1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Methods Mol Biol. Author manuscript; available in PMC 2019 January 02.

-, HHS Public Access
«

Published in final edited form as:
Methods Mol Biol. 2018 ; 1757: 371-397. doi:10.1007/978-1-4939-7737-6_13.

A multi-omics database for parasitic nematodes and trematodes

John Martinl, Rahul Tyagil, Bruce A. Rosal, and Makedonka Mitreval:2
IMcDonnell Genome Institute, Washington University in St. Louis, St. Louis, MO

2Division of Infectious Diseases, Washington University School of Medicine, St. Louis, MO

Abstract

Helminth.net (www.helminth.net) is a web-based resource that was launched in 2000 as simply
‘Nematode.net” to host and investigate gene sequences from nematode genomes. Over the years it
has evolved to become the moniker for a collection of databases: Nematode.net and
Trematode.net. These databases host information for 73 nematode (roundworms) and 17 trematode
(flatworms) species and serve as backbone for a number of tools that allow users to query slices of
the data for multifactorial combinations of species-omics properties. Recent focus has been on
inclusion of gene and protein expression data, population genomics and cross-kingdom
interactions (metagenomics datasets). This chapter describes the website, the available tools and
some of the new features.
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1. Introduction

The website Nematode.net was established in 2000 as an outgrowth of the parasitic
nematode transcriptomic project at Washington University’s Genome Institute (WUGI).
Over the next decade it developed into a specialty repository that made accessible the rapidly
expanding nucleotide sequence data and related resources from species across the phylum
Nematoda. Seventeen year later, it is a moniker for a collection of databases, Helminth.net,
for the two main metazoan parasitic phyla Nematoda (roundworms) and Platyhelminthes
(flatworms). Updates on development and improvements have been provided in 2004[1],
2008[2], 2012[3] and 2015[4] communicating to the community information needed to
facilitate dissemination of diverse datasets in a useful and usage-friendly manner.
Bioinformatics tools employed to access and/or analyze the omics datasets have also been
developed (NemaPath[5], HelmCoP[6], modDFS[7] and TL-microbiome[8]) and are
discussed in the appropriate sections below. A very detailed bioinformatics training protocol
we have developed as part of our ‘Bioinformatics Workshop for Helminth Genomics’ that
was held at the Washington University’s Genome Institute in 2015 and an ‘Introduction to
Nematodes’ lecture in six languages, are both provided in the left dropdown menu under
“Education”. The dropdown menu on the left also provides access to species hub pages that
summarize the data available for each species. The Sitemap (Fig. 1, Fig. 2) includes a
summary of all main pages that can be accessed from the grey bar on the top for each of the
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two databases. This chapter provides detailed methods that outline the steps involved in
navigating the web site and in retrieving information from the database.

2. Materials
The following is needed to access, navigate and extract information from the website:
- Device: Computer (desktop or laptop), tablet or smartphone.
- Internet access

- Internet browser (designed to work on Firefox, Safari, Internet Explorer and
Chrome)

3. Methods

3.1. NemaGene & TremaGene

NemaGene (http://nematode.net/NemaGene.html) and TremaGene (http://trematode.net/
TremaGene.html) are collections of transcript assembly contigs and genes produced and
annotated at the McDonnell Genome Institute (MGI) or published by other researchers.
Functional annotations are assigned by sequence similarity searches using InterProScan
(software version 4.8, InterPro database release 32.0) [9,10] and WU-BLAST 2.0 [11] and
include annotation with InterPro (IPR) ids, Gene Ontology (GO) terms [12] and KEGG
Orthology IDs (KO) [13]. NemaGene currently hosts 1,456,372 entries spanning 73 species
and TremaGene holds 253,360 entries spanning 12 species (7 are in progress and will
become available in the near future; Fasciola gigantica, Fasciolopsis buski, Opisthorchis
viverrini, Paragonimus westermani, P. kellicotti, P. miyazaki, and P, heterotremus).

Access to N/Tr- emaGene frequently comes from other tools within the Helminth.net sites
such as the contig links from N/Tr- emaPath [5] which directly jump to the details pages that
are the end point of a N/Tr- emaGene search, or from external sites. But the N/Tr- emaGene
Search tool can also be used to extract custom slices of our database using available
annotations as filters. This tool is also very useful for retrieving the full protein or nucleotide
fasta of our genesets, or of a user-defined slice.

NemaGene can be searched using InterPro, GO and/or KO id filters. NemaGene is accessed
via the link provided above, or via NemaGene Search available from the NemaGene menu.
First click on the [+] Expand label for the Species selection section and select 1 or more
species to start your query. After selecting the species of interest, expand the sections below
to set specific filters you’d like to apply. You’re able to request a specific gene name (or
comma-delimited list of gene names), orthologous protein families, InterPro id, GO term
and/or KO id. Comma-delimited lists of any of those ids are also allowed as input. Filtering
on multiple ids of a single type will return genes/transcripts annotated by any of those ids
(i.e. a union set), while setting filters using 2 or more id types (i.e. InterPro id + KO id) each
gene or transcript returned will be required to have at least one id from each of the supplied
lists (Fig. 3).
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This will then lead to a page showing the slice of resulting filtered data retrieved from
NemaGene (Fig. 4A). The Query Definition section now displays the query that was made to
extract the results shown. Below this, the Data Download section provides links to download
the full fasta for all the genes/transcripts that were requested. The Results section will list all
the resulting genes and/or transcripts organized by species and then by group if available
(software used to generate orthologous protein family groups include OrthoMCL[14] or
InParanoid[15]). Each gene or transcript name is a link to a final detail page showing the
available annotations for that entity (Fig. 4B). The user can also download that single entity
or directly forward its sequence to NemaBlast for further analysis. For more information on
NemaGene and the available annotations see the NemaGene FAQ.

NemaBlast & TremaBlast

NemaBlast (http://nematode.net/NemaBlast.html) and TremaBlast (http://trematode.net/
TremaBlast.html) enable visitors to search for a sequence of interest against a custom
database they define. Both services use WU-BLAST 2.0 for generating alignments.

NemaBlast maintains two collections for mapping. The first comprises Expressed Sequence
Tag (EST) reads grouped by library. This set represents all EST reads produced for species
we’ve sequenced, grouped by species and sequencing library, allowing the user to mix and
match in the creation of their search space. Assembled EST contigs are not hosted by NCBI
therefore we are providing the annotated Sanger based assembled transcripts to the
community. The ‘EST reads grouped by library’ collection contains 275,850 EST sequences
from 132 libraries across 31 nematode species. The second collection contains assembled
transcript contigs, isotigs and genes. This collection provides a view closer to the full gene
sets for the species we are hosting. The complete database to blast search against contains all
73 nematode species. Some species have multiple entries because users can select to search
against a transcript or a gene dataset.

TremaBlast allows users to search against the protein sets available in TremaGene. Currently
this includes 221,003 protein sequences spanning 12 trematode species. The user can select
any combination of these species to form the search space for this alignment.

