Taller Internacional: Emergencia fitosanitaria en el cultivo de papa en
Ecuador y sus implicancias para el Peru y la region Andina: Punta
Morada, psilido de la papa y manchado interno de la papa
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Meétodos para detectar patogenos de plantas

acteria

LAMD

TagMan- PCR

DAL -DLITA

Cwctron Moroscopry (IM

Lumunes

MNaxt Corerstion Secusrcng [NGD é
Moders Vaion Techrsgues

R B B N

ruses
LAMD

TacMan-PCR

DAL -OLITA

Cwctron Moroacopy (EM

Lumunes

Moders Vaon Techrigues

F
o LA

o TaciMan-PCR
o Lumines

.

.

Naxt Gererstion Seguercong (NCS
Mocer= Vans Tec rsaumes

Pexxt Cenerstinon Secuercng |NGS) 6

o 0w Insects
LAV o LA
TagMan -FCR e TagMan - PCR

Lumires o Larvinex

Neoxt Garerston Seguencng (NGS H o Mext Ganerstion Sequencing (NGS)

LI

Phytoplasmas
o LA
e TagMan - PCR
e Dlectron Mcroscogy (PN
o Lurmirex
é. Next Canerstion Seguencing (NGS)
e Modern Vison Techmgees

Nematodes
. LAMNP

o TagMan - PCR
e Larmanex
-

MNest Coneration Seguencing (NCS)




Que es el secuenciamiento de alta

rendimiento (HTS o NGS)
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Aunque las tecnologias HTS usan diversos procesos
guimicos para incorporacion y detencion, comparten dos
pasos basicos:

* preparacion de liberarias de fragmentos/amplicones

* deteccion de los nucleodtidos incorporados
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(Shokralla etal 2012)



Que es el secuenciamiento de alta

rendimiento (HTS o NGS)?

Developments in
High Throughput Sequencing
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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
MULECULAK FLANT PAIHULUGY DOI: 10.1111/J.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'

Virology 387 (2009) 395-401
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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 400+ publicaciones



Protocolo de laboratorio

1 semana, 96 muestras

~ 30 USS/muestra

Usa la fraccion de ARN
pequeiio para preparar
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Library Preparation

Envio a proveedor
- secuenciamiento

Analisis Bio-informatico:
VirusDetect V1 . 7 Seauencina by Svnthesis

cola + 3 dias
~20-40 USS/muestra

<1 USS/ muestra*



Facilitando el analisis bio-informatico:

VirusDetect Windows

Reference Length Coverage #contig Depth Depth %ldentity %lden %lden Genus Description
(% N M Mi
SRNA reads ) (Norm) ax | e
Alignment to FJ150422 4806 4806 (100) 11 6759 185 94 64 96.00 8482 NA Drosophila A virus isolate HD,
reference virus complete genome.
Alignment to database & GQ342962 3260 3257 3 5243 144 981 9875 97.03 NA Drosophila melanogaster
hostsequences referen ce-guided (99.9) bimavirus SW-2009a strain DBV
assembly segment A, complete sequence.
’ J( v GQ342963 3014 3014 (100) 1 8548 234 98.47 98.47 9847 NA Drosophila melanogaster
A birnavirus SW-2009a strain DBV
Host-derived sRNA Unmapped Contigs segment B, complete sequence.
reads SRNA reads KF947078 13834 1773 27 32 10 8310 100 9714 NA Spodoptera frugiperda
De novo assembly (13.1) rhabdovirus isolate Sf, complete
\ 4 genome.
Contigs GQ257737 12333 12333 [ 661.2 181 96.87 99.29 9167 NA MNora virus isolate Umea 2007,
(100) complete genome.
Align ment to M32779 2225 212 7 204 0.6 99.57 100 97.69  alphabaculovirus = Autographa californica
hostsequences (94.9) nucleopolyhedrovirus insertion
l 7 element IFP2.2 genomic
sequence.
Host-derived contigs Unmapped contigs EFG90537 3107 3089 5 6542 179 9482 9659 9412 alphanodavius  Flack hause virus isalate TNCL
(99.4) segment RNAT protein A mRNA,
complete cds.
n n ndremove re N
Con catenate and remove redunda <y EF690538 1383 1383 (100) 1 3788 104 94 .44 9444 9444  alphanodavirus Flock house virus isolate TNCL
Y segment RNAZ protein alpha
i mRNA, complete cds.
Non-redundant contigs
AF014388 | 9264 9244 3 1096.2 301 96.03 96.21 96.88  cripavirus Drosophila C virus strain EB,
. (99.8) complete genome.
Alignment of sRNA reads back to
contigs & correct base errors
A 4 : : : : : : : : :
Ok 1k 2k 3k dk k. Bk Tk 8k Ak
Non-redundant contigs alitf S
(base error corrected) CONTIGZ20
e
CONTIG1SG CONTIGSO
BLASTN against virus
nucleotide database
Order QueryID Query Start  Query End  Subjct Start  SubjctEnd  Identity Evalue Strand
1 CONTIGE0 1 1121 8144 9264 1086/1121(96%) 0.0 1
Contigs without hit
Alignment:
I BLASTX against virus Query: 1 tgaggttgaatatgctcgtattgttgcgcangtaatggetgaagatgtagctattcaaag 6@
protein database FEVPREREEE TEEEEEEEEE R PR P e

