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Abstract

Recent progress in the field of sequencing and analysis has led to a tremendous spike in
data and the development of data science tools. One of the outcomes of this scientific
progress is development of numerous databases which are gaining popularity in all dis-
ciplines of biology including sericulture. As economically important organism, silkworms
are studied extensively for their numerous applications in the field of textiles, biomateri-
als, biomimetics, etc. Similarly, host plants, pests, pathogens, etc. are also being probed
to understand the seri-resources more efficiently. These studies have led to the gener-
ation of numerous seri-related databases which are extremely helpful for the scientific
community. In this article, we have reviewed all the available online resources on silk-
worm and its related organisms, including databases as well as informative websites.
We have studied their basic features and impact on research through citation count ana-
lysis, finally discussing the role of emerging sequencing and analysis technologies in the
field of seri-data science. As an outcome of this review, a web portal named SeriPort, has
been created which will act as an index for the various sericulture-related databases and
web resources available in cyberspace.
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Introduction

More than 50 years have passed since the time when the
term ‘database’ was coined. However, it was only during
the massive digitalization of many resources like archives
of music, books, etc. in the 1990s that the same term
started reflecting its primary usage in today’s world as a
data organizational model (1). During these years, the
databases have been empowered to retrieve and filter data
in various ways. Integration of these databases with biol-
ogy has brought digital revolution to life science. The
amalgamation of biology with information technology for
data dissemination and statistics for data analytics has led
to the development of some highly successful databases
like GenBank, RCSB Protein Data Bank (PDB), etc. (2).
Now, there are databases in almost every field of biology
ranging from diseases, whole organisms, taxonomy, bio-
active products, etc. making them indispensable for the re-
searchers (3-6). One of the research fields in which
databases are being constructed actively is ‘Sericulture’.

Silkworms and their respective host plants are the key
players of sericulture and silk is its prime yield. Sericulture
has been in practice much prior to the Silk Road era in an-
cient Indian and Chinese civilizations and helped in the en-
richment of human endeavors in art and culture (7).
Bombyx mori, Antheraea assamensis, A. mylitta and many
other silkworms are responsible for the production of silk
varieties like mulberry silk, muga silk, tasar silk, etc. for
traditional and commercial usage. Researchers also de-
veloped mutants of these organisms for improving silk qual-
ity and quantity, understanding their physiology and
exploiting them as bioreactors for recombinant proteins (8-
10). Similarly, the host plants of silkworms are studied not
only due to their importance as a survival requisite for silk-
worms but also for several unconventional benefits like pro-
duction of biodiesel, medicinal applications, etc. (11, 12).
Apart from these, other members of a silkworm’s ecosystem
like pests and pathogens which threaten the existence of the
silkworms are also researched for the development of treat-
ment or pest-control strategies, host—pathogen interaction
studies, etc. (13, 14).

The need of databases in sericulture field cannot be
emphasized more. First, numerous organisms are involved
in this field and scientists have uncovered minuscule infor-
mation about most of them while some are yet to be identi-
fied. Second, the data that are generated in this field are of
dissimilar type. Each data ranging from nucleotide and
protein sequence to gene maps, expression profiles and
biomaterials, is unique and vital. Third, the amount
of data generated is huge due to the fast-evolving tech-
niques of sequencing, analysis, imaging, etc. Especially,
the sequencing techniques have progressed beyond
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Figure 1. Number of publications on seri-related databases from the
year 2003 to 2015* where (¥*) represents 2015-continued year.

shotgun-sequencing to more quick and efficient next gener-
ation sequencing (NGS), chromatin immuno-precipitation
sequencing or ChIP-Seq, etc. which produce millions of se-
quence data at a go (15, 16). Till now (2003—present year),
the total number of published databases in this seri-
bioresource field is 50 out of which 27 were created in the
last five years (Figure 1).

Therefore, in order to boost the research in this field,
each type of data generated by scientists must be cross-
checked for reliability and then archived in separate digital
databases to create a helpful online space for users. These
databases must be made openly accessible to others and
equipped with analytical tools. This will promote better re-
search and facilitate development of improved scientific
strategies in this field.

In this review, we have collated the available databases
on sericulture from 2003 till now (Figure 2) and catego-
rized them based on the type of datasets (Supplementary
Table S1). Our search attempt has led to identification of
61 databases which comprise of genome, proteome, tran-
scriptome and other data of silkworms, host plants, pest
and pathogens, etc. The databases have been briefly dis-
cussed here and schematically depicted in Figure 3. While
the prime requisite of a database is to provide good quality
data, it must also have an optimal web interface with inte-
gral features like search, browse, data download, etc.
Quality of data can be maintained by proper data deduc-
tion methods. For example, the reliability of a transcrip-
tome dataset can usually be depicted in the depth of
sequencing. The quality can also be enhanced by regular
data update and cross-referencing, simultaneously remov-
ing redundancy in the datasets. Also for a web interface, its
navigation features like browser allows thorough scanning
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Figure 2. Timeline of the existing seri-databases from the year 2003 to 2015# generated using respective publication in the literature and database cre-
ation year from websites, where (#) represents 2015-continued year; (*) indicates database first published in 1999 and its updated versions considered
from period 2003-2015; (**) indicates the same database with updated information.

of complete datasets and search engine helps a user to find
the data of interest without the hassles of browsing the
whole dataset. Another integral part of a database is the
data download/upload option. Sometimes, huge datasets
like genome or transcriptome require analyses that are not
possible over the internet. In such instances, data down-
load feature becomes really helpful. Similarly, data upload
feature enables a researcher to upload their findings into a
database (submitted data should always be subjected to
curation by the database administrator), concurrently
increasing the quantity of data. Again, user registration is
not a necessary feature, but can be a useful addition to any
database. Depending on the design of the registered user’s
interface, this feature can help a user to keep track of his or
her submitted data or data of interest. Taking these fea-
tures into account (Figure 4), a comparative table has been
created, depicting their presence or absence (Table 1).
Towards the end of the review, we have discussed potential
scope and impact of these databases as well as contribution
of technology to the field of sericulture and related areas.
Furthermore, we have designed a user-friendly and dy-
namic web portal named ‘SeriPort’ to accommodate all the

available databases as well as web-resources related to seri-
culture field. The portal can be accessed at http://www.seri
port.in/. This review will be helpful for the researchers and
other enthusiasts in the field of sericulture as well as
broader area of entomology.

For the ease of writing the manuscript, abbreviations
of the databases were used within the text. Of all the ab-
breviations, some were predefined by the database cre-
ators while some were defined by authors of this
manuscript.

Silkworm databases

Silkworms form the backbone of seri-ecosystem and exten-
sive research has been done on it. Currently, there are
about 20 databases available which comprise of silkworm
specific information (Figure 3). According to the data type,
these databases can be broadly categorized as nucleotide
(13 numbers), protein (04 numbers), genetic resource (02
numbers) and pathway (01 number) databases which are
briefly described and compared here.
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Figure 3. Schematic representation of Seri-databases classified into four categories- Silkworm Databases-20 No.s, Host Plant Databases-23 No.s, Pest
and Pathogen Databases- 01 No., Combined Databases-17 No.s.

(Abbreviations- SilkDB: Silkworm Knowledgebase, EST DB: Expressed Sequence Tag Database, BmMDB: Bombyx mori Microarray Database,
SilkTransDB: Silkworm Transcriptome Database, SilkSatDb: Silkworm Microsatellite Database, DBMP: Database of Bombyx mutant photographs,
BmTEdb: Transposable elements database for B. mori, SilkProt: Annotated protein database of silkworm, SilkPPI: Silkworm Protein-Protein
Interaction database, SilkTF: Silkworm Transcription Factor Database, SGRDB: Silkworm Gene Resources database, iPathDB: Insect Pathway
Database, MorusDB: Morus Genome Database, MulSatDB: Mulberry Microsatellite Database, CastorDB: A comprehensive knowledgebase database
for R. communis, Papaya-DB: Papaya Genomic Resources Online, CPR-DB: Papaya Repeat Database, CGDB: Cassava Genome Database, CCDB:
Chinese Cassava Genome Database, HOSTS: a Database of the World’s Lepidopteran Host plants, PlantGDB: Resources for Comparative Plant
Genomics, ChromDB: The Chromatin Database, PlantTFDB: Plant Transcription Factor Database, SilkPathDB: Silkworm Pathogen Database, BOLD:
Barcode of Life Data System, DBIF: Database of Insects and their Food Plants, DBMW: Database of Butterflies and Moth of the World, CNIDB:
Common Names of Insects Databases, BAMONA: Butterflies and moths of North America, EOL: Encyclopedia of Life, ITIS: Integrated taxonomic in-
formation system, SRDB: Spatio-temporal database of Silk Road, SFSDB: Silk Fabric Specification Database, miRNEST: An integrative microRNA re-
source, miRBase: The microRNA database, MEROPS: the peptidase database).

Nucleotide databases China respectively (17, 18). In the same year, as an out-

Nucleotide databases constitute diverse nucleotide infor-
mation like genomic sequences; expressed sequence tags
(ESTs), microarray, microsatellites, transcriptomic data,
etc. They provide fast and easy accessibility of sequence in-
formation for biological, functional, comparative genomics
and phylogenetic studies. The available nucleotide data-
bases are briefly described as below.

Silkworm genome databases

The first draft genome of the lepidopteran model organ-
ism, B. mori was published in 2004 with 3x and 6 x cover-
age by two independent research groups from Japan and

come of this research, ‘SilkDB’ had been published from
China, containing 6x draft genome sequence and inte-
grated information on chromosomal maps, cDNAs, ESTs,
transposable elements (TEs), annotation, orthologous
groups in the form of genes, etc. (19). ‘SilkDB’ also known
as ‘Silkworm Knowledgebase’ is the first comprehensive
genomic database of B. mori that has been developed by
Beijing Genomics Institute (BGI), China. The entire data
in SilkDB has been organized into three modules: (i)
scaffold, (ii) gene and (iii) TE linked together by the
MapView program which can be accessed through key-
word or BLAST search (Supplementary Table S1). The
scaffold module comprises of 23 156 scaffolds for 28
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Figure 4. Percentage distribution of various features across seri-
databases.

chromosomes; the gene module consists of 18 510 anno-
tated gene sequences and full cDNA sequences of 212
known silkworm genes; and the TE module hosts around
601 225 TEs (19). This database was designed and imple-
mented in Oracle9i relational database management sys-
tem (RDBMS) using JSP scripts under TomCat web server
and accessible at http://silkworm.big.ac.cn/index.jsp.

The 3x and 6x genomes carried insufficient genome se-
quence data due to low coverage as compared to that of
other species like Drosophila melanogaster and Anopheles
gambiae (20, 21). Therefore, after 3 years of publication of
the draft genome, both these datasets were merged and
reassembled by the ‘International Silkworm Genome
Sequencing Consortium’ (ISGSC, 2007) to generate the
same genome (432 Mb) with a remarkable coverage of
8.5x (22). In order to accommodate the new integrated
and comprehensive genomic information, ‘KAIKObase’
and ‘SilkDB v2.0’ (upgraded version of SilkDB) were pub-
lished in 2009 and 2010 respectively (23, 24). KAIKObase
was developed by National Institute of Agrobiological
Sciences (NIAS), Japan under Silkworm Genome Research
Program (SGRP); while SilkDB v2.0 was developed at
Institute of Sericulture and Systems Biology, Southwest
University (SWU), China. KAIKObase harbors genome
data for functional studies, BAC-end sequences, fosmid se-
quences, physical/genetic maps and EST sequences; while
SilkDB v2.0 includes whole genome assembly, gene anno-
tation, chromosome mapping, microarray expression,
ESTs, etc. (Supplementary Table S1). KAIKObase was con-
structed using PostgreSQL version 8.2.1 and implemented
in Javascript (23). The current version of ‘KAIKObase v3.
2.2’ consists of four map browsers (PGMap, UnifiedMap,
GBrowse, UTGB), one gene viewer (GeneViewer) and five
independent  databases (Bombyx Trap Database,
KAIKO2DDB, KAIKOGAAS, full length cDNA database
and EST database). The database can be accessed through

advanced three-way data mining approach-‘Chromosome
Overview’, ‘Keyword and Position search’ and ‘Scaffold
Sequence Search’. KAIKObase is accessible at http://sgp.
dna.affrc.go.jp/KAIKObase/. On the other hand, SilkDB
v2.0 is equipped with several user-friendly tools like
Genome Browser, WEGO, ClustalW, CAP3, SilkMap, etc.
in addition to BLAST (24). This version is implemented in
MySQL (http://www.mysql.org/) database management
system and navigated by GBrowse similar to KAIKObase.
The database can be accessed at http://www.silkdb.org.
Both KAIKObase v3.2.2 and SilkDB v2.0 are well de-
veloped and user-friendly databases with various inbuilt
analysis tools. Users can upload and download map spe-
cific data from GBrowse option in KAIKObase v3.2.2. It is
more advantageous for the users to use SilkDB v2.0 be-
cause it has a dedicated download page linked to an ftp
server, while the download process in KAIKObase is quite
complicated (Table 1). Additionally, both of these data-
bases (KAIKObase was last updated in 2013 and
SilkDBv2.0 in 2009) can be updated for their better usabil-
ity. Although well-developed genome databases of B. mori
are available as discussed above, there is a scarcity of gen-
omic data related to other silkworms, particularly the wild
silkworms. This may be attributed to the issues related to
their domestication issue due to which they are still unex-
plored. Genome information is necessary for various
downstream studies like mutation, mapping studies, etc.
Development of new databases or integration of such data
in the available databases will help in the analysis of their
genome function and evolution.

Silkworm gene expression databases

Studies on genes using approaches like microarrays, NGS,
etc. can help us in understanding gene expression and regu-
lation under variant conditions. ESTs, microarrays and
transcriptome aid in functional genomics by providing in-
formation required for genome annotation, detection of
aberrant transcription, high-throughput (HT) genotyping
of large populations, tissue specificity, pathogen infection-
dependent gene expression, sex specificity, etc. (25-28).
Gene expression studies have been applied on B. mori
and other silkworms, leading to the development of
databases which include three EST databases (‘SilkBase’,
‘WildSilkbase” and ‘ButterflyBase’), one microarray data-
base—‘Bombyx mori Microarray Database’ (BmMDB)
and one transcriptome database (‘SilkTransDB’).