An example illustrating how to use NemaBlast is presented in Fig. 5 and Fig. 6. To use
NemaBlast the user enters a query sequence, then selects the blast program to use -
BLASTX if the query is nucleotide data; BLASTP if the query is amino acid sequence. The
user then selects whether they’d like to filter the query for low-complexity sequence using
SEG [16] and also whether they want to mask the query using RepeatMasker[17]. Then they
indicate the combination of species they’d like to map against and click the ‘BLAST Search’
button. Search results in the form of standard WU-BLAST 2.0 text output will be emailed to
the address provided in the form.

3.3. NemaBrowse & TremaBrowse

NemaBrowse (http://nematode.net/NemaBrowse.html) and TremaBrowse (http://
trematode.net/TremaBrowse.hmtl) use GMOD’s GBrowse [18] to offer a visualization of
gene annotations and variants mapped on top of genomic assemblies. These provide a view
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of sometimes in-progress nematode and trematode genomes and, where variant calls on
specific lab and field isolates are available, offer a useful comparative view.

Visualized annotations typically include Maker protein coding gene and RNA gene
predictions [19,20], tRNAs predicted by tRNAscan [21] and Single Nucleotide
Polymorphism (SNP) loci predicted using the Genome Analysis ToolKit (GATK) [22] and
annotated using SnpEff [23]. Exceptions to the typical annotation tools are noted on the
entry portals. NemaBrowse currently hosts annotations for 10 species and TremaBrowse
hosts 1 species. Our recent focus has been to provide tracks for SNPs and SNP annotations
in the browser. At present there are genetic variants called from 27 strains of the river
blindness agent Onchocerca volvulus[24], nine strains for the lungworm Dictyocaulus
viviparus[25], a susceptible and a resistant strain of 7richostongylus circumcincta
(unpublished) and 7 strains of Fasciola hepatica[26].

At the entry portal page into NemaBrowse, the user selects their species of interest and
clicks the “‘Gene list’ link (Fig. 7A). This leads to the gene list interface, which provides
links directly to all the annotated gene features for that organism (Fig. 7B). Minimal
annotation is made available in the gene list using either final gene product information as
annotated by the BER pipeline, or information derived from WU-BLAST 2.0 mappings to
the NCBI non-redundant (NR) database using a post-alignment cutoff of 35 bits + 55%
identity. Clicking on a Gene annotation link will take the user to the GBrowse view (Fig. 8).
Once inside the GBrowse view the user can directly navigate along the reference and make
use of the standard functions of the GBrowse environment.

Depending on the datasets available, the GBrowse tracks can include plottable information
more than the basic tracks such as gene annotation, GC percent, 6-frame translation etc. For
the species with available variant information, these include tracks for SNP loci that can be
selected for plotting. These loci are marked and identified according to their SNPEff
annotation — non-coding SNPs (i.e. intronic or intergenic), synonymous coding SNPs and
non-synonymous coding SNPs. For any genes of interest, users can navigate the GBrowse
for such information and can also provide their dataset of interest to be included as
additional tracks.

3. 4. Functional annotations and related tools

3.4.1. NemaPath & TremaPath—N/Tr- emaPath is a tool for visualizing the presence,
absence and overall coverage of enzymatic pathways in species based on the KO annotations
of genes [13]. In addition to the single organism view N/Tr- emaPath supports comparative
views between pairs of species. This allows users to visually see and explore enzymatic
pathway differences between these entities based on actual transcriptomic data. This tool can
assist users in various ways, from identifying potential drug targets to helping understand the
differences between species utilizing different survival strategies. NemaPath has 1,103,786
annotated genes and transcripts spanning 63 species, while TremaPath is populated by
204,647 proteins spanning 11 trematodes.

KO annotations are assigned to genes using WU-BLAST 2.0 alignments against the KEGG
genes database (release 68.0). The KO ids of the subjects hit are used to relate helminth
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sequences to the KEGG pathways. Enzymatic nodes of the KEGG pathway maps are painted
to indicate the number of supporting genes found from each species.

Users first select a species (Fig. 9A) and are then provided a graphical distribution of the
number of KO hits with varying e-value confidence scores for their chosen species (Fig. 9B).
The user must then set an alignment strength threshold to assign KOs to genes. Only
homologies whose alignment strength meets that cutoff are considered when populating the
view. Choosing a less stringent score will be more sensitive, but can introduce false positive
mappings. After confirming their choices (Fig. 9C) users are then presented with a menu of
pathways supported by N/Tr- emaPath (Fig. 10A). After pathway selection, a graphic
displaying the compounds and reactions of that pathway for their species of choice is shown,
with populated enzymes colored green, and darker shading indicating multiple genes
annotated (Fig. 10B). This figure also includes more details about the enzymes that show up
as mouse-over menu for each enzyme (Fig. 10C). The user can then optionally choose a
second species for comparison using a dropdown menu near the top right of the page (Fig.
11A), mapping genes onto the same pathway and highlighting differences in pathway usage
between the species (Fig. 11B). Information about the genes mapping to each node are
available on mouse-over including the KEGG target(s) that sponsored the assignment to the
node and the strength of the alignment(s). The query names link into N/Tr- emaGene and the
subject names link to the KEGG website.

3.4.2. AmiGO—The GO association page (nematode.net/GO_associations.html) hosts
the AmiGO tool [27] for viewing gene ontologies assigned to 172,505 NemaGene genes and
transcripts from 31 nematode species. GO classifications, assigned by homologies detected
using InterProScan, are loaded into the AmiGO software’s backend database. AmiGO then
provides a graphical view in which users can search NemaGene transcripts by ontological
class.

First, the user selects the organism they want to explore. This will present an AmiGO
overview showing the number of genes and transcripts annotated under each GO category.
Categories expand to display child categories along with their assignment counts. The pie
images next to each GO category are clickable and expand into views showing counts in all
child categories beneath the level at which the user clicked. Genes and transcripts of the
selected species assigned a specific GO term of interest can be explored by entering the GO
id into the *Search GO’ field, leaving the *Terms’ box checked, and clicking. This leads to a
detailed view corresponding to the GO term. This view lists the transcripts and/or genes
assigned to the current term and provides more information about the term itself. Note that if
the user clicks on one of the GO terms on the original AmiGO overview, it would also
directly lead them to this detailed view.

3.4.3. Transcriptomics data—{[nematode.net/IlluminaTranscripts.html; nematode.net/
cDNA454.html; nematode.net/SangerESTs.html and trematode.net/
[lluminaTranscripts.html]

Nematode.net provides access to a large collection of transcript data including IHlumina
RNA-Seq (Table 1), cDNA transcript assemblies (Table 2) and Sanger ESTs clusters (Table
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3). All transcript expression data originate from either whole organism, developmental stage,
gender or tissues specific RNA population. Normalized gene expression values, for subset of
species, are also included on the gene pages.

