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Genomic Analysis of Two Phlebotomine Sand Fly Vectors of Leishmania from the New and Old World
Supplemental Methods:
Manual Annotation Methods
Transposable Elements
Long Terminal Repeats
Psiblast was used to construct reverse position specific matrices from the deducted coding sequences from transposable elements found in the TEFAM and REPBASE [1] databases. The sand fly genomes (in pieces of 50 kb containing 10 kb of the previous fragment) were queried against this database using the tool RPSblast [2] with an e-value cutoff of 1e-15. The coordinates of the matches having > 800 nt were extended by 500 nt to include flanking regions. The final file containing the genome scaffold name, plus n1 and n2 extended coordinates was sorted and the coordinates that had overlap were fused. This compacted coordinate table was finally used to retrieve the putative transposable elements as a fastA file. The sequences were trimmed at the terminal inverted repeat (TIR) sequences or alternatively, at the coding sequence when repeats were not found. 
The domains were classified according to the Conserved Domain Database [3] and the full-length Reverse Transcriptase-Riboneuclease H regions used to perform phylogenetic analysis that permitted the further classification of the sequences into families. 
The classification of the different long terminal repeat (LTR) superfamilies was based on phylogenetic analysis. The full-length Reverse Transcriptase domains were aligned to reference sequences belonging to the main LTR superfamilies by the Mafft algorithm as implemented in http://mafft.cbrc.jp/alignment/server/ [4] and manually edited in
MEGA5 [5].
Non-Long Terminal Repeats
Using a TEseeker [6] we searched for putative non-LTR elements. To annotate these putative sequences we performed Phylo tree building for each putative element verses previously known published representative non-LTRs from other insect genomes, and assigned a clade. We also clustered using ClustalW [7] all putative and all annotated elements with the representatives of other organisms within the clade and overall. We considered protein sequences that were 80% identical as one element and making manual corrections we built a consensus sequence of the 80% identical elements. We then used this consensus sequence to perform a final count of the copy number of each element in the genome, and to estimate percent genome coverage.
Miniature Inverted-repeat Transposable Elements
RepeatModeler [8] output that were less than 500 bp were used as query to run BLAST against the genome assembly. Top 20 hits were retrieved together with their flanking sequences (500 bp on each side). These sequences were aligned using ClustalW [7] to reveal TE boundaries, TIRs and target site duplications that are characteristics of miniature inverted-repeat transposable elements (MITEs). Self-blast of the initial MITE candidates were performed to remove redundancy using a cut-off of overall 80% identity. To discover short interspersed nuclear elements (SINEs), sequences that are less than 500 bp and showed similarity to tRNAs or other polymerase III promoters were selected. Element boundaries, target site duplications and tandem repeats at the 3’ ends that are characteristics of SINEs were also analyzed by Clustal alignment of top 20 hits. 
Digestion Genes
Peptidases, GHF13 and GHF18 
The Peptidase and Glycoside Hydrolase Families (GHF) (defined as described in the MEROPS and CAZy databases, respectively) in sand flies genomes were characterized using FAT software [9], which integrates HMMER (http://hmmer.janelia.org/) and BLAST+ tools [10] to filter the initial dataset and perform automatic annotation. The filter step used the HMG-box conserved domain (Pfam code varied between families) to identify and extract only proteins containing such a domain in both datasets.
N-acetylhexosaminidases
VectorBase [11-13] was screened for sand fly n-acetylhexosamisnidases through tBlastn searches against Tribolium castaneum homologs [14].  Genbank Accession numbers: Drosophila melanogaster (DmNAG1: NP_523924; DmNAG2: NP_525081; and DmFDL: NP_725178), Anopheles gambiae (AgNAG1: XP_315391; AgNAG2: XM_307483; AgFDL: XP_308677; and AgHEX: XM_319210), Aedes aegypti (AaNAG1: EAT43909; AaNAG2: EAT40440; AaFDL: EAT36388; and AaHEX: EAT43655), and T. castaneum (TcNAG1: ABQ95982; TcNAG2: ABQ95983; TcNAG3: ABQ95984; TcFDL: ABQ95985; TcHEX1: XM_970563; TcHEX2: XM_970567; and TcHEX3: XM_970565). Conserved domain architecture was identified through CDD, Prosite, and Pfam database searches.
