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Friday 5 November 2010, a bacterial infection was 
discovered on a New Zealand kiwifruit vine.  
Testing confirmed the vine was infected with 
Pseudomonas syringae pv actinidiae (Psa).  

Recorded since 1989 in Japan 
First confirmed in 1992 in Korea 
Psa was first documented in Italy in 1992  
In 2008 the symptoms of Psa in Italy became much more dramatic (attributed to the 
presence of a more virulent form). 
The first Psa infection in France was identified in 2010. 
Psa has been reported in Portugal and, more recently, in Chile. 
Anecdotal evidence suggests Psa has also been present in China for some time 
             -KVH information 
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Multi Locus Sequence Typing (MLST) 
 
amplified 500-600bp regions from 4 different genes with PCR 
 
gltA (or cts, citrate synthase)  
gapdh (glyceraldehyde-3-phosphate dehydrogenase) 
gyrB (DNA gyrase B) 
rpoD (sigma factor 70) 
 
-gene regions were those used by others studying P. syringae pathovars 
 
 

Addressing the question of what are the LV strains? 



Alignment of gltA gene region 

Psa strains 

“LV” or PsD strains 



Maximum likelihood tree made 
using MEGA5 
-only gltA locus 
100 bootstrap replicates 

Phylogenetic tree derived from gltA/cts sequences  
9853

Ps actinidiaeM302091

18800

18708

18743

18745

Ps theaeAY610752

18746

18744

Ps morsprunorumM302280

P avellanaeFN565203

18802

18803

18882

18883

18804

18806

Ps tomatoDC3000

Ps lachrymansM302278

Ps syringaeB728a

Ps aesculi2250

Ps phaseolicola1448A

Ps glycinea race4

Ps maculicolaES4326

76

95

86

93

82

100

50

88

0.01

“PsD” strains 



Query ID

Description

Molecule type

Query Length

lcl|41977

s6_2101_11498_36340

nucleic acid

101

Database Name

Description

Program

BLAST ®

Basic Local Alignment Search Tool

NCBI/ BLAST/ blastn suite/ Formatting Results - 60SESEAX011

s6_2101_11498_36340

nr

All

GenBank+EMBL+DDBJ+PDB

sequences (but no EST, STS,

GSS,environmental samples or

phase 0, 1 or 2 HTGS

sequences)

BLASTN 2.2.25+

Graphic Summary

Distribution of 1 Blast Hits on the Query Sequence

NCBI Blast:s6_2101_11498_36340 http://blast.ncbi.nlm.nih.gov/Blast.cgi

1 of 2 2/09/11 5:04 PM

Descriptions

Legend for links to other resources:  UniGene  GEO  Gene  Structure  Map Viewer  PubChem

BioAssay

Accession Description Max

score

Total

score

Query

coverage

E

value

Max

ident

Links

AE016853.1

Pseudomonas syringae pv.

tomato str. DC3000, complete

genome
171 171 100% 2e-41 97%

Alignments

>gb|AE016853.1|  Pseudomonas syringae pv. tomato str. DC3000, complete genome
Length=6397126

 Features in this part of subject sequence:
   ABC transporter, ATP-binding protein

 Score =  171 bits (92),  Expect = 2e-41
 Identities = 98/101 (97%), Gaps = 0/101 (0%)
 Strand=Plus/Minus

Query  1        CTGGTAAAAGGCATCGTCGGCTACAGCCCACTGCAATCGGGCAGCATTCTGGTCGACAAC  60
                ||||| ||||||||| ||||||||||||| ||||||||||||||||||||||||||||||
Sbjct  1493312  CTGGTCAAAGGCATCATCGGCTACAGCCCGCTGCAATCGGGCAGCATTCTGGTCGACAAC  1493253

Query  61       CGCGAGCATGCAATTGGCACCCCGCGCGATTCGCATCAGTT  101
                |||||||||||||||||||||||||||||||||||||||||
Sbjct  1493252  CGCGAGCATGCAATTGGCACCCCGCGCGATTCGCATCAGTT  1493212

NCBI Blast:s6_2101_11498_36340 http://blast.ncbi.nlm.nih.gov/Blast.cgi

2 of 2 2/09/11 5:04 PM



All 8 new genomes aligned in the region 1-2Mb of the P. s. tomato DC3000 



Searching for copper or antibiotic resistance factors in the Psa genome 



People: 
 
Russell Poulter 
Margi Butler 
 
Iain Lamont 
Lois Martin 

Becky Laurie 
Les McNoe 
 
 
Mik Black 
Peter Stockwell 

Funds: Taskforce Green (Michael Franks, Seeka; Grant Eynon, Eastpack) 
  Department of Biochemistry, University of Otago 



Total returns to growers in 2010/11 were $883.3 million.  
In 2010/11 ZESPRI’s net profit fell from $25.9 million to $7.3 
million.  
The fall was primarily due to contributing $12.9 million to the 
response to Psa in New Zealand. 

