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Abstract

Unprecedented success and availability of enormous next-generation sequencing
data of host-pathogen in the public domain give us opportunities to understand
the disease system biologically. The availability of genome data of host-pathogen
in popular depository systems provides strong and proper help to retrieve,
annotate, analyze and identify the functional elements for characterization at
gene and genome levels for application development. The primary goal of
bioinformatics is to enhance the understanding of biological processes using
sequence pattern recognition, biological data mining, machine learning
algorithms for biological datasets and visualization of biological data and
molecules. Significant research efforts in the field include databases, software
and tools development, genome analysis, anthropology, forensic genetics,
sequence alignment, gene finding, genome assembly, drug design, drug discov-
ery, protein structure alignment, protein structure prediction, gene expression
analysis, microarray data analysis, protein—protein interactions and genome-
wide association studies. Scientists, Paulien Hogeweg and Ben Hesper coined
the term in 1970 to refer to the study of biological information processes in biotic
systems. Margaret Oakley Dayhoff, the mother and father of bioinformatics
compiled one of the first protein sequence databases. Elvin A. Kabat, the scientist
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who pioneered biological sequence analysis, developed the approach in 1970.
Bioinformatics tools, techniques and databases can be used to identify potential
genes, and target protein for host—pathogen interaction, drug designing and
discovery and harvesting biological information from the plant genomes and
their genes. Bioinformatics applications can be very beneficial in the improve-
ment of crops and helpful for the development of designer crops.

Keywords

Bioinformatics - Plant pathology - Designer crops - Plant genomics - Next-
generation sequencing

32.1 Introduction

Quality and quantity based designer crops and disease-free crops are in demand today.
For that, crop improvement and protection is the first priority, in which computational
biology approach for sequenced plant genomes plays a very important role and helps
in crop improvement by maximizing the yield, quality-based fruits and grains produc-
tion and disease resistant crops varieties (Chen and Chen 2008; King 2004; Mochida
and Shinozaki 2010; Batley and Edwards 2016; Moody 2004). Development of
sequence markers based on single nucleotide polymorphism and simple sequence
repeat identification has now become feasible method for crop improvement. Lots of
techniques, databases, tools and software have been developed to understand and
analyze the biological system fully. Here standard bioinformatics techniques with
specific tools and software are described.

32.2 Bioinformatics Techniques
32.2.1 Comparative Analysis

A comparative analysis is a field of biological sequence analysis in which the
genomic sequence features of different organisms are compared. The genomic
features may include the DNA sequence, regulatory region sequence genes and
gene order. The major principle of comparative analysis is that to identify the
common features between homologous sequences, it will often be encoded within
the DNA that is evolutionarily conserved between them or differ region which are
involved in diversity (Hardison 2003; Ong et al. 2016; Gebhardt et al. 2005; Sayers
et al. 2019) (Fig. 32.1).

32.2.2 Sequence Analysis

Sequence analysis is the process of subjecting a DNA, RNA or protein homologous
gene (orthologous and paralogous genes) sequence to understand its evolution,
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Fig. 32.1 Genome availability details in the NCBI database for retrieval and comparison of
sequences

function, structure or features based on sequence alignment and searches against
biological sequence databases like reference genes, proteins, UniProtKB/swiss-prot,
protein data bank, etc. Sequence analysis includes the comparison of common region
homologous sequences in order to find similarity and dissimilarity; identification of
intrinsic features of the sequence such as active sites, post-translational modification
sites, gene-structures, reading frames and distributions of introns and exons and
regulatory elements; identification of sequence differences and variations such as
point mutations, single nucleotide variants (SNV) and single nucleotide
polymorphisms (SNPs) in order to get the genetic marker, revealing the evolution
and genetic diversity of sequences and organisms and identification of molecular
structure from sequence alone. A basic local alignment tool is the best tool for
revealing the evolutionary and genetic diversity of sequences and organisms and
identification of molecular structure from sequence (Aljanabi 2001; Bolger et al.
2018; Martinez 2013; Demuth and Hahn 2009; Lyons and Freeling 2008; Altschul
et al. 1990; McClure et al. 1994; Pirovano and Heringa 2008; Bawono et al. 2017)
(Fig. 32.2).

32.2.3 Gene ldentification

Gene hunting, gene finding or gene prediction refers to the process of identifying the
regions of genomic DNA that encode genes. Gene identification is one of the first
and most important steps in understanding the gene and genome of organisms once
they are sequenced and available to the public domain. Gene finding is one of the key
steps in genome annotation, following genome sequence assembly and the filtering
of non-coding (intronic) regions and coding (exonic) regions (Alioto 2012; Wang
et al. 2004; Mochida and Shinozaki 2010) (Fig. 32.3).
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Fig. 32.3 Softberry server is a collection of software tools for genomic research focused on
computational methods for high throughput biomedical data analysis

32.2.4 Phylogenetic Analysis

Phylogenetic analysis is the study of the evolutionary relationships among groups of
homologous genes from organisms (e.g. species or populations). These phylogenetic
relationships are discovered based on phylogenetic inference methods (distance-
matrix methods: Neighbor-Joining (NJ), UPGMA (Unweighted Pair Group Method
with Arithmetic mean) and WPGMA (Weighted Pair Group Method with Arithmetic
mean), Fitch—-Margoliash method, using outgroups, etc.; Maximum parsimony:
Branch and bound, Sankoff-Morel-Cedergren algorithm, MALIGN and POY; Max-
imum likelihood; Bayesian inference) using sequence or morphological data. A
phylogenetic tree is a branching tree diagram that represents the evolutionary
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relationships among selected biological organisms or species. The phylogeny
inferences based on similarities and differences in their genetic or physical
characteristics. Phylogenetic analyses have become central to understanding
genomes, diversity, evolution and ecology (Thompson et al. 1994, 2002).

32.2.5 Protein-Protein Interaction

Protein—protein interactions (PPIs) are the physical contacts between two or more
protein molecules with high specificity based on biochemical events directed by
hydrophobic effect and electrostatic forces. In STRING database known interactions
based on curated databases or experimentally determined, predicted interactions
based on gene neighbourhood or gene fusions or gene co-occurrence and other
interactions based on textmining or co-expression or protein homology (De Las
Rivas and Fontanillo 2010; Kozakov et al. 2017; Szklarczyk et al. 2019) (Figs. 32.4
and 32.5).

32.2.6 Microarray Data Analysis

NCBI developed the Gene Expression Omnibus (GEO) database in 2000 for high-
throughput gene expression data. Microarray data analysis is used to infer informa-
tion from the data generated from DNA, RNA and protein microarray experiments;
these information allows researchers to investigate the expression level of a huge
number of genes of the entire organism genome in a single experiment. Gene
Expression Omnibus (GEO) is a public database using MIAME (Minimum Infor-
mation About a Microarray Experiment) compliant data submissions. Sequence and

STRING

Fig. 32.4 STRING is a database for functional protein association networks
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Fig. 32.6 Gene Expression Omnibus (GEO) is a database repository of high throughput gene
expression data and microarrays

array-based data are accepted by the repository. Techniques and tools are available
to help researchers query and download experimental datasets and gene expression
profiles. GEO has collected repository and it consists freely available microarray
data, next-generation sequencing data, and other high-throughput functional geno-
mics data submitted by the scientific community (Clough and Barrett 2016). Due to
the complexity of data which are generated by experiments are analyzed by
bioinformaticians and bio scientists with specialized softwares. GEO has developed
many tools for data query, analysis and visualization that can be analyzed directly on
the GEO server (Fig. 32.6).
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32.2.7 Structure Prediction and Refinement

Protein structure prediction is the construction of the three-dimensional
(3D) structure of a protein from its amino acid sequence. In three-dimensional
structure, the 3D prediction contains folds and secondary and tertiary structures
from its primary sequence. It is highly important in drug designing and in the
designing of 3D novel enzymes (Krieger et al. 2003; Xiang 2006; Franca 2015;
Cavasotto and Phatak 2009; Xu et al. 2000).

32.2.8 Molecular Docking Calculation

Molecular docking is the interaction of two or more molecules to provide a stable
complex structure. Based on the binding properties of the ligand and target, it
generates a three-dimensional structure complex. Molecular docking is an approach
to predict the orientation of one molecule to second molecule in the bound structure,
which forms a stable complex. Knowledge of the active site orientation in turn may
be useful in predicting the binding strength or binding affinity between receptor-
ligand molecules using scoring functions. Molecular docking is a prominent method
for structure-based drug design, due to the prediction of the binding-conformation of
molecular ligands to the target receptor binding site. Characterization of the active
binding behaviour plays an important role in rational design of novel pesticides,
herbicides, insecticides and fungicides (Ferreira et al. 2015; Guedes et al. 2014;
Morris and Lim-Wilby 2008; Meng et al. 2011; de Ruyck et al. 2016; Pagadala et al.
2017; Zhao and Caflisch 2015; Kroemer 2007; Sousa et al. 2006; Jones and Willett
1995; Lybrand 1995; Goodsell et al. 1996; Gschwend et al. 1996; Trosset and Cavé
2019).

32.3 Bioinformatics Databases

Biological Data Model

Biological data model is a library of biological life sciences information and
biological databases; it has a collection of computational analysis tools, literature
and high-throughput experimental data. Biological database contains information
from research areas including genomics, phylogenetics, proteomics, metabolomics
microarray gene expression and phenomics. Information contained in biological
databases includes gene structure and function, macromolecular structure, cellular
and chromosomal localization and SNP and mutations in sequences and structures
(Wheeler et al. 2005; Galperin and Fernandez-Suarez 2012). NCBI is a data model
that contains popular search engine Entrez. Entrez is NCBI’s retrieval system and pri-
mary text search that integrates the PubMed and PMC database of biomedical
literature with so many molecular databases including genome, gene, DNA, genetic
variation, gene expression, protein sequence and structure.
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32.3.1 NCBI

NCBI stands for the National Center for Biotechnology Information and is strongly
associated with the National Library of Medicine (NLM) and National Institutes of
Health (NIH), Bethesda, Maryland. The NCBI was founded in 1988 by Senator
Claude Pepper. NCBI resources contain chemicals and bioassays data, data and
software, DNA and RNA sequence data, domains and structures, genes and expres-
sion data, genetics and medicine, genomes and maps, homology data, literature,
protein sequence and structure, sequence analysis, taxonomy, training and tutorials
data and variation data (NCBI Resource Coordinators 2016; Wheeler et al. 2005)
(Figs. 32.7, 32.8, and 32.9).
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Fig. 32.7 National Center for Biotechnology Information web page
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Fig. 32.8 NCBI genome details pagel (The genome information can search by different
kingdoms, groups, subgroups, organism name present in the NCBI database)
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MCBI  Mational Center for Biotechnology information

Fig. 32.9 NCBI genome details page2 (The genome information of eukaryota kingdom, plants
group with their subgroups)

32.3.2 DDBJ

DDBJ (DNA Data Bank of Japan), founded in 1986, is a biological databank that
mainly contains DNA sequence information. DDBJ is located at National Institute of
Genetics (NIG), Shizuoka prefecture, Japan. It is also a member of INSDC (Interna-
tional Nucleotide Sequence Database Collaboration). The INSDC consists of a joint
effort to collect and share DNA and RNA sequence data with GenBank (USA) and
the European Nucleotide Archive (UK). DDBJ Sequence Read Archive (DRA),
NCBI Sequence Read Archive (SRA) and EBI Sequence Read Archive (ERA) share
new data and updated data on nucleotide sequences, and each of the three databases
(DDBJ, NCBI and EMBL) are synchronized on a daily basis through continuous
interaction between the staff at each of the collaborating organizations (Kodama
et al. 2012) (Fig. 32.10).

