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A. C. capitata genome sequencing approaches

A cautionary tale from an initial medfly genome sequencing attempt 
The Mediterranean fruit fly, C. capitata, is one of 30 arthropod species sequenced as a part of the pilot project for the i5K 5,000 arthropod genomes project at the Baylor College of Medicine Human Genome Sequencing Center (BCM-HGSC). The assembly reported here (see below and main text) represents the second attempt at HGSC to sequence the medfly genome. The initial attempt used isolated genomic DNA of the ISPRA medfly strain from mixed-sex embryos reared without additional inbreeding to increase genome homozygosity. The flies came from a strain maintained as an inbred colony for over 20 years at the University of Pavia laboratory, and it is likely they were subjected to unintentional selection for vigor as a laboratory population and avoidance of inbreeding depression effects. Thus, the isolated DNA contained a relatively high proportion of polymorphisms both within and between individuals. This initial genome sequencing used a Roche 454 approach that had been successfully used on other arthropod species including inbred Drosophila species  [1, 2]. 
     An initial 454 fragment library was prepared and sequenced using 11.5 454 XLR Titanium platform runs generating 5,179 Mb of sequence (~10 X coverage of the ~500 Mb genome) with an average read length of 347.8 bp. An initial assembly of the 454 fragment data using Newbler version 2.3 (PreRelease-9/14/2009) produced more than 215,255 sequence contigs longer than 500 bp. The average contig size was 1,852 bp and the N50 length was 2,709 bp, with the largest contig being 70,001 bp. Efforts to further improve the assembly using additional 3 kb paired end 454 data, and early Illumina data to error correct 454 homopolymer errors helped to improve the assembly, but only marginally. The final 454 assembly had a contig N50 length of 3,115 bp, a scaffold N50 of 29,360 bp with a total assembly size of 543,139,776 bp (including captured gaps between scaffolds; 462,301,804 bp excluding gaps). This 0.1 assembly is available at https://www.hgsc.bcm.edu/arthropods/mediterranean-fruit-fly-genome-project, but has not been deposited into public databases due to its low quality.

High quality medfly genome sequencing of an inbred strain 
Given the low contiguity of the resulting 454 assembly, we suspected that sequence polymorphism within the sequenced strain and dataset was restricting the potential contiguity of the assembly. Based on this hypothesis, it was decided to breed the strain specifically for genome homozyosity using a sib-sib single pair mating scheme for 12 to 20 generations. During this time period the Illumina sequencing technology and associated tools became both more reliable and cost effective for genome assembly, so an Illumina based strategy was utilized in parallel with the other i5K pilot species. 
     Six libraries were sequenced of nominal insert sizes including: 180 bp, 500 bp, 1 kb, 2 kb, 3 kb and 8 kb at genome coverages of 52.4x, 47.8x, 23.4x, 16.6x, 39.0x, and 12.8x, respectively (assuming a ~500Mb genome size). These raw sequences have been deposited in the NCBI SRA: Bio-project PRJNA168120 (for accessions see Additional file 2: Table S1). To prepare the 180 bp and 500 bp libraries, a gel-cut paired-end library protocol was used. Briefly, DNA was extracted from individual adult males or females from inbred lines using the Qiagen DNAeasy Blood and Tissue kit following the manufacturer’s supplementary protocol for purification of total DNA from insects. 1 µg DNA was sheared using a Covaris S-2 system (Covaris, Inc. Woburn, MA) using the 180-bp or 500-bp program. Sheared DNA fragments were purified with Agencourt AMPure XP beads, end-repaired, dA-tailed, and ligated to Illumina universal adapters. After adapter ligation, DNA fragments were further size selected by agarose gel elution and PCR amplified for 6 to 8 cycles using Illumina P1 and Index primer pair and Phusion® High-Fidelity PCR Master Mix (New England Biolabs). The final library was purified using Agencourt AMPure XP beads and quality assessed by Agilent Bioanalyzer 2100 (DNA 7500 kit) determining library quantity and fragment size distribution before sequencing. 
     Long mate pair libraries with 3 kb and 8 kb insert sizes were constructed according to the manufacturer’s protocol (Mate Pair Library v2 Sample Preparation Guide art #15001464 Rev. A PILOT RELEASE). Briefly, 5 µg (for 2 and 3-kb gap size library) or 10 µg (8-10 kb gap size library) of genomic DNA was sheared to desired size fragments by Hydroshear (Digilab, Marlborough, MA), then end repaired and biotinylated. Fragment sizes between 0.8-1.5 kb (1 kb) 1.8-2.5 kb (2 kb) 3-3.7 kb (3 kb) or 8-10 kb (8 kb) were purified from 1% low melting agarose gel and then circularized by blunt-end ligation. These size selected circular DNA fragments were then sheared to 400-bp (Covaris S-2), purified using Dynabeads M-280 Streptavidin Magnetic Beads, end-repaired, dA-tailed, and ligated to Illumina PE sequencing adapters. DNA fragments with adapter molecules on both ends were amplified for 12 to 15 cycles with Illumina P1 and Index primers. Amplified DNA fragments were purified with Agencourt AMPure XP beads. Quantification and size distribution of the final library was determined before sequencing as described above. Sequencing was performed at the BCM on the Illumina HiSeq2000 platform generating 100 bp paired end reads.


