infection 
levels in flies in areas subject to elimination efforts, and may also serve as a supplemental method to 
achieve elimination.  Finally, such traps may have a commercial application as a way to reduce 
nuisance populations in North America. 

 
2.4.4. Host feeding behavior 
 
Simuliids exhibit a wide variation of host choice, with some species being almost exclusively 
anthropophilic, while others feed exclusively upon large animals and birds.  Host choice is a critical 
component of vectoral capacity.  Importantly, this difference in host feeding behavior has also resulted 
in apparent biochemical adaptations as well.  For example, the bite of the zoophilic North American 
species (such as S. vittatum) is notoriously painful, while the bite of the anthrophilic African species 
(e.g. S. yahense) are painless.  This adaptation probably results from the fact that humans exhibit a 
very effective defensive behavior to being bitten (slapping the offending insect) while the ruminants 
that are the normal hosts of zoophilic species such as S. vittatum exhibit much less effective 
defensive behaviors.  An obvious hypothesis to explain this adaptation is that the salivary secretions 
of the anthropophilic species contain powerful anesthetic molecules which are lacking in the saliva of  
the zoophilic species.  A genome aided study to identify such differences in the salivary profile of 
these species would be an effective way to identify such anesthetic molecules, which might in turn 
have important medical applications. 
 
 
2.4.5. Black Fly saliva as a source of drugs and vaccines 
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As alluded to in the previous Section, black fly salivary secretions contain an array of novel, 
pharmacologically active proteins that are capable of (1) inhibiting the anti-hemostatic pathway of 
vertebrates,, (2) causing maximum and prolonged vasodilation of peripheral blood vessels, and (3) 
suppressing immune responses. Because of their activity which has been selectively directed by 
evolution, some of these molecules hold promise as drugs in treatment of clotting disorders and 
immune diseases. One – a recombinant vasoactive protein – has already been demonstrated as a 
potential therapeutic agent in promoting wound healing by increasing transdermal vascular flow and 
accelerating wound repair (Cupp et al., 1998). As such, this (and possibly other) salivary molecules 
may hold great potential for stimulating the healing of chronic wounds associated with extensive 
cellular necrosis and compromised blood supply such as decubital ulcers or diabetic foot wounds, as 
well as helping assure perfusion of severely traumatized wound tissues. 
 
Black fly saliva also contains one or more chemoattractants that diffuse through the skin and direct 
Onchocerca spp. microfilariae to the bite site during vector blood-feeding, thereby insuring infection. 
These molecules therefore serve as the fundamental mechanism to control the vector-parasite link 
and eventually involve the human host after larval development in the fly and subsequent 
transmission of the L3. If identified, such molecules could prove extremely useful as transmission-
blocking targets to uncouple the vector-parasite link. Because a similar phenomenon has been 
described for Wuchereria bancrofti and Culex spp., identification of black fly salivary microfilarial 
attractants could prove useful for development of a transmission-blocking vaccine for lymphatic 
filariasis as well.        
 
 

3 Genomic Resources 
 
3.1 Genome structure 
 
Typically, black flies have n = 3 submetacentric chromosomes, which are greatly amplified in the 
larval silk glands (Figure 2; the polytene chromosomes of S. vittatum).  The chromosome complement 

has been reduced to n=2 independently in several simuliid 
taxa, including the subgenus Eusimulium, and in certain 
members of the genus Cnephia (Leonhardt 1985, Procunier 
1982).  
 
The only known size of a black fly genome is that of 
Prosimulium multidentatum; it is estimated to be 187 Mbp in 
length (Sohn et al. 1975).  However, Rothfels and Nambiar 
(1975) indicated that this species has unusually large 
meiotic/mitotic chromosomes, so the genomes consider here 
are somewhat smaller. 
 

 
 
Crainey et al., (2010) describe the S. squamosum BAC library constructed by the Post laboratory.  
Hybridization results with putatively single copy genes are consistent with a S. squamosum genome 
size slightly smaller than that of P. multidentatum.  All the species examined by Sohn et al. (1975) had 
non-trivial amounts of highly repetitive DNA (~30-40 %) and an AT-rich genome (~70 % AT) 
 

 
3.2 Cytogenetics 
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Natural populations of black flies have been the focus of intensive cytogenomic studies for over 60 
years (reviewed by Rothfels, 1979, 1981, Adler et al., 2005, Adler et al., 2010).  Detailed polytene 
chromosome maps and annotated idiograms of approximately 500 species have been published, with 
considerably more data available from various laboratories (cf. Adler et al., 2004).  Many species in 
the genus Simulium have been linked into large chromosome synteny-based phylogenies.  To date, 
very few genes have been mapped to the polytenes by in situ hybridization, largely because so few 
cloned genes are available that no significant coverage can be achieved.  However, anti-hemostatic 
proteins in Simulium vittatum (Procunier et al., 2005) and insecticide resistance loci in Simulium 
sanctipauli (Boakye et al., 2000) have been placed in cytogenetic maps.  Furthermore, an array of 
cytogenomic data is also available for S. damnosum siblings (Adler et al., 2010; Kreuger, 2006; Post 
et al., 2007), which should prove invaluable for assembly of the genomes.  
 