The lllumina RNA-Seq table provides links to the experiment ids (SRX ids) organized by
species and annotated with stage, tissue and sequencing platform information. The links
point to the corresponding record in NCBI’s Sequence Read Archive (SRA) [28]. This same
layout is used in both the Nematode.net and Trematode.net Illumina transcript data tables.

cDNA transcript assemblies are listed in an expandable table with the section for each of the
9 nematode species providing various information. Expanding any of the rows provides
information on the numbers and platform types of reads used in each assembly. Also shown
are the numbers of isotigs (putative transcripts), isogroups (isotig group putatively
representing all the expressed isoforms for a gene locus) and numbers of reads per stage if
that information is available. For each assembly download links are provided for:

Isotig nucleotide fasta: Isotigs refer to alternatively spliced isoforms of genes.

Isotig protein translations: These are protein translations (made using prot4EST [29]) of
the isotigs produced by the assembler.

Isogroup membership file: Isogroup refers to the grouping of isotigs that putatively
represent multiple isoforms for a gene locus. This file lists the detected isogroups by the
assembler and provides the list of member isotigs per isogroup. This file is generated by
local perl scripts.

Read membership file: The read membership file lists the read members for each isotig in
the isotig file.

Our currently hosted transcript assemblies are from both, Roche/454 data using the Newbler
assembler (v2.5) [30] which generated the isotig and isogroup information and Sanger EST
data which is clustered using the Phred/Phrap/Consed suite of analysis tools[31-33] and the
consensus of these clusters is provided on the site. In addition to the cluster consensus
sequence, Nematode.net also provides translated protein sequence built using the prot4EST
program[29].

3.4.5. non-coding small RNAs—[nematode.net/smallRNAs.html]

Non-coding small RNAs have been published only for a very few nematodes and
trematodes. While most of the publications have their miRNAs in miRBase[34], predictions
of miRNA targets are not presented, primarily owing to the difficulty in reliably predicting
miRNA-target relationship based on 7n silico bioinformatics methods. Nevertheless, some
data related to miRNA, miRNA abundances, and potential mMRNA targets of miRNAs have
started to emerge and Nematode.net has now begun to host such data. This is a new feature
and as an example of such data hosting, we currently have included Ascaris suum intestinal
miRNAs and their predicted targets in the database. Based on interest from the community
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we will expand this to other available nematode and trematode miRNA and target
information.

3.4.6. Proteomics—[nematode.net/Proteomics.htmi]

Protein expression data are, at present, hosted in derivative tables that provide spectra
abundance per protein per species. We are in the process of including this information
directly on the gene pages.

4. Helminth Control and Prevention

4.1.

HelmCoP (Nematode.net)

HelmCoP (Helminth Control and Prevention; nematode.net/HelmCoP.html) [6] is a database
of integrated functional, structural and comparative genomics data from plant, animal and
human parasitic nematodes and trematodes, as well as model organisms and several host
organisms (18 species) all capped by a query interface that allows users to ask complex
questions of these data. HelImCoP’s primary goal is to assist researchers in the process of
building a list of candidate drug, pesticide and vaccine targets in helminthes. HeImCoP has
the versatility to enable users to search for drug targets for specific parasite species or for a
group of species of interest and also to allow the user to search for broad-spectrum drug
targets that span multiple taxonomic groups or phyla.

Querying HelmCoP is done using one of two forms. One is for users interested in building
gene-based custom queries (Fig. 12A) and the other for users wanting to search the database
using ortholog based queries. The upper half of both the gene and ortholog based search
forms are used to build the set of genes that will be tested according to the user’s filter
selections. For the gene based search you can either enter a specific gene name or you can
select a combination of species to define the gene space to which the filters you select will
be applied.

If you are building an ortholog based query (i.e. results are returned by ortholog if any gene
within that ortholog meets the criteria you define) you use the ortholog search page. Most
users won’t have a specific ortholog in mind when using this page, so the typical user will
define their set of orthologs by choosing species to include or exclude (or ignore) when
defining the search space. Leaving an organism set to ‘Do not filter on this’ will cause that
species to not be considered when defining the result set. Your choices will result in an
initial set of orthologs that have at least one gene from any of the ‘included’ species. But
having even one gene member from an ‘excluded’ species will remove the entire ortholog
from the return set.

For both the gene and ortholog based searches after defining the set of species to query and
thus defining the gene space the next task is to apply desired filters to limit your output
down to only those genes or orthologs of interest to you (Fig. 12B). The user can also
request specific output columns in the result table at this step.

Several annotations are specific to the HeImCoP database. The Function section allows you
to set specific GO, KO and/or IPR ids that you require to be present in returned genes, or at
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least in one of the members of returned orthologous groups. The Structure based filters
allow you to limit your return set by requiring them to have shown sequence similarity to the
PDB id you enter [35]. This section also allows you to filter your results based on the
presence or absence of a detected signal peptide. The search for signal peptides is performed
using the Phobius program [36].The Drugs section allows you to filter on genes with
homology to targets in DrugBank [37]. It also allows you to filter based on whether or not
your returned gene (or at least one of the genes per each returned orthologous group) is
considered a “Hopkins druggable target’ [38]. The putative Vaccine candidates section
allows the user to filter based on the presence of various structural based hints that may
imply epitopes that are vaccine candidates. You can pick and choose specific traits or just
turn on the ‘Show all vaccine candidates’ switch to apply them all. Finally the user needs to
set their Output options. These allow the user to customize the output to include only
information of interest to them. Some columns will always be returned, such as gene and
ortholog name as well as species of origin, but otherwise the user needs to select the other
information they want reported.

Due to technical limitations the output of a HelmCoP query is limited to 20,000 rows
displayed in HTML. This limitation means that it is possible that ortholog based search
results may be truncated mid-ortholog. In other words you are not guaranteed to consistently
have every gene member of filter-passing orthologs reported to you in the HTML display.
The full and complete results are made available as a downloadable text file that is presented
to the user on the results page (Fig. 13). To be assured of getting the full results the user
should always download the provided full results text file.

Another consideration when using this tool is that due to the size of some return sets,
selecting many or all of the available outputs can cause your query to take a long time to
build. In some cases this may even cause the website to time out before the information can
be fed back to user’s browser. When a query is submitted we do first run a query manager
that tries to estimate if your query is complete-able within an amount of time that should
avoid this timeout but the manager is not infallible. If the manager deems that the query
would not complete within the time limits we will suggest which are the most time-intensive
options for your search. Users can then reconstruct their query with fewer requested outputs
or define a smaller starting search space (i.e. choosing fewer species or a more restrictive set
of orthologs in the species selection).

This is what the HTML results of a HeImCoP search looks like (Fig. 13). The output table is
gene based with ortholog information provided as well for ortholog based search returns (or
in the case that the user selects to see orthologous group annotation for a gene based search
return). Every requested output will be a column, so requesting many outputs can result in
your data spanning multiple page-widths. Where appropriate the HTML view provides link-
outs to the various resources each output type is based upon. And for orthologous group
output it aggregates cases where multiple members of an ortholog report the same
information.

