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Purpose&
Contents

Investigation of Psa populations and characteristics according to
cultivation regions and cultivars

Proper management manual for bacterial canker according to cultivation
regions and cultivars and management consulting

Development of PCR primers specific to biovar 1, 2 and 3 strains
on RAPD analysis

Development of the rapid PCR-based method for the specific detection of
individual sub-population of biovar 3 strains

Comparative genome analysis of three major Psa biovars (Psal, 2, 3) and

Psa3 strains originated from different regions

based

Results

Characterization of bacterial canker occurrence according to cultivation
regions and cultivars

Proposal of proper management manual for bacterial canker according to
cultivation regions and cultivars

Management consulting based on management manual for bacterial canker
Development of Psal and Pas3 specific detection markers based on RAPD
Confirmation of specificity of Psa3 detection marker

Development of molecular markers discriminating Psa3 sub-population
with different geographic origin

Monitoring of annual change of Psa3 distribution in Korea

Monitoring of spread of bacterial canker by secondary infection of Psa3 in Korea
Elucidation on complete genome level for Psa2 biovar that is endemic in
Korea and analysis of core/pangenome for Psa biovars

Establishment of a fundamental technology for future development of a
targeted pathogen control from the in—depth comparative genome analysis
Massive mining of molecular markers (SNP, PAV) for Psa genotyping from
the comparative genome analysis of major biovars (Psal, 2, 3)

Application to agricultural field work of the mined molecular markers

Expected
Contribution

Early diagnosis of bacterial canker of kiwifruits

Establishment of proper management system of bacterial canker

Guideline for management consulting of bacterial canker of kiwifruits
Optimization of control methods through the identification of Psa biovars
Discrimination of biovar 3 strains with different geographic origins
Establishment of effective control strategy by tracking the spread of Psa3
Monitoring the migration of PSA strains in quarantine program

Publication to an international journal on the complete genome of Psa?2
biovar that is endemic in Korea

Functional analysis of pathogenicity-related genes and their application to
the breeding of kiwifruit cultivars with resistance against bacterial canker
Establishment of monitoring and forecast system of Psa biovars

Operation of analysis service platform for identification/diagnosis of Psa
biovars in the agriculture field

Keywords

) Pseudomonas
bacterial molecular

biovar kiwifruit syringae pv.

canker marker

actinidiae
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Outline and performance goals of the project

Current status of national and overseas technology development

Research contents and results

Achievement of goal and contribution to related field

R&D Performance and its utilization plan

Overseas science and technology information collected during R&D process

Security level of research achievements
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Research facility or equipments enrolled to National science and technology
information system

9. Results of implementation to increase laboratory safety level
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1-1. 9742 =234
O Ao A998 Jee 84 2 443 A4 749E 53 2E9 Ay A9 FAwE =%

1-2. d7702e] E84
O ool ZAH44d4 524
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A= AFEE HIFRStY Add Ad FadkAgEs FAHCE 2500 s oF
1,400ha A=7} Ajui= o, Aabde A7 15,0009 AEE FAHH.

Aok AavlE2 45,000 AZolARE A4 BEXo = did 30,0008 BEE TSt
Ao I F AFFEE 3,0009 ooz F44.

w2 Fd e A FolA FulddA FE AuEE dxAHd Hoe EFS
8719 AEA Sl =(Actinidia  deliciosayR o =719 AlE<Q Hortl6A(A.
chinensis)7} 20043 F-& AF=Zo A Aulst7] A2

TAHRE AAZgA A S43 HortlbA= AlF=oA4 ¢F 100 ha AE7} OEMW2] o=
A= 9lem™ HortlbA Apls7te miEd o 15%E ELEHE A &3t Q=

olof tj-&3ste] 2000t FHIEE oA = HortlbAS tiAE & = MZ o
Z%9] Jfto] o] Fojx AAZE(A chinensis), IeVZE(A. chinensis), 3\ F(A. chinensis)

a

T =719 AT AlFFEC] 200 ha o]/ Au=EIL .

T HT AR VSHEE HETY FE FHA chnensis) BR: ofUel A=
S(A. chinensid$t AAHE(A. chinensis) & =4k =719 AlF AEFFTES] A= F
Fste FAI.

Ao e FTAREACA & Fa/MPds B3t i ge] JFHo 571 145
2bm 0 2 AEpeto] Auliat Rt Qe o] FESHA SUFskal U+

Ao AolA ALEY T84

Pseudomonas syringae pv. actinidiadPsa)et= 18 44l 93 TAst= Aok AL

HE 1 UHAL 9, 280w, BE T e £ BAS vEdE A8 8.

Fobef A 19809 ZRF YEAA HAE] AR oH, FHdAe B AFHo
1980\t 51k Haywarde} 200639l Hortl6Aol A 74zt Hx2 #AlYH dAS B
Fohel AFES ofAlofell A EF f-EbebErl ofye} J)9G T A A=l F
=3 Ao FEFYU FEA=Y FHoA Ho A=l olgeotE HIRT Fo Ae
N E WHo] Aztete] daEado] 1,000 ool B AoE FAHEI, FAMT oA

= Ay A goR 200098 AAH

o O

Fore) 18 Y9A AYYF Biovar Psa3e] £33 AHAZF g4k
Psa:x= HYAP L do7= 723y A" Ao wal Psal, Psa2, Psa3 5 A 714
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| D
Psal phaseolotoxing AAdstH L&A} olFgol, FT= TFolA EEstil, Psa2e
coronatineg AA3tH $-uygtelvt Exsly, uHYA Psa3: phytotoxing A Al HA]
gom olgdgol, wHAAE, HHE HIFE .
Psa3= < HortlbAE W3 =719 AT AFFS0l TlelollA AL Al
o] g HA Aul FF Wsle] we} =79 AT AFETEo Bl A A
2 2008\ dH-E] BaE 7] A&
Psa3& HlZsle] HAMAl] &x3t+= ok AT 7dES 719G T 4R F
%oi —HiJ—E] Mu

olggjote}l wAME T ZIAEFTH) F8 ALzl AujEHIL e Fo& =579 A
B Z%9] Hortl6AE Psa3ell ths] 1 E7t4AS Ho @ o] xE3ME

[e]] o] o
H—J——,- )J\Cl

L

N

71T Hdl =9 wEASNA = Psadol dial 1=7F/4d<Ql HortlbA vl E
A

X713k G3 % Al

ol AAAH BAAZ Brbso] 20139 11
9 AR AL FA7 AP EADo] AAL 00, 20153} 2017de = o
gelopsl AalolA 77k A2a FAA D AFPAEAD T A3A T2 79 A P A EA Y
S EE)

Fohe) 1 AA AlYyF Biovar Psa3e] Zu £33 41
Psa3= & Od o o3 ZuelA 20113 A &AM AuiEr AW 274
ZoF

oA Hz=z WA,
FTHSAHEGER ] A APEI2014) A 13579 ARSA Y TFolA EAS Psal3
o 7105% gZowg 2%3].3 o]%'

= AA

Psadw 20141 AlF=e A ARdAlAA AFHAL, 201500 FUHE A 14T
e, A FEA, WA gET FoE ST S
2015 & A Psa3:= HorthA%_‘iUJ oflel T, AAZE, dlw, AAHE, slolsle Tl
A EAEI QF Aol HAHE I E
2014 AFEo A= < %-’Fl"i: T ZAFHE AAA A FE AWEE Sl T
AZFELR AL 2015 ol = YF #
A= 201433 201593 AlF=2
Aol NEF Psad Je@ntAE o] &t FHFA HtxAbo] oA OP%‘ @r%ﬂxl
oA wl 7t H 2R AT 9L
webA Psa3e] =W #F4 H FAAE=EE FHEE7] sk Biovard JITg Az
A=A 71de] B Psa3 HEE &
=3+ Psa %J“/‘r‘ﬁ “‘%fﬂ A
[e]
o




1-3. A7 B

O 9FMde] =844
v ZAoE AdHd #
v
v
v

O FAE d7de 58 9 FaU&
O IMFEFAA - Aoy AYE+ J2Y 43 54 79 2 9453 HAvE &=
v 53D A9 ¢ F3E A0 AT Jd HnEA ¢
2) A9 9 FFdH @Ey Aoy A GAH
v yg: DAY 9 F3E Aoy AT Jd va 24 9y 54 A
> A A, dde] F8 Au A9
>FF : 3ol 9=, Hortl6A, &, AAFE, etz 3
2) A9 9 FFE wE5y Aoy AU dAvTE =5 2 A AA4E
DAY - AFE, A, g9 F8 A A Y
>E3F : dlo]¥ =, Hortl6A, &%, AA=E, k=5, 35 &5

O 2A3-3A . Ao AYHET I E48 EXvA A
v 231D o) A9 Biovar 39 Eolx Exzinpz A
2) Psa3 Hae] g4 71 F3& Ex0A g
v & D Zohe) A 9H T Biovar 198 Eo|xd Exzintz Apd
[>RAPD #2418 %3} Psal?} Psa2 £o|Z primer Al
>E AFEo] 7] A Psa3 5] primerd] H5 AAS
2) Psa3 Ao A 7l F88& EARA A
>RAPD #4& 53 A28 7]do] b Psa3 E-o|Z primer A&
>F=, FANE, ojgeol 5 T8 Fohef A4k w7kl A frefiske Psa3 ¥ A

O Igs34A : I ASET 34 vz 84L& 58 953 A7l 71 7=
!

v W& 1 Psa Biovar(Psal, Psa2, Psa3) ¥ A|g]4 7]¢o] t+& Psa3 He] FA
3= % gene annotation
2) vlal A 4] - phytotoxin g4 = % AHphaseolotoxin/coronatine
gene cluster ), secretion system & {2 A}, effector protein 77 xHA0p,
avr 5), FAAFAH B {2 2Hcopper resistance, antibiotic detoxification),
HAA #E {F-A2Hpectolytic enzyme 5) SollA WHo] FHZF 4
8 FHAAEN A intrapathovar A1 ¥Ho|(SNP, INDEL %) = &4
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3F-S Thomson ReutersAte] Web of Science™ © o] Eju]o] 2ol sl 7
Ak At F 80 Hel =Fo] HAH.
A=Y =8 I S B9, 201195 ol vlg] =& @E A5vl A&H R F
© AL E F A, ol 719 AW | A9 Foff, 2008-2009'd i1 A
Psa3e] =& 9 AAZAQ AFP] &t 53 BHI Ao de AR AdH
O =7Pd =& %% 3¢S A49nd 719 4 8 Ax5 olggotet wHdA=T}

247t 51%9} 23%8 AAFAoH, FH F 9% A WAE AT
O &l A

Ao Fx7F B3siths Hiie QAN ojggjolE MRS ¢
A3k PSA opFTho 2 A4 o Moi/‘i ZF e
TAN}= HuE v gAY B A7ES ApdE 2R
3 UA Bt AFHe A AAZ olF W gt BEE
JJrOLo}“Fﬂ o] g5, AEHYT F8&E F 92
O 20113 ole&tg]o} AFAE) o3& Psald} Psa3 biovarell thsl <t /-2 A (draft genome) A
do] wrxd o], A7FA biovar 1, 3, 5o thek & FH A (complete genome) 350] o]
Folsomn, 57FA] biovarell &&k= 507) oo ol tE 2 FHA j=o] o] Fo
A & WkA =] 3179 Psa2 biovarell thejA= 2 & AA =Rk BaE A+
O 384 4 %7]ol+= = Roche 4541} Nlumina ZPEZ-L o] &3] Z<oKdraft) <
FAAZE gRED AFEY goy, FHIole  PacBo RS I &
(http://www.pacificbiosciences.com/)& ©]-83&to] Hlw 2] LolstA & FHA HARE FH
stod vl FHA B0 &8st S
O &d 58 %9 A4 ARE 83 vlu FAA 4

G
2 %

Sl Age By 2 s

L 1
I Bdo] = HYA RS B AT o] FoiA L g}g

O Hlal F84 £4& S8 FEE F3A AL o] JEE 7|WO 2 biovar & ¥F FF
ol A ¢] genotypinge ¥ EAZFAE] ALHL Y&

O &% g4 A ARV AHKHoz 4 Aoz AWHM, pan genome 3! core
genome A& B A sle]| I AFVE EF o] FojXu, WAL 54 #A
Ha FAA gof g oo]Ee] 7% BA B AU U3 o|Fold Aow AW,

O £ A4+ FAE FallA 37) biovar (Psal, 2, 3ol &3t 1570 5ol digh =<t 59 #

R o}m
o

AAZ BRY ] ZolA 2 1 Psa2 biovarel] &3t= 27) @50l s e 29

AEgos 3 %%i Al o] RS FEsta 2480
O £ d7E T8 548 Aue &% /344 7s 2 F84 A3 59 A7l &8 7hsst
o, 9 yoprt std WAE A 23 A AA, A4 AL Fdd 55 5o V=
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HI1M|2apd: EChef HYHAe| MY EM #FH 9 sy WHojE
cE

7191 AL Pseudomonas syringae pv. actinidiae (Psa)oll ola] LAS= HAFHOZE 7]
$1 Anpel AAg diE F= XA AW o|th(Serizawa 5, 1989; Takikawa &, 1989).
1988 =il A AFHol A FAZ AF=o 719 AwA= ?'SH%} 150~250 mel] o2+
ghetik S8 AT ST AQo 2 AEH FiF AFHoE TASE A Holr] o
ol Aol that Arep Aol A3 PAY AMAELS d+d FH=E Aot 1 A
oA 719 AHIE E7] A THKoh, 1995; Kohe} Lee, 1992; Koh &,

7191 A FH o] Psagte= Aol ol WA st Zo] Wzl T = HYGH T =] A
A3 ggo A9 HAoe H5do] Hdo olE ARZ A4S JIE F JoA I
o A g o] TS 719 AME Z7]ste w7HF AA &S AAoln 719 AFEES Al
74 BMoE du M AWM WMEA JAEHIT e AEAE 224 He] & &
o WA 7} UH*?— o5 7] "&Fo]tHKim &, 2016a; 2016b; Son &, 2016).

ﬂi‘ H"l O_t_. FO{'

SGFHRIFA 7199 duF FFLS 20053 71HA] *—?lﬂoﬂfﬂh ad71%9 FFQ slold =
(Hayward)7} ﬂ]l‘%ﬁol%E}(Huang, 2014)). wEbA Sl EolA AFHol F= FAUAT
20049 F-E] AF=e Auj=E7] A 2=7]9 FF<2A Hortl6Ao 200610 F-E] #AlFH o] =
Atz AlZFetHE A HortlbA® d3f & w7 A& okKoh &, 2010). 201088 7FA] Wil A 7]
ol ALFH S YO 7)+= Psa biovare Psa2%* O]OiZ]“P 201135 F=79¢ dEdY =2

Psad7l =2 fFdEo =719 A=7Y F5S Avste &

o Hty Z d3& F=

7heolA HS A s FHA e 131r(K1m %, 2016a; 2016b; Koh &, 2012a).
oA euEtel £xshs 719 AGET A9 mdd B4 Fosia, Ad 30d S

T Al e A7Aet 719 A AL dE s= BEUE 719 ASE A

TEE Ak, vt 719 A A9 9 F5E SHEE Anwde EEFeEA 719

A AEo] AGFE e LA AR dretal Aol BT Aol A& tiA e EH

& a7 &8 o A=F AAstaar I

1 $elue Ao AY9F A8 Fa8% 54
7 S A A9 AFE T 4

21 EH o] APE7] A= A EHakzrd(disease triangle)S TASHE Al 7FA 29190 W
Aol Zgk WA, Aol & AEA F Iy HIg A 8o FA l Zr o] A oF
ghoh(Agrios, 2005). 719 AlFH o] T oAt WAL 719 AdH Ao AFs)
S5 AEHAAE S FAStE Al 7R a<lo] HZel wEEHAY] wEolth F, HAAAIA L
2 3ot v YA Psad’t sl E FdEo g4kstal lon, Psadel Al =5
71919k d=719 FFTEY AmAHo] g5t Jon, ofduHrd 719 K AZE
T A4 Psad] &F& ZAdste 7I|EHS ol o3 o) dEH o)A o] A WAt
719 ALY wHado T F8sw YokKim 5, 2016a; 2016b; Koh 5, 2010).

lN

_11_
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1) 2P LA 719 ASFH T Psa3el 4t

gy ey 7)1 vl Al S Y927+ Psas 734 S =2 Proteobacteria
%, Gamma-proteobacteriaZ}, Pseudomonadales®, Pseudomonadaceae3}, Pseudomonasss,
Pseudomonas syringae species complex % genomospecies 80 <3} 7]F2]Eof sk ¥
A zpolo] wE BEFAAQ pathovar actinidiae) 43t} Psa: A HAA AL, 423
(genomic fingerprinting), 16S rDNA/165-23S internal transcribed spacer A&, multilocus
sequence analysis (MLSA), phytotoxin3} effector protein &/ Sl w2} biovarZ A &E3sal
22 THScortichini %, 2012).

A =F7HA & R biovar TANA EANA HxE RIEHYT ol ole}l T =
= biovar 1 (Psal)2 phytotoxin® & phaseolotoxing A3, $Zygtolwt EXxsle=

52 ¢¥FtHHan 5, 2003; Sawada &, 2002).

"k o] biovar 3 (Psa3): phaseolotoxin® coronatined AAstx xwr WHAA | B3}
£ effector proteinEo] FE=7199t FHe79o] 1HAAS YeiT FEAce 2 ~EF
delofel HEx3t Qolvt okt HFY FAAES Ueido] AU Jddoe=E ERHEHIA

biovar 4 (Psad)= ZH ol MZ-E& pathovarQl Pseudomonas syringae pv. actinidifoliorum
(Psaf)o.2 A EF= A HCunty &, 2015)(Fig. D).

Ho| AR E Psa3x @ phytotoxing AR LA AFEFIZoTE $7
gt ¥ Psa2el Zd@A ] 9= bivar 5 (Psab)7t HAE I, Psale® EFEHAR
phaseolotoxine AA3te A7 fle #FEE TAHT oA A A3t U+ Psa
9] biovare ¢HF Al EFAAE ofd Aoz dokwEtHFujikawaet Sawada, 2016; Sawada
5, 2014).

PSS,

Height
0

PST

-

o T = | | 8
§ccgsss%s.8598 *hg::awssgﬂxs%gf gzssss
B8 2 3 3 = = S S | =
;egﬁ§§§§§s§§g§&§§s £858585353355.885555
=ag8%accocala Foaafa 2%S fafaoocaocaoctiih~3%2acaaa
S=EK==2=253 ==5= =5 0.29_22252235 323 =

S55555%5 55°5% £°° 9595555558 BEEls =
o -—
o g o~ w (] (0]
s ] ] 5 I3 &
> > > >
5 3 s [N 2 =
o @ [ [l S S
Psa Psaf

Fig. 1. Dendrogram for ANI values. ANI value for each combination between strains was
calculated, and a dendrogram was constructed using UPGMA. Psa “biovar 4” had been
transferred to the new pathovar actinidifoliorum (Psaf) with four lineages (lineages 1 to 4),
of which lineage 1 and lineage 3 were included in this analysis (lineages in Psaf are
considered to be equivalent to biovars in Psa)(Fujikawa$} Sawada, 2016).
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=
ol A= Psazell o3k Al 1988 RH AFE AT 2ol Avisies 95
JolYg= FdolA B3] AZEATE 199037 = Ad 9=, g 137 o
F go]f= FHgdo A uE Psa2el] o Aol LA AT HAF AGH DA AGo] g4t
Ho] Ak 204 {3t Psazell ok A TGS 719 AR HHow FikEo]
(Fig. 2).
(1988} o A L) | asssasey L) ALY
T e { prat & L 9 { pro¥
e "\\ & c{’rf e \"\ - ¥ :WK
J
(2001-2010) 3 &t
o5 L} M
J.E?‘l‘. /

Fig. 2. Distribution regions of kiwifruit orchards infected by Pseudomonas syringae pv.
actinidiae biovar 2 (Psa2) from 1988-2010 in Korea (Kim -5, 2016b).

H, YA 719 APE T Psa3ys 20119 Ad & FolA Hx=E A
W 9¢ 11 FAgA o8] Hx=E Psa3el ot Aol @A 4
ot (Koh &, 2012a).
Ty 20149 AFEoAMFE Psadel oek Aol HortlbAE W3 =799 d=
7191 FEFENA TS AlEsle HZole s Fa 719 AR A Hell A Psa3el &3
Aol tidAsta ot

el w27 sHakE 3 Qs Psa3e] FUd =0l thah dstzAr A3 2011do] 2"
Psa3& 2006'd oA HHE BEa e H5E 58 FdE AcE 5o, 2014d
B 451 e Psa3e FRA=S THoH 29E ZIIRE 53 fYd Ao F4

31 9 thKim S, 2016b)(Fig. 3).
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Kiwifruit cultivars Hort16A and
Hongyang, etc. infected by Psa3
in Jeju Provincein 2014,

Kiwifruit cultivars Yellow-Kking
and Hongyang infected by Psal
in Jeonnam Province in 2011.

-

Pollens
(2013~2014)

Psa3 was imported through
infected pollens from China and
NewZealand in 2013 and 2014.

infected seedlings from China
in 2006.

Fig. 3. Possible domestic flow route of Psa3 strains of Pseudomonas syringae pv. actinidiae
responsible for recent bacterial canker epidemics in Korea (Kim -&, 2016b).

it 2122 Fol T2 AUE DEA4 Psadel o Aol Baow WaE g
& FrbeE 0MARE Wd oo P8 F45n QoA 2% Psa3el oF Ao
2

= Asld Ao g2 AWArKim 5, 2016a)(Fig. 4).

a8 & o &
e o ® Psal: 31 orchards sadd ® Psal: 42 orchards
_ ® Psad: 1 orchard 5 ® Psal: 33 orchards

. ., F
B L ® Psal: 73orchards u—'w ® Psal: 59 orchards
ﬂ Wa #® Psal: 129 orchards b @ Psal: 72 orchards

Fig. 4. Annual change of distribution sites of kiwifruit orchards infected by Pseudomonas
syringae pv. actinidiae biovar 2 (Psa2) and biovar 3 (Psa3) from 2013 to 2016 in Korea.
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@ 54 719 E5 A 27

Sedetel 7197 BEE 2 19709 Fukelw BAHOR Auss] Aad 2 1980
W ZHolt) 7)Y AuiEAg e EI A 271t YolA 719 A
1,300 haolx, Ak 719l AEFE oF 250008 o] 2n(Fig. 5, A AY 1 AFE
7} Fa AujA o] tHFig. 6).

@@ Acreage of cultivation
» 25000
1,200 @ ---@® Amount of production ’;
i
1

= 1,000 ! 20,000 g
=

= £
F :
F 800 g,
2 15,000 B
g £
b =
S 600 2
& £
£ 10,000 =
£ 400 &

200 5,000
-
0
1980 1985 1990 1995 2000 2005 2010 2015

Year

Fig. 5. Acreage of cultivation and amount of production of kiwifruit in Korea from 1980-2015.

