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Abstract 

Ralstonia solanacearum, the causal bacterium of bacteria wilt (BW), causes 

severe production losses on many important crops worldwide. R. solanacearum

phylotype I strains confer varied degrees of virulence/aggressiveness on tomato plants; 

however, genetic information on pathogen virulence-related factors is still very limited. 

To uncover virulence-related factors, genomes of four R. solanacearum phylotype I 

strains with different virulence were sequenced. A putative effector protein RSp0213 is 

present in medium-virulence and low-virulence strain such as Pss4 and Pss216, but 

absent in high-virulnece strain such as Pss190. This study aimed to elucidate roles of 

RSp0213 in R. solanacearum virulence and plant-bacterium interaction. Diruption of 

RSp0213 in medium-virulence strain Pss4 resulted in increased bacterial virulence in 

tomato, while RSp0213 overexpression in high-virulence strain Pss190 leads to 

decreased bacterial virulence, evidencing a decisive role of RSp0213 in R.

solanacearum virulence. Additionally, transient local overexpression of RSp0213 in 

Nicotiana benthamiana leaves led to cell death. Virus-mediated overexpression of 

RSp0213 in tomato also caused cell death, reduced plant growth, increased expression 

of marker genes involved in defense hormones and hypersensitive-response signaling 

pathways, and enhanced resistance to the high-virulence strain Pss190. Furthermore, 

GFP-tagged RSp0213 colocalizes with cell membrane of N. benthamiana and 

membrane localization is required for its functions. These results suggest that RSp0213

can be recognized by host cell, leading to induced defense response and thus reduced 

virulence of RSp0213-containing R. solanacearum strains. The absence of this effector 

enables high-virulence strains escape from host recognition, leading to the high 

virulence. The second part of this thesis aimed to uncover a YopJ-type effector protein 

Pseudomonas outer protein P 3 (PopP3) unique to a high-virulence strain Pss190. Our 
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previous study showed that overexpression of popP3 in Rs medium-virulence strain 

Pss4 led to increased bacterial virulence in tomato. Transient overexpression of popP3

in tomato suppresses pathogen-associated molecular patterns (PAMPs)-triggered 

immunity (PTI) related callose deposition. popP3 transcripts was positively regulated 

by the type III secretion system (T3SS) regulator HrpG. Furthemore, This study proved 

the mitochondria localization of PopP3 in plant cell is critical to it function on tomato. 

These results together suggest that PopP3 is a T3SS effector and contributes to the 

virulence of R. solanacearum by suppressing plant defense response which related to 

mitochondrial functions. 

Keywords: Ralstonia solanacearum, effector, RSp0213, PopP3, virulence, effector-

triggered immunity, effector-triggered susceptibility 
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a.a. Amino acid

BSA Bovine serum albumin  

bp Base pair

CFU Colony formation unit

DEPC Diethypyrocarbonate

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

dNTP Deoxyribonucleotide triphosphate 

DPI Days post inoculation

EtBr Ethidium bromide

EtOH Ethanol

GFP Green fluorescence protein

GUS β-glucuronidase reporter gene

H7996 Hawaii 7996

HR Hypersensitive response

IPTG Isopropyl-beta-D-thiogalactopyranoside

MES 2-(N-morpholino)-ethanesulfonic acid

Pcc Pectobacterium carotovorum subsp. carotovorum

PCR Polymerase chain reaction

PEG Polyethylene glycol 

Pst Pseudomonas syringae pv. tomato

PVX Potato virus X

ROS Reactive oxygen species

sqRT-PCR Semi-quantitative reverse transcription PCR

rpm Rotation per minutes

Rs Ralstonia solanacearum

SDS Sodium dodecyl sulfate

SM1 Semi-selective medium

X-gal 5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside
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1.

(type III secretion system, T3SS) 

Yersinia spp. Pseudomonas aeruginosa

Pseudomonas syringe Xanthomonas spp. Pectobacterium spp. (Troisfontaines 

and Cornelis, 2005)

(effector) 

(Deslandes and Rivas, 2012)

T3SS

(Poueymiro and Genin, 2009; Monteiro et al., 2012; Stotz et al., 2014)

hrp (hypersensitive response and pathogenicity)/ 

hrc (hypersensitive response and conserved) 

(hypersensitive 

response, HR) (Tang et al., 2006)

(resistant protein, R protein) 

callose

(programmed cell death, PCD)

avirulence protein (Avr protein)

virulence protein 

(Deslandes and Genin, 2014; Kazan and Lyons, 2014)

1.1
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hrp (operon) 

P. syringe Pectobacterium spp.

Pantoea stewartii hrp ECF family

HrpL HrpS HrpR sigma δ54 HrpL HrpL

R. solanacearum Xanthomonas

spp. hrp AraC-like (activator) 

Xanthomonas spp. HrpX R. solanacearum HrpB

HrpG hrp

(Tang et al., 2006) ( )

1.2

(peptidylglycan) 

(cellulose) Hrp pilus

(Büttner and He, 2009)

(subspecies) Hrp pili

(Weber and Koebnik, 2005)

(Büttner and He, 2009)

1.3

(effector)

hop (hrp-dependent outer protein) (Alfano et al., 

2000)

P. syringae HrpZ R. solanacearum PopA (Arlat et al., 1992)

N 25

Ser coiled Leu  (Arnold et al., 2009; Samudrala et al., 

2009) Hrp pilus  (Büttner 



3  

and He, 2009)

(chaperone) 170

C (amphipathic) α-helix (Parsot et al., 

2003) Pectobacteria

amylovora DspF DspA/E

(Gaudriault et al., 2002)

2.

(bacterial wilt, BW) (Ralstonia 

solanacearum, Rs)

50 200

(Poueymiro and Genin, 2009; Genin and Denny, 

2012)

(Gram-negative) (aerobic) β-

proteobacteria 4-40 °C 2% NaCl

14 25 20-25 °C 40

(Denny, 2006) 5.8 Mb (3.7 

Mb) (megaplasmid, 2.1 Mb) mobile 

element mosaic structure (66.5-68%) GC

2002 GMI1000 

(Salanoubat et al., 2002) 5 17

(genome draft) (Boucher, NCBI website; Genin and Denny, 

2012; Remenant et al., 2012; Cao et al., 2013; )

races / biovars

DNA phylotypes (Denny, 2006) phylotypes

phylotype I phylotype II
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phylotype III phylotype IV (Fegan and Prior, 

2006) Ralstonia syzygii

blood disease bacterium (BDB) phylotype IV (Remenant  et al., 2011)

R. solanacearum species complex

(Genin and Denny, 2012)

3.

(quorum 

sensing) 

(Valls et al., 2006; Vailleau et al., 2007; Genin and Denny, 

2012)

(chemotaxis) 

(biofilm) (root attachment and colonization) (Schell, 2000; Yao and 

Allen, 2006) (type III secretion system, T3SS) 

(Poueymiro et al., 2009)

(Yao and Allen, 2007)

(xylem) 

(exopolysaccarides, EPS)

(Denny, 2006)

(motility) (type II 

secretion system, T2SS) (cell wall degradation enzyme)

(Liu et al., 2005) (Peeters et al., 2013)

(Type III effectors, T3Es)

4. T3Es

1.9-Mb hrp

23 kb 20

(Arlat et al., 1992) PrhA

receptor PrhR PrhR
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sigma factor PrhI prhJ PrhJ

hrpG HrpG hrpB HrpB

HrpB hrpII box TTCG-N16-TTCG

hrpII box popABC

hrpY (Cunnac et al., 2004a)

PhcA (Peeters et al., 2013) ( ) HrpG

(paralogue) PrhG hrpB prhG

(minimal medium) (Plener et al., 

2010)

hrp

(Van Gilsegem et al., 1995)

GMI1000

(Deslandes and Genin, 2014; 

Kazan and Lyons, 2014)

60-80 T3Es (Cunnac 

et al., 2004b) Xanthomonas spp. P. syringae 30-45

(Poueymiro and Genin, 2009; Genin and Denny, 2012)

(horizontal gene transfer)

(McCann and Guttman, 2008)

F-box domain GALA (Angot et al., 2006)

