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The number of sequenced crop genomes and associated genomic resources is growing rapidly with the advent of inexpensive next
generation sequencing methods. Databases have become an integral part of all aspects of science research, including basic and
applied plant and animal sciences. The importance of databases keeps increasing as the volume of datasets from direct and indirect
genomics, as well as other omics approaches, keeps expanding in recent years. The databases and associated web portals provide at
a minimum a uniform set of tools and automated analysis across a wide range of crop plant genomes. This paper reviews some basic
terms and considerations in dealing with crop plant databases utilization in advancing genomic era. The utilization of databases for
variation analysis with other comparative genomics tools, and data interpretation platforms are well described. The major focus of
this review is to provide knowledge on platforms and databases for genome-based investigations of agriculturally important crop
plants. The utilization of these databases in applied crop improvement program is still being achieved widely; otherwise, the end

for sequencing is not far away.

1. Introduction

Most recent development of high-throughput methods for
analyzing the structure and function of genes is collectively
referred to as “genomics” The comprehensive information
of this kind is currently available for only a few plants and
is rapidly being available for most of the higher plants and
several underutilized crop plant species. Public access to this
information will exploit biological selections and have direct
impact on application of genomics to the improvement of
economically important plants. Getting sequences of major
plants on the one hand and access to all sequenced infor-
mation for further applications on the other hand are most
important. Therefore, global biological community should
have open-access database for all plant genome sequenced so
far.

Plant databases are facilities or long-lived record that are
systematically updated with massive amount of data which
has been generated as research outcomes in the context of the
whole field of plant biology to ensure maximal accessibility
and visibility to use by researchers in different fields of
interest. These databases assist in drawing conclusion to
make some new hypotheses to address basic questions of
researchers. Internet-accessible information has become an
integral part of most scientific enterprise, including the plant
sciences. It now seems that it is impossible to conceive of
future significant progress being made without the internet
and the databases and many other similar resources the
internet makes openly available. This is particularly true
as the information flows from genomics and other high-
throughput technologies to all aspects of crop plant sciences.
The ultimate goal of plant genomics is to improve our ability


http://dx.doi.org/10.1155/2015/684321

Genetics Research International

Crop plant
databases

Open access

public usage

FIGURE 1: Flowchart description to integration of biological omics platforms with bioinformatics linking crop plant databases and open-access

public usage.

to identify the genotypes with optimal agronomic traits in
order to improve yield, a must with the increasing world
population [1].

2. Omics Research on Crop Plants:
Present Status

“Omics” refers to the collective technologies that are made
available in recent years which are used to explore the roles,
relationships, and actions of the various types of molecules
that make up the cells of a living organism. The “omics”
technology includes genomics (the study of genes and their
function), proteomics (the study of proteins), metabolomics
(the study of molecules involved in cellular metabolism),
transcriptomics (the study of the mRNA), glycomics (the
study of cellular carbohydrates), and lipomics (the study of
cellular lipids). These omics technologies provide the tools
needed to look at the differences in DNA, RNA, proteins,
and other cellular molecules between species and among
individuals of the same or different species. A combinatorial
approach using multiple omics platforms and integration of
their outcomes is now an effective strategy for clarifying
molecular systems integral to improving crop plant pro-
ductivity (Figure 1). Recent progress in plant genomics and
utilization of genetic resources has allowed us to discover
and isolate important genes and analyze their functions that
regulate yields as well as stress tolerance [2].

A technological advance in omics research integrating
animal and plant science has become essential resources for
the investigation of gene function in association with pheno-
typic changes. Some of these advances include the develop-
ment of high-throughput methods for profiling expressions
of thousands of genes, for identifying modification events
and interactions in the plant proteome and for measur-
ing the abundance of many metabolites simultaneously.
In addition, large-scale collections of bioresources, such
as mass-produced mutant lines and clones of full-length
c¢DNAs and their integrative relevant databases, are now
made available [3, 4]. The importance of crop plant genetic
resources and insights that have been emerged in recent years

through genomics are well reviewed [5, 6]. The recent high-
throughput technological advances have provided opportu-
nities to develop collections of sequence-based resources
and other related resource platforms for specific organisms.
Various bioinformatics platforms have become essential tools
for accessing omics dataset for the efficient mining and
integration of biologically significant knowledge to deposit in
databases for public access (Figure 1).

3. Crop Plant Genome Sequence Resources

In recent years, many crop plant genomes have been
sequenced and data is available to public (Table1). On
the other hand, collected sequence data provide essential
genomic resources for accelerating molecular understanding
of biological properties and for promoting the application
of such knowledge to the benefit of humans. The recent
accumulation of nucleotide sequences of model plants and
other crop species has provided fundamental information
for the design of sequence-based research applications in
functional genomics. Species-specific nucleotide sequence
collections also provide opportunities to identify the genomic
aspects of phenotypic characters based on genome-wide
comparative analyses and knowledge of model organisms
[46].

3.1. Rationale of Genome Sequencing Projects. Recent revolu-
tion in DNA sequencing technology has brought down the
cost of DNA sequencing of several crop plant species and
made the sequencing of an increased number of genomes
both feasible and cost effective [46]. The first plant genome
Arabidopsis was completely sequenced in December 2000,
and it was the third complete genome of a higher eukaryote
and further studies were carried out in recent years on
Arabidopsis thaliana and Arabidopsis lyrata [30, 31]. Sub-
sequently, after Arabidopsis, several other crop plants have
been sequenced (Table 1). These genomes reveal numerous
species-specific details, including genome size, gene number,
patterns of sequence duplication, a catalog of transpos-
able elements, and syntenic relationships. To understand
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the complex instructions contained in all these raw sequence
information of the plant genome, large-scale functional
genomics projects are required. Progress towards a complete
understanding of gene regulatory networks shared among
many crop plants is important for improving cultivated
species and for complete understanding of crop plant evolu-
tion.