Cultivation acreage 1,286 ha

Jeju
24%

Jeonnam
45%

Jeju province Gyeongnam
31%

Fig. 6. Cultivation acreage of kiwifruit in major kiwifruit growing regions in Korea. Area of
circle represents cultivation acreage in each region in Korea.
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197038 Sioll A A= 7] AlARE hus 719 F52 diEAd 2d7)8] F5
slojle dAol oy FAMENA F4d E=719 FF Hortl6AZ}F 20043 58 A F=

o =¢=o] 2F 100 haollA Aui=a St

°o|F Al7I= HortlbAZ HEH= ==7|9E AZske LnlAkso] S7Hgel o
T Azzgatel] A&t =LA AFLoAA TlAA & il
gEtEE, die, =9 Tol 2000 d T FREFE Frbe] HFEH AujEs I F=olA
49 T4 wEA=ANA S48 AR =(Enza-red) = L=
] dA Ze7]9f e AT AuEE o] FF3t

Others Red Kiwifruit Others
1% 4% 1%

Foreign Gold Kiwifruit

10%

Korean Gold Kiwifruit
20% Green Kiwifruit
(Hayward)
65%

2000 2015

Fig. 7. Change of cultivation acreage of kiwifruit cultivars in Korea during the latest 15 years.

oYy Uy FFEL BR{SAOR Actinidia deliciosad) &30 #&o] 2
< i FAFEH 7 Ho] S EAS JHAD Aok §HAo| HortlbAXH =719 #F
S A chinensisel &3t FFo] m@AlS wi A xH 1 "ol gt T¥AHH #H=
719 EFES 7|99 2o F9 A chinensisol &AW @A 350 FAlo] EoA
< 7] vzl Ao dEr|fgtr FE1 o

ad7) el vls] AujFATE g 57199 HEe Ao G35t FEHE Be
AA HAE Algto] A w@ubo] FrajA Aujrtel AMA} RFOA TS e whHol
FHY JAAFEEES ¥R A8 A W Heokd @S U1 JdokKim T, 2013
Koh &, 2010; 2012b). oA qt B Sl+= Psa2= 17| E HIEsY =799 G127
ol BF vld WUAPS YERAT Psade 7SR T =799 H=Tdde A
HAPES YedE A= g8 Hh

[e)
AA Psa3e wAEAZAA AujEE =279 FF< HortlbAE 443 =ESAA G3 #F
ToE AANZ BF =799 dETIHed A BdAES 7 AR FlFHAeH, A
AARoZ F=7199 #=7I9el XHAA A3E FAA F4tsla QlokBalestra 5,
2009; Butler 5, 2013; Everett &, 2011; Ferrante®} Scortichini, 2009; 2010; Kim -5, 2016a;
2016b; Mazzaglia 5, 2012; McCann &, 2013; Sawada &, 2015; Vaneste 5, 2013).
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2016 Psa2<9} Psa3ell <t #Hl o] TS FArdodl A AHjE] =
H O-7)9 FF2 slold=ddA 71 dH o] E%a, 2279 FF
719 FFU T, =279 FEU AASE oA HKim &, 2016a)(Table 1).
I-d Psadvw 1¥7]9 FEQ dlelflEee et AR WAS yepd B 7]
%‘Jl °o‘: /= UERA @UAA R HortlbAst AA == 5 =719 553 3% &
FTole UF AA AHAH] HsE e AT
w}aw ZUloll A B3 10 Abolol] 7]9iAul A o] 30% <]/ &
=E7199F dE79Y AudFo] 553t FAU Hes AdstA ZA4E A
e S71E o E o dHTh

i

U
o

e
9

Table 1. Bacterial canker occurrence on various kinds of kiwifruit cultivars by Psa2 or Psa3
in 2016

Number of orchards infected

Scientific name Fruit type Cultivar with bacterial canker
Psa2 Psa3 Total

Actinidia deliciosa Green-fleshed Hayward 31 33 64

Daeheung 6 2 8

Mega-green 1 1 2

Gamrok 0 1 1

Actinidia chinensis Yellow-fleshed Hort16A 11 26 37
Jecy-gold 3 17 20

Haegeum 4 6 10

Yellow-king 0 3 3

Golden yellow 0 1 1

Enza-gold 2 1 3

Halla-gold 1 1 2

Gold-one 0 1 1

Red-fleshed Hongyang 10 21 31

Enza-red 2 2 4

Hongsim 0 1 1

Red-vita 0 1 1

Actinidia arguta Kiwiberry Chiak 0 1 1

Mansu 1 0 1

Unknown 1 0 1

Actinidia hybrid Kiwiberry Skinny-green 0 1 1

Actinidia sp. Male Unknown 0 9 9
Total 73 129 202
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3 719 AFE Lyl AH7e &7

ol 719l= IUolA 250l Thed HaldH AFEAA F= A Sdth
NE71d =AE e

TRE Z)Fasel of% ol ke oA Lol MEHE Wyo
2 2o AF WA A9 APY] WERAOE 485D
S <=
1=

53] 1-290) o]4dds F 3-44q) zo}
o

O =
e AT o] ol FFI YUt AAUT TR FAo] BaE BAAA YA}

oA wWEA HuE7] widd FFH 7|FAd e 235y AGHEY s 23T
(Gao &, 2016; Huang, 2014).

i

L

3 A9 FAMPANE BTEHL 7h nAS ROz AYS W
s o] e w2 719 Brdow ABSE WAol FFek: Yok 1AE =AY W)
Gsh Br140) BFG HAEANA Avks A9E BUgo ik YRQ0R AP
W Aol Zadrt

O A ol B FTEANE FRHoD AWsad Psast 44 AvkE
Sl olzio] mpeslo] Aol F&A Bard b WHHUOR A4 Yok wH
goldel o% g 9ok ESE 719 Afols Bee whre] Psas Hvbsl Fol
FEl@ B7do] A% FAH o] APWol AWt U] HI YolA BFE APl WAy
3 Fale A Ao #2dn

U 719 A ¥A

-
(Fig. 8A0). A 547k 719 AFgel w4y
A FeRE 3Ue AA AFFE o]

AR FASE A9 ATH ES
(Fig. 8B), ol AHeMoz Wd AFF2
9o (Fig. 8C), M%@ A7le] U3 1907 FARAAE PR AdfEdo] #3
9t} (Fig. 8D).

AR FARY FA EE AAAM ATFES] TR 27 B
Zogo] SwEtrl Fig 8E) 27] 38 WARS AuRst 2W8 A2 BIT & AU

i

- =
(Fig. 8F). AF2A Ald+=d-2 Psacl o3 sad 3 220 2RYH HAHFS Mar) At
Folglet o] Elig]r] welghs AS AARRH
HE Psaw= ol A& 71Foly 7 E= #HIE (trichome) 55 B3l do= HYste
o], 7] ¥y g Alojo] @t~ AFA o w galg F2 gRE FHE UEyt (Fig
8G). Azl AldHo] AR EA WA AEE HNEEC] FowA SR FTYo] Aoz W
st WPzl 719 4
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59 T 7Y A7t 22 @X e Arpdo= = "2 gl s4% 24 AFH=E
A Abololl =qrASHAl BAAEAY (Fig. 8), & 7PRAERE FHFoE AsiaA

o Z
AALFH F4S RAT (Fig. 8K). 10€ 3k<s Fgoll A2 Wiko] o} F

MEe g4 =
=4 #EEHAG (Fig. 8L). 9€ st F-H7MA 20~25C AHE9 7]&o] FAHTIF 108 =
Dol 7)ol 10ClT Hirleo] 200 FErt He Gz B4 Psark ANE 2%
2 AN 109 F4 TR Aol AZE WU FYF 2o FHAL

Aol U B TUAW JUHD BUL FAHA dgrow AR e ol
HE BHe ARfEdol Eeust Fig sM. =3 Feled S4A7 gasel 2w
2R ot st 94 eka HEH A Fig. 8N

Fig. 8. Various kinds of symptoms or signs of bacterial canker on green-fleshed kiwifruit
(Actinidia deliciosa) trees caused by Pseudomonas syringae pv. actinidiae. A: Transparent
bacterial ooze on a leader, B: Milky-colored exudates on a leader, C: Red-rusty ooze on a
leader, D: Red-rusty ooze on a trunk, E: Twig blight, F: Brown-colored dead tissue on a
blighted leader, G: Yellowish chlorotic halos on a leaf, H: Brown spots surrounded by halos
on a leaf, I: Bacterial ooze on a leaf, J: Irregular necrotic spots without halos on a leaf, K:
Water-soaked leaf blight, L: Brown spots with halos on a leaf at late growth stage, M:
Bacterial ooze on a blossom with necrotic calyx, N: Blossom necrosis with blighted stalks.
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o 719 AGE 2 AEH
7191 AR e aedor AYFoEn dsie Hassr] HAsiAde A8 THAE

= Sl Ayl Q3 o, ‘—— [e]
= QaaiA Fetsls Aol Wit 719 AdWe WANHE Fig 99 WIow gorg
2~ o
T }}]\ E]'
April May
1 | canker on trunk & leader: Bud & sprout wilting: Leaf spot: brown spots Twig blight: Blossom necrosis: necrosis
reddish bacterial ooze white bacterial ooze with chlorotic margin reddish ooze of sepal with white ooze
Psa transmiis by wind, Psa transmits via pollens
rain-splashes, wind-blown or moves (o blossoms
rains, irrigation, efc. through petioles, etc.
Psa enters through Psa infects whole E
stomarta, hydathodes, frees through Psa Psa
lenticels, wounds, efc. vascular systems. is p(-;p.-ffalfan June
weakened | decreases as
Psa T Psa or limited | temperatures
population | is actively L] above 20 T. | are increasing.
increases as | multiplying D isease Cy Cle Of " . — July
temperatures | between 12 . . . . Psu destivates in infected ,, *
are increasing. wl8 T klw“frult bacter!al L‘anker trunks or roots or infested E
soils above 25 T. =
= & August
- Psa enters throngh stomata, §
Psa infects whole trees hydathodes, lenticels, buds, leafl 3
through vascular sysiems. detachment, friit stalk, eic. =
g L C—~—~— 2 £ |September
Psa transmits by wonnds, BA Psa transmits by wind, rain-splashes, 5
winter pruning, tying wind-blown rains, typhoon, pruning, =
mwigs, elc. [fruit harvesting, efc. b October
Canker on trunk & leader: Bacterial canker pathogen (Psendomonas syringae pv. actinidiae): Canker formation along
white to milky bacterial ooze active colonization through vascular svstems in kiwifruit trees leader & trunk

March +—— F‘ebruary 4 January December ¢+—————— November

Fig. 9. Disease cycle of bacterial canker on green-fleshed kiwifruit (Actinidia deliciosa)
caused by Pseudomonas Syringae pv. actinidiae.
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Psa:x AEF o2 FHSH5Ho| Hojd 5 S & ¢ JEE s FE ok fFHaAES
7FA AL QoA AF Z19IUFol FA ALt gEs deZ 4 JuKScortichini 5, 2012).

I8 Al g 12709 HEE 7FAA oA &S5 FolstAT 2o 93l Psavs A=
Aol B 7]20] 0C AENANE 55 sty E@Fof AAFE Foto] 4CoA wWEA
ksl Aoz dEHHGao 5, 2016; Huang, 2014).

Psaz= dH#7]&0] 0C AE7F FAEHHE AA38 &Fsta 2~-5CoAE Eo] HE& o
ALEHAE AFES dorled 238 F F3 BFH Ao Aol A Ae=w &
At olHd 7dxdl Fsle Aol 2€3 39 Aol A dEHM o] A7 HEFH
¥ SR AFFEdo] E7]dA SHHHT.

4 WEY F5d FE Psag: HAHAIZ7IE PG F83 dEdoltt
(Serizawa 5, 1989; 1994; Serizawa<} Ichikawa, 1993c). & 2 ZF=2 = 7]

& O

£

Lo0] 12~18C Y W Psar} 7}& w2 A Z2sl= 2(Serizawa$} Ichikawa, 1993b), &lo] U ke
) 19U Edel dd AFFEdel s ZEE dolA AATFE F3to od =)=
o] &3t (Serizawa$}l Ichikawa, 1993a), 4 EE o™ 7[A oA Psas =dF < AAFE Tt

of o] F3tHA AWFEES NHAIZIHGao 5, 2016; Spinelli 5, 201D).
19U el e =9 HFEE H B g A4 Jd5Y gA o] thEA]
¥ WAoot BE Psaws o &= 71FolY F£F T P E (trichome) 2
Z dst=ul(Serizawa<} Ichikawa, 1993a; 1993b; Spinelli &,
UrE}Urt Z27] BWErE G Abolof] @A~ AF4 o7 Sy
HAap Aol JAAHEA A EE AZE0] =3
Mo g Wt @t HFYE 7HX A JHFHE Wsked, BivE W G Fol] A
7PEA 2R A FAA FAFERI AldrEdo] dEHEAY.

7} 2 G e} AupHole =3 HFErt
TASA FAHAY, d MHRAYUERYH FRYL
A& Uehdt. Also] Y& Al7le] Psadl AstAl 4
o] 2= FAA AEE S-S UERAT

¥ A A gl ArtEde dlA AYFHe o] FEY

712 20C, Ha7|& 25T oldolAe &5o] 3= A& st
oASHE AAY AHdste e ® BuEHChol 5, 2014; Froud %,
2015; Scortichini &, 2012; Serizawa 5, 1993d; Son &, 2016).

Psate =710 oAl 55 ANt 10€ FFH 71994F o =& ®Rko]
EE2A vUehdt 719 dAYHE S dF F A, S Fdo] o]Fdste AVIRE RAE
=23 787 FEA 7FeAH EA g

719U F0, FA, 7HA sollA SAHE Psaw 7)ol 10~20C7F A== 4€3
ol vk, ¥lE, vty B, AR, 2% Sl o8l ARkET] AlFste] Sl

TEE Tt st =71 A= "o"ib‘r N&Es Fste HAYIFHGao 5, 2016;
Spinelli &, 2011; Scortichini &, 2012). el Yt Psas 16TColA 7 w24 F2s5ta
o] F3t7] wWiiol 4€ sl =& HE = o] 2 7le FH Y BAS st 4 A
3ot 54 st 37t ks B9
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MetE Azetz] of 10-159%19) 54 T FHFEH Aol #dd98 Feeds 284
o] AW TS UEhin 4R A ddE oAM= FETE AdfrEde] &
vt =13 TuledE ARV £

ey 719U Ao s Al S4S AEE F gldlo Psa: HAEE A ZU
3 oA 7)L0] UE AL 10T, Hur)e 71 = 10€ st 1149
uhgh, BlE, Hiukg, @A, AAQ7E Sl ol g Eoly ALSwo®E ZNkEo AEE TS
o o 7ItGao %, 2016; Serizawa %, 1994; Serizawa$} Ichikawa, 1994). 3] 7}A]o|A Psa
16CY 25CoAA BT 4C oA 23] o w2A b=t 729 MdA AEHE]
o5 A tiEAsta =2 ALHde €5 s Addes 28 719 A A2t
gk 7oA Adtslal FH A5Hod= 93tE she Wl ol YANHE 7AYok

)
p

Do
S
@)
ol

K

oy ro rlr o

3

. v Jody AT I3y /HF &
eyt Exste Ao AdHT JHe FHFo 2 A%o] thE Psa2e} Psa3 o
| S Exstal v 201613 ZAbel A fejvel Fa kel AujA| oA Psa2ol o)
FE e 7393 Psadel 98] #d® A 12970 HlE o] ARl AEyE
Aboll o3 A& A= ofYA|HE 20 dIF FESHA ok AYHES AT eHA gHE
4Hetd networkE StAYW AAF FUHE WESIY ARE AHASY e AAEA e}
NA AFH FAHNE A2 FAHHE WA w7145 o 69%= FH = A

Fig. 100 yehd uix g AHER Fx gL Zols BAed, AEAYdE Psa27zt A
=9 &A1) F-LEE A H =5 AT WA AGA ded= FEA,
AN, BAT, 957 48 FFdolMT Psadzt AEEHA, Ad giRE Ag F9
Al A e Psa2zt AZHATE AF=oAE 2
Psa37t &A= o] #E3}h %
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Fig. 10. Distribution sites of 202 kiwifruit orchards infected by Pseudomonas sSyringae pv.
actinidiae biovar 2 (Psa2) and biovar 3 (Psa3) in 2016 in Korea.
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Psa2s -eueboler Rxshs APP A

#TE°| 6719 Psa3 subgroupell FE= =6l ZF groupel &3St 59 A
YetE Fig. 113 2t}

@ Groupl; 35 orchards

O

@ Group3: 1orchard

(& Group4: 9 orchards
— @D o O Groups: 3 orchards

( O Group6: 1 orchard

Fig. 11. Distribution sites of 53 kiwifruit orchards infected by 6 subgroups of Psa3 in 2017
in Korea.

Group Il &3}= Psa3e Ao E23sh= Psad ol sevatalAe 7P 3
sk Psad o= AGA Y, AGAGH AFEo 1F ZEst= Ao=E H AT o] o
7 A2 201393 2014 wHASAA FYE LE9E EVHFE St SUE Y=<
Fo Aoy AuA 9o ® g4kd AowE FAFAY

Group IIol &3l= Psa3E 8ol B3E3h= Psa3 Fkdd AdAY 27 e, AGdAY
I AFxe Zzt DN oA AEFHUS o] 45 HAY s FAdA=EE BH It

Group ol &3k Psads 2011d A 187ed A= Ul drdolA = A== A=

o FUZ {8 AS=E FFNeH AFL HY

¥ Psa3® FZo|A £9E RES E3
=

Aol EeA i

Group Vel &3l Psa3e AW, ddd AF=d £33, Group Vol &3k Psa3e 74
G Agoal B ska1, Group VIO £3t= Psa3s AlFE0 e U #-doAwt A=
A=, ©] Psa3 JHEe] 7|Ye B Esict

oyt A2 Hol zygted EXda Q& Psa3 IS MA A FHE Zotrr] &
E UF fAZoZE ol Yt HdEe] Bxde oz FFHEY. gy on] F8 F
orefl AjufA] oA o] 7}A| Psa3 group £°] EAEtL Ae A= IotEHA|A et F

o
-

|
g ASET JPY 3138 EAY AEd BExo mE PYAuFES ARt =&
7= 7S Aog AFE AT
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A2A A Ao wel 67012 Psa3 subgroupdl &b o F 5370 Lo

A A 719 FE5E2 Table 29 2ot

Table 2. Host cultivars of 6 subgroups of Psa3 detected from 53 kiwifruit orchards in 2016

Group Strain Cultivar Location
JYGI561 Hongyang Sacheon
KYH1561 Hayward Goseong
CHS1561 Hort16A Sacheon
MHS1561 Hayward Changwon
KSS1641 Hongsim Sacheon
LYJ1661 Jecygol% gacgeon
SPD21661 Haywar acheon
KJS31661 Hayward Sacheon Gyeongnam
KDS1664 Jecygold Sacheon
LSJ1661 Hongyang Sacheon
KHO1741 Hayeard Tongyeong
KSHY1741 Jecygold Goseong
LYJ1741 Hongyang Sacheon
JYM1741 Jecygold Goseong
GDG12 Hayward Goheung
LCHGléS49 Eaegeuan (B}walingyang
YBHI1561 aywar eolgyo
| LCH1645 Haegeum Gwangyang Jeonnam
JC1641 Hayward Joseong
ASR1561 Haegeum Boseong
HJC14061 Jecygold Sacheon
KSS14611 Golden yellow Sacheon
HYH1461 Hortl6A Seongsan
KTS21461 Hort16A Jocheon
KBJ1461 Enzared Jocheon
LSC1461 Hortl6A Seongsan
JKS1471 Hortl6A Pyoseon
KDW1531 Hortl6A Seongsan Jeju
KSR1531 Hortl6A Seongsan
SDK1561 Pollen(Mega) Jeju-si
LJH1621 Hort16A Jeju-si
KHS1621 Hongyang Andeok
KSJ1721 Hortl6A Pyoseon
KDN1731 Jecygold Daejung
HJH1741 Hongyang jeju-si
KHH16511 Jecygold Hadong
I LSJ21661 Jecygold Geoje Gyeongnam
HNF1661 ? Haenam Jeonnam
KTS21471 Hortl6A Jocheon Jeju
Jill SYS1 Yellowking Goheung Jeonnam
KDS1541 Haegeum Sacheon
HI-KH1651 Jecygold Goseong Gyeonnam
14004 glallag%d SBacflleon
YMS1721 €cygo eolgyo
I\Y 14016 Jecygold Beolgyo Jeonnam
KJB1451 Jecygold Namwon
KGC1451 Hort16A Namwon Jeiu
HSG1461 Hort16A Jocheon )
KST1531 Hortl6A Seongsan
PSG115315 Honﬁyang %am(}jlae Gyeongnam
\Y% HJJ147 Daeheung ando
KCO15630 Haegeum Wando Jeonnam
VI KKB1531 Enzared Jeju-si Jeju
Group 1ol <& AANZE, dolfE, T4 HEHA

AYE, S

3= Psa3e= 74‘4%]@‘01]*%% S,
AGA o A= o] =9} slaollA % AL, =4
dE5 o 711‘:”47} g s Ao E getE Y.

BEFANAM %

=5

al

e [

A TS0 A= Hortl6A, b, AAEE

E} ’
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Group IIel <3l= Psa3= £%F, Hortl6A, AAIZF=oA HEEHAN LW, Group lIo &3t=
Psa3w= A=A HEHAL, Group Vol &3t+ Psa3w Hortl6A, AAIEE, FEpEE,
A FollA AEZFHa, Group Vol &3k= Psa3s U3 tEoA AEFH A3, Group VIOl
43l Psade dAHEANA AEH AT
o3 A#A=E E o Psa3®] Z} GroupE=E 7|FEoIA L flv ZoE AWEHIL FXd=
A H3te FFEAA =& WEE HEHIAH Psad SolA Fulol 71 Bel £33
Group 19] A& EOzgtE mUdlA AujEe BE FTEA ASH JoBE A
FEE ol &3tAY Psa3 AR EE HAviRdS EE57e EVFse 202 AdHAnh
sk, 20113 olgg]olollA 3702 Psa wF(Psal 270, Psa3 17B)el tidk #xe] draft
genome | Zol #3F By} o]FojF o, AR 371A] biovar (Psal, Psa3, Psa5)el o sk
complete genome & =o] o] Fo]H A gt o} & 7tA] -ttt B X 3= biovar Psa2el T 3l
A& draft genome 3|&Rko] o] Foix S ¥ complete genomeol] A= HiE HE g7
o Zoll A1 sHAA 199937 2008 d ol E&H 27019 Psa2 #F(CIW7-19993  Actinidia
deliciosa 'Hayward’ ol Al #2]; KBE9-2008\ A. chinensis 'Hort 16A’|A E&])ol th3dt
PacBio NGS E#¥& ol &3 FAA sl5e FAstAT

A s Ax, CIW73 KBE9ol oisl 2+zt 670} 4712] contigZt SR =L, ¢4
EeavE ANES 233 AA A 7= 2 6,482,518 bpet 6,565,175 bpRTh F
ol thall SR E contigE HIEOo=E FABH FAAY & 2 591470¢F 6,000/ AT &
Ao A 1~270 2] contigZ o] Fo1Z complete genomeg AISHA] E3R oy, YA ® contig
o &, fFRA A7), dF FAAY F ¥ Sgarse] gRlog wFo Ho|, mll I+
Psa2 o thal Ao Hdd FeHY genome si=o] mUeolA HFoE o]Fofzl Ao
2 godEng. 2e8E dES FF0] AR oE 27 Psa2 ¥ = 2 #F 5ol FA
7 EAetA e, olH3t Ade EYavE {FAA wE FxRoA e Abole HEo Fuol
B X3+ Psa2 #FoAE A&EAQ 237 AEH T QLS8 HAFr} 5714 biovar(Psal,
2, 3, 4, D)ol &3t 207) FFoll uis] core-genomes HEE B3 A, 4162719 F3
247} core gene sets &, 207 fF-AA EFolA HAEE AS B 7 AT HAAHY LA
St A#-S Zt= Type I effector protein, 21& = 4(coronatine) A EA, AE =28 AYAA,
elicitor A4 2 Luxl/LuxR quorum sensing (QS) Al2®l FxA Sol tiste 5714 F2
biovarel tigh ASA<Q] vlw B4S Fas 23, A MA 719 Aol Hdig e Yl
de uHAA Psa3 biovar EolFel AR WA QAxH3/NY type W effector (hopZb, hopHl,
hopAMI-D%} quorum sensing Al =¥l #&H uxR3 FHAZPE ElstH tHTable 3).

ox I X

o

g M

™

Table 3. Summary on major differences of pathogenicity-related factors among three major

Features Psal Psa2 Psa3
Plasmid Yes Yes Yes
Phytotoxin biosynthesis & Phaseolotoxin . .
regulation (location) (Nuclear genome) Coronatine (Plasmid) None
50 genes (Psa3 specific
Type III effector (T3E) 50 genes 44 genes genes-10pZ5, hopHl,
hopAMI-1)
Auxin biosynthesis & : : : .
inactivation 1aaM, 1aal 1aaM, i1aal None
Quorum sensing system IuxR1/luxR2 IuxR 1/luxR2 IuxR1/luxR2/luxR3

Psa biovars (Psal, 2, 3) obtained from genome analysis.
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k= AR Psald Psa2ol| A= A= o, Psa3 ¥ SollAle #AE A gttiTable 3).
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2 FFE AFol7 il Psa2e} Psa3itell dF #x2 SAE zolx e Ao=E s AA
gk Ay £EH 7} tisaolsta, AYH HAC 7HE 83 WAlekA e thk ®Eg-o] Psa2eb
Psa3 #FE3to =Fol7b 18 ¥yt oy}l Psa3e] 2+ Groupitol = =pol7} gl7] wj&o] »E
Psaoll El16ﬂ A8 7hed YRkl A rds S $ A9 D FFE 2EY HA T

e =E}AT
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2. 7191 A8 HA L
7} Psa B3 A 719 AGE O Hwd
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LAY SHE A2 Faflot AFH JHE RS B vt FAEHA °-L—‘:— Auy AAE A

Aol Y-S AL JIAUFE AAEA Auisis Aol Ady A gIE IS
T e HAFolth, JdEF IYolA ALYl HEE YA NG ALH Tt EA s
7] 4% st Ert B A a(Koh, 1995; Serizawa 5, 1989), =ujollAl #l el ot
Ao g o] FHAHo g FHdd T8 AYL AFE, 45, IE, 137 AvE 5 AL
A A7k H}T}%H}F)fol FAE doAAY EHFHAIE YA A EAA Gl A THFig.
12A0)Koh &, 2010). EZF A7]goly AlFole AZH Wr7F7F JAA =Y Fairt #Agsta
ol Fall7t EAgste] Psaol R frelo] =] wiwol 719 Aufol R tstehFig. 12B).

¢

Fig. 12. Completel dsryed cha - ultivat 'sa31 e an o ( .- and a paddy
field (B) in Goheung infected by Pseudomonas Syringae pv. actinidiae.
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Fig. 13. Trunks of kiwifruit trees covered by Fig. 14. Fan built in kiwifruit orchard to
white paint (A) and white textile (B) to prevent  prevent frost injury.
cold injury.
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Fig. 15. Rain-proof polyvinyl installation (A) and heating machine for hot air circulation at
kiwifruit growing greenhouses (B).

) ¢F A4

Asd vty B2 vutg S AgdAAFE 58 EFg 1643 FFHFg 16B)=
HIZFAA A Bt oFshA T Psad] HMutE A2 < 3 Z19uiol FARAE =L
Aol AL Ay a3rt ol 719 Aol Aol B2 Az AYuiidstar Ko
%, 2002).

Fig. 16. Windbreak net installation (A) and windbreak forest (B) at kiwifruit orchards.
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W7t 237 =olu AAES 24" HAeded AAE 719uTe sdlE 2 =
Aol =Fstal skt AEi7h Ho] Psasl MYt Adol HoFeinh. HZol= 7)dold e
2 22 s A 2971 87 Wil st 237 daedold ez E SEse A
ol HigAsity. WA= AAE YT AelE 1 m A= o] =3 AAtFes A
Al olo] BA HijFAT|E HHoE E}’éd Haass & e W sAR e &3
< 712 g AukFig. 17A). 7= 1 m ol d 22 B =35 da f3ds =9
A7l = HHO 2 AR o A2 %ixl‘i FEde] Hd 7 Aok vt = Rk e
dollM AEH 2 EGERFYS BF1 TS SUAA 5 AokFig 17B). AESH =
AAHez 2 B Fo 3718 =ol¥o] @A 22 EFYAE 7=l B
o2 7HAl AER 77} T s dEstea

Fig. 17. Drain (A) and soil fragmenting machine (B) at paddy orchards.