Among the three EST databases, SilkBase hosts EST se-
quences of five lepidopteran insects (B. mori, B. mandar-
ina, S. cynthia, Ernolatia moore and Triloca varians),
WildSilkbase hosts EST data of three economically import-
ant silkmoths (A. assamensis, A. mylitta and S. cynthia) of
Saturniidae family and ButterflyBase integrates the EST

202 ABIN 0L U0 1s3NB Aq /G¥0E9Z/980MEA/9SEqRIEP/SE0L 0 L/10P/3IoILE/9SEqRIEP/WO0d"dNO™O1WLSPED.//:Sd))Y WO papeojumod


http://silkworm.big.ac.cn/index.jsp
Deleted Text: X
Deleted Text: X
Deleted Text: So
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: X
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: &hx201C;
Deleted Text: &hx201D;
http://database.oxfordjournals.org/lookup/suppl/doi:10.1093/database/baw086/-/DC1
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: 4
Deleted Text: 1
Deleted Text: 5
http://sgp.dna.affrc.go.jp/KAIKObase/
http://sgp.dna.affrc.go.jp/KAIKObase/
http://www.mysql.org/
http://www.silkdb.org
Deleted Text:  
Deleted Text: 2.1.2 
Deleted Text: <italic>G</italic>
Deleted Text: <italic>E</italic>
Deleted Text: <italic>D</italic>
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: -
Deleted Text:  
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: &hx201C;
Deleted Text: &hx201D;

Database, Vol. 2016, Article ID baw086

Page 6 of 31

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(panunuop)
(souag *s3nsa1 £79nb a3
(1SV1d oy10ads anssi ], Keydsip 03 o1n301d dewr
£q yoreas ‘qp asmouq ‘erep 189y 10 TN LH 3%
/Ae1TROIDTUT 9qo1J £q yoreag)  MEY IsmoIq) -19u93 ‘A79nb Jseqeiep
fro-qpypismamyidny - (gg) e X X (1Sv19)2 , X /, , X X siduos dyg “TOSAN qawwg
(woneariqud uo paseq (Lsapioad ‘LSV1d
a1e saanjeay) Sunprom -GN UDALIP-] SV I (010 (1uawdopasa g
30U ST YU Apuazimy) -NM PUB ISVIG-ISd ‘goreds 1Sy Id 1opun BUWAYDS JUIDIIE]
/310%358q “TIV.LSVI-I9ON) YoTEISIXIL)  ISMOIF IWOUID) (VISVd) 93 JO UOISIdA PIZIUIO}
Apgronng-mmamy//:dny (1¢) 1004 X 2 1 X , , , 2 , -snd B IIm TOS18150g aseq Apyronng
(19pur YSS pue
Japur] Sojowop] (e3ep uon
(1opur YSS ‘1purg ‘qo1eag pIOMAIY -BJOUUE JGT ‘BIBP WAISAS XNUIT BIOPI,]
/2SEQ[ISP[1As/UT SojowoH ‘1Svy1d) -SaYJ1.as ¢) 2ouanbag 19) 194195 qam dydedy
*310°pypo-mmm//:dny (0€) areg X , , X X , , X , ‘dHd Pue TOSAN ASEQ[ISPIIA
("0 8159
‘uonisod awousg (V.ISV] ur rumorr
‘lopout dud3 p1yulo prups pue
180" xapur (1SV1d S102/€0/91 ‘promAY -1egq 1ou xfquiog 10§
\H—mﬁlmwu}w.—.uw.c\mvﬂsu wO suonereA :{J JUHNMW u:vhvwwuov AA—Nu mMmHNHﬁ\:‘.: 1S9 1EN <ZQUV
-nerqeraseqy[rs//diy (67) ared X X Va Vs Ve Ve Va X Va VN ASE[IS
saseqelep uorssaidxa ouad wIom[Ig
asmoIgo) -
(041 uorsIdA
BIEP) [C'§ UOISIIA
UBDGOIJIAIU] pue
ALLOW 0°T uorsidA
INSOS ‘49 uorsIA
140Sd ‘Tz uoisioa
(x01diz ‘Y ISV uedSayoId ‘11T
(yoreag (dsmorgD 149 “ONd UOISIA JHININH
(€10T (asmorgny 2duanbag plojyess ur syden -SJBWLIO} JUIIYJIP 1IDMITA AUID)-
/SO/€T 1T € uols ‘SYVOOIIV €102/90/L0 ‘UoIeag UONISOJ  (T9MIIAJUID) PUE  WOISND ATBYS Ul PUE ISMOIGD) 1°7’8§ UOISIoA
-394) seqOMIV/d! CLSVIdOMIV) pue piom£dy)  gOLN dsmoign) pue profdn ued) ysnory) TOS218150 :yoIeag-
“08-aajye-eupdas/:duiy (€2) ared X Va Va X X Vs Va Va Va adpsoseae( ur uanLI - aseqoyiey]
(TASIA *SSOTNE
‘0asTId ‘€ded
A\ TeISND 08 (6002) (039 (Joos smoIgn) £q
LSV1d ‘deAPILIS) Yoreag NY) - gOS dsmoigo) (dyy era) paediaeN-
S10°qpy[Is mmmy/:dny (¥7) ared X Va a Ve X Ve Vs X a TOSAN- (0'Ta) 4A@IS
SISBQRILP JWOUDS WIOMY[IS
SISEQELIBP WIOMY[IS
parepdn 1seT [oTeas
(9180005)) s[003 [ednk[eue juoissiuqns pajqeud
Apqisia uonensisar QUIUO YIIm pasuaiajax ndur A1anb uorssiuqns peojumop uonejuawadwr
SIUDWIWOD)  $IIUIJAY [VREEEN 195) dpPy PaIBId0SSY -$S017) 'R a1qng asmoIg e3ep O1[qNg aseqele 29 USISIp 23S\ QureN

(9L0Z Y2JBAl LL UO yoieag ele() seseqelep-1ag Jo sainieay aanesedwo) | ajqeL


http://www.silkdb.org
http://sgp.dna.affrc.go.jp/KAIKObase/
http://sgp.dna.affrc.go.jp/KAIKObase/
http://silkbase.ab.a.u-tokyo.ac.jp/cgi-bin/index.cgi
http://silkbase.ab.a.u-tokyo.ac.jp/cgi-bin/index.cgi
http://silkbase.ab.a.u-tokyo.ac.jp/cgi-bin/index.cgi
http://www.cdfd.org.in/wildsilkbase/
http://www.cdfd.org.in/wildsilkbase/
http://www.butterflybase.org/
http://www.butterflybase.org/
http://www.silkdb.org/microarray/
http://www.silkdb.org/microarray/

Page 7 of 31

Database, Vol. 2016, Article ID baw086

(ponunuo))

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(98ed swoy sadoxd

syoe) poidyis/uralos  uonedqnJg (A19nd) muqng)
Awsng mmm/dnyg oN 1004 X X X X X , X X X VN 10I[1S
(spary 19M31A [edrydern)
(£7) ‘aseqoyrey] yam paurquiod ‘satzonb (paaatniar 9q ued 4q parediaeN-
pareadayug /dl-08-d155e yoaeas ayduus) sagew] gOVJ-AT)  TNLLH “iemijos
“eupqppgoNrey//:duy (05) areq X X X X X / Vs X X maadz-=1en- dadcoex
saseqelep uloid wIom[I§
(1IOPD “YIWNINH CT0T/LTILO (yoreas (qpa.Lwg
/9pALWg ‘LSVT9) prom4ay) asmoig) (VISVd)
qurnpanborousd/zduy - (gp) e X , , X X , , X , VN qpaLwg
saseqelep syuawala A[qesodsuer
(Th)
uonedrqnd
ERIICIEIES
(£7) aseqoyrey] B SI 219y Inq (suondo (passaooe
Yam paeIaur st g aseqeiep 10y 1102/20/8T 2183 [BLI0II] 3q ued surens
raaradl uonednqng PUuE [oIeds pIoy ) jo sydeidoloyq) aseqoyrey] aseqeie
+03-o1yye-eup-dds/:dny ON aeq X , X , X , , X X s pajeasaluf dei] xAquiog
(passaooe
unyus-doy T10T/€0/L0 9q ued sjueInw
~oyemqe/ud/onyeu/dl  wonesrqng jo sydeidoloyq)
‘o8-oxyyerserurasy/dny OoN e X X X X X X Va X X VN OM-VINdv
(sseqerep
VNJd2 Juma\ﬂﬁ :m:Oﬂu:ﬂw
g pue aseqy[is 10U ApuaIImd Inq g (passaooe
I PAIOAUTOY)) VN2 JI8ud] [[nf yarm 9q ued syueINW
owouag/dl-oe 04y03-n  uonesrqnd pajerdosse 1SV 1d) jo sydei3ojoyq)
“eqeronded; duy ON e X X X X X X , X X VN aNga
mumNLNHN—U jueinur Eucgv:mm
(399ys £1anb
qpaesur (jerroing) (c1owniyg) uondo-nnu) (say As>7) IIAIIS IM
[ur310°pypo MMM (ov) e X , , X X , , X , ayoedy ‘dHd “TOSEN Aqresuy
¥00T/01/€1
qpaesy[is/ut (IPwgoiny ‘1yss) IIAIIS qIM
‘810" pypo marar/:dny (8€) ey X X , X X , , X X ayoedy ‘qHd “TOSEN A@ESAS
9SE(BIEP II[[AIBSOIIA
(x3se[q) ‘WIse[qy (uondo asmo1qny (I ‘VISVI
/gasmo1q3 ‘mse|q-1SV1d) (41808 1.5V T4) asmoiq)  uwrdpy projdnued)  ‘DAS “ONJ)
19€TLT LT YTL/dnY (¥€) ared X Va Va Ve X Ve Vs Va Va ISMOIGH dasueiiAs
pazepdn 1seT [oIeas
(9180005)) s[0o3 [edneue juoissiuqns pajqeud
Apqisia uonensisar QUIUO YIIm pasuaiapax ndur A1anb uorssiuqns peojumop uonejuawadwr
SIUOWIWOD)  SIDUIIAJY [IRRIE!N 1980) dieg Pa1BID0SSY -sS010) eIR( srqng smoIg e1ep J1qng aseqele(] 29 uBIsap 23sqI N QureN

panunuo) ‘| s|qel


http://124.17.27.136/gbrowse2/
http://124.17.27.136/gbrowse2/
http://www.cdfd.org.in/silksatdb
http://www.cdfd.org.in/silksatdb
http://www.cdfd.org.in/insatdb
http://www.cdfd.org.in/insatdb
http://papilio.ab.a.u-tokyo.ac.jp/genome/
http://papilio.ab.a.u-tokyo.ac.jp/genome/
http://cse.nias.affrc.go.jp/natuo/en/aburako_top_en.htm
http://cse.nias.affrc.go.jp/natuo/en/aburako_top_en.htm
http://cse.nias.affrc.go.jp/natuo/en/aburako_top_en.htm
http://sgp.dna.affrc.go.jp/ETDB/
http://sgp.dna.affrc.go.jp/ETDB/
http://gene.cqu.edu.cn/BmTEdb/
http://gene.cqu.edu.cn/BmTEdb/
http://kaiko2ddb.dna.affrc.go.jp/
http://kaiko2ddb.dna.affrc.go.jp/
http://www.btismysore.in/silkprot/
http://www.btismysore.in/silkprot/

Database, Vol. 2016, Article ID baw086

Page 8 of 31

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(ponunuon)
SIND [edniq
JwdIsAs Judwafeuew
JunuoDdingeae[
D ‘dHd T*d
(10T (speojumo(q :0epIIul Aemared
(19sm01q dwouan) ‘0D /80/67) Pasea|ax TosmoIg uowrwo)) ¢'S JHdJ
213G ‘OD) 9SMoIg 0°1A GASNIOI (erep S[L] ‘SprO[UMO(]  ‘CG 19A1S TOSAIN
gpsnrou/us ‘0DIM “LSVId) Y232 “Yo1eas) ISMOIGH dLA-dLA ¥ T aydrdy PO T 19495
‘npa nmssniow//:diy (09 ‘6S) areq X , Vi , Vi , , X , nungq) Xnury 941G qAsSnIoN
saseqelep A1aqnin
saseqelep Jue[d 3504 wWIoM[I§
(e3ep
MELSUODYIE]! (Vsn ON
(yoxeag :9IEMIJOS ‘yBiorey ‘9°¢ 1eYpPIY)
Aemyre ‘Oweu 10 ‘91 onoudBo[Ayg  walsks Sunerado
Q1 Aemyaed ‘Suweu ‘saads £q parrog  xnury ‘1oATes J1.TH
/ypediyud (suoDyae ) sa10ads 4q yoreas) '1R( ‘1] ®1A) aydedy aduogeae(
‘npanefurojudyduy (¥5) ared X Va Va Ve Ve Vs Va Va Va pue $SO ‘dHd “TW.LH daayred!
saseqelep Aemyred 109sup
(s2oud12521
29 auad
dsl-oxrexyyInoqe qq 103 STOTPO/LT ‘urens-suondo
Josequuiomyisyd-oe  uonesrqnd yoaeas ¢) (uonedrjqny)
“SruruaSiysmmmy//:dny ON e ya X X , , 2 2 , X VN aseq WIOMY[IS
(SINGY) waisks
([euonoung Jou st yury) JuswaBeurw Jseqeiep
&m:MEM\EhOBv:_m\uvﬂ ﬁwr—o_umﬁvu 0_umuo
“03-seewmmm/jdug (€5) 1004 - - - - - - - - - VAV “TOSAN 4aAOS
9SEqEIEP 90IN0SIT IIIUIT WIOMY[IS
(urewo(q
‘{1 @ouanbag
[ALA[IS/ura10s uonestiqng (LSv14) 4q yoreas) (p1 4q 2smouq)
Kwsnq mmay/:dny ON e X 1 , Va X Vi Va X X VN ALANS
(1) 324
UT pazIajor
st a[qe[ieAr
(reuonouny jou st BIEp 2y3 Ing
quif Apudim)) /IddA'S 4 10§ uon
/0€°L61°CIT0LT//2d1y -eatqnd oN 1004 X Va X Va X Va / X X VN IddAIts
parepdn 3se yoTeas
(9180005) s[0o3 [edn[eue Juoissiuqns pajqeud
Apqisia uonensisar JUIUO YIIm pasuaiajax ndur A1anb uorssiuqns peojumop uonejuawadwr
SIUDWWOD)  SIIUIJAY [VREEEN 195() dpPy PaIBId0SSY -$S017) 'R a1qng asmoIg 'IEP O1[qNJ aseqele( 29 USISIp 23S\ QureN

panunuo) ‘L s|qel


http://210.212.197.30/SilkPPI/
http://210.212.197.30/SilkPPI/
http://www.btismysore.in/SilkTF/
http://www.btismysore.in/SilkTF/
http://www.naas.go.kr/silkworm/english
http://www.naas.go.kr/silkworm/english
http://www.shigen.nig.ac.jp/silkwormbase/about_kaiko.jsp
http://www.shigen.nig.ac.jp/silkwormbase/about_kaiko.jsp
http://www.shigen.nig.ac.jp/silkwormbase/about_kaiko.jsp
http://ento.njau.edu.cn/ipath/
http://ento.njau.edu.cn/ipath/
http://morus.swu.edu.cn/morusdb
http://morus.swu.edu.cn/morusdb