Chitin deacetylases
VectorBase was screened for sand fly chitin deacetylase (CDA) through tBlastn searches against T. castaneum homologs [15]. Genbank Accession numbers: T. castaneum (TcCDA1: ABU25223; TcCDA2: ABU25224; TcCDA3: ABW74145; TcCDA4: ABW74146; TcCDA5: ABW74147; TcCDA6: ABW74149; TcCDA7: ABW74150; TcCDA8: ABW74151; and TcCDA9: ABW74152), An. gambiae (AgCDA1: EAA00275; AgCDA2: EAA43313; AgCDA3: EAA12484; AgCDA4: EAA06323; and AgCDA5: EAA12207); Ae. aegypti (AeCDA1: EAT45316; AeCDA2: EAT45315; AeCDA3: EAT42807; and AeCDA4: EAT42983), and D. melanogaster (DmCDA1: AGB94755; DmCDA2: AAF49121; DmCDA3: NP_609806; DmCDA4: AAF50937; DmCDA5: ABV53594; and DmCDA9: AHN56315). Conserved domain architecture was identified through CDD, Prosite, and Pfam database searches.
Peritrophin-like proteins
VectorBase [11-13] was screened for Lutzomyia longipalpis peritrophins by carrying out tBlastn searches against peritrophin-like proteins from many insects, for instance: Lucilia cuprina (AAC37261, AAC70784, AAK01058, AAB38414, and AAB70878); An. Gambiae (AAV31069); Chrysomya bezziana (AAK01057, AAB86623, and AAD25103); D. melanogaster (NP_524982 and NP_524983); Trichoplusia ni (AAC47557 and AAC47556); Armigeres subalbatus (AY439786); Ae. Aegyti (AAL05409, AAM94157, AAM94156, AAM94155, and AAM94154); and the sand fly peritrophins identified in cDNA libraries [16, 17]. This initial screening gave rise to 10 unique Lu. longipalpis peritrophins. Such sequences were translated, and their protein sequences were used to further search Bfor novel sand fly peritrophins. Genbank Accession numbers for proteins displayed in the phylogenetic tree: T. castaneum peritrophin access numbers were retrieved from [18] whereas available sand fly peritrophin access numbers were retrieved from [16, 17].  Conserved domain architecture was identified through CDD, Prosite, and Pfam database searches.
Immunity Genes
JAK/STAT
OrthoMCL was used to search for orthologous genes between the 2 sand fly species and 6 other insect species (D. melanogaster, Anophles albimanus, An.  gambiae, Ae.  aegypti, Culex quinquefasciatus, Rhodnius prolixus). The genome sequences for these organisms were downloaded from VectorBase [11-13], with the exception of D. melanogaster, which was downloaded from FlyBase [19].  Following the OrthoMCL comparisons, a list of known immunity genes and ID’s were downloaded from FlyBase for D. melanogaster.  There were a total of 5 JAK/STAT genes found using this method; Hopscotch, Domeless, STAT92E, Upd3, SOCS36E. The ID's were used to search for the OrthoMCL clusters for the 5 JAK/STAT genes. From the OrthoMCL gene cluster ID, it was possible to find the corresponding ID’s for the 2 sand fly species.  5 VectorBase ID’s were found in each sand fly species for the 5 JAK/STAT genes. VectorBase searches were performed to retrieve the sand-fly ID’s, each gene was downloaded to assess the quality of the gene model on VectorBase. In order to assess the quality of the gene model, Artemis [20] was used. The gene models were checked to make sure that that the coding sequences started and ended with the correct codons. In addition, the coding sequences were checked to make sure that there were no stop codons in the coding sequences themselves. All of the gene models were of good quality and everything was in the right place. Once the gene quality had been assured, the gene ID’s could then be confirmed.