32.3.3 EMBL

European Molecular Biology Laboratory (EMBL) is a research institution supported
by 25 member states. EMBL was founded in 1974 and is a molecular biology
research organization funded by public money from its member states conducted
by approximately 85 independent groups. The web-based submission systems
include WebIn at EMBL-EBI, Sakura (“cherry blossoms’) at DDBJand BanklIt at
the NCBI (Madeira et al. 2019) (Fig. 32.11).
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Fig. 32.10 DNA Data Bank of Japan web homepage

Fig. 32.11 European Molecular Biology Laboratory web page

32.3.4 Ensembl Plants

Ensembl Plants is an integrative database containing genome-scale information of
plants. Ensembl Plants database includes genome sequence, gene models, polymor-
phic loci and functional annotation and various tools for analysis of sequence data. It
contains various additional information, such as variation data, individual genotype
data, linkage, population structure and phenotype data (Bolser et al. 2016, 2017)
(Fig. 32.12).
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Fig. 32.13 PlantGDB database for the comparative plant genomics information
32.3.5 PlantGDB

PlantGDB is a resource for comparative genomics and a database of molecular
sequence data for plant genomes. PlantGDB contains assembled unique transcripts
(PUT), genome survey sequence assemblies (GSS), genome browsers and workflow
Management (Dong et al. 2004; Duvick et al. 2008) (Fig. 32.13).
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32.3.6 Phytozome

Phytozome is a comparative hub for plant genomes and gene family’s data and
analysis. Phytozome provides a view of genome organization, gene family, gene
structure and the evolutionary history of gene at the level of sequence. It also
provides access to the sequences and functional annotations of plant genomes and
genes (Goodstein et al. 2012) (Fig. 32.14).

32.3.7 UNIPROT

UniProt database is a freely accessible database for protein sequence and functional
annotation information, many entries being derived from different genome sequenc-
ing projects. UniProt contains a large amount of biological function of protein
information derived from the literature mining. The main aim of UniProt is to
provide a freely accessible resource, comprehensive and high-quality information
of protein sequence and functional annotation information to scientific community
(UniProt Consortium 2018) (Fig. 32.15).

32.3.8 PDB

PDB (Protein Data Bank) is a databank for the three-dimensional (3D) structural data
of a large number of biological molecules, such as nucleic acids and proteins. The
structural data is typically obtained by X-ray crystallography, NMR spectroscopy
and cryo-electron microscopy. They are submitted by structural biologists from all
around the world and are freely accessible on the net via website URLs. PDBmain
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Fig. 32.14 Homepage of Phytozome database
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member organizations are PDBe, PDBj, RCSB and BMRB. The PDB is overseen by
an international organization called the Worldwide Protein Data Bank, wwPDB
(Berman et al. 2000; Berman 2008; Laskowski et al. 1997) (Fig. 32.16).

32.3.9 MMDB

The Molecular Modeling Database (MMDB) is a three-dimensional biomolecular
structure database of experimentally determined macromolecules and hosted by the
National Center for Biotechnology Information (Chen et al. 2003) (Fig. 32.17).
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32.3.10 GEO

GEO (Gene Expression Omnibus) is a gene expression database that archives and
freely distributes microarray datasets, next-generation sequencing analysis details
and other high-throughput functional genomics datasets deposited by the research
community. The main goals of GEO are to provide versatile and robust database in
which researchers can efficiently store high-throughput functional genomic data,
offer simple submission procedures and formats to the research community that
supports complete and well-annotated data deposits and provide user-friendly
mechanisms to researchers that allow users to review, query, locate and download
studies and gene expression profiles of interest for query and analysis (Clough and
Barrett 2016) (Fig. 32.18).
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32.4 Bioinformatics Tools and Software
32.4.1 BiGGEsTS

BiclusterinG Gene Expression Time Series (BiGGESTS) is a free tool and graphical
application based on bi-clustering algorithms mainly developed for analysis of gene
expression time series data (Gongalves et al. 2009) (Fig. 32.19).

32.4.2 HCE

HCE (Hierarchical Clustering Explorer) consists of hierarchical clustering algorithm
to enable researchers to determine the grouping of data with informative dendrogram
and colour mosaic visual feedback and dynamic query controls (Seo et al. 2006)
(Fig. 32.20).

32.4.3 ClustVis

ClustVis is a web tool which allows researchers to upload their data and create Heat
maps and PCA (Principal Component Analysis) plots. Data can be uploaded as a file
or by pasting data to the text box (Metsalu and Vilo 2015) (Fig. 32.21).

13 BIGGEsSTS 1.0.5 - Biclustering Analysis of Time Series
S Gene Expression Data

BIGGEsTS 1.0.5

DEVELOPER

SCREENSHOTS

Mybiosof tware.com

Fig. 32.19 BiclusterinG Gene Expression Time Series
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32.4.4 BLAST

BLAST (Basic Local Alignment Search Tool) finds regions of similarity and
dissimilarity between sequences. The BLAST programme compares nucleotide or
protein sequences to sequence databases and calculates identity with statistical
significance (Altschul et al. 1990; Mount 2007) (Fig. 32.22).
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32.4.5 Clustal
Clustal omega, Clustalw and Clustalx (Clustal series) are widely used programmes

for multiple sequence alignment (Higgins et al. 1996; Chenna et al. 2003; Sievers
and Higgins 2014) (Fig. 32.23).

32.4.6 Bioedit

BioEdit is a free sequence alignment editor for editing and manipulation of sequence
alignment data (Tippmann 2004) (Fig. 32.24).
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32.4.7 MEGA

MEGA is a tool for manual and automatic sequence alignment, phylogenetic tree
preparation, estimating rates of molecular evolution, web-based database mining and
testing evolutionary hypotheses (Kumar et al. 2018) (Fig. 32.25).
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32.4.8 Figtree

Figtree is a graphical viewer of phylogenetic tree visualization and for producing
publication-ready figures of phylogenetic trees (Rambaut 2012) (Fig. 32.26).

32.4.9 Circos

Circos server is basically for identification and analysis of similarities and dissimi-
larity/differences generated from gene and genome comparisons (Krzywinski et al.
2009) (Fig. 32.27).

32.4.10 Prosite

PROSITE server is protein database that consists of protein families, functional
domains and functional signature sites and amino acid profiles and patterns in
sequence (Sigrist et al. 2002) (Fig. 32.28).

32.4.11 CDD

Conserved Domain Database (CDD) is a protein database that consists of well-
annotated multiple sequence alignments as position-specific score matrices (PSSMs)
for identification of conserved domains via RPS-BLAST. CDD includes NCBI-
curated functional domains based on 3D-structure information to define domain
boundaries and provide functional insights into sequence/structure/function

Molecular evolution, phylogenetics and epidemiology

FigTree

FigTree CitHub

ot Gt Mt b A G o

Fig. 32.26 FigTree server
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Fig. 32.28 PROSITE server

relationships, using Pfam, SMART, COG, PRK and TIGRFAMs databases
(Marchler-Bauer et al. 2017) (Fig. 32.29).

32.4.12 Interproscan

InterProScan is a server to annotate protein families and domains automatically.
InterPro provides functional signature analysis of proteins by classifying them into
families, domains and important sites (Mitchell et al. 2019) (Fig. 32.30).
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32.4.13 EasyModeller

EasyModeller is a graphical user interface programme used for homology modeling
for predicting models of protein tertiary structures (Kuntal et al. 2010) (Fig. 32.31).

32.4.14 RAMPAGE/PROCHECK

PROCHECK server checks the stereochemical quality of a protein structure model;
it produces Ramachandran plot to analyze the overall and residue-by-residue geom-
etry (Laskowski et al. 2017; Lovell et al. 2003) (Figs. 32.32 and 32.33).
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32.4.15 VERIFY3D

VERIFY3D server is used for determination of an atomic model (3D) with its amino
acid sequence, by assigning a structural class based on alpha, beta, loop, polar,
non-polar, etc. location and comparing the results to template structures (Eisenberg
et al. 1997) (Fig. 32.34).

32.4.16 YASARA

YASARA (Yet Another Scientific Artificial Reality Application) is a computer
programme for molecular vizualization, modeling and docking (Krieger and Vriend
2014) (Fig. 32.35).
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32.4.17 BIOVIA Discovery Studio 2019

BIOVIA Discovery Studio contains BIOVIA Pipeline Pilot used for simulations,
macromolecule design and analysis, antibody modeling, structure-based design,
pharmacophore and ligand-based design, QSAR, ADMET and predictive toxicol-
ogy, X-ray and visualization (Fig. 32.36).
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32.4.18 Patchdock

The PatchDock server performs protein—protein docking and generates protein-small
molecule complexes (Schneidman-Duhovny et al. 2005) (Fig. 32.37).
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Fig. 32.38 Hex server
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Hex tool/server is a graphics programme for docking calculation and visualizing
docking modes of pairs of protein and DNA molecules. Hex is also useful for
calculation of protein-ligand docking; it can superpose molecules (Macindoe et al.

2010) (Fig. 32.38).
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32,5 Plant and Pathogen Genomics

Five main types of pathogenic organisms that cause plant diseases are viruses,
bacteria, fungi, protozoa and worms/nematodes, which can lead from damage to
death. The genome availability of plants and pathogens gives us opportunities to
understand the bio systems and disease mechanisms (Tables 32.1, 32.2, and

32.3).

