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Better understanding of the major diseases contributing to crop
losses, their epidemiology and cheap rapid accurate diagnostics
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Appropriate diagnostics technologies
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Surveillance/monitoring using HTS

DNA-virus
N U C I e US (e.g. geminivirus)

Cytoplasm

overlapping ssRNAs Replicating RNA virus

— . lllumina

fenan sequencing
amplification dsRNA (RNA virus) assembly into
RdRp Delgg‘iitwe i Initiation COﬂtlgS
. search for
/ similarity in
Systemic signal RN databases
@ using BLAST

RISC
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Targeted RNA
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Complementary ssSRNA or dsSRNA
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1. Rolling circle
amplification
2. Nanopore
sequencing
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The African sweetpotato virome o Intiative

~2000 samples and bioinformatics pipeline for virus identification using siRNA assembly
and genome subtraction
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VirusDetect

sRNA reads

optiona

Alignment to hogt
sequences

!

Alignment to reference
virus database &
reference-guided
assembly

\ 2
Host-derived SRNA Unmapped Contigs
reads SRNA reads ¢
iDe novo assembly
[ Contigs ]
Alignment to host
sequences
) v

[ Host-derived contigs ]

[ Unmapped contigs ]

Y

[ Non-redundant contigs ]

Concatenate and remove redundancy

e
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Alignment of sSRNA reads back to
contigs & correct base errors

Non-redundant contigs
(base error corrected)

BLASTN against virus nucleotide
database

Contigs without hit ]

| BLASTX against virus protein
database

virus Undetermined contigs

virus ]

¥

SiRNA size profile

Reference Length Coverage #contig Depth Depth %ldentity %lden %lden Genus Description
(%) {Norm) Max  Min

FJ150422 | 4806 4806 (100) M 6759 185 94 64 96.00 8482 NA Drosophila A virus isolate HD,
complete genome.

Q342962 3260 3257 3 5243 144 98.11 98.75 97.03 NA Drosophila melanogaster

(99.9) birnavirus SYW-2009a strain DBV
segment A, complete sequence.

GQ342963 | 3014 3014 (100) 1 8548 234 98.47 9847 9847 NA Drosophila melanogaster
birnavirus SW-2009a strain DBV
segment B, complete sequence.

KF947078 | 13534 1773 27 352 1.0 99.10 100 9714 NA Spodoptera frugiperda

(13.1) rhabdovirus isolate Sf, complete
genome.

GQ257737 | 12333 12333 6 661.2 181 96.87 9929 9167 NA Nora virus isolate Umea 2007,

(100} complete genome.
M32779 2225 2112 7 204 0.6 99.57 100 97.69  alphabaculovirus ~ Autographa californica
(94.9) nucleopolyhedrovirus insertion
element IFP2.2 genomic
sequence.

EFB630537 | 3107 3089 5 6542 179 9482 96.59 9412 alphanodavirus Flock house virus isolate TNCL

(99.4) segment RNAT protein A mRNA,
complete cds._

EF630538 1383 1383 (100) 1 3788 104 94.44 9444 9444  alphanodavirus Flock house virus isolate TNCL
segment RNAZ2 protein alpha
mRNA, complete cds.

AF0143868 9264 9244 3 10962 301 98.03 98.21 96.88 cripavirus Drosophila C virus strain EB,

(99.8) complete genome.
t + + t + + + + +
Ok 1k 2k 3k dk Sk Bk Tk 8k 9k
AF014355
CONTIGZED
CONTIGLSE CONT LGS
Order Query ID Query Start  QueryEnd  Subjct Start  SubjctEnd  Identity Evalue Strand
1 CONTIGS0 1 1121 G144 9264 1086/1121(96%) 0.0 1
Alignment:
Query: 1 tgaggttgaatatgctcgtattgttgcgcaagtaatgggtgaagatgtagctaticaaag 60

Shjct: 8144 tgaggttgaagatgctcgtattgttgcgeaagtaatgggtgaagatttagectattcaaag 8263

Query: 61 asacgatgctcaacatggtgttcatccaatgaccatagacactcataagattgactcaaa 128

Sbjct: 8284 asacgatgctcaacatggtgttcatccaatgactatagacactcataagatcgactcaaa 8263

# vow
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3193 viruses from 1168 samples
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New viruses:
Potyviruses: 3
Ampeloviruses: 3
Mitoviruses: many
Nepovirus
Soymovirus
Emaravirus
Begomoviruses
Alphasatellites




