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v BB in main rice areas

4 Population structure well known in Asia: races and lineages

v Xoo genomes sequenced (Korea, Japan, China, Phil@ISU, Africa)
v Oligoarray (UC Davis & ISU)

v >35 R genes identified, 6 cloned, defense genes

B near-isogenic lines (NILs) and pyramids (research tools or donors) SRfcc
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Overview

Increasing demand in agriculture and food production =
increased worldwide movement of plant materials or
products

Increasing movement of plant materials also correlates to
increased risk of introduction of threatening plant
pathogens either intentionally or not.

Xanthomonas oryzae pathovars oryzae and oryzicola, causal
organisms of bacterial blight (BB) and bacterial leaf stre
(BLS) are among regulated pathogens (select agents

Strict implementation of guidelines and protocols t
prevent the spread of these bacterial pathogens

However, there is still a need for a standard assay for these
regulated pathogens, a universally accepted protocol for
researchers and practitioners from regulatory bodies and
guarantine laboratories



Overview

e Here, we are introducing a qualitative assay
for the detection of X. oryzae pathovars from rice
seeds

— direct assay for X. oryzae from seeds

— combination of classical and molecular tools for
the detection of X. oryzae pathovars from seeds

e For detection of the pathogen, we use a set of
highly specific diagnostic primers for multiplex
PCR which can distinguish X. oryzae at the
pathovar level




& Control strategies

e Exclusion of the pathogen from the host
— Quarantine and inspection™***
— Pathogen-free seed™**

e Eradication or reduction of the inoculum
— Field sanitation |
— Raising seedbed nursery from inoculum source ¥
— Biological methods
— Physical methods (e.g. heat treatment)

e Improving resistance of the host

— Qualitative and quantitative resistance

Direct protection of plants from the pathogen

Integrated control of plant diseases



Dissemination

(10x magnification)

Wind-driven rain
disseminates Xoo
in short distances.

Bacterial ooze from
infected leaves

Sources of
Inoculum

Alternate hosts:
W Leersia oryzoides
A% Zizania latifolia

Xoo may survive in infected
rice stubble or plant debris in
or on soil as long as the host

tissue is not decompgsed.
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Ricé hybrid Er
You 838 carrying
XaZ21 remained
resistant over 3
years of its
deployment

BB hotspot
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Hybrid ER You 838 (Xa21) highly resistant s : :
to BB in Thai Binh province, North VN, Photos courtesy of Dr. Duong Thanh Tai, SSJSC
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Suwa’s medium (10 dilution), 24 hr KMB medium (10 dilution), 24 hr

Isolation of Xoo from rice seeds is particularly difficult due to:

 the low population of the pathogen in the seed, if any

* its slow growth in agar medium

* its poor competitive ability relative to other seed-associated bacteria
 the presence of nonpathogenic xanthomonads showing colony
appearances similar to those of Xoo frequently found in association
with rice seeds

Hsieh et al, 1975; Cottyn et al., 2000




I_RRI Yellow colonies from rice seeds in comparis
” with X 0. pathova rs oryzae and oryzicola
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54 (Xanthomonas Sp- )EIBF’J1188 (A. avenae) | BlS256 (Xoc)

| BLS179 (Xoc) b BLS288 (x00) | PX099 (Xdb) | "BXO64s(Xe0)

*glistening yellowish gray
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None of them clustered with Xoo and Xoc at the genotypic level
(80%), and they are non-pathogenic, however at the morphological
level, they are easily misidentified as Xoo or Xoc.

Using MILSA and ‘dirty genome sequencing’, these yellow Xoo-look
alikes were identified in Belgium and USA as Xanthomonas sp. (Bart
Cottyn, Jan E. Leach, 2011)




Pathogenicity of Xoo/Xoc look-alikes
on susceptible rice

Spray-inoculated plants Clip-inoculated plants
A B C =
'rl
L
IR24 IREB IR50 IREB IR24 IRSB IR24 IRE8 IR50
Xoo look-alike Xoo Xoc
(SHU83) (PXO86) (BLS256)
IR24 IR2 IR50 IRE IR24 IRS50 IRE IR24 IRS50
Xoo look-alike Xoo Xoc -
(SHU83) (PXO86) (BLS256) The SHU isolates produced

negative results when inoculated
into IR24, IR8, and IR50 plants.




