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Next generation diagnhostics

Better understanding of the major diseases contributing to seed degeneration,
their epidemiology and cheap rapid accurate diagnostics

Appropriate diagnostics Characterization & surveillance of Predicting risk
technologies (new & emerging) pathogens SHEN T
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RNA sequencing and assembly for virus
Identification and discovery

Cytoplasm

overlapplng SSRNAs

/

Replicating RNA virus

: T
Maintenance,

RdRD PCR”

VA ™

Systemic signal SiRNA \
@ RISC
nuclease complex

T

amplification dsRNA (RNA virus)
< Degr@ Rn Se Initiation

Targeted RNA
degradation

Complementary ssRNA or dsRNA




RNA sequencing and assembly for
virus identification and discovery

Nucleus (f;”gé‘m.“n'.i‘.‘is)

Cytoplasm

Maintenance,
amplification

rrrrrrrnm—rrrm
RdRp

.

Systemic signal

dsRNA (RNA virus)
”Degradative i Initiation
PCR”

overlapplng SSRNAs

/

T

@

RISC
nuclease complex

Complementary ssRNA or dsRNA

Replicating RNA virus

WL U AT

=

High throughput
sequencing
assembly into
contigs

search for
similarity in
databases
using BLAST

Targeted RNA
degradation




Number of contigs assembled by Velvet using 21-24 nt sRNA, or only 22 nt sRNA sequences, with virus specific hits as identified using Translated Nucleotide Blast (Blastx).

Plant infected with siRNAs sequenced Contigs identified Contigs with Blastx Contig sizes 21-24 Contigs with Blastx Contigs with Blastx
hits 21-24 nt sSRNA nt sRNA k=15, hits 21-24 nt sRNA hits only 22 nt sRNA
k=15, cov=30* cov = 30° k=15, cov=3" k=15, cov=3"

SPFMV 1,275,673 Total contigs 239 1633 431
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SNP landscape highly similar between
SIRNA and RNA from virus particles

poal of potato plants infected with PWY
(secondary infection, plants propagated in vilro)
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The African sweetpotato virome

~2000 samples and bioinformatics pipeline for virus identification
using siRNA assembly and genome subtraction
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I
Small RNA sequence analysis pipeline: VirusDetect_v1.6

Reference Length Coverage #contig Depth Depth S%ldentity %lden %lden Genus Description
SRNA reads (%) (Norm) Max  Min
Alignment t9 FJ150422 4806 4806 (100) M 6759 185 9464 96.00 84.82 HNA Drosophila A virus isolate HD,
K reference virus complete gename
0 t|0na| Alignment to hgst database & :
p sequences reference-quided Q342962 3260 3257 3 5243 144 98.1 98.75 97.03 HNA Drosaophila melanogaster
bl 9 (99.9) birnavirus SW-2009a strain DBV
assembly segment A, complete sequence.
- GQ342963 3014 3014 (100) 1 8548 234 98.47 98.47 9847 HNA Drosaophila melanogaster
Host-derived sRNA Unmapped Contigs birnavirus SW-2009a strain DBV
reads sRNA reads 9 segment B, complete sequence.
De novo assembly KF947076 13534 1773 27 32 10 99.10 100 9714 NA Spodoptera frugiperda
(13.1) rhabdovirus isolate Sf, complete
. enome.
Contigs g
GQ257737 12333 12333 6 6612 181 96.87 9929 9167 NA Nora virus isolate Umea 2007,
Alignment to host (100} complete genome.
sequences M32779 2225 2112 7 204 05 9957 100 9769 alphabaculovirus Autographa californica
(94.9) nucleopolyhedrovirus insertion
. . . element IFP2.2 genomic
Host-derived contigs Unmapped contigs sequenca.
EFB630537 | 3107 3089 5 6542 179 94.82 96.59 9412  alphanodavirus Flock house virus isolate TNCL
Concatenate and remove redundancy (99.4) segment RNAT protein A mRNA,
complete cds.
. EFG90538 1383 1383 (100) 1 Jre.s 104 94 .44 9444 9444  alphanodavirus Flock house virus isolate TNCL
Non-redundant contigs segment RNAZ2 protein alpha
mRNA, complete cds.
Alignment of SRNA reads back to AF014383 9264 9244 3 10962 301 9803 9821 9688 cripavirus Drosophila C virus strain EB,
contigs & correct base errors (99.8) complete genome.
Non-redundant Contigs ok 1i< ZL SL 4L SL GL ?L BL SL
(base error corrected) AF 14358
i . i CONTIGZZ20
BLASTN against virus nucleotiile R —CDNTIGSO
database
. . . Order QueryID Query Start  QueryEnd  Subjct Start  SubjctEnd  Identi Evalue Strand
Contigs without hit o / / = i 15
1 CONTIG50 1 1121 8144 9264 1086/1121(96%) 0.0 1
BLASTX against virus )
protein database Alignment:
Query: 1 tgaggttgaatatgctcgtattgttgcgcaagtaatgggtgaagatgtagctattcaaag 60
FEPEEEEEEE FEEEEE TR TR E e FEEE TR
. . . . Sbhjct: 8144 tga tgaagatgctcgtattgttgcgecaagtaatgggtgaagatttagctaticaaag 5283
virus virus Undetermined contigs - S e e = :