ORIGINAL RESEARCH
pubished: 31 March 2020
doi: 10.338%1pis.2020.00313

a frontiers
in Plant Science

S

Badnaviruses of Sweet Potato:
Symptomless Coinhabitants on a
Global Scale

Jan F. Kreuze*, Ana Perez?, Marco Galvez Gargurevich™ and Wilmer J. Cuellar®

Are all viruses relevant?
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FIGURE 4 | Ralative expression for Badnavius SPPV A and B. Bar graph
depicting the expression of SPPV-A and SPPV-B in leaves in coinfection with
SPEMV, SPCSV, or both viruses [SPVD) relative to plants infectad only with
SPPV (onfy SPPV). Error bars indicate standard armor of rolative expression.
“Bignificantly upragulated as compared to planis infectad only by SPPV (only
SPPV: p = 0.001).
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https://doi.org/10.3389/fpls.2020.00313
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Plant Disease * 2020 * 104:1477-1486 * https://doi.org/10.1094/PDIS-06-19-1196-RE

Storage Root Yield of Sweetpotato as Influenced by Sweetpotato leaf curl virus and
Its Interaction With Sweetpotato feathery mottle virus and Sweetpotato chlorotic

stunt virus in Kenya

Bramwel W. Wanjala," Elijah M. Ateka,” Douglas W. Miano,® Jan W. Low,' and Jan F. Kreuze®"
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occurance beyond evaluated areas? coiar | Initiative

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

Variable '
Unique Locations 98 03 o
Training AUC 0.997 — 0.4
Equal training sensitivity and 0.23 — 03 A
specificity logistic threshold Gamarra et al. 2020:

- 02 https://doi.org/10.1016/].virusres.2020.198107 |
Cultivation intensity 33.67 - 0.1 https://doi.org/10.1016/].virusres.2020.198109 ,_ "
Biomes ecoregion 24.16 L .
Temperature Seasonality 18.96 ?
WWEF ecoregion 12.07
Latitude 3.73 0.9

Total top 5 92.54



https://doi.org/10.1016/j.virusres.2020.198107
https://doi.org/10.1016/j.virusres.2020.198109

Field LAMP kit

Discardable
For simple sap  Alkaline PEG sample  inoculationloop ~ Tube with water
extraction extraction maceration for transferring forsample . _
buffer bags sample & mixing dilution field kit

m | Macerate sample
in bag, dilute
1/10 with water
and transfer 1ul
to reaction tube
using inoculation U
loop

Discardable
pipette for
adding extraction
buffer & reaction
buffer

Mix and add to
tubes using
pipette Run in realtime Genie
and read results on
screen

Lyphilized LAMP
reagents: primers
& enzyme

LAMP buffer Reaction tubes

Prototype LAMP

Realtime
Genie
Portable

and battery
operated

las]
~/

BioRanger

Easy to interpret
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Njere et al., 2018: https://doi.org/10.1007/s00705-018-3706-0



https://doi.org/10.1007/s00705-018-3706-0
https://doi.org/10.1094/PDIS-06-19-1196-RE

BBTYV surveillance system

Step-2. Sample loading into premixed
BBTV RPA reagent mix (1 min)
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Real-time ‘o
. [ J
mapping & Cagtonou ; ;
incidence ; Step - 4. Incidence reporting Step - 3. Reaction incubation and real

report in CDS base

through CDS App

time detection (10 — 15 min)

Q
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DETECT REPORT
Real-time

* Reporting
* Mapping

Diagnosis

Control
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Banana localization +
Disease detection

(a)

.
&

\Blnlna /diseases/health

detection

Disease detection
/confirmation

@ Banana detection
@ Disease alert
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Selveraj et al., 2020: https://doi.org/10.1016/j.isprsjprs.2020.08.025

Actual

Ciustef BXW BBTD

Healthy

99.4% 0.6%
1731174 1
92.8% 5.4%
256/276 15
1.1% 93.3% 5.6%
1 84/90 5

1.2% 4.6% 3.4%
4 15 1"