TAL (transcriptional activator-like) Xanthomonas 

spp. TAL 

(transcriptional activator) (Li et al., 2013)

(family) GALA SKWP (Poueymiro 

and Genin, 2009)

(Remigi et al., 2011)

(Deslandes and Genin, 2014; Kazan and Lyons, 2014)
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4.1 Harpin 

hrp harpin

(heat-stable) glycine

(Kanda et al., 2003) PopA (Pseudomonas outer protein A) 

harpin (Arlat et al., 1992)

popB (Pseudomonas outer protein B)

popC (Pseudomonas outer protein C) (operon) HrpB

popA popA

popA

PopA

(Kanda et al., 2003)

4.2 GALA

         GALA GALA1-7

leucine-rich repeats (LRR)

(eukaryote) F-box domain LRR GAxALA

GALA (Angot et al., 2006) Δgala1-7

(Angot et al., 2006) GALA2 3 6 7

GALA3 7 (Remigi et al., 2011)

GALA7 (Medicago truncatula) F-box

domain GALA7 F-box

SKP1-like SKP1-like Cullin1

SCF-type E3 ubiquitin ligase (ubiquitination)

(Angot et al., 2006) GALA

GALA

GALA
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4.3 AvrA 

AvrA N. tabacum N. benthamiana

avrA N. tabacum N. benthamiana

32 50 18

AvrA (tandem repeats)

12 (base pairs) 32 50

(Poueymiro et al., 2009)

4.4 YopJ superfamily 

PopP

YopJ (Yersinia outer protein J) superfamily

Yersinia pseudotuberculosis (Monack et al., 

1997) (homologue)

Salmonella spp. AvrA Pseudomonas spp. HopZ

Xanthomonas spp. AvrRxv AvrXv4 AvrBsT XopJ Pectobacterium spp.

ORFB R. solanacearum PopP Rhizobium spp.

Y4LO (Lewis et al., 2011)

YopJ superfamily PopP 

(Pseudomonas outer protein P) PopP1 PopP2 PopP3

GMI1000 popP1::Tn (Petunia)

PopP1

Rd15 PopP1

(Lavie et al., 2002) PopP1

PopP1 PopP1 avirulence protein

(Poueymiro et al., 2009)

        PopP2 GMI1000 ΔpopP2

Nd-1 Nd-1 Nd-1 PopP2

R RRS1-R C R WRKY motif 

(Deslandes et al., 2003) RRS1-R cysteine

Rd19 Rd19 RRS1-R PopP2
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(Bernoux et al., 2008) PopP2 N 34-53

(nuclear localization signal, NLS) PopP2

RRS1-R (Deslandes et al., 2003) PopP2

(auto-acetylation) K383

YopJ superfamily PopP2 RRS1-R

(Tasset et al., 2010)

5.

pathogen-

associated molecular patterns (PAMP) PTI (PAMP-triggered immunity)

R ETI (effector-

triggered immunity) (Pieterse et al., 2009)

ETS (effector-triggered susceptibility)

R

PCD

(Deslandes and Genin, 2014; Kazan and Lyons, 2014)

5.1 PTI

PTI PAMP (conserved)

flagellin

peptidoglycan (PGN) (elongation factor Tu, EFTu)

(Boller and Felix, 2009) pattern 

recognition receptors (PRRs) PAMP (kinase) 

PRR (phosphorylation)

(stomata)

ROS ROS MAPK  
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cascades (callose) 

PTI

ROS (Muthamilarasan and Prasad, 2013)

5.2 ETI

PTI

PTI Virulence factor

R ETI ETI

ROS MAPK

(salicylic acid, SA)

GluA PR1a (Milling et al., 2011) (ethylene, ET) 

PR1b1 Osmotin (Milling et al., 2011) ( )

(systemic acquired resistance, SAR)

(programmed cell death, PCD) 

(Deslandes and Genin, 2014; Kazan and Lyons, 2014)

5.3

protein complexes

(Poueymiro and Genin, 2009; Bohm et al., 2014) PAMPs

PRRs R proteins (Bohm et al., 

2014) PRR PAMP

(Muthamilarasan and Prasad, 2013) PRRs (association 

proteins) PRR FLS2 leucine-rich 

receptor kinase receptor-

like kinase BIK1 PTI (Lu et al., 2010)

(physical barrier) 

phospholipase
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PCD (Kim et al., 2014)

(lipid raft) (Bhat and Panstruga, 2005; 

Lingwood and Simons, 2010) PCD ROS

(Mersmann et al., 2010) (Fallahi-Sichani 

and Linderman, 2009)

(sterols) 

(Lingwood and Simons, 2010)

(Munnik, 

2001)

(lipid hydrolases) 

(Shah, 2005)

(oxidized fatty acid) 

Oxylipins (Vellosillo et al., 2007)

6.

(mitochondria) (chloroplast)

(vesicle) MAPK (Deslandes and Rivas, 2012;

Bohm et al., 2014)

6.1

PRRs

RIN4 (RPM1-interacting protein 4) RIN4

(negative regulator) Pseudomonas AvrB AvrRpm1

RIPK (RIN4-interacting receptor-like protein kinase) 

RIN4 PTI R RPM1

(Liu et al., 2011) Pseudomonas AvrRpt2 cysteine (protease)
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RIN4 PTI (Afzal et al., 2011)

R RPS2 ETI P. syringae HopF2

RIN4 AvrRpt2 RIN4 ETI

P. syringae AvrPto AvrPtoB

AvrPto FLS2 PTI

(Xiang et al., 2008) AvrPtoB FLS2 FLS2 (co-receptor) 

BAK1 (BRI1-associated kinase 1)

(Gohre et al., 2008) AvrPto AvrPtoB Pto

Pto (competitive binding) 

AvrPto PRR ETI (Xiang et al., 2008)

6.2

PCD (Lam et al., 2001) PCD

(chromatin) (vacuole) 

(chloroplast) (Muthamilarasan and Prasad, 2013)

PCD HR

(cell survival signals) 

(apoptosis) (pro-apoptotic proteins)

(Faherty and Maurelli, 2008)

6.3

P. syringae HopI1

HopN1 HopI1 (complex)

C Hsp70 (heat shock protein 70) Hsp70

SA Hsp70 SA

(Jelenska et al., 2010) HopN1

PCD ROS HopN1

(photosystem II, PSII) PsbQ PsbQ

ROS (Rodriguez-Herva et al., 2012)
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6.4

P. syringae HopM1

(trans-Golgi network ,TGN) AtMIN7 (Arabidopsis thaliana HopM1  

interactor7) (Nomura et al., 2011) AtMIN7

HopM1

(Nomura et al., 2006)

6.5 MAPK

         MAPK PTI ETI

P. syringae

HopAI1 phosphothreonine lyase MPK3 MPK4

MPK6 (dephosphorylation) MPK4 HopAI1

R SUMM2 ETI (Zhang et al., 2012) P. syringae

HopF2 mono-ADP-ribosyltransferase

(ribosylate) MKK5 (Wang et al., 

2010)

6.6

TAL (transcription activator-like)

TAL DNA (DNA binding protein) Xanthomonas spp. R.

solanacearum TAL

DNA (promoter) X. oryzae pv. 

oryzae (Xoo) PthXo1 OsSWEET11

(Yang et al., 2006; Chen et al., 2010) (pepper) X. 

campestris pv. vesicatoria AvrBs3 UPA20 UPA box

UPA20 (enlargement) R

Bs3 (Kay et al., 2007)
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6.7

P. syringe HopU1 RNA

(metabolism) mono-ADP-ribosyltransferse HopU1

ribosylate RNA (chloroplast RNA-binding protein, CP-

RBPs) glycine RNA (GR-RBPs) RNA

HopU1 (Fu et al., 2007)

7.

(Jaunet and Wang, 1999) 40 6

Pss190 Pss1308 Pss4 Pss216

( )

phylotype

phylotype

(Lebeau et al., 2011)

comparative genomic analyses

-

(Type III effectors, T3Es)

Christian Boucher (INRA-CNRS, Toulouse) 

type strain GMI1000 microarray 

/ ( )

T3Es RSp0213 RSc3174 T3Es

T3SS ( )

T3Es Pss190 Pss1308
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Pss190

Pss1308 ( )

T3Es

( ) T3Es

Exeter Murray Grant

Pss190 Pss1308 Pss4 Pss216 ( )

( DNA megaplasmid) 

Pss190 T3E PopP3 ( )

T3E T3SS ( )

Pss4 ( ) PopP3

( )

PTI

(callose deposition) PTI ( )

PopP3 T3E

HR

PopP3
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1.

