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ABSTRACT

The genomes and transcriptomes of hundreds of in-
sects have been sequenced. However, insect com-
munity lacks an integrated, up-to-date collection of
insect gene data. Here, we introduce the first release
of InsectBase, available online at http://www.insect-
genome.com. The database encompasses 138 in-
sect genomes, 116 insect transcriptomes, 61 insect
gene sets, 36 gene families of 60 insects, 7544 miR-
NAs of 69 insects, 96 925 piRNAs of Drosophila
melanogaster and Chilo suppressalis, 2439 IncRNA
of Nilaparvata lugens, 22 536 pathways of 78 insects,
678 881 untranslated regions (UTR) of 84 insects and
160 905 coding sequences (CDS) of 70 insects. This
release contains over 12 million sequences and pro-
vides search functionality, a BLAST server, GBrowse,
insect pathway construction, a Facebook-like net-
work for the insect community (iFacebook), and phy-
logenetic analysis of selected genes.

INTRODUCTION

Insects are essential to maintain agricultural ecosystems,
but they are also pests that damage >30% of agricultural,
forestry and livestock production and cause billions in eco-
nomic losses annually. Insects are vectors of many devas-
tating diseases leading to the loss of numerous human lives.
The availability of insect genomes and transcriptomes pro-
vides valuable resources for entomological research. How-

ever, the insect community lacks an integrated, up-to-date
database of gene resources.

Currently, the genomes of at least 138 insects have
been sequenced and deposited in public databases such
as the NCBI genome database (1), FlyBase (2), i5k
Workspace@NAL (3), VectorBase (4), SilkDB (5), But-
terflyBase (6), BeetleBase (7), MonarchBase (8), Aphid-
Base (9), NasoniaBase, BeeBase and Ant Genomes Por-
tal (10), Hessian Fly Base and Manduca Base (http:
/Iwww.agripestbase.org), ChiloDB (11), DBM-DB (12),
KAIKObase (13) and KONAGADbase (14). Since the cost
of whole-genome sequencing has decreased dramatically,
many genome-sequencing projects on insects have been ini-
tiated in recent years (Supplementary Figure S1). These
projects were completed by small research groups with
the technical assistance of sequencing companies. These
research groups normally construct an organism-specific
database for organizing and managing the genome data
(8,11,12). Some organism-specific databases also contain
the gene data of closely-related insect species (2,4,6,10).
Though a copy of the genome Scaffolds, Contigs and Of-
ficial Gene Sets (OGSs) should be submitted to the NCBI
genome database because of publication requirements, it is
not updated frequently and often lacks good annotation.
The lack of availability of an integrated, up-to-date collec-
tion of insect genomes and transcriptomes has hampered
entomological research.

Here, we introduce InsectBase (http://www.insect-
genome.com/), which is intended to meet the needs of
the insect community, especially for studies on molecular
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Table 1. Summary of the data content of InsectBase

Category Species Sequences
Genome 138 1090915
Transcriptome 79 5140 642
EST 235 4108911
Pathway 78 352700
Ortholog 7 6811
Gene Family 60 39 105
miRNA 69 7544
mir-family 54 4637
piRNA 2 96 925
LncRNA 1 2439
Transposon 2 2880
UTR 84 679 881
CDS 74 160 905

biology, evolution, development, immunity, pest control
and insecticide resistance. To the best of our knowledge,
InsectBase collects almost all insect genomes and most
insect transcriptomes from publicly available databases.
Besides offering widely used Web-services such as a search
tool, BLAST and GBrowse, InsectBase is also a platform
for comparative genomics analysis on gene families, path-
ways and orthologs. Additionally, iFacebook is designed to
provide a Facebook-like social network for the insect com-
munity by constructing relationships between researchers,
genes and insect species.

MATERIALS AND METHODS
Data sources

InsectBase harvests insect gene data from tens of databases.
We also developed software or pipelines to identify miRNA,
piRNA, IncRNA, insect pathways, and orthologous groups
from insect genomes and transcriptomes (Table 1).