3.2. Contribution of Whole-Genome Resequencing. Advance-
ment in next-generation sequencing (NGS) technology cou-
pled with many reference genomes sequence data allows us
to discover variations among many crop plants. A whole-
genome resequencing project to discover whole-genome
sequence variations in 1,001 strains (accessions) of Ara-
bidopsis resulted in dataset that became a fundamental
resource for promoting future genetics studies to identify
alleles in association with phenotypic diversity across the
entire genome and across the entire crop plant species
(http://1001genomes.org/) [47, 48]. In rice, a high-throughput
method for genotyping recombinant populations that used
whole-genome resequencing data generated by the Illumina
Genome Analyzer was performed [18] and recently rese-
quencing of 50 accessions of cultivated and wild rice yields
markers for identifying agronomically important genes has
been completed [49].

3.3. Analyzing Crop Plant Genome Sequences. Galaxy
(http://galaxyproject.org) is a software system that pro-
vides knowledge and support through a framework that
provides researchers with simple interfaces to powerful
data interpretation tools. Galaxy is web-based framework
designed for use of experimental and computational
biologists in all fields of biological science. With Galaxy, one
can easily use analysis tools through a web-based interface
[50]. Another tool made available from the Sanger institute
(http://www.sanger.ac.uk/) is Artemis, a free genome browser
and annotation tool that allows visualization of sequence
features, next generation data, and the results of analyses
[51]. The Broad’s Genome Sequencing and Analysis Program
(GSAP) plays a major role in providing several analyses tools
for genome sequences coming out of the NGS platforms in
all biological fields (http://www.broadinstitute.org/).

4. Crop Plant Genome Resources and
Variation Analysis

Genome-wide study of both structural and gene content
variation are hypothesized to drive important phenotypic
variation within a crop plant species. Previous studies have
shown that both structural and gene content variations
were assessed in several crops using array hybridization
and targeted resequencing. Genetic variation within and
between species is most commonly quantified by single
nucleotide polymorphisms (SNPs). There has been increased
interest in recent years to resolve genetic differences in terms
of structural variation (SV), which includes copy number
variation (CNV) caused by large insertions and deletions,
and other types of rearrangements such as inversions and
translocations. CNV together with SV is thought to be an

important factor in determining phenotypic variation for a
wide range of traits reviewed [52] in both crop plant and
animal species.

4.1. Molecular Breeding Tools

4.1.1. Role of Molecular Markers. Among various DNA mark-
ers available to research community, single sequence repeats
(SSRs) and single nucleotide polymorphisms (SNPs) are
most widely used today. SSRs are demonstrated to be of
high degree of transferability between species and could
easily be transferred to related species to amplify the same
corresponding locus. SNPs represent the most frequent type
of genetic polymorphism and may therefore provide a high
density of markers near a locus of interest compared to SSRs.
The high density of SNPs makes them valuable for genome
mapping, and in particular they allow the generation of ultra-
high density genetic maps and haplotyping systems for genes
or regions of interest and map-based positional cloning in
crop plants. SNPs are used routinely in crop breeding pro-
grams, for genetic diversity analysis, cultivar identification,
phylogenetic analysis, characterization of genetic resources,
and association with agronomic and physiological traits
in both cereals and legumes [53, 54]. Application of SNP
markers for genetic dissection of complex traits like delta >C
and delta "*N in legume like soybean with high density SNP
chips has also increased and been made available [55-57].

4.1.2. Biparental QTL Mapping. The quantitative traits loci
(QTL) identified for a trait of interest that contribute to
higher phenotypic variation are considered major QTL. These
identified QTLs, after validation in desired germplasm, can be
used for introgression of the trait from the donor genotypes
(generally used for identification of the QTL for the trait) into
elite cultivars to traits of less phenotypic variation cultivars or
breeding lines (recipient parents) without transfer of unde-
sirable genes from the donors (linkage drag). The process
is commonly referred to as marker-assisted backcrossing
(MABC) most commonly employed by plant breeders. Supe-
rior lines or cultivars are developed which contain only the
major QTL from the donor parent while retaining the whole-
genome of the recurrent parent [58]. MABC has been used
extensively for introgression of resistance to biotic stresses
and abiotic stress in crop plants. To overcome the limitations
of MABC, particularly when multiple QTLs control the
expression of a complex trait, the MARS approach, which
involves intermating selected individuals in each selection
cycle, has been recommended [59, 60]. It generally involves
the use of an F2 base population and can be used in
self-pollinated crops like wheat, barley, and chickpea for
developing pure lines with superior per se performance (for
more details, see [60]). MARS has the additional advantage of
overcoming the limitation of inadequate improvement in the
frequency of superior alleles in F2 enrichment since MAS is
practiced in each cycle following intermating to improve the
frequency of favourable alleles [59].

4.1.3. Genome-Wide Association Analysis. Genome-wide
association analysis (GWAS) is a powerful approach to



identify the causal genetic polymorphisms underlying both
simple and complex traits in crop plants. Advancement in
genomics has provided alternative tools to improve breeding
efficiency in plant breeding programs. Molecular markers
linked to the causal genes and/or QTLs can be used for
marker-assisted selection (MAS) [61]. Recent advances in
genome sequencing and single nucleotide polymorphism
(SNP) genotyping have increased the applicability of
association analysis for QTL mapping in crop plants [62, 63].
Genome-wide association analyses with SNP markers have
been conducted for several important traits in many plant
species, including Arabidopsis thaliana [64], maize [65], rice
[66], and soybean [67-69], and also in tree crops like peach
[70].

4.1.4. Genomic Selection. Genomic selection (GS) is more
reliable and relatively simple and most powerful approaches
used in crop plant species where breeding values of the geno-
type/cultivar lines are predicted using their marker genotypes
and phenotypes [71]. GS captures the small QTL effect that
governs the variation including epistatic interaction effects.
GS has been successfully used in wheat, maize, and soybean
[71-73]. The accuracy of GS depends on genetic X environ-
mental (G x E) interaction and major challenge of GS is to
arrive with the accurate genomic estimated breeding values
(GEBVs) with respect to the G x E interaction. Application of
GS has been extended to other crops plants like Arabidopsis,
sugarcane, and sugar beet in recent years.