Table 32.1 List of important plant diseases with their causing organism, in which most of
pathogen genomes are available in the NCBI database

Disease

Causing organism (pathogen)

Bacterial leaf
blight

Pseudomonas syringae subsp. syringae

Aster yellows

Phytoplasma

Bacterial wilt

Erwinia tracheiphila

Bacterial blight Xanthomonas campestris, Xanthomonas axonopodis, Pseudomonas syringae

Crown gall Agrobacterium tumefaciens

Bacterial soft rot | Erwinia, Pectobacterium and Pseudomonas

Scab Venturia inaequalis, Streptomyces scabies

Anthracnose Colletotrichum

Black knot Dibotryon morbosum or Apiosporina morbosa

Blight Cryphonectria parasitica, Cochliobolus heterostrophus, Colletotrichum
capsici

Chestnut blight Cryphonectria parasitica

Late blight Phytophthora infestans

Canker Sirococcusclavigignenti-juglandacearum, Seiridiumcardinale,
Gibberellabaccata, Diplodiaquercina, Leptosphaeria coniothyrium,
Cryptosporella umbrina, Colletotrichum coccodes

Clubroot Plasmodiophora brassicae

Damping-off Pythium

Dutch elm Claviceps purpurea

disease

Fusarium wilt
Panama disease

Fusarium oxysporum

Leaf blister

Taphrina caerulescens

Downy mildew

Pseudoperonospora cubensis

Powdery mildew

Podosphaera xanthii, Erysiphe cichoracearum

Oak wilt Ceratocystis fagacearum
Rot Oomycota
Basal rot Botrytis, Fusarium, and Penicillium

Graymold rot

Botrytis cinerea

(continued)
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Table 32.1 (continued)

Disease

Causing organism (pathogen)

Rust

Phragmidium spp.

Blister rust

Cronartium ribicola

Cedar-apple rust

Gymnosporangium juniperi-virginianae

Coffee rust Hemileia vastatrix

Scab Venturia inaequalis

Smut Sporisorium scitamineum
Bunt Tilletia tritici

Corn smut Ustilago maydis

Sooty mold Cladosporium and Alternaria

Verticillium wilt

Verticillium

Curly top (Becurtovirus, Begomovirus, Capulavirus, Curtovirus, Eragrovirus,
Grablovirus, Mastrevirus, Topocuvirus, Turncurtovirus)

Mosaic Tobacco mosaic virus

Psorosis Citrus psorosisophiovirus

Spotted wilt Tomato spotted wilt virus

Root-knot Meloidogyne

nematodes

Witchweed Pratylenchus
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Table 32.2 List of important plant pathogen genome details

Organism name Organism groups Size(Mb) | Assemblies

Abutilon Brazil virus Viruses; Geminiviridae 0.005271 1

Abutilon golden mosaic virus Viruses; Geminiviridae 0.002629 1

Abutilon mosaic Bolivia virus Viruses; Geminiviridae 0.005399 1

Abutilon mosaic Brazil virus Viruses; Geminiviridae 0.005282 1

Abutilon mosaic virus Viruses; Geminiviridae 0.005217 1

African cassava mosaic Burkina Faso Viruses; Geminiviridae | 0.00277 1

virus

African cassava mosaic virus Viruses; Geminiviridae 0.005503 1

Ageratum enation virus Viruses; Geminiviridae 0.00276 3

Ageratum leaf curl Cameroon virus Viruses; Geminiviridae 0.002792 1

Ageratum leaf curl virus — [G52] Viruses; Geminiviridae 0.002735 1

Ageratum yellow vein China virus — OX1 | Viruses; Geminiviridae 0.002739 1

Ageratum yellow vein Hualian virus Viruses; Geminiviridae 0.002756 2

Ageratum yellow vein Sri Lanka virus Viruses; Geminiviridae 0.002748 1

Ageratum yellow vein virus Viruses; Geminiviridae 0.002768 12

Agrobacterium tumefaciens Bacteria; 7.2733 69
Proteobacteria;
Alphaproteobacteria

Alfalfa leaf curl virus Viruses; Geminiviridae 0.002745 1

Allamanda leaf curl virus Viruses; Geminiviridae 0.002755 1

Allamanda leaf mottle distortion virus Viruses; Geminiviridae 0.005462 1

Alternanthera yellow vein virus Viruses; Geminiviridae 0.002745 3

Alternaria alternata Eukaryota; Fungi; 32.9908 6
Ascomycetes

Alternaria arborescens Eukaryota; Fungi; 33.9434 5
Ascomycetes

Alternaria atra Eukaryota; Fungi; 35.1121 1
Ascomycetes

Alternaria brassicae Eukaryota; Fungi; 34.1411 1
Ascomycetes

Alternaria brassicicola Eukaryota; Fungi; 31.0365 2
Ascomycetes

Alternaria consortialis Eukaryota; Fungi; 34.2409 1
Ascomycetes

Alternaria gaisen Eukaryota; Fungi; 34.3469 1
Ascomycetes

Alternaria gansuensis Eukaryota; Fungi; 75.0519 1
Ascomycetes

Alternaria solani Eukaryota; Fungi; 32.7791 2
Ascomycetes

Alternaria sp. MG1 Eukaryota; Fungi; 34.6956 1
Ascomycetes

Alternaria tenuissima Eukaryota; Fungi; 35.7042 7

Ascomycetes

(continued)
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Table 32.2 (continued)
Organism name Organism groups Size(Mb) | Assemblies
Andrographis yellow vein leaf curl virus | Viruses; Geminiviridae 0.002754 1
Aster yellow witches’-broom Bacteria; 0.72397 1
phytoplasma Terrabacteriagroup;
Tenericutes
Asystasia mosaic Madagascar virus Viruses; Geminiviridae 0.005404 1
Axonopus compressus streak virus Viruses; Geminiviridae 0.002858 1
Bean calico mosaic virus Viruses; Geminiviridae 0.005175 1
Bean chlorosis virus Viruses; Geminiviridae 0.005279 1
Bean dwarf mosaic virus Viruses; Geminiviridae 0.005191 1
Bean golden mosaic virus Viruses; Geminiviridae 0.005197 2
Bean golden yellow mosaic virus Viruses; Geminiviridae 0.005255 2
Bean leaf crumple virus Viruses; Geminiviridae 0.002598 1
Bean leaf curl Madagascar virus Viruses; Geminiviridae 0.002754 1
Bean white chlorosis mosaic virus Viruses; Geminiviridae 0.005163 1
Bean yellow dwarf virus Viruses; Geminiviridae 0.002561 1
Bean yellow dwarf virus Viruses; Geminiviridae 0.002561 1
Bean yellow mosaic Mexico virus Viruses; Geminiviridae 0.002641 1
Beet curly top Iran virus Viruses; Geminiviridae 0.002859 4
Beet curly top virus Viruses; Geminiviridae 0.002994 8
Bhendi yellow vein Bhubhaneswar virus | Viruses; Geminiviridae 0.002757 1
Bhendi yellow vein Delhi virus [2004: Viruses; Geminiviridae 0.002751 1
New Delhi]
Bhendi yellow vein Haryana virus Viruses; Geminiviridae 0.00274 1
Bhendi yellow vein India virus [India: Viruses; Geminiviridae 0.002739 1
Dharwad OYDWR2:2006]
Bhendi yellow vein mosaic virus Viruses; Geminiviridae 0.002747 6
Bipolaris maydis Eukaryota; Fungi; 32.9292 2
Ascomycetes
Bitter gourd yellow vein virus Viruses; Geminiviridae 0.005453 1
Blainvillea yellow spot virus Viruses; Geminiviridae 0.0053 1
Blechum interveinal chlorosis virus Viruses; Geminiviridae 0.005285 1
Boerhavia yellow spot virus Viruses; Geminiviridae 0.002621 1
Botrytis cinerea Eukaryota; Fungi; 42.6301 4
Ascomycetes
‘Brassica napus’ phytoplasma Bacteria; Terrabacteria 0.743598 1
group; Tenericutes
Bretziellafagacearum Eukaryota; Fungi; 26.782 1
Ascomycetes
Bromuscatharticus striate mosaic virus Viruses; Geminiviridae 0.002797 1
Cabbage leaf curl Jamaica virus Viruses; Geminiviridae 0.005069 1
Cabbage leaf curl virus Viruses; Geminiviridae 0.005096 1
Candidatus Phytoplasma Bacteria; Terrabacteria 0.687137 1

group; Tenericutes

(continued)
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Table 32.2 (continued)

Organism name Organism groups Size(Mb) | Assemblies

Candidatus Phytoplasma aurantifolia Bacteria; Terrabacteria 0.474669 1
group; Tenericutes

Candidatus Phytoplasma australiense Bacteria; Terrabacteria 0.959779 2
group; Tenericutes

Candidatus Phytoplasma mali Bacteria; Terrabacteria 0.601943 1
group; Tenericutes

Candidatus Phytoplasma oryzae Bacteria; Terrabacteria 0.533195 2
group; Tenericutes

Candidatus Phytoplasma phoenicium Bacteria; Terrabacteria 0.541091 2
group; Tenericutes

Candidatus Phytoplasma pini Bacteria; Terrabacteria 0.474136 1
group; Tenericutes

Candidatus Phytoplasma pruni Bacteria; Terrabacteria 0.598511 1
group; Tenericutes

Candidatus Phytoplasma solani Bacteria; Terrabacteria 0.821322 3
group; Tenericutes

Candidatus Phytoplasma ziziphi Bacteria; Terrabacteria 0.750803 1
group; Tenericutes

Capraria yellow spot Yucatan virus Viruses; Geminiviridae 0.005208 1

Cassava mosaic Madagascar virus Viruses; Geminiviridae 0.00551 1

‘Catharanthus roseus’ aster yellows Bacteria; Terrabacteria 0.603949 1

phytoplasma group; Tenericutes

Catharanthus yellow mosaic virus Viruses; Geminiviridae 0.002752 1

Centrosema yellow spot virus Viruses; Geminiviridae 0.002675 1

Chayote yellow mosaic virus Viruses; Geminiviridae 0.002787 1

Chenopodium leaf curl virus Viruses; Geminiviridae 0.002626 1

Chickpea chlorosis Australia virus Viruses; Geminiviridae 0.002572 1

Chickpea chlorosis virus Viruses; Geminiviridae 0.002603 3

Chickpea chlorosis virus-A Viruses; Geminiviridae 0.002582 1

Chickpea chlorotic dwarf virus Viruses; Geminiviridae 0.002587 5

Chickpea redleaf virus Viruses; Geminiviridae 0.002605 1

Chickpea yellow dwarf virus Viruses; Geminiviridae 0.002547 1

Chickpea yellows virus Viruses; Geminiviridae 0.002557 1

Chilli leaf curl Ahmedabad virus-India Viruses; Geminiviridae 0.002744 1

[India/Ahmedabad/2014]