Page 9 of 31

Database, Vol. 2016, Article ID baw086

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(panupuoD)
(s
b PUE (¢ SUOISIOA Ul (NLSVT4L (yoaeas Lyreqrug
a[qeqreay) eydomnel/df ‘dLSVId ‘NLSVTd) ‘qoIeag promAay) (d1d e1a) aa
‘10" esSnzey mmm//:dny (£9) aeg X X , X , , , X , VN swouad eydone[
saseqelep eydone[
(d1qeqreae stur (papeojumop
9ouanbas peorumop AuQ 9q ued saduanbas
*9]qISSDIE 10U SI u01d Y1
4a) 9a-¥do/=ep/qnd ‘AL-d1Ld eiA)
mparpunqaqadyyzdy - (99) e X X X X X X X X , dyy ea passopy 4d-49dD
qa 104
uonednqng
(Supjiom jou ON(0ZT)
e m&ﬁm— uﬂu wC ISON 800T
‘padofaaap [am 30N])  ur paysiqnd (Jeuondunj-jou  (Je-uonduny jou
sededed/mpa-eSn-owou  swouad [o1e38) SI35-M01qD))
odqued mmmy/:dny yeiq are X X X Vi X , , X X VN qq-ededeg
saseqelep ededeg
(910T/€0/11) [euonduny (yoxeas
30U ST YUI] ApUaLmMy) Ayureqruats pue aduoseae(
uroeryodsolq (Lsv1d) paoueape ‘ojdurs) (ary dul mxa1)  “TNLH ‘1D ‘eae[
nswrgrose)//dny (#9) 1004 X Va Vs X X / Va X Va 12d ‘1Y [42d “TOSAN dqroisen
(orep (xase[q1 ‘wsejqa
3O Ino a1e s1asere(]) ‘xase|q ‘dise[q (yoreas 1SVI1d (10117)
Janys xaput/3io uonedNqng ‘wse[q-LSY19) 2ouanbas) ENGS) (410 e1a) q( 2wouan)
‘140" ueaqioisedy/:diy ON e X X 2 X X 2 X X , VN ueag 101seD) JAD|
J0ISEY) UO SIDINOSAT oM IYI0)
(910T-€0-1T U0 3[qIs
-sa00e JoN]) dyd-xopur PLOT/HO
/10188 /W0 sdIWou  uonedrqnd
agneurmmmy/:dny ON 1004 X X X X X Vs Vs X X dHd aseqeie( 10Ise)
SISEqEIEP 10ISE))
1duogeae( pue
(Lsd TINLLH ‘dHd ‘woiss
(LSV'1d ‘snjggrouitig $107/20/S0 ‘owouad ajoym XNUIT “I9AIIS (oM
ﬁEHJ.ND@Em\LﬁumwﬁﬂE amNEUV |mHMVﬂHNE r—uuwumv T OH—UN&< aummﬁdudﬁ
Juratosfwsng//:duy (19) ared X X Va Ve Ve Ve Ve Va X [euonepr TOSAN daIesIMN
pazepdn 1seT yoTeas
(9180005)) s[003 [eonk[eue juoissiuqns pajqeud
Ayiqisia uonensisgar SUIUO YIIm pasuaIafax ndur A1anb uorssiuuqns peojumop uonejuawadwr
SIUDWWOD)  SIIUIJAY RITEN 195() dpy PaIBI0SSY -sS017) 'R srqng asmoIg e3ep d1qNng aseqele( 29 USISIp 235G\ QureN

panunuo) ‘| a|qel


http://btismysore.in/mulsatdb/index.html
http://btismysore.in/mulsatdb/index.html
http://www.tnaugenomics.com/castor/index.php
http://www.tnaugenomics.com/castor/index.php
http://www.tnaugenomics.com/castor/index.php
http://castorbean.jcvi.org/index.shtml
http://castorbean.jcvi.org/index.shtml
http://CastorDB.msubiotech.ac.in
http://CastorDB.msubiotech.ac.in
http://www.plantgenome.uga.edu/papaya/
http://www.plantgenome.uga.edu/papaya/
http://ftp://ftp.cbcb.umd.edu/pub/data/CPR-DB
http://ftp://ftp.cbcb.umd.edu/pub/data/CPR-DB
http://www.kazusa.or.jp/jatropha/
http://www.kazusa.or.jp/jatropha/

Database, Vol. 2016, Article ID baw086

Page 10 of 31

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(panunuo))
(saseqerep [[e (ssaooe
SIT UO Paseq SaIneay Asea 10§
-aseqeiep pajesdaiuy) padsu apm3 (yoreas
dewy=d;dyd-xapur uonegiaeu ST0T/SO/6T [eqO[D-ydIeas
/[B310gSNdIaNY) /1 BIUT [[e19AQ) (1SvT149) pareadoyuy)
‘uojoasard-emysdny - areg , , , , , , , , , VN [e310d snd1and)
SISEqEIEp (BQ) SNdIANY)
(owop 19paaig :S[00T,
I9pa2Ig 19SMOIg
£3oj01uQ NOS ‘B3
JIWO3OLIAU] 39JJ0D)
‘skemyieg [edrwayd0Ig
24DJ0s :4Sojorg
SwISAS YD J 01[IS
uj :A3ojo1g Je[nosjoN
Surddey TLO
TTLOJ0S ‘raudisaq
SAVO “TMIATA
dejy aaneredwon)
Burddepy
19SMOI 1],
(aseqesep ay3 ssaooe ‘19zA1RUy JUaWUBIY VN
03 s1asn 10§ pap1aoxd ‘[00L, SOIA 1SV 9107/20/1T (yoxeas (asmoiq() :uSIsap aseqere(] uon
st [enue]y) /310°9seq ssish[euy 2ouanbag) [euondo -I[NA)  I19SMOIGIWOUID) (d.1A e1a) -390 JIWOUdS 10§ [003
eaRSSEY Mmm/:dny (tzn) areg , , , , , , , , ya paseq-qam e :gnyjos 2seqeABSSED)
(uondonasuod 1102/80/10 (19smo1g
/UD'AWOUIZ-LABSSED  UOBEBIIqN] (reuonouny JoN]) Jpun) (LSv14) QWOoUdD)) (44D VISV
mmmyzdng ON e s a Va X X X / X s VN qdasd
«SY U]
2apg,, 1993 9
‘owreu JaseIep uo
o112 1SNy -(souad
pue dew [ed
-1s4yd wo1y sqNS
‘S 1.S eAesseD)
Ppajquiassy
(xase[q1 ‘wse[qa ‘SIS eAeSSED)
180 xapur ‘dise|q ‘wase|q (je-uonduny-Jou ‘saouanbag
/Wq-185/mpa puellrewn  uonedN[qng se[q-1SV1d) S19s M0IqD) Pud OVE)
*sSreaessedy/:diy ON e X X , X X X 1 X , VN qaann
S3SE(LIBP BABSSED)
parepdn 1seT yoTeas
(9180005) s[0o3 [edneue juoissiuqns pajqeud
Aiqrsia uonensIsar SUITUO YITM padsuaIafal ndur A1onb uorssIuqns peojumop uonejuawa[dwr
SIUDWWOD)  SIIUIJIY [VREEEN 195() dppH Pa1BID0SSY -$S017) elR( srqng asmorg 'IEP O1[qNJ aseqele( 29 USISIp 235G\ QureN

panunuo) 'L s|qeL


http://cassava.igs.umaryland.edu/cgi-bin/index.cgi
http://cassava.igs.umaryland.edu/cgi-bin/index.cgi
http://cassava.igs.umaryland.edu/cgi-bin/index.cgi
http://www.cassava-genome.cn/
http://www.cassava-genome.cn/
http://www.cassavabase.org/
http://www.cassavabase.org/
https://w3.pierroton.inra.fr/QuercusPortal/index.php?p=fmap
https://w3.pierroton.inra.fr/QuercusPortal/index.php?p=fmap
https://w3.pierroton.inra.fr/QuercusPortal/index.php?p=fmap
https://w3.pierroton.inra.fr/QuercusPortal/index.php?p=fmap

Page 11 of 31

Database, Vol. 2016, Article ID baw086

(ponunuoy)

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(drqeqreae o°¢

Pue 07’014 4AdLd) croz/g0/c  (UdIBAS paoueApy  (sarjiuey ‘sardadg
fuormpanyyd (LSvT14) R yoaeag pmy) - 4q asmoug) (1232 VLS VH)
‘1qo-qpynueld/dny (08-82) areg X , , , X , , X , TOSAN dqdriueld
(reuonoung
jou styuIpIng a[qe
-[TeA® ST UOTIBII[qN ) (esmorgn (yoTBag paoueApy XINN
[unyxaput/3io ‘AOND “LSV'14) 29 ya18ag YY) asMOIgD) (TINLLH ‘[#2d) ‘uosey
“qpuoysmay//dny (L2) e X , , X , , , X X “TNLH “TOSAIW qquoiyd
(019
0°€ 6" “T ‘1 SuoIsIop (232 ‘sarrwrey auad
se parepdn Suraq pue Anuaprprordxa “(ea° ‘Aso-sjeUIIO]
padofaaap [[am st q() 01 5[001 SNOTIEA $102/90/9T (yoxeas (M1 dwouan) JURIJIP-£1010311p
sezejd/aqauagn-qsd pue 1Sv19) Teuondo-nniA) pue [ouuy) -dipera)
‘sonewiojulolq//:dny (92°52) areg , , / X , / / X / VN VZV'1d
(3x23 pasrwrap
(27171 ‘¢ qel pue d[qel
01 ‘T°01 ‘T°01°0°0T °T TNLLH “yeuioy
*6 SUOISIIA Se parepdn (3reNOIg 09O -u oy 1358 (eae[ pue
Burpq pue padojoadp QuINOIAYd LY 1D 9T0T/20/€T [eaiog dwous)  [1J/dHd “TOSAN
oM ST () AU W0z ‘1SVI9 ‘osmoig() (goreag prOMAIY) (asmo1qn) 19[ 2y e1a) ‘oyoedy ‘xnury)
o1fyd-mmam//:diy (v2) aeg , , , X , , , , , Pess [dNV'T awozoIkyq
(ALVDIA ‘Toquiader],
SOINHLL “YIENq0I]
‘YoredguIdIE]
“xogbagniyr (9193 TOSAIN
‘IpEAIY ] SWOUID) pue safy zdizq
‘1obagouan ‘rewrro] TN 10
(S10T/L0/10) ‘SIPWLIpUL] €440 “uequan  [eAdLial pue L1onb
parepdn 108 ‘SV( ‘11 TI0T/L0/ET (goreag 20Uanbag (19smoiq (suonejouue ‘JewIoy VI1Svd 10§ :IBIND[qE L,
-Uo[ ou SI A15qa X\ /310 enxgorg ‘1Sv1d) ‘{1 22uanbag) Jwouan)) Juqns ued s19s)) ‘dyy ea) ayoedy
“qpSue(d-mmmy//duy (€2) ared Va Va Va Ve X Ve Vs Va a “[12d-dHd-TOSAN daoiveld
(yuedisopy
‘erndoprda
/syuejdisoy -[2183s UMOp
/BIBP/2OUIIDS-INO N 111 29 Y21e93)
“oewguamAy/day (TL) ared X Vs X X X Ve Vs X X VN SLSOH
(uonewIojUI J19Y] JO AWOS sureIuod Inq syueld 1soy wromy[is A[uo 10§ dy1ads JoN) saseqerep jueld pazijesauad YO
pazepdn Ise] [oIeas
(918005)) s[001 [eonA[eue /uorsstuqns pajqeud
Ayiqisia uonensisar QUIUO YIIm pasuaiafax andur A1anb uorssiuqns peojumop uonejuawadwr
SIUOWIWOD)  SIDUIIAJY [IRRIEIN 1950) dieg Pa1BID0SSY -sS010) el srqng smoIg e1ep J1qng aseqele(] 29 uBIsap 231sqI N QureN

panunuo) ‘L s|qel


http://www.nhm.ac.uk/our-science/data/hostplants/
http://www.nhm.ac.uk/our-science/data/hostplants/
http://www.nhm.ac.uk/our-science/data/hostplants/
http://www.plantgdb.org/Website
http://www.plantgdb.org/Website
http://www.phytozome.net/
http://www.phytozome.net/
http://bioinformatics.psb.ugent.be/plaza/
http://bioinformatics.psb.ugent.be/plaza/
http://www.chromdb.org/index.html
http://www.chromdb.org/index.html
http://planttfdb.cbi.pku.edu.cn/
http://planttfdb.cbi.pku.edu.cn/