 
3.3 S. squamosum BAC library 
 
A S. squamosum BAC library, that also contains a complete Wolbachia genome and extensive 
coversage of a merithid nematode parasite of the simuliid, has been desribed by Crainey et al., 
(2010).  This library is available for the genome project, for example in our BAC-FISH genome 
mapping experiment.  The DNA for the library was derived from larvae collected at River Pawnpawn, 
Ghana (a cytogenomically well characterized population).  
 
 
3.4 Existing EST resources 
 
The adult female salivary glands of S. vittatum and S. nigrimanum are represented by EST collections 
of 1748 and 2147 sequences each, respectively (Andersen et al., 2009; Ribeiro et al., 2010).  A 
carefully normalized transcriptome (using methods described in Meyer et al., 2009) representing all 
life stages of S. vittatum consisting of 16,384 contigs and 61,333 singletons was constructed by the 
Simulium Genomics Consortium. The contigs have been run through a preliminary annotation.  Of 
these, 16,482 have no significant sequence similarities to proteomes of sequenced organisms and 
thus represent "black fly unique" sequences (i.e., rapidly evolving or lineage-specific genes that are 
strong candidates for functions unique to black fly biology).  We anticipate submitting discoveries 
made from the transcriptome sequencing for publication and opening the database (through 
InsectaCentral.org) to the general scientific community in late summer 2011. 
 
 
3.5 DNA immediately available 
 
The Brockhouse laboratory (Creighton) currently holds approximately 1000 individuals of S. vittatum 
(UGA colony), 100 of S. squamosum (R. Pawnpawn), 20 S. ochraceum "Galapagos", 20 S. thyolense 
(Malawi), and 20 S. sanctipauli (R. Akran).  DNA from any or all of these will be available for 
sequencing should any delays be experienced by the institutions making purpose-collections of any 
species listed in Table 1 or 2. 
 

4 Target species  
 
We propose to determine the sequence of isolates  of 11 Simulium species (Table 1 and Section 5).  
These species represent a wide range of characteristics within the genus, including documented 
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onchocerciasis vectors from both Africa and Latin America.  The species have also been chosen 
based upon our ability to obtain material that will be as homogeneous as possible.  S. vittatum has 
been included in this list as it is the only Simulium species to have been successfully colonized.  This 
colony was initially established at Cornell University roughly 30 years ago and has been maintained 
continuously since then, without the introduction of any wild material.  We feel that material from this 
colony is likely to exhibit a higher degree of homozygosity than any of the field collected species, and 
should prove a useful prototype genome to assist in the assembly of the sequences obtained from the 
field collected species.   
 
 
Table 2:  Proposed sequencing strategy. 
 
Tier Species DNA 

source 
Laboratory Genome  

Size 
Proposed Genome 

Coverage 
Proposed 

Transcriptome 
Sequencing 

S. vittatum Colony 
material 

UGA >187Mbp 100X (n=1) Completed;  
analysis in 
progress. 

100X (n=1) S. sirbanum Larvae 
from 

isofemale 
progeny 

MDSC >187Mbp 

40X (n=50) 

Yes 

100X (n=1) S. damnosum 
ss 

“ MDSC >187Mbp 
40X (n=50) 

Yes 

S. ochraceum “ UANL >187Mbp 100X (n=1) Yes 

1 

S. squamosum “ NMRI >187Mbp 100X (n=1) Yes 

S. ochraceum 
"Galapagos" 

Larvae 
from pure 
sibling site 

Creighton 
/CDF 

>187Mbp 100x (n=1) 
40X (n=50) 

Yes 

S. thyolense Adults from 
pure sibling 
populations 
in Malawi 

NMRI/ 
Creighton 

>187Mbp 100X (n=1) Yes 

S. sanctipauli “ NMRI >187Mbp 100X (n=1) Yes 
S. woodi Tanzania NMRI/ 

LSTMH 
 100X(n=1) Yes 

2 

S. exiguum “ Creighton 
/CDF 

>187Mbp 100X (n=1) Yes 

3 S. yahense “ NMRI >187Mbp 100X (n=1) Yes 

 