Detection methods for plant
pathogenic bacteria

e [mmunodiagnosis

— Antigenic molecules from bacterial cell surfaces, react
with specific antibodies

— ELISA, flow cytometry
e Genotypic approaches
— PCR, multiplex PCR

e |ntegration of several methods for detection
and identification

— Short culturing step preceding an immunodiagnostic or
DNA-based assay




Transcript Assemblies{Tas]):
Group Spedes Ths
Fangd ar 210,718
Hematode 15 66,231
Stramenopide 5 63, 353
Totad 57 346,952

= 31 Plank Patfes zzmomes

= 45 Annatated Molerudes

» Gemome Browser

rDMA Database

= 22 093 Plamt Pathogen M
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® 40,540 related rDMA s2gs

Genome Warehouse

Staktes
Gnowp F b IPEST
Bactesia 7& 1817 @
Fungi 5 1mi11l 18
HKematode @1 6 14
Stramenopdle O 4 F 5
Virus 6F% 0.0 @
Viroids ¥» 0.0 8
Tokad 92 5 20 =8

Seatus: - Fmished, - Dxaft, 7 —In
prigress, EST - EST Frogject

Introduction to the Comprehensive Phytopathoegen Genomécs
Resource

Weicoms to the Comprehensies Phytopathogen Genomcs Rescurce{ CPGR].
The CPGR aams to provide 3 comprehensee plant pathogen genomics and
annataton resumos. & maper part of the CPGR s the development of
dizgrosbc molecular markers and robuast diagnostc protocoks: for plant
pathogens. To keep mformed of developments on the OPGR site, please sign
ur on the CPGE miasling st

Comprehensive Plant Pathogen G ic Wareh

The Comprehensive Plant Pathogen Genomsc 'Warshouse 15 a database of
Rnished, draftt ard in progress genome sequencng projects and EST
progects for vial, bactenad, stramenopds, fungal, and nematods plant
pathogens. It will be updated on a frequent basis and and will be integrated
mibc the man (PGR arrwtabon database and comparative anatyss database

serving as @ portal for the datsbass.

Plant Pathogen Ribosomal BHA (rDNA) Database

The CPGR Plank Pathogen REcsomal DRA [FDMA) Databese contams alf the
ribosomal DMA in GenBank for Backenal, Stramenople, Nemakode and Fungal
piant pathogens. The rDMA sequences for other species in the geraas of
each pathogen are also stored in the database. The web nterface fior the
Dbl datahase dlows searching to find the gernera and spaoies of miterest,
sefeckon betwesn nuclear and mitochondnal rOMA for eukaryotes, display of
the defintion ines of the DA sequences o alow fime contrnol ower
selectng the sequences, and the choice displaying the sequence in the
browser or e fie downdoad

Filant Pathogen Transcript Assembies

An oespone of Pythium
SO,

An phjecties of the CPGRLES the clustenng and assembling of ESTE

d =m aut d EST

generated from plant pathogen EST projects. For this project, we have dewslog

clusternng and assemibly pepeline based on the tgcl package. The dustermg and assembly process
forms. sets of umegues ranscpts or Transorpt assemblies. Basic search. report. fist file data and a
pl=nt pathogen BLAST server are now avadable and we will mplementing enhanced armotabon of the

marschpt assembles and search tools e the near fsbare.
Umnder Development

CPGR weh site: The Genomes section is being compieted, and new pages are being added dasly.
Diagreostics: Work on the ¥asthomonas Oryzae pathovars s bemg completed and will b= avaidable
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Marker development from Xoo and
Xoc genome sequences

http://cpgr.plantbiology.msu.edu/index.html

Align available locus sequences for
X. oryzae pv. oryzae and X. oryzae

pVv. oryzicola to identify conserved
and divergent loci

Evaluate primer pairs against a
subset of X. oryzae pv. oryzae and X.
oryzae pv. oryzicola strains for
specificity and robustness of
amplification

Screen advanced sets of primers
against a geographically and
genetically diverse collection of X.
oryzae pv. oryzae and X. oryzae pv.
oryzicola strains and other
phytopathogenic bacteria

Synthesize primer pairs that
computationally distinquish X.
oryzae pv. oryzae and X. oryzae
pv. oryzicola from each other and
from other bacteria