Insect genomes sequences were downloaded from the
NCBI genome database (1), Ensembl, VectorBase (4), Fly-
Base (2), Hessian Fly Base ( www.agripestbase.org), Aphid-
Base (9), Ant Genomes Portal (10), BeeBase (10), Nasoni-
aBase (10), SilkDB (5), ChiloDB (11), Heliconius Genome
project (http://www.butterflygenome.org/), Manduca Base
( www.agripestbase.org) and DBM-DB (12). Stick insect
genomes were downloaded from http:/nosil-lab.group.shef.
ac.uk/ (15) (Supplementary Table S1). This yielded a collec-
tion of 138 insect genomes (Table 2, Supplementary Figure
S2). Among these, the gene annotation files were obtained
for 61 insect genomes (Supplementary Table S2). How-
ever, 31 insect gene sets lacked gene annotation informa-
tion. Therefore, these gene sets were annotated by BLASTP
against the Swiss-Prot database to get annotations.

Protein information of 61 insects were obtained by
InterProScan analysis (16), including Coils, Gene3D,
Hamap, Pfam, PIRSF, PRINTS, ProDom, ProSitePatterns,
ProSiteProfiles, SMART, SUPERFAMILY and TIGRFA.

Insect transcriptomes were assembled using Trinity with
default parameters (17) and then annotated by BLASTX
against the NCBI nr database (1) (Supplementary Table
S3). The raw reads of 46 insect transcriptomes were down-
loaded from the NCBI SRA database (18). Seventy assem-
bled insect transcriptomes were obtained from the NCBI
TSA database (1) (Supplementary Figure S3).

Insect pathways information were obtained by analyz-
ing transcriptome data of 78 insects using KAAS (19) and
iPathCons (20).

Expressed sequence tags (ESTs) of 235 insects were down-
loaded from the NCBI EST database (1).

Insect orthologous were obtained by we analyzing the of-
ficial gene sets (OGS) of seven insects with the software or-
thoMCL (21), including Bombyx mori, Danaus plexippus,
Linepithema humile, Nasonia vitripennis, Tribolium casta-
neum, Aedes aegypti, and Pediculus humanus. This produced
973 1:1:1 ortholog groups.

Insect miRNA sequences were downloaded from the miR-
Base (22) and were also collected from the supplemental
files of published references because many miRNAs were
not submitted to miRBase. The conserved miRNAs of 54
insects were obtained by homology searching with RNA-
seq data. After removing the redundancy, the miRNAs of 69
insects were stored in InsectBase (Supplementary Table S4).
For piRNA, 987 piRNAs of D. melanogaster were down-
loaded from the NCBI GenBank database (GI: 157361675-
157362817) and 13 299 Drosophila piRNAs were from the
NCBI Gene Expression Omnibus with the accession num-
ber GSE9138 (1). The piRNAs of Chilo suppressalis were
obtained by Piano prediction (23). For long noncoding RNA
(IncRNA), we developed a pipeline to find IncRNAs from 12
transcriptomes of N. lugens.

Transposons

1572 Drosophila transposons were downloaded from the
Berkeley Drosophila Genome Project (http://www.fruitfly.
org/p_disrupt/TE.html) (24) and 1308 silkworm trans-
posons were obtained from the BmTEdb database (25).

Coding sequences (CDS) and untranslated regions (UTR)

We downloaded UTR sequences of ten insects from the
UTRBase (26), including Acyrthosiphon pisum, Aedes ae-
gypti, Anopheles gambiae, Apis mellifera, Bombyx mori,
Culex quinquefasciatus, D. melanogaster, Nasonia vitripen-
nis, Pediculus humanus, Tribolium castaneum. A pipeline
was developed to predict CDS and UTR from transcrip-
tome data, producing CDS and UTR sequences of 74 in-
sects (Supplementary Table S5).