5 Proposed sequencing strategy 
We propose high-coverage sequence for 1 individual (= 2 hapolid genomes) per species.  2 to 5 ug of 
DNA per individual are routinely obtained in DNA extractions from larvae.  Isofemale egg rearing will 
be conducted to ensure sibling progeny for the genome sequencing experiments, reducing the overall 
level of genetic variation in the template DNA of the samples to be sequenced.  We also propose to 
conduct in-depth transcriptome analysis of all species included in this project.  The proposed target 
species exhibit different vector competencies and host choice preferences. Having transcriptome data  
will be essential to carry out the studies described in section 2.4 above. 
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In addition to the de novo sequencing efforts on the nine species outlined in Table 1, we also propose 
to conduct re-sequencing of 50 individuals from the two most important vectors of onchocerciasis in 
Africa, S. damnosum s.s. and S. sirbanum (Table 2). The purpose of this re-sequencing effort will be 
to identify molecular markers that might be used to delineate endemic onchocerciasis foci throughout 
Africa, assisting in the elimination programs currently being planned.  The 50 individuals will be drawn 
from  geographically distant, cytogenomically characterized populations (approximately 5 individuals 
from each location), to maximize polymorphism capture.  Sites have been identified in Ghana, Nigeria, 
Togo,  Burkina Faso, and Uganda. One silk gland from each larva will be removed, for sibling 
identification by D. Boakye and R. Post, and the rest of the body used for DNA extractions by 
established methods (Brockhouse et al., 1993).  The S. ochraceum population of the Galapagos 
Islands is also proposed for resequencing. It is an unique example of a recent colonization event, or 
rapid expansion of a previously relic population, that poses a new threat to human health (cf. Nelder 
et al., 2004).  The Galapagos resequencing effort will yield important new data on the biology of black 
fly population expansion. 

The sequencing of natural populations is an active field of research at the Broad Institute and they are 
generating new sequencing and assembly strategies which will be instrumental in successfully 
assembling the genomes. In our discussions with VectoBase, Dr. Scott Emrich has expressed 
confidence that their experience with the mosquito and tsetse genome projects will allow them to hone 
their ability to assemble "wild" genomes. 

Assembly efforts will be aided by the extensive collection of available cytogenetic maps. Dr. 
Brockhouse's group will work on BAC-FISH to generate a physical map. In addition, the extensive 
synteny between Simulium species will guide our assembly of the low-coverage genomes. (There are 
no inter-chromosome arm rearrangements within the selected groups. Intra-arm inversions have 
"scrambled" the synteny among the species, but large regions are conserved and easily recognizable 
on polytene chromosome maps). 

 

6 Community involvement and impact 
The black fly community is represented by several regional groups: the North American Black Fly 
Association (https://www.clemson.edu/cafls/departments/esps/research/adler/nabfa/index.html), the 
British Simulium Group (www.blackfly.org.uk) and the European Simuliidae Association.  The North 
American and British groups hold annual meetings, and the European Association hosts a biannual 
international symposium.  Approximately 200 labs word-wide have simuliids as a primary or significant 
research focus. 

Members of the community directly interested in this project have long-standing involvements in 
exploring the genetics, phylogeny, systematics and vector biology of medically-important Simulium 
species.  The collective experience of the group amounts to centuries of laboratory and field work 
focused on the basic biology and epidemiology of the Simuliidae and its relationship to human and 
animal diseases.  Sequencing of the genomes listed in Table 1 will undoubtedly act as a catalyst for 
further genetic exploration of this very important vector group.  In addition, a number of public health 
professionals working to control onchocerciasis are keenly interested in the translational aspects of 
this project as it addresses a crucial need identified by the onchocerciasis control program, namely 
the identification of foci of transmission. 

The black fly community, although comparatively small, has produced the most comprehensive 
cytogenomic analysis of population chromosome synteny maps and chromosome synteny based 
phylogenies of any family of living organism at the natural population level.  Complete genome 
sequences will greatly enhance the value of this extensive cytogenomic groundwork, allowing the 
community to move to the next level, enabling the mapping of specific inversion breakpoints, and the 
layering of genetic annotations onto well-developed physical maps.  The production of this white 
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paper has already attracted a growing pool of new talent to the field; the full genomes will 
unquestionably serve as a focus for the further revitalization of the simuliid community.   