Query: 61 aasacgatgctcaacatggtgticatccaatgaccatagacactcataagattgactcaaa 120

SiRNA size profile Sbjct: 8204 asacgatgctcaacatggtgttcatccaatgactatagacactcataagatcgactcaaa 8263
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http://bioinfo.bti.cornell.edu/virome/index

Home Participants Sampling Data~ Publication Link
Home Participants Sampling Data~
Samples in field TZF111
Sample  Date(DD/MM/YYYY) Age(month)  Sameple Image 1~ _elimage
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I
Results: the viruses

3193 viruses from 1168 samples

New viruses:
Potyviruses: 3
Ampeloviruses: 3
Mitoviruses: many
Nepovirus
Soymovirus
Emaravirus
Begomoviruses
Alphasatellites
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Badnaviruses of Sweet Potato: Storage Root Yield of Sweetpotato as Influenced by Sweetpotato leaf curl virus and
Sym ptomless Coinhabitants on a Its Interaction With Sweetpotato feathery mottle virus and Sweetpotato chlorotic
Global Scale stunt virus in Kenya
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FIGURE 4 | Relative expression for Badnavirus SPPV A and B. Bar graph
depicting the expression of SPPV-A and SPPV-B in leaves in coinfection with
SPFMV, SPCSV, or both vinusas (SPVD) relative to plants infectad only with
SPPVY (only SPPV). Error bare indicate standard error of ralative exprossion.
“Significantly upregulated as compared to plants infected only by SPPV jonly
SPPV: p=0.001).




Can we make predictions about likely

occurrence beyond evaluated areas?

Example for begomoviruses: Niche analysis using MaxEnt
modeling and bioclimatic-ecosystem variables

Variabl
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Field LAMP kit

Alkaline PEG sample inzi:f:ziﬁl:op Tube with water PrOtOtype LAMP
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Sample collection:

994 geo-referenced potato leaf
samples (Cajamarca, Huanuco,
Junin, Huancavelica, Cusco)
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General results
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Are any of the new viruses of relevance?
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Rugose stunting disease of potato: the history of the
emergence and decline of a viral disease

* Observed since 1990 in Arequipa, Mogquegua and Tacna and studied as SB26
and SB29

« |sometric virus, transmitted by transmitted by brown leafhoppers (Russelliana
solanicola) and generated losses of between 35-85% depending on the variety

« Farmers changed their planting dates to manage the disease or quit potato al
together and it is no longer considered a problem




Potato rugose stunting virus is a torradovirus and present
In low frequencies in potatoes throughout Peru

100 | Motherwort yellow mottle virus RNA2(NC 035220.1)