B. Automated annotations

Maker 2.0 pipeline optimized for arthropods 
The medfly is one of 30 i5K pilot genome assemblies that were subjected to automatic gene annotation using a Maker 2.0 annotation pipeline tuned specifically for arthropods. The pipeline is designed to be systematic providing a single consistent procedure for the species in the pilot study, scalable to handle hundreds of genome assemblies, evidence guided using both protein and RNA-Seq evidence to guide gene models, and targeted to utilize extant information on arthropod gene sets. The core of the pipeline was a Maker 2 instance, modified slightly to enable efficient running on our computational resources.  The genome assembly was first subjected to de-novo repeat prediction and CEGMA analysis to generate gene models for initial training of the ab-initio gene predictors. Three rounds of training of the Augustus4 and SNAP5 gene predictors within Maker were used to bootstrap to a high quality training set. Input protein data included 1 million peptides from a non-redundant reduction (90% identity) of Uniprot Ecdysozoa (1.25 million peptides) supplemented with proteomes from eighteen additional species (Strigamia maritima, Tetranychus urticae, Caenorhabditis elegans, Loa loa, Trichoplax adhaerens, Amphimedon queenslandica, Strongylocentrotus purpuratus, Nematostella vectensis, Branchiostoma ﬂoridae, Ciona intestinalis, Ciona savignyi, Homo sapiens, Mus musculus, Capitella teleta, Helobdella robusta, Crassostrea gigas, Lottia gigantea, and Schistosoma mansoni) leading to a final nr peptide evidence set of 1.03 million peptides. RNA-Seq from C. capitata adult males and females was used judiciously to identify exon-intron boundaries but with a heuristic script to identify and split erroneously joined gene models. We used CEGMA models for QC purposes: for C. capitata, of 1,977 CEGMA single copy ortholog gene models, 1,961 were found in the assembly and 1,935 in the final predicted gene set. Finally, the pipeline uses a nine-way homology prediction with human, Drosophila and C. elegans, and InterPro Scan5 to allocate gene names. The automated gene set is available from the BCM-HGSC website (https://www.hgsc.bcm.edu/arthropods/mediterranean-fruit-fly-genome-project) and at the National Agricultural Library (https://i5k.nal.usda.gov)

NCBI Gnomon annotations
 The Gnomon automated annotation pipeline at NCBI, and details for the medfly annotation are described at the following website links, and details for the Reference sequence (Ref-Seq) database can be accessed at O'Leary et al.  [3]: 
· Gnomon pipeline  [3]: http://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/
· Annotation release 101: ftp://ftp.ncbi.nih.gov/genomes/all/GCF_000347755.2_Ccap_1.1

C. Detection of bacterial sequence contamination

[bookmark: _GoBack]The improved assembly was deposited in GenBank (Accession GCF_000347755.1), but during annotation it was determined that a significant amount of bacterial sequence was present. Two methods were used to identify these endosymbiotic bacterial sequences, comprising the Pluralibacter gergoviae genome (see below): first was a naive annotation analysis using Augustus and then a BLASTp versus Uniref100 to acquire taxonomic assignments of each scaffold, a second that used BLASTn of scaffolds segmented into 1 kb sections to a reference set of 1,097 bacterial genomes  [4], and a third used Kraken software on partially overlapping 5,000 bp segments of the scaffolds. Comparisons of these outputs, in consultation with collaborators at NCBI (T. Murphy, pers. comm.), were then made, and the BLASTn and Kraken approaches were found to be most sensitive and accurate. A final inspection aggregated these data into 18 bacterial scaffolds having a total size of 5.74 Mb, and a new assembly created  that is available at GenBank (Accession GCF_000347755.2). The identified bacterial sequences were deemed gut endosymbionts and are described below, along with a search for Wolbachia sequences.