To find more JAK/STAT genes, the Insect Immunity Database (Bordenstein Lab, NSF DEB-1046149) was used. This website contains a list of immunity genes from different insects, the JAK/STAT gene list has been mainly compiled using D. melanogaster.  two genes were found from this list that were also present in our OrthoMCL gene clusters, these were; p38b, and mekk1. The genes were again found using VectorBase and the gene models were confirmed using Artemis [20].
Prophenoloxidase genes 
The same OrthoMCL gene clusters were used as in the JAK/STAT gene annotations. Using the FlyBase immunity gene list, we found three prophenoloxidase genes. These three genes turned out to all belong to the same gene cluster. The gene models were downloaded for all of the three prophenoloxidase genes and they were assessed using Artemis [20]. All were confirmed to be good quality. Another phylogenetic tree is being created using these genes, more phenoloxidase genes are being searched for currently.
Toll Signaling Genes
The annotation was focused on the core signaling molecules in the Toll pathway and also on the upstream pathogen recognition receptors including peptidoglycan recognition proteins and gram-negative bacteria-binding proteins. This manual annotation started by using blastp against the two sand fly genomes from Vectorbase with the Drosophila protein sequences of the core Toll signaling genes. The Drosophila genes and protein sequences were obtained from FlyBase (Toll: FBgn0262473; PGRP-SA: FBgn0030310; GNBP1: FBgn0040323; Tube: FBgn0003882; Pelle: FBgn0010441; Myd88: FBgn0033402; Cactus: FBgn0000250; Dorsal: FBgn0260632). Gene models of the top hits from the blast were checked by Artemis [20] to ensure the correct annotation of coding region. Subsequently the protein (transcribed) sequences of the hits were used to align with Drosophila counterpart by ClustalW [7].  A score above 20 was set as the arbitrary threshold to confirm it was a ‘true’ homologue. Furthermore, SMART [21] was used to confirm that the characteristic protein domains essential for the gene function are present in the sand fly homologues.
IMD/ROS genes
For manual annotation, blast programs were used with IMD/ROS core genes from Drosophila or in-house sequences from Lu. longipalpis as query. The Drosophila genes and protein sequences were obtained from Flybase. Gene models from the blast highest hits were checked by Artemis [20] to ensure the correct annotation of coding region.
Galactose-binding proteins
VectorBase was screened for sand fly galectins through tBlastn searches against fly, mosquito, and sand fly homologs retrieved from Genbank. Genbank accession numbers: Crassostrea virginica (CVgalec: ABG75998.1), Ae. aegypti (AeGal1: XP_001656933; AeGal2: XP_001655870; AeGal3: EAT44461; AeGal5: XP_001657305; AeGal6: EAT43258; AeGal8: XP_001662146; AeGal11: EAT44861; AeGal12: EAT38239; AeGal13: EAT38241; AeGal14: EAT38240; and AeGal_ XP_001650704: XP_001650704), An. gambiae (AgGal1: EAA14815;AgGAl2: EAA06231; AgGAl3: EAA10348; AgGal4: EAL41552; AgGal5: EAA05052; AgGAl6: EAA13122; AgGal7: EAA13132; AgGal8: EAA09838; AgGal9: EGK97239; and AgGal10: EAL38639), D. melanogaster (DmGalA: AAF51564; DmGalB: ACZ94129; DmGalD: AFH03490; DmGalE: ACZ94130; DmGalF: AGB92325; DmGal_CG5335: AAF57667; DmGal_CG11374: AAF51563; DmGal_peroxin23: AAF49038; DmGal_CG13950: AAF51443; and DmGal_CG14879: AHN57362), Ph. papatasi (PpGalecA: AY538600), Lu. longipalpis (LuloGalecR: ABV60341), and Biomphalaria glabrata (BgGal_ABQ09359: ABQ09359). Conserved domain architecture was identified through CDD, Prosite, and Pfam database searches.