RESULTS
Structure of InsectBase

InsectBase provides Web services such as a search tool,
BLAST, visualization with GBrowse, insect pathway con-
struction and phylogenetic analysis. The gene informa-
tion for widely-studied gene families, noncoding RNA
(ncRNA), transposons, UTRs and CDSs are collected and
presented in the database. Genome annotation tools opti-
mized for insects are incorporated into InsectBase. Insect-
Base also includes iFacebook, a Web-based construction for
gene-researcher—species networking (Figure 1).

Web services

The search tool can be used to find interesting information
from genes, transcriptomes, pathways, gene families, and or-
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Table 2. The distribution of insect genome resource
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Genome with Gene

Database Species Sets URL
NCBI(GeneBank & Refseq) 134 42 http://www.ncbi.nlm.nih.gov
Ensembl 31 31 http://metazoa.ensembl.org
Flybase 12 12 http://flybase.org/
iSkworkspace 35 35 http://i5k.nal.usda.gov/
VectorBase 42 33 https://www.VectorBase.org/
Hymenoptera Genome Database HymenopteraMine 17 12 http://hymenopteragenome.org/hymenopteramine
BeeBase 1 1 http://hymenopteragenome.org/beebase/
NasoniaBase 1 1 http://hymenopteragenome.org/nasonia
Ant Genomes Portal 8 8 http://hymenopteragenome.org/ant_genomes
Agripestbase Hessian Fly Base 1 1 http://agripestbase.org/hessianfly/
Manduca Base 1 1 http://agripestbase.org/manduca/
BeetleBase 1 1 http://beetlebase.org/
DBM-DB 1 1 http://www.iae.fafu.edu.cn/DBM/
KONAGADbase 1 http://dbm.dna.affrc.go.jp/px/
MonarchBase 1 1 http://monarchbase.umassmed.edu/
APHIDBASE 1 1 http://www.aphidbase.com/
SilkDB 1 1 http://www.silkdb.org/silkdb/
KAIKObase 1 http://sgp.dna.affrc.go.jp/KAIKObase
Heliconius Genome Project 1 1 http://butterflygenome.org/
ChiloDB 1 1 http://ento.njau.edu.cn/ChiloDB
InsectBase 138 61 http://www.insect-genome.com
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similarity query with transcriptome,

genes, ESTs, etc.
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Search module enables user to find
queried genes from OGS, pathway,
gene family, transcriptome, etc.
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Gene family module provides the gene
sequences of 36 gene families in 60
species.

visualization.

/

iFacebook, the Facebook of insect
/ community. provides a social network

platform for entomologists.

Other resources: mRNAs, piRNAs,
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and IDs of insect pathways of 78
species.

Figure 1. The structure of InsectBase. It provides Search, Blast, GBrowse, iFacebook, Ortholog, Gene family, iPathway and insect gene information.

thologs using either a gene ID or a gene name. Besides gene
sequences, users can obtain related information for a gene.
When a specific gene is found using a gene ID, the Swiss-
Prot annotation, super family, Gene3D, Pfam, SMART,
ProSite Profiles and Coils are provided. The ‘Advanced’ op-
tion enables users to select one or multiple species when
searching.

BLAST is provided using the Web-based BLAST server
2.2.28+ (27). The data used for nucleotide BLAST
(BLASTN, TBLASTN) secarches contains 138 insect
genomes, 61 insect OGSs and 116 insect transcriptomes.
The protein data used for amino acid BLAST (BLASTP,
TBLASTX, BLASTX) searches contains the 61 insect pro-
tein sequences. In the BLAST results webpage, the top
five BLAST hits are presented (users can find all BLAST
results by clicking ‘more’ under the table). InsectBase
‘guesses’ the gene from the BLAST results and recommends

“Your interested Gene set” by presenting Swiss-Prot an-
notation, KEGG, super family, Gene3D, Pfam, PRINTS
and ProSitePatterns information for the gene. According to
the BLAST results, InsectBase also recommends related re-
searchers (“You might be interested in these researchers’)
and references (‘You might be interested in these refer-
ences’).