Validate primers by ePCR and BLAST

searches against all sequenced
Xanthomonas genomes

Redesign most robust primer pairs

into varying sized amplicons for a
multiplex PCR to distinguish X.
oryzae pv. oryzae from X. oryzae

pv. oryzicola and other bacteria in

one reaction

Lang et al, 2010



Xoc 3864 =945bp ——> _ < Xoc 3866 = 691bk

<——Xoo 0080 = 162bp

6 7 8 9 10 11

Lang et al, 2010




(&) Diagnostic primers for Xoo and Xoc

Target Name Sequence (5°-3’) Product size (bp)
s Xo3756F CATCGTTAGGACTGCCAGAAG 331
Wil Xo03756R GTGAGAACCACCGCCATCT
X. oryzae pv. Xo00281-8F GCCGCTAGGAATGAGCAAT 162
oryzae X00281-8R GCGTCCTCGTCTAAGCGATA
Xoc3866F ATCTCCCAGCATGTTGATCG 691
X. or.yzae PV Xoc3866R GCGTTCAATCTCCTCCATGT
oryzicola Xoc3864F GTGCGTGAAAATGTCGGTTA 945
Xoc3864R GGGATGGATGAATACGGATG

M Xoo Xoc (-)ctrl M




(45) asymptomatic BB-filled grains 2 h, (46) asymptomatic
BB-filled grains 24 h, (47) aBB-unfilled grains 2 h, (48) aBB-
unfilled grains 24 h, (49) white colony isolate - filled seeds 2h,
(50) white colony isolate - filled seeds 24 h, (51) white colony
isolate from sheath 2 h, (62) white colony isolate from sheath
24 h, (53) BLS256, (54) PXO99A, (55) water.

Lang et al 2010



Target users
Sampling protocol
Detection approach
Sample preparation
Specificity
Reliability

Limit of detection
Controls

Validation

Photos cOU€



Extraction and isolation of

v
1960-2010

Oryy

bacteria from seeds

Isolation using serial dilution

Purification

Pathogenicity test
Identification

Direct PCR




~=r Comparing sonication and vortexing of

4

N/’ samples for recovery of bacterial cells from
rice seeds suspended in PBS

Soak seeds in inoculum
(PX0 99, PXO 339, BLS 256, BLS 157)

Vortex

p WE
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Serial dilution and plating

Perform Direct

Multiplex PCR




2 - Comparison using sonication and vortexing fo

N/’ dislodging bacterial cells from seed samples

10° .

CFU/mL PO 99 CONTROLS
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v The use of sonication (10 min) for dislodging bacterial cells from seeds
resulted in a tenfold increase in assay sensitivity than vortexing (10 min).

v Based on cell count, there was no difference between the number of cells
dislodged by sonication and vortexing.

v/ Sonication allows high-throughput sample analysis —> convenience and
efficiency
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Rice seedlot

Obtain 5 g seed sample

1\

Add 15 ml PBS + Tween 20

Direct assay

Bacterial isolation

v

v

Sonicate for 5 min (Cole Parmer Ultrasonic Cleaner
08855-00, 44 KHz)

Sonicate for 10 min (Cole Parmer Ultrasonic

Cleaner 08855-00, 44 KHz)

Enrichment

v

Plate serial dilutions on WF-P and/or Suwa's agar

Add 300 mg PVPP and 150 mg
Na,SO;;
Sonicatg for 5 min

Collect 200 pl and
add to 1.8 ml of
nutrierjt broth

Pick colonies with typical Xo colony

Vv Vv

Filter out plant debris Incubate at 28°C for
(Whatman 113V); collect 2 ml 12 - 15 h with
of filtrate shaking (130 RPM)

1

1

1

1

1

1

] . .
i characteristics
1

1

1

1

1

1

I < |

N2
Centrifuge 10 min at 13000 rom (Beckman
Coulter Microfuge 22R)
V
Decant supernatant and resuspend pellet in 200
Ml TE*; freeze overnight

v

Multiplex PCR**
|

Pos
V

X. oryzae
detected

Neg

detected

X. oryzae not

___________ RS i, T
! E Perform biochemical !
! tests™** !
I e e o e T-———-——-——====
YR N W
Multiplex PCR** — Neg
Pos
X. oryzae not
X. oryzae detected
detected