MAP Kinases
A bidirectional BLAST method was applied to identify new orthologous genes belonging to the ERK, JNK and p38 MAPKs pathways.   All RefSeq proteins of Homo sapiens, An. gambiae, D. melanogaster and Caenorhabditis elegans were downloaded from Genbank and a set of 79 MAPKs was made by selecting representative amino acid sequences from these species. Set of homologue sequences used as query: NP_001036065.1, NP_003945.2, XP_310236.3, NP_109587.1, NP_005912.1, NP_003609.2, XP_307879.4, XP_309868.4, XP_316357.4, XP_316502.4, XP_318144.4, XP_322064.4, NP_572458.3, NP_477163.1, NP_477353.1, NP_477361.1, NP_491683.1, NP_491087.1, NP_492620.1, NP_501365.1, NP_504721.1, NP_509682.1, NP_524080.1, NP_511098.1, NP_002742.3, NP_620602.2, NP_620448.1, NP_620581.1, NP_620637.1, NP_620407.1, NP_002743.3, NP_660143.1, NP_660186.1, NP_002437.2, NP_663304.1, NP_005195.2, NP_004570.2, NP_723541.1, NP_727335.1, NP_610817.1, NP_611399.2, NP_741431.1, NP_741537.1, NP_477089.3, NP_001001671.3, NP_649137.3, NP_006292.3, NP_872069.1, NP_004324.2, NP_001193733.1, NP_001229243.1, NP_001229488.1, XP_310813.5, NP_976226.1, NP_650750.4, NP_001645.1, NP_002410.1, NP_002745.1, NP_002739.1, NP_002871.1, NP_003001.1, NP_995972.1, NP_996277.1, NP_004663.3, NP_002960.2, NP_149132.2, XP_005248576.1, XP_005250103.1, XP_005258356.1, NP_002746.1, XP_006715545.1, XP_006723285.1, NP_009112.1, NP_001021270.1, NP_001022584.1, NP_741430.3, NP_001024971.1, NP_002737.2, NP_620590.2.
This query dataset was blasted against the Ph. papatasi and Lu. longipalpis genome. The genomic regions with highest similarity to MAPKs were extracted and blasted against all downloaded RefSeq proteins. Only the genomic regions which matched to MAPKs in the second blast round were considered as a MAPK gene locus. The exons were identified by the comparison of the genes found to the RNA-seq data assembled using different methodologies. The RNA-seq assemblies were also screened by a similar bidirectional blast approach.
TGF-beta
Manual annotation was performed by identifying D. melanogaster ortholog genes related to TGF-beta molecules from FlyBase (http://flybase.org; dcapentaplegic: FBgn0000490; maverick: FBgn0039914 ; mother against decapentaplegic: FBgn0011648; smad on X: FBgn0025800; punt: FBgn0003169 ; saxophone: FBgn0003317; baboon: FBgn0011300; thickveins: FBgn0003716; tolloid: FBgn0003719; fusel: FBgn0039932; inwardly rectifying potassium channel 2: FBgn0039081; supernumerary limbs: FBgn0267841; spichthyin: FBgn0032451; short gastrulation: FBgn0003463). These sequences were used as a query using BLAST search tools against the two sand fly genomes from VectorBase. Gene models identified in the sand fly genomes were checked by Artemis [20] or Web Apollo [22] and metadata was added.