(b AEl AR

sishHl R & Al&stA @il f713 EHHlE A&ste drdodis Al gk #3343 °1
FHEO] Ao & A &S By ofye} Aol HAsiE s sHEefA o o|g
Axgo] glojx FFEAE 2stA 3 vud A7siA #E7t He Az Ao wE
A &EAQ N gRTgE §7d HEE ALslT Fr|FoE FFUEY BSOS Esd
FEeAY Ae AES gotste HAAsHA AlHlAEE ot
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Fig. 18. Various dissemination methods of Pseudomonas syringae pv. actinidiae at kiwifruit
orchards.
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Psaoll Z+¢dEl BEES B3 ASFHY ke dF FrtollA FRA=HJS WHE 8 Psa A
b DPOIDP 719 ARe B3 FEHANHoE BEES AAE] wEe ey
HeRE Psao] Z49e A9$% AT HEEE WE o) ALLSE HEZ8 Zo] Psadl 2
=of Psao] TEE EFo] diEs] wjEe] HEE L& FAR 0% Aol A%sAY

i<
st & AR

(™) 715 o3 A 2

719 AFFEA ASEHE Z71F+= Psag A= ASZ RuF=d(Everett 5,
2012; Gallelli 5, 2011; Stefani<} Glovanardi, 2012; Vaneste, 2013), H<+ oA A==
=279 dET9 FEECA EAT AYHS FU4 2R E 53 Psa3e]l sl
o2 AZFE O H(Kim 5, 2016a; 2016b), 20143 129 18LHEH FHZAPHGER 93]
Psa37} Aoty HAFo g NFH FAL7MFEo] e AEH0YG S APsta golE B

T3t AYEs AX E7FFAAE Psad7t A== At dAS 1A, 719 AulsThel
Al AAkste A7HAIH 8 £7FFAAE Psadzt AEHa JoemE AAd £UhENkes A
of ARE-3HTE

(@) AA7 T 9% A9 A

7191 Anl FrdolA A EE d OF e dF 7
B FibEo] drds HAAZE TE
A7) E 53 Psa Atz E1x o= 2 (Fig. 19A
Ui 3 84 AR S vhE djuig FAE 70% o el
(Fig. 19B)(Koh &, 2010).
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Fig. 19. Pruning scissor (A) strelized by flaming torch (B).
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(Th F71A o7 s A
$8&F FALEIY Ax7|et 2L FUIAE AHEE ABFoE Psadl &® Fol niF ol
o] Aud F ou® AR Fde F& 2ol REA L5

X,

@) Aol o A% Ao

o] Sdskes Ao Aoy AYE == A Tol= Psazlt €0 Had £ Jlo
nz 23 &'{P AFFE] 749 2L FAANI I, F4Y AFo| AW AEFE(E 9 g
Dol &3 &AL vdste] AdS &5 Fig. 200) 438 HEAsE 283 & A
doll =4 5‘} = stal(Fig. 20B), A &Eolv A1 5= v Bk eI

Fig. 20. Sterilizing solution (A) and polyvinyl boots (B).

. Psa 3% ¥ 719 AFE BA oiH

D =7 A
719 ASH S HES AT AEHe I @
7loll AgstA Nds y
b s I
7]-&‘4-‘?“‘5 ZF BOEE AF Al7lo meEt Psas] HE&so| thE7] W&o Psavt A&
+ A&7} thEtKTable 4).

Table 4. Detection of the causal bacterium of canker, Pseudomonas syringae pv. actinidiae,
from stems, leaves and blossoms of kiwifruit trees

Detection of Pseudomonas syringae pv. actinidiae from Kiwifruit trees

Part Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Stems +? + + + =+ =+

Leaves + + + + =+ =+
Blossoms * + =+

% Pseudomonas syringae pv. actinidiae was easily detected, *: Pseudomonas syringae pv.
actinidiae was sometimes detected.
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Fig. 21. Various kinds of symptoms or signs of bacterial canker on green-fleshed kiwifruit
(Actinidia deliciosa) trees caused by Pseudomonas syringae pv. actinidiae during different
growth stages.
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=
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Wh EARA o7

!
N9 AP AVAE BATAE o g34W Wy 27)e) fhow A AT >
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[}
WA Masty, W A= el AN 34 /o FHAA Awstel 79
A AN ALY EAR ol A% 9 AE TURYY £ Au, FU e
FAAYGIG B £7hRo Psa e AW 2 AP TPl E BE

O:]
& MEP(Klm 5, 2016a; 2016b). Psa {E} universal primere} tiEo] Psa3 A4 &
TacF/R primerE A3 multiplex PCR & W o] /dso] Ag3lw 1 9l o ni(Balestra
5, 2013; Koh &, 2014), Psal¥ Psa2zg& 727 dd < Qv EA9AR 7fdsE AvkLee
S, 2016)(Table 5)(Fig. 22).

Table 5. Multiplex detection markers for Psa3 and detection markers for Psal and Psa2

Primer Name Sequence (5'—3") Amplicon size (bp) | Specificity Ref erence

Psa-F CAG AGG CGC TAA CGA GGA AA
i ; oy
Universal PSA Primer PsaR CGA GCA TAC ATC C AGG TC 311 Psa Balestra eral., 2013

Tac-F | CGG GCT AGA CAG TAC GCT GT
. s45 i r
Tac Primer Tac-R | CAG GCC CTT CTA CCG CTA C 343 Psa3 This stady

; Psal-T | GAC GTC GAC GAC AAG GTG AT ) ;
Pl P Psal-R | AGT AAA CCG TGC CGT CAT CTC Bt el This: staly

PsaK-F | GAC AAA GCC AAA AAG GCG A
. A 3 H r
Boe e PsaK R | TGC CAA GCC CAA GTA TCC AAG C S Pead T iy

€ 481bp

€ 113bp

PsaK Primer

Fig. 22. Multiplex PCR products (Left) amplified by universal (311 bp) and Tac primer (545 bp)
sets and PCR products (Right) amplified by PsaJ primer (481 bp) and PsaK primer (413 bp).
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Fig. 23. Pruning of infected branches.
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Fig. 24. Diseased tree for eradication.
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Fig. 25. Pruned branches and fallen leaves infected by bacterial canker.
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Fig. 26. Completely destroyed orchards infected by bacterial canker.
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A oty 29" E71F= AFE3HA] &=t Kim &, 2016a; 2016b). &7}3]3}A] Psall
" EFEE AMgdof 3t 9o+ Everett 5(2012)0] A AIZF W2jo g2 Psa 7+ H
S} 10° cfu/ml ©]3tel E7FEE 35T, AHEE 50% o]3tol A 2042 S Ex8] 2 Psag
AET & ARSI

Psacl WE0] & /AUTE AoIAAY Psacl odl® Eol= FAY FAA 5L F
B BEee] £25SAL AEE § Fol BT
@AY A2

Psaiz el ols) 7bAol 71 44, BlFolt ZFFl oJs) A A A 4A, A =
@oll el wichome, £ F - AAA, HYE T& Fa AAAAY 13 £, A%,
P& FF 5 AANTE Fohel FYsY) MR Psasl WY HAE AVAA D APIS

D AAFEHAE 5T Y A
AAL 719U 85 v28a B 7HAEE AASH] 93t Erag 2y ol
A o2 A FARLE Psavlt AU + A= 7}%} %93 E=27} FrkFig. 20). w}

gA HA F SA AR HLuvolE ExAY HEIUYE =XAE A st HA
HoE % Psa AU AT FAFEES FXIAIZGFig. 27).

Fig. 27. Pruning wounds protected by paste.
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of 4HE EW Psaol WYL At

3 AQNTE T3 Y A2

NF, £F B 5 AT Ut ADNTE 5@ Psad FYL s AU
E QAR A7) Tl FRe] WA YT MAYAEES FAL FES AT Hof &
fol W3 AL GHAA AAATE B Psadl AYS FAAU
@ e FES BF 3Y A9

A0l & £ T A71E A mrheel Gy Fol AVE GPEL A9 AW F
of BrSSA WS Wols] WEe] 3 Fob dd Fol FAE VTl YES F

3k Psao] e oty

(@D kA 3A

N9 AP PAE FAZ FAE Lol =RAo| = YA L T A o] o] 2]
S3pA, FAAE SAHEDo|ZU 2E Eojo| gAY FabAl, SAH Eetabo] 2.2
EFEvolEAY YA, 2ENEr oAt hrto] dlolo] F3Al, BAIS FAA T
Ar @A SAFEeGo|Elastntold FEAYL 39 SheRH 1093H 353 dzsEs
5% 50| IrkTable 6).

Table 6. Bactericides registered for the control of bacterial canker of kiwifruit in Korea

Bactericides Dosage  Spray time and interval Option for safe use
Oxytetracyclinee Spray up to 4 times at 10-day- :
streptomycin sulfate ~ 13g/201  intervals from late March to %g%}/eulrllgvg%t days
WP the end of flowering stage

Oxytetracyclinee Spray up to 4 times

Spray before

streptomycin sulfate  13.4g/20 1 at 10-day-intervals flowering
SG

from late March

Spray up to 5 times

Streptomycine 10 Ak Spray until 7 days
: b g/201  at 10-day-intervals
validamycin-A WP from late March before harvest

- Spray up to 3 times Spray before the
%gfﬁe;moﬁx{gh&%dﬂ 20g/20 1  at 10-day-intervals end of flowering

gamy from late March stage
Spray at 10-day-intervals from

Copper sulfate 20g/20 1  late March to the end of -

basic WP flowering stage

. Spray at 10-day-intervals from
%(%)per hydroxide 20g/20 1 late March to the end of -
flowering stage

WP; Wettable powder, SG; Water soluble granule, WG; Water dispersible
granule.
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Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
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F Y A A A A A A
Pruning Leaf expansion Harvest Defoliation
Spray of copper compounds Spray of alternative antibiotics up to 4 times at 10-day-intervals | Spray of copper compounds |
- Copper sulfate basic WP - Oxytetracycline*streptomycin sulfate WP or SG

- Copper hydroxide WG - Streptomycinsvalidamycin-A WP F Y

- Bordeaux mixtures - Copper oxychloriderkasugamycin WP |Tmnk injection of antibiotics |

Fig. 28. A proposed spray schedule for the efficient control of bacterial canker on
green-fleshed kiwifruit cultivar Hayward vines. E, early; M, middle; L, late; WP, wettable
powder; WG, water dispersible granule; SG, water soluble granule.
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A ol £Xdte Psa Follv dEAAGE D o 7tA] FA1eF FAA A ik A
Aol HuwA FdtHGoto 5, 2004; Lee %, 2005; Masami 5, 2014; Nakajima %,
1995; 2002).
Ju Al AW 8l AR SAIeE FAAY A&l o) A} o] A=
AL BE7H95t7] "ol kAA G AT SdS AAA77] st &&7] %ol E oA 9
WZAIZTE vk skt

rl

=o WA= A WAl
¥l ¢k31(Costonis, 1981; Shigo &,
= M SR s BYE Afols AAFAE =HUo] MRS o)

&3 FE AES BT AeS ol ANFS FESE PHE AEHT ok

D) F7FA

FURFAE FERY FolA FHF dEo| Aol el i FFE Bol AAA o F
J R TYE Ko AR FYT AN Q%A WAL A e

H7shAl

Sk
AEHRom FHFAE

Dv

EEnto]4l AA e} F3FA *1]57} ojE 3 ok

EfEuto]al A 200 ppm &H-& F)UF ’“Tjr(canopy) 1 i 200~300 ml A= F
NS v HE L FASA BA] YetA && 75 53 BAEHRE e
Ao, 1 i 300 nl o] L TEE FAYS wolle Aol izt et SA
B Egtato] AT 7h2vtutolals AH8d A= Hld BAEHRE JERAA T Fall=
YElYA] 9k th(Ushiyama, 1993).

TN E FUHFAE 2EfEvo]il HA|7F Al HE R
A Eol XAzl F 200 ppm F=2] G5
200 m 71Eo®E FUFUYS P& W AFHol FUHEAA 2
o] BF XA Z + IYATHKoh &, 1996).

lo rl

sERER)A £8A] tale] SAHEGAolEH AEYEr oGS YYFEAZ LS
S| =oll & g3 Hol AL Welsa BhER ARARE AL 5 Y] W] 53

FU A= TEHAE HAE3E F S Ho|th

7191 ASH A5E AT FY2 FUHFYL 594 U UF-E Ve =E
20 ni7}F AE7F H7) wiEol 3 419 A& FE 10~30 cm Eolol] FAWFOoR 747}
214 FHIES o ASE A5FZA7}E 7 EdthFig. 29)(Koh &, 1996).

TFARE AFH 77k FER A4 Sm AR, ZHol 12 amE FHE Fo] =Y
o AE FH3t=dl ?”é o] 4% J1YUF A& & 4 AHCostonis, 1981). X5 BF
2 o= 24A12 A=W kA 7F E—Er FHEHM AT FoleE Tl HIUolE =X
Av HREIUYE SX2AE Agste Eolu FAFY AYS AFAITh
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Fig. 30. Surgical operation to cure kiwifruit trees infected by bacterial canker.
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A 7 REAor £ £ Ade AdH ety AFAHA AFAEE foFsd

Table 73} Zo}.

Table 7. Recovery examples of kiwifruit orchards by the proper management practices of
bacterial canker

Psa

biovar Management practices applied

Orchard Region Year  Cultivar

e Fradication of severely infected trees
Goheung, e Cutting of diseased branches

e Treatment of paste on cutting wounds
A Jeonnam 2009 Hayward Psaz Eradication of diseased fallen leaves

Province e Spray of bactericides
e Trunk injection of bactericides

e Eradication of severely infected trees

Gangjin, e Cutting of diseased branches
B Jeonnam 2014 Hayward Psa2 e Treatment of paste on cutting wounds
Province e Eradication of diseased fallen leaves

e Spray of bactericides
e Cutting of a diseased branch

Gwangyang,

Skinny- e Treatment of paste on the cutting wound
C lJ:’eonnam 2015 green Psa3 Spray of bactericides
rovince e Trunk injection of bactericides
Seogwipo . Cutting of a diseased branch
: ’ Treatment of paste on the cutting wound
D IJDGJU . 2015 Hongyang  Psa3 Spray of bactericides
rovince e Trunk injection of bactericides
Seogwipo, e Cutting of a diseased branch
E Jeju 2014  Jecy-gold Psa3 e Treatment of paste on the cutting wound
Province e Spray of bactericides

2009 5€ A 3’_%%01] 9}\1_ ek 20948 OHOIH‘: JJr o] Psazell AstAl 2 = o
3

FA Ee 7HAE ?%‘?If} - i”o}l X*@E%HOH Jxﬂ ﬂﬂ }1, HeE 9
A, SAHEZA|FYU-2EErfol it S 109 HHo =

SAHESA o] S 2EF Bt 8t Tl E 2ol &siAA A

414 FFAst ojF5s AAAMNASH, AG7HAE APl ALHA &

| A7stA & Aeta AokFig. 32B).

2 A ATl e 54 ol o] Psa2oll AstAl A Eo] H ol

Atol 2™ JEnfoj Al gatd JAFEAE 10 2 3~43] Axsta, AAA =
st EEA S YASEAE HESE Bel A S 2d B B Sz SN AT
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Fig. 32. Diseased kiwifruit orchard (A) and recovered orchard (B) by proper management of
bacterial canker.

2015 B A BTl AmE Y 2714y adFig 3307 AFE AAZA
A= JAE SHFig. 33B)2] A7t 72t Psa3oll AAEAR=, BE
azhetal, AR =XAE A, HE SAHEZGA | FU-2Ef Ernto] A &4t
FrgtAEs 109 Ao 338 Az, SAHEZAo|SHRER ROty A%
SAE Eoll GMAA FTAES U 414 FHFYUEA o5 BF XA R

= TAE AA7

f
& o >

Fig. 33. Cured Skmny green kiwifruit orchard (A) and Hongyang kiwifruit orchard (B) by
proper management of bacterial canker.

AAZANA ANET AR AN ZES] FA7) Psadel ZAEHARE
% a7l AARS 0l SEAE Aeen, HE SAHED Ao
G YASHAE 108 BA0E 25 HES 0|55 AN,

_44_




[ =mes [ b

olg Al AYH-e 71 Idsta AH=Z<]] A= ?ﬂ"“ﬂ"ﬂ «l alE 5% A
= BAY, AYgEe 2714 ddskA ZeiA Hdd Aed=E AA ook 2008 & AlF
AMAZANA AulE L @ HortlbA Ikl Psazell ols] Aol AP Fol=
st FalE st WPyt ol Fd #HeE A (Koh F, 2010)(Fig. 34A), 20144
F A" ATAA AMEL Y AAEE FAedels Psadel 9d =7HRAl o A
FHol H AFolA TAYAT 2FHATE <o WAl dagoemn 20161d H A=A
(Kim &, 2016a)Fig. 34B). 719 ol A T8 7] A&} g -} =25
HA7F A BA AR E FAedes & Ak

L ot koo
-

o

Fig. 34. Completely destroyed Hortl6A kiwifruit orchard (A) and Jecy-gold kiwifruit orchard
(B) by bacterial canker.
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ANBES Wol AMSL Jorl, AT T AF, T 5 AFFS =Y ARA
Aol A Psazel o% AP Felzol AT 1990t ko] WAISe He) g F
b A2 wA Bagt Aol gltkh 201660 FalA 1) sdel Ak Psazel o s Ak

ol shels e,
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A FLS slolEE 7P ®ol Awista o2& HortlbAE ol Anjsta glom,
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4. AFE 2 719 At BAH v +A

2016 & A7Ee]l AR AR wEw iyl Al TR Frltrd S
2027194 e, 1 Foll A Psa2oll ofsf Aol BT Fed> T3/l Psa3ell o AHlF
3

ol MR g e 1294%cHKim 5, 20160). 1) ol @ A= AezAel 23 ¥
AH Aol ofy] mEe] EEEAEZ Bt Selvigld Aol AR WA S
k] za_# 20169 Al A WA oieE ST ALl 7

o

HAE A2 FAHHE AA F/rH35-LY < 69% s F3FA T
TAE B}‘%‘fii 27%} Sglalo) A FAUHe] AN Le AoT A= A

S/HEYE 29402 FAEP e, O FolA Psa2e}b Psa3el o] Aol dAS A4

& b7 106709} 188702 5 ¥ A vh(Table 8).

Table 8. Number of kiwifruit orchards infected by two kinds of biovars of Pseudomonas
syringae pv. actinidiae surveyed in 2016 and putative total infected kiwifruit orchards

Scientific name Fruit type Cultivar Number of kiwifruit orchards infected by
bacterial canker in 2016

Surveyed orchards® Putative total orchards®
Psa2 Psa3 Total Psa2 Psa3  Total

Actinidia chinenesis ~ Yellow-fleshed Hort16A 11 26 37 16 39 55
Jecy-gold 3 17 20 5 25 30

Haegeum 4 6 10 6 9 15

Yellow-king 0 3 3 0 3 3

Golden-yellow 0 1 1 0 1 1

Enza-gold 2 1 3 2 2 4

Halla-gold 1 1 2 1 2 3

Gold-one 0 1 1 0 1 1

Red-fleshed Hongyang 10 21 31 15 31 46

Enza-red 2 2 4 2 4 6

Hongsim 0 1 1 0 1 1

Red-vita 0 1 1 0 1 1

Actinidia deliciosa Green-fleshed  Hayward 31 33 64 46 49 95
Daeheung 6 2 8 10 3 13

Mega-green 1 1 2 1 1 2

Gamrok 0 1 1 0 1 1

Actinidia arguta Kiwiberry Chiak 0 1 1 0 1 1
Mansu 1 0 1 1 0 1

Unknown 1 0 1 1 0 1

Skinny-green 0 1 1 0 1 1

Unknown 0 9 9 0 13 13

Total 73 129 202 106 188 294

% Number of kiwifruit orchards infected by Pseudomonas syringae pv. actinidiae Psa2 and
Psa3 in 2016 surveyed by Kim et al. (2016a).

> Number of total kiwifruit orchards putatively infected by Pseudomonas syringae pv.
actinidiae Psa2 and Psa3 in 2016.
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Psa2oll ZFd & o] Aol BT Aeow FAHE 1067] HAFdolA ASHA &3 v3)

=8 194 APY S0l Jeid ARF 102 THsNel 4] SR ol VAT
Aoz FASGT B, 0% ol AAuTel Aol WAF Aol AU FFolng

)
100% <=4, 50-90%<] 7]%‘%—r°ﬂ A Fgo] WA o= 70% =4, 10-50%2] 7]
of Aol WAT Aol 30% £4, 10% olste] 1ol Aol WA Aol
10% <40 BT Ao BIshgh

aRE A9 ARENG ARFE, ABsS, BES
WEd] Bot G L4 2L Astel SN LI FLA9) ZHHHiﬂS’Jr :LFM
9 AMEI LR ARl HESAT. B9 AMEse B AMARES o 60a
BF A5 o 4ARAINOT, AHEANE o AU Waol 23 A7)
BE AMAA L oF 4027, ABF 45 oF 14 3wl gon, AHEAUE of 47

o)tk =719 AuiErhEc] Psazel ofs sl AR Aol s e o
2 20169 = Z@%ﬁ"“% Table 914 & <& 9] 139 1HdAe= 4hEHa, 197
H A ErtEe] FEAELYLS 59 1dtd ez AEFHIH

Table 9. Loss of putative total infected kiwifruit orchards caused by Pseudomonas syringae
pv. actinidiae Psa2 in 2016

) Number Bacterial canker severity”
Fruit Cultivar of Loss assessment Loss
type
orchards Heavy  Severe  Moderate  Mild
Yellow- Hort16A 16 5 5 5 1+ Average cultivation acreage per orchard: 60a W2.59 billions
fleshed Jecy-gold 5 0 1 2 2+ Annual income per orchard: W40 millions
Haegeum 6 0 0 0 6« Pergola installation cost: W60 millions
Yellow-king 0 0 0 0 0+ Loss of kiwifruit orchards infected by Psa2
Golden-yellow 0 0 0 0 0 (8 orchards x W40 millions x 100% x
Enza-gold 2 0 0 1 1 5 years + 8 orchards x W60 millions) +
Hallo-gold 1 0 0 0 1 (10 orchards x W40 millions x 70%) +
Gold-one 0 0 0 0 0 (14 orchards x W40 millions x 30%) +
(15 orchards x W40 millions x 10%)
Red- Hongyang 15 3 4 5 3
fleshed Enza-red 2 0 0 1 1
Hongsim 0 0 0 0 0
Red-vita 0 0 0 0 0
Gren- Hayward 46 5 10 26 5« Average cultivation acreage per orchard: 40a  W770 millions
fleshed Dacheung 10 0 2 3 5+ Annual income per orchard: W13 millions
Mega-green 1 0 0 0 1« Pergola installation cost: W40 millions
Gamrok 0 0 0 0 0« Loss of kiwifruit orchards infected by Psa2
(5 orchards x W13 millions x 100% x
Kiwiberry ~ Chiak 0 0 0 0 0 5 years + 5 orchards x W40 millions) +
Mansu 1 0 0 0 1 (12 orchards x ¥13 millions x 70%) +
Skinny-green 1 0 0 0 1 (29 orchards x W13 millions x 30%) +
Unknown 0 0 0 0 0 (13 orchards x Y13 millions x 10%)
Total 106 13 23 45 25 W3.36 billions

® Bacterial canker severity was investigated by the percentages of the diseased trees at an
orchard. Heavy: =90%, severe: 90-50%, moderate: 50-10%, mild: <10%.

_50_




| EELE \ D-05
a9 HdE FedS A2 BES AAst AR 88 w7hA of 5de] &8
HER dA Ed9e AEAY ] e FAHM 79 AFe Erlsa gE AH5o=
A&d Aol FYS AAsNF M ALdFANE ST o 7] "ol =799 1
59 9wt

U719 A bRl BAsE 5 rd FYedde 2tz 2
oz ARk wekA SeleklA 20164 Psa2el ols) 7+
A E Qe EHe Ha 189 20uUlA Ao 339 6K
Psa3ell ols) 7ol o3 WAT 016WE FHEHNL e WHOE WEFH Table
10904 2 4 950l BEAN AusrlEAAE 289 6URUel T, TT7) 9 A

e
FREANE 10 1HRdelh A WU Hde] A4 AsE weiste] AEs
W 279 AMBEEel A WASHE 59 FE FHEdde 990l 2ay] uEe] A
$eubebol A 20164 Psadel ofsl wme] WAT THPYel o3 NalE Yo LAY

Ha 299 7HRELA FHof 1009 1R Hed A2 FHEH.