Towards the top of the page users will be shown the query filters and output requests that
they have specified that resulted in the provided report. The button for accessing a full, tab-
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delimited text version of the output table is also available here (/¢ is strongly recommended
that users download the full report text file to avoid the issues mentioned above).

4.2. Other function specific candidate drug targets

Much research has been conducted on inhibitors for different gene families leading to a
wealth of compounds that target them that have potential to be lead anthelmintic drugs.
Nematode.net provides several derivative tables that provide information for specific gene
families or specific functions that have been obtained as a result of genome-driven
knowledge based drug target discovery. We host information on kinases, metabolic
chokepoints, lysine deacetylases and protein-protein interactions as targets. These candidate
targets are linked to inhibitors via homologous targets in drugbanks.

5. Microbiome Interactions

Both of the Helminth.net sites host information derived from the study of microbial
communities in helminth infected subjects (nematode.net/Microbiome.html; trematode.net/
Microbiome.html). This information includes bacterial abundances per sample (based on
targeted metagenomic 16S rRNA gene sequencing or shotgun metagenomic sequencing),
sample infectious status, and cohort demographics.
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Software J
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Alternative
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Figure 1. Sitemap of Nematode.net.
Shown are the tabs of the main navigation bar on the main page and the subcategories

revealed by clicking on these tabs.

Nemapath Search for Gene | MGS - Indonesia
Pathways & Liberia I
Search for
ModDFS Ortholog J 16s - Malaysia |
Modules

HelmCoP BLAST | 16s - Australia |
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HelmCoP FAQ | 16s - Ecuador |

Cross-Tissue |
Kinome | | 16s - Indonesia |

Compara Protein

amilies J Chokepoint | 16s - Liberia |

Lysine
Deacetylases
Protein-Protein
interactions
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Figure 2. Sitemap of Trematode.net.
Shown are the tabs of the main navigation bar on the main page and the subcategories

revealed by clicking on these tabs.
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Nemagene: Species, stage/tissue and filter selection

Please setup your guery in the expandable sections below

[-] Collapse

Use this table to select which species you want reported to you. Choice of species is the top level filter you will set. Other selections you make
below will only report results from the species you selected. If you do not select a species, NemaGene will build results based on all available
species.

Selecting many or all available species may cause this service to hang or crash depending on server load. We strongly suggest limiting searches
to 5 species or less. But note that applying ANY filter will drastically improve query speeds. So searches for small collections of IPR ids, GO terms
and/or KO ids across all species should complete without issue.

Species listed in RED have stage or tissue specific gene expression annotation available. Expression values for a gene are provided in FPKM
(Fragments Per Kilobase of transcript per Million mapped reads) per stageftissue based on available RNAseq experiments.

(PC/UNIX/Linux users use control- and/for shift- click to select multiple species, MAC users use command- and/or shift- click)
Heterodera glycines (Sanger EST contigs)
Heterodera schachtii (Sanger EST contigs)
Heterorhabditis bacteriophora (GeneSet)
Loa loa (GeneSet)

Meloidogyne chitwoodi (Sanger EST contigs)
Meloidogyne hapla (GeneSet)

Meloidogyne incognita (GeneSet)
Meloidogyne javanica (Sanger EST contigs)
Necator americanus (GeneSet)
Nippostrongylus brasiliensis (GeneSet)
Onchocerca flexuosa (GeneSet)

Onchocerca ochengi (GeneSet)

Onchocerca volvulus (GeneSet)

Ostertagia ostertagi (454 cDNA isotigs)
Parascaris equorum (GeneSet)

Stage and/or Tissue selection [+] Expand —

This section allows you to request a specific gene, group of genes, transcript (sanger EST contig or 454 cDNA isotig) or group of transcripts
(clusters or isogroup) and then generates a report on that gene including primary sequence (protein and/or nucleotide) as well as available
annotation. You can also select genes and transcripts by IPR, GO or KO annotation.

*note: When searching for GO terms, please be aware that NemaGene only tracks the highest resolution GO term assignment for genes and/or
transcripts. You cannot choose a root term such as GO:0008150 (biological process) and have all GO terms under that root term returned to you.

Gene or Transcript name:

Group name:

Component read name:

IPR id: 'IPRO05818,|PRO05818 (eg. IPRO06186)
GO id: 'G0:0003677 (eg. GO:0016787)
KO id: | (eg. K06269)

Seargh NernaGene] Erase |
it

Figure 3. Input selection for NemaGene.
On the main NemaGene page, the user can select one of more species, stage and/or tissue,

and different combinations of filters. Clicking on “Search NemaGene” button (shown by a
white arrow pointer) submits the input to NemaGene.
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Nemagene: Results and Download links

Page 16

oWl Guery Dofinition

Species requested; idogyne chi i{Sanger EST contigs) idogyne incogni
Specific genes or transcripts requested: na
Specific gene families, i or clusters na
Specific reads requested: na
Specific stages and/or tissues requested: na
Requested IPR ids: IPRO0SE18,IPRO05819
Requested GO ids: GO:0003677
Requested KO ids; na
Data Download
Use these links to downl the lete set of all rep d data in fasta format. Be aware that extracting fasta for long result lists may require
several minutes before the final download link appears.
Download Protein Fasta Download Nucleotide Fasta
*note: In the case that data of the type is ilable, those will be present in your output fasta as headers with 0-

length sequence records

[click to collapse/expand] Meloidegyne chitwoodi (Sanger EST contig)

Group:group_information_not_available
MC00456, MCODS02, MCO3138

[elick to coll pand] Meloid P ita (GeneSet)

Group:group_information_not_available

Minc03434 ,Minc051 inc186:
-

: L] o -
—
! e
B Query Definition:
*  Specied requested: Meloid, chi i EST contigs),Meloid incognit;

Speciﬂ'c genes or transcripts requested: na >~ -
Specﬁc gene families, isogroups or clusters e
requisted: L o e
Spekific reads requested: na =i —
Spdcific stages and/or tissues requested: na s -
Relquested IPR ids: IPRO05818,IPRO0DS819 o
Rbquested GO ids: GO:0003677 St
Hequested KO ids: na =~
i} o
Resuts: |
Gene or transcript name: Minc05144
Additional ids:
Organism: Melcidogyne incognita
Data type: gene
Data source: Wormbase W5238
5 | ion in N 3 Mot available

IPROOS818 (evalue:9.1e-28) - Histone H1/H5
IPR ids: binding
IPRO05819 (evalue:1.9e-18) - Histone HS
GO:000367T (evalue:9.1e-28) - Molecular Function: DNA binding
GO:0005634 (evalue:9.1e-28) - Cellular Component: nucleus
GO:0006334 (evalue:9.1e-28) - Biological Process: nuclecsome assembly
GO:0000786 (evalue:9.1e-28) - Cellular Component; nucleosome
KO ids: K11275 (evalue:3.1e-34) - (NemaPath view) histone H1/5
RNAseq based expression: No RNAseq based expression dalfa found
Putative Chembl drug targets: No Chembl drug target association found

Protein sequence: BLAST this sequence Download this sequence
MSTAAANSPTTTPTQQNAKKGISKKAQKPKSPKASKKPKSPSDHPPYKSMIKKALDELKE
KKGASRLAILKFIMSHYKLGENPAKINAHLKOALKRGVQTGSLKQTKGIGAAGSFILGEG
KAIKIVSKSVSPKKAKAKTAGVKKPAVKKATEKKKVSGKKAAPAKASPAAAKPAAAPTPA
VVAPSPPAAKKTVKPKAKSAKKGKSPKKSASAQKPKTAKKPKAAGGKKPAAAKAKGGKPA
AAPPATSA

GO terms:

Figure 4. NemaGene results.