Circadian Rhythm Related Gene Families
Using a bioinformatic approach, we identified several genes involved in the control of circadian rhythms, behaviour and sensory ecology in other insect species. Orthologous sequences, mostly from D. melanogaster, An. gambie, Ae. aegypti, and C. quinquefasciatus were used as a query to perform HMMER [23], BLASTP, and TBLASTN searches on the Lu. longipalpis and Ph. papatasi genomes and on their predicted protein sets. Subsequently, some gene models were improved manually or using gene prediction programs such as Augustus [24] and Fgenesh+ [25]. Final gene models have been created using Artemis [20]. The clock and behaviour related genes identified and their main characteristics are detailed in S1 and S2 Tables.for Lu. longipalpis and Ph. papatasi, respectively. 
cycle (cyc), Clock (Clk), and vrille (vri) genes were experimentally obtained. We first designed degenerate primers in conserved regions of vertebrate and invertebrate ortholog genes (Mus musculus, Gallus gallus, Danio rerio, and D. melanogaster; GenBank accession numbers AAC53200, AAF26365, AAD27749, and AAF50516). Based on these first sequences, new specific primers were made to obtain further sequences. The 5’ and 3’ ends were obtained using RACE techniques [26].  cDNA sequences were then used as query to search and edit the Lu. longipalpis and Ph. papatasi gene models automatically annotated. 
Lu. longipalpis and Ph. papatasi genes that belong to serine/threonine phosphatase (Pp1-alpha, Pp1-beta, Pp2-alpha, Pp2-beta, Pp4, and PpV-6, and Pp7) and photolyase superfamilies (cry-1, cry-2, phr, (6-4) phr) were differentiated by performing phylogenetic analyses using vertebrate and invertebrate ortholog genes. To do so, alignments of vertebrate and invertebrate ortholog sequences were performed in ClustaL X [7], manually edited in Jalview v2.6.1 [27] and subsequently aligned using G-INS-I strategy in MAFFT [28]. For the phylogenetic reconstruction, different evolutionary models (JTT, LG, DCMut, MtREV, MtMam, MtArt, Dayhoff, WAG, RtREV, CpREV, Blosum62, and VT) were tested using the ProtTest v2.4 [29]. Finally, maximum likelihood trees with 1,000 bootstrap pseudo-replicates of the original data were built in MEGA6 [30].
In the case of the pickpocket (PPK) and transient receptor potential (TRP) cation channel protein families, interative searches were performed with each new obtained protein sequence as query until no new genes were identified in each major subfamily or lineage. Once gene modelling process was finished, the number of predicted transmembrane domains in sand fly TRP and PPK sequences was established using TOPCONS [31]. Besides, functional domains were identified using Pfam v27.0 database [32]. Finally, a phylogenetic analysis with sequences from these protein families and those from D. melanogaster was performed. TRP sequences from Drosophila melanogaster were obtained from Peng et al. [33]. In the case of PPKs, fruit fly sequences were obtained from Zelle et al. [34]. To build the TRP and PPK phylogenetic trees, we aligned and edited the sequences the same way as described above. 
RNA Genes and MicroRNAs
Identification and characterization of RNAi genes - D. melanogaster RNA interference core proteins involved in siRNA, miRNA and piRNA pathways were used to search for similarity using BLASTP against all predicted polypeptide genes in Lu. longipalpis and Ph. papatasi genomes. Identification of sand fly predicted polypeptides was confirmed by similarity searches against annotated proteins in the Drosophila genome using BLASTPh. RNAi proteins identified by this strategy were analyzed to determine size and domain organization with InterProScan and gene were refined using SoftBerry and manual curation. Identification of microRNAs and piRNAs - Small RNA libraries were constructed from adult female Lu. longipalpis and deep sequenced using the Illumina platform. Small RNAs were mapped against the Lu. longipalpis genome using Bowtie. miRNAs were identified using miRDeep2 [35]. Candidate precursors were manually curated using 4 different criteria: (1) Size distribution of mapped reads on precursors, (2) Homogeneity of 5’ end of mapped reads, (3) detection in more than one library and (4) conservation in other insects. To identify piRNA clusters, Luztomya scaffolds were separated in 2000 nt bins using in-home perl scripts that were used as reference for mapping reads libraries using Bowtie  [36]. 2000 nt bins with a profile of mapped reads showing size distribution between 24 and 30 nt were selected. These were analyzed for ping-pong signature [37], nucleotide enrichment (weblogo) and offset between reads mapped in positive and negative strands.