Table 10. Loss of putative total infected kiwifruit orchards caused by Pseudomonas syringae
pv. actinidiae Psa3 in 2016

Bacterial canker severity"

Fruit . Number
type Cultivar of Loss assessment Loss
orchards
Heavy  Severe  Moderate Mild
Yellow- Hort16A 39 10 15 10 4« Average cultivation acreage per orchard: 60a W9.9 billions
fleshed Jecy-gold 25 10 10 5 0+ Annual income per orchard: W40 millions
Haegeum 9 0 0 0 9+ Pergola installation cost: W60 millions
Yellow-king 3 1 1 1 0+ Loss of kiwifruit orchards infected by Psa3
Golden-yellow 1 0 0 0 1 (32 orchards x W40 millions x 100% x
Enza-gold 2 0 1 1 0 5 years + 32 orchards x W60 millioms) +
Hallo-gold 2 1 0 1 0 (43 orchards x W40 millions x 70%) +
Gold-one 1 0 0 0 1 (25 orchards x W40 millions x 30%) +
(19 orchards x W40 millions x 10%)
Red- Hongyang 31 10 15 5 1
fleshed Enza-red 4 0 1 2 1
Hongsim 1 0 0 0 1
Red-vita 1 0 0 0 1
Gren- Hayward 49 0 0 10 39« Average cultivation acreage per orchard: 40a W110 millions
fleshed Daceheung 3 0 1 1 1« Annual income per orchard: W13 millions
Mega-green 1 0 0 0 1 * Pergola installation cost: W40 millions
Gamrok 1 0 0 0 1 * Loss of kiwiftuit orchards infected by Psa3
(1 orchard x W13 millions x 70%) +
Kiwiberry  Chiak 1 0 0 0 1 (11 orchards x W13 millions x 30%) +
Mansu 0 0 0 0 0 (44 orchards x W13 millions x 10%)
Skinny-green 1 0 0 0 1
Unknown 13 0 0 0 13
Total 188 32 44 36 76 W10.01 billions

4 Bacterial canker severity was investigated by the percentages of the diseased trees at an
orchard. Heavy: =90%, severe: 90-50%, moderate: 50-10%, mild: <10%.
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Jdd Syt A Psa3el gk AR #HoR IIE 4L T/ 20149FH
2016\ 37bA] Sttt w453k A FUtet e FAAA ZrEE A ‘?—i%ﬂr 13ll= A3l
d Aoz AWAHKIim 5, 2016a; 2017; Lee 5, 2017). =3+ 1970d & ol Al =nj
=7l A2 719l a"7)e =9l Hayward gaolglot Fr7|9 EEQ Hort16A7}
2004355 AFEd == ? TN SHE TFd =799 iﬂ]‘:?'H TE0|
EAEEA 2799 dET)S] Aol 9533 e FAAA d5E AFEel o
Jsl= SV AR oAEHKim &, 2017, Koh &, 2010; 2012; 2017).
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5. Z713<Q 7191 AL WAL
2] Aol g e 3 EdS Argste oA WAl 29U wEA JEva &
= “%ﬂff}uﬂ AHESE71 7Y EEEHA] A FEE o] 7] wEdd ETtelA TP R Ao =® o
A AEW YAt ey ofA WAl ststefA| o] Aol WE ofA A A

d, AR, A 2.9 2 3 T FAE ZAVE 2dF oz HuETHGoto
, 2004; Masami &, 2014; Nakajima &, 1995; 2002).
LA 7 A e A A A Psas HEFA FUAAT B AHEHE A S oA
34 Psazt EdsHA o AFd ¢ 7] WEol 719 A AL kA FA )
FAAE AT & Ades M2 AA 71Ee] H 33tk Cellini 5, 2014; Donati 5, 2014;
Reglinski &, 2013; Spinelli 5, 2013).

38t ofAlo] @S BT F Qv A= AVE FE3 o ®E AAEH AEH W
Agoz2 713 SIstA ALgEw HAEH WA tigh A7V AEIA FAEHI do
(Compant %, 2005; Lugtenberge} Kamlikova, 2009). o2 7}A] Al &H wWhA|o] &850 &
Agu|AE 719 AFH DAl ALHE ATE o|FAAX Bacillus subtilis, Pseudomonas
fluorescens, Pantoea agglomerans &2 M+E°] 24 WolA<= 7199UFolA Psa ZHEE &
HAoF oulsl= HoFE BEJQHStewart 5, 201D).
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AwA A Al 2851 e WHLAAE 719 A WA &&= AT
Eo] M= dHFrampton 5, 2012; 2014; Jones &, 2007). =W A= Psaol] Eo]Zolw
Al B 2E# 2o g dH g uAEo] AdEo A83tE g Aol WAE Jistar
AT Yu &, 2016). ¥te| 2] L A= FAY FAA NN YEhe FEAE FA47F §17] el
AEstE Aol oA 719 AGE FAAR e ey AdE bbe g 294 9
A@s), Ay ol e A7t AdsEojor & Aol

A9 APPE QoA Psat oln] ol 7o biovarrk HuHAE W w % Wl 4

3k Al ¢+o]tHChapman %, 2012; Fujikawa and Sawada, 2016; Sawada 5, 2014). &< ZAA
Zjii T55HA gAtEEA H3E 2t e Psa3e F=ollA Z|HsHARE ke &

A7 Bs7t Al dojya e Ao 2 ZAE I okButler 5, 2013; 2015, Mazzaglia <5,
2012; McCann 5, 2013).

2 AT A2 F-HA A Tl Ao mEW Sutdte] ZE38k= Psa3 Jdol= 6
el AF-TIFo] EXdte AR ZAHIY. Wk Ar|Ho=w )9 Al e A
2l t-sAS nfHEdy] HsiA s Psael A2 wWolot WHYA 712 Sl uig oldrt o
g g sjrt

A FFol AGHE = dste A71A] 2FdolA 7 o)Al e sty 4 Q7]
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2013). & FRAZ 4 % = Psa3ell ol xH Al IS Y&
HortlbAE OiAE =7 F38ta JAtHDonati %, 2014; Ferguson,
2010).
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= A S dsts A3 2ol A e ojof & Al G g FAolt.

EZF 713 olHol TEASE thAstes WH F syt HIZFRAIE S E94EkE Aotk =
ol A= A F = A F-H Hlﬂ‘ﬂ/\]” < 5010}0}x]11} Ay AdA Y
=

)
rr
5
)

E
>
i
o\
r O
@
3%
i
Ho
ox
off
o
£

2

O:

3 AAEEA AR ow-sa} ! 1 EIREL EAOE
48 AT dast A
srol FEehA Qi AAolm 2011ERE Fujol A WAy
9 9 2o AR Fa Sod a8 1Y BAB 8
AEE 2Y %37E DAL SUFLAL Brsh S s dYshe Eugos
o

SR

jN_
jg
&
oF
<)
o ol
L
Hl
e‘.:
O
o
M2 L
o
)
o

_53_




H2M & abH: Hoke HgEd HE 248 XH0HA JHE

7} ATl

Fore) ASE T Pseudomonas syringae pv. actinidiae TFES FRZ EA wi)
biovar 1, 2, (=& Psal, 2, P2 EFstL dedl, Psal> L&A, Psa2e
Sugtol Anr Eelgo] gt T8y, 20103 old) ME2S #F el Psadzt AAIF o w
WAEte] 719 A4S 93t YEdl, Psa3: Psalely Psa2Bth HgAdol AsiA 2
s Fv o2 AN Ut FEuFelAxE 2011¥9FE Psadzt EEEH I QI
ol -ejyetel= Psa2et 7 Psa 37F 9 AEIL = FE ot

Psa3e] 71¢ tiste] ARG A3 ZE Psa 371 FrolA 71Ye Aoz dAuEa 9lom,
A F7 A Psa3s A& 71¥d) wel =LA New Zealand, Europe, Chile typel. 2 Wiro]A 1L
AT

2 dFolAeE fEivedds EEE ASEAY He
EAA S st g

w

[o

—

BHSI 7 g Sol

o
Jm
X
o

U vl A E Jde B4
Ut A B2 ASY FF SolA dn] AFE e 53 FHF0E HE gE oz
RoR= 755 A3 tHTable D).

Table 1. Bacterial strains used in RAPD analyses

Pseudomonas syringae pv. actinidiae

Lane in Fig. 1 Strain Origin Year Biovar
1 KJB1451 Jeju, Korea 2014 3
2 KGC1451 Jeju, Korea 2014 3
3 HSG1461 Jeju, Korea 2014 3
4 HJJ1471 Jeonnam, Korea 2014 3
5 PSG15311 Gyeongnam, Korea 2015 3
6 KST1531 Jeju, Korea 2015 3
7 KKB1531 Jeju, Korea 2015 3
8 KDS1541 Gyeongnam, Korea 2015 3
9 14004 Jeju, Korea 2014 3
10 14016 Jeju, Korea 2014 3
11 P1 China unknown 3
12 155 China unknown 3
13 CFBP7286 Latium, Italy 2008 3
14 ICMP18708 Te Puke, New Zealand 2010 3
15 SYS1 Jeonnam, Korea 2011 3
16 Kw1l Kanagawa, Japan 1984 1
17 CIW7 Jeju, Korea 1999 2

17709] BAEF 3 1~15% e 2 7oA £2¥ Psa3 @50l Psal? Psa2
272 @ F74 LIANAN E 177 F5o] U1e RAPD %_‘—*4% SREEE
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Fig. 1.& F2+9)2|9] 10-mer primer® A}&8}o] RAPD PCRE 433+ Azbe] Qo))
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Fig. 1. Examples of RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae
generated with random 10-mer primers.

RAPD Z#E ntgro = A4 ¥ dendrogram-2 Fig. 29} Zth.

4+I48-8 L L L L L L Il Il L 1 KW 11 _Biovar1
cJw 7 =—=Bijovar 2
KKB1531 = —— Group VI
P1 — Group VI
155 — Group VI
(KJB1451
(KGC1451, 14004, 14016)
_ F KDS1541 3 Group IV
HSG1461
91.9 '\(\KST1531) J Biovar3

[l {HJC1451, KSS514611)

(HYH1461, KT521461)
(KBJ1461, LSC1461)

7[CFBPT186 ] —Groupll

(KTS1471, KHH16511)

(LSJ21661, HNF1661)

0 { HII1471 } —— GroupV
(P5G15311,KCO15630)

ICMP18708 ] ——Groupl

77.0

Fig. 2. Dendrogram generated by GelCompar II software showing the relationships of
Pseudomoans syringae pv. actinidiae strains. The analysis of the bands generated was
performed using the Dice coefficient and unweighted pair group method with arithmetic

averages (UPGMA).

Fig. 2¢|lA*®8 biovar 1, 2, 3& 5FH3A £ =& cladeE I3t Biovar 3&
Aolx 87) groupl.® UHE thekdt lineage® TAEHO YAtk t& @A E biovar 1, 2,
3¢] BAw7|2 RAPD ¥4 ZAx2 ulgtow sidslar. biovar 39 Z+ groupel Eo]Z <l

AU S 2o HOE BABIA ST
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t}. Psal (biovar 1) §o]& ExnpA M

Psal (biovar Dell Eol&Ql EAuIAE ©A35t7] $18] Psal, 2, 3 #FES Hdo=
RAPDE 33ttt FA #FE9 biovar:s phytotoxing] AAtediel ZHE  E3)
gelstdth. Random primer OPA-2& AF83F RAPDelA ¢k 650 bpe band”} Psal
ol ARt S35 A HFig. 3).

2000 bp —

1000 bp —

500 bp —

[ oPA-2 [ TGCCGAGCTG |

Fig. 3. RAPD polymorphism in strains of Pseudomonas Syringae pv. actinidiae generated
with primer OPA-2

Psal TFollxl EolFow =Xy wicE gal2HE |AA pGEM-T #WElo] FEYI F
H7NMLE-E A3

>Kw11-OPA2 (641 bp)
TGCCGAGCTGGACGTCGACGACAAGGTGATCCTCTTCTGCGAGTATCAGG
AATCCGTGGCCACGTTACGTGAACACTGCCTCAAGATGGGCGTCGGGTGT
GTGACGTTGGTAGGCAGTGACTCGCCCAAGAAACGACAGAAGGCGATTGA
TGCCTTCCAGCAGGATCCGGACTGCAGGGTGTTCATCGGGACCAGGTCGG
CCGCCGGCACAGGTTACAACCTGACAGCGGCGAACTATGTATTCTTTCTG
GGACTTCCATGGACACCGGGGCTGCAAGACCAAGCTGAGGATCGAGCCTA
TCGCAACGGGCAGTTGCGCATGGTTGTCGTCAAAATCCCTCTAGCTGAGG
ACACCATCGACCAGCAGCTGTGGCAGATGCTCATGGACAAACGCGCGCTA
GCCCGCGATTTGATAGACCCCGAAGCAGAAGAAAAAAGTAAAATGGCTCT
CGCGAATCAGCTAAAAATTTGAGATGACGGCACGGTTTACTGTGGGCTGT
TCAGCAACATGATTGGCAACCCTCTAAGTTACAAATCGCTTAGGCACGTG
CTTCCAATACGACGTCGAAATTGCGGACGGTTATCAACGGCGAGATCTTT
CAGGGTGGCGGTGATCCCTTTCACAACTCAACAGCTCGGCA
Fig. 4. Nucleotide sequence of DNA band specifically amplified with the Psal strains. RAPD primer

sequences are indicated in red color and the positions of SCAR primers are underlined with

blue color.

Fig. 491X 2% 10-mer primerES X33+ 641 bpel A7|Ade]l AAHUTE o] A7IHEE
NCBI BLAST SearchollA P. syringae pv. actinidiae ICMP9863 (Japan)2] helicase®} 100% “5439]

AT
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=
o] A7 YERE Psa 1o Eo|2¢l SCAR primer set PsJ-F/IRE A&}t Primer set
PsJ-F/R& Psal #FollA] Eo]z o0& 48] bpel MIES ZZAAT (Fig. 5).

€ 481 bp

Primer; PsJ-F/R (481 bp)

Fig. 5. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
PsJ-F/R primer set.

Primere] 5ol HS<S A% 2= Fig 69 2t 157] AEdA Al dFolA FFol

<€ 481 bp

Fig. 6. Specificity test of PsJ-F/R primer set. The PCR product was not amplified with 15
plant pathogenic bacteria.

2}. Psa 2 (biovar 2) Eo|& Exlul#A st
Psa 1 5o|& ZEAvAE WEste AAHA s 33ttt Random  primer
OPA-160114] Psa2oll A5t oF 450 bpe] AHo] ZZ=|rKFig. 7).

| OPA-16 | AGCCAGCGAA |

Fig. 7. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated with
primer OPA-16.

_57_




| EELE \ D-05

Psa2 #FolA Soldoz ZZd Wl
T3 462 bpe] A4 Dol AHEHYT.

e
(i,
z
i
lo
o2
N
>
e

< AA3AthFig. 8). 10-mer primerE

>CIJW7-0OPA16 (462 bp)
AGCCAGCGAAGACAAAGCCAAAAAGGCGAGGAAGGACTTTGAAAAGCTCA
AGACAGATAGCAAGCCTGTTCGTGATTGGGCTGCTCAGCCTCTGCCTGAT
GGCCTGCGCGGCAAAGCCGGTGCTGGTGACAAAGACATCAGCGGTAAGAA

TCGAGCCCCCTGAGCTGATCCCATGCGAGCGCATCAACGCTGATGAGGCC
GATCTGCGGTTGAACGGTGATGTGTGGGAGCTGAAAGATCAGGCCATCAA
ACTGCTGGATACGTGCGCTGACCAGGTTGACGCGCAGATCCTGCGCAGCC
AGAGCAAGTAGACAACCTCAATTCATTCACCCGCCATATATGGCGAGCAC
CGAGGCAACAACCATGGCATCGAAAACCAACTCATCGACAGCGGTATCCG
CGCTTGGATACTTGGGCTTGGCAGCCATTGTGGCCGCCGGCTTCCTGCTC

TATTCGCTGGCT
Fig. 8. Nucleotide sequence of DNA band specifically amplified with the Psa2 strains. RAPD primer
sequences are indicated in red color and the positions of SCAR primers are underlined with

blue color.

o] H7]4¥EL NCBI BLAST SearchellA fYudt Hsds e F At o
A7IMEZHEE Psa2ell Eo]|&Ql SCAR primer set PsK-F/RE AASIty.  Primer set
PsK-F/R& Psa2 #Fol4 413 bpe WMEZS Z=Z A ATHFig. 9).

Primer; PsK-F1/R2 (413 bp)

Fig. 9. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
PsK-F/R primer set.

Primer®] 5ol ZHF& fall AlFE ol obd 157 AHEHAA Al dFolAs F30]
YojutA] gFo} o] primer7} Psa2ell Eold & &<l thdata not shown).
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o}, Psa 3 (biovar 3) Eo]& Exlul# 7|
ol 71=3F WH O E Psadell So]2l primer Tac-F/RE 7}ds} i ohFig. 10).

Psa3 Psa2 Psal

<€ 545 bp

Primer; Tac-F/R (545 bp)

Fig. 10. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
Tac-F/R primer set. A 545 bp fragments were amplified with Psa3 strains (lane 1-5).

ut. $-ugtdA Eed #5549 biovar

k" Zb biovar 5olZ primersE AMEste]  fEuetelAd EElE AYE 45
Ao 2 biovarE ZAFSIATE ZAFAF F 20139 FF 38700 thste] = g
110 YER AT

Fig. 11. Representative results showing the biovar identification of Pseudomonas Syringae pv.
actinidiae strains isolated in Korea. Thirty eight strains isolated in 2013 were used for
amplification with four primer pairs; Pseudomonas syringae pv. actinidiae FIR (A), PsaJ-F/R
(B), PsaK-F/R, (C) and Tac-F/R (D). Lane M, 1-kb DNA marker; lane 1-38, P~. syringae pv.
actinidiae strains; lane C, positive control for each biovar.

Fig. 11 & Av BEE AYHTS AEL 5 v primer?d Pseudomonas syringae pv.
actinidiae-FIR (Balestra et al., 2013)< AF&3% A= biovardl d¥gle]l 311 bp Aol
=& =3
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B, C, D= ZZ} biovar 1, 2, 35 243 Aoty o2zl ¥es ¥ A7Ee] Hasia 3
682 =<l th3t biovarg ZAFsIATHTable 2).

rr

Table 2. Identification of biovars of Pseudomonas syringae pv. actinidiae strains isolated in Korea

Year Number of strains Biovar 1 Biovar 2 Biovar 3
1997 5 - 5 -
1998 1 - 1 -
1999 18 - 18 -
2000-2007 - - - -
2008 12 - 12 -
2009 5 - 5 -
2010 6 - 6 -
2011 9 - 5 4
2012 60 - 36 24
2013 38 - 31 7
2014 192 - 49 143
2015 204 - 82 122
2016 105 - 38 94
Total 682 0 288 394

199738y B ¥ 6827 ¥ FolA 8 #520 Psale AHZA okttt 20113 o] %
Psa 3 #5771 EEl=7] A&Aste w2A Fristar ok A 6827] 5 F biovar 29
43} #3571 2887, biovar 39l <3+ #F71 39470 Aok

A}. Biovar 3, Group-1 £Eo]3 Ez}n}#

RAPD #4743 biovar 3¢ <3t= populatione 8719 sub-groupl & UE F YATh
Fig. 2914 biovar 3¢ 43l= 871 groupdll Eo]Z < EAupAE z+zh 7kttt Group-1e
FAACNA ByH FF7F £33 18o|th. Random primer OPC-294 wA#AM= FFvt
°F 800 bpe] AHo] FZ=IokFig. 12).

sa3 Psa3 Psa3
Psa2 re: Psal (Italy) (NZ)
[ I

]
Q‘P" o~

| opc-2 | GTGAGGCGTC |

Fig. 12. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPC-2. Arrow indicates a band specifically amplified with Psa3 strain isolated
in New Zealand.
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| \
OPC-2 primer& AH8-3F RAPDOA] BolZo g FZH W9l Ar|A49S AA s rHFig 13).

>NZ1-OPC2 (793 bp)
GTGAGGCGTCTGGGTACTTCTGAGCATTTATCGCGGCTGGGCAACCCGAA
ATCTCGACAGATCGGCTGCTGCCGCTTCTGCCGCTCGTTGGGCCGTGCTG
TTCATGATTATGACTTTCATGCTGTTGAGTTGATTTTTCCAAGGAGATAA
AGATGACGCTGTATTCACTGTTCACTCAGGCACGTGCTTTTTTGAAACGC
CGGCCTTTTTCGGTGCTGCTGACGGCTGCCACACCTGGCACTAGTTTCGC
GGCTCTACCGGGTGCACAAGCACCCACACGCGGCACTGGGACCAGCTTCC
TGCAGACCTTCCAAAACTATGCCTTCGACGGCTTCACGCTGCTGGGTCTA
TGCATGTGCGCGTTCGGCATCATTTTGGTGGGGCGACATGCGCTGGGCGT
CTACCACGAGATCCACATGGGCAAGGCCAAATGGGCTGACCTGGGCAGTA
CCGCGGTAGTCGGTGTTTGCTTGATCGGCGTCACGATCTACCTGGTCACC
ACCGCTACCAACATTCTTTGAGTCCTAGAGGCTTCCATGACTGAGCTCCA
GCAAGATCAGCATGAAGACGGCACCCTGCGTTTTCTGCCCAGTCGCTTGA
ACAATCAGCCCGTGGTGATTGGTGGCCTTACGGCGGATGAGATGTGGGCG
ACCGTATTCGGTTGCAGCGGCATAGGCTTTGTGATTGGTCTGCCGCTGGC
CTTCATCATCACACCATCAATGCCCGTGGTATGCGCCTTGATAGGAGGAG
TATTGGGACTGCTCATCGCATCTCGGGTATTGCGACGCCTCAC

Fig. 13. Nucleotide sequence of DNA band specifically amplified with the Group-I strains.
RAPD primer sequences are indicated in red color and the positions of SCAR primers are

underlined with blue color.

o] ¥7]A<€S& NCBI BLAST SearchollX P syringae pv. actinidiae Pac_ICE1_nz3}
Fdsdel e ASE UeEt. o] AZIANEEHREH  Group-ldl Eol&A<l  primer
PaNZ-F3/R3E& AAsH T PaNZ-F3/R3 primere wEH= #+FE5 E5t= Group-1
F30]4 533 bpel DNAS ZZAZAT (Fig. 14),

Psa3 Psa3
Psa2 Psal (Italy) (NZ)

11 12 13 14

<€ 533 bp

Primer; PaNZ-F3/R3 (533 bp)

Fig. 14. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
PaNZ-F3/R3 primer set. A 533 bp fragments were amplified with New Zealand strains (lane
12-14).
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o}. Biovar 3, Group-II £9]3 Ex}u}#
Group-II-& fHolA E2d #+F7F 43 1F°lth. Random primer OPB-1914 Group-Il w55t
°F 800 bpe] dHo] FZFHUcKFig 15).

F Psa3 Psa3
Psa2 L ] Psal (Italy) (NZ)

| oPB-1 | GTTTCGCTCC |

Fig. 15. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPB-1. Arrow indicates a band specifically amplified with Psa3 strain isolated in
Italy.

OPB-1 primers A-43+ RAPDOIAH EojHo2 22y wte] ¢r]Ade A4aruckFg. 16)

>IHL1-OPB1 (797 bp)
GTTTCGCTCCGTTTGTTCCGATCGTTAGGCCACTCATCAGCGAGCCCAGT
TGCATTCCGCTCCAGCCTAACGCTAGCACCCAAAAGCTGGGTAGTACTAT
GAACATCGCACCCATTACGAAGTCCAGCAGCAAGTCACCTTGAGCATTGC
TGGCACCGAACACCGGGTCAAAATTTGTATGCGGGACGTTGCTTCCTATC
CCATTTCCGTAAAGTGCGTCGAGAATTGTGCTGTCAACCCACCTGGCCAG
CTGGAACCAGAAGTCGACAAAGATCAAAGCGAACGCAGCAAAAGTTATGG
TCATAACGACCTTCAGGTCAAACATCCCGATCAAAAGCACAAACGGTATG
CAGATGATGAGAGCCATCTTCAGGAAGGCCATCACCATGGGCGCTGCTTG
CCTGACGCTGTCCATCGCTGGGTACATGACGAGAGACCCTGCAGCCTGAC
CGATTGTGGCTGTGAGACGAGTGACGTCATTTAGCACCGATCCTCCTACC
TGGCCACCGTAGTCGGAATACACCTGCCCTTGGGTCAGTTGCTGTTTCCT
GGGAGAGACCAGGTCGCGGATGACGGAGTCATTCACCTCTGTCTGGGTCA
TGAATTGTGCCCACTGAGCTAGCTTGCTCAGCAGATCTGGGCTGACTTGT
TCCAGTAGCCTGGCTCTCAGACCAACGCTCCCATCAGACCACCATTGTGT
ACATGTAGGAAATCCACCCCCTCCGGTCGTTTGTGGCAAGCCAGCGTCGC

GTGTTGAGTCGTACGGCCATTTGGTCCGTGGAGTGTGGGAGCGAAAC
Fig. 16. Nucleotide sequence of DNA band specifically amplified with the Group-Il strains.

RAPD primer sequences are indicated in red color and the positions of SCAR primers are
underlined with blue color.
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o] A7 <E-2 NCBI BLAST Searchell Xl P. syringae pv. actinidiae Pac_ICE2_it3} 73574 o]
J= Ae=Z Yelgt. o] AVIAEEZFEH  Group-llo] So]&HQl primer Pal-F/IR2E
AASA Y. Pal-F/R2 primer= °o|lgglo} #58 X33t Group-ll #5oA 473 bpe
DNAZ ZZ A ZtHFig. 17).

Psa3 Psa3
Psa2 Psal (Italy) (NZ)
[ [ d [ 1T 1T 1
¢ o P OLE &N Ko
FEESS G s 95589
T 20503 A 7 8

Primer; Pal-F/R2 (473 bp)

Fig. 17. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
Pal-F/R2 primer set. The 473 bp fragments were amplified with Italian strains (lane 9-11).

[t

=}, Biovar 3, Group-ll £9]32 Ex}u}l#

Group-llI& 2011'd 315ollA S-EuatellA A5 &89 Psa3 #5771 &3 IFolth. <]
awe dFE 20149 99 3AWAE Fel A" IFe ¢Folth. Random primer
OPA-152 ZZ3S u] Group-lll #FolA7E ¢F 1300 bpe] HHo] Z=Z 5 tHFig. 18).

01011 J

[ opa-15 | Trcceaacce |

Fig.18. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPA-15.
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| 3
OPA-15 primerE AH&3F RAPDolA Soldo=m FFH Hlto HrAde
A3 thFig. 19).