PRO11991 (evalue:2.1e-25) - Winged helix-turn-helix transcription repressor DNA-

(A) The first result page on submitting input (Fig. 3) shows the details of the submitted
query, the download links in both protein and nucleotide sequences of the results, and links
to detail pages for each of the resulting genes(s). (B) The detail page of the results showing

sequence and annotation for the selected gene.
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B.

Nemablast : prepare query page

A Note on NemaBLAST

The NemaBLAST pages use WU-BLAST 2.0 (Gish, W. 1994-2002). Washington University BLAST (WU-BLAST) version 2.0 is a powerful software
package for gene and protein identification, using sensitive and selective similarity searches of protein and nucleotide sequence databases. The
feature list for WU-BLAST 2.0 is large, please visit http://blast wustl.edu/ for more information on this software package

Please select what you'd like to BLAST against:

Vs reads grouped vs. transcript contigs,
e by library * RO isotigs & genes

NemaBLAST versus reads grouped by library:

Please enter your sequence here (must be in FASTA format)

>Minc05144
MSTAAANSPTTTPTQANAKKGISKKAQKPKSPKASKKPKSPSDHPPYKSMIKKALDELKEKKGAS
RLAILKFIMSHYKLGENPAKINAHLKQALKRGVQTGSLKQTKGIGAAGSFILGEGKAIKIVSKSVSPK
KAKAKTAGVKKPAVKKATPKKKYVSGKKAAPAKASPAAAKPAAAPTPAVVAPSPPAAKKTVKPKAKS
AKKGKSPKKSASAQKPKTAKKPKAAGGKKPAAAKAKGGKPAAAPPATSA

Reset Entire Page

Select all the species that you wish to in your database or by clade from the menu below. You will be prompted on
'Ihenmpegemspodﬁrmmllhuy(s}permmyouwamnlnduda(anlbfaﬂesfmoadlmmwmmw
default). Be sure to enter your query in fasta format in the window above. Once databases have been chosen and your query is entered, press
the Build BLAST Query Page button to continue.

Clade |
Trichinella spiralis +

Trichuris vulpis = Clade Il
Xiphinema index T _ Clade IVa I
Clade Il _Clade Vo |

Clade |

Ascaris suum Clade V
Brugia malayi
Dirofilaria immitis Nem-No-Ele Database*
Toxocara canis Select ALL I Release ALL I
Build BLAST Query Page |
Clade IVa
Parastrongyloides trichosuri

Strongyloides ratti

Strongyloides stercoralis

Clade Vb

Figure 5. Building NemaBlast query page.
(A) On the main NemaBlast page, the user indicates whether they want to search the reads

database or the transcript database. The illustrated example shows a search in the reads
database (indicated by a white arrow pointer on the corresponding button). This leads to an
intermediate page (B) where the user enters the query sequence and selects the species/
clades of interest that will form the search database.
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Nemablast : Set blast options and execute!

NemaBLAST versus reads grouped by library:

How to BLAST

Step 1:

Listed below are all the libraries associated with the species you
chose on the custom BLAST page. Select all of the library databases
you wish to include in your BLAST. By default all databases are
selected. Make any necessary changes to the library selections and
then retum to this form.

Step 2:

Fill out the form to the right of this text. Verify your query sequence in
the text box to the right, make changes if needed. Be certain to
include your email address in the specified box.

Step 3:
When finished click "BLAST Search" below to submit your job.

3

Select a BLAST type to use on this query:
BLASTN (DNA query sequence) H

Select from the following options:
Masking:
Mask query sequence with RepeatMasker

Please enter your email address

(for tracking your query, and emailing your BLAST

output)

"Must be in the form user@host.edu :
user@host.edu

Please enter your sequence here (must be in FASTA
format)

'>Minc05144
MSTAAANSPTTTPTQQNAKKGISKKAQKPKSPKASK |
' KPKSPSDHPPYKSMIKKALDELKEKKGASRLAILKFIM |
| SHYKLGENPAKINAHLKQALKRGVQTGSLKQTKGIG

| AAGSFILGEGKAIKIVSKSVSPKKAKAKTAGVKKPAVK |
KATPKKKVSGKKAAPAKASPAAAKPAAAPTPAVVAP |
| SPPAAKKTVKPKAKSAKKGKSPKKSASAQKPKTAKK,

Trichinella spiralis ML CMVsport jasmer v
Trichinella spiralis adult pAMP1 v1 v
Trichinella spiralis immature L1 pAMP1 v1 v
Trichinella spiralis adult SL1 TOPO v1 L4
Trichuris vulpis pAMP1 v1 v
Xiphinema index v
Xiphinema index CSEQDLO1
Xiphinema index CSEQDAO1 L4

Figure 6. Setting BLAST options and executing NemaBlast search.
NemaBlast submission page with the relevant choices for BLAST program and sequence

masking. The results in the standard WU-BLAST 2.0 format are sent to the email address

provided by the user on this page.
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Nemabrowse : Select species and gene
A.

Annotated genomes:

Species information | Gene prediction software GBrowse annotations

Ancylostoma caninum A.caninum TaxBrowser at NCBI MAKER with BER annotation Gene list
Ancylostoma ceylanicum A.ceylanicum TaxBrowser at NCBI MAKER with BER annotation Gene list
Ancylostoma duodenale A.duodenale TaxBrowser at NCBI MAKER with BER annotation Gene list
Dictyocaulus viviparus D.viviparus TaxBrowser at NCBI MAKER with BER annotation Gene list
Necator americanus N.americanus TaxBrowser at NCBI MAKER with BER annotation Gene list
g::tgguh:go ot n i ra 1 MAKER with BER annotation Gene list
Teladorsagia circumcincta T.circumcincta TaxBrowser at NCBI MAKER with BER annotation Gere list

A modified version of the Ensembl - L P
Trichinella spiralis Tspiralis TaxBrowser at NCBI sannoh Sanes). £ = Genelist

and the SNA| \

with BER annogion 3
[Trichuris suis T.suis TaxBrowser at NCBI MAKFR ne li *
L .
g = \
s - '
- \
- = - \
e \
= - \
-~ \
- \
B =
. - \
-
-
.-