 

6.1. Genome sequence annotation. 
Data will be released following the procedures established by previous NHGR/NIAID-funded vector 
genomes as follows.  Sequence data generated in the course of the project will be deposited at 
Eugenes Arthropod database (http://arthropods.eugenes.org/arthropods/data/blackfly/) and 
VectorBase as soon as it is generated.  We anticipate no delay between generation and deposition of 
the data.  We are committed to the immediate release of all RNA-Seq data to the community via 
InsectaCentral.org and VectorBase, since the insect and vector genomics communities will obtain the 
most benefit from the data.  In addition, we will aim to submit the raw sequence data to the NCBI 
Trace Archive (http://www.ncbi.nlm.nih.gov/Traces/trace.cgi).  We also intend to make all our RNA-
Seq MINSEQE-compliant, that is providing the "Minimum Information" about a high-throughput 
SeQuencing Experiment (see http://www.mged.org/minseqe/), so that the data can be deposited at 
GEO (see http://www.ncbi.nlm.nih.gov/geo/infor/seq.html). 
 
The Center for Genomics and Bioinformatics (CGB)  and CSIRO (A. Papanicalaou) will provide the 
initial (automated) annotation of the assembled genomes using the Ensembl pipeline (Curwen, V., et 
al., 2004).  More detailed community annotation will be done, and managed according the experience 
of the Daphnia Genome Consortium (John Colbourne, and Michael Pfrender). 

Additional gene models will be predicted and improved at the CGB using in-house pipelines that 
include Fgenesh family models (Salamov and Solovyev, 2000), Genewise family models (Birney and 
Durbin, 2000), SNAP (Korf, 2004) and a newly developed protocol by Dr. Don Gilbert (Indiana 
University) called Evidence Directed Gene predictions for Eukaryotes (EvidentialGene) 
(http://arthropods.eugenes.org/genes2/).  Colleagues at the NCBI RefSeq Project Group will provide 
RefSeq transcript alignments (Pruitt et al., 2005) and Gnomon gene prediction 
(http://www.ncbi.nlm.nih.gov/genome/guide/gnomon.shtml).  Finally, ESTs will be used to extend 
predicted gene models into fuller-length genes by adding to 5’ and/or 3’ UTRs.  The PASA annotation 
pipeline (Haas et al., 2003) will be used to further refine the gene models by verifying that spliced 
alignments of ESTs are congruent with the predicted gene structures.  The elected gene set will be 
given putative functional assignments by homology to annotated genes from NCBI non-redundant 
sets and classified according to Gene Ontology (Harris et al., 2004), eukaryotic orthologous groups 
(Koonin et al., 2004), and KEGG metabolic pathways (Kanehisa et al., 2004).  

One of the most challenging elements of a genome sequencing project is functional annotation, which 
is essential for extracting biological significance from the vast amounts of newly acquired sequence 
information (Elsik et al., 2006; Stein, 2001).  To aid in this task, Indiana University’s CGB will host an 
annotation training workshop with supporting web-conferencing, and design and implement a 
community-wide manual annotation project modeled from earlier experiences with the waterflea 
(Daphnia; Colbourne et al., 2011) (http://conferences.cgb.indiana.edu/daphnia2007/index.html), jewel 
wasp (Werren et al. 2010) and pea aphid (https://dgc.cgb.indiana.edu/display/aphid/Workshop+I) 
genome projects, which are coordinated through collaboration wikis.  The Simulium annotation project 
will employ a hybrid “jamboree” and “cottage industry” model that will bring together the Simulium 
community with bioinformaticians and insect genome biologists in a five-day intensive annotation 
workshop that will serve to train the community and jump-start a longer-term decentralized annotation 
effort that will be dispersed throughout the community (Elsik et al., 2006; Stein, 2001).   

The annotation workshop will be hosted at the Mount Desert Island Biological Laboratory (MDIBL) 
located on the coast of Maine.  John Colbourne is Adjunct Associate Professor at MDIBL and will 
obtain funding for this event via contacts made through the Environmental Genomics Summer course 
that he offers with colleagues every summer. MDIBL is equipped and staffed for hosting such events.  
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Participants will work hands-on with annotation training modules and will hear from invitees from other 
genome projects who will highlight the annotation process and speak from experience on ways to 
improve our annotation efforts.  The goal is to educate and excite the community about their role in 
building this resource, familiarize them with the annotation software and other technical aspects, and 
facilitate future collaborative research efforts.  The workshop will be held during the first academic 
break (summer or winter) following genome assembly and Ensembl annotation and will be open to all 
interested researchers.  We hope to identify opportunities from the NIH to help provide travel awards 
for students and post-doctoral researchers.  

The Simulium genome database will be housed at VectorBase (see letter of support), built with 
common Generic Model Organism Database (GMOD; Stein et al., (2002)) components and open 
source software shared with other genome databases.  The computationally intense analysis we 
propose will benefit from the TeraGrid project (www.teragrid.org), which is part of a shared cyber 
infrastructure for sciences, funded primarily by NSF. We have used TeraGrid to annotate and validate 
the assembly of a Daphnia genome, where results included homologies to nine eukaryote proteomes, 
gene predictions, marker genes, and EST locations.  
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