With the NZ outbreak, Kiwifruit Vine Health Inc 
(KVH) set up in December 2010.  
 
KVH is an independent organisation to lead the 
kiwifruit industry response to the Psa incursion. 

http://www.batteriosi.it/ 
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Kiwifruit rivals join forces to fight Psa 
 
Seeka Kiwifruit Industries and EastPack launched a research initiative called 
“Taskforce Green,” beginning with a meeting of scientists in Te Puke in June 
2011. 
 
The Taskforce Green group is comprised of a large range of participants 
from the academic, diagnostic and commercial research fields and hoped to 
find a novel cure for the disease 



Taskforce Green 
  
 
 
Michael Franks, Chief Executive, Seeka 
Grant Eynon, Deputy Chairman, EastPack 
Russell Poulter, University of Otago 
Iain Lamont, University of Otago 
Margi Butler, University of Otago 
Clint Wall, Seeka 
David Ackerley, Victoria University 
Janine Copp, Victoria University 
Matthew Storey, Victoria University 
Jerome Demmer, Halcyon Bioconsulting Limited 
John Aitken, Christchurch 
John MacKay, dnature, Gisborne 
Shalinee Dowlut, Verified Lab Services (Seeka)  
Terry Cooney, Hamilton 
Jonathan Cutting, Seeka 
Lucia Burt, Seeka 
Murray Judd, Seeka 
Peter Mourits, Seeka 
Peter Weaver, Seeka 

 



PCR detection test available  
(Rees-George et al., 2010, Plant Pathology 59, 453–464) 
 
PCR primers complementary to a region of the 16S–23S rDNA internal 
transcribed spacer (ITS) region 
 
Amplified a DNA fragment from strains of P. syringae pv. actinidiae, but 
not from 56 strains of bacteria from six genera and 17 species (except for 
a strain of the tea pathogen, P. syringae pv. theae) 
 
Assay was adapted for real-time PCR 

Two kinds of Psa described, Psa-V and Psa-LV (both amplified with diagnostic test) 
Psa-V at first confined to the Te Puke region  
 
“Psa-LV” found in the South Island and Gisborne 
Sometimes referred to as the “Asian” strain 





“PsD” strains are not P. syringae pv actinidiae (Psa) 

Maximum likelihood tree made using MEGA5 
All 4 loci (gltA, gyrB, gapdh, rpoD) 
100 bootstrap replicates 

We now refer to these strains 
as “PsD” to emphasise that 
they are not part of the 
outbreak 
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http://www.nzherald.co.nz/business/news/
article.cfm?c_id=3&objectid=10747234 



Pseudomonas syringae pv. actinidiae genome sequencing projects: 
 
strain name origin   sequenced by 
 
M302091  Japan   Univ. North Carolina, Chapel Hill 
CRAFRU8.43 Italy, Latina, 2008 Università di Udine, Italy  
NCPPB3739 Japan, 1984  Università di Udine, Italy  
NCPPB3871 Italy, 1993  Università di Udine, Italy  
 
 
 
Several strains from Japan, Korea and New Zealand are being sequenced at 
the University of Toronto by David Guttman in association with Prof. Paul 
Rainey (Massey) and Plant & Food. They probably include strains of “Psd”. 



Phylogenetic tree of Pseudomonas syringae 
pathovars including strains which have been 
sequenced by NZGL at Otago 

4 loci: gltA, gyrB, gapdh, rpoD 
concatenated 
maximum likelihood method, 
100 bootstrap replicates 

Red = genome 
sequenced by 
NZGL 

6.1_NZ

3.1_NZ

TP2NZ

TP1NZ

18708NZ

18800NZ

18746Italy

18745Italy

18743Italy

18744Italy

Ps theae

9853Japan

Ps actinidiae M302091

P avellanae

Ps morsprunorum M302280

18807

18802

18803

18804

18806

18882

18883

Ps tomatoDC3000

Ps lachrymans M302278

Ps syringaeB728a

Ps aesculi2250

Ps phaseolicola1448A

Ps glycinea race4

Ps maculicolaES4326

98

100

100

100

98

100

100

60

65

97

89

96

0.01

“Ps D”

2.2_NZ



Strains sequenced by NZGL in the Department of Biochemistry, University of Otago  

ICMP 9853 Japan 1984 
ICMP 18708 Te Puke, Bay of Plenty Nov. 2010 
ICMP 18800 Paengaroa, Nov. 2010 
ICMP 18744 Italy, 2008 
6-1   Te Puke, July 2011 
TP1   Te Puke, 2011 
ICMP 18804 Te Puke, Nov. 2010  “PsD”  
ICMP 18806 Pongakawa, Nov. 2010 “PsD”  

http://www.nzgenomics.co.nz/ 



80% of our Psa sequences are found in the Ps tomato DC3000 sequence 
 
Of the 20% not in Ps tomato DC3000, many are represented in M302091, the 
Japanese Psa strain sequenced in North Carolina 
 
There are some sequences in our dataset that do not occur in either Ps tomato 
DC3000  or Psa M302091 
 
There are numerous sequences present in our Psa dataset that are absent from 
the our PsD dataset. These should form good candidates for Psa-specific PCR in 
the New Zealand context. 

