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La "secuenciacion de alto rendimiento” o HTS (por sus siglas en inglés), es una coleccion
de técnicas de secuenciacion genética que mejoran el proceso de secuenciacion original
de Sanger. Estos métodos de secuenciacion de ADN y ARN utilizan procesos paralelos
masivos para trabajar de manera mas rapida y rentable que el método Sanger.
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Las tecnologias HTS utilizan una quimica bastante diversa, >
sin embargo, comparten 2 pasos principales: (Shokralla et al 2012)

* fragmentacion de libreria / preparacion de libreria a partir de un amplicon.
* deteccidn de nucledtidos incorporados.
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Rapid Communication

Complete viral genome sequence and discovery of novel viruses by deep sequencing
of small RNAs: A generic method for diagnosis, discovery and sequencing of viruses

Jan F. Kreuze *®*, Ana Perez ¢, Milton Untiveros ?, Dora Quispe ®, Segundo Fuentes ¢,
lan Barker <, Reinhard Simon b

MULECULAK PLANI PAITHULUGY DOI: 10.1111/).1364-3703.2009.00545.X

Next-generation sequencing and metagenomic analysis: a universal
diagnostic tool in plant virology

IAN P. ADAMS'* RACHEL H. GLOVER', WENDY A. MONGER', RICK MUMFORD', ELENA
JACKEVICIENE?, MELETELE NAVALINSKIENE?, MARIJA SAMUITIENE® AND NEIL BOONHAM'
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Deep sequencing analysis of RNAs from a grapevine showing Syrah decline symptoms
reveals a multiple virus infection that includes a novel virus

M. Al Rwahnih, S. Daubert, D. Golino, A. Rowhani *

v’Amplia y gran adopcion de etiologia: desde 2009, >100 nuevos virus y 300+ publicaciones




Aplicaciones

Diagnostico? Riesgo / patogenicidad?

/
GS
N\

Genética de poblaciones /
Evolucion de patdogenos?

Taxonomia?
Hay una necesidad de colaboracion
Internacional para manejar los desafios de

Integrar HTS en el estudio de virus de plantas,
diagnostico y evaluacion de riesgos




Taxonomia?

CONSENSUS

OPEN

CONSENSUS STATEMENT

Virus taxonomy in the age of
metagenomics

Peter Simmonds’, Mike J. Adams?, Maria Benkd?, Mya Breitbart*, J. Rodney Brister?,
Eric B. Carstens®, Andrew J. Davison’, Eric Delwart®®, Alexander E. Gorbalenya™ ',
Balazs Harrach?®, Roger Hull'?*, Andrew M.Q. King'3, Eugene V. Koonin®,

Mart Krupovic', Jens H. Kuhn'®, Elliot J. Lefkowitz'¢, Max L. Nibert'”, Richard Orton’,
Marilyn J. Roossinck'®, Sead Sabanadzovic'®, Matthew B. Sullivan?°, Curtis A. Suttle?!-??,
Robert B. Tesh?3, René A. van der Vlugt?4, Arvind Varsani?® and F. Murilo Zerbini?®

V

Se incorporaran secuencias metagenomicas (es decir, virus de
secuencia unica) para la clasificacion taxonomica

-




HTS Puede ser usada para Diagnostico?

s+ Retos Técnicos
e Protocolo de Laboratorio?
« Algoritmos bioinformaticos?

¢ Evaluacion de desempefio
« Sensibilidad, variabilidad?
« Especificidad?
* Reproducibilidad?

° Repetlbllldad'7 ¥ frontiers s g7, 0P INION

in Plant Science doﬁo‘gaggﬁpls.;o%lﬁas.o1osz

. L . . ®
«» Analisis rutinario -

« Contaminacion?

Application of HTS for Routine Plant
Virus Diagnostics: State of the Art
and Challenges

Hans J. Maree "**, Adrian Fox?®, Maher Al Rwahnih*, Neil Boonham?® and
Thierry Candresse®




I
Protocolo de laboratorio

1 semana, 96 muestras
~ 30 US$/muestra

Usa la fraccion de ARN pequefio
para preparar librerias

v

Library Preparation

Envio a proveedor -
secuenciamiento

<1 US$/ muestra*

Analisis Bio-informatico:
VlrUSDeteCt V17 Sequencing bv Synthesis

cola + 3 dias
~20-40 US$/muestra




Validacion de sRSA a pequefa escala para la deteccion
rutinaria de virus en papa: comparativo lado a lado con
la indexacion estandar de virus