Database, Vol. 2016, Article ID baw086

Page 12 of 31

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(panupuoD)
(swstuediQ
pare[y
910T/£0/20 pu sposuljo
sowreu uowwod/sqnd  uonedrqnd SIWEN] UOWWO))) (3pd)
/810°2081U9" Mmmm//:dnY ON ey v X X X v v / / / VN JAIND
[y
“uondNpONUI/IOW
nqys1dafoid/yoreasar €107/90 (so8ewr ‘Aydessd (a8eg odoog
JUOTIBIND-UOIBISAIN  UOLBdI[qN] -o1]q1q ‘ango[e3ed) (anSoye3ed) 2 wry woiy)
oerwyummm/sdig ON e X ya X s X / / / / VN MANDA
s[qereae
QIE SUOIIEd (921no0s ‘querd
-1jqnd payepar IS0y ‘$91LIQaIIAUL
mnqaa - 10§ yoIeds, )
/A1qp Y3 10§ uon -suondo ¢
Aineoea1qrmmar/:duy - -edrqnd oN ared X / X X X / Va X X VN d1dd
SISEQEIEP PIIB[AI UOIINLIISIP/AWOUOXE ],
(ASL 10
TINX :saouanbas
29 S[1e1dp uow
A.Uuu m—CCu :CEMWCQECU |_00Qw :uem @Um. ple]
2ouanbas ‘Arewruing Tqe’ s3]y d0vL ],
oueIsI(] 931], V1SV :saouanbas
(1] uoxe] ‘sis[euy (1asmourg (s120uanbas gy ‘AS.L 10 TINX wshs
310 depy uvonnquusi(y) (yoreas prom4ay]) Awouoxe] ) woIj S3[y 20eN)  ejep uownadg) xnur] ‘qHd ‘“++ D
“PBUIPOIIRG MMM (98) aed s Va s s Vs Vs a Vs s ‘ear[ ‘bgaidisoq atod
aseqeep apodieq
SISEQEIBP PAUIqUIOD)
(paxgoaso1g (suonedo L)
‘pa1goagny S10/L0/80 ‘s 2dudnbas ‘V.LSVA ‘DAS
/asrmp? ‘1SVId ‘0DAM) — spiombay) (0D dsmouq) DN -124199[1])
‘nams qpyaedyis/zdny - aeq X , , / / / a / a VN dayredls
saseqeaep uadoyied pue 3554
(yoreag pasueapy
(019 ST0T/0T/61 ‘yoreag ajelg (1xa1 DSV
‘oo, uatnnN dorn) ‘yoIeag aweN]) passardwooun) aseqereq
o8 epsn-syuejd;/dny (18) ey X , , X , , , X , VN SINVId
pazepdn iseT yoTeas
(918005)) s[001 [eonA[eue _— /uorsstuqns pajqeud
Ayiqisia uonensisar QUIUO YIIm pasuaiafax andur A1anb uorssiuqns peojumop uonejuawadwr
SIUOWIWOD)  SIDUIIAJY [IRRIEIN 1950) dieg pazerossy -SS01D) 3l Tq] srqng smoIg e1ep J1qng aseqele(] 29 USISap 23154\ QureN

panunuo) ‘L s|qel


http://plants.usda.gov
http://silkpathdb.swu.edu.cn/
http://silkpathdb.swu.edu.cn/
http://www.barcodinglife.org
http://www.barcodinglife.org
http://www.brc.ac.uk/dbif/
http://www.brc.ac.uk/dbif/
http://www.nhm.ac.uk/research-curation/research/projects/butmoth/Introduction.html
http://www.nhm.ac.uk/research-curation/research/projects/butmoth/Introduction.html
http://www.nhm.ac.uk/research-curation/research/projects/butmoth/Introduction.html
http://www.nhm.ac.uk/research-curation/research/projects/butmoth/Introduction.html
http://www.nhm.ac.uk/research-curation/research/projects/butmoth/Introduction.html
http://www.entsoc.org/pubs/common_names
http://www.entsoc.org/pubs/common_names

Page 13 of 31

Database, Vol. 2016, Article ID baw086

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(ponunuon)
#D pue xa[]
‘SU “SID 21| sardojou
-(99) J3Im PIIBIDOSSE
dlqe[teae Ul ON (06) 1004 - - - - - - - - - JHI-TOSAN-21e10 aads
(Jeuonouny
10U ST UI'T Ing)  xnury asudaug
Juriauid 1 pay duoseae(
“dSpiraeworqqpy/dny (68) 1004 - - - - - - - - - ‘SSO/TN.LH ‘dHd asegp ieworg
saseqelep Y[1§
(sar108a18d
AHGHNHMEMU N—ZEHCW SNOLIEA
Jwod €103B[NO[B)) SIBAOY) (1eg yoreag) ur ejep asmolg)
-aseqorayd-mmamy/:dny (88) e a Va a Ve Ve Vs Vs a X VN IseqonYyJ
9SBqRIBP JUOWOIIYJ
(venqey
9102/€0/60 saads ‘weifoxd
uonesrqnd (uondo sjoo], 29 vI1R() UO BIEP [OILIS)
4y uquuruduy/dny ON e , X , X , , , 2 r VN NdNI
idiintels
A (A0S
‘[bgaxdisoq d[qes
49 TOSAI ‘peoy
(1003 youaqI0/4 AN TOSAN
STwouoXe], ‘I9ATS TOS
(papraoad QY [, “2INILIUIWON 9T10T/C0/T0 (yoaeas pasueape SIN £ XTwojuy
uonedrqnd saurpppin))  /Awouoxe] aredwor)) ‘goreag yomy) -speojumo(] SLLI)
/ao8snrmmay//:duy ON areg X , , X , , , , , [bga181s0d “TOSAN SLLI
9107/T0/€T
(yoreag 704)
10709 mMmmy/:dny (zen) ared a Va X X Ve Ve Vs Va a VN 104
($102) (1003 Burssasoxd 9T07/10 (yoxeag (8d(-a8euuy
aseqele( yojeq pue 1xa} Ise]) pasueapy) ‘fpd-syuawumdoq)
uroddarpgysdny - [eqo[ Oddd ey , , , X , , , , , VN 4d [¥901D Oddd
(uondas
A1a71e8 ofewy
(sjoog, 9T07/£0/80 IPUN-SAYOI ] (sa10adg (s1qe[reae
/330" syrowpues uonesrqnd UOnEIYIUIP]) $3122dg 107 [o18G) IV asmoig) a1e sageuwy)
argraNng mmay//:dniy ON ared Va Va Va X Ve Va Va Va Va VN VYNOWVd
pazepdn iseT yoTeas
(918005)) s[001 [eonA[eue /uorsstuqns pajqeud
Ayiqisia uonensisar QUIUO YIIm pasuaiafax andur A1anb uorssiuqns peojumop uonejuawadwr
SIUOWIWOD)  SIDUIIAJY [IRRIEIN 1950) dieg Pa1BID0SSY -sS010) 3l Tq] srqng smoIg e1ep J1qng aseqele(] 29 USISap 23154\ QureN

panunuo) ‘L s|qel


http://www.butterfliesandmoths.org/
http://www.butterfliesandmoths.org/
https://gd.eppo.int
http://www.eol.org
http://www.itis.gov/
http://inpn.mnhn.fr/
http://www.pherobase.com/
http://www.pherobase.com/
http://dbbiomat.iitkgp.ernet.in/
http://dbbiomat.iitkgp.ernet.in/

Database, Vol. 2016, Article ID baw086

Page 14 of 31

Downloaded from https://academic.oup.com/database/article/doi/10.1093/database/baw086/2630457 by guest on 10 May 2024

(s102
1L0/90 U0 pases|ai)
J[qeqreae Appuarmd (1Ldd jo STOT/L0/90 124338 (SY )
SI €16 UOISIOANN"O® wiIog Y3 ur) (LSv14) JE— (sayoreag) waIsAs uoneloUUE
“1gues-sdorowyzdny (0071 “66) ared Va Va a Ve Ve Ve Vs Va (urSopy) A pANQLISIA “TOSAN SIOYAN
sdwmnp aseqerep
TOSAN pue sajeu
($10T -IPI002 WOudF
/90/97 UO paseafa1) 44D ‘seouanbos
J[qefreae Ajpuax PTOT/LO/EO (aseqyrux (samads 4q V1SV -siew
-0 51 {7 segy i /810 (HOWVESS ‘NLSY14) - yoreas) aseqyIw asmoig) -105 2|1 (day e1a)
-oseqarurmmmy//dny (86-56) areq X / / Va / / / / s TOSAN Iseqyiu
1dnpa
‘nureysaurrwy//dny
pue dyd-awoy/1
“assuarwydydyareys;id (31qereae
.dﬁ@.dEN.uﬂEuﬁ\\"Quuﬂ %TCDHHSU 1€0v
Je d[qe[reae (ApUNy) SI () UOISIAA) (z8") TOSAN pue [1°7°S
aseqeIep parersaruy (¥6 ‘c6) areg X X / / / / / / / dHd ‘SO “TW.LH 07T LSANYIW
$92IN0SAT M IO
LANDISE] [EnsIA
dlqeieae Juif oN (26 ‘16) 1004 - - - - - - - - - 000T 424195 TOS dasds
pazepdn iseT yoTeas
(918005)) s[001 [eonA[eue _— /uorsstuqns pajqeud
Ayiqisia uonensisar JUI[UO YIIm pasuaiafax andur A1anb uorssiuqns peojumop uonejuawadwr
SJUSWIWOY)  SIDUAIY [IRRIEIN T8 dieg pazerossy -SS01D) eI srqng asmoIg e1ep J1qng aseqele(] 29 USISap 23154\ QureN

panunuo) ‘L s|qel


http://lemur.amu.edu.pl/share/php/mirnest_1.0/home.php
http://lemur.amu.edu.pl/share/php/mirnest_1.0/home.php
http://lemur.amu.edu.pl/share/php/mirnest_1.0/home.php
http://mirnest.amu.edu.pl
http://mirnest.amu.edu.pl
http://www.mirbase.org/
http://www.mirbase.org/
http://merops.sanger.ac.uk
http://merops.sanger.ac.uk

Database, Vol. 2016, Article ID baw086

Page 15 of 31

sequences as well as their annotation data of butterflies
and other lepidopteran insects (Supplementary Table S1).
SilkBase was constructed via collaboration among various
institutes like NIAS Japan, University of Tokyo, etc. and
published in 2003 (29). WildSilkbase and ButterflyBase
were developed by Centre for DNA Fingerprinting and
Diagnostics (CDFD), India and Max Planck Institute for
Chemical Ecology, Germany and published in 2008 (30,
31). The EST data of all three databases were derived via
sequencing of cDNA libraries. SilkBase comprises 35000
ESTs obtained from 36 cDNA libraries while WildSilkbase
contains 57113 ESTs generated from 14 cDNA libraries.
Both databases possess datasets extracted from different
tissues and developmental stages of silkmoths.
ButterflyBase, being a secondary database, hosts informa-
tion on 273077 ESTs obtained from primary sequence
databases like EMBL/GenBank/DDB] database for 30 di-
verse species and their protein translations (31). A unique
feature of SilkBase is that it has cross-referenced data
ensuring reliability of its data. WildSilkbase operates with
a MySOL-PHP based interface on an Apache web server
whereas ButterflyBase uses PostgreSQL with a customized
version of the PartiGene schema (a tool used for develop-
ing partial genomes) (30-32). Database and web interface
development data on SilkBase could not be discussed due
to lack of information in its related publication. Other
technical aspects of WildSilkbase and SilkBase like search
visibility, data download, analytical tools, etc. are compar-
ably fair. Inbuilt search options of SilkBase include all vari-
ations of BLAST, search with variable options like
keywords, gene model, genome position, EST, etc. for
three organisms (B. mori, B. mandarina and S. cynthia
ricini) as well as browsing options available under
‘Libraries’ tab. Search options in WildSilkbase are slightly
similar to SilkBase with options like ‘keyword search’,
‘Homology Finder’, ‘SSR Finder’ (Simple Sequence Repeat
Finder) as well as inbuilt BLAST tool (blastn, tblastn and
tblastx). However, there are limited options for search in
ButterflyBase (simple text queries for pre-computed
BLAST results). Other analytical tools in at least one of the
three databases include ‘GO (Gene Ontology) Viewer’,
‘¢SNP’ (SNP prediction tool), etc. Two features unique to
ButterflyBase are the presence of a protein prediction tool,
prot4EST and a scheme to provide services like EST and
mRNA data processing prior to submission to dbEST of
NCBI. This feature is absent in the other two databases.
However, ButterflyBase developers should address the
issues with its basic accessibility and perform search engine
optimization to increase its web visibility (Table 1).

Till now, SilkBase (Bombyx EST Database) has the most
number of citations (~2235) for its related publication among
the three EST databases as well as other silkworm databases

(Supplementary Table S2). Some features that account for its
widespread popularity are the spectrum of search options
discussed above, presence of numerous analytical tools, ease
of navigation, etc. Also, SilkBase was the first database re-
ported exclusively for a silkworm, so its early implementa-
tion has a role to play in its popularity. ‘SilkBase’,
‘WildSilkbase” and ‘ButterflyBase’ can be accessed at http:/
silkbase.ab.a.u-tokyo.ac.jp/cgi-bin/index.cgi,
cdfd.org.in/wildsilkbase/home.php and http://www.butterfly
base.org/ (currently not functional) respectively.

http://www.

Other gene expression data available on silkworms are
microarray data from ‘BmMDB’ and transcriptome data
from “SilkTransDB”. “BmMDB” is the first and only
microarray database of B. mori developed by the Institute
of Sericulture and Systems Biology (ISSB), Southwest
University, China (33). It offers tissue-specific gene expres-
sion profile obtained through genome-wide (22 987 no. of
70-mer oligonucleotides) microarray analyses in a fifth in-
star silkworm (Supplementary Table S1). Published in
2007, it is the second most cited database (~193) next to
SilkBase among silkworm databases (Supplementary Table
S2). It is integrated with SilkDB and contains a BmArray-
map to display raw data. BmMDB is based on a PHP-
HTML web interface with its back end linked to a MySQL
database and can be searched with sequence (BLAST) and
text-based (Probe ID) search options. The search output in-
cludes functional annotation of genes (name and CDS), ex-
perimental raw data, etc. Data submission and ftp
download options are absent in BmMDB (Table 1).

The fifth gene expression database, ‘SilkTransDB’, was
developed by Chinese Academy of Agricultural Sciences,
China to integrate transcriptome and genome annotated
data from SilkDB (34). It comprises of whole transcrip-
tome information of different developmental stages of B.
mori obtained through HT RNA sequencing (RNA-Seq).
This data has expanded the information on silkworm gen-
ome by identifying ~5500 novel transcripts and 13195
new exons, thus uncovering the functional complexity of
B. mori transcriptome (Supplementary Table S1). The core
data of SilkTransDB consists of 3.3 gigabase (Gb) reads
covering around 7-fold of B. mori genome and protein-
coding genes that constitute 81.3% of all the predicted
genes in SilkDB (34). SilkTransDB can be browsed through
GBrowse and searched using multiple BLAST options
(blastn, tblastn and tblastx). According to the publication,
it has three web-interfaces: (i) SilkDB annotation (gene,
CDS and mRNA), (ii) transcriptome information (gene,
structure and alternative splicing (AS) events) and (iii)
Map-solexa data of reads and coverage. However, this de-
scription does not comply with the interface displayed over
their respective website. SilkTransDB accepts submission
of annotated data files using GBrowse.
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The status of data update in BmMDB and SilkTransDB
is unclear due to the absence of relevant information in
their websites. Also, there are accessibility issues associated
with ‘BmMDB’ website (http://www.silkdb.org/micro
array/) which should be addressed for making it usable.
‘SilkTransDB’ can be addressed at http://124.17.27.136/
gbrowse2/.