-80°C

( ) (Escherichia coli) Luria 

Bertani (LB) 37°C (R. solanacearum, Rs) CPG

28°C YEP 28°C

2.

Hawaii 7996 (BW resistant, BWR)

L390 (BW susceptible, BWS) (Asian Vegetable 

Research and Development Center) 

3 2 1 25°C 12

12

Nicotiana benthamiana Nicotiana tabacum W38

3 25°C 12 12

1 g/L 2 Nicotiana benthamiana

Nicotiana tabacum

3.

SAS Student’s t-

test (p<0.05) (p<0.01)

4.

4.1. DNA (Agarose Gel Electrophoresis)

4.1.1.
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DNA 0.8-1.2% 0.5X 

TBE (Tris-borate-EDTA buffer)

0.5X TBE 100V/30

0.5 μg/mL Ethidium Bromide (EtBr) 15 UV

DNA

4.1.2.

DNA DNA

0.8-1.2% 0.5X TAE (Tris-acetate-EDTA 

buffer) 10 mL 0.1 μL 50 mg/mL EtBr

0.5X TAE 100V/30 UV

DNA RT-PCR

TBE

4.2. (Polymerase Chain Reaction, PCR)

4.2.1. Taq PCR (Violet)

( ) DNA

1 ng DNA 2 μL 10X Taq PCR buffer 1.6 μL 

2.5mM dNTP 1 μL 10 μM forward 1 μL 10 μM reverse 2 μL 

DMSO 0.2 μL Taq DNA (5 U/μL) 20μL

Cycle# Denaturation Annealing Polymerization

1 94°C /5

30 94°C /30 T°C /30 72°C /t

1 72°C /5

T Tm t 1kb/min

4.2.2. Q5® Taq PCR (Invitrogen)
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( ) DNA

1 ng DNA 10 μL 5X Q5 PCR buffer 4 μL 

2.5mM dNTP 5 μL 10 μM forward 5 μL 10 μM reverse 10 μL 

5X GC enhance buffer 0.5 μL Q5 DNA (5 U/μL)

50μL

Cycle# Denaturation Annealing Polymerization

1 95°C /2

30 95°C /12 T°C /30 72°C /t

1 72°C /3

T Tm t 2kb/min

PCR 2 μL 1% DNA

4.3. (Plasmid Purification)

4.3.1.

Gene-SpinTM Miniprep Purification Kit (Protech technology) 

1 % DNA -20°C

4.3.2.

1.5 mL 6000 rpm 2

150 μL Solution I 300 μL

Solution II 10 4 225 μL Solution III

10 13000 rpm 10

phenol: chloroform: isoamyl alcohol (25: 24: 1)

13000 rpm 10

isopropanol 1/10 3M NaOAc -20°C 10

13000 rpm 10 500 μL 75%

10 5 40 μL 

DNA 2 μL RNaseA (20 μg/mL) 37 30

DNA 1 % (Sambrook et al., 1989)
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4.4. DNA (DNA Purification)

Micro-Elute DNA clean/Extraction Kit (GeneMark) 1

% DNA

4.5. DNA (DNA Digestion)

DNA DNA (New England 

Biolabs) 50 μL DNA

20 μL

Component 20 μL reaction 50 μL reaction

DNA 0.5 μg 4 μg

10X NEB Buffer 2 μL 5 μL

100X BSA 0.2 μL 0.5 μL

Restriction enzymes 2-4 units 4-8 units

ddH2O 20 μL 50 μL

37°C 2-4 (

SmaI 25°C/ SfiI 50°C) DNA

65°C 80°C 20 (calf 

instestinal alkaline phosphatase, CIP) (New England Biolabs) 2 units DNA 5

37°C 1 1 % 

4.6. DNA (DNA Ligation)

DNA DNA 5: 1

20: 1 DNA 100 ng 1 μL 10X T4 ligation buffer 0.2 μL

T4 DNA ligase (400 U/μL) (New England Biolabs) 10 

μL 16

4.7. TOPO® (TOPO® Cloning)
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PCR pCR®8/GW/TOPO® TA Cloning® Kit (Invitrogen)

DNA pCR®8/GW/TOPO® PCR 4.5 μL

1 μL salt solution 0.5 μL pCR®8/GW/TOPO® 1

4.8. LR (LR Recombination)

Gateway® LR Clonase™ II Enzyme Mix (Invitrogen) DNA

pCR8®/GW/TOPO® 

LR recombination components Amount (μL)

Entry clone (50-150 ng)

Destination vector (150 ng/μL)

LR ClonaseTM II enzyme mix

TE buffer, pH 8.0

1-8 μL

1 μL

1 μL

10 μL

1

4.9. (Heat Shock Transformation)

DH5α

TOPO® LR 100 μL

DH5α (RBC Bioscience) 30 42°C 45

DNA 2 1 mL SOB 37°C

200 rpm 1 6000 rpm 2 800 μL

IPTG (20 mg/mL) X-Gal (20 mg/mL) LB 37 °C

16

4.10. (Competent Cell Preparation for 

Electroporation)

(Electroporation) 
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4.10.1.

-80°C 28°C

( 523 / YEP )

28°C 200 rpm 50 mL

O.D.600 0.2 28°C O.D.600 0.4-0.6

4 6000 rpm 3 20 mL 

4 °C 6000 rpm 3 20 mL

5 mL 10 % 4 °C

6000 rpm 3 1 mL 10 %

100 μL -80 °C

4.10.2.

-80°C 37°C LB

37°C 200 rpm 50 mL

O.D.600 0.2 37°C O.D.600 0.4-0.6 4 °C

6000 rpm 3 20 mL 

4 °C 6000 rpm 3 20 mL

5 mL 10 % 4 °C 6000 rpm 3

1 mL 10 % 100 μL

-80 °C

4.11. (Electroporation Transformation)

50 ng DNA cuvette

5 Bio-Red MicroPulser™ 2.5 kV /2mm

1 mL ( 523 /

YEP / SOB ) 28°C 200

rpm 2 37°C 200 rpm 1

6000 rpm 2 800 μL

( CPG /
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YEP / LB ) 28°C 2-3

37°C 16

4.12. DNA (Bacterial Genomic DNA Purification)

523 28°C 200 rpm

6000 rpm 2 300 μL lysis 

buffer 100 μL 5M NaCl

13000 rpm 10

chloroform 50 10000 rpm 10

isopropanol 5

500 μL 75% 13000 rpm 5

30 50 μL

DNA 2 μL RNase A (20 μg/mL) 37°C 30

DNA -20°C

5.

5.1. (N. benthamiana Protoplast 

Purification and Protein Localization Assay)

4 N. benthamiana 25 

mL enzyme solution enzyme solution 50°C 10

50 rpm 3

100 g 2

3 mL W5 

3 mL W5 100 g

2 K3M 106 /mL

Plasmid Midiprep Purification Kit (GeneMark) DNA  (p2GWF7.0-

RSp0213-GFP pm-rk p2GWF7.0-PopP3-GFP pBIN-

mt-rk) (Nelson et al., 2007) 30 mg 20 uL
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200 uL 125 uL PEG solution

45 3 mL W5 100 g 2

3 mL W5

1 mL W5 0.1% BSA 30 

16-20 5 μL 

Confocal 

microscope (modified from Treuter et al., 1993)

5.2. (N. benthamiana Leaves Protein 

Localization Assay)

pMDC83 GV3101 -80°C

28°C kanamycin rifampin YEP

28°C 200 rpm 6000 rpm 2

10 mL 6000 rpm 2

O.D.600 1 200 μM acetosyringone (AS) 28°C 200 rpm

2 4-5 1

20 mL 1 mL

25°C 12 12

Confocal microscope

5.3. (Virulence Test)

Pss4 Pss190

pUFR047 -80°C 28°C 523

gentamycin 523 28°C 200rpm

200 μL 523

O.D.600 0.003-0.03 ( 106-107 CFU/mL) 31-33

L390 28-32 H7996

25 mL 25°C 12 12

(wilting score) 0 1
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2 3 4

5

6.