Library ID

Sample

(CIP number)

Country

Standard Indexing
(from potato and/or indicator

SRSA4
(from in vitro potato plant

PCR confirmation
(from in vitro potato

ANANEN

GAF318-1
GAF318-2
GAF318-3
GAF318-4
GAF318-5
GAF318-6
GAF318-7
GAF318-8
GAF318-9
GAF318-10
GAF318-11
GAF318-12
GAF318-13
GAF318-14
GAF318-15
GAF318-16

706735
396009.258
703471
705268
700744
706851
703518
704832
703573
308328.32
398098.20
396272.12
396063.1
598198.4
304413.45
393046.7

Argentina
Peru
Peru

Ecuador
Peru
Peru

Colombia

Bolivia

Colombia
Peru
Peru
Peru
Peru
Peru
Peru
Peru

plants grown in greenhouse)

pPvs?t
PLRV, PVX"*®
PVSt23 pyT?
Pvx>®, pvs
PVs?!
PLRV®, APLV"®, PVX®

PVvsSh?
PLRV®

1,2,3, PVSl,Z

PVX

extractions) plant extractions)

PVX, PVA® PVX, PVA
PVS PVS
PLRV, PVX PLRV, PVX
PVS, PVT PVS, PVT
PVX, PVS, PVT PVX, PVS,PVT
PVS PVS

PLRV, APLV, PVT PLRV, APLV, PVT

PVS PVS
PLRV PLRV
PVX, PVS PVX, PVS

Indexado estandar- metodos de diagnostico complementario: ELISA, Bioensayo y NASH / PCR

Prueba de ELISA del indexado solo para virus communes en region andina (no incluye PVA ni PVM)
Bioensayo (Rango de hospederos) permite deteccion de virus transmitidos mecanicamente y por injerto
pero no distinguirlos en infecciones mixtas (caso GAF318-1)




REVIEWS

Assuring the Quality of Next-Generation Sequencing in Clinical
@ APPLICATIONS OF NEXT-GENERATION SEQUENCING Laboratory Practice

( Refe re n Ce St a nd a rd S for Next-generation Seqvl.:(zrr'nlfgi;:g;] gtgﬂﬁgir;iez:g?% c()Bf uCi;gE:icnaels'l'esting (Nex-StoCT)
next-generation sequencing

Simon A. Hardwick'2, Ira W. Deveson'? and Tim R. Mercer!'-24

Supplementary Guidelines

CAP Laboralory Improvement Programs

College of American Pathologists’ Laboratory Standards
for Next-Generation Sequencing Clinical Tests

Nazneen Aziz, PhD; Qin Zhao, PhD; Lynn Bry, MD, PhD; Denise K. Driscoll, MS, MT(ASCP)SBB; Birgit Funke, PhD;
Jane S. Gibson, PhD; Wayne W. Grody, MD,; Madhuri R. Hegde, PhD; Cerald A. Hoelige, MD; Debra G. B. Leonard, MD, PhD;
Jason D. Merker, MD, PhD; Rakesh Nagarajan, MD, PhD; Linda A. Palicki, MT(ASCP); Ryan S. Robetorye, MD; Iris Schrijver, MD;
Karen E. Weck, MD; Karl V. Voelkerding, MD

NEW YORK De rtment

STATE OF

OPPORTUNITY. Of ealth
ANDREW M. CUOMO HOWARD A. ZUCKER, M.D., J.D. SALLY DRESLIN, M.S., R.N.
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Oncology — Molecular and Cellular Tumor Markers

“Next Generation” Sequencing (NGS) guidelines for somatic genefic variant detection
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Improving small RNA-seq by using a synthetic
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Flujo de analisis de ARN pequefo: VirusDetect v1.7

sRNA reads
Alignment to
reference virus
Alignment to host database &

sequences reference-guided
assembly
Host-derived SRNA Unmapped Contigs
reads SRNA reads 9

De novo assembly

Contigs

Alignment to host
sequences

Host-derived contigs Unmapped contigs

Concatenate and remove redundancy

Non-redundant contigs

Alignment of SRNA 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 virus Undetermined contigs

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

FJ150422 | 4806 4806 (100) 11 6759 185 94 64 96.00 84582 NA Drosophila A virus isolate HD,
complete genome.