D. Screening the C. capitata genome sequence for potential horizontal gene transfer events

In prokaryotes and unicellular eukaryotes horizontal gene transfer (HGT) events are common [5-8], while, in contrast, in multi-cellular organisms HGT events are relatively rare [9]. However, several insect genomes have been reported to contain chromosomal insertions of bacterial origin, primarily from the most widespread symbiotic bacterial species in insects, Wolbachia. This includes the mosquito, Aedes aegypti [10, 11], the longhorn beetle, Monochamus alternatus [12], filarial nematodes of the genera Onchocerca, Brugia, and Dirofilaria [13, 14], parasitoid wasps of the genus Nasonia [14], the fruit fly Drosophila ananassae [14], the pea aphid Acythosiphon pisum [15, 16], the bean beetle Callosobruchus chinensis [15, 16], and the tsetse fly Glossina morsitans morsitans [17, 18]. A comprehensive in silico screen was therefore conducted in order to search the medfly genome for putative HGT events for Wolbachia, Arsenophonus, Spiroplasma, Cardinium, and Rickettsia.

Symbiotic bacterial sequences
The WGS data of C. capitata were used to screen for the presence of Wolbachia sequences, with more than 20 million reads examined during the screening process that generated more than 300 Gb of data. Wolbachia specific sequences were filtered from the whole genome sequence reads for each sequencing technology with MIRA, using five Wolbachia genomes, wRi, wMel, wBm, wPip, and wGmm, as reference sequences  [18]. The cut-off value was set to 55%. All putative Wolbachia reads filtered from the medfly whole genome sequence data were used to perform a de novo assembly and were further examined using custom Blast databases, which did not reveal the presence of Wolbachia sequences in the medfly genome. 
     A similar mapping procedure was used to screen for the presence of sequences from  Arsenophonus, Spiroplasma, Cardinium, and Rickettsia (see Table 1). For Arsenophonus we used the Arsenophonus nasoniae DSM 15247 as a reference genome  [19], from which 6,798 sequences were identified. For Cardinium, the Cardinium endosymbiont cEper1 of Encarsia pergandiella was used as a reference genome  [20], from which 690 Cardinium sequences were identified.
[image: ]      For Spiroplasma we used the following complete genomes: (a) Spiroplasma chrysopicola DF-1, (b) Spiroplasma syrphidicola EA-1, complete genome, (c) Spiroplasma taiwanense CT-1, complete genome, and (d) Spiroplasma diminutum CUAS-1  [21, 22]. At least 1,436 Spiroplasma sequences were identified. For Rickettsia, 39 complete genomes were used as reference genomes from which 1,616 sequences were identified. For all identified sequences a de novo assembly was carried out and the final number of contigs per symbiont, together with the size of the longest and shortest contig provided in Table 1. Further examination with custom BLAST databases indicated that these contigs did not contain Arsenophonus, Cardinium, Spiroplasma, or Rickettsia specific sequences, but they were detected due to sequence homology with ribosomal genes.


Table 1. Metrics for identified symbiont sequences


Annotation of the Pluralibacter gergoviae genome  
Annotation of the P. gergoviae sequence was performed, which was recovered in two contigs as apparent contaminants of the medfly whole genome sequence. Comparisons with P. gergoviae and the Enterobacter cloacae strain CAV1669 revealed 100% and 99.8% sequence identity, respectively.
     Genome properties. The genome is organized into two scaffolds (38 and 52) of 3,030,794 bp and 2,627,467 bp, with a GC content of 52.7% and 53.8%, respectively. There are 4,505 protein coding genes (CDS) and 23 tRNA genes. Of the total CDSs, 61.2% represent functional categories. The distribution of genes into functional categories is presented in Additional file 2: Table S2.
     Annotation.  The genome was annotated with XBASE and RAST  [23, 24], followed by manual curation. Putative protein-encoding genes were identified using GLIMMER and Prodigal  [25, 26]. Non-coding genes and miscellaneous features were predicted using tRNAscan-SE [27] and RNAmmer [28] (Additional file 2: Table S3).
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