GBrowse provides visualization of 58 insect genomes
(28). The GBrowse tracks are customized according to the
genome annotation information of various species. Three
basic tracks, mRNA, CDS and exon, are provided for
all insects but more tracks are provided for those insects
with more annotations. For example, A. gambiae has 10
more tracks including tRNA, miRNA, snRNA, snoRNA,
tRNA _pseudogene, TRNA, misc_. RNA, RNase_ p_ RNA,
pseudogene, and SRP_RNA. C. suppressalis has seven more
tracks including piRNA, miRNA, repeat_sequence, ho-
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Figure 2. The server of phylogenetic analysis of selected genes were provided.

mologs in silkDB, exon structures in SilkDB, Homologs in
FlyBase, exon structures in FlyBase, and similar polypep-
tides in ChiloDB.

Phylogenetic analysis enables users to construct an evolu-
tionary tree with gene sequences of interest (Figure 2). The
evolutionary tree is constructed with ClustalW2 (29) using
the neighbor-joining clustering method and bootstrap value
of 500. The tree is displayed with Newick Utilities 1.6 (30).
The phylogenetic analysis function is incorporated into the
search results, BLAST results, ortholog, and gene family
webpages.

Insect pathway construction is indispensable for gene
function analysis. InsectBase incorporates a Web-service,
iPathCons, for knowledge-based construction of pathways
from the transcriptomes or OGSs of genomes (20). A vot-
ing system is used for Kyoto Encyclopedia of Genes and
Genomes (KEGG) Orthology assignment. The pathways
of 52 insects are used as templates. Users can select one or
multiple templates to map the queried sequences to known
pathways based on their requirements. When the number of
sequences is less than 10, the results are displayed directly. If
there are more than 10 sequences, a URL link to the iPath-
Cons results will be sent to the user’s e-mail.

iFacebook: Facebook for the insect community

A major roadblock in the insect field is the lack of effi-
cient communication. iFacebook is intended to construct
a gene-researcher—species network for entomologists (Fig-
ure 3). In total, 94,758 references of 143 insects were down-
loaded from the PubMed database (1). The gene names, re-
searchers and species were extracted from these references.
A gene-researcher—species network has been constructed
and deposited in InsectBase. Users can find the collabora-
tors, studied species and publications of a researcher. For a
queried gene/species, InsectBase returns a result page with
researchers who studied this gene/species and their pub-
lications. In this way, the first group of gene-researcher,
researcher-researcher, and species-researcher relationships
is constructed. InsectBase is still at primary status and we

suppressalis|CSU0GS107193-PA

encourage the users to submit their information to improve
iFacebook.

Insect gene information

Considering the research hotspot in the insect field, data
mining of important gene information from all insect
genomes, genes, transcriptomes and ESTs was carried out.
Reference mining of important genes was also conducted.
These efforts produced a batch of insect gene collections
that should be of great interest to entomologists. These
genes include 22 536 pathways from 78 insects, 96 925
piRNAs from D. melanogaster and C. suppressalis, 2880
transposons from D. melanogaster and B. mori, 7544 miR-
NAs from 69 insects, 118 miRNA families from 54 insects,
2439 long noncoding RNAs (IncRNA) of N. lugens, 973
orthologs groups of seven insects, 36 protein-coding gene
families from 60 species, 679 881 UTRs from 84 insects and
160,905 CDSs from 74 insects. All these gene sequences are
available for download and search in InsectBase.

Tools, software and insect databases

Several tools that can be used for insect genome annota-
tion or RNA-seq analysis are collected and provided in In-
sectBase. Optimized Make-based Insect Genome Annota-
tion (OMIGA) can be used to annotate insect genomes (31).
iPathCons is a tool for constructing insect pathways (20).
Triplet-SVM is a support vector machine (SVM)-based de
novo classifier for miRNA identification (32). Piano is a
SVM-based tool for piIRNA annotation (23). We developed
these tools and intend to provide additional Web-based ser-
vices for entomologists in the future.