>SYS1-OPA15 (1272 bp)
TTCCGAACCCTCACTACTTCTGCAATGTGAGCGAGTCGCTGAATTGCGAA

CACATTGACGAGCCCATCTGGGCCTCGATCCTCGATCCCGGCTTAAGCGC
AGTGACGAGCGCGGACGGGTTTGACAAGAAGCTGGCCAGCATGGGCATAG
CGCTGCCCCTGGCATTGAAGTATGAATTGAGAAGAGACTGGTCAACGGGA
ACGGTTAATCGCGAGGTCTATTIGGAGGCCTGACGGCACCATCGAGCGAGG
TGAACCCTGATGTCTCGGCATTCGATTATTCTGCCGTCTACAACATCGCA
AGGCCCGGGCCTAGTAGTGGTCGGCTATTCCTGCGGCGTTCGCGGTCCGC
ACTACTTCTGCTCAATCTCCGACGCTACAGGCCACATTGACTCCCACCTG
TGGAACTCAGAATTCTCGCTGGAGCACATGCGCGCCCAGAATGTCGATGA
ATTCGATGCGATCCTGGCTCAATGGCGGGTCACTCTTCCTGCGTTCATCA
AGCGCGCCCTCGTGGAAGACTGGGCTAAGAACCTCAAAACCCCGGTTGAA
TACTGCTGGCAGGAAGACGGCAGCTTTGATCAGGTTGCGTAGCGTTTCAT
GGCAGCCTTCGCGAGATTATCTGCCGACCGCCTCGCACCTTGAGTAAGTG
CAACGGGTTGACGTGAAACCGGGAGCCTCTATGCGTAAATTCGTCATATA
CGGCTCGCGGAGGACGCTTCCCCTTGAAAGAATCGGAACTGAGTTACATC
GCCTTTGCCATTTCGGTTGGCGCTGCTTCATTGTGTGGTGTATCGAGCAT
GCTCAGCGTGTTTCCGAACAGCAGCAAGCTCGACACGTTGTCACAGCAAG
TTCATGACCTAACTGAGCAAAACGCTCGCCTGATCACGCTGGTGGCAGAG
AGCAGGATCAGGACCAACGAGTTGGATGTCGGTATGACAGCGCTGGCGAA
CGTGTTGAAGATCGACCGCGGTGAATTGTCCAGGGCGTTCGCTGCTGTCA
AAGCAGGGCAAGTAGAAGACGCCAAGGCAGCGGCCTCCCAGCGCAAAGCG
TCAGATGACGCTCAAAGATCAGCAAATGAGCGCTCAGACCAGCAGCCCAC
TGTCGAGTCCGCTTCTCCGCAACGCCAGTCCGACACAGATGCTCAAGATT
CTGCTGCAAAGCATGGCTTGGTAGGTTCTGGGGTCGGGTCAACAAAATCT
GTACCGACGCAAGAGTCCGCACGGGTAGTAGCGGAACCGGCCAAACAACA
GGCTCCCCTGCTGGGTTCGGAA

Fig. 19. Nucleotide sequence of DNA band specifically amplified with the Group-Ill strains.
RAPD primer sequences are indicated in red color and the positions of SCAR primers are
underlined with blue color.

o] @714 &2 NCBI BLAST Searcholl A “&/d¢] = 7MLl gle AL=E YepRth
o] A7 EERE Group-lle| 5]l primer PKN-F2/R4E A3} A T
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|
PKN-F2/R4 primers= Group-Il #Fol4 771 bpe] DNAE Eolxoz ZFZ A Z tHFig
20).

Primer; PKN-F2/R4 (771 bp)

Fig. 20. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using

PKN-F2/R4 primer set. The 771 bp fragments were amplified with Group-Ill strains (lane
8-9).

2}, Biovar 3, Group-IV £9o|% E=z}n}
Group-IVS AF2t Aol 89 Psa3 #F7F 43 18o]th. Random primer

OPH-72 FZF3 <& w Group-IV oAl 1k ¢F 1500 bpe] HHo] FZ= AkFig. 21).

Psa3

) ] Ly

|

VARSI S A & & g
é”\v '\‘?,\“\'@5}"‘3 N“ytg'\h Q’\q N \\-‘é\\'
o MY S LA S //’n v & F o O
JIFLEGEIIIC FES &0

[ oPH-7 | cTGCATCGTG |

Fig. 21. RAPD polymorphism in strains of Pseudomonas Syringae pv. actinidiae generated
with primer OPH-7.
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| |
OPH-7 primerg AH§3 RAPDOIA Solxoz 23g mee] 97|49 A43urhFig. 22).

>IV-H7-2-SP6(1220 bp)-partial sequence
CTGCATCGTGCCGCGCCTTGATCGCGGGCCACTCGGGGGAGGCCATCAGT
TCGCGTATCAGGCGTTCGTGTTCAGGTTCGGGCACCAGGTGTTGCCAGCG
CTGCTGTTCCAGCTCCATCTGCTCAACGCCGCGCAGCTGCTGCTCGATCC
GTCCACCCGCTGCGCCCAGGCGCGTCCGCGCCTTGTACCAGAAGTCATCA
GACGTGGCGTACTGGTACAGCGGCACGATAGGGATCCTGTGTGTTTGCCA
AAGGTGCCAGAGGACCGCCATGCCAATACCTTGCCGGTGCTGGTCGGGAC
TGACCTCGATCATGTTGATGTACAGGCGGTCGCGCAGTGGATTGATGCTG
TAGTCGATGTGACCCACACGCTGGCCGTCGACCTGGATCTGATCGATGAA
GTCGGTACCGGGATACGCAAAATGACCTGGTAGACATTCGGTGCGCTCGT
TGACCAGCGTCACGGGACGCGCTGCCACATAAATACCGTGCCGTCTACTG
AATAAGCCGCAAATCCTACTGAAAATCGTCATGTGCCCGCCTGAGGTCGA
ATTCCCGCGGCCGCCATGGCGGCCGGGAGCATGCGACGTCGGGCCCAATT
CGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGT
CGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACA
TCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCC
CTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCG
GCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACA
CTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCT
CGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTT
TAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGAT
TAGGGTGATGGTTCACGTAATGGGCCATCGCCCTGATAAACGGTTTTTCG
CCCTTTGACGTTGGAATCCACGTTCTTTAATAGTGGACTCTTGTTCCAAA
CTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGG
ATTTTGCCAATTTCGGCCTATTGGTTAAAAAATGGACTTGATTTAACAAA
AATTTTACGGCGAATTTTAA

Fig. 22. Partial nucleotide sequence of DNA band specifically amplified with the Group-IV
strains. RAPD primer sequence is indicated in red color and the positions of SCAR primers
are underlined with blue color.

o] ¥7]1AM<g& NCBI BLAST SearchollAl P. syringae pv. actinidiae ICMP19455 clone
Pac_ICE3_cl#} dsdo] e AS=E vehyth ICMP19455 w++ ¥ #FE o] 179
5= YA EgE #5=2 Addg. o] G71AEZFEE Group-IVell Eo]& <l primer
IVH72-F1/R3Z A4 th. IVH72-F1/R3 primerse Group-IV @34 507 bpe] DNAZ
ZZ AN ZoKFig. 23).

Primer; IVH72-F1/R3(507bp)

Fig. 23. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
IVH72-F1/R3 primer set. The 507-bp fragments were amplified with Group-IV strains (lane
1-3, 6, 8-10).
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7}. Biovar 3, Group-V £o]3 Exz}n}#

Group-V+= A AdolA Egd Psa3 ¥F7F %3 1Fo|tt. Random primer
OPH-5& AF&3& w Group-Ve} Group-IV 54 <F 500 bpe] Aol FZ=H (Fig.
24).

[opH-5 [ AGTCGTCCCC |
Fig. 24. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPH-5.

RAPD A Solx oz F&He W=l 71X de 2AsATHEg. 25).

>3H51(504bp)
AGTCGTCCCCCTTGATTAGGCCTCTATTTGCAACAGCGAAATGAACCGTT
TAATATCGAAAAATAAAAAATCAACTTCAAGCTATCAAATATCAGCCATG
GAGAAGAAAATTTATGCTGAAAATATTACCCGAAAATAATAATTTCACAT
TATTTGCTACAATGGTATTCGGAATTTTCTTTTTTTCCGCTATATCAACG
TCAACCTACGCAGAAGATCTAGGGGCAGTTTCAGTGTTCGGTGATGTAAA
GCCTGCAAATCCTACAAATCAGCAGGTGTGGAATTCGCACTGGAATCAAG
CTTACGATAACTGTAGAAAACAGTTCGGTAATGCTCACTCTGTAGTTTTA
GACAGCTGGGAAGTCACTGCAGGGGGAAGGCAGTCTGATCATTGGCAAAT
TAATAGTGTCTGGCGTTGCAGAAGCTGACTTAAGAGGGTTTGGAGGAAAC
ATGTAGTGAGTCGGCGCGCGAGTGTATAGGGTCTGGTTCCGGCTGGGGAC
GACT

Fig. 25. Nucleotide sequence of DNA band specifically amplified with the Group-IV and

Group-V strains. RAPD primer sequences are indicated in red color and the positions of

SCAR primers are underlined with blue color.

o] A71AEL NCBI BLAST SearchellXl P. syringae pv. phaseolicola 1448A large
plasmide} 96%°] FEde 7HAT g o] FUVIAMEEHE  primer 3H5-FIRE
AAEG . o] primers Group-VeF Group-IV 3ol A1 380 bpe] DNAS ZZ A AT
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Group-VE& Group-IVe} #4317 faiA= IVE &3 primer?l PKN-F/RE A}&-314
717 bp7t SEHA &= +FE5 Group-VE HA ShFig. 26).

(A)

Primer; 3HGF1/R(380bp)

®)

Primer; PKN-FIR(771bp)

Fig. 26. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
3H5-F1/R (A) and PKN-F/R primers (B). A 771 bp fragment was amplified with Group-IV
strains and PKN-F/R primers (lane 15 in B).

E}. Biovar 3, Group-VI £9]% EA}lu}#
Group-Vie= AF2 3 F7ldA EEE 5]tk o] Groupel thsiA= RAPDOIA
OPB-1001A Eo]d o2 FZ == bandE <135 thFig. 27).

Psa3

OPB-10 | CTGCTGGGAC

Fig. 27. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPB-10, Arrows indicate DNA bands specifically amplified with Group-VI strain.
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|
RAPDO A Solx oz FEHe WMl d71qd-s A4 s THEig. 28).

>7.VI-B10-1(527bp)
CTGCTGGGACGTAAAGAGGAGCGCGATATCGCCAGCGGCAAGGGCTTTCG
CAGGCAACTACTGACACCTGAAGCAACCTCATGCGGTTGTATTGGGCGTG
GGTACGCGAAGGCAAGATCGACAGAACCATTTATTCGACACCCAAGAAAC
CCGGCGCTCAGCAGGCTTCTGACGGTAAGCGAACATGCTCGCGTCAAAAC
CATACCGGTTGAGATCGTTGAAGGAGTATCCAACACCACAGGCCACGAAA
TACTGGGCCAATCTGTCATCTATACCGCTTTCGAAGCGATAGCGGCCGCT
GTAGGAAAGTTGATAACGAAGCTGCACAGAACTGCCAGTCCGGCAAGTGC
GATGGCGGCTTGAAAACGTCCGGCCTACCTTACGGGTAGCGCCGGCCTAT
ACTCGATGGGTTTCAACGCCGGCCATAGAGCTTGTTGAGTTTCCGAACTT
GTACTATGCATACAACCGCAAATACAGCGCAGATGGCCAAGAATACAAGC
TCCGGGGTCCCTGTATTGTCCCAGCAG

Fig. 28. Nucleotide sequence of DNA band specifically amplified with the Group-VI strains.
RAPD primer sequences are indicated in red color and the positions of SCAR primers are
underlined with blue color.

o] d7]A <€ NCBI BLAST SearchollAl w&:E 59 hypothetical proteinQ] DNA
methytransferase®} 92%2] AFAHE 7IAXx AT o AV EEZFE  primer
VI-B10-F/RE A A3t} o] primers Group-VI #3F) A 507 bpe] DNAS =3 A thFig.
29).

2000 bp —

1000 bp —

500 bp —

100 bp —

Primer; VI-B10-F/R (507 bp)

Fig. 29. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
VI-B10-F/R primer set. A 507-bp fragment was amplified with Group-VI strain (lane 7).
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s}, Biovar 3, Group-VII 5§°]3 Ex}ul#
Group-Vll= F=oA #88 T2 A=
thaf A= RAPDolA Hol& o g2 FZEE= bandE &3t thFig. 30).

2000 bp —
1000 bp —

500 bp —

100 bp —

OPD-8 | GTGTGCCCCA

Fig. 30. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPD-8. Arrow indicates DNA band specifically amplified with Group-VII strain.

RAPD A Solx oz F&He W= A7 de 28 tHFig. 3D.

>6.VII-D8-1(711bp)
GTGTGCCCCACACGTAGGGTGAGGAAAGGTTATGGCTTACGCAGAACAAC

TGCAGTCATCGTTGAGATACCTGATTGCAGCGGGAGAGGCTGGACGCCGT
AGTCTGGATGACATGCTCGGTCCTTTGAATGGGGCCGTCGGTGATATGAC
GGGGGCTGCGTCGGAGCTGGAAAACGTCCCGTTTATCGGTCCAGCCATTG
GCGAAAAACTGCAACGTACTATGCGAGGCACCAGTGTTGCGCAGTCGAAG
GTTGGGCAGGTAGCGGCGATGTACGGGCAGGCGACCAGTGCAGCATCGCA
AGTGCAGGAGCGCATGGGGGCACTACAAGAGCAGGCTTCCAAGGCTGGAG
CTGCGATCAATCGGGTTGCGGGAAGCATCAGTCCGACGCTGGGCAACATC
GTGCCAACGGGCAGTTTTGCGGCGCAGATGACACCGGCACCCGAGGCCGT
GAAGCCGTTCCCGCATTTACTGATCGTCCAGCCGCTCAAGCCTGAGGCGC
AGCCGTACTACTTCAACCTGGACACGGCTGCCTTCGATGAGCTTCGCAGG
CAGACCGCGTTCCGCTGGGCCGGGCAAGAGCGTTTGACGCGCAGCATTGC
GCAACAGGCAGTCGGTCTGGGCGACGACAAACTGAGTTTAAAGGGCGCCA
TTTTCCCCGGCTTCAAGGGCGGTCTCAAGCAACTGGACACCTTACGCAGT
ATGGGGCACAC

Fig. 31. Nucleotide sequence of DNA band specifically amplified with the Group-VII strain.
RAPD primer sequences are indicated in red color and the positions of SCAR primers are
underlined with color.

o] 9714 <€L& NCBI BLAST Searcholl A Psa ICMP9853(Japan) phage tail protein} 99%<]
AERS AT YAt o] A/IMLZHE primer VI-DS-FIR1S 2A3GcH o
primer= Group-VIl #5¢} biovar 1, 2 ¥4 711 bpY DNAE SHFAIHT
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Group-VIIE biovar 1, 2 5 FEH37] fsiA= biovar 35 &8k primers!
Tac-FIRE A AH&3te] 545 bpet 771 bp7t FAlo FZ =& 55 Group-VIEZ #HA 3T
(Fig. 32).

8 9 10 11 12 13 14 15 16 17

€711 bp

®

Primer; VII-D8-F1/R1 (711 bp), Tac-F/R(545 bp)

Fig. 32. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
VII-D8-F1/R1 primer set. A 711-bp fragment was amplified with biovar 3 group-VII, biovar
1 and biovar 2 strains (A). Multiplex PCR products amplified with VII-D8-F1/R1 and
Tac-F/R primer set. The 545 bp fragments were amplified with biovar 3 strains (B).

&}, Biovar 3, Group-VII E-o|& ®x}n}#

Group-VIIE= FZoA Eg® Psa3 #F7F £33 1802 g s BEEA g
Groupe]th. Random primer OPH-7& AF&-3& @l Group-VII w4 <F 800 bpe] A o]
%25 tHFig. 33).

\\\\\\\

2000 bp —

U e e e e

1000 bp —

500 bp — \

100 bp —

OPH-7 | CTGCATCGTG

Fig. 33. RAPD polymorphism in strains of Pseudomonas syringae pv. actinidiae generated
with primer OPH-7. Arrow indicates DNA band specifically amplified with Group-VIII strain.
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Group-VIIIel| Eo]xo=z FZx]

rr

MeEo] G71AES 2A sk tHFig. 34).

>6H71(773bp)
CTGCATCGTGCCCCCAGTCATGTTGGAGAGCTTGGGTGGCCGCGTAGCAA
CGCTGCCTGCTGAGATCCGGACCTTCCAAGAAGACCTGATTGCTCGACTT
CAGTGGCTCAGAACTGGCGTTGCCAACGGAGAGTGGCTGGACCGGCCAGC
GTATCACGTCGCAAATCCGAATGCTTCGCTCCGCCAGATCGCGGAGAGCC
TTCGCGCCGAAGCGGCCGGATTACGCGCGAATCTCGATGCAGCAGCCTTA
ACGGCCAAGAGGCTTCGCCTAAAGGAGTTAGAAGCACGGCGGCTACTTTC
CGAGCATATCGAAAGTATCGCTCAGGTGATCGAGAATCTTGCCCACAGGG
CAAAGCTTCAGAACTGCCTTGATGACATCGGCAATACGCGCTCGATTAGC
GTTCTTGCAGGTCAGCTCGCCAGGACTTACGTCAGTGAAGCGTTGGCTGG
GCGGATGAACGATGAACTCAGTGGGCTGGATCTTTACCACATCAGGGCGA
GGGTTTGTTCAACCGGTGACGCGGGCTCAGTTCGCCTTGGAGTCCAGCTT
CACGAATCCCAGCTAGATCCGCATCTTGTTTTAAGTGAGGCGGAGCAACG
CATGTGTGCGCTCGCCTATTTCTTCGCGGAACTCCACCAGTCAGGATCCA
CCTCCGGAATCGTATTCGACGATCCGGTTTCGAGCCTTGACCACAGCCAT
CGAACCGCTGTCGCGCGACGGATCGTTGAGGAGTCCGCCAACCGGCAAGT
CATTGTGTTCACACACGATGCAG

Fig. 34. Nucleotide sequence of DNA band specifically amplified with the Group-VIII strain.
RAPD primer sequences are indicated in red color and the positions of SCAR primers are
underlined with blue color.

o] ¢d7]4 ¥ NCBI BLAST Searcholl Al 454do] Qe d714de] e Aoz veyth
o] 71 LZRE Group-VIIel Eo]Z<Ql primer VII6H7-F/RE A3t VIIEH7-F/R
primers= Group-VII #Fl A 769 bpe] DNAS Z=Z A Z thFig. 35).

Primer; VIII-6H7-F/R (769 bp)

Fig. 35. Agarose gel electrophoresis of PCR product amplified with DNA of Psa strains using
VIII6H7-F/R primer set. A 769-bp fragment was amplified with Group-VII strain (lane 12).
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7k g uetelA B8 ¥ Biovar 3 #FE9 tYA

Syt A E2H Psa3 #FE AR B AFE 3 fEd EAulAZS o] &3l

Group= AA st tHTable 3).

Table 3. Identification of group of Psa3 strains isolated in Korea

Group Strains Total

GDG12, HJC14061, KSS14611, HYH1461, KTS21461, KBJ1461, LSC1461,

JKS1471, KDW1531, LCHG1549, KSR1531, JYG1561, YBH1561,KYH1561,

CHS1561, MHS1561, ASR1561, SDK1561, LJH1621, KHS1621, LCH1645, 35
KSS1641, JC1641, LYJ1661, SPD21661, KJS31661, KDS1664, LSJ1661,

KSJ1721, KDN1731, HJH1741, KHO1741, KSHY1741, LYJ1741, JYM1741

I KTS21471, KHH16511, LSJ21661, HNF1661 4

m sysi 1

"y KJB1451, KGC1451, HSG1461, KST1531, KDS1541, HI-KH1651, YMS1721, 14004, 9
14016

Vv HJJ1471, PSG1535, KCO15630 3

VI  KKB1531 1

Total 53

A2 T2 537 A EelE Psa3 #52] Groupe A A3 A= FF71
43l Group-Io] ¢F 66%E zkAste] 71 €kt @ 5ol &3k= Group-IV7E oF
17%, 49 57} &3k Group-lI7t ¢F 8%E AAsHA . 7€} Groupe 1 71¥S &
ROt FooA FEid Ao He .
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U4 B ATA ARE Exvs B2
2 Aol A Aue drhe Aepgd Yool SolHel Eabulr: Table 49 2tk

Table 4. PCR primers developed in this study

Annealing  Size

Name Target Nucleotide sequence (5'->3") . Reference
I g Temp.(C)  (bp)
Ps.a.-F P. s. pv. actinidiae CAG AGG CGC TAA CGA GGA AA Balestra et. al.
65 311 '
Psa-R (all strains) CGA GCA TAC ATC AAC AGG TCA (2013)
PsJ-F Biovar 1 GAC GTC GAC GAC AAG GTG AT
65 481 this study
PsJ-R AGT AAA CCG TGC CGT CAT CTC
PsK-F Biovar 2 GAC AAA GCC AAA AAG GCG A
65 413 this study
PsK-R TGC CAA GCC CAA GTA TCC AAG C
Tac-F Biovar 3 CGG GCT AGA CAG TAC GCT GT
65 545 this study
Tac-R CAG GCC CTT CTA CCG CTA C
PaNZ-F3 group I TGA AAC GCC GGC CTT TTT CGG TG
65 533 this study
PaNZ-R3 CGG GCA TTG ATG GTG TGA TGA
Pal-F group 1II GTT TCG CTC CGT TTG TTC CGA T
65 473 this study
Pal-R2 CAC TCG TCT CAC AGC CAC AA
PKN-F2 group III AGC GAG TCG CTG AAT TGC GAA C
65 771 this study
PKN-R4 ATG CTC GAT ACA CCA CAC AAT G
IVH72-F1 group IV CCG CGC CTT GAT CGC GGG CC
68 507 this study
IVH72-R3 AGG ATT TGC GGC TTA TTC AG
V3H5-F1 group V CGA AAT GAA CCG TTT AAT ATC G
65 380 this study
V3H5-R ACG CCA GAC ACT ATT AAT TTG C
VI-B10-F group VI GTA AAG AGG AGC GCG ATA TC
68 507 this study
VI-B10-R AAT ACA GGG ACC CCG GAG CT
VII-D8-F1 group VI GTG TGC CCC ACA CGT AGG GT
65 711 this study
VII-D8-R1 GTG TGC CCC ATA CTG CGT AA
VIII6H7-F group VII CTG CAT CGT GCC CCC AGT CA
65 769 this study
VIII6H7-R ATC GTG TGT GAA CAC AAT GAC T
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AIESIA: Acta) ALEZ SHA Hla 2N 53 L&Y wH7|

= 718 5

L a7 ug 2 3

D o AFE Ao =25E genomic DNA =

2 Aol AREE 15709 Foke A (0]s), Psa) ¥+ Table 1o Bttt 1A
Hauj Aol A e FEZYZE Ppetone-sucrose-agar HiA|(PSA media; peptone 20 g, sucrose
20 g, agar 15 g per 1,000 mL distilled water, pH 7.4)°l HZF3te] 20ColA 2 L3t w3t
% 3)43te] genomic DNA (©]3} gDNA) F=ol AR&3t3dth. gDNAE Biomedic® gDNA
Extraction Kit (www.ibiomedic.coknE ©]-&slo F=3tAth. =3 gDNAY &3 22 242
DeNovix DS-11+ Spectrophotometer (DeNovix, #]=5)e} o}7t2 2 A A7|9F5S T3 A5
ATt FAA =S 3 DNAS F2-& Bioanalyzer 2100 (Agilent Technologies, 7]=)< 9]
g3t F7F= 45k

Table 1. Psa strains used in genome and comparative genome analysis.

Biovar type| Group |Strain name Origion of strain Country Year
Actinidia deliciosa cv.
Psal KW11 Japan 1984
Hayward
CIw7 A. deliciosa cv. Hayward Korea 1999
Psa2
KBE9 A. chinensis cv. Hortl6A Korea 2008
Group I SYS1 A. chinensis cv. Yellow King [Korea (Goheung, Jeonnam)| 2011
KJB 1451 | A. chinensis cv. Jecy Gold Korea (Namwon, Jeju) | 2014
Group IV
HSG 1461 A. chinensis cv. Hort16A Korea (Jocheon, Jeju) 2014
HIJ 1471 A. deliciosa cv. Daeheung | Korea (Wando, Jeonnam) | 2014
Group V _ , Korea (Namhae,
PSG 15311 | A. chinensis cv. Jecy Gold 2015
Gyeongnam)
Psa3 Group VI| KKB 1531 | A. chinensis cv. Enza Red Korea (Bonggae, Jeju) 2015
KTS 1471 A. chinensis cv. Hort16A Korea (Jocheon, Jeju) 2014
Group II
HL 1 A. deliciosa cv. Hayward Italy (Lazio) 2011
HYH 1471 | A. chinensis cv. Hort16A Korea (Seongsan, Jeju) | 2014
Group |
YBH 1561 A. deliciosa cv. Hayward |Korea (Boseong, Jeonnam)| 2015
Group VI P1 China (Zhuang) 2014
Group VII 155 China (Zhuang) 2014
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(2) Tllumina HiSeq2500 &2 &S ©]-8-3F whole genome sequencing % mapping

A4 =S 93 paired-end DNA Zho]lB & gl&= TruSeq® DNA Library Prep Kits
(llumina, »]=)Z AFR-3le] A2t Nlumina HiSeq 2500 SR EZ-S o] &31e] 7]Eo] Bl
H Psa9] FZA =Z7](~ 6 Mb; Marcelletti et al., 20112 <¢F 250 vl & AWM= 2+ +F
g 1.5 Gb9] raw datag A3 T

/4% raw reads= SolexaQA package (v.1.13; Cox et al. 2010)¢] DynamicTrim %
LengthSort A~ZE oS o] &3ty trimmingS 33t Trimming ¥ 9o} clean reads
of thsf ICMP 18884 w=2] #7A] A X(GenBank accession No. CP011972; McCann et al.,
20135 %+ FAAZ AA3 Burrows-Wheeler Aligner (BWA) = 73(0.6.1-r104)= ©]
g3t WP S T THLI and Durbin, 2009).