6.1. (Transient Overexpression in Tobacco)

(binary vector) pCAMBIA1300 GV3101

-80°C 28°C kanamycin

rifampin YEP 28°C 200 rpm 6000 rpm

2 10 mL 6000 rpm 2

O.D.600 1 200 μM acetosyringone 

(AS) 28°C 200 rpm 2 4-5

1 20 mL 1 mL

O.D.600 0.3 Pss4 hrpG-

25°C 12 12

6.2. (Virus-mediated Gene Overexpression)

potato virus X (PVX) (pSfinX) 

(chaperon) (pSoup) MOG101 (Takken et 

al., 2000) -80°C 28°C kanamycin

tetracyclin rifampin 3 mL YEP 28°C 200 rpm

1 mL 10 mL YEP 10 mM MES

20 mM acetosyringone 6000 rpm 2

10 mL 6000 rpm 2

O.D.600 1-1.2 10 mM MgCl2 10 mM MES 200 mM 

acetosyringone 28°C 3 12-18 2

μL (tip) 1 mL 

21°C 12 12
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6.3.

6.3.1 RNA (RNA Extraction from Plants)

14 0.1 g Total RNA Mini Kit (LabPrepTM)

RNA RNase-free DNase I kit (Promega) DNA

5 μg RNA 5 μL (1U/μL) DNase 5 μL RNase-free DNase 10X 

buffer DEPC-H2O 50 μL

37 1.5 150 μL DEPC-H2O 200 μL RNA 

phenol:chloroform (3:1) (pH= 4) 5 13000 rpm 4°C 15

1.5 mL 20 μL 3 M (pH 5.3) 

1 mL 100% -80°C 4°C 13000 rpm 20

500 μL 75% RNA 13000 rpm

2

2 15 μL DEPC-H2O RNA -80°C

6.3.2 (Reverse Transcription PCR, RT-PCR)

Reverse Transcription System kit (Promega) 

1 μg RNA DEPC-H2O 10.2 μL 70°C 10 3

4 μL 25 mM MgCl2 2 μL 10X reverse transcription buffer 2 μL 10 mM 

dNTP mix 1 μL Oligo (dT)15 (0.5 μg/μL) 0.4 μL recombinant RNasin ribonuclease 

inhibitor 0.4 μL Avian myeloblastosis virus (AMV) reverse transcriptase (15U/μL)

42°C 1.5 95°C

5 cDNA 80 μL -

20°C

6.3.3 RT-PCR (Semi-quantitative RT-PCR, sqRT-PCR)

100-200 ng cDNA 2 μL 10X Taq PCR buffer 1.6 μL 

2.5mM dNTP 1 μL 10 μM forward 1 μL 10 μM reverse 0.2 μL
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Taq DNA (5 U/μL) 50μL

Cycle# Denaturation Annealing Polymerization

1 94°C /5

35 94°C /30 T°C /30 72°C /t

T Tm t 1kb/min

27 cycle 15 μL

30 35 cycle 5μL 1%

6.3.4 Real-time PCR

(Bio-Rad Real-Time PCR 

Detection Systems BIO-RAD MyiQTM) Real-time PCR 

KAPA SYBR® qPCR Kit (Universal, ABI Prism®, Bio-Rad iCycler™, or Roche 

LightCycler™ 480) No Template Control (NTC)

primer dimmer 18 μL

cDNA 30 ng/μL 8 μL cocktail 9 μL 2x 

KAPA SYBR® FAST qPCR Master Mix 0.5 μL forward primer (10 μM) 0.5 μL

reverse primer (10 μM) Real-Time PCR PCR 

Bio-Rad iQ™5 Optical system version 2.0 

Real-time PCR (qPCR)

Reaction Component Amount (μL)

Template cDNA (100 ~200 ng) 8 μL

Forward primer (10 μM) 0.5 μL

Reverse primer (10 μM) 0.5 μL

2x KAPA SYBR® FAST qPCR Master Mix 9 μL

Total volume 18 μL
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Real-time PCR program

Cycling step Temperature & time

Hot start Initial denaturation 3 min at 95°C

PCR Denaturation 10 sec at 95°C

40 cyclesAnnealing 30 sec at 55°C ( primer )

Melting curve 1 min at 95°C 

1 min at 55°C

10 sec at 95°C 81 cycles
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I. / T3Es RSp0213 RSc3174

1. RSp0213 RSc3174

RSp0213 RSc3174

(genome draft) 22

RSp0213 RSc3174 ( )

GMI1000 Pss4 Pss216 PSI07

RSp0213 GMI1000 Pss216 PSI07 RSc3174 ( )

Southern blotting genomic DNA PCR (

) GMI1000 RSp0213 RSc3174

( ) T3Es

2. RSp0213 RSc3174

RSp0213 RSc3174

T3E

low-copy-number pUFR047 T3Es

Pss190 (empty vector)

H7996 ( )

Pss190 RSp0213 (p<0.01) Pss190

RSc3174

(p>0.05) RSp0213

NCBI Genome (blastp) Pss4

RSp0213 paralogs RSp0213 (functional 

redundancy) paralogs RSp0213

Pss4 RSp0213

L390 RSp0213

( ) RSp0213
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3. RSp0213

RSp0213 Softberry

(http://linux1.softberry.com/berry.phtml) RSp0213 functional 

domains RSp0213 N 47

(targeting peptide) (signal peptide, SP)

(transmembrane segments) RSp0213

( )

RSp0213

(Nicotiana benthamiana) RSp0213

RSp0213::GFP (protoplasts)

(membrane marker) PIP2A::mcherry ( )

(fold over) RSp0213::GFP RSp0213

(protein cluster) 

RSp0213::GFP N. benthamiana

RSp0213::GFP PIP2A::mcherry ( ) RSp0213

4. RSp0213

RSp0213 35S::RSp0213

N. benthamiana N. tabacum W38

RSp0213 N. benthamiana

RSp0213 48 (programmed cell death, 

PCD) ( A) N. tabacum W38

RSp0213 ( B ) RSp0213

Pss4 hrpG- PCD ( B

)

(Virus-mediated gene overexpression, VMGO) 

PVX (Potato virus X) H7996

35S::RSp0213 ( ) ( A)
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( B)

RSp0213

5. RSp0213

RSp0213 PVX

H7996 35S::RSp0213

Pss190 RSp0213

Pss190 (p<0.01) ( )

6. RSp0213 (marker genes) 

RSp0213

RSp0213

H7996 ( )

gfp RSp0213 SA ET

(PCD) ( A C D)

(jasmonic acid, JA) ( B)

RSp0213

7. RSp0213

RSp0213 N 47 (SP) 

( A) RSp0213::GFP N. 

benthamiana protoplast RSp0213::GFP

PIP2A::mcherry N 21 47

RSp0213::GFP free GFP ( B ) RSp0213 N

47

N 21 RSp0213

8. RSp0213
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RSp0213 VMGO

35S::RSp0213 H7996

RSp0213

N 21 47 RSp0213

( A) RSp0213

N 21 47

RSp0213 ( B) VMGO

Pss190 RSp0213

N 21 47 RSp0213

( ) RSp0213

Pss190 N 21 47

RSp0213 ( ) RSp0213 N

21 T3E

II. PopP3

1. PopP

Pss190 T3E

PopP3 YopJ superfamily (Lewis et al., 2011)

GMI1000 YopJ superfamily PopP1 PopP2

PopP3 PopP1 PopP2 Avr protein (Lavie et al., 2002; Deslandes et 

al., 2003) PopP3 YopJ superfamily

22 PopP

( ) Pss190 Pss1308 GMI1000 Pss216 FJAT_91

FJAT_1458 Po82 SD54 PopP1 Pss1308 GMI1000 Pss216

FQY_40 FJAT_91 FJAT_1458 Po82 K60 P673 CMR15 SD54
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PopP2 Pss190 GMI1000 Y45 PopP3 GMI1000 popP3