BBTD BXW Cluster
Predicted

Healthy


https://doi.org/10.1016/j.isprsjprs.2020.08.025
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CMD in SEA: dev. standard protocls ian | Initiative

Field RCA and sequencing of circular Lab
e DNA: Only 1 (out of 12) species of
cassava-infecting begomovirus is

»
p PeStDlsplace present in SEA: Sri Lankan cassava
mosaic virus (SLCMV)
GUESTS PARTNERS DONORS REFERENCES SAMPLES IMAGES @

AC1—

F35-S14

https [[pstdlspla,ceorg

Cuellar et al., 2021 https://hdl.handle.net/20.500.11766/67115

Www.cgiar.org

Leiva et al., 2020. https://doi.org/10.1128/MRA.01274-19



https://pestdisplace.org/
https://hdl.handle.net/20.500.11766/67115
https://doi.org/10.1128/MRA.01274-19

Cassava Mosaic Disease in SEA
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2020. https://doi.org/10.1016/].virusres.2020.197959
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>30,000 observations

CMD in:
Thailand
Cambodia
Vietham
Lao PDR
China


https://doi.org/10.1002/ps.4250
https://doi.org/10.1016/j.virusres.2020.197959

Virus A

B siovv B cmv

1940 1930
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Date

Tracking SLCMV genome evolution
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China

Myanmar Homa Kor
(Burma) Laos‘

Malaysia Brune

Singagoce

Indonesia

Java c.._
« Laaflet | © Mapbox © OpanStree:M

https://nextstrain.org/community/pestdisplace/CMDASIA1?c=virus&r=location

Cuellar et al., 2021


https://nextstrain.org/community/pestdisplace/CMDASIA1?c=virus&r=location
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Virus A

C-terminus of the Rep protein

SEA

» . » e »
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KT861468 NEIGP TQGSH
Pral NEIGP TQG S
AJ579307 NEIGP TQG S m
AJ890225 NEIG P T Q Gl
AJ890224 NEPIGPTQGSH EA
AJ890228 NE®IGP TQGSH
AJ314737 NEIGP TQREIS

These extra 7 amino acids
are involved in virulence

Siriwan et al., 2020. https://doi.org/10.1016/j.virusres.2020.197959
Wang et al., 2020. https://doi.org/10.1094/MPMI-06-19-0163-F]



https://doi.org/10.1016/j.virusres.2020.197959
https://doi.org/10.1094/MPMI-06-19-0163-FI

* Sample collection:
994 geo-referenced potato leaf
samples

Weighting
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Faba (1.9% io (1.5% Poty (1.2%) Carla (1.0% Enamo_Tobra P
Torrado (4.8%) (1.9%)—0phio (1.5%) v (3.2%) (1.0%) ome
Chera
Tymo
.
PVT (0.3%) \va

(72.4%)

Fuentes et al., 2021:
https://doi.org/10.3390/v13040644

PBRSV (0.2%

)
PVB (20.6%) /
PMTV (3.8%) /

APMoV (9.6%)

APLV (2.2%)

Silvestre et al., 2020:

https://doi.org/10.1016/j.virusres. Fuentes et al., 2020:

2020.197944 PYV https://doi.org/10.1094/PHYTO-08-20-0354-FI
(2.6%) o
PVY
PLRV (40.3%)
(3.7%)  pvs
(16.9%)
PVA
_ (15.1%)
Wwww.cglar.org Fuentes et al. 2020: https://doi.org/10.1094/PHYTO- PVV

Fuentes et al., 2022: https://doi.org/10.1094/PDIS-09-21-1897-RE

08-20-0354-FI (23.8%)


https://doi.org/10.3390/v13040644
https://doi.org/10.1094/PHYTO-08-20-0354-FI
https://doi.org/10.1094/PDIS-09-21-1897-RE
https://doi.org/10.1094/PHYTO-08-20-0354-FI
https://doi.org/10.1016/j.virusres.2020.197944

%LQ? Plant Health

caiar | Initiative

history of the emergence and decline of a
viral disease

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

e Isometric virus, two dsRNA sizes, transmitted by South American potato psyllid (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

* |t was never determined what type of virus it was

Www.cgiar.org
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[ ] [ ) [ ] &
and present In low frequencies In potatoes %% Plant Health
throughout Peru

100 | Motherwort yellow mottle virus RNA2(NG 035220.1)