4.2. Application of Molecular Platforms for Variation Analysis.
High-throughput polymorphism analysis is an essential tool
for facilitating any genetic map-based approach, and the
number of platforms has been developed and applied to
genetic map construction, marker-assisted selection, and
QTL cloning using multiple segregation populations in major
crop plants. These types of genotyping systems have been suc-
cessfully used in postgenome sequencing era with extending
of their projects on genotyping of genetic resources, iden-
tifying their population structure, and association of their
phenotypic values to identify their genomic regions. This
recent expansion of analysis platforms provides an essential
resource in the “variome” study of crop plants. The increasing
demand for high-throughput and cost-effective platforms
for comprehensive variation analysis (also called variome
analysis) has rapidly increased. Whole-genome resequencing
approaches are already being realized as a direct solution
for variome analysis in species whose reference genome
sequence data are available [74, 75].

Diversity Array Technology (DArT) is a high-throughput
genotyping system developed based on a microarray plat-
form (http://www.diversityarrays.com/index.html) [76]. In
various crop species such as wheat, barley, and sorghum,
DArT markers have been used together with conventional
molecular markers to construct denser genetic maps and
perform association studies [77-79]. The Illumina Golden-
Gate assay allows the simultaneous analysis of up to 1,536
SNPs in 96 samples and has been used to analyze genotypes
of segregation populations in order to construct genetic

Genetics Research International

maps allocating SNP markers in crops such as barley, wheat,
soybean [80-82], and peach [70, 83]. Recently 3K to 700K
Infinium i Select HD and HT'S custom genotyping bead chips
are made available for the high-throughput genotyping of
SNPs, indels, and CNVs.

4.3. Databases for Variation Analysis. Characterizing the
genetic basis of variation in crop plants and linking to
observable traits will provide an important framework for
understanding evolutionary patterns and population struc-
ture and could specially increase the efficiency of selection
made in the crop plant breeding programmes.

GRAMENE. The Genetic Diversity Database in GRAMENE
specializes in storage of genotypes, phenotypes and their
environments, germplasm, and association data. Genomic
Diversity and Phenotype Data Model (GDPDM) database
schema which efficiently stores anything from small-
scale SSR diversity studies to large-scale SNP/indel-based
genotype-phenotype studies with billions of allele calls [84].

The Plant Variation Mart Database. It holds a catalogue of
DNA variants for single nucleotide polymorphisms (SNPs)
and insertions/deletions (indels) for Arabidopsis, rice, and
grapes.

5. Crop Plant Comparative
Genomics Resources

The number of sequenced crop plant genomes and their
associated genomic resources is growing rapidly with the
advent of increased focus on crop plant genomics from fund-
ing agencies and other NGS technologies. Among several
comparative genomics platform available today, Phytozome,
a comparative hub to plant genome and gene family data
and analysis, provides a view of the evolutionary history of
every plant gene at the level of sequence, gene structure, gene
family, and genome organization. Through their comprehen-
sive plant genome database and web portal, these data are
available to the broader plant science research community,
providing powerful comparative genomics tools that help
link model systems with other plants of economic and
ecological importance. A number of information resources
to plant genomics accessible on the web have appeared, along
with appropriate analytical tools. The integrative databases
promoting plant comparative genomics and URLs of each
integrative database in plant genomics are shown (Table 2).

5.1. Crop Plant Comparative Genomics Databases. Several
plant traits, namely, anatomical, morphological, biochemical,
and physiological features of individuals or their compo-
nent organs or tissues, serve as the key to understanding
and predicting the adaptation of ecosystems in the face of
biodiversity loss and global change. The reduced genome
sequencing cost is opening up significant opportunities for
crop improvement through plant breeding and increased
understanding of plant biology. Many crop plant genomes
are large and have complex evolutionary histories, making



Genetics Research International

9ZIPW JNOJE WOIRULIOJUT JTWOUS pue d1}ouad [oIeag

SOIUWIOUDD) PUE SO1JUL) JZIBJA] 10 aseqe)e(] AJIUNWwo)) ay}—gDZIeIA

sa10ads (sserd
Aqurewr) juepd soyjo Auewr pue eaym 9zrewr 9011 Jurpnpour ‘saroads doid ofewr
a1 10§ ejep soTurouas aanjeredurod pue OTUIOUsS O1PUT 0] 30IN0SIT PIjeIn])

wu_EOEow sse1d ®>_HNHNQEOU 10J 92IN0SaI e—oUualleln)

SsJeO pue
oreonin 941 4ayreq qeaym uo uonjewroyur sidAjousyd pue Ie[nos[OUT 0] YDILIS

sdo1o ureid-[[ews 10y aseqeIep SWOUIF Y[ —SIUIDUTRIL)

©1Ep O1JAULS JO SISA[eue pue UONEZI[ENSIA JOJ d1EMIJOS

sad£1.0uan) reorydern—10H0

SUOT}OI[[0D 32IN0SAI d1IUIT
jued 1oy uoryeurtoyur ord£jousyd pue ordfjousd Sunerdajur 10y aseqejep orrouad v

ALVNINYID

sowouad jue[d Jo sarnjoniys suad Jo1paIg

sowouad juerd ur uonorpaxd arnjonis susS—gnIue[d@Iobagouan

sasATeue worssardxo0o pue Sy Tg SUIQUIOD Jey) S[00} qQIM [9AON

X0q[00} SIsA[eue uorssa1dxa-0d aua—yDausn

K11aqmens pue 9sol K1roqdser qead ‘yoead Lrrorp opdde sepnpour yorym oeasesoy
Jo eyep sorwous pue soreuagd pajerdajur pue pajernd jo £1031s0dar [e1uad v