PopP3 PopPs

GMI1000 PopP1 PopP2 Pss190 PopP3

(identity) PopP1 PopP2

11.6% PopP1 PopP3 15% PopP2 PopP3 11.7%

PopP1 PopP2 30% PopP1 PopP3 33% PopP2 PopP3

26% ( )

YopJ superfamily

NCBI Genome PopP3 (

) 12 ( Pss190) 

PopP3 PopP3 PopP3

( )

2. PopP3

Pss190 PopP3

3 phylotype I Pss158 Pss365 Pss749 14

phylotype II Pss525 Pss526 Pss1327 Pss1351 Pss1361 Pss1370

Pss1475 Pss1482 Pss1569 Pss1586 Pss1696 Pss1697 Pss1703 Pss1710

PCR phylotype I PopP3 Pss190

GMI1000 (GMI1000 ) Pss365

PopP3 ( ) phylotype II PopP3

PopP3

3. PopP2

Pss190 Avr protein

PopP2 (Deslandes et al., 2003) PopP2

popP2 pUFR047 Pss190

H7996 popP2

Pss190 ( )
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4. PopP3

N. benthamiana popP3

N. tabacum W38 popP3 PCD HR

( ) T3Es PCD

HR (Abramovitch et al., 2003) PopP3

PopP3 HR N. 

tabacum W38 popP3 Pss4 HR (

A) popP3 pUFR047 PopP3 Pss4

Pss4 N. tabacum W38 HR ( B)

PopP3 PCD

5. popP3

popP3 PVX

L390 35S::popP3

Pss4 Pss4 popP3

gfp (p<0.05) ( )

H7996 35S::popP3

PopP3 Pss190 Pss190

popP3 gfp (p>0.05) 

( ) popP3

Pss190 Pss190 PopP3 PTI

popP3 Pss190 PopP3 Pss190

6. PopP3

PopP3 (functional domain) PopP3

Softberry PopP3

PopP3 (mitochondria) 

iPSORT (http://ipsort.hgc.jp/) PopP3 (signal 
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peptide) PopP3 N 30 (mitochondria 

targeting peptide, MT) (SP) PopP3

(mitochondria cleavage site) N 10 ( A)

PopP3 N 30

(sequence-truncated) 

PopP3::GFP p2GWF7.0 N. benthamiana

PopP3::GFP

(mitochondria marker) ScCOX4::RFP

PopP3::GFP free GFP

( B)

7. PopP3

PopP3

VMGO MT 35S::popP3 L390

PopP3

Pss4 ( ) PopP3

GFP (p>0.05)

MT popP3 pUFR047

T3E Pss4

L390 (empty vector)

Pss4 PopP3

(MT) PopP3 ( ) PopP3

N T3E
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(Alfano and Collmer, 2004) T3E R protein

avirulence (Avr) protein

virulence 

protein (Deslandes and Genin, 2014; Kazan and Lyons, 2014)

RSp0213

1. RSp0213

(quorum sensing) 

(Valls et al., 2006; Vailleau et 

al., 2007; Genin and Denny, 2012) (T3SS) 

(Poueymiro et al., 2009)

RSp0213 T3SS

(Cunnac et al., 2004a) ( ) RSp0213 (T3E)

RSp0213

( ) RSp0213 Pss4

( ) RSp0213

PopP1 Rd15

PopP1 PopP1

avirulence protein (Lavie et al., 2002) /

RSp0213 T3SS

phylotype I RSp0213

phylotype I 

RSp0213 RSp0213

effector
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( ) T3SS

T3SS

(Poueymiro and Genin, 2009; Monteiro et al., 2012; Stotz et al., 2014) RSp0213

RSp0213

RSp0213

RSp0213

2. RSp0213

(Poueymiro et al., 2009; Choi et al., 2013; Kim et al., 

2014) HR N. 

benthamiana N. tabacum W38 RSp0213 72

( ) N. tabacum W38

PAMPs T3SS hrpG- RSp0213

( B ) N. benthamiana

N. tabacum W38 RSp0213 PCD

VMGO H7996 RSp0213

( )

Pss190 ( ) RSp0213

RSp0213 H7996

SA ET PCD ( A C D) JA

( B)

RSp0213 RSp0213

(Deslandes and Genin, 2014; Kazan and 

Lyons, 2014) N. benthamiana N. tabacum

RSp0213

SA ET (reactive oxygen species

ROS) (Mersmann et al., 2010; Coll et al., 2011)
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RSp0213

3. RSp0213

(Poueymiro and Genin, 2009; Deslandes and 

Rivas, 2012) RSp0213 N targeting peptide signal peptide

(SP) NCBI Genome blastp PSI07 R229

putative T3E N SP (E value < 10-5)

(transmembrane segments) ( )

RSp0213 ( ) N

21 ( )

( ) SP

T3Es SP GFP

RSp0213

(protein cluster) 

RSp0213

protein complexes

(Poueymiro and Genin, 2009; Bohm et al., 2014) PAMPs

PRRs R proteins (Bohm et al., 

2014)

phospholipase PCD

(Kim et al., 2014) (lipid raft)

(Lingwood and Simons, 2010)

PCD ROS (Mersmann et al., 2010)

(Fallahi-Sichani and Linderman, 2009)

Pseudomonas syringae pv. tomato DC3000

T3E AvrPto AvrPtoB AvrPto

FLS2 (Xiang et al., 2008) PTI
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AvrPtoB FLS2 FLS2 (co-receptor) BAK1 (BRI1-associated 

kinase 1) (Gohre et al., 2008)

AvrPto AvrPtoB Pto Pto

AvrPto PRR AvrPtoB

(Gohre et al., 2008) ETI

RSp0213 RSp0213

4. RSp0213

T3E RSp0213

model ( ) / RSp0213

T3E T3SS

(protein cluster)

N. benthamiana N. tabacum RSp0213

PCD SA ET

RSp0213 interacting proteins

RSp0213 (Deslandes and Genin, 2014; 

Kazan and Lyons, 2014) RSp0213

(Lin et al., 2014) RSp0213 

PopP3

1. Pss190 T3E PopP3

(Virulence factor)

(horizontal gene transfer, HGT) 

(Peeter et al., 2013)

T3E T3E



38  

GMI1000

popP1 HGT (Lavie et al., 2002) GMI1000 Po82

CMR15 popP2 (prophage) 

(Genin and Denny, 2012) Pss190

GMI1000 Y45 popP3 prophage

PopP

popP3 T3SS ( )

PopP3 ( )

Pss190 Pss365 PopP3 ( )

(Pss1308 Pss749) PopP3 HGT

PopP3 R (

) PopP3 virulence factor

Pss190 R protein Avr 

protein PopP2 (Deslandes et al., 2003) PopP2

Pss190 ( ) PopP

Pss190 Pss190

virulence protein PopP3 Avr protein

PopP2 Pss190 Pss190

2. PopP3 PTI

PCD HR

PopP3 N. benthamiana N. tabacum W38

HR ( )

T3Es HR (Abramovitch et al., 2003; Coll et al., 2011)

PopP3 Pss4 N. tabacum W38

HR ( ) PopP3 PTI

(callose deposition) (Pcc)
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flg22 ROS ( )

HR PTI (Kazan and Lyons, 2014) PopP3

PTI HR (independently)

ROS (Muthamilarasan and 

Prasad, 2013) ROS HR ROS

flg22 PTI

PAMP (Pfund et al., 2004) T3SS

(total lysate) PTI ROS

PTI PopP3 PTI

PopP3

L390 PopP3 L390

Pss4 ( ) PopP3 PTI

PopP3 L390 Pss4 PTI PopP3

virulence factor H7996

popP3 H7996 Pss190 ( ) PopP3

PTI PAMPs

PTI PopP3

PopP3 Pss190 Pss190 PopP3 PTI

PopP3 Pss190 PopP3

Pss190 PopP3 PTI

3. PopP3

PCD (Lam et al., 2001) PCD

(chromatin) (vacuole) 

(chloroplast) (Muthamilarasan and Prasad, 2013)

PCD HR

(cell survival signals) 

(apoptosis) (pro-apoptotic proteins)

(Faherty and Maurelli, 2008)
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(mitochondria targeting peptide, MT)