Chilli leaf curl India virus Viruses; Geminiviridae 0.002755 1

Chilli leaf curl Kanpur virus Viruses; Geminiviridae 0.002754 1

Chilli leaf curl Vellanad virus Viruses; Geminiviridae 0.002788 1

Chilli leaf curl virus Viruses; Geminiviridae 0.002858 7

Chino del tomate Amazonas virus Viruses; Geminiviridae 0.002615 1

Chino del tomate virus Viruses; Geminiviridae 0.005213 3

Chloris striate mosaic virus Viruses; Geminiviridae 0.00275 1

‘Chrysanthemum coronarium’ Bacteria; Terrabacteria 0.739592 1

phytoplasma group; Tenericutes

(continued)
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Table 32.2 (continued)
Organism name Organism groups Size(Mb) | Assemblies
Chrysanthemum yellows phytoplasma Bacteria; Terrabacteria 0.659699 1
group; Tenericutes
Citrus psorosis virus Viruses; Aspiviridae 0.011278 1
Cladosporium cladosporioides Eukaryota; Fungi; 33.2257 1
Ascomycetes
Cladosporium phlei Eukaryota; Fungi; 32.816 1
Ascomycetes
Cladosporium sp. SL-16 Eukaryota; Fungi; 35.8569 1
Ascomycetes
Cladosporium sphaerospermum Eukaryota; Fungi; 26.8942 1
Ascomycetes
Claviceps purpurea Eukaryota; Fungi; 32.0914 3
Ascomycetes
Cleome golden mosaic virus Viruses; Geminiviridae 0.002566 1
Cleome leaf crumple virus Viruses; Geminiviridae 0.005386 1
Clerodendron golden mosaic virus Viruses; Geminiviridae 0.005524 1
Clerodendron yellow mosaic virus Viruses; Geminiviridae 0.00276 1
Clerodendrum golden mosaic China Viruses; Geminiviridae 0.005515 2
virus
Clerodendrum golden mosaic Jiangsu Viruses; Geminiviridae 0.002753 1
virus
Cnidoscolus mosaic leaf deformation Viruses; Geminiviridae 0.005254 1
virus
Coccinia mosaic Tamil Nadu virus Viruses; Geminiviridae 0.00544 1
Colletotrichum acutatum Eukaryota; Fungi; 52.1291 2
Ascomycetes
Colletotrichum chlorophyti Eukaryota; Fungi; 52.387 1
Ascomycetes
Colletotrichum coccodes Eukaryota; Fungi; 50.122 2
Ascomycetes
Colletotrichum falcatum Eukaryota; Fungi; 48.1864 1
Ascomycetes
Colletotrichum fioriniae Eukaryota; Fungi; 50.1509 3
Ascomycetes
Colletotrichum fructicola Eukaryota; Fungi; 55.9157 3
Ascomycetes
Colletotrichum gloeosporioides Eukaryota; Fungi; 61.9165 6
Ascomycetes
Colletotrichum godetiae Eukaryota; Fungi; 35.0343 1
Ascomycetes
Colletotrichum graminicola Eukaryota; Fungi; 51.6443 2
Ascomycetes
Colletotrichum higginsianum Eukaryota; Fungi; 50.7161 3
Ascomycetes
Colletotrichum incanum Eukaryota; Fungi; 53.2546 2

Ascomycetes

(continued)
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Table 32.2 (continued)

Organism name Organism groups Size(Mb) | Assemblies

Colletotrichum lentis Eukaryota; Fungi; 56.1001 1
Ascomycetes

Colletotrichum lindemuthianum Eukaryota; Fungi; 99.1667 2
Ascomycetes

Colletotrichum musae Eukaryota; Fungi; 49.1188 1
Ascomycetes

Colletotrichum nymphaeae Eukaryota; Fungi; 49.9563 1
Ascomycetes

Colletotrichum orbiculare Eukaryota; Fungi; 89.7483 1
Ascomycetes

Colletotrichum orchidophilum Eukaryota; Fungi; 48.5565 1
Ascomycetes

Colletotrichum salicis Eukaryota; Fungi; 48.3734 1
Ascomycetes

Colletotrichum sansevieriae Eukaryota; Fungi; 51.2013 1
Ascomycetes

Colletotrichum shisoi Eukaryota; Fungi; 69.6677 1
Ascomycetes

Colletotrichum siamense Eukaryota; Fungi; 55.9616 1
Ascomycetes

Colletotrichum sidae Eukaryota; Fungi; 86.8278 1
Ascomycetes

Colletotrichum simmondsii Eukaryota; Fungi; 50.4742 1
Ascomycetes

Colletotrichum sp. JS-367 Eukaryota; Fungi; 87.1965 1
Ascomycetes

Colletotrichum spinosum Eukaryota; Fungi; 82.7349 1
Ascomycetes

Colletotrichum sublineola Eukaryota; Fungi; 64.8486 2
Ascomycetes

Colletotrichum tanaceti Eukaryota; Fungi; 57.9125 1
Ascomycetes

Colletotrichum tofieldiae Eukaryota; Fungi; 52.7196 5
Ascomycetes

Colletotrichum trifolii Eukaryota; Fungi; 109.66 1
Ascomycetes

Colletotrichum truncatum Eukaryota; Fungi; 57.9128 2
Ascomycetes

Common bean mottle virus Viruses; Geminiviridae 0.005235 1

Common bean severe mosaic virus Viruses; Geminiviridae 0.00519 2

Corchorus golden mosaic virus Viruses; Geminiviridae 0.005352 2

Corchorus yellow spot virus Viruses; Geminiviridae 0.005195 1

Corchorus yellow vein mosaic virus Viruses; Geminiviridae 0.002743 1

Corchorus yellow vein virus — Viruses; Geminiviridae 0.005415 1

[HoaBinh]

Cotton chlorotic spot virus Viruses; Geminiviridae 0.00532 1

(continued)



32 Bioinformatics in Plant Pathology 757
Table 32.2 (continued)

Organism name Organism groups Size(Mb) | Assemblies
Cotton leaf crumple virus Viruses; Geminiviridae 0.00518 2
Cotton leaf curl Alabad virus Viruses; Geminiviridae 0.002744 4
Cotton leaf curl Allahabad virus [India: | Viruses; Geminiviridae 0.002744 1
Karnal:0Y77:2005]

Cotton leaf curl Bangalore virus Viruses; Geminiviridae 0.002751 1
Cotton leaf curl Gezira virus Viruses; Geminiviridae 0.00278 9
Cotton leaf curl Kokhran virus Viruses; Geminiviridae 0.002759 3
Cotton leaf curl Multan virus Viruses; Geminiviridae 0.002754 5
Cotton leaf curl Shahdadpur virus Viruses; Geminiviridae 0.002748 1
Cotton leaf curl virus Viruses; Geminiviridae 0.002753 1
Cotton yellow mosaic virus Viruses; Geminiviridae 0.005482 2
Cowpea golden mosaic virus Viruses; Geminiviridae 0.002728 1
Crassocephalum yellow vein virus — Viruses; Geminiviridae 0.002745 1
Jinghong

Cronartiumribicola Eukaryota; Fungi; 94.3329 1

Basidiomycetes
Croton yellow vein mosaic virus Viruses; Geminiviridae 0.002757 2
Croton yellow vein virus Viruses; Geminiviridae 0.002744 1
Cucurbit leaf crumple virus Viruses; Geminiviridae 0.005232 1
‘Cynodondactylon’ phytoplasma Bacteria; Terrabacteria 0.483935 1
group; Tenericutes

Dalechampia chlorotic mosaic virus Viruses; Geminiviridae 0.005214 1
Datura leaf curl virus Viruses; Geminiviridae 0.002782 1
Datura leaf distortion virus Viruses; Geminiviridae 0.005163 1
Deinbollia mosaic virus Viruses; Geminiviridae 0.005461 1
Desmodium leaf distortion virus Viruses; Geminiviridae 0.005083 1
Desmodium mottle virus Viruses; Geminiviridae 0.00548 1
Dicliptera yellow mottle virus Viruses; Geminiviridae 0.005204 2
Digitariaciliaris striate mosaic virus Viruses; Geminiviridae 0.002816 2
Digitariadidactyla striate mosaic virus Viruses; Geminiviridae 0.002762 1
Digitaria streak virus Viruses; Geminiviridae 0.002701 1
Digitaria streak virus Viruses; Geminiviridae 0.002701 1
Dolichos yellow mosaic virus Viruses; Geminiviridae 0.005494 2
Dragonfly-associated mastrevirus Viruses; Geminiviridae 0.00265 2
Duranta leaf curl virus Viruses; Geminiviridae 0.002759 1
East African cassava mosaic Cameroon | Viruses; Geminiviridae 0.005543 1
virus