G-Protein Coupled Receptors
A novel classifier pipeline was utilized to identify the GPCRs from the Ph. papatasi and Lu. longipalpis genome assemblies at VectorBase using the set of known GPCR peptides from Ae. aegypti, An. gambiae, Apis mellifera, D. melanogaster, H. sapiens, and Pediculus humanus [38]. The identified sand fly GPCR sequences were aligned using BLAST against the non-redundant protein sequences (nr) in NCBI.  Putative functions were assigned based on the best and the most informative BLAST hits, in most of the cases the later was from D. melanogaster. The sand fly sequences were aligned with homologous genes, mostly from insects used in the classifier pipeline, using MultAlin [39] and trees from Clustal Omega [40].  The sand fly gene models were manually corrected using the annotation tool Apollo. Identified and manually annotated GPCRs were used to search (tBLASTn) the sand fly genome scaffolds for additional GPCR genes. When available, the gene models were confirmed using transcript evidence from Expressed Sequence Tags (ESTs) and RNA sequencing (RNAseq). 
Cytochrome P450s
To identify all potential members of the cytochrome P450 superfamily we aligned the predicted gene sets of Lu. longipalpis (LlonJ1.6) and Ph. papatasi (PpapI1.6) to a reference collection of 2,942 curated CYPs from a wide variety of arthropods [41] using BLAST v2.10.0+ [10]. Since it is known that automated gene prediction methods quite frequently contain mistakes we proceeded to manually curate the automatically predicted CYP genes. To this end, we mapped publicly available Lu. longipalpis (SRR535765) and Ph. papatasi (ERR3714261, ERR3714267, ERR3714268) publicly available RNAseq data on the reference genomes using Hisat2 v2.1.0 [42] with parameters “--dta-cufflinks”. Subsequently, Bam2wig v3.0.1 was used with default parameters to generate BigWig files, in order to obtain transcription levels along the genome [43]. The BigWig files were then loaded as separate tracks in a locally deployed instance of the Apollo genome browser (v2.6.0) [22] that contained the sand fly genome sequences as well as the automatic gene predictions. We also identified CYP genes that were missed by automatic gene prediction using tblastn searches of the reference CYP set against each genome assembly. The Apollo genome browser was used for manual curation of the P450 genes.
A phylogenetic analysis of the Lu. longipalpis and Ph. papatasi CYPs was conducted using the curated CYPome of the major malaria vector An. gambiae [41] as reference. More specifically, we first aligned the amino acid sequence of the CYPomes of the three species using MAFFT v7.490 [44] with the “auto” parameter. Next, we trimmed the alignment using Trimal v1.2rev59 [45] with parameters “-gt 0.50”. IQ-TREE 1.6.12 [46] was used with parameters “-alrt 5000 -bb 5000 -m MFP” to reconstruct a maximum likelihood phylogeny with 5,000 bootstraps using the ultrafast bootstrap algorithm UFBoot2 [47]. Amino-acid model selection was performed using ModelFinder [48]. The human CYP51A1 was used as an outgroup. Finally, tree visualization and post-processing was performed using Evolview v3 [49].
Salivary Protein Genes
Forty-nine Ph. papatasi and 35 Lu. longipalpis putative salivary genes deposited at NCBI [50] were mapped to the sand fly assemblies using BLAST.
Heat Shock Protein Genes
Comparison of D. melanogaster proteins with GO terms relating to heat shock and response to hypoxia were compared by BLAST to the scaffolds and predicted genes in Lu. longipalpis and Ph. papatasi. Genes that were identified as possible orthologs were then compared by BLAST to the arthropod-specific BLAST database using CLC Genomics Workbench 7.