9820S0Y 10§ ISEqRIR(] WOUID—YJD

sorads juerd
ssoxoe Afpanereduroo sauad aarsuodsai-ssans SURUIWNOOP 30INOSIT SUI[UO UY

swwreroid oSud[eyD UoneIUID) Y[ —JDD

[oIeasal sorwoudd jueld Jo YI0MIOU SATIBIOQR][0D UBWLION) & Aq pajerouald
sowouad jue[d SNOLIBA UO UOIBUWLIOJUT JAISUIIXS PUE SAISUIYIdWOD 10§ YOIedg

aseqejep sorwo, aanerdajur jueld e—qJiqen

sawoua$ Jue[d 19Y)o pue o1
‘sisdoprqu.yy jo sisATeue reuonouny ndysnory)-ySiy 10j ejep dzI[ensiA pue [doIeas

swouan) sisdopiqery ay) Jo sisd[euy [euonsunyg ay) 10j aseqele V—++qpOY T

SI3URYP [RIUSWUOIIAUD
pue suagotjed o) asuodsax ut worssardxo suad Jue[d Jo UOTJRULIOJUT 10F YDILIS

S[[2D ur uononpsuel], [euds Jo sIsA[euy a3 J0J 20I1n0sNY aseqere—DIISVIA

sad£jouad
BSIIA JO TOT1D3[[0D JO SIS pue Amn ‘sonstajoerer resrdojoydiouwr Kurouoxe) oy
JO S[Te39p 3} 0} S22 aseq qam pajesnystydos e sapraoxd INO QG dSeqerep YT,

mdruepy jo £y1s10a1q eueueq Suriopdxy aseqered—INOAIIAd

SYNY [rews sdoId [89195 19730 pUe 9zZIeul 9011 UO UOTBULIOJUT 25uanbas 10 yoreag

S[BAI9D 10J 9DIN0SI JOSMOIQ pUe dseqejep pajerdaur YN [[ews e—gqySD

s109(0xd
1S9 doid jo ejep uonejoUUE puk ‘SULIISN ‘UONEIYISSE]D Dduanboas 10§ yoreag

s1.89 doio 103 201n0sa1 e—1ST-YD

swistued1o Jo auel peoiq
© 10§ ‘sutajo1d pajerosse-Ty Ny Surpnpour ‘surejord pajerdosse-Uneworyd 3)ed0

aseqeje(J UrewoIy)) 3y —gquoryD

szoujaed Sunoersur urjord pue ‘ejep

uorssaxdxa ‘sa)1s uonjerfowuns jo souasaid ‘uonjezijeso| ureyord shemyped ‘surewop
urdjo1d uo pue swodjoid pue DwojdrLosuer; Quoudd syt uo siseydwd renonred
UM JOJSED UO 92IN0sa1 dAIsuaya1durod Ajpuary 1asn e sapraoxd g(11oise)

“STUNWWOD SNUIONY 10§ 9seq a3 papmouy] dAIsuayIdwod e—g(JI101se)

UOTJEULIOJUT
soroua$ pue sorurouayd eaesses SunednsoAuT J0J 90IN0SIT A[ISSIIE qQOM Y

VAVSSVO—HSVd NdOOId

uonjouny auds yim safgoid
U015521dX5 9)B[21105 0] SISTYUITOS SMO[[e PUL BJep ABITROIOTW PUe [SH [I0q $a10S 1]

“ejep orwouad £112qanyq Joy aseqejep aul[uo Ue— ogg

ejep Lerreordtw juerd azijensia pue azA[euy

sorwouad juerd 1oy aseqejep Suryord uorssordxs ue—oseghafreq

vorssvag pue hayreq 9011 sdoxo a1y 107 soouanbas 19 pajquuasse woxy SGNS AJIuap]

syuerd
do> 10§ aseqejep wistydiowdjod aprioaponu s[3urs pajejouue ue—qpJNSOINY

so10ads [ernynoride ul sjosejep SOIWOUS [eUOT)OUN] dZA[eUR pue YoIedg

ammynoriSe ur sisA[eue [EUONOUNJ J0J 90INOSAI payIun e—asegdy

uoneorddy

SISBQRIEP JO JWEN

“Kyrunururod yoreasar jue[d doio o) uonjeotidde Jo woneurIojur 119Y) pue saseqejep Jo ISIT g AILV],



Genetics Research International

SIOYDIBISI
(so1qe3asaa qInq pue J00I) AQY J0J [NJosn UorjeurIojur orurouad Jurzruedio
pue 3unoayoo 10y urrojyerd e ajenrur o) padofoadp usaq sey aseqerep 1 SNGOY YT,

"ardoRI[[y pue dedoerdy
sarqrurey doxd qnq pue 1001 A1) 10§ DINOSAT SOTWOUF pajerSojur ue—Jsngoy

aSeqUSIPEY UT papnyouT
os[e s1 saouanbas suadrun woiy payorpaxd semyied ysrper Jururejuod aseqerep y

"UsIpel JO $o1ouad pue soTwouas 10§ aseqejep e—asequsipey

J03enyTUT-9seyd
enuajod a2y} se [[om se syNY [[ews paseyd jo s1a)snp 9y} Yjoq AJriuapy

I9A19s s1sA[eue apeosed L1oye[nSar YN [[ews 31oys jue[d e—IduIA YN Yssd

SWISTUBYDIW 2SUJoP Jue[d Ul PIAJOAUT SUSS JNOQe UOTJRWLIOJUT PUL]

asegeje(] SAUIL) DUEISISNY Jue[d—dADUd

syuerd ur Sunipa YN Jo sa31s 3o1paid 03 asn

sjue[d 10 JOJPH VN 2ANOIPAIJ—aNNG dTd

O«NuOQ uo uoneurrojur UMEOEQW ®>_wE®£®.H&EOU I0J (doIesa§

ejep swouas ojejod 10J aseqelep dAIsuayaidurod e—o N O]

surajoxd Jurpurq-y Ny uo siseydwo yim sisdopiquiy
pue ozrewr ‘9o11 Suowre surajoid snofojoyyro aarzeInd UO UOTIBUWLIOJUT 10J (DIedS