The gene expression data, viz. EST, microarray and
transcriptome, from the databases discussed above, will
help in the identification of unique lepidoptera-specific
ESTs, unique genes and proteins as well as development of
molecular markers and identification/annotation of un-
known proteins. These data can also have implications on
evolutionary studies on insects. Apart from the techniques
used above, gene expression data can also be generated via
Serial analysis of gene expression (SAGE), Fluorescence
in situ hybridization (FISH), etc. which can be included in
these databases to broaden their data spectrum, or exclu-
sive databases can be developed for the data derived from
these techniques alone (35, 36).

Microsatellite databases

Microsatellites are the repeated sequences of 1-6 bp length
which are widely used in fingerprinting, linkage analysis,
marker studies, etc. (37). ‘SilkSatDb’ was the first micro-
satellite database of silkworm B. mori created by Centre
for DNA Fingerprinting and Diagnostics (CDFD),
Hyderabad, India in 2005 (38). It consists of microsatellite
data derived using SSRF program from whole genome
shotgun (WGS) and EST sequences of B. mori (39). It also
contains data on mutations and polymorphisms, allelic fre-
quencies, evolutionary conservation of microsatellites, etc.
(Supplementary Table S1). In addition, it catalogues ex-
traction protocols, validated primer sequences for around
200 loci (under the tab ‘PrimerBase’), informative figures
and methodologies adopted for inter simple sequence re-
peats (ISSRs)-based genotypic analyses. A database with
similar type of data but with wider range of organisms was
constructed by the same laboratory in 2007 (40). Named
‘InSatDb’, this database comprises of microsatellite infor-
mation from five completely sequenced insect genomes (B.
mori, D. melanogaster, Apis mellifera, Tribolium casta-
neum and Anopbheles gambiae) derived using a different
tool Tandem Repeat Finder version 4 (40, 41). Various
characteristics of microsatellites like nature, type, fre-
quency, motif, genome location, repeat size, copy number,
etc. of the five insects can be retrieved from this database
(Supplementary Table S1).

Both are MySQOL relational databases developed using
PHP as a server side scripting language. The search page
interface is similar in both the databases; the output inter-
face for InSatDb is interactive, displaying an array of

information like ‘Repeat Kind’, ‘Start’, ‘End’, ‘Copy
Number’, ‘Length’, etc. and is linked to a primer-designing
tool ‘Primer3’ while that of SilkSatDb is linked to two ana-
lytical tools ‘AutoPrimer’ and ‘SSR Finder’. As of 11
March 2016, the search engine was dysfunctional due to
‘database connection’ issues. ‘InSatDb’ is more advanta-
geous to use over ‘SilkSatDb’ due to its wide scope of com-
parative genome analysis among five insects, batch
download options and a ‘tutorial’ link; in fact, the data of
SilkSatDDb can be found within InSatDb with additional in-
formation. Both databases lack periodical updates and
data submission features (Table 1). ‘SilkSatDb’ is access-
ible at http://www.cdfd.org.in/SILKSAT/index.php and
‘InSatDb’ at www.cdfd.org.in/insatdb. Similar to the above
two sections, the microsatellite databases are available
only for B. mori while being unavailable for other lepidop-
teran insects, particularly wild silk moths. Genomic infor-
mation can greatly assist microsatellite studies as discussed
above and thus, opens new scope for constructing more
microsatellite databases.

Silkworm mutant databases

Being a model organism for insects, especially silkworms,
B. mori mutants are generated for research as well as com-
mercial interests and are expected to fulfill requirements
like enhanced production of fibroin, different colored silks,
etc. (42). Web search currently shows three databases that
host information on such mutants, namely, ‘Database of
Bombyx mutant photographs (DBMP)’, ‘ABURAKO
Database’ and ‘Bombyx Trap database’. ‘DBMP’ has been
developed by Laboratory of Insect Genetics and
Bioscience, University of Tokyo, Japan to provide photo-
graphs of the mutants having mutation on different
chromosome numbers. Also, this database is integrated
with full-length ¢cDNA database and SilkDB. The other
two databases, i.e. ‘ABURAKO’ and ‘Bombyx Trap data-
base’ have been developed and maintained by NIAS,
Japan. ‘ABURAKQO’ consists of information (20 mutation
loci, alleles, list of mutants, translucence level, amount of
uric acid accumulation and other characteristics) on silk-
worm mutants with translucent larval skin due to deficit of
uric acid metabolism, including low-resolution images for
some of the mutants. In ‘Bombyx Trap database’, reporter
expressions in 288 transposon insertion lines (enhancer
and gene trap lines) via transposon mutagenesis are
included (23, 42). Also, the information regarding the pos-
ition of mutation in a genome sequence, fluorescent inten-
sity of reporter expression at various developmental stages,
reporter type, etc. are available in this database. It has
text-based and image-based search options. The text-based
search provides information on strain ID, reporter used,
measured fluorescence site, etc. while the latter is a
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browsable gallery of good-resolution images for normal
and fluorescent eggs, larvae, moths, etc. Both ABURAKO
and DBMP lack an in-built search engine.

A critical comparison of these three databases on silk-
worms mutants with the other databases discussed above
makes it apparent that they require enormous improve-
ment in various matters (Supplementary Table S1). The
web interface of all the three databases is not well-
designed; only one has a search engine; none of them con-
tain data submission or download links and none of them
are updated periodically (Table 1). Also, to which extent
can an image help a researcher is a questionable issue.
Opverall, if these three databases can be unified to create a
common database with the addition of missing features
described above, then the resultant database will have a
better application periphery. Another meaningful addition
to this group can be the creation of a database of mutant
generation protocols used by researchers. One can access
‘DBMP’, ‘ABURAKO’ and ‘Bombyx Trap database’ at
http://papilio.ab.a.u-tokyo.ac.jp/genome/,  http://cse.nias.
affrc.go.jp/natuo/en/aburako_top_en.htm and http://sgp.
dna.affrc.go.jp/ETDB/, respectively.

Transposable elements (TEs) databases

‘BmTEdD’ is the only database exclusively available for
transposable elements of B. mori hosted by Chongging
University, China (43). It is a comprehensive database on
1308 TE families which have been further classified into
sub-families. TEs are said to represent ~40% of the silk-
worm genome (44). The researchers have used a combined
(de novo, structure-based and homology-based) approach
to identify and classify the TEs within the B. mori genome
(43). TEs play a role in the function and evolution of
genes/genomes which makes the database useful for re-
searchers trying to understand the role of these mobile
elements in silkworm genetics (45, 46). BmTEdb provides
users with options to search, browse and download the TE
sequences in single as well as in batch. Addition of analyt-
ical tools like BLAST, HMMER and GetORF enhances the
analytical scope of this database (47-49). Options like
public data submission (suggestions available) and update,
user account sign in, etc. are not available within the data-
base (Table 1). BmnTEdb can be accessed at http://gene.cqu.
edu.cn/BmTEdb/.

Study of transposons including their identification,
characterization and annotation, is crucial as it provides
insights into genome variation and evolution. This can be
greatly facilitated by genomics, genetics, transgenic tech-
nologies, HT sequencing technologies, etc. In addition to
B. mori which has been studied well in BmTEdb, there is a
great scope of developing databases for many other related
silkworms.

Other web-resources

Apart from the above databases, the sequence and fre-
quency information of the ovarian small RNAs in B. mori
can be retrieved from a web-platform ‘Silkworm sRNA’
supported by National Bioresource Project (http://www.
nbrp.jp/). Currently, it contains a total of 67 700 counts of
RNA of 38 493 kinds which are available at http://papilio.
ab.a.u-tokyo.ac.jp/small_RNA/all_smallRNA.txt.

Protein databases

The interest in studying silkworms is deeply rooted in the pro-
teins (fibroin and Sericin) that it produces. Therefore, protein
databases serve as an essential platform in studying gene ex-
pression, post-translational modifications and other biolo-
gical processes related to silkworm proteins (50). Till now,
four databases are available directly related to this area,
namely, ‘KAIKO2DDB’, ‘SilkProt’, ‘SilkPPI’ and ‘SilkTF’.
‘KAIKO2DDB’ (Silkworm proteome database or SPD)
was the first silkworm proteome database published by
NIAS, Japan in 2006 (23, 50). It houses the 2D gel-
electrophoresis and mass spectrometry information of seven
major tissues of silkworm (midgut, malpighian tubule,
ovary, middle silk gland, posterior silk gland, fat bodies and
hemolymph) (Supplementary Table S1). The data can be ac-
cessed by accession number, description ID or gene name,
author, spot id/serial number, identification methods and
pI/Mw range. The database was developed using Make-
2DDB II software and is hosted on a web interface based
on HTML. The other three databases: ‘SilkProt’, ‘SilkPPI’
and ‘SilkTF’ were developed by Bioinformatics Centre,
CSR&TI (Central Sericulture Research and Training
Institute), Mysore, India. SilkProt database contains anno-
tated protein data of silkworm which helps in predicting
structure and pathways. SilkPPL, i.e. Silkworm Protein—
Protein Interaction database provides details on protein—
protein interactions of B. mori which facilitates the study of
biological and cellular processes (51, 52). It uses protein se-
quences from SilkDB along with computational methods, e.
g. interlog based method for data predictions (24, 51).
Around 7736 protein interaction pairs including 2700
unique proteins that were predicted using Interlog method
are included in the database (51). SilkDB accession number
can be used to search the database for the information re-
garding interaction proteins, GO annotation, Pfam domains
and nominal P-value of the microarray data. The database
can be accessed through http://210.212.197.30/SilkPPI/ but
currently the link is non-functional (11 March 2016).
Again, Silkworm transcription factor (SilkTF) database
hosts information on transcription factors (TFs) of B. mori
silkworm. The database can be browsed and searched either
by SilkDB sequence ID or domain search. ‘Sequence search’
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facilitates finding of transcription factors present in the se-
quence, PfamID, domain name, regions and e-value infor-
mation; ‘Domain search’ tool gives an output of list of
sequence IDs having specific domain, locations of sequences
with the specific domains and their corresponding e-values.
Among the four databases, KAIKO2DDB is developed
slightly better than SilkProt, SilkTF and SilkPPI. The latter
two have issues related to accessibility. SilkProt can have a
better web interface rather than having the search engine
as its homepage. Due to the lack of home page, it does not
offer users any other options like data upload/download,
data analysis or help page. SilkTF has similar problems to
that of SilkPPI, except that it has an in-built BLAST tool
(Table 1). KAIKO2DDB has numerous search options and
global search options (50). It can be accessed through
KAIKO Proteome Database (http://KAIKO2DDB.dna.
affrc.go.jp/) or SWISS-2DPAGE (http://kr.expasy.org/
ch2d/make2ddb/) under the silkworm genome database.
SilkProt, SilkTF and SilkPPI are accessible at http://www.
btismysore.in/silkprot/, http://www.btismysore.in/Silk TF/
and http://210.212.197.30/SilkPPI/, respectively. Apart
from these, an upcoming database ‘Silkgpcr’ has also been
reported on the web page of Bioinformatics Centre,
CSR&TI, Mysore, India. It will aim to provide informa-
tion about the G protein coupled receptor protein and its
various classifications (Rhodopsin like, Secretin like recep-
tor, Metabotropic glutamate receptors, etc.) in B. mori.
Unlike nucleotide databases, there is dearth of data-
bases related to the protein structure, sequence, protein—
protein interactions, etc. The four databases discussed
above have a common data type protein, however, they ad-
dress three different facets. Similarly, new databases
focused on silkworm protein structure or sequences can be
developed by the researchers. Implementation of combina-
torial approach (Proteomics and Transcriptomics) can be
one of the ways to understand how variation in the prote-
ome and transcriptome is associated with physiological
changes in silk production, to characterize strains, etc. The
scope of database development in this field is huge, so the
issues of silk protein data scarcity should be addressed.

Silkworm genetic resource databases

Silkworm genetic resource databases which deal with data
like varieties, strains, races, etc. other than genomes, tran-
scriptomes and genes, also form an integral part of seri-
databases. ‘Silkworm Gene Resources database’ (SGRDB)
and ‘SilkwormBase’ are the two databases that can be classi-
fied under this group. SGRDB is a MySQL relational data-
base developed by ERWin Data Modeler software where
the data is stored in Oracle relational database management
system and maintained by National Academy of

Agricultural Science (NAAS), Korea. SilkwormBase is an
integrated genetic resource database of silkworms developed
as a part of National BioResource Project (NBRP) between
the resource centre (Graduate School of Agriculture,
Kyushu University) and the information centre (National
Institute for Genetics). SGRDB provides the characteriza-
tion information (e.g. strain, accession number, color,
shape, etc.) of 321 varieties collected from different regions
including Korea, China, Japan, Europe, tropical region and
non-classified group along with 1132 photo images of dif-
ferent life stages of these silkworm varieties. It also allows
the users to access information regarding silkworm races
such as univoltine, bivoltine, multivoltine and others (53).
SilkwormBase hosts around 456 phenotypically classified
strains and a total of 419 genes. It also facilitates the users
to access information regarding genetic stock resources
including strains, larval period, images of strains at different
stages (egg, larva, pupa and adult), feeding habits of artifi-
cial diets, etc. and enlists the genes expressed at various life
stages, their features, classification as well as linkage maps
(Supplementary Table S1). SGRDB has four main functional
categories, namely, variety search, characterization viewer,
photo gallery and general information whereas
SilkwormBase is equipped with three search options:
‘Strain’, ‘Gene’ and ‘References’ along with an additional
option ‘Distribution request’ where one can online request
the eggs or other developmental stages such as larva, pupa
and adult of various silkworm strains. ‘SGRDB’
and ‘SilkwormBase’ are available at http://www.naas.go.kr/
silkworm/english (not accessible on 11 March 2016) and
http://www.shigen.nig.ac.jp/silkwormbase/about_kaiko.jsp,
respectively.

SilkwormBase (both English and Japanese versions) is
found to be more helpful in comparison to SGRDB since it
is accessible and regularly updated (last updated 27 April
2015). It also links to a new website (last updated: 5
December 2014) created as a part of NBRP which deals
with the collection, preservation and distribution of wild
silkworms (S. cynthia pryeri Butler, S. cynthia ricini
Donovan, A. yamamai Guérin-Méneville, A. pernyi
Guérin-Méneville and Rhodinia fugax Butler). Since there
are a diverse range of wild silkworms existing in the world,
exploration and inclusion of those genetic resources can be
a remarkable feature of this database. Alternatively, new
genetic resource databases can be developed to fill up the
gap in seri-related field.