Cuticular Protein Genes
Sequence motifs characteristic of various families of cuticle proteins [51] were blasted (tBLASTn) [52] against the official gene set for Lu. longipalpis (LlonJ1.4) and Ph. papatasi (Ppal1.4), which were obtained from VectorBase (http://vectorbase.org). Potential cuticle proteins were further analyzed with CutProtFam-Pred, a tool for predicting cuticular protein families described by Ioannidou et al. [53], to assign genes to gene families. To find the closest putative homolog to cuticle protein genes from Lu. longipalpis and Ph. papatasi, genes were searched against the official gene sets for Ae. aegypti and An. gambiae downloaded from VectorBase as well as D. melanogaster genes obtained from FlyBase (http://flybase.org). The gene with the lowest e-value was considered the closest putative homolog.
Vitamin Metabolism Genes
Known protein sequences associated with vitamin metabolism from D. melanogaster were acquired through batch download and compared using BLASTagainst peptides from Ph. papatasi and Lu. longipalpis to identify the highest e-value and bit score matches through the use of CLC Genomics Workbench 7. These peptides from Ph. papatasi and Lu. longipalpis were subsequently compared against databases for An. gambiae and Ae. aegypti to identify specific orthologs and to confirm their identity. 
Hormonal Signaling Genes
D.melanogaster proteins with GO terms relating to insulin signaling processes were compared to the hypothetical scaffolds of the two sand fly species Lu. longipalpis and Ph. papatasi using BLAST.  Predicted genes that were identified as possible orthologs were then compared by BLAST to the arthropod-specific BLAST database using CLC Genomics Workbench 7 to validate the identity of each gene.
Antioxidant Genes
Comparison of D. melanogaster proteins with GO terms relating to antioxidant activity and response to oxidative stress were compared using BLAST to predicted genes of the two sand fly species Lu. longipalpis and Ph. papatasi allowed for identification of orthologs in each species. Predicted gene that were identified as orthologs were then compared by BLAST to an arthropod-specific BLAST database using CLC Genomics Workbench 7 for gene identity validation.
Aquaporin Genes
Aquaporins were identified based upon BLAST comparison to those from mosquitoes and other higher flies [54]. Putative aquaporin genes were subsequently compared to an arthropod-specific BLAST database using CLC Genomics Workbench 7 to validate each as an AQPh. 
Novel Viruses
Two strategies were used to investigate the possible presence of novel viruses in the sand fly genomes.  First, reads were aligned onto known viral sequences.  The Taxonomy Browser of NCBI was used to select 1795534 viral sequences from GenBank.  1791477 of these proved suitable for use.  The GS Reference Mapper 3.0 software (454 Life Sciences) was used to align the Lutzomyia and Phlebotomus *.sff files onto the downloaded viral GenBank fraction.   Reads of less than 75 bases in length were discarded and the hit match threshold was set at 85% identity.   Lutzomyia Illumina *.fq files were first groomed using read cleaner (Gatherer, unpublished) and then aligned onto the same downloaded viral GenBank fraction using BWA [55] and Bowtie [36] implemented in valet (Gatherer, unpublished).   Output was viewed in Tablet [56].
Secondly, the NCBI Taxonomy Browser was used to search for a reference genome from each family of viruses as defined by the International Union for Taxonomy of Viruses (ICTV), retrieving 101 reference genomes.  BLASTN was then used to search the Lutzomyia and Phlebotomus assembled transcript sets for homologous sequences.  A list was compiled of hits at expectation threshold of <10-3 and match longer than 100 nucleotides, produced a total of 11 non-redundant hits for Lutzomyia and 6 for Phlebotomus.  Each candidate hit was then used to search the whole of GenPept by BLASTX to determine its nearest protein relative. In addition, BLASTN was used with an expectation threshold of <10-3 to match individual genome contigs to the viral GenBank fraction described above.  Genome contigs were also BLASTed against bracoviral and retroviral fractions of GenBank. 
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