(receptor)

(unfolded form)

(chaperon) 

(Hicks and Galán, 2013)

PopP3 N 30 MT (SP) ( A)

MT PopP3 ( B)

PopP3 Pss4 Pss4 (

)

E. coli Map EspF SopA (Hicks and Galán, 2013) P.

syringe HopG1 (Hicks and Galán, 2013) E. coli Map

(Hicks 

and Galán, 2013) P. syringe HopG1

(Block et al., 2010) PopP3

PTI

PTI

4. PopP3 PTI

T3E PopP3

model ( ) Pss190

Pss365 PopP3 T3SS ( )

PTI

PopP3

ROS PopP3 ROS HR

PopP3 PTI

PTI

PopP3 PopP3

PTI

PopP3 interacting proteins PopP3

(Gohre et al., 2008; Gimenez-Ibanes 
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et al., 2009)
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RSp0213 RSc3174

Straina Sequence 
status Host origin Virulenceb Phylotype

Rs effectors

RSp0213 RSc3174

Pss190 draft tomato high I   − d −

Pss1308 draft tomato high I − −

GMI1000 complete tomato medium I + +

Pss4 draft tomato medium I + −

Pss216 draft tomato low I + +

Rd15 draft radish n.d. c I − −

FQY_40 complete bacterial wilt 
nursery n.d. I − −

Y45 draft tobacco n.d. I − −

FJAT_91 draft tomato n.d. I − −

FJAT_1458 draft tomato n.d. I − −

Po82 complete potato n.d. II − −

CFBP2957 draft tomato n.d. II − −

IPO1609 draft potato n.d. II − −

UW551 draft geranium n.d. II − −

Molk2 draft banana n.d. II − −

K60 draft tomato n.d. II − −

P673 draft tomato n.d. II − −

CMR15 complete tomato n.d. III − −

PSI07 complete tomato n.d. IV + +

BDB R229 draft banana n.d. IV − −

RALSY 
R24 draft clove n.d. IV − −

SD54 draft ginger n.d. IV − −

a Genin and Denny, 2012 NCBI
b

(Jaunet and Wang, 1999)
c n.d. not determined
d NCBI Genome (blastn) E value < 10-5 + −
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PopP

Straina Sequence 
status Host origin Virulenceb Phylotype

Rs PopP effectors

popP1 popP2 popP3

Pss190 draft tomato high I   + d − +

Pss1308 draft tomato high I + + −

GMI1000 complete tomato medium I + + + (transposon)e

Pss4 draft tomato medium I − − −

Pss216 draft tomato low I + + −

Rd15 draft radish n.d. c I − − −

FQY_40 complete bacterial wilt 
nursery n.d. I − + −

Y45 draft tobacco n.d. I − − +

FJAT_91 draft tomato n.d. I + + −

FJAT_1458 draft tomato n.d. I + + −

Po82 complete potato n.d. II + + −

CFBP2957 draft tomato n.d. II − − −

IPO1609 draft potato n.d. II − − −

UW551 draft geranium n.d. II − − −

Molk2 draft banana n.d. II − − −

K60 draft tomato n.d. II − + −

P673 draft tomato n.d. II − + −

CMR15 complete tomato n.d. III − + −

PSI07 complete tomato n.d. IV − − −

BDB R229 draft banana n.d. IV − − −
RALSY 
R24 draft clove n.d. IV − − −

SD54 draft ginger n.d. IV + + −

a Genin and Denny, 2012 NCBI
b

(Jaunet and Wang, 1999)
c n.d. not determined
d NCBI Genome (blastn) E value < 10-5 + −
e 1467 bp (transposon)
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RSp0213 RSc3174 Pss190

RSp0213 RSc3174 Pss190 (O.D.600=0.003) 

28-32 H7996

7-15

34 (SE) Student’s t-test

(p<0.05) (p<0.01)
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RSp0213 Pss4

RSp0213 Pss4 (O.D.600=0.003) 31-33

L390 14-21

63

(SE) Student’s t-test

(p<0.01)
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RSp0213

p2GWF7.0 RSp0213::GFP Nicotiana benthamiana

(protoplast) fold over

PIP2A::mcherry membrane marker



55  

RSp0213

pMDC83 RSp0213::GFP N. 

benthamiana PIP2A::mcherry membrane 

marker
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RSp0213 (programmed cell death)

pCAMBIA1300 35S::RSp0213

(A) N. benthamiana 96 PCD

(B) N. tabacum W38 Pss4 hrpG-

(O.D.600=0.3) 96
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RSp0213

PVX (Potato virus X) 35S::RSp0213 12-18

H7996 2 μL (tip)

1 mL 21°C 12 12

14 RSp0213 ubi3

(internal control)
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RSp0213

PVX (Potato virus X) 35S::RSp0213 12-18

H7996 2 μL (tip)

1 mL 21°C 12 12

14

(A) (visible) (UV) 

(B) RSp0213
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RSp0213

PVX (Potato virus X) 17-18 H7996

35S::RSp0213 14 Pss190 

(O.D.600=0.03) 14

42

(SE) Student’s t-test (p<0.05)

(p<0.01)
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RSp0213

PVX (Potato virus X) 35S::RSp0213 12-18

H7996 2 μL (tip)

1 mL 21°C 12 12

14 RNA RT-qPCR

(A) 

(B)

(C)

(D) 

Y

(standard deviation, SD)

(A) 

(D) 

(B) 

(C) 
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Bar = 40 m
RSp0213

(A) RSp0213::GFP RSp0213

(signal peptide, SP) 

(B) p2GWF7.0 (A) RSp0213::GFP

N. benthamiana

PIP2A::mcherry membrane marker

(A) 

(B) 
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Bar = 40 m
RSp0213

pMDC83 RSp0213::GFP

N. benthamiana PIP2A::mcherry

membrane marker
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RSp0213

PVX (Potato virus X) RSp0213

12-18 H7996 2 μL (tip)

1 mL 21°C 12 12

14

(A) (visible) (UV) 

(B) RSp0213
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RSp0213

(A) PVX (Potato virus X) 17-18 H7996

RSp0213 14

Pss190  (O.D.600=0.03) 14

28

(SE)

(B) RSp0213 Student’s t-test ns

(p>0.05) (p<0.05) (p<0.01)
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RSp0213 Pss190

(A) RSp0213 Pss190 (O.D.600=0.003) 

28-32 H7996

14

28 (SE)

(B) RSp0213 Student’s t-test ns

(p>0.05) (p<0.01)
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popP2 Pss190

popP2 Pss190 (O.D.600=0.003) 28-32

H7996 14

42

(SE) Student’s t-test

(p<0.05) (p<0.01)
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popP3

N. tabacum W38

(A) pCAMBIA1300 35S::popP3

48 Pss4 (O.D.600=0.3) 48

(B) popP3 Pss4 (O.D.600=0.3) 24
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popP3 Pss4

PVX (Potato virus X) 35S::popP3 17-18

L390 2 μL (tip)

1 mL 21°C 12 12

14 Pss4 (O.D.600=0.03)

14

42 (SE) Student’s t-

test (p<0.05) (p<0.01)
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popP3 Pss190

PVX (Potato virus X) 35S::popP3 17-18

H7996 2 μL (tip)

1 mL 21°C 12 12

14 Pss190 (O.D.600=0.03)

14

42 (SE)

Student’s t-test
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Bar = 40 m
PopP3

(A) PopP3

(mitochondria targeting peptide, MT) PopP3

(mitochondria cleavage site)

(B) p2GWF7.0 PopP3::GFP N. 

benthamiana mitochondria 

marker ScCOX4::RFP

(B) 
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popP3

PVX (Potato virus X) popP3

17-18 L390 2 μL (tip)

1 mL 21°C 12 12

14 Pss4  (O.D.600=0.03)

14

42 (SE)

popP3 Student’s t-test

(p<0.05) (p<0.01)
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popP3 Pss4

popP3 Pss4 (O.D.600=0.03) 31-

33 L390 14

42

(SE) popP3

Student’s t-test (p<0.01)
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RSp0213

/ RSp0213 T3SS

(protein cluster)

N. benthamiana N. tabacum RSp0213

PCD SA ET
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PopP3

Pss190 PopP3 T3SS

PTI

PopP3

ROS PopP3 ROS HR
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a

Phylotype I strains Aggressivenessb Tomato wilting (%)
H7996 (R)c L180 (MR) L390 (S)

Pss190 High 91.7 100 100
Pss1308 High 100 100 100

Pss4 Medium 16.7 58.3 100
Pss216 Low 0 8.3 66.7

a

b

c R (resistance) MR (medium 

resistance) S (susceptible)
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Pss190 Pss1308 RSc0213

RSc3174 (empty vector) 
a

Characteristics
(vs. WT carrying empty vector )

Pss190 / Pss1308

pUFR047::RSp0213 pUFR047::RSc3174

Growth on media

TTC =/=b =/=

TTC+SDS =/= =/=

MM =/= =/=

SM1 =/= =/=

Biofilm formation =/n.d. =/n.d.