East African cassava mosaic Kenya Viruses; Geminiviridae 0.005573 1
virus

East African cassava mosaic Malawi Viruses; Geminiviridae 0.005558 2
virus

East African cassava mosaic virus Viruses; Geminiviridae 0.005576 4
East African cassava mosaic Zanzibar Viruses; Geminiviridae 0.005548 1

virus

(continued)
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Table 32.2 (continued)
Organism name Organism groups Size(Mb) | Assemblies
‘Echinacea purpurea’ witches’-broom Bacteria; Terrabacteria 0.545427 1
phytoplasma group; Tenericutes
Eclipta yellow vein virus Viruses; Geminiviridae 0.002748 2
Emilia sonchifolia yellow vein Thailand | Viruses; Geminiviridae 0.002746 1
virus
Emilia yellow vein virus-[Fz1] Viruses; Geminiviridae 0.002725 1
Eragrostiscurvula streak virus Viruses; Geminiviridae 0.002754 2
Eragrostis minor streak virus Viruses; Geminiviridae 0.002689 1
Eragrostis streak virus Viruses; Geminiviridae 0.002746 1
Erectites yellow mosaic virus Viruses; Geminiviridae 0.002751 1
Erwinia tracheiphila Bacteria; 4.71727 3
Proteobacteria;
Gammaproteobacteria
Eupatorium yellow vein mosaic virus Viruses; Geminiviridae 0.002778 1
Eupatorium yellow vein virus Viruses; Geminiviridae 0.002767 5
Euphorbia caput-medusae latent virus Viruses; Geminiviridae 0.002683 2
Euphorbia leaf curl Guangxi virus Viruses; Geminiviridae 0.002747 1
Euphorbia leaf curl virus Viruses; Geminiviridae 0.002746 1
Euphorbia mosaic Peru virus Viruses; Geminiviridae 0.0026 1
Euphorbia mosaic virus Viruses; Geminiviridae 0.005215 1
Euphorbia yellow leaf curl virus Viruses; Geminiviridae 0.002731 1
Euphorbia yellow mosaic virus Viruses; Geminiviridae 0.005187 2
Exomismicrophylla associated virus Viruses; Geminiviridae 0.002974 1
French bean leaf curl virus Viruses; Geminiviridae 0.002741 1
French bean severe leaf curl virus Viruses; Geminiviridae 0.002771 1
Fusarium oxysporum Eukaryota; Fungi; 61.3869 129
Ascomycetes
Golovinomyces cichoracearum Eukaryota; Fungi; 65.8869 3
Ascomycetes
Gossypium darwinii symptomless virus Viruses; Geminiviridae 0.00274 1
Gossypium punctatum mild leaf curl Viruses; Geminiviridae 0.005462 1
virus
Grapevine red blotch virus Viruses; Geminiviridae 0.003206 2
Hedyotisuncinella yellow mosaic virus Viruses; Geminiviridae 0.002749 1
Hemidesmus yellow mosaic virus Viruses; Geminiviridae 0.002825 1
Hemileiavastatrix Eukaryota; Fungi; 543.605 2
Basidiomycetes
Hollyhock leaf crumple virus Viruses; Geminiviridae 0.002755 1
Hollyhock leaf curl virus Viruses; Geminiviridae 0.002748 1
Hollyhock yellow vein mosaic Islamabad | Viruses; Geminiviridae 0.002741 2
virus
Hollyhock yellow vein mosaic virus Viruses; Geminiviridae 0.00275 2
Honeysuckle yellow vein Kagoshima Viruses; Geminiviridae 0.002762 1
virus

(continued)
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Table 32.2 (continued)

Organism name Organism groups Size(Mb) | Assemblies
Honeysuckle yellow vein mosaic virus Viruses; Geminiviridae 0.002759 2
Honeysuckle yellow vein virus Viruses; Geminiviridae 0.002784 15
Horsegram yellow mosaic virus Viruses; Geminiviridae 0.005405 1
Horseradish curly top virus Viruses; Geminiviridae 0.00308 1
Indian cassava mosaic virus Viruses; Geminiviridae 0.00546 4
Ipomoea yellow vein virus Viruses; Geminiviridae 0.002791 1
Italian clover phyllody phytoplasma Bacteria; Terrabacteria 0.597245 1

group; Tenericutes

Jacquemontia mosaic Yucatan virus Viruses; Geminiviridae 0.005193 1
Jacquemontia yellow mosaic virus Viruses; Geminiviridae 0.005189 1
Jacquemontia yellow vein virus Viruses; Geminiviridae 0.002585 1
Jatropha leaf crumple virus Viruses; Geminiviridae 0.002735 1
Jatropha leaf curl Gujarat virus Viruses; Geminiviridae 0.002758 1
Jatropha leaf curl virus Viruses; Geminiviridae 0.002844 2
Jatropha leaf yellow mosaic Viruses; Geminiviridae 0.002744 1
Katarniaghat virus

Jatropha mosaic India virus Viruses; Geminiviridae 0.00274 1
Jatropha mosaic Nigeria virus Viruses; Geminiviridae 0.002781 1
Jatropha mosaic virus Viruses; Geminiviridae 0.005198 1
Jatropha yellow mosaic virus Viruses; Geminiviridae 0.002757 1
Kenaf leaf curl virus-[India: Viruses; Geminiviridae 0.00274 1
Bahraich:2007]

Kudzu mosaic virus Viruses; Geminiviridae 0.005403 1
Leonurus mosaic virus Viruses; Geminiviridae 0.002652 1
Linderniaanagallis yellow vein virus Viruses; Geminiviridae 0.00274 1
Lisianthus enation leaf curl virus Viruses; Geminiviridae 0.002759 1
Ludwigia yellow vein Vietnam virus Viruses; Geminiviridae 0.002751 1
Ludwigia yellow vein virus Viruses; Geminiviridae 0.002758 1
Luffa yellow mosaic virus Viruses; Geminiviridae 0.005455 1
Lycianthes yellow mosaic virus Viruses; Geminiviridae 0.005456 1
Macroptilium bright mosaic virus Viruses; Geminiviridae 0.002636 1
Macroptilium common mosaic virus Viruses; Geminiviridae 0.00523 1
Macroptilium golden mosaic virus Viruses; Geminiviridae 0.005158 1
Macroptilium golden yellow mosaic Viruses; Geminiviridae 0.005224 1
virus

Macroptilium mosaic Puerto Rico virus Viruses; Geminiviridae 0.005186 1
Macroptilium yellow mosaic Florida Viruses; Geminiviridae 0.005247 1
virus

Macroptilium yellow mosaic virus Viruses; Geminiviridae 0.005223 2
Macroptilium yellow net virus Viruses; Geminiviridae 0.005197 1
Macroptilium yellow spot virus Viruses; Geminiviridae 0.00266 1
Macroptilium yellow vein virus Viruses; Geminiviridae 0.002656 1
Maize bushy stunt phytoplasma Bacteria; Terrabacteria 0.576118 1

group; Tenericutes

(continued)



760

A. Khan et al.

Table 32.2 (continued)

Organism name Organism groups Size(Mb) | Assemblies
Maize streak Reunion virus Viruses; Geminiviridae 0.002882 1
Maize streak Reunion virus Viruses; Geminiviridae 0.002882 1
Maize streak virus Viruses; Geminiviridae 0.002701 12
Maize striate mosaic virus Viruses; Geminiviridae 0.002746 2
Malachra yellow mosaic virus Viruses; Geminiviridae 0.002739 1
Malvastrum bright yellow mosaic virus Viruses; Geminiviridae 0.005213 1
Malvastrum leaf curl Guangdong virus Viruses; Geminiviridae 0.002767 1
Malvastrum leaf curl Philippines virus Viruses; Geminiviridae 0.002742 1
Malvastrum leaf curl virus Viruses; Geminiviridae 0.002745 1
Malvastrum yellow mosaic Helshire Viruses; Geminiviridae 0.002609 1
virus
Malvastrum yellow mosaic Jamaica Viruses; Geminiviridae 0.005192 1
virus
Malvastrum yellow mosaic virus Viruses; Geminiviridae 0.002728 1
Malvastrum yellow vein Baoshan virus Viruses; Geminiviridae 0.002745 2
Malvastrum yellow vein Cambodia virus | Viruses; Geminiviridae 0.002737 1
Malvastrum yellow vein Changa Manga | Viruses; Geminiviridae 0.002754 1
virus
Malvastrum yellow vein Honghe virus Viruses; Geminiviridae 0.00274 1
Malvastrum yellow vein virus Viruses; Geminiviridae 0.002731 1
Malvastrum yellow vein Yunnan virus Viruses; Geminiviridae 0.002747 1
Melochia mosaic virus Viruses; Geminiviridae 0.005213 1
Melochia yellow mosaic virus Viruses; Geminiviridae 0.005288 1
Meloidogyne arenaria Eukaryota; Animals; 284.032 3
Roundworms
Meloidogyne enterolobii Eukaryota; Animals; 162.967 1
Roundworms
Meloidogyne floridensis Eukaryota; Animals; 74.846 2
Roundworms
Meloidogyne graminicola Eukaryota; Animals; 38.185 1
Roundworms
Meloidogyne hapla Eukaryota; Animals; 53.013 1
Roundworms
Meloidogyne incognita Eukaryota; Animals; 183.532 3
Roundworms
Meloidogyne javanica Eukaryota; Animals; 150.345 2
Roundworms
Melon chlorotic leaf curl virus Viruses; Geminiviridae 0.005325 3
Merremia mosaic Puerto Rico virus Viruses; Geminiviridae 0.005225 1
Merremia mosaic virus Viruses; Geminiviridae 0.005085 2
Mesta yellow vein mosaic Bahraich virus | Viruses; Geminiviridae 0.002737 1
Mesta yellow vein mosaic virus Viruses; Geminiviridae 0.002752 2
Milkweed yellows phytoplasma Bacteria; Terrabacteria 0.583806 1
group; Tenericutes
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Mimosa yellow leaf curl virus Viruses; Geminiviridae 0.002757 1
Mirabilis leaf curl virus Viruses; Geminiviridae 0.002778 1
Miscanthus streak virus Viruses; Geminiviridae 0.002672 1
Miscanthus streak virus Viruses; Geminiviridae 0.002672 1
Mungbean yellow mosaic India virus Viruses; Geminiviridae 0.005361 1
Mungbean yellow mosaic virus Viruses; Geminiviridae 0.005398 1
New Jersey aster yellows phytoplasma Bacteria; Terrabacteria 0.652092 1
group; Tenericutes
Oat dwarf virus Viruses; Geminiviridae 0.00274 1
Oat dwarf virus Viruses; Geminiviridae 0.00274 1
Okra enation leaf curl virus Viruses; Geminiviridae 0.002738 1
Okra enation leaf curl virus [India: Viruses; Geminiviridae 0.002724 1
Munthal EL37:2006]
Okra leaf curl Cameroon virus Viruses; Geminiviridae 0.002764 1
Okra leaf curl India virus [India:Sonipat | Viruses; Geminiviridae 0.002723 1
ELI4A:2006]
Okra leaf curl Oman virus Viruses; Geminiviridae 0.002788 1
Okra leaf curl virus Viruses; Geminiviridae 0.002386 1
Okra mottle virus Viruses; Geminiviridae 0.005313 1
Okra yellow crinkle virus Viruses; Geminiviridae 0.002795 3
Okra yellow mosaic Mexico virus Viruses; Geminiviridae 0.005194 1
Onion yellows phytoplasma Bacteria; Terrabacteria 0.853092 1
group; Tenericutes
Ophiognomoniaclavigignenti- Eukaryota; Fungi; 52.5149 3
Jjuglandacearum Ascomycetes
Oxalis yellow vein virus Viruses; Geminiviridae 0.002661 1
Panicum streak virus Viruses; Geminiviridae 0.002736 9
Papaya leaf crumple virus-Panipat Viruses; Geminiviridae 0.002736 1
8 [India:Panipat:Papaya:2008]
Papaya leaf curl China virus Viruses; Geminiviridae 0.002751 5
Papaya leaf curl Guandong virus Viruses; Geminiviridae 0.002764 2
Papaya leaf curl virus Viruses; Geminiviridae 0.002769 12
Paspalum dilatatum striate mosaic virus | Viruses; Geminiviridae 0.002806 1
Paspalum striate mosaic virus Viruses; Geminiviridae 0.002816 2
Passionfruit leaf distortion virus Viruses; Geminiviridae 0.005172 1
Passionfruit severe leaf distortion virus Viruses; Geminiviridae 0.005316 1
Pavonia mosaic virus Viruses; Geminiviridae 0.005367 1
Pavonia yellow mosaic virus Viruses; Geminiviridae 0.005378 1
Pea leaf distortion virus Viruses; Geminiviridae 0.002738 1
Peanut witches’-broom phytoplasma Bacteria; Terrabacteria 0.566694 1
group; Tenericutes
Pectobacterium actinidiae Bacteria; 492217 3