Motherwort yellow mottle virus isolate AD01 segment RNA2(KM229701.1)
Lettuce necrotic leaf curl virus RNA2(NC 035219.1)

100 Lettuce necrotic leaf curl virus isolate 5317015 segment RNA2(KC855267.1)
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) . Muestra
Tomato torrado virus isolate Ros segment RNA2(KM1142686.1) L S -masesl Hco - 011
Tomato torrado virus isolate T795 segment RNA2(KX132809.1) = e &

Tomato torrado virus RNA2(NC 009032.1)

100 Joo ; 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)

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(NC 025479.2)

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

41un|j 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)
33

Broad bean wilt virus 1 RNA 2(NC 005290.1)

= 60 Squash mosaic virus RNA 2(NC 003800.1) :’i"' "I“'q'u
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)

0.50
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MLN first appeared in Kenya in
2011 and was then reported in
several countries in Uganda
(2012), Tanzania (2012), Rwanda
(2013), D.R. Congo (2013) and
Ethiopia (2014).

Losses to maize production in
farmers’ fields due to MLN in the

impacted countries ranged from
25% to 100%.



Data Management: Maize MLN Toolbox

MU negetive

Data Entry & control " Sl B

:tr::?/;tp:‘ooor:e SRR OUEpULs: — LA RLRES
y control/publish * Survey Mapping
(Maps, Charts+)

User

Management Data Export /

Exchange

MLN TooLBOX

External Applications
(In-country)

Pathogen Dbase
(Field Survey data, Seed Survey Data, Users (Samples)) w'
, CIMMYT.

AARHUS UNIVERSITET

MLN Diagnostics and Surveillance

§
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= MLN Diagnostics and
Surveillance: Coordinated by
CIMMYT and implemented
by NPPOs in five countries in
eastern Africa (Ethiopia,
Kenya, Uganda, Rwanda, and
Tanzania) and three countries
in southern Africa (Malawi,
Zambia, and Zimbabwe).

= MLN Toolbox in partnership
with NPPOs and Aarhus
University.
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Tracking MLN Dynamics over the Years ==

CGIAR

' B. 2018 \%\/
\ L

WWW.Cgiar.org Prasanna et al. (2020): https://doi.org/10.1016/j.virusres.2020.197943
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Success through Integration of Various Components caiar | Initiative
CIMMYT, NARES, Deﬂpt.:r?:l;gh:‘m MLN CIMMYT KALRO Maize Lethal Necrosis (MLN):
Seed Companies Resistant Diagnostics & USDA fOSU, UMN A Technical Manual for Disease Management

Epidemiolo
Varieties = -

CIMMYT, IITA, MLN-free NPPOs, Seed
NARES, ARIs MLN S les, AATF,
_ARIS, eed Production companies, ’
Development Management & Exchange  AGRA, CIMMYT
Partners
Rigorous
NARES, s
Devel ‘ Agronomic Monitoring &  NPPOs, CIMMYT
EvEIoPmeNt — Management Surveillance
Partners

No scope for complacency as MLN causing viruses are
still prevalent in eastern Africa and are not eradicated..
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The way forward

Many different databases that
are unlinked, sometimes even for
same diseases J——

More data=more power to —
predict & prepare P :

Need to make databases &y "
Interoperable and FAIR
(Findable, Accessible,
Interoperable and Reusable)

Comniunications
Requires development of

Application Program Interface &
specifications

Www.cgiar.org
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~ creni Tools, technologies, strategies and policies for pest-free
distribution of plant genetic resources

AU-IAPSC
 Global network committed to ensuring phytosanitary compliance and safe distribution of pest-free
germplasm

* Prevention of transboundary spread of pathogens through germplasm

‘jr gmovemty ;ap\f} _f
¢ I3 S

Regulatory
compliance

Development
of Diagnostic
tools and
procedures

Surveillance
and pestrisk
assessment

Germplasm
m Health

Clean

&b o [

e CROPTRUST

C|m Seed+Clones

A Clones

———rr—————y

Kumar et al., 2021; Plants 10(2), 328; https://www.mdpi.com/2223-7747/10/2/328

planting

material
production &
distribution

Knowledge on
exoticand
endemic pest
and
pathogens

Training and

capacity
development
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Thank you!
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