/\ sbjct: 8144 tgaggttgaagatgctcgtattgttgegcaagtaatgggtgaagatttagctattcaaag 8283

Query: 61 aaacgatgctcaacatggtgttcatccaatgaccatagacactcataagattgactcaaa 128

virus virus Undetermined contigs FECEEEEEEEE PR PP R FEREEE TP T
Shjct: 8284 aaacgatgctcaacatggtgttcatccaatgactatagacactcataagatcgactcaaa 8263




Bajo precio y analisis automatico hace

posible prospeccion de patogenos
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Xylella fastidiosa

https://doi.org/10.1094/PDIS-08-18-1433-RE

LAMP
TagMan PCR Ct values l‘—
ime of
Triplex Triplex Simplex positivity NES ramlts
i s Harper Ouyang Triplex Acat Harper (min)
Total Xf mapped reads
No.  Information on host/ID number 1 2 1 2 1 2 1 2 1 2 (random mode)
1 Clean tobacco sap / / / / 27.19  26.70 / / / / /
2 10%ml CoDiRO in tobacco sap 32.12 3237 31.54 31.59 2758 2724 32.11 32.14 39:00 2I:45 974
3 105/ml CoDiRO in tobacco sap 35.51 36.87 3349 34.64 2653 27.68 34.64 3532 / / 64
4 10*/ml CoDIiRO in tobacco sap / / 3582 3840 27.63 27.52 / / / / 2
5 CoDiRO inf. tobacco 12 2445 24.38 23.73 2361 26.11 2641 24.64 2448 15:30 15:30 15,828
6 CoDiRO inf. Catharanthus 34 30.56 31.14 29.47 29.31 27.24 —26.40 3045 30.87 23:30 27:30 2,826
7 AGES471/15; intercepted Coffea 29.98 30.70 2881 29.18 27.21 26.59 3020 30.19 30:15 32:15 368
8 No. It intercepted Coffea 35.14 / 3242 37.05 2743 26.51 34.20 33.80 / / 242
9 Polygala myrtifolia / / / / 27.00 27.68 / / / / /
10 Lavandula stoechas / / 38.69 / 27.38 27.44 / / / / /
11 Nerium oleander / / / / 26.74  25.97 / 38.18 / / /
12 Olea europaea / / / / 27.15 27.30 / / / / /
13 APL 3XM; inf. Polygala myrtifolia ~ 25.95 25.80 2545 2542 26.78 2505 2588 2588 26:45 27:30 3,120
14 APLOM: inf. Lavandula stoechas 24.34 24.37 23.68 23.85 26.23 2553 24.40 24.42 20:00 20:45 2,568
15 APL4XM: inf. Olea europaea 24.32 2438 23.92 2381 2622 2588 2431 24.32 23:15 25:30 4,158
16  APL OL2-bis; inf. Nerium oleander  28.98 30.00 28.09 27.62 27.50 27.05 29.01 29.10 27:30 / 396
17 5387: inf. Prunus dulcis 30.22  30.40 29.02 2889 27.16 27.15 3045 30.12 37:00 / 3,356
18  5626: inf. Olea europaea europaea  27.92 27.96 27.35 27.30 27.34 27.26 2785 28.09 32:45 35:15 2,092
19 5382:inf. Polygala myrtifolia 2845 2849 27.77 2798 27.23 27.29 2849 2848 27:15 / 1,824
20 5402; inf. Olea europaea europaea  28.79 28.62 28.07 27.89 27.05 27.02 29.01 29.16 27:15 37:30 130
21 EM_L: inf. Prunus dulcis 2643 26.43 2585 2580 26.75 27.01 26.68 26.69 24:15 26:45 6,172
22 326.1(A): inf. Spartium junceum 22.16 22.16 2135 21.36 2634 2529 2216 2214 20:30 21:15 351,534
23 327.2 (A); inf. Coronilla glauca 22,15 2213 21.39 21.38 25.14 2607 2211 21.78 20:30 20:45 66,652
24 328.2 (A); inf. Polygala myrtifolia 23.40 2343 2277 22.76 24.31 26.40 2340 2343 23:00 21:45 43,038