Motherwort yellow mottle virus isolate AD01 segment RNA2(KM229701.1) A & y R v ] Muestra GPS
Lettuce necrotic leaf curl virus RNA2(NC 035219.1) ’ ¢ T = - Hco - 055 ;:"'.:.,
100 ' Lettuce necrotic leaf curl virus isolate 5317015 segment RNA2(KC855267.1) 8 \ , r_m
Red clover torradovirus 1 isolate HZ2 segment RNA2(KY113160.1) —
Carrot torradovirus 1 strain celery segment RNA2(MK063925.1)

Carrot torradovirus 1 CTV1 genomic RNA segment RNA2(LC436364.1)
Carrot torradovirus 1 RNA2(NC 025480.2)

Squash chiorotic leaf spot virus RNA2(NC 035215.1)

PQ-14 RNA2-1

RNA2-4065637

RNA2-4631731

Gzo-120-ARN2

Czo-117-ARN2

PQ-14 RNA2-2

PQ-14 RNA2-3

PQ-13 torrado RNA2

Tomato torrado virus segment RNA2(DQ388880.1)

Tomato torrado virus isolate Wal03 segment RNA2(EU563947_1)

100 | Tomato torrado virus isolate Kra segment RNA2(KJ940974.1) st Muestra GPs.
Tomato torrado virus isolate Ros segment RNA2(KM1142686.1) Hco - 011 vaisrad
Tomato torrado virus isolate T795 segment RNA2(KX132809.1) Aol
Tomato torrado virus RNA2(NC 009032.1)

100 Yoo | Tomato chocolate virus isolate ToChV-G02 segment RNA2(GU071087.1)
Tomato chocolate virus isolate ToChV-G01 segment RNA2(FJ560490.1)
Tomato chocolate spot virus RNA2(NC 013076.1)

Tomato chocolate spot virus segment RNA2(GQ305132.1)

Tomato necrotic dwarf virus RNA2(NC 027927.1)

Tomato necrotic dwarf virus isolate R segment RNA2(KC999059.1)

88

Tomato marchitez virus isolate M segment RNA2(KT756875.1)

72 Tomato marchitez virus isolate Ahome segment RNA2(MK726319.1)

37| Tomato marchitez virus RNA2(NC 010988.1)

8 Tomato marchitez virus isolate PRI-TMarV0601 segment RNA2(EF681765.1)
Carrot torradovirus 1 RNA2(NG 025479.2)

Tomato white ringspot virus isolate T818 segment RNA2(EF205131.1)

4100? Strawberry mottle virus RNA2(NC 003446.1)

29 Black raspberry necrosis virus RNA2(NC 008183.1)
100 Mikania micrantha mosaic virus RNA2(NC 011189.1)
= L~ Broad bean wilt virus 1 RNA 2(NC 005290.1)
0 Squash mosaic virus RNA 2(NC 003800 1) I"::"'-(')"-'O ”’3 neart
Red clover mottle virus RNA 2(NC 003738.1)
% Turnip ringspot virus RNA 2(NG 013219.1)
94 Radish mosaic virus RNA2(NC 010710.1)
62 Satsuma dwarf virus RNA 2(NC 003786.2)
Potato virus Y(ABA28320.1)
Cherry rasp leaf virus RNA2(NC 006272.1)
= Apple latent spherical virus segment 2(NC 003788.1)
[ Tomato ringspot virus isolate Peach Yellow Bud Mosaic RNA2(AF135412.1)
100 Tomato ringspot virus isolate Grape Yellow Vein RNA2(AF135411.1)
531 Tomato ringspot virus RNA 2(NC 003839.2)
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CIP

INTERNATIONAL
POTATO CENTER

<

CGIAR

Science for a food-secure future

The International Potato Center (known by its Spanish acronym CIP) is
a research-for-development organization with a focus on potato, sweetpotato,
and Andean roots and tubers. CIP is dedicated to delivering sustainable
science-based solutions to the pressing world issues of hunger, poverty,
gender equity, climate change and the preservation of our Earth’s fragile
biodiversity and natural resources.

www.cipotato.org

CIP is amember of CGIAR
CGIAR is a global agriculture research partnership for a food secure future. Its
science is carried out by the 15 research centers who are members of the

CGIAR Consortium in collaboration with hundreds of partner organizations.

www.cgiar.org
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