Comparative genomics 
 
Aligning the new genome sequences with the most closely related fully sequenced 
and annotated P. syringae pathovar: P.syringae pv tomato DC3000 



Comparison of the complete genome sequences of Pseudomonas syringae pv. syringae 
B728a and pv. tomato DC3000 



From: Silby et al., 2011 FEMSMicrobiolRev35(2011)652–680 

Pseudomonas genetic diversity 



From: Silby et al., 2011 FEMSMicrobiolRev35(2011)652–680 

Pseudomonas genetic diversity 2 



Baltrus DA, Nishimura MT, Romanchuk A, Chang JH, Mukhtar MS, et al. (2011) Dynamic 
Evolution of Pathogenicity Revealed by Sequencing and Comparative Genomics of 19 
Pseudomonas syringae Isolates. PLoS Pathog 7(7): e1002132 



O’Brien et al., 2011. Annu. Rev. Phytopathol. 2011. 49:17.1–17.21 



Three genomes aligned with the fully sequenced and annotated 
P. syringae pv. tomato DC3000 genome 

6.1  Psa 
 
 
 
 
TP1 Psa 
 
 
 
 
18804 PsD 

 



All 8 new genomes aligned with P. syringae pv tomato DC3000 



Query ID

Description

Molecule type

Query Length

lcl|58943

s6_1204_5661_120130

nucleic acid

101

Database Name

Description

Program

BLAST ®

Basic Local Alignment Search Tool

NCBI/ BLAST/ blastn suite/ Formatting Results - 6161XA1E01R

s6_1204_5661_120130

wgs

Whole-Genome-Shotgun

Sequences

BLASTN 2.2.25+

Graphic Summary

Distribution of 1 Blast Hits on the Query Sequence

NCBI Blast:s6_1204_5661_120130 http://blast.ncbi.nlm.nih.gov/Blast.cgi

1 of 2 2/09/11 8:55 PM

Descriptions

Legend for links to other resources:  UniGene  GEO  Gene  Structure  Map Viewer 

PubChem BioAssay

Accession Description Max

score

Total

score

Query

coverage

E

value

Max

ident

Links

AEAL01000690.1

Pseudomonas syringae pv.

actinidiae str. M302091

contig167.1, whole genome

shotgun sequence

183 183 100% 6e-43 99%

NOP

ERROR.ERROR.ERROR.ERROR

Alignments

>gb|AEAL01000690.1|  Pseudomonas syringae pv. actinidiae str. M302091 contig167.1, 
whole genome shotgun sequence
Length=985

 Score =  183 bits (99),  Expect = 6e-43
 Identities = 100/101 (99%), Gaps = 0/101 (0%)
 Strand=Plus/Plus

Query  1    GGCGCGTTGGCCAGGCGGACCTGCATTTCTTCTAGCACTGTCTCATGTTCCCAGCGCCNA  60
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| |
Sbjct  344  GGCGCGTTGGCCAGGCGGACCTGCATTTCTTCTAGCACTGTCTCATGTTCCCAGCGCCGA  403

Query  61   ACCTTTCTCTCTCGGGCCGGTGTGCATTGCGCCTTTATCGA  101
            |||||||||||||||||||||||||||||||||||||||||
Sbjct  404  ACCTTTCTCTCTCGGGCCGGTGTGCATTGCGCCTTTATCGA  444

NCBI Blast:s6_1204_5661_120130 http://blast.ncbi.nlm.nih.gov/Blast.cgi

2 of 2 2/09/11 8:55 PM



College of Plant Protection 
Northwest Agriculture & Forestry University 
Yang Ling 
Shaanxi province 

Hukou Waterfall, Yellow River Qin Terra-cotta Warriors Mt.Huashan 



This presentation has been prepared based on information available at the time of publication, which is inherently preliminary in nature and subject to 

change. No party, including without limitation, Kiwifruit Vine Health Incorporated, the New Zealand Government, Plant & Food Research and ZESPRI 

Group Limited, makes any warranty, representation or guarantee as to the accuracy and/or completeness of the information regarding Psa, potential 

treatments and/or best treatment practice, and none of those parties shall be liable to any person for any loss arising from that person’s reliance on the 

information and/or for any damages arising out of or connected with the use of the enclosed information. No obligation is accepted or undertaken to 

update this or any other information or publicly release revisions to this document to reflect additional information, circumstances or changes in 

expectations, which occur after the date of this document.  