Proteobacteria;
Gammaproteobacteria
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Size(Mb)

Assemblies

Pectobacterium aquaticum

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.46724

6

Pectobacterium atrosepticum

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.10459

11

Pectobacterium betavasculorum

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.68521

Pectobacterium brasiliense

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.02631

28

Pectobacterium carotovorum

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.86291

33

Pectobacterium fontis

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.15156

Pectobacterium odoriferum

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.4726

15

Pectobacterium parmentieri

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.2273

19

Pectobacterium peruviense

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.87102

Pectobacterium polaris

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.00842

Pectobacterium polonicum

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.83613

Pectobacterium punjabense

Bacteria;
Proteobacteria;
Gammaproteobacteria

473253

Pectobacterium versatile

Bacteria;
Proteobacteria;
Gammaproteobacteria

4.94937

Pectobacterium wasabiae

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.1493

Pectobacterium zantedeschiae

Bacteria;
Proteobacteria;
Gammaproteobacteria

5.094

Pedilanthus leaf curl virus

Viruses; Geminiviridae

0.002764

Pepper golden mosaic virus

Viruses; Geminiviridae

0.005208

(continued)
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Organism name Organism groups Size(Mb) | Assemblies

Pepper huasteco yellow vein virus Viruses; Geminiviridae 0.00522 1

Pepper leaf curl Bangladesh virus Viruses; Geminiviridae 0.002754 3

Pepper leaf curl Lahore virus Viruses; Geminiviridae 0.00274 1

Pepper leaf curl Lahore Virus- Viruses; Geminiviridae 0.002747 1

[Pakistan:Lahorel :2004]

Pepper leaf curl virus Viruses; Geminiviridae 0.00276 3

Pepper leaf curl Yunnan virus-[YN323] | Viruses; Geminiviridae 0.002747 1

Pepper leafroll virus Viruses; Geminiviridae 0.002568 1

Pepper yellow dwarf virus — Mexico Viruses; Geminiviridae 0.002971 1

Pepper yellow dwarf virus — New Mexico | Viruses; Geminiviridae 0.002959 1

Pepper yellow leaf curl Indonesia virus Viruses; Geminiviridae 0.005476 1

Pepper yellow leaf curl Thailand virus Viruses; Geminiviridae 0.005474 2

Pepper yellow leaf curl virus Viruses; Geminiviridae 0.006028 2

Pepper yellow leaf curl virus PSSWS-14 | Viruses; Geminiviridae 0.002748 1

Pepper yellow vein Mali virus Viruses; Geminiviridae | 0.002786 1

Periwinkle leaf yellowing phytoplasma Bacteria; Terrabacteria 0.824596 1
group; Tenericutes

Phytophthora infestans Eukaryota; Protists; 228.544 2
Other Protists

Plantago lanceolata latent virus Viruses; Geminiviridae 0.002832 1

Plasmodiophora brassicae Eukaryota; Protists; 24.5596 7
Other Protists

Poinsettia branch-inducing phytoplasma | Bacteria; Terrabacteria 0.63144 1
group; Tenericutes

Potato yellow mosaic Panama virus Viruses; Geminiviridae 0.005126 1

Potato yellow mosaic virus Viruses; Geminiviridae 0.00514 4

Pouzolzia golden mosaic virus Viruses; Geminiviridae 0.002725 2

Pouzolzia mosaic Guangdong virus Viruses; Geminiviridae 0.002739 1

Premna leaf curl virus Viruses; Geminiviridae 0.002753 1

Prunus latent virus Viruses; Geminiviridae 0.003174 1

Pseudomonas syringae Bacteria; 6.0937 376
Proteobacteria;
Gammaproteobacteria

Pseudoperonospora cubensis Eukaryota; Protists; 64.3328 1
Other Protists

Pumpkin yellow mosaic Malaysia virus Viruses; Geminiviridae 0.002724 1

Pythium aphanidermatum Eukaryota; Protists; 35.8768 1
Other Protists

Pythium arrhenomanes Eukaryota; Protists; 44.6726 1
Other Protists

Pythium brassicum Eukaryota; Protists; 50.0694 1
Other Protists

Pythium guiyangense Eukaryota; Protists; 110.178 1
Other Protists
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Organism name Organism groups Size(Mb) | Assemblies
Pythium insidiosum Eukaryota; Protists; 53.239 12
Other Protists
Pythium irregulare Eukaryota; Protists; 42.9681 2
Other Protists
Pythium iwayamai Eukaryota; Protists; 43.1992 1
Other Protists
Pythium oligandrum Eukaryota; Protists; 41.9689 3
Other Protists
Pythium periplocum Eukaryota; Protists; 35.8865 1
Other Protists
Pythium splendens Eukaryota; Protists; 53.361 1
Other Protists
Radish leaf curl virus Viruses; Geminiviridae 0.002759 2
Ramie mosaic virus Viruses; Geminiviridae 0.005446 1
Ramie mosaic Yunnan virus Viruses; Geminiviridae 0.002759 1
Rhynchosia golden mosaic Havana Viruses; Geminiviridae 0.005151 1
virus-[Cuba:Havana:28:2007]
Rhynchosia golden mosaic Sinaloa virus | Viruses; Geminiviridae 0.005103 1
Rhynchosia golden mosaic virus Viruses; Geminiviridae 0.005174 3
Rhynchosia golden mosaic Yucatan Viruses; Geminiviridae 0.005139 1
virus
Rhynchosia mild mosaic virus Viruses; Geminiviridae 0.005162 1
Rhynchosia rugose golden mosaic virus | Viruses; Geminiviridae 0.005186 1
Rhynchosia yellow mosaic India virus Viruses; Geminiviridae 0.005406 1
Rhynchosia yellow mosaic virus Viruses; Geminiviridae 0.005379 1
Rice latent virus 1 Viruses; Geminiviridae 0.002757 2
Rice latent virus 2 Viruses; Geminiviridae 0.002843 1
Rice orange leaf phytoplasma Bacteria; 0.599264 1
Terrabacteriagroup;
Tenericutes
Rose leaf curl virus Viruses; Geminiviridae 0.002741 1
Saccharum streak virus Viruses; Geminiviridae 0.002744 1
Sauropus leaf curl virus Viruses; Geminiviridae 0.002762 1
Senecio yellow mosaic virus Viruses; Geminiviridae 0.002746 1
Senna leaf curl virus Viruses; Geminiviridae 0.002742 1
Sida angular mosaic virus Viruses; Geminiviridae 0.005349 1
Sida bright yellow mosaic virus Viruses; Geminiviridae 0.005348 1
Sida chlorotic mottle virus Viruses; Geminiviridae 0.002601 1
Sida chlorotic vein virus Viruses; Geminiviridae 0.005145 1
Sidaciliaris golden mosaic virus Viruses; Geminiviridae 0.002638 1
Sida common mosaic virus Viruses; Geminiviridae 0.002687 1
Sida golden mosaic Braco virus Viruses; Geminiviridae 0.0026 1
Sida golden mosaic Brazil virus Viruses; Geminiviridae 0.002659 1

(continued)
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Organism name Organism groups Size(Mb) | Assemblies
Sida golden mosaic Buckup virus- Viruses; Geminiviridae 0.005199 1
[Jamaica:St. Elizabeth:2004]

Sida golden mosaic Costa Rica virus Viruses; Geminiviridae 0.005192 1
Sida golden mosaic Florida virus Viruses; Geminiviridae 0.005186 2
Sida golden mosaic Honduras virus Viruses; Geminiviridae 0.005192 1
Sida golden mosaic Lara virus Viruses; Geminiviridae 0.002633 1
Sida golden mosaic virus Viruses; Geminiviridae 0.005227 1
Sida golden mottle virus Viruses; Geminiviridae 0.005184 1
Sida golden yellow spot virus Viruses; Geminiviridae 0.002813 1
Sida golden yellow vein virus Viruses; Geminiviridae 0.002603 1
Sida golden yellow vein virus-[Jamaica: | Viruses; Geminiviridae 0.00515 1
Liguanea2:2008]