(3) FAA ARZHE SNP, In/Del & PAV ®Ho] vtz = np7 Tz}l

Clean readsE& #& Ao WRste] AAHE Y-S SAMtools (0.1.16) Z=2TH-& AL§
3ta] raw SNP (In/Del) Wo]ES #H&3}a1, consensus sequences F=3JHLi et al., 2009).
Calling® SNP 9XZ &F FAA2 93 HREZE 7|¥Fo 2 intergenic/genic-region .2 &7
st o, calling® SNP {IA& 7|€o2 54 #F Z& g dFo4 FF5o=z A"
SNPE Mutalgith. Adb®El SNPe] 91X Ao ® 3ted HRM (high resolution melting) &
SNP vlAE 7Ngetdh ont 84 YAl AT Tkt AE9 WHol7t A4S A5, Zeto)
W TAele] EAZ Q3] ulA A gl Astgch =elolWE Primer 3 (v2.3.5) =
2O AMESlY 29 =& WS ZeolHE fAI s tiUntergrasser et al.,
2012): SNP ®o]o] 7% - product size 80-150 bp, primer size 20-24 bp, Tm value 55-65C;
In/Dele] 749 - product size 80-200 bp, primer size 20-24 bp, Tm 55-65C.

Clean readsE& #& Ao WPt AAHE 3Y-S SAMtools (0.1.16) Z2 1 -& AL§
3to] gene FHol W H readse] /M4E AMATE Gene 99 TF 4249 track ARE
gRlste] FraAT. AAA F FF9 ol *F& BHAHS Y] 9t M BE FoE A
H

H

O ¥u 23 +F T 3 #FolA] genome coverage ©]’+e] reads /W<=7F vEFUoF S
T2 #3941 genome coverage ©]3+e] reads 7M47F UERUboR & @ o] FoA &
g reads 7042 H]&o] 48] o] =o|7} U= AHS PAVE Awk

(4) PacBio Zd &S ©]&3F complete genome sequencing

TN T WA= Psa2 biovarel <3ste 271 #5(CIW7, KBE9)e| w™ig complete
genome-> Chunlab (www.chunlab.com)ell 2]3l] PacBio (Pacific Biosciences) & &S Al-&3}
of w3

PacBio sequencing data®] assembly= HGAP2 > 2 EZ(Pacific Biosciences, USA)S A}-&3}
o SPAdes (v3.10.1; Algorithmic Biology Lab, St. Petersburg Academic University of the
Russian Academy of Sciences)¢} PacBio SMRT Analysis (v2.3.0)2 <33} th. Assembled 7
E] 1E5-& Circlator (v1.4.0; Sanger Institute)2 {334 A
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(5) Gene prediction3} annotation

Whole genome assembles®] F# A} o= 2 functional annotationS 3+ 3}o]xgele
EzBioCloud genome DBE Alg3lH T @z g3l A A(CDS)S Prodigal Z=713(v2.6.2;
Hyatt et al, 2010)% o]&3l o=t} tRNA A= tRNAscan-SE (v1.3.1; Schattner
et al, 2005)< °]&sted A5t ™, rRNAS 7]EF non-coding RNAE-2 covariance model
AMo 2 Rfam 12.0 DB (Nawrocki and Eddy, 2013)o] thial]l ZHAA3sFH . CRISPRs+= PilerCR
(v1.06; Edgar, 2007)3 CRT (v1.2; Bland et al, 20072 &3}t CDS+= orthologous
groups (EggNOG 4.5; http://eggnogdb.embl.de) (Powell et al., 2014)& reference® 3} 7]
o wlg} EF3Fth. B}t A%k functional annotationS 93 &% CDSES UBLAST =
Z 13(Edgar, 2010)& ©]83Fod Swissprot (UniProt Release 2015), KEGG (Kanehisa et al.,
2014) 2 SEED (Overbeek et al., 2005) DB} Bl a3t}

(6) Bl A A4

Psa biovarel ofst vlu FHAA Ao A8&H #+5F = complete =% draft genome<]
assembly ID ©23} Zt} Psal - ICMP 9855 (assembly ID: GCF_000245435.1), ICMP 9617
(GCF_000658965.1), PA459 (GCF_000245455.1); Psa2 - ICMP 19071 (GCF_000416485.1), ICMP
19073 (GCF_000416505.1), CJW7 (this study), KBE9 (this study); Psa3 - CRAFRUS8.43
(CRAFRUS.43), Psa NZ V-13 (GCF_000648735.3 ), CFBP 7286 (GCF_000245415.1), CH2010-6
(GCF_000245475.1), ICMP 19455 (GCF_000344515.2), ICMP 18801 (GCF_000416945.1), ICMP
19097 (GCF_000416725.1); Psa4 - ICMP 19099 (GCF_000416805.1), ICMP 18883
(GCF_000416785.2), ICMP 18807 (GCF_000344535.1), ICMP 19094 (GCF_000416745.1), ICMP
19100 (GCF_000416825.2); Psab - MAFF 212056 (GCA_001270005.1). 27} +=(CJW7, KBE9)<]
genome FHE ALk Yz 18712] Psa #F tigk complete =+ draft genome X =
EzGenome DB (http://www.ezbiocloudnet)25F& R3S, Psa2 +5(CIW7/KBE9J)<2}2]
average nucleotide identity (AND zkS A4kstr] ¢t AREsISth ANI Al4F 3, query
genome (CJW7/KBE9)<& 2} 7<é«“‘(lOZO bp)o.2 Awst & BLAST &uelFS o]&3std F
FAA AL Ttoll 7 2 FAE Holv s Adsdt. A4tE ANI X & o] 835k
UPGMA (unweighted pair group method with arithmatic mean) dendrogram-g 243 3l$ith. 18
Mol F44 AL F 71 Psa2 #F(CIW7, KBE9O] thdt FA4 AdL o]d e U (Chun,
2009) we} comparative genomic methodZE ©] &3t wlw sttt HeEFs| A &3shd, EFA
A AA query ORFe} AsAdel e 795 BlastN ¢aglss ol &3t ZAAsta,
pairwise global alignmentE ©]&3la vjE3stAT. T HAE LA X st= F+HS FE3)
a1 homolog= #j 2]t A 7at3]th.

(7) SNP A= wA 9] Azt

PCRE &3l SNP WHol& mAE H&slr] ¢k Zefolm e olxe] Wel wel taplst
o] Azt thJanssens et al., 1995). PCR =Zzgtolw o] tx}Ql Alo Awrgk xglolmo] 3'-2
ol SNP7F 91AIet =& atglom, Zeto]m o Holds Fostr] 9 }04 SNP Aol A F
A FFHE-2e] d7]el transversion mutation (purine bases < pyrimidine bases)S =<3}

A
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(8) Polymerase chain reaction (PCR)

SNP =& PAV mlAE o] &3 PCR FFL2 o33 Zo] sttt HFTHY 10 ul 9
PCR ®F& &) 5 ng gDNA, 10 «M¢ A&kt Ak primer 2 0.2 ul, 2x HS™ Taq
mix (Dongsheng Biotech Co., Ltd., China) 5yl ¢} B+ S/HTE H7Msted &3 3, ABI
2720 thermal cycler (Applied Biosystems)& o] &3t PCRe 33ttt PCR ¥F-8-2 95T o
A 587 I A(heat denaturation)dtal, o]ojA] 25~30%] Apo]E<2] PCR HHS(95C 30%,

55~60C 30%, 72C 45%°] 2% W3} Alo]F)S A&ste] F3d3 & npA|Fo =z 72T oA 7

27 HZE AlA&(final extension) HPO S A FHTh ¥kgol £33 PCR =Z AES 1.2%
agarose gelollAl A7 5 S T3 &AstAh PCR ¥ 5Y AFE, Y vl O3] 23]

ol ¢ WEshe] Salshelh,

7 . ZAoke Al o 37) Biovars (Psal, Psa2, Psa3)ell tist 44 sls 2 Hlw FAA 249

Ao A S HH(Pseudomonas syringae pv. acinidiae, Psa)e] 74 4L ¢sle] +=H
o zgA Eg; AFAZEE 157 FFE Y Pol A3 tiTable 1). 378 biovar
(Psal, Psa2, Psad)& E3ste= F 157 #FEHH genomic DNAE F=3 & XA &4

of Al-&3}AtHFig. D.

T.I 2 3 4 5 6 7 8 9 10 11 12 13 14 15
m.. - - o =

Wl St Sed St el b e et S S el e e et e
-~ -

Fig. 1. Agarose gel electrophoresis of genomic DNA from 15 Psa strains cultured on PSA
media. 1, KW11; 2, CJW7; 3, KBE9; 4, SYS1; 5, KJB 1451; 6, HSG 1461; 7, HJJ 1471; 8, PSG
15311; 9, KKB 1531; 10, KTS 1471; 11, HL 1; 12, HYH 1471; 13, YBH 1561; 14, P1; 15,
155.

F<73%F genomic DNA<C] whole genome sequencing-2 Illumina HiSeq2500 Z#E-S o] &3}
A3 Marcelletti $(2011)& 37}A Psa o3, 2 1984W ARoA 18 719 ==
=

ol ‘Hayward’ oA 2|3+ 7|& TF(type strain; J-Psa=Psal), dE A} FL3 7]9]
ZollA 19923 olgg]olol A B3 FF(-Psa=Psal), 2008\ olggoloA Z= 719 FF
ortl6A” oA &gt FF(12-Psa=Psad)oll gt {4 35S FAste] Aot ASFE
FAAY =Z717F oF ~6 Mbp 98 Rt

.
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o] A& EUE oy AFHT FHA 2008 o)FS AWIES 167] ok AY
of th3t #A raw datags AHASFHHAE A A, Nllumina HiSeqoll A 2R readsE
o & qualityE =ZAFSHal readsE trimming?dt A3 (Table 2), 4 1298¥j(KIB)oll A & iL
19141 (IHK) <] FAAE 71 ¥ 3} 3 ot 2 A A 4 Al ol NCBI
(https://www.ncbi.nlm.nih.gov/)2] GenBank d]o]els]|o] 0o 27 Psa +3(Psal, Psa3)el tgk
complete genomeo] SEFHo] Yo, EA o ALLE reference genomeS A €37 £33}
of F 709 reference genomeS t>=Z =313, o] 2719 reference genome Z}ztof E23
47) FFoN A frelig readsE mappingdt A¥, W mapping rate> ICMP 18884¢} 92%,
ICMP 96173} 86%5 X % tHTable 3).

4

£ of
o>

Table 2. Results of raw data trimming using LengthSort software of SolexaQA package.

. Genome
Sample name No. of reads Avg. length (bp) Total length (bp) Trimmed/raw coverage

6,131,832 87.82 538,524,223 81.63%

YBH-1 =161X
6,131,832 69.94 428,887,466 65.01%
6,930,772 87.72 607,966,322 81.34%

SYS-8 =182X
6,930,772 69.61 482,428,663 64.54%
5,013,976 86.93 435,858,725 80.04%

KIB-9 =129X
5,013,976 67.72 339,531,133 62.35%
6,270,561 87.62 549,435,581 81.28%

CIW-6 = 164X
6,270,561 69.48 435,668,849 64.45%
5,781,540 87.32 504,848,190 80.96%

HJJ-11 =151X
5,781,540 69.52 401,954,971 64.46%
7,305,965 87.49 639,231,103 81.01%

HK-14 =191X
7,305,965 69.05 504,493,383 63.94%
5,942,342 87.96 522,687,840 80.98%

P1-4 = 154X
5,942,342 67.49 401,049,722 62.14%
5,732,957 88.96 510,008,938 82.73%

KBE-7 = 155X
5,732,957 73.44 421,051,663 68.30%
5,768,548 88.88 512,681,325 82.68%

KW-5 =156X
5,768,548 72.99 421,021,982 67.90%
5,760,487 88.83 511,697,844 82.75%

KKB-3 =156X
5,760,487 73.69 424,512,590 68.65%
5,631,113 89.22 502,414,142 82.77%

HS5G-10 =151X
5,631,113 72.14 406,237,221 66.92%
5,609,205 88.09 494,123,833 81.66%

HYH-2 =150X
5,609,205 72.31 405,612,608 67.03%
5,976,897 88.27 527,575,891 81.83%

155-15 =160X
5,976,897 72.44 432,988,335 67.16%
5,915,525 88.60 524,122,471 82.43%

PSG-12 =160X
5,915,525 73.30 433,609,416 68.19%
5,733,160 88.67 508,364,416 82.45%

KTS-13 = 155X
5,733,160 73.45 421,108,817 68.30%
15 ea 179,009,760 79.63 14,249,697,663 75.15%
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Table 3. Results of reads mapping of 4 strains to the reference genome.

GenBank assembly accession

GCA_000648735v2

GCA_000658965v1

Strain name ICMP 18884 ICMP 9617
Biovar type Psa3 Psal
Data type Complete genome Complete genome
No. of sequence 1 1
Total length (bp) 6,580,291 6,466,847
Average mapping rate of
8 Sar}fﬁesg 91.82% 85.68%
Reference McCann et al., 2013 McCann et al., 2013

meld giidon R e

mapping rateS X<l ICMP 18884 (GenBank accession No.

CP011972; McCann et al., 2013)Z reference genomeO® & Al E]3}] readsE alignments}o
reference genomeS thA e g2 zZ #FW consensus sequenceE ZAE T LxE 370
biovaroll &3l 47) #3(Psal, KW11; Psa2, CJW7; Psa3, KTS 1471 & YBH 1561)¢l thsj
reference genomeol| o3+ reads mappingS <33ttt A3 reference genomeel t3]
7y #F2] mapped reads= ©F 87~99%°]1l, reference genomeo| mapped region <F
89~100%= X I thHTable 4). Reference genomeo. 2 AL-&% ICMP 18884+ Psa3el 43it} &
Aol Ag3 47 #F F Psa3el YBH 1561, KTS 14718 Z+ZF 100%, 97%2] regiong 74
= Wk, Psal KW1D3} Psa2 (CIWND+= F ¥F EF ¢F 89% regionthe #HAH3H T} o]
23t A= Psa3el Psal,2 Abolol f-3A FEolA Zol7b &S UEtlle ZA3etal 3430
o A ARE o] &3 EAATT AH A= Psa3el Hl&| Psald}t Psa27t -FxA Fell
A B fAgHS B3 thFujikawa and Sawada, 2016). YBH 15612] 73-%-, 100%2] mapping
H|&-& HoFE =, o] A3+= YBH 15613} ICMP 188847} fA Ao =2 Aol FUS
Y F UdSS A} ICMP 188849 7%, wA M= Actinidia deliciosa 'Hayward' #&
A EEFHASH, YBH 1561 = A BAY Y FFolA =AUt YBH 156134
ICMP 188847} &9 <A o Fo thejr= F7F £4o] a3 Zlo=E AlsdTh

Table 4. Mapping summary of the reads from 4 selected strains to the reference genome.

Sample name No. of total reads No. of mapped reads Mapped region* (percentage %)

. YBH1S61 12263664 12,131,505 (98.92%) 6,580,154 (100.00%)

______ Cwr_ 12541122 10863464 (86.62%) 5832723 (88.64%)

______ KWil _  _11537.096 10227479 (88.65%) 5834250 (88.66%)
KTS 1471 11,466,320 10,672,440 (93.08%) 6,383,187 (97.00%)

Zh 75 Apol o] WolE ©AEtr] 9kl SAMtoolsE A&l 7+ 9 reference genome
Abolo] raw SNPE ®HA3l$tHTable 5). Reference genomee| mapping® A1Z2] reads?]
90%7} Y3 SNP type& homozygous SNPZ eI, 40-60%%7F L3 SNP type
heterozygous SNPZ UEMATE Psa3 (YBH 1561, KTS 147Del w#l&] Psal (KWI1D3}
Psa2(CJW7)o] referencee} ©] @& SNPE HYS & & vt o33 ZAi}E Table 49
reads mapping Z3el= U Xt} Table 62 SNPe|] $1x]& CDS (coding sequence), genic
region, intergenic region®. 2 o] &3 ZAxlo|t},
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Table 5. Summary of SNP detection.

No. of No. of
Sample No. of total SNP No. of others
Homozygous Heterozygous
__YBH-LSGL 43 o 0 3B
______ owr o 1d0e6 18597 o7 362
______ KWl 13 . woei e M
KTS 1471 913 772 37 104

Table 6. Summary of SNP classification by gene structure.

No. of

1 *
Sample total SNP Region Total Homozygous Heterozygous Etc.
CDS 39 7 0 31
YBH-1 43 ~ Genic-region 39 7o 31
Intergenic-region 4 2 0 2
CDS 16,634 16,355 55 224
CIW-6 19,066 _ Genic-region ] 16634 16355 55 24
Intergenic-region 2,432 2,242 52 138
CDS 11,429 11,300 36 93
KW-5 13342 _ Genic-region ] 1429 11,300 36 93
Intergenic-region 1,913 1,701 61 151
CDS 744 641 22 81
KTS-13 913  __ Genic-region 44 el 2 81
Intergenic-region 169 131 15 23

Reference genome thH] F=% 7t straine] raw SNP positionE ©]83}<] strain ¥ EoJ/
T5 SNPE XAW3ttHTable 7). oA R+e=npel o] Psal (02} Psa2 (B) E9¢]% SNP=
Z+2y 471971} 10,13670<1 ®FA Psa3ql YBH-1 (A) E-o]& SNP+= 17671, KTS-13 (D) So] %
SNP= 245717} &A1=, o]H 3k A= reference genomeS.Z Psa3 #+F+E AFESI% 7] ©]
a%'o'P SNP2] x}o]S Hol:= Aoz AdHTh o]E SNPE= 7t strain A9 SNPE A&7 Z

A LS AA 7 straing FAs7] A3 BAAR AHEE S Aok

Table 7. Number of SNP positions between 4 strains against the reference genome.

& Strain Z% SNP position = F& Strain =% SNP position <=
A YBH-1 176 BC CJW-6, KW-5 6,944
B aw-6 10136 | BD CIW-6, KTS-13 4
¢ Kw-5 4719 CD  KW-5 KTS-13 ] 1
D ] KTS-13 245  ABC  YBH-1, CJW-6, KW-5 243
~ AB YBH-1, CIW-6 1 ABD YBH-1, CJW-6, KTS-13 . 46%6
AC YBH-1, KW-5 . 3 ACD  YBH-1, KW-5, KTS-13 10,114
__AD _YBH-LKTSA3 6964 BCD_ CIW-6 KW-5 KTS-I3 173
YBH-1, CJW-6,
ABCD 0

KW-5, KTS-13
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3 e SNP Exu# Jidte]l 7153kt HRM  (high-resolution  melting)o] vh
sequencingS doF s AFH WARZEE HEsd = U2 AHE ®Ho|d PAV

(presence-absence variation)E ®A3tA T PAVE ©A37] 9)35le] clean readsE TFHA
Ao mappingstd AAdE BAM formate] Y-S SAMtools (0.1.16) Z 21718 o] 83}e]
gene 9o mapping ¥ reads /5 countdlHth Gene ¥92 EFE FA AL track X

lstRom, sequencing & AZF9] dHlolH Y-S HAS Y] &) 7 B 2 AAA

oFo
71% % 2 normalizationg 3)3la] PAV genes A&stdct 278 433 PAVY
+ Table 8o A stdict. +FH Fol&/ET2 PAV & Table 9] sttt
Table 90lA X uie} Zo] YBH-1olATE & 2757 A& 7F &<1= a1, Psal, Psa2 &
olF FHAE BAEZA &ttt olHe A= reference genomes Psa3E AES AR
Al Psa3¢} Psal, Psa2 Ztoll&= FAAA] Zol7t d5& ovdth o] SNP A4 o4 g
W olx AX %Y. wiEbA] Psal, Psa2 Eo]% PAVE ®&317] 9134 reference genomeS
OE A& AFSdlol & Aox AddAT. 22 Psa3dl &3shA|qF KTS-13 Eo]& PAVE 270
Z X4 YBH-1o] Hludle] #AA3] 1 47} Ao}k o]= reference genomeo] KTS-13 Rt}
YBH-1 fxAe o FAES ojvlsted, =g Psa3d] 5 It {FAAV AdFEE o

5 e ofma,

Vo
r o

ol i
= m

4
¢

Table 8. Summary of PAV gene mining between 2 strains.

B a4 PAV gene <
YBH-1 vs. CJW-6 858
""""""""" YBH-1 vs. KW-5 85
- YBH-lvs KTS-13 310
""""""""" CIW-6 vs. K<W-5 33
QW6 vs KTS-13 600
""""""""" KW-5 vs. KTS-13 e

Table 9. Number of specific/common genes among Psa strains.

; Eol/ZT ; Eol/3 %
& i = % i =8

F Strain =% PRI T Strain =% S} &=
_____ A ..yl 2 BC  CW6 KW 1
_____ B . ¢ws6 0 ___BD CIW-6KTS-13 1
_____ c K5 0 . C _KWS5 K138 1
_____ D Kisi13 2 ABC__ YBH-l, CJW-6, KW-5 2

YBH-1, CJW-6,

AB YBH-1, CJW-6 21 ABD 172
_____________________________________________________________________ KiS-18
AC YBH-1, KW-5 14 ACD YBH-1, KW-5, KTS-13 133

AD YBH-1, KTS-13 441 BCD CIW-6, KW-5, KTS-13 3
_________________________________________________________________ YBH-1, CJW-6,
ABCD 4647

KW-5, KTS-13
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|
Ha A 248 B8 #5398 Eo]3 PAVY/E galEo] o5 AdAog HAAS] ¢35
o] Psa3 (YBH, KTS)®} Psal/Psa2 (KW/CIW)E & 4 A& 871 PAVE F292 A3t
3, EZ Psa3ul 2719 #FE FEY F Jde 4 PAVE FARSE s ti(Table 10).
IGV (Integrative Genomics Viewer) AollA #FH read’} Y=A2 RS 13ty =Zg}o]

# & A2,

Table 10. PAV markers selected for validation.

B T e YBH CJW KW KIS Gene description FITEOT Ei7AE
name (bp)
PAV15 1255 0 0 1234 type VI secretion system effector 164
PAV16 1405 0 0 1352 hypothetical protein 150
PAV17 1543 0 0 1343 XRE family transcriptional regulator 291
PAV1S8 1374 0 0 1207 hypothetical protein 274
PAV19 3208 0 0 2364  hypothetical protein 418
PAV20 3096 0 0 2203  hypothetical protein 437
PAV21 3605 0 0 2892  voltage-gated chloride channel 543
PAV22 2750 0 0 3227 hypothetical protein 551
PAV23 3162 0 0 0 hypothetical protein 470
PAV24 1718 0 0 0 hypothetical protein 339

rophage PSPPH05%2C site-specific
PAVZ5 3213 0 0 0 Pecgmb%nase phage integrasep 231
PAV26 997 0 0 0 PbsX family transcriptional regulator 169

Inter-biovar % Intra-biovar T-i&-l¢] &8 & sty OF FHAAE A &4
gt 4 = multiplex PCR 7S AHH3ta A st T Multiplex PCRE 93} 72 #mtc}
PCR 4HE9] Afo]Zzof Apo]l&E Fo] ZgolmE AZsta 47 FHAE A 7ol 3719 1
FoZ Ut I1F 1(YBH, KTS specific) - PAV15(164 bp), PAV18(274 bp), PAV19(418
bp), PAV21(543 bp); L& 2(YBH, KTS specific) - PAV16(150 bp), PAV17(291 bp), PAV20(437
bp), PAV22(551 bp); 1& 3(YBH specific) - PAV23(470 bp), PAV24(339 bp), PAV25(231 bp),
PAV26(169 bp). 371 &9 Zgloly MEE o|&3ly PCRS 33 ZA3}, =E 2oy
ME+= KWel CIWolAl= PCR $% & Holx FghtkFig. 2). I1& 1 PAVIS w# 9] 7%,
YBH Eolz o= ZZsn, I8 3 PAV23, PAV24, PAV26 tlA 9] 7% YBH Eojxog =
Z =] ol ohFig. 2).

== primers grouplgssprimers groupZ o primers group3
el T2 | CJW Y¥YBH FKETS "Tf EW CJW YBH KTS _. FKW CJW YBH KTS

Fe A 7, 7 -
G SR S e P5AR1 P5AZ PSA3 PSA3 B5L1 PSAZ PSAZ P5A3

Nt
=

Sul Joading

Fig. 2. Multiplex PCR results for validation of PAV primers.
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|

SR E PAV zZgtolw MEE F 19 dF T A £4 AMEHA &2 1)
(Psa2 17, Psa3 107])ol A = Inter-biovar 2 Intra-biovar 7+& & F&o| 7}53% 3o
#8519t} Psa2¢] KBE @3 genomic DNAZ T & PCRS S#3tdth o= 93
Fig. 29| Zglol] 1FLS v o] AFASAT: 1&F 1 - PAV1SA64 bp), PAV19(418
bp), PAV21(543 bp) 18 2 - PAVI7(291 bp), PAV20(437 bp), PAV22(551 bp); 18 3 -
PAV26(169 bp), PAV25(231 bp), PAV18(274 bp), PAV23(470 bp). PCR %3 Az, 1% 1 =g
ol ANE+= 371A 32 PCR % S HYoHw, 15 2 MEQ 7%, intra-biovarzt
BT Y% PCR s BAoKFE 3. 25 3 AEY 4%, 37HA 734 PCR +F ¢4
= EAHFig. 4. webA IF 13 3 Zgoln MEE o] 83t Psal/2¢}t Psa3zte] +& ¥
A g2 o2 intra-biovargt 0] 7hedt o2 ATE

B B mmy =y ol Pl S S e o SRR SR s 2FS
- ‘ 1 E yid L .

groupl e R PR B AR - i_;i:oupz

Jom—
M PSn2 BSA3 (2~11 lane) M. Psn2 BSA3(2~11 lane)

KBE 5YS KIB HSG HJJ P5G KKB IHL HYH P1 155 KBE 5YS5 KIB HSG HI} P5G KKB IHL HYH P1 155

e e — —— et s

Fig. 3. PCR results using groups 1 & 2 primer sets on 10 Psa3 strains. KBE strain
belonging to PsaA2 was used as a negative control.