Gene list: Found 25,572 annotated genes for Teladorsagia circumcincta (not including trna nor rna genes)
(select gene annotation to jump to GBrowse view)

Species | BERgeneproductname | Gene annotation link |
[Teladorsagia_circumcinctajhypothetical protein

[Teladorsagia_circumcinctajhypothetical protein ELCIR_00004
[Teladorsagia_circumcinctajhypothetical protein TELCIR_00005
Teladorsagia_circumcinctajreverse transcriptase TELCIR_00006

B By |
~ 7 Zi T

Teladorsagia circumcinctalhypothetical protein TELCIR 01267
Teladorsagia_circumcinctalhypothetical protein TELCIR 01268
[Teladorsagia cirmmcincﬁ'glycina cleavage T-protein TELCIR 01269
(Teladorsagia_circumcincta|FAD dependent oxidoreductase TELCIR 01270
Teladorsagia_circumcincta|Tubulin/FtsZ family, GTPase domain protein 01271
(Teladorsagia_circumcinctajhypothetical protein 272
Teladorsagia_circumcinctajhypothetical protein 01273
Teladorsagia_circumcinctahypothetical protein LCIR 01274
Teladorsagia_circumcinctalhypothetical protein TELCIR 01275
Teladorsagia_circumcinctajhypothetical protein TELCIR 01276
b= 1 4 . . . o b o ] B G G ]

Figure 7. Selecting NemaBrowse input.
(A) On the main NemaBrowse page, the user can select one of the species for which

NemaBrowse view is available. Clicking on “Gene list” link (shown by a white arrow
pointer) takes to a page (B) that lists all the genes in the database for the species of interest.
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Nemabrowse : Gbrowse tracks (including SNPs)

-
Telad. ia ci i i 4.176 kbp from T_circumcincta.1.0_Cont53:440,702..444,878
Select Tracks Custom Tracks Prefi
= Search
Landmark or Reglon:
T_circumcineta. .0 Cont53:44 | Search Download Decorated FASTA File 2 Cwiimm...l Go
Examples: TELCIR_0000S, TELCIR_00183, TELCIR_26358.
Data Source «K el
Teladarsagia circumeincta annetations 4 ScrolliZoom: Show 4.177 kbp 3 Flip
= Overview o
T_circuncincta, 1.0 _Cont53 A i
o 100k 200k, 300k 400k
= Region
300k 30k J2K 330k 40k 300k 350k 370k 300k 390k 400k 410K 420k 430k 440 450k 460k 47Ok 400K 90K
*BEEA~0GC
x i et et U N Py Pt [ ot et it Y g = A fet T e 522
L T W s WA P ¥ a3 W e et A, P pnn [\ s
\ g
= Details | reverersr |
| 1 kbp
4aik [ [T Ak [
illﬂll’H.m
-
Gene.
0 SNPs from muttigie
W W W TN W WEN TV W VWY WY W O WW YW YWWIWWY VWY VW Y ¥V WWY
t-.lﬂHlﬁmm
* B E B8~ @ &-frame translation
.". .I 'Im [ 2 I'.“'I o '. e I.I'-I AT ”.-I. = e -n'“'.-_‘ _'.' '.I L e T Y R 1 '.'_ il ...‘.'I'.' L ey s
t-.-ﬂHlﬂmm
* B0 23~ 0 Rfam genes
ﬂllﬂH.SﬂPﬂlmm multiple-antheimintic-resistant population
VW WY TERNT WEW AT WATTT WISV WA YW VY VTR ¥ WOTWOWRY W ¥ VW N 7 U T T W W ¥ VW
i-.ﬂﬂHlEl‘nﬂl
Exon Exon Exon Eron Eon | Exon e
se ec( Tracks | Clear highlighting
Logend
L5 Syreomrmns Sh
e ee——
A vom
|4, 5 sutsicie COS.

Select Tracks

Legend
A SNP + B 8 & - H SNPs from multiple-anthelmintic-resistant population
Synonymous TER WYW VWAV WYW 7 IRV IVTIRWVY TRV WV
A Non-synonymous SNP

A Both

/\ SNP outside CDS

Figure 8. GBrowse trakcs in NemaBrowse.
The GBrowse view centered on the gene selected as NemaBrowse input (Fig. 7) with some

default tracks plotted. The user can select any of the available tracks using the “Select
Tracks” button at the bottom. As an example, the two SNP tracks available for 7.
circumcincta are shown, with the SNP loci indicated by colored triangles, colored according
to SNPEff annotation of the SNP. Zoomed in images of some parts are shown at the bottom
for clarity.
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TremaPath : Select Genome and E-value threshold
A.

Clonorchis sinensis 13634 Sew TremaPalr}
Echinostoma caproni 18607 - < View ibernaPa)h
Fascicla hepatica PRINA179522 14642 . - i View in TremaPth
Fasciola hepatica PRJEBGS8T 33454 Sy View in TremaPath
Schistosoma curassoni 23546 s View in TrenfbPath
Schistosoma haematobium 13073 " -~ o View in TryrnaPalh
Schistosoma japonicum 12?4; - View in TyemaPath
Schistosoma mansoni A0831 View infTremaPath
Schistosoma margrebowiei > - = 26189 view ifi TremaPath
Schistosoma mattheei " - 22887 View'in TremaPath
Schistosoma rodhaini i 24089 Vigi in TremaPath
Trichobilharzia regenti - < 22202 ‘Wew in TremaPath
i A
o !
-7 I
i /
-
B i Threshold: le- s I
. - 7
et Submit

number of hits

15 28 25 38 35 48 45 58
~logl0{e-value of top blast hit)

C . Please confirm your selections:

Clonorchis sinensis
1e-5 |

Reset Sutliisl

Figure 9. Selecting genome and annotation threshold for TremaPath usage.
On the main TremaPath page, clicking on the “Species-specific TremaPath comparisons”

link takes the user to a page (A) where the user can select the species and assembly of
interest. Clicking on “View in TremaPath” link leads to a page (B) that shows the
distribution of KOs assigned at different E-value thresholds, with colors distinguishing low,
medium and high confidence annotation. The user can indicate the E-value threshold they
want by filling in the exponent and clicking the Submit button and confirming their input at
the next page (C).
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TremaPath : Select from available pathways

A.