syuerd ur sorwouad aanereduwod 10§ 921M0sAT e—JYIUL[I/SDOJ

SRRLEEEN
arpeuedio juerd 103 sjoo0jo1d pue safoueSio Jue[d pazIfensia Jo UONDI[[0D B YDILdS

aseqele(J so[PuesIQ Jue[d aP—gdod

syuerd ur sjo81e) pue so0uaNbas YN YOIOIW JNOQE UOTIBULIOFUT PUL]

aseqeje YNYOTIN JUeld —IINd

SY N o101t uﬁm?m noqe uorjewrIojur purg

aseq 23pa[MOUY YNYOIIN JUe]d—dIWJ

syuerd ur s10308 uonydLIdSULI) JNOQE UOTJRULIOJUT PUL]

aseqeje(J 1030e uonduosuel], Jue[d—d I IU[d

surewop urd9] Jued Jnoqe UONBWLIOJUT PUL]

JIOAIDS SUTRWIO( U JUB[J— WO TJ

vdivooydriy snindoq pue ‘vavs
vzA1Q ‘VIngpauny oSvnpajn ‘vAvdvd varw?) ‘vuvypvy; sisdopiqoay s3103ds Juerd
paouanbas aA1y Jo sowoaj01d parIdfur oY) UO paseq dseqeiep Aqrurey auaS juerd v

syuerd ur sorwrouad aanereduwrod 10y 901nosax AJrurey suag pue auad e—saquiIjue[d

aseqejep 10joej uondrrosuern juefd sarsuayardurod y

saseqeje(] 1030e] uonduosuel], Jue[d—d (1. IIUe[d

s10ss21da1 pUE ‘STOURYUD
‘soy1s uonydrosuer) ‘syuswd[o L10renSarx Suroe-si jue[d UO UOTJBULIOJUT 10J (DIedS

syuawape Jumoe-sio Jue(d Jo aseqerep e—TYYDIUR[]

sjue[d ur SYNY Je[09[ONU [[BWS UO UOTJRULIOJUT JAISUIY21dUIod 10§ yoIeas

aseqejep YNJOUs jue[d

syuawape YN A1oyerndar Sunoe-s jueld ur punoy sjrjow pajudwndop I0j YoIeas

syuawape YN A1oyendar Sunoe-so jue[d—gDOv1d

syuerd ur szoxrewr wsiydiowdjod uonur feryusjod jo aseqeyep y

szoyrewr wstydiow4jod uoxnyur renuajod jo aseqeep e—JId

swoyduosuen wnnuue wnoisde) jo
(wnnuup wnoisdvy) 1oddad 1ryd o) SurzAeue 10y 1003 0171s UT 2ATSUSYPIdWOY) soua8 91005 A[2AISUA)IXA 0} BJep 1S Jo uoneyofdxa 0o11s ur—aseqeiep 159 1oddog
SUOTJRLIBA Jwouag azrewr

adfyouayd reuonouny pue ad£jousd usamioq diysuorje[o1 UO UOTJBULIOJUT J0J (DILS

1) U AJISIOAIP [RUOTOUN] PUEB JR[NOI[OW JOJ 9DINOSIT PUL ISBqRIEP B—BdZUR]

syuefd ur uonejLroydsoyd ureyoxd ynoqe woneurIoyur purj

aseqeje(q uonedioydsoyq umwjord Jue[d—ddsd

saseastp pue sonauad jue[d [ernymoride Jnoqe UOIRULIOJUT PUTL]

aseqeje(] Jueq auar) $a0udIdg [ed130701q0I3Y JO MInsu] [eUoeN—qPIOSVIN

UOILAIaSUOD duwIoudd Jo Apnis ) 0] PajedIpap aseqeiep y

SOTUIJUAS PIATISUOD JO MITA JOLITW B—ISSIOTBN]

3sN [eLI)SNPUT puE UONILIINU [)0q 10J sdo1d Jo Juawasoidwr a1 Je
pawire yoreasas 11oddns o3 papuajut st doxpejay ‘syuefd ppowr om) pue aoue)rodur
Teorwrouorde ySry ym sjuerd dod 1ofewr UaAds JNOQe TOTIBTWIOUT SUTEIUOD I

‘wistjoqejow juefd doxo noqe uoryewrroyur Suriojdxe pue Jurdeuew—( 'z doryeloN

S[opouw d1j0qe)at
P3[IeIap JO UOTIBAID 3Y) 10J UOBULIOJUT JO 110dxXa d1jewoINe smoffe pue sjuefd
doxo ur sfemyyed d1j0qe1oW JNOQE UOTJRULIOJUT ISIDAIP SIZLIBWIWINS Jel[) dSeqeiep Y

wstjoqejowr jue[d doid jo aseqejep parelop e—dorDHeiaN

(3IN) vinIvounLy 03vIpajAr wngo|
UO0SE3s [00D UO UOTJRULIOJUT [EDIS0[0Iq PUB O110UaS Oruouas pajerdajur 10§ ypreag

swoydriosuer) einjeoun) o3esrpajy
swn3af [ppow oY) jo Sururur eyep pazijeuosiad 10 aseqejep y—o3edrpajy