- PSA3

A

wew  PSA3 PSA2 ’—‘—‘

YBH KTS KBE SYS KIB HSG HJ) PSG KKBE IHL HYH P1 155

—— — S—

5 ul loading

Fig. 4. PCR results using group 3 primer sets on 12 Psa3 strains. KBE strain belonging to
Psa2 was used as a negative control.

kol A A AIRE BE
=2 HAsa 4 75
CIW)E 72 =

g Awsgin,

¥ Eo]z SNP7} &A= ltH(Tables 5, 6, 7). o] A3 A o
G743 AA &8st 8t Psa3 (YBH, KTS)¢F Psal (KW), Psa2
Aom, IGV golA #38 read’k e Aoz Sl 357 o)) SNP

o
)
o
%
N
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azetolm TRl Aol AW zetolmol I-wrke] SNP7L #X|stES st om, Zejo)
Hol BolAds Hostr] 9t SNP f1XoA F WA *&%ﬁ—ﬂfﬂ @71l transversion
mutation (purine bases < pyrimidine bases)& =3stA T I3 zelo]r o] H9-= SNP7}
EAY A5, ALF zolm et FUI A X4%—‘d‘%ﬁllﬂr(Table 1D. Az Zeto|m & o]
43t A2 -2 biovarel &sl= 47) #52] genomic DNA®| tis] PCRS &
Bn= 3elatgthFig. 5). YA 1149 #FE 5 3rH SNP nfASS A 83t Aty
H(Table 12). PCR A3}, KW11 #+F Eo] v# 87, CIW/KBE 3 Eo| mvF7 971, CIW +
+ Eo] n#A 170, KIB/HSG/IHL/HYH/YBH/155 #+5 E-°] vul#A 270, KIB/HSG/IHL/HYH/YBH
o3 Eo] wl#A 57§, KW/CJW/IHL/HYH/P1/155 5 E°| u}A 17§, KW/CIJW/HL/YBH +5
Eol] w7 A, KIS &5 5o] v 87/E SR

Og(;,"
P,L
2
N
"
2

Table 11. List of strain-specific SNP markers used in this study. Red and blue letters
indicate SNPs and artificial transversion SNPs, respectively.

Psa Marker Primer sequence (5'—3") Amph(g(;r)l 75 Function prediction
KW2 E ggigg%?gggggﬁggggé ATT 401 tryptophan synthase subunit beta
KW4 F CAGCAGATCGCGCAGCATG 1039 glutathione ABC transporter ATP-binding

R ACGTGCGCACATGGAGAAACAT protein

KW5 IE gggiﬁ%%ﬁ%&%g%éc 563 MATE family efflux transporter

. KW6 PE g%ggg%gfﬁgggg%ﬁgé ) 317 amino acid dehydrogenase
KW8 R ATTTCGGAACGTTTCGGCCAC 917 ABC transporter ATP-binding protein
o ST
o [ SO
e T NIMOOTTIONOOCT
CJw2 E g??ggggg%gg?g??gggég 319 proton glutamate symport protein
CJW3 E ggﬁ?&%ﬁg%%%%%igﬁfiﬁgT 219 1-deoxy-D-xylulose-5-phosphate synthase
CJw4 E ?ggg;fﬁé ((;}(?"E gg,?ggﬁ?:c 903 two-component system sensor histidine kinase
CJW5 [Iz Ei%ggg%g%(giﬁégcléggGT 414 pilus assembly protein

v CJW6 12 gi?ggggg?gggg (;FCG CC :ngC 323 4-hydroxy-tetrahydrodipicolinate synthase
CIw7 o COAAGTATTGCTGGTCGUTA 209 restriction endonuclease

R GGGTTACCGCGACAAGTCGT

CIw8 g ggig%gg%%%%&%f&% 635 acetyl-CoA synthetase
CJW9 E ggigﬁig???ggg é"l(": ggg(T;(T; 578 flagellar biosynthesis protein FliR
CVI 4 GCcAGTaCO0ACCATAT 2 pepidse
CIW16 IE éggﬁg%gi}?;%?gg&g?gc 502 cell envelope biogenesis protein TonB
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Psa Marker Primer sequence (5’—3) Amp]t%r)l S Function prediction
R O
YBH3 g Egg?ii?ggggggfgfgg c 400 pyoverdine sidechain peptide synthetase
YBH4 E gg%%%i?i?gzzgééggfé C 419 TonB-dependent receptor
YBH5 E XEQE&%@%%E%&%&%‘E%&%T 1103 type VI secretion system protein ImpG
YBH  YBHG6 g éggzggggiggégéiﬁgggx 495 peptide ABC transporter ATP-binding protein
YBH7 E éﬁégggiggg gggg?ég;, 1093 type III secretion protein
YBH9 E ggg?gﬁg:fgéggggggfg 695 membrane protein
o T TIOCOMOTICCAD oo et
[ oW,
KTS1 E é?gﬁggg?égiéigﬁ%{%icc 635 peptidoglycan-binding protein
KTS3 E ggééigg?ggigﬁggg}riﬁ 510 MATE family efflux transporter
s T SIGGIRCTTos g,
KkTsio ¢ TCGATGCTGCCGAAGAACT 1152 xylose isomerase, AraC family transcriptional
R ATTACCGATGCCGCTGAAGG regulator
UKD rGaacomacocTocacc: s ipoy sythase
KTS14 E gggééé?gggg%{?é%?ig?(; 388 MES transporter
KTS15 ll: i?gﬁég?éggiggﬁ%égéﬁ 795 aldo/keto reductase
F AGGCAGCGAGTGGGTAATCC
KTS16 R AGCCGGTCATTGCAGCAAT 351 cobaltochelatase

_86_




| EELE \ D-05

Table 12. PCR results using SNP markers from each 1 of Psal and Psa2, and Psa3 strains.

Psa3

Psal Psa2 Group

Psa 1 Group IV Group V oL

VI Group I Group [ ey || (G

VI VI
CJW  KBE SYs] KJB  HSG HJJ PSG KKB | KTS [IHL| HYH YBH P1 155
7 9 1451 1461 | 11471 15311 | 1531 | 1471 1 | 1471 1561

KwW2
KW4
KW5
KWe6
KW8
KW10
KW11
KW12

s
L R e

Clwz
CIW3
CIw4
CIW5
CIW6
CIW7
CIW8
CIW9
CIW10
CJW16

+ 4+ + + F o+ o+ o+
+ o+ + + + o+ 4+ o+

YBH1

YBH3

YHB4

YBHS

YBH6

YBH7

YBH9
YBH10
YBH11

+ o+ o+ 4+ o+ + o+
+ o+ o+ o+ o+ o+ o+

+ o+ + o+ o+ o+ 4
+ 4+ o+ o+ o+ o+ o+
+ 4+ o+ o+ o+ o+ o+ 4+

KTS1
KTS3
KTS10
KTS15
KTS16
KTS7
KTS12
KTS14

+ o+ o+ o+ 4+ + o+

e
KW CIw YBH KTY KW CIW YBH KTS{KW CIW YBH KIS KWG]W YBH KIS KW CIW YBH KTs CIW YBH KTS

KW2 primer KWS primer KW12 primer CIW2 primer

.

KW CIW YBH KTS [KW CJW YBH KIS[KW CIW YBH KTS KW CIW  YBH KTS{KW CJW YBH KTS [KW CIW YBH KTS
€IWA primer CIWS primer CIWS primer CIW16 primer YBH2 primer VEH4 primer

i

-

il Léi@é SRR TR W
Fig. 5. An example of PCR results for validation of SNP primers applied to different
biovars.

Q.
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|
. 571¢] Psa3 #(SYS1, KJB 1451, HJJ 1471, KKB 1531, PDeoll tigt A sls 2 #lu

A 24

ZF 15709 #Ho AdHFPsa) 5o e 5314 raw datazt ojn] FREo] ATt
(Table 2). °]E ZollA Psa3 biovarel 43t= 5709] intrabiovarell thdr 228 43319t}
Psa3el] <3l= ICMP 18884 | twjg complete genome (GenBank accession No.
CP011972; McCann et al., 2013)S reference genome® & A}-83}] reads mappingS <33 3t
A3}, Table 42] Psal/Psa2 #+2F UZ2A E& oA 96% ©]/34e] mapping Hl&S HH
tHTable 13). ©o]= 571¢] #5F7} reference ¥F9F Y3 Psa3 biovarel] <sh=d 7]A%H
Aoz dAdETT,

Table 13. Mapping summary of the reads from 5 Psa3 strains to the reference genome.

Sample name No. of total reads No. of mapped reads Mapped region* (percentage %)

______ SYS8 1380154 12141045 6759%) 6301345 9576%)

______ KIB-9 10007952 0777683 (0750%) 6466703 0827%)

115 B 11,563,080 710,564,001 (01.36%) 6,303,568 95.79%)

CKKB3 11,520,974 11,093,456 (96.29%) | 6419322 O755%)
P1-4 11,884,684 11,380,275 (95.76%) 6,330,933 (96.21%)

Zy #5 Aol WHolE '&Alsly] 95t SAMtoolsE AM&-3l 57 Psa3 9} reference
genome Abol2] raw SNPE wHA3}¢tHTable 14). Reference genomeol mapping® A=
reads®] 90%7} TY3F SNP typed homozygous SNPZ YER|A L, 40-60%7F L3+ SNP
type2 heterozygous SNPZ uYEeRJIT. KIB #+57} reference o+ 71 A2 1447) ¢

polymorphic SNPE Rt YBH #59 7%, reference®t 100%2] mapping BHl&& EJR S
H(Table 4), 71& 3¢ PAV ulAE o] &3 PCR FFlA YBHe} KIB7F 9% ¢S BN

thFig. 4). Wt YBHS} KIB #F & reference #5¢ FAE7 ¢ £& #5398 & &+
2lth. Table 15+= SNP9] 2]x]E CDS (coding sequence), genic region, intergenic region®. =
o] E4% Aol

Table 14. Statistics of polymorphic SNPs between reference and 5 Psa3 strains.

Sample No. of total SNP No. of homozygous No. of Heterozygous Etc.
SYS-8 2,062 1,803 33 199
KJB-9 144 105 0 39
HIJ-11 2,050 1,805 59 186
KKB-3 1,728 1,598 25 105
P14 738 603 37 98
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Table 15. Statistics of polymorphic SNPs between reference and 5 Psa3 strains on gene

structure.

Sample No. of total SNP Region* Total Homozygous Heterozygous Etc.
CDS 1,698 1,558 18 122

SYS-8 2,062 Genic-region 1,698 1,558 18 122
Intergenic-region 364 272 15 17

CDS 130 93 0 37

KIB-9 144 Genic-region 130 93 0 37
Intergenic-region 14 12 0 2

CDS 1,666 1,529 28 109

HJJ-11 2,050 Genic-region 1,666 1,529 28 109
Intergenic-region 384 276 31 77

CDS 1,426 1,347 14 65

KKB-3 1,728 Genic-region 1,426 1,347 14 65
Intergenic-region 302 251 11 40

CDS 543 460 18 65

P1-4 738 Genic-region 543 460 18 65
Intergenic-region 195 143 19 33

27 Psa3 +5%F polymorphic SNPe} PAVE A3 Az, SYSe} HIJ 5, KKB<} P1
2] SNP XE+= PAVE R tHTables 16 & 17). PAV u}AHE o] &3 PCR 4
o = SYS¢} HJJ ¥, KKBe} P1 #F7Hd Y3 PCR 5F < HAoHFig 3
webA o]# e Ax= SYSeF HIJ #5, KKB P1 #F3+e] 344

F2kol

o

o

of ulaf wj-¢- ¥t= AHLES AATH.

FawAst ge 25

i
A

4).

il

Table 16. Statistics of polymorphic SNPs between two Psa3 strains on gene structure.

No. Combination D O.f egion
polymorphic SNP CDS genic-region  intergenic-region

1 SYS vs. KJB 1,547 1,303 1,303 244
2 SYS vs. HJJ 50 36 36 14
3 SYS vs. KKB 1,661 1,409 1,409 252
4 SYS vs. P1 1,359 1,126 1,126 233
5 KJB vs. HJJ 1,521 1,281 1,281 240
6 KJB vs. KKB 805 634 634 171
7 KJB vs. P1 604 461 461 143
8 HJJ vs. KKB 1,644 1,388 1,388 256
9 HJJ vs. P1 1,345 1,117 1,117 228
10 KKB vs. P1 110 85 85 25
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Table 17. Statistics of PAV gene between 2 Psa3 strains.

No. Comparison No. of PAV gene
1 SYS vs. KIB 410
2 SYS vs. HJJ 1
3 SYS vs. KKB 274
4 SYS vs. P1 223

KJB vs. HJJ 407
6 KJB vs. KKB 322
7 KJB vs. P1 263
8 HJJ vs. KKB 271
9 HJJ vs. P1 221
10 KKB vs. P1 140

5709 Psa3 =0 tigh vHla FAA £4& T3 AEHl(PAV, SNP)Eo] &A= Atk
(Tables 14-17). o] & Hl® o= Psa3 #5 <ol Psal (1 7} )3 Psa2 (27§ ﬁ—?—)i
Z3ste] dF F FE 7 5 4357 Hste] zZetolwE A Aet 3 tHTable 18)

F 5o] SNP =Zg}olm o] Tz} GHR-FolA Aedt vk} 2ok A EE JE‘rolfﬂ 013

ﬂd
ol
e 2 —

@ PCR 431& Table 2001 Helstich. WA 42719 w7l $olA sl wiAs 3 @
Ao Bolqo FEAE G4E Heloo, 19 ook 219 FRH FEAL FRe
DT UEA BAES B ool #EEIA FEFE B 4 UKCh Y2 PAV mA

AeE A4 2F Adss be 2F A8 ngosd FFd ol sbsshack
KKB-PAV2, SYS-HJJ-PAV1, SYS-HJJ-PAV5. Table 10¢] PAV w}#, Table 11¢] SNP ©}#A,
Table 182] PAVISNP w17 & Zgal® @4 Sn® 167) 255< WRaod &3 AgA £
29 Psa #5509l U@ 409 d4ol /15T Zow ARtk PAVISNP izt A
T fA8A) 7% Table 199] Belahac.

ol
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Table 18. PAV and SNP markers obtained from sequence variation among Psa3 strains. Red

and blue letters indicate SNPs and artificial transversion SNPs, respectively.

PAV SNP
Marker . . 5P Marker . . 5GP
arke Primer name Prime sequences (5'—3") arke Primer name Prime sequences (5'—3")
name name
KIB-PAV1 KJB-PAV1-F AATTTCATACCGCCAAGCTG SYS-SNP1 SYS-SNP1-F | CCAAACCCTGGACCAGGTCT
KJB-PAV1-R TGCAGCAATACGGTCATCAT SYS-SNP1-R CTTGTCCCAAAGGTAACTGTGACC
KIB-PAV2 KJB-PAV2-F AGGGCTCTGGCAAGTCACTA SYS-SNP? SYS-SNP2-F CGCCAGCTGCGATTTCAATCATAAG
KJB-PAV2-R AAGCTCAATAATGCGCGACT SYS-SNP2-R CGAACGTTCTCGAACAGCACG
KJB-PAV3 KJB-PAV3-F TGACAGTGATTTCGGTGAGG SYS-SNP3 SYS-SNP3-F GTAGCGCTTCCAGCAATTCGAGGT
KJB-PAV3-R TCATCAAGCTGGTCACGAAT SYS-SNP3-R ACTGACGTGACGGGGCTGAGAG
KJB-PAVA KJB-PAV4-F CGGACTTAGGGACCGACATA HII-SNP1 HJJ-SNP1-F GAGCGACGTTTCAATTTGCACT
KJB-PAV4-R CAGACCACAGAGCACCAGAA HJJ-SNP1-R TTGCGCAGACTGCTGCGAATAGC
KJB-PAV5 KJB-PAV5-F AGAACTTCTCGGCGAAATCA HIJ-SNP2 HJJ-SNP2-F GGACGTAAAACGGGCTCTATC
KJB-PAV5-R CCCCATTTCTGACTGAGCAT HJJ-SNP2-R AAATGGCCGTGGCAGGCGGC
SYS HJJ-PAV1 SYS_HJJ-PAV1-F | GTGATGCTGCAGGTCAAAGA HIJ-SNP3 HJJ-SNP3-F CGCGACCAGGTGGCACGGGA
- SYS_HJJ-PAV1-R | GTTGCCGTAGACCAGGTTGT HJJ-SNP3-R ACGACACCCATGAGGCTCAAGACG
- - - - T
SYS_HJJ-PAV2 SYS_HJJ-PAV2-F | GTTGGCTGCTCTGGAAACTC KIB-SNP1 KJB-SNP1-F AAGGCGCTGAAGGGTTATCGGTAT
SYS_HJI-PAV2-R | CACAATGTTGCCTTCCATTG KJB-SNP1-R | CGCCCGTCCGACCACTTCATC
SYS HJJ-PAV3 SYS_HJJ-PAV3-F | AATCCCCGGCCATTATCTAC KIB-SNP2 KJB-SNP2-F TTCGATGGCGAGCAGAATCATGCG
= SYS_HJJ-PAV3-R | TGTAGAATGCGACGTTGGAG KJB-SNP2-R GCGCCAAGCAGGCGTGTGTTC
SYS HJJ-PAV4 SYS_HJJ-PAV4-F | CAATGACTGGCATCACGTTC KJB-SNP3 KJB-SNP3-F CGAGCTGGTCAAGCGTGTGACA
- SYS_HJJ-PAV4-R | AGATAACCGTGGGCAAAGTG KJB-SNP3-R CCTTCGATGGCGCTGTCTCGTGA
SYS_HJJ-PAV5-F | TCACTTCGCTGGTGTTTCAG KKB-SNP2-F ACCTAAATAGTACAGCTCCTCCGC
SYS_HJJ-PAV5 = KKB-SNP2
SYS_HJI-PAV5-R | GTCAGGCCGATGATGAAAAT KKB-SNP2-R | AGCCGCTCACGGACACTACAAG
KKB-PAV1 KKB-PAV1-F CATTAGGCGCGTAGAGAAGG PI-SNPL PI-SNP1-F TGAAGTGATCAAGCACTTCGCGAGT
KKB-PAV1-R CAACCACCGGAGAATTGAGT PI-SNP1-R GTCGCGCATCTCGTCAGTGGAC
KKB-PAV?2 KKB-PAV2-F TCGATGCTCAAGAACCACTG PL-SNP? PI-SNP2-F CATTGGATACGCCGTTCTTTCGGA
KKB-PAV2-R TGTTGTTCGGCTGAGTTGAG PI-SNP2-R TGACGTCGCTCAGGTCGAGCTT
KKB-PAV3 KKB-PAV3-F TCCAGATTGGGAGATGAAGC PLSNP3 PI-SNP3-F GGTGCTGATCGCCTCTGGCATTT
KKB-PAV3-R TGCATCCTCCAACGACATT PI-SNP3-R GGCCAGCATCGTGGCATGCAAG
KKB-PAV4-F TGCAAAACACCACTCACTCC
KKB-PAV4 KKB-PAV4-R GTGTCACACAGGCATCTTGG
KKB-PAV5-F CTTCTCCCGCTGTCGATTAC
KKB-PAV5 KKB-PAV5-R AGTTCACTACGCCCCAGATG
PI()-PAV1 PI(-)-PAV1-F GCTGATGGACAAAGCACTGA
PI(-)-PAV1-R TTGTCGACGCTGTGGTAGAG
PI(-)-PAV?2 PI(-)-PAV2-F CACGGCTATCTCCGGTTTTA
PI(-)-PAV2-R CTTTACCGCGAGAAGACAGG
PI(-)-PAV3 PI(-)-PAV3-F CTGGCTTGCGTGTCTGTAAA
PI(-)-PAV3-R AAACGGGGACAGTTGTTCAG
PI(-)-PAVS PI(-)-PAV5-F AACCCACCGAGTTCATCAAG
PI(-)-PAV5-R CTGGGCAAGCTTAAGGTGAG
YBH-PAV1 YBH-PAV1-F CGTGTGCATTGGCAAAATAC
YBH-PAV1-R CGCATTCGCTACAGAAACAA
YBH-PAV2-F AGGGCTCTGGCAAGTCACTA
YBH-PAV2 YBH-PAV2-R AAGCTCAATAATGCGCGACT
YBH-PAV3-F GGAAGGTAAGAGCGTGCTTG
YBH-PAV3 YBH-PAV3-R ACGGCAGTATCTGGTTCCAC
YBH-PAV4-F ACTTTAGGACGGGGTGCTTT
YBH-PAV4 YBH-PAV4-R GAACGTGTCGCAGAGAATGA
YBH-PAV5-F TGTTGAAGTGCGGCATAGAG
YBH-PAV5 YBH-PAV5-R CTCGCACGTGATAGCGAATA
KTS-PAV1 KTS-PAV1-F ACGGGGAGCGATAGGTAAGT
KTS-PAVI1-R ATCGGAGCGCAGTCCTACTA
KTS-PAV2-F AGTATCAAAGCCGCGAGAAA
KTS-PAV2
KTS-PAV2-R CTCTGCTCAACGTCCACAAA
KTS-PAV3-F TGCGCGACTCTAAAAACCTT
KTS-PAV3 KTS-PAV3-R ACGTCCTGTCGGAGCTTAAA
KTS-PAVA KTS-PAV4-F TGCAGATTTTGCAGCTATGG
KTS-PAV4-R ATCCCCAGCATTTCACTGAG
KTS-PAV5-F TGCAATGTCTGCTGTGTTCA
KTS-PAYVS KTS-PAV5-R TAACGGTCGACCAGGAAATC
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Table 19. List of functional genes corresponding to PAV and SNP markers obtained from
sequence variation among Psa3 strains.

Marker type | Marker name Gene function

KJB-PAV1 hypothetical protein
KJB-PAV?2 type 1 restriction-modification system endonuclease
KJB-PAV3 hypothetical protein
KJB-PAV4 hypothetical protein
KJB-PAV5 hypothetical protein
SYS_HJJ-PAV1 | D-ribose transporter ATP-binding protein
SYS_HIJJ-PAV2 | glycerol kinase
SYS_HJJ-PAV3 | urea ABC transporter substrate-binding protein
SYS_HJJ-PAV4 | oxidoreductase
SYS_HJJ-PAV5 | urea ABC transporter permease subunit UrtB
KKB-PAV1 hypothetical protein
KKB-PAV?2 DNA methyltransferase
KKB-PAV3 hypothetical protein
KKB-PAV4 pilus assembly protein PilX
PAV KKB-PAV5 peptidase S24
PI(-)-PAV1 coenzyme F390 synthetase
PI(-)-PAV2 fatty acid hydroxylase
PI(-)-PAV3 MBL fold hydrolase
PI(-)-PAV5 | DEAD/DEAH box helicase
YBH-PAV1 hypothetical protein
YBH-PAV2 type 1 restriction-modification system endonuclease
YBH-PAV3 hypothetical protein
YBH-PAV4 hypothetical protein
YBH-PAV5 hypothetical protein
KTS-PAV1 hypothetical protein
KTS-PAV2 hypothetical protein
KTS-PAV3 hypothetical protein
KTS-PAV4 hypothetical protein
KTS-PAV5 FMN reductase
SYS-SNP1 DOPA 4%2C5-dioxygenase
SYS-SNP2 glyceraldehyde-3-phosphate dehydrogenase
SYS-SNP3 urea ABC transporter permease
HJJ-SNP1 peptidase
HJJ-SNP2 polyketide synthase
HJJ-SNP3 sigma factor AlgU negative regulatory protein
SNP KJB-SNP1 methyl-accepting chemotaxis protein
KJB-SNP2 allantoate amidohydrolase
KJB-SNP3 NAD-dependent dehydratase
KKB-SNP2 hypothetical protein
PI-SNP1 anthranilate synthase subunit Il
PI-SNP2 diaminohydroxyphosphoribosylaminopyrimidine deaminase
PI-SNP3 lipid-A-disaccharide synthase
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Table 20. PCR results using PAV and SNP markers obtained from sequence variation among
Psa3 strains. +, positive PCR amplification; +(3), strain with larger PCR amplicon than
expected amplicon size.