Swimming Motility =/= =/=

Root attachment ↓/= ↓/=

HR response =/= =/=

Multiplication in planta =/= =/=

a ( , 2009)
b ↑ ↓ =

n.d, student’s

t-test

4
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a

Strain Host Race Biovar Phylotype Virulence
Pss190 Tomato 1 4 I high
Pss1308 Tomato 1 3 I high
Pss4 Tomato 1 3 I medium
Pss216 Tomato 1 3 I low

a Exeter Murray Grant
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(Medium)

Luria broth (LB) medium 
Component Per Liter
Typtone
Yeast extract
NaCl
→ Adjust pH to 7.0
Additional 15 g agar for agar medium

10 g
5 g
10 g

SOB medium
Component 200 mL
Tryptone
Yeast extract
NaCl

4 g
1 g
0.1 g

YEP medium
Component per Liter
Peptone 
Yeast extract 
NaCl 
Additional 15 g agar for agar medium

5 g
5 g
10 g

CPG medium 
Component per Liter
Peptone
Casein hydrolysate
Glucose 
Agar

10 g
1 g
5 g
15 g

523 medium 
Component per Liter
MgSO4.7H2O
K2HPO4

Yeast extract 
Casein hydrolysate 
Sucrose 
Additional 15g agar for agar medium

0.3 g
2 g
4 g
8 g
10 g 
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(Agarose gel electrophoresis)

0.5 M EDTA
Component 100 mL
Na2EDTA.2H2O
H2O
10 M NaOH
H2O

18.6 g
70 mL
to pH 8.0
to 100 mL

50X TAE buffer
Component per Liter
Tris base
Glacial acetic acid
0.5 M EDTA (pH 8.0)
→Adjust pH to 8.5 

242 g
57.1 mL
100 mL 

10X TBE buffer
Component per Liter
Tris base
Boric acid
0.5 M EDTA (pH 8.0)

108 g
55 g
40 mL

(Alkaline lysis)

Solution I
Component Final concentration 100 mL
40% glucose
0.5 M EDTA 
1 M Tris-HCl (pH 8.0)

50 mM
10 mM
25 mM

2.27 mL
2 mL
2.5 mL

Solution II
Component Final concentration 100 mL
10 N NaOH
20% SDS 
Freshly prepared

0.2 N
1%

2 mL
5 mL

Solution III
Component 100 mL
5 M potassium acetate
Glacial acetic acid
→Adjust pH to 4.8

60 m
11.5 mL
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DNA (Genomic DNA extraction)

Lysis buffer
Component Final concentration 100 mL
50X TAE
3 M NaOAc 
20% SDS

1X
20 mM
1%

2 mL
0.67 mL
5 mL

(N. benthamiana protoplast purification)

K3S medium
Component Final concentration
CaCl2.2H2O
NH4NO3

MES (pH 5.7) 
Sucrose
Dissolve in Gamborg’s B-5 basal medium (3.1 g/L)

0.75 g/L 
0.25 g/L
0.02 M
400 mM

Enzyme solution
Component Final concentration
cellulase R10
macerozyme 
Dissolve in K3S medium 

1%
0.4%

W5 solution
Component 200 mL
3 M NaCl 
1 M CaCl2

0.2 M KCl 
0.1 M MES (pH 5.7)
0.1 M glucose 

10.3 mL
25 mL
5 mL
4 mL
10 mL

K3M medium
Component Final concentration
naphthalene acetic acid 
benzylaminopurine 
Add to K3S medium

2 mg/L
1 mg/L 

PEG solution
Component Final concentration
Ca(NO3)2

mannitol
PEG 6000

100 mM 
450 mM
25%
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Antibiotic Stock (mg/mL) Final concentration (μg/mL)
Ampicilin (Amp) 100 100

Kanamycin (Kan) 100 50

Gentamycin (Gen) 20 50 (E. coli) / 10 (Rs)

Spectinomycin (Spe) 100 100

Tetracycline (Tet)
(Dissolve in DMF)

20 20 (E coli.) / 10 (Rs)

Rifampicin (Rif)
(Dissolve in DMSO)

50 50
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Primer Sequencea (5’-3’)

Check construction

M13-F GTAAAACGACGGCCAGT

M13-R AACAGCTATGACCATG

M13-R (for pUFR047) CAGGAAACAGCTATGAC

Rs check-AU759-F GTCGCCGTCAACTCATTTC

Rs check-AU760-R GTCGCCGTCAGCAATGCGGAATCG

RSp0213-low Tm-F ATGGGATGTTTTAATGTCAC

RSp0213-low Tm-R TTAACGGCCGGGGCGGT

RSp0213-(n) low Tm-R ACGGCCGGGGCGGTAG

RSp0213-specific-F ATGGGATGTTTTAATGTCACTGG

RSp0213-(n) specific-R ACGGCCGGGGCGGTAGCT

RSc3174-low Tm-F ATGAAAGTCGGCAACCAATC

RSc3174-low Tm-R TCAACGTGATAAGTTGTAGC

RSc3174-(n) low Tm-R ACGTGATAAGTTGTAGCGG

RSp0213 SP21-specific-F ATGTCGGTTGAGGCCTCGCCGA

RSp0213 SP47-specific-F ATGAGTAACACCGACGCAGCA

popP3-check-F CGCCATCTTCAGGCT

popP3-check-R AGGACTCCAGGAGCC

HA-check-R TTAACGTAGAGAAGCGTAAT

35S-promoter-F GACAGGCTTCTTGAGATCCTTC

Nos-terminator-R CAAGACCGGCAACAGGATTCA

Construction for virulence test

SalI-RSp0213-F GGGTCGACCCGAAGCGACTGTCATACTC

PstI-RSp0213-R GGCTGCAGTTTTGGGACTGACGCTCAGT

BamHI-RSc3174-F GGGGATCCGCATCCGTTACCGTTCACAG

SalI-RSc3174-R GGGTCGACCACATGGGATACGGAGACAT

EcoRI-RSp0213-F CCGAATTCATGGGATGTTTTAATGTCACT

EcoRI-RSp0213 SP21-F TTGAATTCATGTCGGTTGAGGCCTCGCCGA

EcoRI-RSp0213 SP47-F AAGAATTCATGAGTAACACCGACGCAGCAGA
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PstI-HA-R CCCTGCAGTTAACGTAGAGAAGCGTAATC

