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Detection of plant pathogenic viruses and viroids using high
throughput sequencing technology
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2 Deoxyribonucleotide=DNA

® Ribonucleotides=RNA
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® Enveloped
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" Viroids

8 Enzyme-linked immunosorbent assay =ELISA
® Polymerase chain reaction= PCR
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2 Israeli acute paralysis virus= IAPV
® De novo assembling
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® metaproteomics
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Software/Algorithm Reference Site link
MG-RAST (Aziz et al., 2008)
Gene-DB (Logan-Klumpler et al., 2012)
IMG-M (Markowitz et al., 2009)
) ) Eragatis (Orvis et al., 2010) /http://ergatis.sourceforge.net
Annotation and analysis
DIYA (Stewart et al., 2009)(28)
CloVR - http://clovr.org/
RATT (Oftto et al., 2011)
VMGAP (Lorenzi et al., 2011)
CAMERA (Seshadri et al., 2007)(31)
METAREP (Goll et al., 2010)
Assembly RAY (Boisvert et al., 2010)
Velvet (Zerbino and Birney, 2008)
SOAPdenovo (Chaisson and Pevzner, 2008)
Newbler (Simpson et al., 2009)
ABYSS (Gnerre et al., 2011)
ALLPATHs
Genovo (Laserson et al., 2011)
CLCbio http://clchio.com
Meta-IDBA (Peng et al., 2011)
MetaVelvet metavelvet.dna.bio.keio.ac.j
Mapping/alignment BWA Bowtie (Langmead et al., 2009)
SAMtools (Li et al., 2009a)
SOAP2 (Li et al., 2009b)
MrFAST (Hach et al., 2010)
CloudBurst (Schatz, 2009)
BFAST (Homer et al., 2009)
MUMer (Khan et al., 2009)
MOSAIK http://bioinformatics.bc.edu/marthlab/Mosaik
BLAST (Altschul et al., 1997)
HMM (Eddy, 1998)
Phylogenetic PHYML (Guindon and Gascuel, 2003) http://www.lirmm.fr/w3ifa/ MAAS/
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DNA extraction Vectors
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Ligation | -
Host organisms
( - ),
{
- (
Transformation
? ol o y
Clone library o o .
) o L
DNA sequencing
DNA reads feocact 2 “‘.culuvuuc’
UAOCATIOATACT ARTAOTTTAGACCATABATIACCCCATATAA
O MTAGCATA
Assembly
Contigs and N
<< GTATACGATIATAAAIT T
remaining GACCATTBATAUT  AATAGTITAGAGDATAGATIACCCCATATAA
DNA reads SATACCATA
Gene and protein prediction
Genes and their ,.
proteins INTLAR
Downstream analyses
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Gayfeather mild mottle virus (GMMV)
Grapevine Syrah virus-1 (GSyV-1)
Cassava brown streak virus (CBSV)
Hardenbergia virus (HarVA)

Lettuce necrotic leaf curl virus (LNLCV)
Yellow tailflower mild mottle virus (YTMMYV)
Caladenia virus A (CalVA)

Donkey orchid virus A (DOVA)

Apple rubbery wood virus 1 and 2

Blackberry leaf mottle-associated virus

Diuris virus A (DiVA)

Diuris virus B (DiVB)

Diuris pendunculata cryptic virus (DPCV)

Ipomoea batatas Rhabdovirus N-like sequences (IbRNLS)

Cymbidium mosaic virus (CymMV)
Raspberry latent virus (RpLV)
Grapevine virus F (GVF)

Donkey orchid symptomless virus (DOSV)
Persimmon virus A (PeVA)
Persimmon latent virus (PeLV)

Eggplant mild leaf mottle virus (EMLMV)
Pepper yellow leaf curl virus (PYLCV)

Tomato necrotic stunt virus (TONSV)

Grapevine pinot gris virus (GPGV)

Citrus yellow vein clearing virus Y1 (CYVCV-Y1)
Yam bean mosaic virus (YBMV)

Woolly burdock yellow vein virus (WBYVV)
sweet potato C6 virus (SPC6V)

Andean potato mild mosaic virus (APMMYV)
Tomato mottle mosaic virus (TOMMV)

Citrus leprosis virus cytoplasmic type 2 (CiLV-C2)

Citrus vein enation virus (CVEV)
Tomato matilda virus (TMaV)

Cassava polero-like virus (CsPLV)
Cassava new alphaflexivirus (CsNAV)
Cassava torrado-like virus (CsTLV)

Rose leaf rosette-associated virus (RLRaV)
SOl gl s s

Sweet potato badnavirus C1 (SPBV-C1)
Sweet potato badnavirus C2 (SPBV-C2)
Grapevine red blotch-associated virus (GRBaV)
Sugarcane white streak virus (SWSV)
Piper yellow mottle virus (PYMoV)