GQ342962 3260 3257 3 5243 144 98.1 98.75 97.03 NA Drosophila melanogaster

(99.9) bimavirus SW-2009a strain DBV
segment A, complete sequence.

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

KF947078 13534 1773 27 /210 99.10 100 9714 NA Spodoptera frugiperda

(13.1) rhabdaovirus isolate Sf. complete
genome.

GQ257737 12333 12333 3 6612 181 96.87 9929 9167 NA Nora virus isolate Umea 2007,

(100) complete genome.
M32779 2225 212 7 204 0.6 99.57 100 97.69  alphabaculovirus  Autographa californica
(94.9) nucleopolyhedrovirus insertion
element IFP2.2 genomic
sequence.

EF630537 | 3107 3089 5 6542 179 94 82 9659 9412  alphanodavirus Flock house virus isolate TNCL

(99.4) segment RNAT protein A mRMNA,
complete cds.

EF630538 1383 1383 (100) 1 3788 104 94 .44 9444 9444  alphanodavirus Flock house virus isolate TNCL
segment RNAZ2 protein alpha
mRMNA, complete cds.

AF014388 9264 9244 3 1096.2 301 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 7k 8k 9k
AF014355
CONTIGEEZ()
CONTIG1SE CONTIGEG
Order Query ID Query Start  Query End  Subjct Start  SubjctEnd  Identity Evalue  Strand
1 CONTIGS0 1 1121 G144 9264 1086/M1121(96%) 0.0 1

Alignment:

Query:
Sbjct:

Query:

1

61

tgaggttgastatgctcgtattgtigcgcaagtaatgggtgaagatgtagctattcaaag 60
FECEEEEEE TEEEEE TR R R EE R E R P E R PR EErT

8144 tgaggttgasgatgctcgtattgttgcgcaagtaatggetgaagatttagectattcaaag 82683

aaacgatgctcaacatggtgttcatccaatgaccatagacactcataagattgactcaaa 128

Sbjct: 8284 asacgatgctcaacatggtgttcatccaatgactatagacactcataagatcgactcaaa 8263




Las estrategias Bioinformaticas: Que tan consistentes son?
https://doi.org/10.1094/PHYTO-02-18-0067-R

SENSITIVITY FALSE DISCOVERY
LABID 2,500,00 AVERA | 2,500,00 FATE
L 250,000 50,000 T 250,000 | 50,000
0 GE 0
A 51%
B 80% 48%
C 80% 71% 60% 70%
D 82% 77% 17% 7% 9%
E 80% 82% 64%
F 80% 89%
G 58%
H 70% 65% 55%
J 70% 88% 9%
K 71% 67%
M 78% 6% 18%
N 82% 67%
0] 34%
P 70% 59% 50%
R 100% 9% 6% 9%
S 83%
T 97%
\Y 80% 60% 76%
wi 82% 71%
W2 82% 60% 77%
X 80% 71% 60% 8%
A\gE;A 87% 76% 46% 70% GLOBAI;“I;I)DA)R RATE:

100%
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https://doi.org/10.1094/PHYTO-02-18-0067-R

Lab ID

W1

w2

Software

Velvet/Oases
then Segman

CLC Genomics Workbench

CLC Genomics Workbench

Velvet/Assembly Assembler
CLC Genomics Workbench

Velvet

Velvet

Velvet/Assembly Assembler

Velvet

Mapping and then de novo
assembly with Velvet

Velvet
Velvet and BWA backtrack
CLC Genomics Workbench

Velvet/Assembly Assembler

Mapping against refseqdB, and de

novo assembly, both in CLC
Genomics Workbench

VirusDetect

Blasting raw reads against
Genbank (nt) and de novo
assembly with CLC Genomics
Workbench

AByss
CLC Genomics Workbench

CLC Genomics Workbench

CLC Genomics Workbench

Building the contigs

Extension
step

N

Y

N

Y (Only
the 2,5M
depth)

N

Minimal contig
length (nt)

100
60
30

38
50

26

21

40

31

29
50
50

21

21

40

50

16
60

60

21

k-mer
range

13-21

Variable

16-19

(9-)11-25
15-21

13-17

17

7-21

13-15-17

13-15-17

15-17
11-19
16-19

9-31

12

9-19

17

16

14
Variable

17

Removal
redundant
reads

Y

N

Host
filtering

Y

N

Method

MegaBLAST +
BLASTN

BLASTX + BLASTN

BLASTN

BLASTX + BLASTN
BLASTX + BLASTN

BLASTX + BLASTN

BLASTN +TBLASTX of

non-ID contigs

BLASTX + BLASTN

BLASTN/X/P

BLAST comparison

Database

GenBank (nr)