Confirm pathogenicity
I

=

Pos

Pathogenicity
confirmed




y Addition of 16S ribosomal DNA
=" primers to the multiplex primer set

e Asinternal control
— Indicator of PCR assay efficiency and sample quality
e 16S rDNA replaced 945 bp Xoc fragment

e Target sequences (Xo, Xoo, Xoc) and intrinsic DNA
are simultaneously detected

—> PX099 (1ng/pl) + SHU199 (100ng/ul)
BLS256 (1ng/pl) + SHU199 (100ng/pl)
SHU199 (100ng/ul)

> No DNA control

16S rDNA band
Xoc-specific band

— S, s — e Xo-specific band
Xoo-specific band




coanTraining-Workshop on Harmonizing detec
~0of Xanthomonas oryzae pathovars
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v’ Validated and refined the latest protocols in
detection of Xanthomonas oryzae pathovars (X.
oryzae pv. oryzae and X. oryzae pv. oryzicola)

v Twenty three (23) participants from 14
countries agreed and harmonized the use and
application of a robust and inexpensive
diagnostic tools for identification and
classification of Xanthomonas oryzae pathovars

TRAINING WORKSHOP ON HARMONIZING L
XANTHOMONAS ORYZAE PATHOVARS

' J i,
Foos Emdiop, Foassieas, | 'ﬂ-ﬂ.-ﬁfpﬂf.n{-,t
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e

E IRRI Sample # Sample Code Xoo Xoc Run date
e ) 1 8 + -
”J” /s 2 AC-11 + + 11032010
Samples tested 3 Ac1461 + :
4 AC-11 +
for the presence | s o : :
f Xoo and X ar e
O OO an OC 8 111 + + 11182010
using the direct =2 o= : :
10 #1 + +
11 #2 + -
12 #3 + +
13 AC-3 58 + -
14 AC-17 59 - +
15 AC-11 46 + + 09032010
16 AC-18 62 + -
17 AC-23 60 - +
18 AC-10 56 - +
19 AC-9 47 + - 09222010
20 AC-17 59 - +
21 AC-33 126 - +
22 AC-7 48 - +
23 AC-33 83 - +
09302010
24 AC-11 46 - +
25 AC-1170 + -
26 AC-30 123 + -
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Xoo/Xoc suspected
colony morpholog

Sample preparation ;
(Sonication) [ ) e e e e — - - -

]
I Perform Biochemical | 1

4, »A-..l I Tests (OPTIONAL) | :

. a . apm _ax e« W WU a0\ ]
Isolation and purification of __f ___________ T - - T T f_, :
suspected colonies =X Ty ey —

I Gram Oxidation/ i Reaction I Nitrate |:

staining | Fermentation in litmus reduction |

of glucose Il milk |l test L

R Gkl 5 (il 15

Screen samples that I
] show typical reactions of 1
: \___Xgo_alwzo_c___'
|

Xoo/Xoc suspectéd
(colony morphology)
]

i ¥ Xoo/Xoc suspected .
- ?_. " "0y (biochemical characterlstlcs) ‘
Multiplex PCR Pathogenlclty testing

To confirm if they are
Xo pathovars

Positive
(Xoo/Xoc bands)

To confirm pathogenic or
nonpathogenic bacteria)




(®») Summary: Detection protocol for X.
~ oryzae pathovars from rice seeds

‘/Qualitative assay for the detection of X. oryzae
pathovars from rice seeds

\/Direct assay:

= enables the rapid detection of these pathovars from rice
seeds, no need to plate and isolate the bacteria

" data available on the same day (within 8 hrs, from
sampling to PCR results, and 24 hrs with enrichment step)

v Combination of classical and molecular methods —
isolation of the pathogen from seeds, optional biochemical
characterization of suspected isolates, determining if they
are indeed X. oryzae using multiplex PCR, and confirming
their pathogenicity by inoculation into susceptible plants

Other application: population biology and epidemiology



e Acceptability of the assay
for wide adoption in
progress

e Viability of Xoo/Xoc
diagnostic kit as a product
that can sustain itself



Thank you!

$
==

CGIAR

,/’

mLpa

&

) Bayer CropScience

Science For A Belter Life

R

University™®
Anawledge to Go Places

Research
Program on

Rice

Global Rice
Science
Partnership

[RRI

INTERNATION AL RICE RESEARCH INSTITUT

IRD=

nﬂltu't de recherche
puur le développement