SYI0M]oU DI[0qe)olr UT 21Nn)da)1dIe EMQHOMQ JO uonnjoAs ME_UN.H.H

NI0OMIDN A13S90UY Je[NI[OIA 9YT,—ILANVIA

uonesrddy

SaSBqRIEP JO SWEN

‘ponunjuo)) g 41dV],



Genetics Research International

aouanbas jdrosuen) jeaym projdexay jo ajewunss 1s3q aY) ap1aoid 0] [00) v

19A19¢ Jd1rosuery, payewnsy JeOY M —S.ILIYM

syue[d do1o wo wonewwIojuUT STLOUSS puE sdUINDIS YoIedg

SOTwouag
jued doxd 10§ $90IN0SAT SOIIRULIOJUIOIQ PUE SaSBqeIEp JO UON09[[0d e—IaNdoID) )N

sa1ads doo Teardon jo eyep ord£jousyd pue aemosjowr OnoUL3 10§ YoIeS

waysAg uonjeurroyu] dox) reordon-nm v—ga-aNgodoit,

sa1ads doo Teordon jo eyep ord£jousyd pue aemosjowr OnoUL3 10§ YoIeS

waysAg uonjeurroyu] dox) reordon-nm y—ga-aNgodoir,

aseqejep (1.5H) Se3 souanbas passardxs paddew seaonuiy, ayy,

"9BONII], 9qLI) AU} JO SIATPNIS
o1)oUS 91BJI[IDR] PUB SINIEW PaqLIdSURI) 9)eI3ajur 0) aseqeiep e—g TN,

sa1ads oyewo} spdnmur jo sarreIqy|
JUSISYIP WIOI} UoneuLIojur dduanbas yN(2/(1.89) Se1 aouanbas passardxoe purg

sarads ojewo) ur suraned
uorssaxdxa axo[dxa 03 eyep ST Jo uonejodxa 0o1[Is ur—aseqeep JSHILWO],

sawroua$ juerd ur saouenbas aannedar azA[eue pue Kjissepd Lyuapy

sjyue[q ut saouanbag aannaday
JO UOIJEdIIUIP] 23 10 20IN0SIY 2ATII[[0)) Y—saseqele(T eaday] Jue[d YOLL YL,

azrewr Jo saouanbas orwouad payejouue 10y Yoress aseqeye(y AzreIN YOLL YT,
sosejeydsoyd pue saseuny jue[d uo UONRULIOFUT 10J [OILS 9sBQRIR(] SOTWOUID) [BUOTOUN] JSIUB[J YT,
sage)s

sur1a) £3o103u0 juerd L1onb pue ‘Yoress marp

eyuswrdofoasp pue armjonys juerd 10§ a01nosa1 e—aseqeje A3o0juQ Juelg Ay,

$3Z1s awWouad pue sanjea-) YN Iue[d U0 UOTJRULIOJUT JOJ YDTedS

aseqeje(] sanfea-) YN Jue[d oY,

saroads awngay afdnnu uroIj ejep Je[ndd[ow pue d1oudd parerdajur 10§ YoIeag

£3o101q awnSay aanereduwod
10§ 90IN0S2I UOTJBULIOJUT PajeIdojur ue—(S[T) WoIsAS UONewIOju] awngay ayf,

ayepIoyd
pue syuerd 1oy31y jo sarjrurey suagd ur UOHNJ0Ad dAT)dEPE UO UOTBWLIOJUT 10] (IS

SOTIOUIg
aanjeredwod 10§ 00} paseq Audadojdyd e— (VL) oseqeieq uonnjoaq aandepy ayf,

$oud3 0jeWO} JNOQE UOTILWLIOJUT PUL]

9SBQRJR(T SOTWOUL) [BUOIOUN,] OJeWO] — D],

sa1ads jued JuaIayIp ()7 19A0 WO STSH 10 [oIeas

sorwoua$ jueyd aanereduios 10y wirojje(d aseqejep e—yruindg

aseqejep uondrosuer) pue uorssardxs ausS ueaqLos y

swoydriosuern ueaq4os o) Surtoidxa 10§ aseqerep e—ssardyx£og

23ep 0} paouanbas A3ordwod

swouad jueld renprarpur Lue 10y aseqejep JUIWI s[qesodsuer) pajeInd A[jenuewr
jsadxey o) pue aarsuaypIdurod Jsowr a1y Junjuasardar ouwrousd ueaqhos oy

Ul $JUSWId d[qesodsuer) 0} paje[a UOTJBULIOJUT PUk $901n0sa1 sapiaoid qpy,.140g

dwousd
uB2qA0S A} UT SYUSWI[D o[qesodsuer) Jo aseqejep aarsuayprdwod e—qpy 1 40S

sueaq£os Jnoqe uonewIojul oNUIS pury

aseqejep sorwoudd pue soneusd ueaqhos SYY-yasn—osegios

£10394 UOT}O9S WNUB[OS UI SaNIO[0OWOY dUdg Y pue souas
L Jo 2ouasaxd pue suvjsaful g 03 9OULISISII UO BIEP SUIBIUOD dseqelep saudady[oS YT,

sopads wnuejog
Surreaq-1aqn) ur souad 90Ue)SISAI ISEISIP 2I0[dXD 03 IseqeIEp dUI[UO UB—IUITY[0S

sdoxo vaissvag jo Surpaaiq Lyrpenb pue sarpnys sorwouasd euonouny jo uorjowrod
1) 10J $921N0s3101q pue ‘sa[joid uorssardxs ouad 7 SH UO UORULIOJUT PUTL]

po1ssv.g JO wWsIjoqelow pioe £)ej pue juswdofoasp
P95 JO SAIPN)S SOTWOUIF [BUOIOUN 10] 90IN0SAT e—aseqeied IASIIVY reysueys

A[rurey oeaoeue[os ay) Jo £3001q 2y} 03 pajestpap 1omara dewr aaperedwod v

SIOMIPN SITWOUID) TOS—NDS

so10ads Suoure eyep awo2301d Jo uosLredwod STJEUISAS ULIOFI]

werdoIpua g
Sunenossy ay) pue weiderp JUSTWUSITY JIIOW PauTejuod paAIAINS—AvIVS

uonjesrddy

SaSeqe)ep JO SWEN

‘paNUIIUOY) i ATAV],



10

their analysis theoretically challenging and highly demanding
of computational resources. Issues also include genome size,
polyploidy, and the quantity, diversity, and dispersed nature
of data in need of integration.

Plant Trait Database. The main focus of TRY (https://www
.try-db.org/TryWeb/Home.php) database is to bring together
the different plant trait databases worldwide into a compre-
hensive web-archive of the functional biodiversity of plants at
the global scale by assembling, harmonizing, and distributing
published and unpublished data on functional plant traits
as well as a wide range of ancillary methodological and
environmental information. It contains 3 million trait records
for 750 traits of 1 million individual plants, representing
69,000 plant species [85, 86].