Matabolism

Carbohydrate metabolism

¥
Alanine, aspartate and glutamate metabolism
Arginine and profine metabolism

Cysteine and methionine metabolism
Glycine, serine and threonine metabolism
Histidine

Chemical structure
transformation maps

Lysine biosynthesis
Lysine degradation

Energy metabolism

Glycan biosynthesis and
metabolism

Lipid metabolism

Metabolism of cofactors and
vitamins

Metabolism of other amino acids

Metabolism of terpenolds and
polyketides

([ Bome | | species ndes | | hetp |

Choose Pathway--- v
Choose Patway--- =
---Choose Pathway--- <

Phenylalanine, tyrosine and tryptophan biosynthesis
Tryptophan metabolism

Tyrosine metabolism

Valine, leucine and isoleucine biosynthesis

Valine, leucine and isoleucine degradation

Pathwry: Marir, 3aparale and guamate metaboiam
Cutolf; 165
Becond Speck for comparisen: None
sty —— g
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Figure 10. Visualizing a metabolic
(A) After confirming the species

pathway for a single species.
and annotation threshold (Fig. 9), the user selects the

pathway of interest by dropdown menus grouped under major categories of KEGG
pathways. (B) The resulting page shows KEGG pathways with the enzyme nodes shown in
shades of green, representing the number of genes with the corresponding annotation. The
user can mouse-over on any of these nodes to peek at the details of such genes and BLAST

hits (C).
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TremaPath : Compare with another species

A.
Currant Species: Cionorchia sinensis (based on KEGG Fsioase £5)

ematode.net e

[ oma | [ species idex ] | heip ] -=~Choosa Species for comparison=-«
Echinostoma caproni

Legund: Shomd rodh " s Solar e of ranscriots Sam 18 ssbected tpacins mugping o 02 assned ko 208 Fasciol hepatics PRIEBEGST
- [ | R Schistosama curassani

"""" = Schistosoma haematoblum

Schistosoma japonicum

Schistosoma mansonl

| ALAMIME, ASPARTATE AND GLUTAMATE METABOLISM | Schistosama margrebowiel
Schistosoma mattheel
Sehistosama rodhaini

— :
Cncasmae werd mtoliem 9 ———+ __of W d Trichabilharzia regenti
I LTy —
Hicotne ad icotnamae stbolim e === -]

i Lousgarie
T i 2132 ==t )
| Lymee bacayetuss ——— —_—
—_— " f—La—
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Rl
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Figure 11. Comparing a metabolic pathway for two species.
(A) After visualizing the pathway of interest for one species (Fig. 10) in TremaPath, a

second species can be selected on a dropdown menu on top right (selection shown with a
white arrow). This leads to a pathway view (B) with the two species painted in different
colors, juxtaposing the presence of enzymes from that pathway in the two species.
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HelmCoP : Method, filter and output setup

demwmanumwdmm Search by gene name if known, or enter an EC number, KO id,
or term to be given a list of all genes in our database associated with that feature.

Search by ortholog:
Search our gene database by using a number of possible keywords to define lists of orthologs with at least 1 member meeting those
constraints. All gene members of the defined orthologs that meet constraints will be listed.

HelmCoP BLAST
Search your nucleotide or protein sequences against the HelmCoP organisms protein databases. WU-BLASTN or WU-BLASTX
alignments will be reported to you via email.

4

8.

Figure 12. HelImCoP options setup.
(A) On the main HelmCoP page, the user indicates whether they want to search by gene,

ortholog, or using the HelmCoP BLAST. The illustrated example shows a search by gene
(indicated by a white arrow pointer on the corresponding link). (B) The main input page,
where the user can select the gene(s) or species of interest (if any), the filters selecting any
properties of interest (e.g. “Essentiality” required to be “Severe” as shown here), and the
columns that the user wants to populate the results table. The example here shows a query
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for all genes in Brugia malayithat are annotated with “severe” essentiality, reporting their
ortholog group, KO ids, and any SignalP & Transmembrane annotation.
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HelmCoP : Result table and download

Query Filter Applied: species=Brugia malayi, essentiality=severe
Query Outputs Selected: KO id, SignalP & Transmembrane

Fu Rt Sownicns | QN

Your query returned 2885 genes. A tab-delimited file of the results below can be downloaded by clicking the button above.

Signal |Transmembrane
Isoform name - description Species f;n“:!CIustar Ortholog name KO id - description - evalue peptide region(s)
detected detected

14990.m08019 - Proteasome subunit alpha
type 7-1, putative _
14979.m04645 - probable protein disulfide-
isomerase, putative

14992.m10871 - K+ channel tetramerisation

02731 - 20S proteasome subunit alpha 4 -
1.9e-132

K09582 - protein disulfide isomerase family A,
14979.m04645 jortho17taxa1003 member 4 - 3.5e-193 Yes

14990.m08019jortho17taxa1023

Yo S el 14992.m10871 fortho17taxa5843 |na No
14789.m00059 - hypothetical protein 14789.m00059 jortho17taxa1716 |na No
W - GTP-binding protein SARA, 14972.m07055ortho17taxa1071 |K07977 - Arf/Sar family, other - 2.8e-81 No
14959.m00556 - conserved hypothetical

m 14959.m00556 fortho17taxa5728 |na No
14972.m07714 - Carboxyl transferase domain|Brugia — hiok =
el ! 114972.m07714fortho17taxa1936 [K01946 - biotin carboxylase - 0. No
14699.m00097 - hypothetical protein 14699.m00097 fortho17taxa1008 |na No

14937.m00486 - Type |l restriction enzyme, 11367 - chromodomain-helicase-DNA-

res subunit family protein SRS 7R | oing Dibtei = 0. o

14961.m05193 - Probable protein disulfide 09584 - protein disulfide isomerase family A,

lisomerase A precursor, putative 14961.m05103jortho 1 7taxa1003 member 6 - 9.1e-243 s

14758.m00155 - Prion-like~related 14758.m00155 fortho1 7taxa10546 KE%?E - WINK lysine deficient protein kinase i, ,

14916.m00491 - 405 ribosomal protein S20 K02969 - small subunit ribosomal protein

(522), putaive 14916.m00491 fortho17taxa3440 [E52309 " STE No

14538.m00472 - NADH-ubiquinone " L

9220 M3 (e AL . |Brugia K03941 - NADH dehydrogenase (ubiguinone)

oxidoreductase 23 kDa subunit, mitochondrial |~ |14538.m00472/ortho17texa2216 [ee“s e ¢ 2 Ve D No
recursor, putative

mﬂ - conserved hypothetical E_I’;gﬁ 14950.m01851 Jortho17taxa6194 [K10747 - DNA ligase 1 - 1.1e-09 No [Yes (2 spanner)

Figure 13. HelmCoP results.
The result page for HelmCoP contains a table showing the properties selected by the user

(Fig. 12) for the genes satisfying the filters of interest. A download link is also provided for
the entire result table (since the shown table may be truncated, depending on how many
genes are part of the result).
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Available Illumina RNAseq reads

Table 1.