In the links webpage, 180 software tools are collected and
presented, including genome assemblers, gene predictors,
genome browsers, multiple sequence aligners, sequence an-
alyzers, and structure modeling modules. The URL links
to 18 insect genome databases are given, which enables the
user to visit other useful insect gene databases.
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Figure 3. iFacebook provides the researcher-researcher (A) and gene-
researcher (B) network.

The features of InsectBase

InsectBase is intended to provide related information for a
queried gene to users, including sequences, gene features,
domains, homologs, gene family, researchers, and refer-
ences, etc. This ‘data consumer’-oriented function enables
entomologists to get an overview of a queried gene or a
gene family. It should be greatly helpful for designing ex-
periments or even finding potential collaborators.

At present, 18 insect genome databases have been con-
structed and reported. Most of these databases contain one
or several closely related species with good annotations. In-
sectBase, to the best of our knowledge, has an almost com-
plete list of insect genomes and genes. More than 100 Gb of
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insect gene data have been collected and deposited in Insect-
Base. We also provided some users-oriented software and
Web servers, which could significantly facilitate the gene
analysis for insect molecular biologists.

In comparison, the 15k Workspace@NAL has a wide
range of arthropod genomes (3), which are mainly collected
from species in the Baylor College of Medicine’s i5k pi-
lot project. At present, 42 arthropod species are included.
The major goal of the i5k Workspace@NAL is to pro-
vide an efficient and well-organized platform for genome
assembly, annotation, and RNA-seq mapping in a new
genome-sequencing project. Data consumers can easily see
the progress of the annotated genome and access the data.
Therefore, the 15k Workspace@NAL is ‘data producer’ or
‘genome-sequencer’ -oriented whereas InsectBase is ‘data
consumer’-oriented.

Submitting data to InsectBase

We strongly encourage researchers to submit genome and
transcriptome sequences. Technical assistance will be pro-
vided for uploading or handling of sequences.

Implementation

InsectBase was developed on an Apache HTTP server in
a Linux (Redhat 6.5) operating system, and the database
was deployed on PostgreSQL. The webpages were written
using PHP, HTML language, Bootstrap, Cascading Style
Sheets (CSS), the JavaScript (JS) framework and Layer JS.
Perl scripts were used to make the database user-friendly
with a good interaction interface. The Apache server han-
dles queries from Web clients through PHP scripts to per-
form searches. Chado, a relational database schema that has
been designed to handle complex representations of biolog-
ical knowledge, is used to store the data (33). The generic
Genome Browser (GBrowse 2.0) package, a component of
the Generic Model Organism Project, was used for genome
visualization (28). This tool allows researchers to obtain
gene structure information. A local Basic Local Alignment
Search Tool (BLAST 2.2.28+) server has been installed in
the InsectBase system (27). ClustalW 2.1 has also been in-
stalled in the database for multiple alignment of nucleic acid
and protein sequences (29).

FUTURE PERSPECTIVES

InsectBase is intended to provide a platform for researchers
interested in analyzing insect gene data. We anticipate devel-
opment in two directions: experiment-oriented and integra-
tion. First, we wish to integrate all related information for
each gene. When a queried gene is searched or BLASTed,
InsectBase will be designed to provide information to an-
swer questions such as: what is this gene? Which gene fam-
ily does this gene belong to? Which pathway does this gene
participate in? How many homologs of this gene are there?
What is the evolutionary tree of this gene and its homologs?
Who has studied this gene and in what species? What are
the expression patterns of this gene or its orthologs? What
is the RNAi phenotype of this gene or its orthologs? We will
present the results in a webpage for users. Second, we will
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assign all insect genes a unique InsectBase ID, which will
facilitate the use and management of rapidly accumulated
insect genes. Third, we will harvest all newly published in-
sect genomes and transcriptomes and keep the database up-
to-date. Fourthly, InsectBase will pay special attentions to
the pathways and ncRNA in insects. Pathway construction
and ncRNA annotation will be improved.

AVAILABILITY

All data in InsectBase are available for download. Insect-
Base can be accessed at http://www.insect-genome.com.

SUPPLEMENTARY DATA
Supplementary Data are available at NAR Online.
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