TransPLANT. Recently 11 European partners gathered
to address growing database challenges and to develop
a transnational database called “transplant” (http://www
.transplantdb.eu/about) to help increasing database needs.
Bringing together groups with strengths in data analysis,
plant science, and computer science and from the academic
and commercial sectors, transPLANT has developed
integrated standards and services and undertaken new
research and development needed to capitalize on the
sequencing revolution, across the spectrum of agricultural
and model plant species.

PlantsDB. This is another most commonly used database
by various degree of researchers, and it comprises database
instances for tomato, Medicago, Arabidopsis, Brachypodium,
Sorghum, maize, rice, barley, and wheat. Building up on
that, state-of-the-art comparative genomics tools such as
CrowsNest are integrated to visualize and investigate syntenic
relationships between monocot genomes. Results from novel
genome analysis strategies targeting the complex and repet-
itive genomes of Triticeae species (wheat and barley) were
provided and cross-linked with model species [87, 88].

5.2. Application of Comparative Genomics Platforms.
Advancing genomic tools have provided higher boost for
researchers in plant science community to understand
the functional roles of genes and their evolutionary
histories. Recently, resequencing additional genomes of a
reference species has been made available [89], improving
the understanding of genomic variation. Comparison of
genomes gives insights into the evolution and adaptation
of species to specific environments when compared to the
information of genes provided by a single genome. To do
comparative genomics studies there is a need of additional
cost and as the number of available genomes increases, large-
scale analyses become increasingly difficult for nonexperts,
where need for computational biologist becomes essential
[17]. Furthermore, biological variation between species and
differences in sequence quality enhance the complexity of
evolutionary analyses. Therefore, platforms for comparative
genomics that take care of some of these challenges are
valuable resources for experimental biologists [90, 91].
Comparative genomics has proven to be a valuable approach
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to understanding biology, not only for dissecting patterns
and processes of genome evolution but also in revealing
aspects of different gene function. The rapid advancement in
comparative genomics technology, both for sequencing and
for determining expression and interaction patterns, will
continue to propel comparative genomics area of research in
near future.

5.3. Emerging Databases for Comparative Genomics Analysis.
To cope up and interact with increased data due to higher
number of plant genome sequencing and inexpensive NGS
technologies, recently developed and improved Phytozome
database (http://www.phytozome.net) has provided a com-
parative hub for crop plant genome and gene family data
analysis. The number of sequencing crop plant genomes
is rapidly increasing and, at the same time, comparative
sequence analysis has significantly changed our vision on the
complexity of gene function, genome organization, and reg-
ulatory pathways. To explore all this genome information, a
centralized infrastructure is required where all data generated
by different sequencing initiatives is integrated and combined
with advanced methods for data mining.

PLAZA. Tt is an online platform of plant comparative
genomics  (http://bioinformatics.psb.ugent.be/plaza/) that
integrates functional and structural annotation of published
crop plant genomes together with a large set of interactive
tools to study gene and genome evolution along with their
gene function. Precomputed datasets cover, intraspecies
dot plots, whole-genome multiple sequence alignments,
homologous gene families, phylogenetic trees, and genomic
colinearity between species are provided by PLAZA. In
conclusion, PLAZA provides the most comprehensible and
up-to-date research environment to aid researchers in the
exploration of genome information [92].

GreenPhylDB. GreenPhylDB is a component of the South
Green Bioinformatics Platform (http://southgreen.cirad.fr/)
and is open to public access (http://greenphyl.cirad.fr).
GreenPhylDB is a database designed for functional and
comparative genomics-based study on complete genomes.
GreenPhylDB contains sixteen full genomes of members of
the plantae kingdom, ranging from algae to angiosperms,
automatically clustered into gene families. The database offers
various lists of gene families including plant, phylum, and
species specific gene families. Gene families are manually
annotated and then analyzed phylogenetically in order to
elucidate orthologous and paralogous relationships. It enables
comparative genomics in a broad taxonomy context to
enhance the understanding of evolutionary processes and
thus tends to speed up gene discovery [91].

iPlant Collaborative. It enables transformative research
through the use of a unified cyberinfrastructure funded
by National Science Foundation (NSF) Plant Science
Cyberinfrastructure Collaborative (PSCIC). iPlant (http://
www.iplantcollaborative.org/) is a community of educators,
researchers, and students working to enrich all plant
sciences through the development of cyberinfrastructure,
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the physical computing resources, virtual machine resources,
collaborative environment and interoperable analysis
software and data services that are essential components of
modern biology.

KBase. It (http://kbase.us/) provides an open, extensible
framework for secure sharing of data, tools, and scientific
conclusions in predictive and systems biology. The Depart-
ment of Energy Systems Biology Knowledgebase (KBase)
is an emerging software and data environment designed
to enable researchers to collaboratively generate, test, and
share new hypotheses about gene and protein functions and
also to perform large-scale analyses on a scalable computing
infrastructure and model interactions in microbes, plants,
and their communities.

6. Cross-Talk between Different Databases

Although several databases are available to public, still
there is a lack of information needed for researchers exactly
for what they are looking for. The update should not
only take place in individual plant databases but also in
all comparative genomic databases holding the genome.
Updating the new version of genome for crop plant species
should be uniform with several databases holding the
genomes. The crop/plant specific databases should be
updated periodically with new variety/germplasm lines
whenever it becomes available including the ploidy level of
the genome information for the easy access to researchers.
Integration of data types and sources will continue to be a
struggle in the future. In addition to the technical problems
with integration, there is a need for vision at all community
levels as to the role of integrating databases in the crop
plant sciences for better usage. Several species focused
databases like Graingenes (http://wheat.pw.usda.gov/) for
triticea, oats, and sugarcane; Brachypodium database (http://
www.brachypodium.org/) for B. distachyon; MaizeGDB
(http://www.maizegdb.org/) for maize; Oryzabase (http://
www.shigen.nig.ac.jp/rice/oryzabase/) for rice; BRAD
(http://brassicadb.org/brad/) for Brassica crops; Legume
information system (http://www.comparative-legumes.org/)
for legumes; and SOL Genomics Network (SGN) (http://
solgenomics.net/) for Solanaceae crop species should come
forward for an integrated platform for researchers in field of
crop plant science. The integrated breeding platform (IBP)
of iPlant collaborative (http://www.integratedbreeding.net/)
is playing big role to help plant breeders accelerate the
creation and delivery of new crop varieties in the context of
an increasing global demand for food.