# RNAseq
Nematode Species reads Stages/Tissues Accession ids
Ancylostoma caninum 401157883 L2, L3(non-activated), SRX1971542,SRX1971543,
L3(untreated), female, SRX1971544,SRX1971545,
male, oesophagus,gut SRX1971546,SRX1971547,
SRX1971548
Ancylostoma ceylanicum 1410548651  L3(non-activated), SRX1116899,SRX1116900,
L3(activated), SRX1116901,SRX1116902,
L3(infective), SRX1116903,SRX1116904,
48hr L3, 72hr L3, SRX1116905,SRX1116906,
72hr L4, female, SRX1116907,SRX1116908,
male, L4 8day female, SRX1116909,SRX1116910,
24hr small intestine, SRX1116911,SRX1116912,
24hr stomach, gut, SRX1116913,SRX1116915,
SRX1116916,SRX1116917,
SRX1116918,SRX1116919,
SRX1116920,SRX1116921,
SRX1116922,SRX1116923,
SRX1127457
Ascaris suum 2259230956 female head, male head, SRX1013923,SRX1013925,
female pharynx, SRX1013926,SRX1013928,
male pharynx, SRX1013929,SRX1013930,
female intestine, SRX1013931,SRX1013932,
male intestine, SRX1013933,SRX1013934,
anterior intestine, SRX1013935,SRX1013936,
mid intestine, SRX1013937,SRX1013938,
posterior intestine, SRX1013939,SRX1013940,
repro-associated SRX1013941,SRX1013942,
unattached intestine, SRX1013943,SRX1013944,
whole intestine, SRX1013945,SRX1013946,
24hr anterior intestine SRX1013948,SRX1013949,
(treatment: hsiRNA?2), SRX1013950,SRX1013951,
24hr anterior intestine SRX1013953,SRX1013954,
(treatment: hsiRNA5), SRX1013956,SRX1013957,
24hr posterior intestine SRX157781,SRX278110,SRX278111,
(treatment: hsiRNA?2), SRX278113,SRX278114,SRX278115,
24hr posterior intestine SRX278116,SRX278117,SRX278118,
(treatment: hsiRNADS), SRX278119,SRX278120,SRX278121,
ovary, uterus, SRX278122,SRX278123,SRX278124,
seminal vesicle, testis, SRX278125,SRX278126,SRX278127,
Whole worm SRX278128,SRX278129,SRX278130,
SRX278131,SRX278133,SRX278134,
SRX278135,SRX278136,SRX278137,
SRX278138,SRX278139,SRX278140,
SRX278141,SRX278142,SRX278143,
SRX278144,SRX278151,SRX278152,
SRX278153,SRX278154,SRX278155,
SRX278156,SRX278157,SRX278158,
SRX278159,SRX278160,SRX278161,
SRX278162,SRX278163,SRX278164,
SRX278165,SRX278166
Dictyocaulus viviparus 821515897 L1, L2, L3, L4, SRX371002,SRX693266,SRX693267,
L5(mixed), L5(female),  SRX371003,SRX693295,SRX868541,
L5(male), female, SRX371004,SRX371005,SRX371006,
male, egg, hypobiotic SRX371007,SRX371008,SRX693298,
larvae SRX693301,SRX371010,SRX371011,
SRX371012,SRX693296,SRX693299,
SRX693297,SRX371009,SRX693300,
SRX371413,SRX693302,SRX693304,
SRX693303
Haemonchus contortus 184431397 female intestine, SRX736496,SRX736495
male intestine
Necator americanus 37157105 L3, adult SRX202018,SRX202022
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# RNAseq
Nematode Species reads Stages/Tissues Accession ids
Oesophagostomum 654919328 L2, L3, L4, female, SRX2085121,SRX2085118,
dentatum male, total rna(drug SRX2085106,SRX2085107,
resistant population), SRX2085122,SRX2085126,
total rna(drug SRX2085123,SRX2085109,
susceptible population) ~ SRX2085108,SRX2085110,
SRX2085112,SRX2085113,
SRX2085125,SRX2085127,
SRX2085111,SRX2085124,
SRX2085119,SRX2085115,
SRX2085116,SRX2085114,
SRX2085117,SRX2085120
Teladorsagia circumcincta 226574759 total rna(anthelmintic SRX1507696,SRX1507697,
resistant), total rna SRX1507698
(anthelmintic
susceptible)
Trichuris suis 693989167 10 day larvae, SRX1838979,SRX1838981,
16 day larvae, SRX1838978,SRX1838982,
17 day larvae, SRX1838974,SRX736471,
21 day larvae, SRX736470,SRX1838977,
28 day larvae, SRX1838980,SRX1838975,
35 day larvae, SRX1838976,SRX1838983,
42 day larvae, female, SRX1838985,SRX1838984,
male, adult(mixed), SRX1838986
female anterior body,
Male anterior body,
ovary, testis
Trematode species
Fasciola hepatica 415324163 egg, metacercariae, SRX1037419,SRX1037418,
adult SRX1037417,SRX1037421,
SRX1037416,SRX1037420,
SRX1798471,SRX1798472,
SRX1037423,SRX1037422,
SRX1798475,SRX1798474,
SRX1798473
Paragonimus skrjabini 49816749 adult SRX1507709
Paragonimus westermani 46468226 adult SRX1507710
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Table 2.

Available Roche/454 cDNA assembled transcripts

Species #isogroups | #isotigs | Stages/Tissues

Ancylostoma caninum 19277 23388 L3(infective), L3(serum stimulated), adult female, adult male
Cooperia oncophora na 30025 L3, adult female, adult male

Dictyocaulus viviparus 20529 36626 L1, L3, L5, adult female, adult male, egg

Heterorhabditis bacteriophora 7310 7857 na

Necator americanus 9253 9693 na

Oesophagostomum dentatum 16788 30030 L2, L3, L4, adult female, adult male

Ostertagia ostertagi na 34871 L3, L4

Teladorsagia circumcincta 29991 33148 adult

Trichostrongylus colubriformis | 19833 27615 adult female, adult male

Methods Mol Biol. Author manuscript; available in PMC 2019 January 02.

Page 29



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Martin et al.

Available Sanger EST assembled transcript clusters (i.e. genes)

Species # EST clusters
Ancylostoma caninum 5484
Ancylostoma ceylanicum 4953
Ascaris suum 5137
Brugia malayi 1609
Caenorhabditis remanei 12334
Dirofilaria immitis 2534
Ditylenchus africanus 5214
Globodera pallida 2973
Globodera rostochiensis 9482
Heterodera glycines 12313
Heterodera schachtii 1595
Haemonchus contortus 9842
Meloidogyne arenaria 3356
Meloidogyne chitwoodi 5880
Meloidogyne hapla 11193
Meloidogyne incognita 9107
Meloidogyne javanica 5165
Meloidogyne paranaensis 2263
Nippostrongylus brasiliensis | 4532
Onchocerca flexuosa 1665
Ostertagia ostertagi 4794
Parastrongylus trichosuri 4923
Pratylenchus penetrans 488
Pristionchus pacificus 2654
Radopholus similus 5551
Strongyloides ratti 5237
Strongyloides stercoralis 3479
Toxocara canis 2082
Trichinella spiralis 5958
Trichurfs murfs 3735
Xiphinema index 5485
Zeldia punctata 202
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