Insect pathway databases

‘iPathDB’ is the only insect pathway database that houses
pathway data on Lepidoptera (10 different orders) with a
total of ~52 insects. It was developed by Li Lab: Insect
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Genomic and Bioinformatics Lab, China in 2014 (54).
Currently, 12 111 pathways for 52 different species associ-
ated with disease, xenobiotic metabolism signaling, insect
hormone and wing development are available in this data-
base. iPathDB has options for search (drop-down sche-
matic and text-based). Its strongest feature is the inclusion
of a pathway construction software ‘iPathCons’ which fa-
cilitates the users to construct pathways from transcrip-
tome as well as official gene sets (OGSs) data of insects.
Users can download the pathways constructed through
iPathCons by sorting species list or species on the phylo-
genetic tree. Additionally, it provides batch download for
the raw data files and in-built softwares (Table 1). The
database was designed using HTML, PHP, CSS and
JavaScript which operates under Apache HTTP server.
These pathways will be helpful for entomological research
community and are available at URL: http://ento.njau.edu.
cn/ipath/. iPathDB has tried to cover necessary pathways
and can act as a better platform for various insect pathway
studies. Further, it can act as a stand-alone database if it
adds more pathways in a single platform. The pathways
related to insect behavior, immunity, metabolism (carbo-
hydrate and fatty acid synthesis/metabolism), function and
evolution of genes and pathways involved in sex-
determination, wounding/herbivory signaling pathways,
etc. can be included to make it a full-fledged database or
new databases can be constructed based on essential path-
way studies.

Silkworm host plant databases

Host plants are the most important resources in seri-
ecosystem as they provide food and nutrition to the silk-
worms. Based on the preference of feeding by the silk-
worms, host plants can be divided as primary (1°),
secondary (2°) and tertiary (3°) host plants. The quality
and vyield of silk produced by the silkworms depends on
the selection of these host plants. For example, the cocoon
color and tensile strength of cocoon fibers varies for pol-
yphagous silkworms. Certain host plants of silkworms
have economic importance other than sericulture and have
been studied with different focus. For instance, fruits of
Morus alba (mulberry) are a great source of nutrients and
anti-oxidants (55). Jatropha is more popular as a biofuel
crop and most of the molecular and genetic research has
been focused on that aspect (56). Similarly, Ricinus com-
munis is known for the production of castor oil having ap-
plications as lubricant, food, medicine, etc. (57). Those
host plants, which are only specific for sericulture, have
been rarely reported. Overall, the host plants can be fur-
ther divided into domesticated and wild silkworm host

plants. There are about 23 databases developed so far for
these host plants which are discussed as below (Figure 3).

Databases of mulberry

Mulberry is the primary host plant of B. mori belonging to
family Moraceae. About 150 species of mulberry have
been identified till date, which provide shelter to several
sericigenous insects in nature. B. mori requires specific sug-
ars, proteins and vitamins for its normal growth and silk
gland nourishment. Mulberry leaves play a very important
role in providing adequate amount of nutrients for the pro-
duction of good quality cocoons (58). Recent advances in
HT sequencing technology have led to the generation of
several mulberry specific databases that are ‘Morus
Genome Database’ (MorusDB), ‘Mulberry Microsatellite
Database’ (MulSatDB) and other databases.

‘MorusDB’ was the first mulberry genome database con-
structed by Southwest University (SWU), China and re-
cently published in 2014. This database, available at URL
http://morus.swu.edu.cn/morusdb, houses a wide range of
genomic and biological information of M. notabilis C.K.
Schneid (Mulberry). The core data of MorusDB constitutes
236-fold coverage of 330.79 Mb assembled mulberry gen-
ome sequence and reference-based assembled transcriptome
sequence (59, 60). This information includes annotated
genes, GO, ESTs, TEs, orthologs and paralogs, horizontally
transferred genes, taxonomy, etc. (Supplementary Table
S1). It has a user-friendly web interface designed and imple-
mented using MySOL and PHP, embedded with helpful
analytical tools like BLAST, WEGO, GO browse, genome
browser, etc. One of the main advantages is availability of
data download feature provided by FTP and File Browser
which allows specific and batch download of the genome
and transcriptome data. However, MorusDB lacks some
features found in other popular databases like GenBank
such as public data submission, user-registration, etc.
(Table 1). Addition of the former can widen the range and
amount of data in it while that of the latter will make it eas-
ier to use for the public.

‘MulSatDB’, on the other hand, was the first mulberry
microsatellite database constructed by CSR&TI, Mysore,
India. Tt comprises of mulberry genome as well as EST
based microsatellite (SSR) markers (61). Currently, it hosts
217293 WG SSRs out of which 2772 SSRs were mapped
to E vesca chromosomes and 361 functionally annotated
SSRs among 962 present EST SSRs. The markers can be
searched and browsed through two search sections: “Whole
genome’ and ‘EST’ based on various criteria’s (repeat size,
repeat type, motif type, etc.). This database was based on
MySOL RDBMS and its web interface was designed using
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HTML, PHP and Javascript operating on Apache 2.2 web
server. The presence of various inbuilt analysis tools
(CMap, Primer3plus and BLAST), public data query and
submission makes it an interactive and user-friendly data-
base. Unlike MorusDB, this database accepts data submis-
sion on new SSR markers, marker information, research
projects and publications which should be further standar-
dized. However, it lacks data download and help/FAQ fea-
tures, addition of which will further improve the database
utility (Table 1). ‘MulSatDB’ can be accessed at http://btis
mysore.in/mulsatdb/index.html.

Apart from MorusDB and MulSatDB, few other web-
resources/databases on mulberry are under constructions
which are hosted at the Bioinformatics Centre, CSRGTI,
India (URL http://www.btismysore.in/pgene.html, http://
www.btismysore.in/dbase.html). One is a relational data-
base called ‘Mulberry Genome Database’ that provides
data on molecular marker, DNA fingerprints, similarity
and dissimilarity index matrices, phylogenetic relationship
(in dendrograms) and marker segregation pattern. It is also
available in the form of compact disks (CD). Other three
databases include ‘Database of DNA sequences for import-
ant plant genes in mulberry’, ‘MulDis (A Comprehensive
Mulberry Disease and Pest Database)” and ‘Sample Web
Application for Analysis of Molecular ID’. The first data-
base is accessible via internet while the other two are not.
‘MulTF’ is another database proposed in their webpage for
transcription factors of mulberry. While being informative,
these resources lack proper representation as well as design
of a database and are tough to access, browse or even
understand as no help page or publication is associated
with the resources. They require further refinement in dif-
ferent areas of which dynamic web design is prime import-
ance. Improvement in the existing web resources and the
development of planned ones would help in the future re-
search of mulberry.

Databases of castor

Ricinus communis (castor bean) has enormous economic
and ecological importance as a popular biofuel crop (62).
It also serves as the primary host plant of S. cynthia (Eri
silkmoth). Much of the genomic and molecular studies on
castor are completed focusing on its economic signifi-
cance. This information can be helpful in understanding
the silkworm and host plant interactions. Databases have
therefore been developed and published on castor, how-
ever, few of these database URLs are currently not access-
ible. One such database is the ‘Castor Database’
developed by TNAU (Tamil Nadu Agricultural
University), Coimbatore, India. It hosts the phenotypic
and germplasm data of the currently available castor

varieties. About 294 different germplasm including 20
FCS plants and YRCH (Yethapur Ricinus communis
Hybrid) plants are documented here. Users can access the
information on qualitative characters (such as type of
internodes, spike shape, length of primary spike, com-
pactness of inflorescence, branching pattern of the stem,
petiole length, lacination of leaf, type of inflorescence) as
well as the quantitative characters (number of lobes in
leaves, height of the plant, nodes in main stem, etc.) of
castor plants. In addition to these traits, the yield infor-
mation of various germplasm is proposed to be included
in this database. This will help the farmers to select the
varieties of improved traits. However, the database can-
not be currently accessed through its available URL:
http://www.tnaugenomics.com/castor/index.php. It also
suffers from demerits like lack of a search engine that can
do specific searches, analytical tools, data submission or
download options and a help/FAQ page (Table 1). A
namesake of Castor database also exists at http:/glbrc.
bch.msu.edu/castor/login  hosted and maintained by
Michigan State University, but it is not an open source
and is accessible to registered users with no option for
new registration on the homepage.

Another database on castor is ‘JCVI Castor Bean
Genome Database’ developed at J. Craig Venter Institute,
USA, which hosts 4X draft assembled genome sequence
of R. communis (~400 Mbp) generated using whole gen-
ome shotgun strategy (63). The database also has
~31221 putative proteins and ~50000 ESTs generated
from different tissues to aid in gene discovery and annota-
tion. The data from whole genome assembly as well as
auto-annotation is available to download from the ftp ser-
ver. However, this database lacks a common browse or
search page for the hosted data. Even GBrowse is non-
functional (11 March 2016). The other analytical tool,
i.e. BLAST (all categories) works fine with the data. One
of its branches of data named as ‘Castor Bean TAs’ has
been discontinued and users are referred to other related
databases. This database is available at http://castorbean.
jevi.org/index.shtml.

‘CastorDB’ is a comprehensive knowledgebase DB for
R. communis developed at M. S. University of Baroda,
India (64). It was based on integration of the genome se-
quence information obtained from NCBI and the previ-
ously discussed JCVI Castor Bean Genome Database. The
database facilitates the users to retrieve information on
protein localization, domains, pathways, sumoylation
sites, gene expression, protein—protein interactions, etc.
Implemented using MySQL, Perl API (application pro-
gramming interface), Java, CGI, HTML and Javascript,
one of the important features of this database is the pres-
ence of three way search method- simple, advanced and
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similarity search based on BLAST tool. The database is ac-
cessible at http://castordb.msubiotech.ac.in. The URL has
not been functional since Oct’ 2015 till date (11 March
2016) and hence, more information could not be provided
on it.

Databases of papaya

Carica papaya (Papaya) is a highly nutritious tropical fruit
plant that is popular worldwide. It is also one of the im-
portant secondary host plants of S. cynthia. The 3x draft
WGS of C. papaya Linnaeus was first published in 2008
with genome of size 372 Mb (65). It has facilitated the mo-
lecular and genetic study of the plant which has industrial
and agricultural significance. Also, WGS and the largely
sequenced sex-determining region of papaya have provided
a deep insight into its genome structure and organization.
The databases describing information on papaya include
Papaya-DB and CPR-DB (Papaya Repeat Database).

‘Papaya-DB’ is an online genomic data resource of pa-
paya which was developed by Center for Applied Genetic
Technologies, USA and is accessible through URL: http://
www.plantgenome.uga.edu/papaya/. It acts as an interface
to various data including WGS, EST sequences, physical
and genetic maps, sex-determining region, etc. It also offers
access to the Plant Genome Duplication Database (PGDD)
that enables users to perform whole-genome alignments
with other plant species. While the database is linked to
GBrowse for WGS data browsing, the links on the web-
page are non-functional (11 March 2016). Being a sole rep-
resentative of papaya genome database, it lacks many
important features such as non-availability of data down-
load/deposition options, analytical tools, help page, etc.
(Table 1). Developers should plan to improvise the data-
base to make it user friendly and easily accessible by incor-
porating the necessary features.

The other database, ‘CPR-DB’, developed at the
University of Maryland, USA, provides data on repetitive
elements of papaya which constitute ~56% of its genome
(66). These repetitive elements are TEs (52%), tandemly
arrayed sequences (1.3%) and high copy number (HCN)
genes (3%). Among transposons and tandem repeats
(TRs), retrotransposons and microsatellites constitute the
most abundant portion (about 43.3%), minisatellites
(0.19%) and satellites representing the least portion of gen-
ome. However, the database does not have the typical web
interface and is merely hosted via ftp server. The data (i.e.
novel TE, TR sequences, HCN transcripts and protein se-
quences) can be downloaded as .fasta files but cannot be
browsed or searched separately, which constitute the
major demerits of CPR-DB (Table 1). The data is access-
ible at ftp:/ftp.cbcb.umd.edu/pub/data/CPR-DB.

Databases of Jatropha

Jatropha curcas is an economically important plant which
has enormous potential for biodiesel production. It is also
important for sericulture, being the secondary host plant of
S. cynthia. Much research on Jatropha is available but at
present, only one open-source database exists for this
plant. ‘Jatropha Genome Database’, developed at Kazusa
DNA Research Institute, Japan, hosts genomic informa-
tion and DNA markers of Jatropha (67). Currently, the
database consists of total 297661187 bp sequence elem-
ents with an average G+ C content of 33.7%. Also, the
presence of keyword search, data download via ftp server
and constant updates are the strong suites of this database
(Table 1). It has undergone many revisions (current version
4.5) and is highly cited (Supplementary Table S2).
Homology based search option (BLAST) is also available
as an analytical tool to search full length sequence, pre-
dicted CDS sequence, predicted amino acid sequence and
unigene sequences. Additional features like help/FAQ and
data submission will make the database more user-
friendly. This database is available at http://www.kazusa.
or.jp/jatropha/.

Databases of cassava

Cassava is an important nutritious food, popular in the re-
gions of Africa, Asia and South America (68). Besides
Papaya and Jatropha, Manihot esculenta (Cassava) is also
an important secondary host plant of S. cynthia. There are
three databases available for cassava- Cassava Genome
Database (CGDB), Chinese Cassava Genome Database
(CCDB) and Cassavabase.

CGDB, developed at Institute for Genome Sciences,
USA comprises of BAC-based fingerprint maps of an
inbred cultivar of cassava and simultaneously provides
data on cassava ESTs, assembled ESTs, WGS sequences
and SNPs from physical maps as well as genes. It also aims
to identify the traits associated with drought tolerance in
cassava. On the other hand, CCDB, developed at Fudan
University, China, provides BAC and c¢DNA libraries,
annotated genome and transcriptome data on various
pathways (gene discovery, starch metabolism, photosyn-
thesis, drought/cold acclimatization, etc.), linkage maps,
markers, etc. ‘Cassavabase’, another comprehensive data-
base or rather a web portal, is different from the above
two databases in matters of the information hosted by it.
The database provides a combination of information rang-
ing from genomic sequences to phenotypes, genetic maps,
breeding programs, etc. This database has been developed
for both researchers and breeders under Next Generation
Cassava (NEXTGEN Cassava) Breeding project and
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hosted by Boyce Thompson Institute for Plant Research,
USA. It employs the advanced breeding machineries to im-
prove cassava productivity and yield.