GenBank (viruses and viroids)

Local databases of complete
virus and viroid genomes mined
from Genbank

GenBank (viruses and viroids)
GenBank (nr + nt)

GenBank (nr)

Local databases (viruses and
viroids; ribosomal RNA; host)
and GenBank (nr) for TBLASTX

Genbank (nr)

GenBank (nr)

MegaBLAST / BLASTN GenBank (viruses and viroids)

BLASTX + BLASTN

BLASTX + BLASTN

BLASTN

BLASTX + BLASTN

BLASTX + BLASTN

BLASTX + BLASTN

BLASTN

BLASTN
BLASTX

BLASTX

BLASTN + BLASTX

GenBank (viruses and viroids)
GenBank (viruses and viroids)
GenBank (nt)

GenBank (nr + nt)

GenBank (nr)

GenBank (nt + nr)

Genbank (nt) + Refseq virus

and viroids

GenBank (nt)

GenBank (viruses and viroids)
GenBank (viruses and viroids)

GenBank virus + viroid

Cut off used

None

e-value of 103

None

None

None
e-value of 102
Homology cut off >80%, 100%
coverage for known viruses
identification

Sequencing depth >5

None

Default parameters, e-value 101

e-value 1010
Homology >95%

e-value 10 (BLASTX)
e-value 106 (BLASTN)

Bit score >= 30

e-value 103
Homology >85%

e-value 103

None

Sequencing depth >5; reference
genome coverage >10%;
e-value 10

e-value 10

e-value 10°

e-value 103
e-value 103

e-value 103



Las estrategias bioinformaticas influyen de manera importante
en la deteccidon sensible de virus en sets de datos de ARN
provenientes de HTS. A esto se suma,

() la dificultad para detectar agentes virales cuando son nuevos
y/o su abundancia de ARNs es baja,

(i) la influencia de la seleccion de parametros clave tanto en los
pasos de ensamblaje como de anotacion,

(i) la importancia de la integridad de las bases de datos de
secuencias de referenciay

(iv) el nivel significativo de experiencia cientifica necesario para
interpretar los resultados de los flujos de analisis.




Como se puede usar HTS para ayudar a
tomar decisiones regulatorias apropiadas
con fines fitosanitarios?

Deteccion e identificacion de plagas - Evidencia de plagas vivas o dafos a la
planta / productos vegetales??

Interpretacion de resultados: Mas alla de la deteccion e identificacion...

« La interpretacion de los resultados es el mayor desafio en el
contexto fitosanitario;

« Todavia no se ha desarrollado una guia sobre Ia
interpretacion de los resultados de HTS: estas tecnologias
pueden utilizarse actualmente para evaluar envios, pero no
para formar la base de decisiones finales para el caso de
virus nuevos (por ejemplo, destruccion o rechazo de envios);

 No todos los organismos asociados con las plantas son
plagas: algunos pueden ser mutualistas o agentes
comensales.




Deteccion de organismos no-viables;

HTS para fines fitosanitarios: los datos de validacion
importantes y deben estar disponibles asi como los criterios
para su uso y las politicas para la interpretacion de los
resultados tendrian que desarrollarse para permitir las
decisiones reglamentarias apropiadas.

¢,Los organismos recientemente detectados representan un
riesgo econoémico o comercial?

¢,Cual es el significado biologico (por ejemplo, el rango de
hospederos) del organismo recientemente detectado?

¢Como se determina la distribucion geografica de este
organismo si el organismo se descubridé recientemente y es
de naturaleza criptica o latente?

¢,Qué tipo de acciones serian apropiadas después de los
hallazgos basados en tecnologias HTS (por ejemplo,
destruccion de un envio importado, pruebas adicionales
utilizando otras metodologias)?