SmaI-popP2-F GGCCCGGGATGAAGGTCAGTAGCGCAAAC

HindIII-popP2-R AAAAGCTTTCAGT TGGTTCCAATAGGGAA

EcoRI-popP3-F AAGAATTCATGCCTGAGAAAGCCCTATG

KpnI-HA-R CCGGTACCTTAACGTAGAGAAGCGTAATC

EcoRI-popP3 MT-F AAGAATTCATGGATGAGAATCAGAACCCTCT

HindIII-HA-R CCAAGCTTTTAACGTAGAGAAGCGTAATC

Construction for generation of RSp0213 knockout of Pss4 strain

KpnI-RSp0213 up-F GGGGTACCGGACATGAAATCGCGCAT

EcoRI-RSp0213 up-R GGGAATTCGATAATCTCCAAAAAATTGAG

EcoRI-Kan-F CCGAATTCCTCAAAATCTCTGATGTTAC

BamHI-Kan-R CCGGATCCTTAGAAAAACTCATCGAGCA

BamHI-RSp0213 down-F AAGGATCCCTAAACGTTGCGAAACGAC

NotI-RSp0213 down-R GGGCGGCCGCATGTGCGCTCGGACGAT

Construction for subcellular localization assay

RSp0213-specific-F ATGGGATGTTTTAATGTCACTGG

RSp0213 SP21-specific-F ATGTCGGTTGAGGCCTCGCCGA

RSp0213 SP47-specific-F ATGAGTAACACCGACGCAGCA

RSp0213-(n) specific-R ACGGCCGGGGCGGTAGCT

popP3-F ATGCCTGAGAAAGCCCTATGCCA

popP3 MT-F ATGGATGAGAATCAGAACCCTCT

popP3-(no stop)-R GGAATCCGTGTCGGTGTCGATC

Construction for transient expression in planta and primer for sqRT-PCR

EcoRI-RSp0213-F CCGAATTCATGGGATGTTTTAATGTCACT

SalI-RSp0213 (n)-R GGGTCGACACGGCCGGGGCGGTAG

ClaI-RSp0213-F CCATCGATATGGGATGTTTTAATGTCACT

ClaI-RSp0213 SP21-F TTATCGATATGTCGGTTGAGGCCTCGCCGA

ClaI-RSp0213 SP47-F CCATCGATATGAGTAACACCGACGCAGCAGA

AscI-HA-R CCGGCGCGCCTTAACGTAGAGAAGCGTAATC

SfiI-popP3-F AAGGCCATTATGGCCATGCCTGAGAAAGCCCTATG
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SfiI-popP3 MT-F
AAGGCCATTATGGCCATGGATGAGAATCAGAACCC

TCT

SfiI-HA-R AAGGCCGAGGCGGCCTTAACGTAGAGAAGCGTAAT

SlUBI3-F TGCAGATCTTCGTGAAAACC

SlUBI3-R AGCGAGCTTAACCTTCTTCT

Primer for qRT-PCR

SA pathway marker in tomato

PR-1a (M69247, PR-P4) 246 bp by primer3

PR-1a_F TCTTGTGAGGCCCAAAATTC

PR-1a_R ATAGTCTGGCCTCTCGGACA

PAL (M83324, SA metabolize enzyme) 197 bp by primer3

PAL_F ACGGGTTGCCATCTAATCTG

PAL_R AGCTGTTTTCCTGGCTGAAA

GluA (M80604)

GluA_F GCAGGGTTGCAAAATCAAAT

GluA_R TATCATCAGCATGGCCAAAA

GluB (AW030420, PR2b)

GluB_F TCTTGCCCCATTTCAAGTTC

GluB_R TGCCAATCAACGTCATGTCT

JA pathway marker in tomato

LoxA (LEU09026)

LoxA_F TGCAGGTTACCTCCCAAATC

LoxA_R AGCAGCGAGTGGTTCTTTGT

WIPI-II (K03291) 242 bp by primer3

WIPI-II_F TGTTGATGCCAAGGCTTGTA

WIPI-II_R CTTGTGAACGGGGACATCTT

ET pathway marker in tomato

ACC oxidase1 (NM_001247095) 243 bp by primer3

ACCO1_F TGCGCCATCTTCCTACTTCT

ACCO1_R CCTTGATCAAATCGGGCTTA
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PR1b1 (NM_001247385) 167 bp by primer3

PR1b1_F TCTTGTGAGGCCCAAAATTC

PR1b1_R CCAGCACCAGAATGAATCAA

Osmotin (PR5, NP24, osmotin precursor, AF093743)

Osmotin_F TGTACCACGTTTGGAGGACA

Osmotin_R ACCAGGGCAAGTAAATGTGC

Cell death marker in tomato

Hsr203 (SGN-U582565, Hsr203j homologue) 250 bp by primer3

Hsr203_F TCCCGTCATTCTTCACTTCC

Hsr203_R GTTGAAATCGGCGTATTCGT

Hin1 (SGN-U574797, NtHin1 homologue) 162 bp by primer3

Hin1_F TCCAACTTGAACGGAGCCTA

Hin1_R TCCGAGGATGATTAGGATGG

a
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( )

1 0

2 RSp0213 RSc3174
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RSp0213 RSc3174 a

(A) (Southern blotting) SalI

DNA 0.7 % (30 V/200 min) (nitrocellulose 

membrane) 2X SSC

(B) DNA (genomic PCR) DNA

30 (cycle)
a ( , 2009)
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GMI1000 (A) RSp0213

(B) RSc3174 a

Pss991 Pss216 Pss79 Pss965 GMI1000

GMI1000
a ( , 2009)
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RSp0213 RSc3174 effector (A) 

PhcA (B) HrpG a

β-galactosidase Pss4

PhcA::Tn hrpG::Tn RSp0213 RSc3174

MP (SD) V

pCZ962
a ( , 2009)
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RSp0213

Softberry (http://linux1.softberry.com/berry.phtml) RSp0213

RSp0213 N 47

(targeting peptide) (transmembrane 

segments) RSp0213



96 
 

Ps
s1

90
Po

pP
3

G
M

I1
00

0
Po

pP
1

Po
pP

2

(A
) 

Y
op

J 
su

pe
rf

am
ily

(c
at

al
yt

ic
 d

om
ai

n)
 

Y
op

J 
su

pe
rf

am
ily

(c
on

se
rv

ed
 

re
si

du
e)

(B
) 

Po
pP

1
Po

pP
2

Po
pP

3
(id

en
tit

y)



97 
 

Po
pP

3



98  

popP3 phylotype I a

(A) Pss190 GMI1000 popP3 GMI1000 popP3

ISRso13 PCR (primer) 

(B) DNA PCR popP3 phylotype I

Pss190 GMI1000 (positive control) 

(GMI1000 ) Pss1308 (negative 

control) DNA PCR

a ( , 2013)
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(gene cluster) popP3

PpopP3 a

(A) Pss190 popP3

PRSc3239 RSc3239 (start codon) 300 bp PRSc3240 RSc3240

300 bp PpopP3 popP3 500 bp 126 bp

hrpII box (GTTC-N16-TTCG) popP3 37 bp

(B) (BG medium) (T3SS) 

(MP medium+ glutamate) Pss190 popP3 Pv

(pCZ962 vector only) PhrpB hrpB

3

3 (SD) Student’s t-test

(p<0.01)
a ( , 2013)
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popP3 PpopP3 HrpG a

Pss190 popP3 hrpG::Tn phcA::Tn

(T3SS) (MP medium+ glutamate) popP3

β-galactosidase Pv (pCZ962 vector only) PpopP3 popP3

500 bp 126 bp 3

3

(SD) Student’s t-test (p<0.01)
a ( , 2013)
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popP3 Pss4
a

popP3 Pss4 (O.D.600=0.3) 30-35

L390 9-20

59

(SE)
a ( , 2013)
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popP3 a

pCAMBIA1300 35S::popP3 N.

benthamiana 48 popP3 Actin

(internal control)
a ( , 2013)
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popP3 a

pCAMBIA1300 35S::popP3

(A) N. benthamiana 72

ERF68 ( )

(B) N. tabacum W38 24

Pss190

a ( , 2013)
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popP3 Pss4 a

N. benthamiana pCAMBIA1300

35S::popP3 48 Pss4 (105 CFU/ml)

4 9

3

3 (SD)

Student’s t-test (p<0.05)
a ( , 2013)
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popP3 a

PVX (Potato virus X) 20 H7996

35S::popP3 10 popP3 UBI3

(internal control)
a ( , 2013)
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popP3 Pcc a

PVX (Potato virus X) 20 H7996

35S::popP3 10 105 CFU/mL (Pectobacterium carotovorum

subsp. carotovorum, Pcc)

(A) 24

(B) 24

(C) 24

2 5

15 30

(SD) Student’s t-test (p<0.01)
a ( , 2013)
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popP3 PTI a

PVX (Potato virus X) 20 H7996

35S::popP3 10 PTI (A) (B) (callose 

deposition) (C) ROS 12

48

(SE) Student’s t-test (p<0.01) ROS

4 flg22 20

(SD)
a ( , 2013)