CGDB, CCDB and Cassavabase are accessible through
http://cassava.igs.umaryland.edu/cgi-bin/index.cgi,  http://
www.cassava-genome.cn and http://www.cassavabase.org/,
respectively. All of them have GBrowse and download op-
tions. However, link for GBrowse tool in CGDB is not func-
tional (as on 11 March 2016). BLAST links (blastn, blastp,
blastx, tblastn and tblastx) for CGDB have selected data-
bases for checking similar sequences with several matrices
to use. Addition of features like search, data submission,
database update, help, user-registration, cross-referencing of
the hosted data, etc. will increase the reliability of both
CGDB and CCDB databases. Cassavabase is an ideal data-
base that can be used a model by other database developers.
Some of its merits are user-friendly interface, incorporation
of data analysis tools for breeders (breeder home, phenotype
analyze, barcode tools, genomic selection and population
structure) and researchers (BLAST, ontology browser), the
genomic map of Cassava with markers, etc. It also has fea-
tures like data submission, query search, help topics and
manuals, etc. (Table 1).

Although the three cassava databases exist as web-
resources, these have not yet published. Proper publication
of these databases will help in detailed understanding of
the databases.

Databases of Quercus

Quercus or the oak is a popular timber tree and also the 1°
host plant of oak tasar silkworm (A. proylei). ‘Quercus
Portal’ is the first web resource which deals with almost all
facets of Quercus data (69). It is an integrative web portal
developed under the EvolTree project at Institut National
de la Recherche Agronomique (INRA), France which pro-
vides information on genome, genetic resources, biodiver-
sity, evolution, phylogeny and taxonomy of Quercus (tree/
shrub). Based on the information it carries, the portal is div-
ided into eleven sub-databases. Among these, Oak genome,
EST and Candidate genes databases are three genome/EST/
gene related databases which comprise of whole genome se-
quence; three unigene sets for the genus Quercus (OCV1,
OCV2 and OCV3); and putative genes related to biotic/abi-
otic stress, phenology and growth, respectively (70, 71).
Others include marker and mapping information related
databases which are QuercusMap, CMap, SSR and SNP.
QuercusMap provides genotypic and phenotypic data on
mapping pedigrees; CMap contains genetic and comparative
maps while microsatellite and single nucleotide polymorph-
ism data in candidate genes of oak are provided by SSR and
SNP databases. Likewise, the phenotypic, genotypic,

geographic, genetic diversity and fossil data of the oak trees
and their populations can be accessed through TreePop,
(GD)?, Oak provenance and FossilMap databases. Besides
being highly resourceful, Quercus portal also has a glo-
bal search bar which allows query search across all the
above-mentioned databases. However, a useful additional
navigation guide with help page will make the portal easily
accessible (Table 1). Quercus portal, with all the resources
mentioned above, is available at URL https://w3.pierroton.
inra.fr/QuercusPortal/index.php?p=fmap.

Other generalized plant databases

Apart from the host plant specific databases, several gener-
alized databases exist which contain genomic, proteomic
and taxonomic information of some silkworm host plants.
These web-resources are non-specific and include data on
the host plants which will further contribute to better under-
standing of their biology (Supplementary Table S1). One
such database is ‘HOSTS’, a database of host plants of the
lepidopteran insects (around 15%) around the world cre-
ated at Natural Museum of History, UK. Since it consists of
~180000 records of host plants for about 22000
Lepidopteran species from ~1600 published and manu-
script sources, HOSTS claims to be ‘the best and most com-
prehensive compilation of host plant data available’ (72). It
has two good search modules: ‘Text Search’ or ‘Drill down
search’ that allow the users to search information using two
criteria’s: ‘Lepidoptera’ or ‘Host plant’. Search can be per-
formed by family, genus, species names (only scientific
names) and location to obtain the host plant data of respect-
ive insects. No record of update was found in HOSTS; regu-
lar updates, data download and addition of data submission
option can broaden its knowledgebase. It is available at
http://www.nhm.ac.uk/our-science/data/hostplants/.

Two general plant genome databases, PlantGDB and
Phytozome are also available which were developed at
Indiana University and Department of Energy’s Joint
Genome Institute, USA, respectively. Both contain genome
data of many plant species including silkworm host plants
(73, 74). PlantGDB contains ESTs, cDNA sequences and
microarray probes while Phytozome (current version v11)
hosts 55 annotated genomes clustered into gene families.
The development of PlantGDB was done using MySQL-
PHP-Perl-Apache server while that of Phytozome by
LAMP] stack (Linux, Apache, MySQL, PHP/Perl and
Java). Both databases have important features like data
download, browse, help, search and analysis enabled via
many embedded tools. PlantGDB provides multiple analyt-
ical tools (BLAST, BioExtract Server, DAS, FindPrimers,
GeneSeqer, GenomeThreader, MuSeqBox, PatternSearch,
ProbeMatch, TE_Nest, Tracembler, yrGATE); bulk data
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download facility via ftp server, and individual data files in
several formats (FASTA, GenBank, GFF3 or EMBL for-
mat, bzip2 files and MySQL tables). Data download in
Phytozome can be done through JGI Genome Portal only
after user registration in OBO format, as HTML table
and tab delimited text. Its analytical tools include
JBrowse, BLAST, BLAT, PhytoMine and BioMart (Table
1). Both are highly cited comparative genomics databases
(Supplementary Table S2) but PlantGDB has been discon-
tinued in 1 July 2015 while Phytozome is regularly being
updated with new versions. These two databases can be ac-
cessed at http://www.plantgdb.org/ and http://www.phyto
zome.net/, respectively.

Few other generalized databases include ‘PLAZA’, “The
Chromatin Database’ (ChromDB), ‘Plant Transcription
Factor Database’ (PlantTFDB) and ‘PLANTS’. PLAZA is a
web-portal developed to perform comparative genomics
and phylogenetic analyses (75, 76). The information of
gene families and genome homology of important host
plants e.g. R. communis, M. esculenta, C. papaya can be
explored using ‘Analyse’ tools. The database is available
through URL http://bioinformatics.psb.ugent.be/plaza/.
ChromDB includes the sequence information of chromatin
linked proteins of some silkworm host plants such as R.
communis, M. esculenta and C. papaya (77). This database
is available at http://www.chromdb.org/index.html.
However, currently the link to access this database is not
functional (11 March 2016). Another database,
PlantTFDB provides the identification and classification
data of TFs of few host plants of silkworms. Users can also
download the list of TF families and protein sequences of
TFs of the plants through the database link http://
planttfdb.cbi.pku.edu.cn/ (78-80). Besides genomic and
proteomic databases, taxonomic information also plays an
essential role in studying the biology of a plant. PLANTS
database is the one that includes data like images, classifi-
cation, ecology, etc. of a few host plants (M. esculenta,
Quercus spp., Shorea robusta) (81). The database can be
accessed through http://plants.usda.gov/java/. All four
databases are equipped with necessary features like search,
help, analytical tools and download option (download
lacking in ChromDB; Table 1).

Review of the host plant databases in this section
showed that the number of specialized data resources is
not enough and on an average, the ones that are available
are not well-equipped. Most of them lack one or the other
important feature. Lack of database development expertise
may be one reason behind this. Merging information sci-
ences with biological data has been going on for quite a
long time now and it is time for plant scientists to update
their set of skills. Another observation was the lack of
cross-references and analytical tools in the databases,

which should be made an obvious requisite for any biolo-
gical database. It has also been observed that generalized
host plant databases are more cited than the specific data-
bases. For instance, Jatropha database (C-139) is cited
next to Phytozome (C-637) and PlantTFDB v 2.0 (C-163)
while the citation value of MorusDB, MulSatDB, etc. is
small (Supplementary Table S2). Overall, host plant data-
bases are fewer in number than silkworm or rather insect
databases. There is a need to bring together the scattered
data on these host plants together in one piece, as was
done in the HOSTS database. Also, a need of plant-specific
bioinformatics tools was seen which needs to be addressed
sooner than ever, as the HT technologies are quickly gener-
ating vast arrays of data that needs to be scoured for mean-
ingful outputs.

Pest and pathogen databases

Silkworms in association with host plants inhabit diverse
niches and get affected with several viruses, bacteria, fungi
and parasites ranging from mutualistic symbiosis to patho-
genesis. Study on these organisms is equally essential to
understand the host—pathogen interactions, studying mo-
lecular mechanisms involved in the pathogenesis, host im-
mune response, developing new strategies against
infectious pathogens, etc. (82, 83). Keeping this in mind,
‘SilkPathDB’ was constructed as first pathogen database
by State Key Laboratory of Silkworm Genome Biology
(SKLSGB) at Southwest University, China. This database
deals with genomic and biological data of a variety of silk-
worm pathogens including fungi, bacteria, virus and
microsporidia. The data includes genome sequences, gene
annotation, proteomic and transcriptomic profile of silk-
worms under infected conditions, etc. (84). SilkPathDB is a
user-friendly and full-fledged database having all necessary
features like search, browse, download, help and multi-
analytical tools (SilkPathDB BLAST engine, SearchGO,
Browse GO, Genome Browse, EuSecPred and ProSecPred).
The database is constantly upgraded (last updated 08 July
2015) and users also have freedom to upload data in this
database (Table 1). These features make this database
highly useful to the users interested in lepidopteran and
other insect-related pathogenetic studies. One can access
the database at http:/silkpathdb.swu.edu.cn/. Despite
being fully developed, the database has not yet been pub-
lished. Apart from SilkPathDB, a new comprehensive silk-
worm disease and pest database ‘SilkDis’, being developed
by Bioinformatics Centre at CSRTI, Mysore, India has
been mentioned at URL http://www.btismysore.in/dbase.
html. It will aim to serve as a data resource on silkworm
diseases and pests; providing detailed information on
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disease occurrence, infection mode, biotic/abiotic factors
and effective pest/disease management approaches.

Silkworm—pathogen interaction studies suffer from a
lack of understanding of silkworm pathology. It has been
observed that among the seri-resources, pest and pathogen
databases are the least in number. SilkPathDB can be ex-
panded with more information on other pests and patho-
gens infecting various silkworms and their host plants.
Moreover, new databases including pest and pathogens
should be made in order to further explore the cross-talk
among host, pest and pathogens.

Combined databases

In addition to the silkworm, host plant and pest/pathogen
databases, we have reviewed few other databases that
comprise of generalized information of seri-resources (Figure
3). These databases are not only specific to any individual
silkworm, plant or pest databases but contain integrated in-
formation of these resources. Seventeen databases have been
found which are classified based on the data type
(Supplementary, Table S1) and briefly described as below.

Barcode databases

Barcodes are short DNA sequences serving as signatures
for the identification and classification of species, process
called as DNA barcoding (85). ‘BOLD’ (The Barcode of
Life Data System) is one such user-friendly data resource
developed by Consortium for the Barcode of Life (CBOL)
to enable collection, storage, analysis and publication of
DNA barcode sequences by amassing distributional, mor-
phological and molecular information (86). Around
1 180 314 specimen records of lepidopteran insects includ-
ing 53 476, 34 950 and 2429 members of Saturniidae,
Sphingidae and Bombycidae families, respectively, are pro-
vided by BOLD (11 March 2016). Also, plants and fungi
specimen records are available in this database. The data
can be accessed through four main sections: (i) public data
portal, (ii) a database of barcode clusters, (iii) a data collec-
tion workbench and (iv) an educational portal. Since past
few years, BOLD has become a potential and central on-
line platform for the researchers working in DNA barcod-
ing fields. It has diverse data files which can be
downloaded in different formats like Specimen data as
XML or TSV, sequences as FASTA, Trace files as .ab1 or
.scf and specimen details/sequences as XML or TSV for-
mats. All essential features like data upload/download,
public query, cross-referencing, user registration, help and
analytical tools (Distribution Map Analysis, Taxon ID
Tree, Distance Summary, sequence composition tools, etc.)
make BOLD extremely perfect and user-friendly (Table 1).

It is a PostgreSql relational database (www.postgresql.org)
constructed using Java, C++, PHP and can be accessed at
http://www.boldsystems.org/. In order to further explore
huge amount of global molecular data, the ‘Barcode of Life
Data Portal’ (BDP; http://bol.uvm.edu) was constructed by
CBOL using PHP (87). It is a central resource to access the
information from BOLD as well as other public databases
like NCBI GenBank. Thus, it bridges the gap between the
DNA barcoding scientists and the biodiversity informatics
researchers. It can also assist in accessing a vast array of
approaches for exploration and cataloguing of the molecu-
lar data for DNA barcoding applications.

Taxonomy/distribution related databases

Proper identification, classification, taxonomy, distribu-
tion and geographical information of species are the fore-
most things for biology, genetics, molecular studies, etc.
Databases consisting of such information play a pivotal
role in exploring, identifying and classifying species. The
two such main databases are ‘Database of Insects and their
Food Plants’ (DBIF) and ‘Database of Butterflies and Moth
of the World” (DBMW).

‘DBIF’ has been developed by Biological Research
Centre (BRC), England as the main part of National
Biodiversity Network (NBN). It is a database of inverte-
brates (including insects, silkworms) and their host plants
with three search options- ‘Search invertebrates’, ‘Search
host plants’ and ‘Search source’. Interactions for members
of different families of Lepidoptera (~7 butterfly families,
~19 macro moth families and ~42 micro moth families)
are provided by this database. The output is displayed in a
tabular format for the selected search and can be accessed
through http://www.brc.ac.uk/dbif/homepage.aspx.

‘DBMW’ on the other hand, was developed by Natural
History Musewm (NHM), UK which catalogues around
32000 generic names of world’s lepidopteran insects (but-
terflies and moths, including wild silkmoths). Information
of around 88, 356 and 449 members of three families:
Bombycidae, Saturniidae and Sphingidae can be retrieved
from the database. The data can be searched or browsed
through family, genus, species, classification or images and
accessible at URL: http://www.nhm.ac.uk/our-science/
data/butmoth/.

In addition to the above data resources, few other data-
bases describing the morphological, ecological, taxonom-
ical data of diverse live forms are available. These include:
‘Common Names of Insects Databases’ (CNIDB; http://
www.entsoc.org/pubs/common_names), ‘Moths of
Borneo’ (http://www.mothsofborneo.com/) under Host-
Parasite database (http://www.nhm.ac.uk/research-cur
ation/scientific-resources/taxonomy-systematics/host-para
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sites/), ‘Butterflies and Moths of North America’
(BAMONA, http://www.butterfliesandmoths.org/), ‘EPPO
Global Database’ (https://gd.eppo.int), ‘Encyclopedia of
Life® (EOL) Database (http://www.eol.org), ‘Integrated
taxonomic information system’ (ITIS) database (http://
www.itis.gov/) and ‘INPN’ (http://inpn.mnhn.fr/).