_ i PERSPECTIVE
, frontiers putishect: 24 Jenusry 2017
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A Framework for the Evaluation of
Biosecurity, Commercial, Regulatory,
and Scientific Impacts of Plant
Viruses and Viroids ldentified by NGS
Technologies

Sabastian Massart 1", Thiermy Candresse?, José Gil¥, Christophe Lacommea®,
Lukas Predajna®, Maja Ravnikar®, Jean-Sébastien Reynard”, Artemis Rumbou®,
Pasquals Saldarelli®, Dijana Skoric '°, Eeva J. Vainio ™, Jari P. T. Valkonen =,
Harvé Vanderschuren ¥, Christina Varveri ' and Thierry Wetzal *®

| Clean sample " D""':&w from

\

Reach acceptance crgeria
(genome coverage, sequencing depth,
homologees, sclentist expertue) 7

See figure 200r | N :
oW Ve Known virus 7
¥
_____ TR, N Listed for quarantine
’ b or certification ?
’ Y
N N
Confirmation of detection vrere Confirmation of detection
W1 (41)7
= b Y
Y
Indicative notification to relevant stakeholders Notification to refevant stakeholders

FIGURE 1 | Framework for Known viruses. Y maans posiive response and N negative response (dotted ines comespond 10 optional endysas 1or non quarentng
pathogans dapanding on tha requast of tha customan.
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Distribucion geogréfica: usar HTS para mapear todos los
virus de un cultivo y su relacion con sintomas

Pag-African Sweet Potato Virome

Home Participants Sampling Data~ Publication Link

Home Participants Sampling Data~ Samples in field TZF111

Sample Date(DD/MMIYYYY) Age(month) Sameple Image Ls- _image

TZ201 28/03/2012 3 IMG_0289 JF IMG_0292 JPG

Field Map Virus Map
2202 28/03/2012 3 IMG_0294 JPG IMG_0296 1°G
T2203 28/03/2012 3 IMG_0297 JPG IMG_0300 JPC

TZ204 28/03/2012 3 MG_0301 JPG MG
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Viroma de camote: 3193 virus en 1168 muestras,
>15 nuevas especies

Descubierto por
HTS, pero sin
Importancia
fitosanitaria: tiene
distribucion
mundial, en >90%
de las plantas no
produce sintomas
y esta en titulos
sumamente bajos.

SsONA satelite 0.1% .

dsRNA 0.03% .
Viroid 0.03% .




Cursos de entrenamiento en HTS
Fage o WA 50

POTATO CENTER 0
5 Agroforestry
9 Centre

““,’.5““""9 the ,,
S R o
fe & % Training workshop on
5 %’% iy Library preparation and
- bioinformatics for virus indexing

Training on "Use of small RNA
sequencing and assembling

(sRSA) for virus detection"
March, 19-26, 2018 + CIP-Lima

by small RNA sequencing (SRSA)

Sponsored by Lima, 19-28 March 2018
NextGen Phytosanitation Project

& CGIAR Genebank Platform (GH Component)

$ §
b oo R <L
CGIAR CGIAR

RESEARCH
PROGRAM ON
Roots, Tubers

and Bananas KumaSI, 18'22 June 2018

Desde el 2011, el CIP ha organizado varios cursos, este afio en Lima, Ghana y Kenya.
Desde 2018, también ofrecemos el servicio de preparacion de librerias y analisis bioinformatico.




CGIAR & Crop trust: Asegurando el camino hacia la seguridad alimentaria

15}

TS0 grafteiur 1O be
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cip_potato Farmers in #Rwanda will reap the

benefits of clean planting materials. More Meods Do Couee it Pelfe
than 448 households in Rwanda's Northern - 5 Improve ther producton
District of Musanze can expect to double
their sweetpotato production this year.
Disease accumulation over the years in
sweetpotato planting materials can
significantly reduce yields. By using clean
vines farmers can jumpstart their
productivity. Recipients took home orange-
fleshed sweetpotato (OFSP) vines to replace
the white-fleshed variety they usually plant.
Attendees received talks about optimal
planting times and nutritional information
about the link between #OFSP and reducing
hidden hunger caused by vitamin A
deficiency. One grateful farmer, Dorothy
Maniragena commented, "I would have never
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c I P The International Potato Center (known by its Spanish acronym CIP) is

a research-for-development organization with a focus on potato, sweetpotato,

W2 INTERNATIONAL
e q,igf?IA(T.? FE':'TE'? 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 a member of CGIAR
LJ 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
= FC‘El:AR b CGIAR Consortium in collaboration with hundreds of partner organizations.
cience for a food-secure future wcgiarorg
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GERMPLASM HEALTH UNITS: SECURING THE PATH TO FOOD SECURITY