4 Xf=X. fastidiosa; | = Xf negative: italic = positive Xf'score in TagMan PCR, LAMP, and NGS: bold = suspicious score with high Ct value; and Acar = Acidovorax
cattleyae. Sources of samples and more information in Table 5.



Patdgenos foliares de soya

https://doi.org/10.1094/PDIS-05-18-0905-RE

6000000

Table 2. Foliar pathogens identified in Manitoba soybean in 2016 by next-generation sequencing., which were not previously reported in the province®

Region
NW SW NP CN CS NE" SE"
V2/3 R6 V2/3 R6 R6 v2/3 V2 V2/3 Ro6 R6 R6
Type Pathogen Disease m=2) n=2) (n=11) m=12) (n=2) n=3) =5 @m=16) (n=33) (n=11) @m=5)

Fungi Alternaria tenuissima Leaf and stem spot - - o+ + + - + + + + +
Cercospora sojina Frogeye - + + + + - + + + + +
Colletotrichum gloeosporioides Anthracnose - - - - = = - - + - —
Colletotrichum graminicola Anthracnose - - - - - - — - + - _
Diaporthe eres Seed decay - - - - - - - - + + -
Pleospora herbarum Leaf blight - - - - - - - + - - -
Bacteria  Pseudomonas cichorii Leaf spot - - + - - - - + + + +
Pseudomonas syringae pv. tabaci  Wildfire - + + - - + - + + + -
Virus Bean vellow mosaic virus Mosaic of legumes - - - + - - - - — — _

4 The distribution of pathogens is categorized by region (NW = Northwest, SW = Southwest; N = North, CN = Northcentral, CS = Southcentral, NE = Northeast,
and SE = Southeast), where a plus sign indicates a positive diagnosis (i.e., pathogen is present) and a minus sign indicates a negative diagnosis. The number of
fields surveyed per region is also displayed. V2/3 and R6 represent the growth stage of soybean surveyed.

b Samples from these regions were taken only during the R6 survey.



Arrowhead yellows

DOI : 10.3969/j.issn.2095-1191.2019.03.19

- AY197655.1 Elm yellows 1651V
E KC478607.1 Brinjal little leaf 16SrVI
99 KF941132.1 Crotalaria juncea ash yellows 16SVIl

AF248956.1 Loofah witches-braom 16SrVIll
53 U18747.1 Coconut lethal yellowing 16SriV
KJ817880.1 Pigeon pea witches-broom 16SriX

67 38 JQ868440.1 Napier grass stunt 16SrX

_%[:EUZQAOHJ Malaysia Bermuda grass white leaf 16Sr XV
I L04682.1 Western X-disease 16Srlll

L33765.1 Peanut witches-broom 16Srll
100L— AF147708.1 Hibiscus witches-broom 16SrXV
X68375.2 Candidatus Phytoplasma mali 16SrX
AF495882.1 Chinaberry yellows 16SrXill
EU344884.1 Russia potato purple top 16SrXll

60 l: A MH428835.1 Arrowhead yellows
99 AF503568.1 Aster yellows 16Srl

98

100

0.01

A MH428835.1 Arrowhead yellows

72
— DQ381534.1 Dogfennel yellows 16Sr-B
& AY265205.1 Aster yellows 16S11-N
FI263621.1 Paulownia witches-broom 16Sr1-D

GU223208.1 Onion proliferation 16Sti-L

AY265209.1 Aster yellows 16Sr-M
AY265211.1 Aster yellows 16Srl-F
AY265220.1 Blueberry stunt 16Stl-E
AY180931.1 Aster yellows 16Srl-A
_65| DQ640501.1 Poa stunt 16St1-C.



Basado en la secuencia del patégeno identificado

se puede disenar ensayos rapidos especificos
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0 HTS ya es ampliamente aplicado para identificar
nuevos patégenos, también en plantas

0 Su sensibilidad y rapidez y aplicacidén genérico tienen
grandes ventajas frente a otros métodos de
identificacion de patogenos

0 Nuevos programas bioinformaticas hacen el analisis
mas facil para no especialistas.
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