7. Tools Needed for Data Interpretation and
Utilization for Crop Improvement

All crop plant databases should be updated with basic sta-
tistical to advanced sequence analysis tools. As the sequence
information has been made available to public for several
crop plant genomes. Data interpretation tools should be
developed within the databases for easy access of researchers.

1

Reality is that many potential users will not use available
resources for a number of reasons including lack of basic
training in the use of bioinformatics, resources too difficult
to learn and extract data, and simple inertia at learning
new tools. Training of scientists for the current and future
bioinformatics landscape is essentially important. Part of the
solution is time since younger researchers are more attuned
to the importance of bioinformatics than many established
researchers. But more formal training in all aspects of
bioinformatics tools, including database essentials and use,
should be done for all future biological scientists. Having
inbuilt tools for QTL linkage mapping, association mapping,
genomic selection, and many more tools will aid the plant
researchers to use the tool of interest and speed up the process
of crop improvement.

8. Need for More Applied Research
in Crop Plants

Alike quantitative trait loci (QTL), the genome sequencing
project has provided much of the raw data for most of model
as well as cultivated crops, which has shaped our view on
genetics insights and evolution over the past two decades.
Since it is a well teaching stuff to understand the complete
architecture of organism, however, no applied researches have
been undertaken so far in many of the sequenced crops
that are already available to public (ie., research impact
is as same as the presequencing era) and now such work
is just pleasure to read with beautiful chromosome maps
and dizzying Venn diagrams. For instance, cereal genome
sequencing (rice, wheat, sorghum, etc.,) was completed, but
yet no demonstrated work on the cultivar development had
been published or undertaken for wider applied research.
Genome papers have been the bread and butter of evolution-
ary biologists and geneticists for decades [93]. Everyone is
jumping from one genome sequence to the next and looking
to score a major publication aiming long-run project funding
as some donors encourage them [93]. Everyone would like to
see the genome sequencing projects in an optimistic way (any
innovation takes its own time to influence the community)
that can help us break some of the genetic bottle-neck for
crop improvement in the early phase of 2Ist century. One
and all, we should agree that every genome sequence project
should have been deliberately designed to study the function
of the gene in addition to the structural architecture for
applied research since applied research is badly required
for ongoing multi-sector crisis including agricultural food
production under marginal lands. Product oriented research
will have more impact than basic research alone. For instance,
if more applied research is not undertaken then “genome-
based research” could soon be dead which would affect the
applied breeding for new cultivar development with respect
to food crops as food security has still been a critical challenge
for coming decades; populations blowing up unexpectedly in
most of the developing countries and the novel agricultural
research system should be in place to feed more than 9 billion
people around the world in 2050.
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9. Major Limitation of the Databases

As new sequencing technologies come online and the
costs continue their downward trend, there will always be
“more” worthy sequencing projects. Already we see multiple
sequencing from the same genera with both the Oryza
japonicaand Oryza indica genomes sequenced and additional
Arabidopsis genome projects following that of Arabidopsis
thaliana. Making the crop plant databases and related bioin-
formatics tools easily accessible to research community is
going to be a continual problem. As the volume of data power
of computers increases, what is not possible is the software to
fully use the potentials and the expertise of users in accessing
those potentials. The amount of sequence data generated in
crop plant research has dramatically increased over the last
few years and will continue to accelerate in near future.

Researchers would want the complete genome sequence
of every line of every organism under study; thus, an
effectively unlimited thirst for sequence information will
happen in near future. There will be whole-genomes of
additional plants, the already mentioned sequence of addi-
tional versions of plant genomes, and intense resequencing
of specific regions over tens, hundreds, and thousands of
genomes. Custom microarrays are already made to rese-
quence hundreds of thousands of dispersed DNA sequences.
Resequencing to discover SNPs allows rapid genotyping
through various array technologies. Currently, the planning
is based more towards a minimal number necessary for a
given program, but as cost declines and higher resolutions
are within range of breeding programs, the density of desired
SNPs may approach the entire genome level. There will also
be more integration of data as knowledge, database, and
analysis tools interlink. Functional genomics data on mRNA
transcription and expression will tie to proteomic analyses
and metabolomics of entire plants.

10. Conclusions

The implications of genomics on crop production can be
envisioned on many fronts since fundamental advances in
genomics would greatly accelerate the acquisition of knowl-
edge and in turn will directly impact many aspects of the pro-
cesses associated with crop plant trait improvement thereby
considering productivity in a given environment. However,
the complexity of possible higher orders of interactions can
only be speculated with much more information, but the
reasonable assumption is that it will dwarf our current limited
views. A consequence of more voluminous and complex data
is essential for better visualization and final validations. Better
graphic tools to consolidate and summarize, and integration
of data in a flexible manners to customize each researchers
requirement. There will be more adoption of simultaneous
data presentations and near future will involve ever more
powerful computers, computational capability, sophisticated
displays and interpretation tools, and greater practical exper-
tise in the capabilities and exploitation of databases. Unless all
these datasets are utilized in applied/product-oriented breed-
ing program, the sequence data’s just to stay with its obituary
notes in database network. Hence, scientist needs critical

Genetics Research International

attention and discussion within and among disciplinary on
the applied platforms of outcomes for better recognition of
their novel research for betterment of humankind.
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