Sida leaf curl virus Viruses; Geminiviridae 0.002757 1
Sida micrantha mosaic virus Viruses; Geminiviridae 0.005331 4
Sida mosaic Alagoas virus Viruses; Geminiviridae 0.005292 1
Sida mosaic Bolivia virus 1 Viruses; Geminiviridae 0.005348 1
Sida mosaic Bolivia virus 2 Viruses; Geminiviridae 0.005316 1
Sida mosaic Sinaloa virus Viruses; Geminiviridae 0.005182 1
Sida mottle Alagoas virus Viruses; Geminiviridae 0.002649 1
Sida mottle virus Viruses; Geminiviridae 0.002668 1
Sida yellow blotch virus Viruses; Geminiviridae 0.002664 1
Sida yellow leaf curl virus Viruses; Geminiviridae 0.002664 1
Sida yellow mosaic Alagoas virus Viruses; Geminiviridae 0.00269 1
Sida yellow mosaic China virus Viruses; Geminiviridae 0.002751 1
Sida yellow mosaic virus Viruses; Geminiviridae 0.002661 1
Sida yellow mosaic Yucatan virus Viruses; Geminiviridae 0.005197 1
Sida yellow mottle virus Viruses; Geminiviridae 0.005222 1
Sida yellow net virus Viruses; Geminiviridae 0.002676 1
Sida yellow vein Madurai virus Viruses; Geminiviridae 0.002753 1
Sida yellow vein virus Viruses; Geminiviridae 0.005205 1
Sida strum golden leaf spot virus Viruses; Geminiviridae 0.002666 1
Siegesbeckia yellow vein Guangxi virus | Viruses; Geminiviridae 0.002784 1
Siegesbeckia yellow vein virus Viruses; Geminiviridae 0.002768 1
Solanum mosaic Bolivia virus Viruses; Geminiviridae 0.005196 1
South African cassava mosaic virus Viruses; Geminiviridae 0.00556 1
Soybean blistering mosaic virus Viruses; Geminiviridae 0.002605 1
Soybean chlorotic blotch virus Viruses; Geminiviridae 0.005355 1
Soybean chlorotic spot virus Viruses; Geminiviridae 0.005208 1
Soybean mild mottle virus Viruses; Geminiviridae 0.002768 1
Spilanthes yellow vein virus Viruses; Geminiviridae 0.002761 1
Spinach curly top Arizona virus Viruses; Geminiviridae 0.00286 1
Spinach severe curly top virus Viruses; Geminiviridae 0.003065 1
Spinach yellow vein Sikar virus Viruses; Geminiviridae 0.002753 1
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Sporisorium scitamineum Eukaryota; Fungi; 20.0676 4
Basidiomycetes
Sporobolus striate mosaic virus 1 Viruses; Geminiviridae 0.002789 1
Sporobolus striate mosaic virus 1 Viruses; Geminiviridae 0.002789 1
Sporobolus striate mosaic virus 2 Viruses; Geminiviridae 0.002716 1
Squash leaf curl China virus Viruses; Geminiviridae 0.002756 3
Squash leaf curl China virus — [B] Viruses; Geminiviridae 0.005455 1
Squash leaf curl Philippines virus Viruses; Geminiviridae 0.005444 1
Squash leaf curl virus Viruses; Geminiviridae 0.005241 1
Squash leaf curl Yunnan virus Viruses; Geminiviridae 0.002714 1
Squash mild leaf curl virus Viruses; Geminiviridae 0.00519 1
Sri Lankan cassava mosaic virus Viruses; Geminiviridae 0.005466 2
Stachytarpheta leaf curl virus Viruses; Geminiviridae 0.002749 1
Streptomyces scabiei Bacteria; Terrabacteria 10.1487 17
group; Actinobacteria
Sugarcane chlorotic streak virus Viruses; Geminiviridae 0.002757 1
Sugarcane streak Egypt virus Viruses; Geminiviridae 0.002706 1
Sugarcane streak Reunion virus Viruses; Geminiviridae 0.00274 2
Sugarcane streak virus Viruses; Geminiviridae 0.002758 2
Sugarcane striate virus Viruses; Geminiviridae 0.002749 2
Sugarcane white streak virus Viruses; Geminiviridae 0.00283 1
Sunn hemp leaf distortion virus Viruses; Geminiviridae 0.002774 1
Sweet potato golden vein associated Viruses; Geminiviridae 0.002824 1
virus
Sweet potato golden vein Korea virus Viruses; Geminiviridae 0.002807 1
Sweet potato leaf curl Bengal virus Viruses; Geminiviridae 0.002823 1
Sweet potato leaf curl Canary virus Viruses; Geminiviridae 0.002837 2
Sweet potato leaf curl China virus Viruses; Geminiviridae 0.002771 1
Sweet potato leaf curl Georgia virus Viruses; Geminiviridae 0.002773 1
Sweet potato leaf curl Guangxi virus Viruses; Geminiviridae 0.002831 1
Sweet potato leaf curl Henan virus Viruses; Geminiviridae 0.002785 2
Sweet potato leaf curl Lanzarote virus Viruses; Geminiviridae 0.002814 1
Sweet potato leaf curl Sao Paulo virus Viruses; Geminiviridae 0.002782 1
Sweet potato leaf curl Shanghai virus Viruses; Geminiviridae 0.002834 1
Sweet potato leaf curl Sichuan virus 1 Viruses; Geminiviridae 0.002764 1
Sweet potato leaf curl Sichuan virus 2 Viruses; Geminiviridae 0.002786 1
Sweet potato leaf curl South Carolina Viruses; Geminiviridae 0.002782 1
virus
Sweet potato leaf curl Spain virus Viruses; Geminiviridae 0.00278 1
Sweet potato leaf curl Uganda virus- Viruses; Geminiviridae 0.002799 1
[Uganda:Kampala:2008]
Sweet potato leaf curl virus Viruses; Geminiviridae 0.002844 15
Sweet potato mosaic virus Viruses; Geminiviridae 0.002803 2
Sweet potato symptomless virus 1 Viruses; Geminiviridae 0.002886 2

(continued)
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Sweet potato symptomless virus 1 Viruses; Geminiviridae 0.002886 2
Switchgrass mosaic-associated virus 1 Viruses; Geminiviridae 0.002739 1
Synedrella leaf curl virus Viruses; Geminiviridae 0.002749 1
Synedrella yellow vein clearing virus Viruses; Geminiviridae 0.002751 1
Telfairia golden mosaic virus Viruses; Geminiviridae 0.002742 1
Tilletia caries Eukaryota; Fungi; 29.5409 2
Basidiomycetes
Tobacco curly shoot virus Viruses; Geminiviridae 0.002743 1
Tobacco leaf curl Comoros virus Viruses; Geminiviridae 0.002755 1
Tobacco leaf curl Cuba virus Viruses; Geminiviridae 0.005176 2
Tobacco leaf curl Japan virus Viruses; Geminiviridae 0.002761 1
Tobacco leaf curl Pusa virus Viruses; Geminiviridae 0.002707 1
Tobacco leaf curl Thailand virus Viruses; Geminiviridae 0.002752 1
Tobacco leaf curl virus Viruses; Geminiviridae 0.002762 1
Tobacco leaf curl Yunnan virus Viruses; Geminiviridae 0.00275 1
Tobacco leaf curl Zimbabwe virus Viruses; Geminiviridae 0.002767 1
Tobacco leaf rugose virus Viruses; Geminiviridae 0.002622 1
Tobacco mosaic virus Viruses; Virgaviridae 0.006395 1
Tobacco mottle leaf curl virus Viruses; Geminiviridae 0.002634 1
Tobacco yellow crinkle virus Viruses; Geminiviridae 0.005154 1
Tobacco yellow dwarf virus Viruses; Geminiviridae 0.00258 1
Tobacco yellow dwarf virus Viruses; Geminiviridae 0.00258 1
Tomato bright yellow mosaic virus Viruses; Geminiviridae 0.002619 1
Tomato bright yellow mottle virus Viruses; Geminiviridae 0.002639 1
Tomato chino La Paz virus Viruses; Geminiviridae 0.002632 3
Tomato chlorotic leaf distortion virus- Viruses; Geminiviridae 0.00523 1
[Venezuela:Zulia:2004]
Tomato chlorotic mottle Guyane virus Viruses; Geminiviridae 0.005234 1
Tomato chlorotic mottle virus Viruses; Geminiviridae 0.005195 3
Tomato common mosaic virus Viruses; Geminiviridae 0.005058 1
Tomato curly stunt virus Viruses; Geminiviridae 0.002766 1
Tomato dwarf leaf virus Viruses; Geminiviridae 0.005034 1
Tomato enation leaf curl virus Viruses; Geminiviridae 0.002756 1
Tomato golden leaf distortion virus Viruses; Geminiviridae 0.00263 1
Tomato golden leaf spot virus Viruses; Geminiviridae 0.002669 1
Tomato golden mosaic virus Viruses; Geminiviridae 0.005096 1
Tomato golden mottle virus Viruses; Geminiviridae 0.005172 1
Tomato golden vein virus Viruses; Geminiviridae 0.005095 1
Tomato interveinal chlorosis virus Viruses; Geminiviridae 0.002617 1
Tomato latent virus Viruses; Geminiviridae 0.002746 1
Tomato leaf curl Anjouan virus Viruses; Geminiviridae 0.002781 1
Tomato leaf curl Arusha virus Viruses; Geminiviridae 0.002766 2
Tomato leaf curl Bangalore virus Viruses; Geminiviridae 0.002759 5
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Tomato leaf curl Bangladesh virus Viruses; Geminiviridae 0.002761 1
Tomato leaf curl Barka virus Viruses; Geminiviridae 0.002753 1
Tomato leaf curl Burkina Faso virus Viruses; Geminiviridae 0.002784 1
Tomato leaf curl Cameroon virus Viruses; Geminiviridae 0.002808 1
Tomato leaf curl Cebu virus Viruses; Geminiviridae 0.002723 1
Tomato leaf curl China virus Viruses; Geminiviridae | 0.002738 4
Tomato leaf curl China virus — OX2 Viruses; Geminiviridae 0.002744 1
Tomato leaf curl Comoros virus Viruses; Geminiviridae 0.002765 1
Tomato leaf curl Cotabato virus Viruses; Geminiviridae 0.00275 1
Tomato leaf curl Diana virus Viruses; Geminiviridae 0.002745 1
Tomato leaf curl Gandhinagar virus Viruses; Geminiviridae 0.00276 1
Tomato leaf curl Ghana virus Viruses; Geminiviridae 0.002803 2
Tomato leaf curl Guangdong virus Viruses; Geminiviridae 0.002744 1
Tomato leaf curl Guangxi virus Viruses; Geminiviridae 0.002752 1
Tomato leaf curl Gujarat virus Viruses; Geminiviridae 0.005445 1
Tomato leaf curl Hainan virus Viruses; Geminiviridae 0.002756 3
Tomato leaf curl Hanoi virus Viruses; Geminiviridae 0.00274 1
Tomato leaf curl Iran virus Viruses; Geminiviridae 0.002763 1
Tomato leaf curl Java virus Viruses; Geminiviridae 0.002752 2
Tomato leaf curl Joydebpur virus Viruses; Geminiviridae 0.002798 2
Tomato leaf curl Karnataka virus Viruses; Geminiviridae 0.002772 7
Tomato leaf curl Kerala virus Viruses; Geminiviridae 0.002767 2
Tomato leaf curl Kumasi virus Viruses; Geminiviridae 0.002794 1
Tomato leaf curl Laos virus Viruses; Geminiviridae 0.002748 1
Tomato leaf curl Liwa virus Viruses; Geminiviridae 0.002761 1
Tomato leaf curl Madagascar virus Viruses; Geminiviridae 0.002775 1
Tomato leaf curl Madagascar virus- Viruses; Geminiviridae 0.002777 1
Menabe [Madagascar:

Morondova:2001]