Piper DNA virus 1 (PDV-1)

Piper DNA virus 2 (PDV-2)

ST sl s s

Two badnaviruses

One mastrevirus

Grapevine vein clearing virus (GVCV)

Citrus chlorotic dwarf-associated virus (CCDaV)
Grapevine geminivirus (GVGV)

Pagoda yellow mosaic associated virus (PYMAV)
s s

Persimmon viroid 2 (PVd2)

Grapevine hammerhead viroidlike RNA (GHVd
Apple hammerhead viroid-like RNA (AHVd-like
Grapevine latent viroid (GLVd)

Bromoviridae (Cucumovirus) +
Tymoviridae (Marafivirus) -
Potyviridae (Ipomovirus) -

Betaflexiviridae -
Secoviridae (Torradovirus) +
Virgaviridae (Tobamovirus) +

Potyviridae (Poacevirus) -
Potyviridae (Potyvirus) -
Phenuiviridae -
Fimoviridae (Emaravirus)
Betaflexiviridae (Capillovirus) -
Betaflexiviridae (Capillovirus) -
Partitiviridae
Rhabdoviridae -

Alphaflexiviridae (Potexvirus) -
Reoviridae (Reovirus) +
Betaflexiviridae (Vitivirus)

PRRAPLE R +
Rhabdoviridae (Cytorhabdovirus); unassigned +
Rhabdoviridae (Cytorhabdovirus); unassigned +
Potyviridae +
Luteoviridae (Polerovirus)
Potyviridae (Potyvirus) +
Betaflexiviridae (Trichovirus) _
Alphaflexiviridae (Mandarivirus) +
Potyviridae (Potyvirus) +
i) antlid _
Betaflexiviridae (Carlavirus) +
Tymoviridae (Tymovirus) +
Virgaviridae (Tobamovirus) +
Cilevirus +
Luteoviridae (Enamovirus) +
Iflaviridae (Tomavirus) +
Luteoviridae (Polerovirus); +
Alphaflexiviridae(Potexvirus) +
Secoviridae (Torradovirus) +
Closteroviridae (Closterovirus) -
Caulimoviridae (Badnavirus); -
Caulimoviridae (Badnavirus) -
Geminiviridae
Geminiviridae (Mastrevirus) +
Caulimoviridae (Badnavirus) +
Caulimoviridae
Caulimoviridae -
+
+
+
¥
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2 Sequence-independent

* Small interfering RNA= siRNA

* Satellite

> Small RNA

® virus discovery by deep sequencing and assembly of total
host small RNAs

’ Contigs

d e Sy 3 slolkes b slolol S pen s 053
RNase 5 DNase (slow 5T ol 511 s (gtiai os i
Lomsns s slae Sy olo o Sl pd cbli>
Sot Al Aol 5 Ol A 05 S el B ola Ay,
(Sl Gladigad 53 e s RIS Sl s Lsba
Delwart 2007; ) Cousl ol exlizul LS 5 o s5de ¢ o $L3I
Shls ws s s slas Sy o S 5 .(Mokili et al. 2012
St A e s S e 5 S e S
s oSt sblis b ow,S e JlE e s 8 L ks
Lok gladed SAS5 sl 51 43 plydS s
Gos 5 3 b SL I bl jslaiens (s s ad slae Sy
L ele ol OB gla sy linle s 5y 5 AL
Gy ol O ol edle daes 0 3505 LS
Sl sy anws 5 obml sl da g s 31 ol O s
Sl UL Sy S ol ol poland
b S s s aed Sl s s 4 Slee S
Grie ladeul SAS S by S 5 Ges L oL IS s
0 e QLS 1ol lsnal w5 and lae Sy 5l e
G1S5 S an s JolE s GLOLGS wsps sler aiS
95 «Sugarcane streak Egypt Virus(SSEV)) S
«(Piper yellow mottle virus(PYMV)) olo i (53,5 Sy
s (Piper DNA virus-1(PDV-1)) ol |23 V=10l 65> w5
(Piper DNA virus-2(PDV-2)) ol s Y=(5l.OL s> w9
it Sy S s Slapl &l GO sz 53 s
5 (Eggplant mild leaf mottle virus (EMLMV))0xesl
(Pepper yellow leaf curl ) |l 5,5 S 5 Sdamy o505

.(Wuetal. 2015) .l s virus (PYLCV))
(Pepper yellow leaf curl ) 1l 5,5 S 0 Sdomy s,
ol cleas (Wu et al. 2015) ol s virus (PYLCV))
Sl S ol 5l edel sy IS el SIS S ol b
Gladwl KA 28 WSRNA 5 vy s e lae Sy
s 555 4 RT-PCR L PCR 815 Gy b 5l sk o] snd

! Virus-like particles (VLPs)
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