Pheromone databases

Since the discovery of sex pheromones in B. mori (1959),
huge amount of data on pheromones and other signaling
compounds of insects including some silkworms has been
generated. These signaling chemicals are required for com-
munication, interaction, behavior, sexual attraction,
defense, behavioral activities, etc. ‘Pherobase’ is the
world’s largest useful database of semiochemicals, i.e.
pheromones and allelochemicals developed by El-Sayed
AM, HortResearch, Lincoln, New Zealand in 2014 (88).
Presently, the database hosts around 30 000 entries, 3500
semiochemicals and 8000 organic compounds of not only
insects but also plants (floral compounds), invasive species,
etc. The classification was based on various criteria’s like
functional groups, behavior, molecular weight, formula,
etc. which can be browsed via taxa, family, genus and spe-
cies. It has two inbuilt tools such as ‘Kovats calculator’ and
‘Formula generator’ to calculate kovats values and formula
for specific ions respectively. It is a full-fledged database
with facilities like regular updates, search, data submis-
sion, and sign in, etc. (Table 1). However, addition of
download option will further enhance its applicability.
This database is accessible through URL: http://www.pher
obase.com/.

Silk-based databases

Silk has evolved as a great source of economy during past
decades as discussed earlier. Few databases like
‘Biomat_dBase’, ‘Spatio-temporal database of the Silk
Road’ (SRDB) and ‘Silk Fabric Specification Database’
(SFSDB) have been reported by different groups to cover
the available information related to silk (biomaterial, Silk
Road and fabric characteristics).

‘Biomat_dBase’ has been constructed by Indian
Institute of Technology, Kharagpur, India using HTML/
CSS, PHP and Javascripts. This database combines the bio-
material information with main focus on natural biomate-
rials including silk (89). This information includes
fabrication of silk into different matrices, applications in
tissue engineering, regenerative medicine, etc. Although
database URL: http://dbbiomat.iitkgp.ernet.in is men-
tioned in the publication but the link is not functional cur-
rently. Development and availability of this database will

be helpful for the researchers working in the related fields
in utilizing the existing resources and fabricating new
biomaterials.

‘SRDB’ and ‘SFSDB’ are other similar databases men-
tioned in the publication but not accessible over internet.
SRDB is a collaborative SOL server database developed by
Chinese Academy of Sciences, Surveying and Land
Information Engineering of Central South University,
China, that contains the data related to Silk Road during
the ancient times (90). The database mainly focuses on his-
torical, field, geographical, remote sensing, thematic data
of Han and Tang Dynasties. Accessibility of this database
can act as a platform for combining both modern and arch-
aeological technologies thus making a way towards devel-
opment of a traditional archaeology. On the other hand,
SESDB  was developed by National Engineering
Laboratory for Modern Silk and College of Textile and
Clothing Engineering, Soochow University, China (91,
92). The database constructed using SOL Server 2000 and
Visual Basic. NET, deals with the fabric specification infor-
mation (fabric name, number, weaving information, etc.)
and its analyses (calculation of cover tightness, fabric bal-
ance coefficient, fabric shrinkage, etc.). This database if
made available will help the researchers in silk fabric de-
signing and their development.

Other web resources

During our search, we found few other databases
(‘miRNEST’, ‘miRBase’ and ‘MEROPS’) which directly or
indirectly contained information of few seri-resources.
‘miRNEST’ (current version: miRNEST v 2.0) is an inte-
grated micro RNA database managed by Laboratory of
Functional Genomics, Adam Mickiewicz University,
Poland. Constructed using HTML, CSS, PHP 5.2.11 and
MySQOL 4.0.31, it includes structure and targets of miRNA
candidates of the silkworms and plants (93, 94). The
miRNA sequences of silkworms namely B. mori, S. cynthia
and host plants such as P. americana, R. communis, Q.
robur, C. papaya, M. esculenta, |. curcas are included in this
database. ‘miRBase’ is another miRNA resource managed
by the Griffiths-Jones lab at the Faculty of Life Sciences,
University of Manchester, UK. It is a MySQL database that
comprises of information on miRNAs, their annotation and
sequences of taxa like insects (e.g. B. mori), host plants (e.g.
R. communis, M. esculenta) (95-98). ‘MEROPS’ (current
Release 9.13), on the other hand, is a peptidase database de-
signed and developed at EMBL-European Bioinformatics
Institute, Cambridge CB10 1SD, UK using MySQOL.
Peptidases (proteolytic enzymes, proteases, proteinases) are
the enzymes which degrade the proteins by hydrolyzing the
peptide bonds and constitute around 2% of all the proteins
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Table 2. Technologies for data generation in sericulture field

SI. No. Sericultural Technologies References
research area
1 Genomics BAC-end sequencing filter, hybridization, fingerprinting, WGS, Transgenesis (8,104, 107)
technology, comparative genomics, Linkage mapping, Sanger sequencing,
Roche 454 Genome Sequencing, Pyrosequencing technology (454 GS-FLX),
Combination of Illumina and 454, Illumina short-read sequencing, de novo
seq, exome seq, targeted seq, Microarray based and genome wide association
studies (GWAS)
2 Proteomics SDS-PAGE, Tandem MS (Tandem Mass Spectroscopy), MALDI MS, two-di- (108,117, 118)
mensional gel electrophoresis (2-DE), protein microarray
3 Transcriptomics High-throughput RNA sequencing technology (RNA-Seq), Comparative tran- (107,109, 110)
scriptome analysesTotal RNA and mRNA sequencing, Targeted RNA
Sequencing, Small RNA and Non-coding RNA Sequencing, Serial analysis of
gene expression (SAGE)
4 Metabolomics MS —based system with GC (Gas chromatography) and LC (Liquid (113, 119)
Chromatography) for initial separation, NMR analysis of crude extracts and
its direct examination by MS
5 Epigenomics Methylation sequenicng, Illumina high-throughput bisulfite sequencing (107, 112)
(MethylC-Seq), ChiP Sequencing, Ribosome Profiling, Pyrosequencing
technology
6 Metagenomics Metagenomics: Amplicon seq (16S rRNA), Shotgun Sequencing (113, 115)
7 Metatrancriptomics Metatrancriptomics: Functional study of microbial populations Illumina RNA- (113, 115)
Seq
8 Genetic Manipulation Genetic technologies- Transposon based or genome-editing technologies (116)

in any organism. The database offers hierarchical classifica-
tion and nomenclature of the peptidases, their substrates as
well as inhibitors (99, 100).

The above three databases can be accessed freely
through URL http://mirnest.amu.edu.pl, http://www.mir
base.org/ or as flat file from ftp://mirbase.org/pub/mirbase/
and http://merops.sanger.ac.uk, respectively.

The comparative analysis of all the databases discussed
in the ‘Combined Databases’ section demonstrated that
most of them are better designed than databases discussed
in other sections and are equipped with most of the essential
features. Many of these are highly cited: miRBase being the
most cited database followed by BOLD, MEROPS and so
on (Supplementary Table S2). The search visibility of all the
databases is good and the databases are easy to access.
However, few features like data update, analytical tools,
help and user registration was not uniformly observed in all
combined databases. Also, some accessibility issues related
to non-functional URLs of a few databases (for eg- Biomat_
dBase) were observed which require troubleshooting.

Technology for data generation in
sericulture field

Genomic technologies utilized in silkworm research involve
structural to functional genomics. Structural genomics deals

with three-dimensional structure of gene products.
Functional genomics, on the other hand, is primarily con-
cerned with the transcriptome, i.e. gene expression analysis
and with proteome i.e. protein analysis (101). It deals with
the expression profiling, usage of genome by the organism
under physiological or developmental conditions, etc. This
review covers a time frame of ~12 years, from 2003 to
2015 (continued) (Figure 2). During this period, the technol-
ogies adapted for silkworm research have observed tremen-
dous improvement (Table 2). The genome of B. mori was
sequenced by BAC-end cloning and WGS sequencing (17).
At present, sequencing technologies have progressed beyond
old Sanger sequencing methodologies. NGS technologies
are revolutionizing many areas of molecular biology such as
genomics, transcriptomics, proteomics, etc. owing to their
cost-effectiveness and unprecedented speed (102-106). Its
main advantage is that gene discovery and expression profil-
ing is possible through de novo assembly of short reads gen-
erated i.e. without any reference genome. Several NGS
platforms such as Illumina/Solexa, ABI/SOLID, 454/Roche,
etc. provide broad opportunities for HT functional gen-
omics e.g. insect chemical ecological studies such as phero-
mone production, reception, insect—plant interactions;
genetic manipulation studies; proteomics studies, etc. (107).
NGS has been applied for expression analyses of pheromone
receptors, adverse effects of phoxim exposure in the B. mori
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(108). Further, functional complexity of seri-transcriptome
necessitates the exploration of diverse fields which are not
yet clarified. Studies reveal that the comparative transcrip-
tomics through RNA-Seq technology unravel the genetic
basis of silk production and strength, cocoon coloration,
etc. among wild and domesticated silk moths (109, 110).
Apart from the above ‘omics’ technologies, currently metab-
olomics, epigenomics and metagenomics are emerging as
advanced approaches for studying the metabolome, epige-
nome and metagenome of the insects including silkmoths
along with their resources (111). Changes in host metabol-
ism, measurement of sugars, amino acids, redox agents
or complex metabolite mixtures, epigenetic divergence and
regulation through methylomics are few hidden areas which
are yet to be applied in sericulture field (112, 113).
Similarly, the metagenomic studies can reveal the micro-
bial complexity in the gut of the insects (114, 115).
Moreover, genetic studies based on transposon-mediated
transgenesis and genome-editing technologies also have
significant impact on genetic manipulations among silk-

worms (116).

Outcome of the study: SeriPort

The review of literature as well as exploration of cyber-
space for all available data resources culminated into a
huge amount of seri-database related information. As men-
tioned in the database descriptions or demerits above,
some of these databases are not easily available to users
due to their minimal turn-up during common searches
using popular search engines. Again, some of the related
web-resources are not published in literature and hence,
are not known to the public. In order to address these
issues, we have created an HTML based web portal which
can act as a common platform for all kinds of data avail-
able on sericulture in the internet. The portal has been
named ‘SeriPort’ and is available at http://seriport.in/
(Supplementary Figure S1). The workflow for the construc-
tion of SeriPort is schematically represented in
Supplementary Figure S2. The database for SeriPort was
designed using Basic HTML 5 and CSS 3 for front-end and
PhpMyAdmin and MySQL 5 for the back end
(Supplementary Figure S3). The working language of web-
site is PHP and HTML 5. The connectivity between front
end and back end was done by using PHP. The central
data in SeriPort, i.e. databases on silkworms, host plants,
pest and pathogens, etc. were categorized in the portal in a
similar manner to that of the present review. However, a
separate webpage was created for each database which
consisted of a short description and its web link. Apart
from that, the portal also has a webpage on relevant refer-
ences on these databases. The main features of SeriPort

include a user-friendly and dynamic user interface, in-built
search engine and options for data download and submis-
sion. SeriPort, which is an outcome of this review, is
expected to serve as a supportive portal between gen-
eral users and the niche occupied by sericulture in the
internet.

Conclusion

In this review, we have highlighted the databases which
currently provide information on the biotic components of
a silkworm’s ecological niche. Silkworm thrives on plant
leaves and co-inhabits its host plant with numerous other
insects and micro-organisms which may act as its pest or
pathogen. The efforts to understand silkworm or its inter-
actions with other organisms have generated a plethora of
information which has been converted into different types
of electronic databases. The applicability as well as advan-
tages and limitations of these databases have been previ-
ously discussed. It has been observed that problems related
to data update, public data submission and incorporation,
data analysis tools were common among the databases.
Most of these drawbacks can be dealt with proper data-
base architecture and programming. If we attempt to meas-
ure the usefulness of these databases, the citation count per
publication can be taken into account. The database
related articles have been cited ~13 553 times (on 11
March 2016) which is a significant value. Amongst the
databases, the highly cited ones are SilkBase, BmMDB,
SilkDB, SilkDB v2.0, Phytozome, PlantTFDB, Jatropha
genome database, miRBase, BOLD and MEROPS
(Supplementary Table S2).

The importance of seri-databases cannot be emphasized
more. They can play crucial roles in conservation of the
silkworm species, especially the wild varieties. For ex-
ample, A. assamensis is a semi-domesticated silkworm
which is endemic to North-Eastern part of India, mainly
due to the climatic and environmental conditions of the
place. WildSilkbase which provides the complete EST set
of A. assamensis can assist us in understanding the func-
tional part of its genome. This might help in engineering
the organism to be able to survive in unfavorable condi-
tions. Similarly, plant databases providing information on
gene and protein sequences, diseases, etc. will facilitate the
conservation of host plants, which is further important for
the conservation of silkworms.

Among other scientific benefits are studies on complex
interactions among silk moths, host plants and microbes as
a model system to understand ecological balance; studies to
understand genetics of silk materials from different silk-
worms; development of SNP-based molecular markers to
aid in species differentiation; host plant improvement via
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genetic engineering; development of effective and cheap
methodologies for detection and elimination of pest and
pathogen infestations in silkworms and host plants; etc.
Also, proper documentation of huge information in a secure
but accessible place is another reason to have more seri-
related databases in the future. Implementation of informat-
ics and HT technologies can aid in this regards to a great ex-
tent. From an economic standpoint, we believe that the
databases can indirectly influence the economy of a region
which is dependent on silkworms or their host plants for
daily income. India and China are some of the sericulture-
intensive countries in the world providing employment to
around 9 million people, according to International
Sericultural Commission. We have already witnessed the
devastating consequences of Colony Collapse Disorder of
honey bees in Europe. If an epidemic of pest infestation is to
occur in these places, a huge number of families will be hit
by it. These seri-bioresource databases will facilitate more
studies on understanding the likeliness of such epidemics
and development of future strategies to tackle them.
Moreover, seri-bioresources will be highly benefited by the
databases and it is imperative that the process of developing
more databases goes on. New databases can be created for
pest and pathogens, geographical locations, silkworm and
host plant disease statistics, taxonomy, compounds, path-
ways, and so on.

SeriPort, the web-portal which is an outcome of this
review can help general users in finding the sericulture-
related databases over the internet in a more effective man-
ner. Also, this portal will shed light on useful databases
which are not known or seldom accessed due to invisibility
in top search results.

Supplementary data

Supplementary data are available at Database Online.
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