Tomato leaf curl Malaysia virus Viruses; Geminiviridae 0.002754 1
Tomato leaf curl Mali virus Viruses; Geminiviridae 0.002773 1
Tomato leaf curl Mayotte virus Viruses; Geminiviridae 0.002768 1
Tomato leaf curl Mindanao virus Viruses; Geminiviridae 0.002761 1
Tomato leaf curl Moheli virus Viruses; Geminiviridae 0.002756 1
Tomato leaf curl Namakely virus Viruses; Geminiviridae 0.002772 2
Tomato leaf curl New Delhi virus Viruses; Geminiviridae 0.005435 8
Tomato leaf curl New Delhi virus 2 Viruses; Geminiviridae 0.002735 1
Tomato leaf curl New Delhi virus 4 Viruses; Geminiviridae 0.002739 1
Tomato leaf curl Nigeria virus- Viruses; Geminiviridae 0.002784 1
[Nigeria:2006]

Tomato leaf curl Oman virus Viruses; Geminiviridae 0.002763 1
Tomato leaf curl Palampur virus Viruses; Geminiviridae 0.005481 4
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Tomato leaf curl Patna virus Viruses; Geminiviridae 0.002752 1
Tomato leaf curl Philippines virus Viruses; Geminiviridae 0.002755 3
Tomato leaf curl Pune virus Viruses; Geminiviridae 0.002756 1
Tomato leaf curl purple vein virus Viruses; Geminiviridae 0.002629 1
Tomato leaf curl Rajasthan virus Viruses; Geminiviridae 0.002758 1
Tomato leaf curl Ranchi virus Viruses; Geminiviridae 0.002762 1
Tomato leaf curl Seychelles virus Viruses; Geminiviridae 0.002742 1
Tomato leaf curl Sinaloa virus Viruses; Geminiviridae 0.005173 1
Tomato leaf curl Sri Lanka virus Viruses; Geminiviridae 0.002756 1
Tomato leaf curl Sudan virus Viruses; Geminiviridae 0.002782 4
Tomato leaf curl Sulawesi virus Viruses; Geminiviridae 0.002751 1
Tomato leaf curl Taiwan virus Viruses; Geminiviridae 0.002743 4
Tomato leaf curl Toliara virus Viruses; Geminiviridae 0.002764 1
Tomato leaf curl Uganda virus Viruses; Geminiviridae 0.002747 1
Tomato leaf curl Vietnam virus Viruses; Geminiviridae 0.002745 1
Tomato leaf curl virus Viruses; Geminiviridae 0.002766 5
Tomato leaf deformation virus Viruses; Geminiviridae 0.002591 1
Tomato leaf distortion virus Viruses; Geminiviridae 0.002645 1
Tomato mild mosaic virus Viruses; Geminiviridae 0.005371 1
Tomato mild yellow leaf curl Aragua Viruses; Geminiviridae 0.005168 1
virus
Tomato mosaic Havana virus Viruses; Geminiviridae 0.005206 1
Tomato mosaic Trujillo virus Viruses; Geminiviridae 0.002637 1
Tomato mottle leaf curl virus Viruses; Geminiviridae 0.005229 2
Tomato mottle Taino virus Viruses; Geminiviridae 0.005159 1
Tomato mottle virus Viruses; Geminiviridae 0.005145 1
Tomato mottle wrinkle virus Viruses; Geminiviridae 0.005124 1
Tomato pseudo-curly top virus Viruses; Geminiviridae 0.002861 1
Tomato rugose mosaic virus Viruses; Geminiviridae 0.005194 1
Tomato rugose yellow leaf curl virus Viruses; Geminiviridae 0.005305 1
Tomato severe leaf curl virus Viruses; Geminiviridae 0.002755 4
Tomato severe rugose virus Viruses; Geminiviridae 0.005164 1
Tomato spotted wilt tospovirus Viruses; Tospoviridae 0.016634 1
Tomato yellow leaf curl Axarquia virus Viruses; Geminiviridae 0.002763 1
Tomato yellow leaf curl China virus Viruses; Geminiviridae 0.002741 7
Tomato yellow leaf curl Guangdong Viruses; Geminiviridae 0.002744 1
virus
Tomato yellow leaf curl Indonesia virus- | Viruses; Geminiviridae 0.002762 1
[Lembang]
Tomato yellow leaf curl Kanchanaburi Viruses; Geminiviridae 0.005504 1
virus
Tomato yellow leaf curl Malaga virus Viruses; Geminiviridae 0.002782 1

(continued)
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Table 32.2 (continued)

Organism name Organism groups Size(Mb) | Assemblies
Tomato yellow leaf curl Mali virus Viruses; Geminiviridae 0.002796 3
Tomato yellow leaf curl Sardinia virus Viruses; Geminiviridae 0.002773 1
Tomato yellow leaf curl Saudi virus Viruses; Geminiviridae 0.002775 1
Tomato yellow leaf curl Shuangbai Viruses; Geminiviridae 0.002748 1
virus — [Y4536]
Tomato yellow leaf curl Thailand virus Viruses; Geminiviridae 0.005488 5
Tomato yellow leaf curl Vietnam virus Viruses; Geminiviridae 0.002745 1
Tomato yellow leaf curl virus Viruses; Geminiviridae 0.00279 6
Tomato yellow leaf curl Yunnan virus Viruses; Geminiviridae 0.002754 1
Tomato yellow leaf distortion virus Viruses; Geminiviridae 0.005219 1
Tomato yellow margin leaf curl virus Viruses; Geminiviridae 0.005118 1
Tomato yellow mottle virus Viruses; Geminiviridae 0.005121 1
Tomato yellow spot virus Viruses; Geminiviridae 0.0053 1
Tomato yellow vein streak virus Viruses; Geminiviridae 0.00513 1
Triumfetta yellow mosaic virus Viruses; Geminiviridae 0.005277 1
Turnip curly top virus Viruses; Geminiviridae | 0.002981 4
Turnip curly top virus Viruses; Geminiviridae 0.002981 4
Turnip leaf roll virus Viruses; Geminiviridae 0.002965 1
Turnip leaf roll virus Viruses; Geminiviridae 0.002965 1
TYLCAxV-Sicl-[IT:Sic2/2:04] Viruses; Geminiviridae 0.002771 1
Urochloa streak virus Viruses; Geminiviridae 0.002736 1
Urochloa streak virus Viruses; Geminiviridae 0.002736 1
Ustilago maydis Eukaryota; Fungi; 19.6644 7
Basidiomycetes
Vaccinium witches’-broom phytoplasma | Bacteria; 0.647754 1
Terrabacteriagroup;
Tenericutes
Velvet bean golden mosaic virus Viruses; Geminiviridae 0.002767 1
Velvet bean severe mosaic virus Viruses; Geminiviridae 0.00539 1
Venturia inaequalis Eukaryota; Fungi; 72.7916 85
Ascomycetes
Vernonia crinkle virus Viruses; Geminiviridae 0.002791 1
Vernonia yellow vein Fujian virus Viruses; Geminiviridae 0.002739 1
Vernonia yellow vein virus Viruses; Geminiviridae 0.002745 1
Verticillium albo-atrum Eukaryota; Fungi; 36.4685 1
Ascomycetes
Verticillium alfalfae Eukaryota; Fungi; 32.863 2
Ascomycetes
Verticillium dahliae Eukaryota; Fungi; 33.9003 13
Ascomycetes
Verticillium isaacii Eukaryota; Fungi; 35.6909 1
Ascomycetes
Verticillium klebahnii Eukaryota; Fungi; 36.0824 1
Ascomycetes

(continued)
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Table 32.2 (continued)
Organism name Organism groups Size(Mb) | Assemblies
Verticillium longisporum Eukaryota; Fungi; 99.1892 2
Ascomycetes
Verticillium nonalfalfae Eukaryota; Fungi; 31.7515 3
Ascomycetes
Verticillium nubilum Eukaryota; Fungi; 379116 1
Ascomycetes
Verticillium tricorpus Eukaryota; Fungi; 36.0604 2
Ascomycetes
Verticillium zaregamsianum Eukaryota; Fungi; 37.1319 1
Ascomycetes
Vigna yellow mosaic virus Viruses; Geminiviridae 0.002602 1
Vinca leaf curl virus Viruses; Geminiviridae 0.002776 1
Watermelon chlorotic stunt virus Viruses; Geminiviridae 0.005498 1
West African Asystasia virus 1 Viruses; Geminiviridae 0.005388 2
West African Asystasia virus 2 Viruses; Geminiviridae 0.002744 1
Wheat blue dwarf phytoplasma Bacteria; 0.611462 1
Terrabacteriagroup;
Tenericutes
Wheat dwarf India virus Viruses; Geminiviridae 0.002783 1
Wheat dwarf virus Viruses; Geminiviridae 0.00275 6
Wheat dwarf virus Viruses; Geminiviridae 0.00275 6
Whitefly-associated begomovirus 1 Viruses; Geminiviridae 0.002609 1
Whitefly-associated begomovirus 2 Viruses; Geminiviridae 0.00259 1
Whitefly-associated begomovirus 3 Viruses; Geminiviridae 0.002629 1
Whitefly-associated begomovirus 4 Viruses; Geminiviridae 0.002608 1
Whitefly-associated begomovirus 6 Viruses; Geminiviridae 0.002638 1
Whitefly-associated begomovirus 7 Viruses; Geminiviridae 0.002767 1
Wissadula golden mosaic virus Viruses; Geminiviridae 0.0052 1
Wissadula yellow mosaic virus Viruses; Geminiviridae 0.002621 1
Xanthomonas axonopodis Bacteria; 5.41058 14
Proteobacteria;
Gammaproteobacteria
Xanthomonas campestris Bacteria; 5.07619 71
Proteobacteria;
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32.6 Conclusion

The applications of bioinformatics to plant pathology have been pivotal role in
understanding of host and pathogen evolution and molecular interactions
between host and pathogen. Availability of next-generation sequencing data
of candidate model organisms of all kingdom through high-throughput tech-
nology is convenient to deal with biological systems and understand the
biological sequence—structure—function correlation using in-silico biology
tools, technology and databases. Genome annotation, assembly, bioproject,
biosample submission, sequence data submission, retrieval of data, data analy-
sis, variation analysis, conserved domain analysis, gene identification, regu-
latory elements analysis, gene expression analysis, structure prediction,
structure visualization, structure analysis, structure classification, molecular
modeling, epitope identification and mapping using 3D, drug designing, active
site analysis and molecular docking, etc. play an important role to achieve
biological function and understand the sequence—structure—function relation-
ship. These all in-silico biology techniques will be further helpful in genomics-
assisted crop improvement and development of designer crops with high yield
and super quality.
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