Marker Marker Psal Psa2 Psa3

type name KW | KBE | CIW HSG | IHL | HYH PI 155 | KTS | KKB | SYS HIJ | PSG

:
g

KJB-PAV1

KJB-PAV2

KJB-PAV3

KJB-PAV4

KJB-PAV5

KKB-PAV1

KKB-PAV2 +(%)

KKB-PAV3

o I N IR T A g
+

+ 4|+ |+

KKB-PAV4

KKB-PAV5

YBH-PAV1

YBH-PAV2

YBH-PAV3

+ 4|+ +
+ 4|+ +
+ 4+ ]+
+ 4|+ ]+

+

YBH-PAV4

PAV YBH-PAV5

e e

SYS-HJJ-PAV1 +(%)

SYS-HJJ-PAV2

SYS-HJJ-PAV3

SYS-HJJ-PAV4

+ 4|+ |+ ]+
+
+
+
|+ ]+

+ + +
SYS-HJJ-PAV5S +(%) + +(k) | +(k) + + +(5) +(5) + + +

KTS-PAV1

KTS-PAV2

KTS-PAV3 +

KTS-PAV4 +

e e e e e

KTS-PAV5 +

PI(-)-PAV1 N

PI(-)-PAV2 +

PI(-)-PAV3 + + +

PI(-)-PAV5

+ 4|+ ]+

SYS-SNP1 +

||+
+
+
+
+
o I e e

SYS-SNP2 + +

SYS-SNP3 +

HJJ-SNP1 ¥ ¥

HIJ-SNP2 ; ;

HJJ-SNP3 ¥ ¥

SNP KJB-SNP1

KJB-SNP2

KJB-SNP3 + + + +

+ 1+ |+ |+
+ ]+ |+ |+

KKB-SNP2

PI-SNP1

PI-SNP2

|+ ]+

PI-SNP3

o} Psa &AL A|(PAV, SNP)E o] &3 Ithel] Auisrte] 719 AdH +d%8 &4

o O
43‘8}0% SuA A%, Aol wHa &43
FAlol 58 A ASF BT AR APY F
H@WE ATHA FAE ARG AL WY A
Psa)o] BYU FHEL 2=A of5E ot
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Asd 27 Aso| el Psa EA FFE A©3t7] 9ste] Psa universal primer
(Kiwi-PSA-UNI-F, 5’-CAGAGGCGCTAACGAGGAAA-3’; Kiwi-PSA-UNI-R,
5'-CGAGCATACATCAACAGGTCA-3)E ol &3t PCRS 333 A7, £71F 2 dHe FF
gDNA =Fol A PCR ft&Eo] ZEHo] £71F9 HE A5 25 vl AdHdol A

e FAD 5 AATKFE. 6).

—_—— . S S——

5ul loading

Fig. 6. PCR using universal primers for control gDNA and unknown samples. M: size marker.
Lane 1, Biovar Psal positive contol; Lane 2, Biovar Psa2 positive contol; Lane 3, Biovar Psa3
positive contol; Lane 4, gDNA from cotton swab; Lane 5, gDNA from pollen grains.

Z} biovar 5°] u}AE o]&3sto] PCR& 33 23, Psa3 5o| nf7ieA PCR 4

Hol F AR EA%tE AYHTS Psa3d e FAT F AATHFg. 7).

PSA1 specific marker PSA2 specific marker PSA3 specific marker

Fig. 7. PCR using markers for specific genotyping of Psal, Psa2, and Psa3. M, size marker;
Lane 1, Psal positive contol; Lane 2, Psa2 positive contol; Lane 3, Psa3 positive contol;

Lane 4, gDNA from cotton swab; Lane 5, gDNA from pollen grains.

Zore] ASHAT type 1, type 2 multiplex mFAE o] &3] E AFHAN HF{FA
biovar Psa3Z 3 719 groupl & U 4 UrkFig. 8).
Typel

KW KBE CJW YBH KJB HSG IHL HYH PI 155 KIS KKB SYS HJJ PSG

N e et s S (— — — — S \— s

Type2
KW KBECJW YBH KIB HSG IHL HYH PI 155 KTS KKB SYS HJJ PSG

-~

e e o —

Fig. 8. PCR amplicon patterns using type 1 and type 2 multiplex markers.
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27FFe HE EFolA HF24 groupA Fel2 PCR E]MJ_ type 201]/‘15 Ed e =L
B 2 =W, 277

oA B groupe FE|E PCR HUth o]8)d PCR o=z H
= 719 AHFe Psa3e] YBH, KBJ, HSG, IHL, HYHS} ze 1% %
2 daE A Fig. 9 & 10).

M Typel Type2

Fig. 9. Multiplex PCR results using type 1 and type 2 mutiplex markers for the gDNA from
cotton swab. M, size marker.

Typel. Type2.

Fig. 10. Multiplex PCR results using type 1 and type 2 mutiplex markers for the gDNA
from pollen grains. M, size marker.

Psa3ell <3l+= YBH, KBJ, HSG, IHL, HYH & ¥€%& F#&% 4 Ad+= SNP marker (A
specific), PAV marker (B and C specific, B specific, A’ specific) #}# & o]&3le] PCRE
3% Az}, A specific A= Z7FF¢ WEo] PCR £ ool &35ka, B and C
specific U}AAM = E7lF2} WE ZFoA HAEHUAOH, B specific vlA= E7FFol ATt
PCR H¢la, A’ specific v} &= %%Oﬂ A1RF PCRo] = ¢ltkFig. 11).

A’ specific

Fig. 11. PCR results using SNP and PAV markers for the gDNAs from cotton swab and
pollen grains. M, size marker; Lane 1, gDNA from pollen grains; Lane 2, gDNA from pollen
grains; Lane A, A marker positive control; Lane B, B marker positive control; Lane C, C
marker positive control; A’ , A’ marker positive control.
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ool PCR A¥2RE O Z7hesl Wi goiy AFEol EASH, @ Zss
REo] EAsts Frie) APFFLE biovar Psa3E BT, @ BT} RBe] ERHE
A0 APFTE 44 N2 O fH%L 2E ZoE puan,

g}, W a1 Psa2 #3F(CIW7, KBE9)o ™3l complete genome &l =

2011d Marcelletti 5ol ol&ll 37§19 Psa +#5(Psal 27, Psa3 17l)e i3l draft genome
=l B3 Hurp o] Fojx o], o7 biovardl £dt= wgR dFEol thyb draft
genome 3| Eo] o]Fojx $kth(Mazzaglia et al., 2012; Butler et al., 2013; McCann et al.,
2013; Cunty et al., 2016). @A}7}#] Psael] o)t complete genome 3= Psal (KW11 +;
McCann et al., 2013), Psa3 (ICMP 18884 ++5; McCann et al., 2013; Templeton et al., 2015),
Psa5 (MAFF212056 +3; Fujikawa and Sawada, 2015). KW11 #F(Psal)®] 7%, 6,497,695
bp 2719 SAAS 7FAH(30,848 bp 7)ol Zetw= E3), ICMP 18884 #(Psal)s
6,629,992 bpa 719 SAHAE Z=TH74,423 bp A7) Zetxml= 23, YR A FEEH
MAFF212056 +<(Psab)+= Psa2¢} f#dZ& o= 7M1, 6,342,665 bp 2718 FAAE 7FA Y
ZHavEs EAGSHA gt eyt EE5E Psa2e 3 AEY B¥AA8 S YE
o, JAEEEL B FHAAZE EA6HA ge il FeharEdd X st FAAEl
o3 Z=Z " (coronatine) H4AE AAgkth (Han et al, 2003; Lee et al, 2005; Chapman et
al. 2012; EPPO 2012; Koh et al. 2012). &A}7}A] biovar Psa2¢| thd+ complete genome 3=
o] o]Foixl ni7} gtk

wetA B AR Sgvtgle vt B x3h= biovar Psa22] complete genome2 A1 3Fal
A FT olE Hste] A7 19993 2008\ el EE® 270¢] Psa2 +#(CIW7-19991
Actinidia deliciosa 'Hayward ol A/ ¥2]; KBE9-2008'3 A. chinensis 'Hort 16A’o A E2])ol tf
3k PacBio RS II =& Z(http://www.pacificbiosciences.com/)& o] &3+ 44 =S 33}
Attt Table 218 F #Fo thd+ complete genome #4 Axto] gofolt). H-AA
3, CJW73 KBE9el thall z+2t 6709k 470¢] contigZb SR EHALL, HA FHA 27
6,482,518 bpst 6,565,175 bpdth. CIW73} KBE9e| ths] &R ® contigE wiglo = =A% &
AzLel = ZhzF 5,91470 ¢ 6,00070 ok, CJW73 KBE9e] GC vl &2 ©hE Psa 9| Hl&
I Ao FAFSFA THMarcelletti et al., 2011; Fujikawa and Sawada, 2015; Cunty et al., 2016).
71&°) 35 Psal, Psa3, Psa5 #5¢ 7%, th=F 5,600~6,00070 2] protein-coding genes-&
Zt= Ao 7 oZo] I tHMarcelletti et al,, 2011; McCann et al., 2013; Templeton et al.,
2015). & ©AClA CIW73 KBE9o| thall 1~2702] contigZ ©]Fo & complete genome2
AeA Bt oy, A contigd] F, FAA A7), A= FRAL FE u|Fo] BEod,
T A+ Psa2 ol thsll Ao &3 FE el genome s 5ol o] R0l Aoz ATHT
T} 9] Psa #FEo| thdk draft genomee] 7%, FwWlolA 3 719 contigE o] Fo| %
genome X Eo|tHMarcelletti et al, 2011; Mazzaglia et al, 2012; Butler et al., 2013;
McCann et al., 2013).
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Table 21. Summary of genome information from two Psa2

strains, CJW7 and KBE?9.

CIw7 KBE9
Genome size (bp) 6,482,518 6,565,175
No. of contigs 6 4

contig 1, 1,572,896; contig 2, 817,180;
contig 3, 52,069; contig 4, 47,483; contig
5, 3,565,805; contig 6, 427,085

Size of each contig (bp)

No. of ORFs 9,914
No. of rRNA genes 14
No. of tRNA genes 62

GC ratio (%) 58.62

contig 1, 6,343,136; contig 2, 101,554;
contig 3, 73,036; contig 4, 47,449

6,000
17
64

58.45

CIW729] 7% 52,069 bp =719] contig”} circular form (%, plasmid) .2 ==l o, 55

Mol FAATY EAgte AR gFHJAo CIW77} pla
138k contige] & Lol A ZEtolwE tyAlste] PCR
S A AHAE v ANA). CIW72] contig 33} KBE9<

=

oA w]¢- FASICHFig. 12A). ThYh, KBE9S 23¢9 el 2E| oA tail-to-tail Fef=Z partial

gene duplicationo] Yol Ao g o =5 3 tHFig. 12B).

(A)

Pseudomonas avellanae pv. actinidiae - 28348 PSPAT.1

smid FEAJAA ] AFE &3]
< Y3 23, PCR W= FZ

contig 32 gene organizationell )

Conlig - 3 coniig 3 |Contigl sme Reverss contig 3 948 ~ 56,932 52,060 bp n ¥

2 szsr 11137 - sonsy 15037 zrmar 25437 st owaw 24337 3ranr o3y aine asd

—a ED'%CD“ - © a [ uj
e T O @ e S e = o = g
Pssvdomonas svellanae pv.actntdiae - 28348PP49¢4— —— —— — — - - - - - - - —_ - - "
Contg |3 consg 3igensg) - smc 9 Rewse contig 3 74932~18348 73036 bp (2]¥]
hic T EEiy T L T =
mEes © o peoapdims!—y ®» ™ 0
L [Emi QNS a— el 6] [ Rt - o lam— el Lelem, & K K 1|
£ En S0 e Eremie T & E

(B) Partial duplication Partial duplication
of cluster 1 of cluster 2
———————— |
- Sme Reverse CIUSter 1 contig 3 0~ 73! 73,036 bp CIUSter 2 nu

Contig+ 3 contg 3 [Contig)

TiseT TSe0T IO

YT | e e o =
s ot e B O
L BAED 4 T e—

I
=

et TETol

L] =m O D C
a\m@m -I-‘(:[?ICGIG

Pseudomonas

Cooby |3 conlig 3 [Caniig)

avellanae pv. actinidiae - 25348, PSPAT.1

Sme 4| Reverse

73.944~0

52,069 bp
10

32070 waazo as178 36470 33970 [Ruera 247%0  peed e
o e e S 8 f—

. BB E ] B DJ

“1423

Fig. 12. (A) Comparison of gene organization of contig 3 (plasmid) from CJW7 and KBE9
strains. Top, KBE9; Bottom, CJW7. (B) Detailed illustration of partial gene duplication in

KBE9 strain.
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B AFE 53 #Fr" 2709 Psa2 complete genomed} 187§¢] draft && complete
genome AHE 83t FHA FFolAe FAEE EA35te] UPGMA dendrogram-g 2HA
3t A3} biovar 1F2 WYste 5719 1F O ZE UFoAFES AT + AT T3 Psabol
AL, A8 179 biovarel Psal Rote $glvtel 179 Psa2el FH#AY o 28 B
F AATHFig. 13). ol AHEL oA AFREF}E X FcH(Mazzaglia et al, 2012;
McCann et al., 2013; Fujikawa and Sawada, 2016).

onasa CH2010-6
Pseudomonas avellanae ICMP 19455
Pseudomonas avellanae CRAFRUS.43
Pseudomonas avellanae CFBP 7286 PSA3
Pseudomonas avellanae ICMP 18884
Pseudomonas avellanae ICMP 18801
Pseudomonas avellanae ICMP 19097
’7 Pseudomonasavellanae PA459
Pseudomonas avellanae KW41 PSA1
{ Pseudomonas avellanae ICMP 9617
onas MAFF 212056  PSAS
onas ICMP 19073
— ‘ onas ICMP 19071
\—(j[Fseudnmnnas avellanae CJW7 @& P2
Pseudomonas avellanae KBE9 @&
onas a ICMP 18807
—{ Pseudomonas avellanae ICMP 18883
% onasa ICMP 19083 PSA4

Pseudomonas avellanae ICMP 19094
Pseudomonas avellanae ICMP 19100

—
02

Fig. 13. A UPGMA dendrogram among 20 Psa strains using ANI (average nucleotide identity)
values. ANI valus for each combination between strains was calculated, and a UPGMA
dendrogram was constructed using the values.

g d S 45 3ksl=(CDS) ®E orthologous gene (o] F&FRFAZhEA sl F&o] @l
A2 A EZE 9Eo]A Pan-genome Orthologous Groups (POGs)S WHEQITE o]E ET)

2 578 biovarell <3k 207) #Fol ths] core-genomeS EA g A3}, 4,162712 FH A7}
207 FAA EFolAM BAEE AL B 4 AATHFig 14). Baltrus $(2011D)& gheFd A&
< A= 1909 P syringae dFE°] Wls] core genome EA-& 3 A3}, 3,397/ 2

EE FAA =Ae Bk B AT P osyringae pv. actinidiaedl 43}
= T EWS UdoE nusyr] wEd EX u B 49 core geneo| ERIE Ho=Z

1 50

2 I W 3v3

f  TED

4 - e

5 B2

3 [R5

7 254

o il s

sfll7a

1053

11 fllise

12074

13 ez

14443

150 s
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17-fls7

18{lss

10l Wzss

20 I 62
0 1000 2000 3000 4000

No. of POGs
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No. of genomes

Fig. 14. Frequency of POGs among 20 Psa genomes. 4,162 of core gene sets were identified.
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Z} biovar &2 FAA Y= M =& 5719 Ul 55 AASNA core genome #

S F3 Ay, RE FF0 SAFE 4,398719 FAA7) core gene seto. 2 &1 AT

(F1g 15A). & A Fo A complete genome F+=C 2 A H 2702] Psa2ol sl A3 A}

535270 FHAE Ffste WY, 4 75 SolFl FRAAE EAT]l FlE A okFig.

15B). ol#g A= EFG2rE FHA g 720 oY zol9t HE(Fig. 12) =
of ®X3t+= Psa2 #FolAE ALH &7 IPH 5 BoFEh

(A) ICMP 9817 (B) cawr KBES
356 (PSA1)

ICMP 18884
(PSA3)

ICMP 18883
MAFF 212056 (PSA4)

(PSAS5)

Fig. 15. Core-genome analysis among representative strains of 5 biovars (A) and between
two Psa2 strains, CJW7 and KBE9 (B).

Toll A 270e] =W i Psa2 biovar wF(CJW7, KBE9] sl complete genome

Sl
FFo FAATE SR EJANTable 2. F3A R AHES HIFO=Z Psa ATolA 713
= AT FAE 9 U HYAH #AE AAEES AU O E 57) biovar 7ol ¥l 4
s}

« A8 Sa@2uR) 434 B

Pseudomonas syringae= Tth¥3d 2]E Z=A(phytotoxinE YHEo] W& Zo =z 4HA Jde=
o), o] A& 2= ¥YA(pathogenecity)S sfiA wt=A] HasixE oy, F8 =4
Q1 zH(virulence factor)=# W] FFS(disease severity) S7HA7]1+= Ao =Z EHA Ut}

(Bender et al., 1996; Bender et al., 1999). Zt}eff AW+ biovar FolA] Psa2& Z=ZUH
(coronatine) H4E At A2 dHA JeH, ZI2YUYRLS 2714 FAHAQ AR o] Fo3l
3}3t&Eolty:  coronafacic acid (CFA)2F CMA (coronamic acid). CFAE acetyl-COA<}
malonyl-COAS AT EZAE AR3= polyketide A Zo|A WHE] X ™, CMAE opu| x4kl
isoleucine 0. 2 H-5 wEoj it} 242k kA4 E CFASL CMA+= ligaseol 2]gk coupling ®WH8-<
3 HAZAEe ZEYUEo® ASHAH(Bender et al., 1999).

oft o
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P. syringaedl Al Z2UE 40 AFAH U 2d F4E FRAAE FE STz 94X
Ste AoE ¢ A dtHBender et al, 1996; Alarcon-Chaidez et al., 1999; Bender et al.,
1999). CJW7¢| contig 3 (plasmidell= 5570 ¢ FAA7F EAst= A2 o F 5 A+=dl(Table
22), o] TAAA F 227 FAAVE ZEUE AL dAE A2 EHEHIJITHCMA ARA
2 670, CFA AdA Fax 1470, =24 {2 270). Foll BEs 7= P syringae
pv. glycinea PG4180°A4+= ATA A FHAS 27019 response regulator ¢} 171 9]
histidine kinase FZ A7} £A3= o2 B 1F ] S (Alarcon-Chaidez et al.,, 1996), Psa2
CIW7 #FolA= 1 AIES] two component regulatory systemo.Z A= o] QI tHTable 22
& Fig. 16). KBE9¢] contig 3 (73,036 bp)= LF FHolA < gene duplication< Al ¢|3s}kaL,
CJW79] contig 3¢ =9 FAFS FHA 74 F ¥idS RAFUth KBE9S] contig 3%
plasmid Fef 2 ZAsH=AY AFE FQlstr] o] contige] & ZeelA Zgto|HE t
A1t PCRE& 33 23, PCR 35 GJASFATHAE v A A, KBE9IS] contig 3e14 2
o] gene duplication ol 1 & CMA A 2L = FHo=z &2ly S thFigure
13B). A48 &4 8AE FolA 53 &5 21 Z2URY A4 dA-HS #HS zhet)h
PG4180 4 Z=Ur S HAHE 1804 HANE AHEHT, 0=oA= ALY AAHHA &8k
tHPalmer and Bender, 1993). Z2U® A FHAe #dL 25 =W 93 AAFE
NA zdEE Aow 4#ForKliyanage et al., 1995; Palmer et al., 1997), &=} ZFd
A] histidine kinase FZAHcor9e] HHL 2= o] =H& W3k}, response regulator
o] wrg e AL wx FrhUllrich et al, 1995). ol&d &= 7| o3 U] A
A AdAd dd FAAY 4d L 2830 BEol AsA YEive o AT
o] W eHdisease cycle)#= &= 3tHKoh, 1995).
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Table 22. Gene annotation of contig 3 (plasmid) from CJW7 strain and their functional
roles. CMA, coronamic acid; CFA, coronafacic acid; Regulation, regulatory gene of
coronatine biosynthesis.

No. Locus name Locus product Function

1 PSPA7_02196 hypothetical protein

2 PSPA7_02197 hypothetical protein

3 PSPA7_02198 hypothetical protein

4 PSPA7_02199 stability/partitioning determinant

5 PSPA7_02200 DNA-binding protein

6 PSPA7_02201 hypothetical protein

7 PSPA7_02202 transposase

8 PSPA7_02203 1S3 family transposase

9 PSPA7_02204 hypothetical protein

10 PSPA7_02205 hypothetical protein

11 PSPA7_02206 hypothetical protein

12 PSPA7_02207 hypothetical protein

13 PSPA7_02208 hypothetical protein

14 PSPA7_02209 conjugal transfer protein

15 PSPA7_02210 Killer protein

16 PSPA7_02211 DNA topoisomerase Il

17 PSPA7_02212 hypothetical protein

18 PSPA7_02213 hypothetical protein

19 PSPA7_02214 hypothetical protein

20 PSPA7_02215 addiction module toxin, HicA family

21 PSPA7_02216 typell toxin-antitoxin system HicB family antitoxin

22 PSPA7_02217 hypothetical protein

23 PSPA7_02218 hypothetical protein

24 PSPA7_02219 transposase

25 PSPA7_02220 threonine transporter RhtB

26 PSPA7_02221 alanyl tRNA synthetase related protein (plasmid)

27 PSPA7_02222 thioesterase CMA biosynthesis
28 PSPA7_02223 Coronamic acid synthetase CmaC CMA biosynthesis
29 PSPA7_02224 chlorinating enzyme CMA biosynthesis
30 PSPA7_02225 coronamic acid synthetase CmaA CMA biosynthesis
31 PSPA7_02226 coronamic acid synthetase CmaE, aminoacyl transferase CMA biosynthesis
32 PSPA7_02227 coronamic acid synthetase CmaD CMA biosynthesis
33 PSPA7_02228 hypothetical protein

34 PSPA7_02229 sensor histidine kinase CorS Regulation

35 PSPA7_02230 DNA-binding response regulator Regulation

36 PSPA7_02231 hypothetical protein

37 PSPA7_02232 thioesterase CFA biosynthesis
38 PSPA7_02233 crotonyl-CoA carboxylase/reductase CFA biosynthesis
39 PSPA7_02234 crotonyl-CoA carboxylase/reductase CFA biosynthesis
40 PSPA7_02235 Paal family thioesterase CFA biosynthesis
41 PSPA7_02236 coronafacic acid polyketide synthetase II CFA biosynthesis
42 PSPA7_02237 coronafacic acid polyketide synthetase II, partial CFA biosynthesis
43 PSPA7_02238 polyketide synthase CFA biosynthesis
44 PSPA7_02239 coronafacic acid polyketide synthase [ CFA biosynthesis
45 PSPA7_02240 coronafacic acid synthetase CFA biosynthesis
46 PSPA7_02241 Coronafacic acid beta-ketoacyl synthetase component CFA biosynthesis
47 PSPA7_02242 coronafacic acid beta-ketoacyl synthetase component CFA biosynthesis
48 PSPA7_02243 coronafacic acid dehydratase CFA biosynthesis
49 PSPA7_02244 coronafacic acid synthetase CFA biosynthesis
50 PSPA7_02245 Coronafacic acid synthetase, ligase component CFA biosynthesis
51 PSPA7_02246 ISRSO5-transposase protein

52 PSPA7_02247 hypothetical protein

53 PSPA7_02248 chromosome partitioning protein ParA

54 PSPA7_02249 RNA polymerase-binding protein DksA

55 PSPA7_02250 hypothetical protein
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Fig. 16. Schematic representation of the pthytotoxin coronatine (COR) biosynthetic gene
cluster in contig 3 of CJW7 strain. CMA, coronamic acid; REG, regulatory region; CFA,
coronafacic acid (CFA).

w3 FFolH e WAE AR FnA=E AAZN TG okl B
AeA AEEI Aok a2yY Y BAHAM uEE FE o]2(Cu™Mel =EH IF uH e
ofell Al 8] Aol Yetdth dEEdAe FA4 &3 fdE FEe dF 5249 4
TALaEMN HFFo] a7 T8 A "HHYols Asze Tl e a7

i
4 £
=
©
>

S A 71Z Abo) oA 1_'53% A8 oF dTH(Trevors, 1987; Coosey, 1993). P. syringae
pv. tomatol= TEle W&ol #TAS= MY FER FAAcopABCD)S} x4 #A3st=
two component regulatory system®] 27] A copRY7} EAs= A2 & FH HMellano
and Coosey, 1988; Mills et al., 1993; Buel et al., 2003). cop ¥ &2 271 FHAAcopAB=
T8 Aol A FRAeH, HE 249 FHAcoplD)= A AFAEES 918 2o
3to] "3 ¥ thMellano and Cooksey, 1988). Psal3} Psa3oll= 8] A Aol #Tosl= copAB
o} =& A E Bole FAAE EAgtH(Table 22; Marcelletti et al., 2011). £ A4
229 Psa2 #F(CIWNE 8] #3to] Psade} Psas fFAAo] thak & AFx}o %@. A, F
g AlFE FPsa)oll= copABire]l A, copCD 3 copRSe}t 7454 S Hole FHA
EAA ESS A3 ATHTable 23). Psa2 KBE9 #FolAE copd FAARE S5 A
S1(Table 22), o]= AR & FH1A sz Az Ao, Nakajima 5(2002)-
1984 d o Eejd #FKWIDolA = 8 Aol vehA] ko, AlYgH HAlE 98l
TYA e A2 AxZrt o] Foj 1987 1988l REE ¥ FFE= Ty AFAELS )
AL Btk 3 MY F8 A FFPad29R)NAME T2 FRAAR] copAB}t =dE
AR copRSS}y =& s e Holv AT EAEe] s AtkNakajima et al., 2002).
mebA Psaoll A MAEE cop LHES 4 89 W o3 {FAA FH o]z A
of 711%t= AR FHHT

r]I

rlr

Table 23. Copper resistance structural genes (copAB found in 5 Psa biovars.

Biovars Strain name Collection ID Copper resistance genes References
Psal KW11 ICMP 9617 COpAB Marcelletti et al., 2011
Psa? CIW7 COpAB This study
KBE9 copA This study
Psa3  Psa NZ V-13 ICMP 18884 COpAB McCann et al., 2013
Psa4 PsD ICMP 18883 COpAB Cunty et al., 2016
Psab MAFF212056 COpAB Fujikawa & Sawada, 2016
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m Type IIl effector ¥#

Type III secretion system (T3SS)& 2] 71A HMAAG JAAE FoA =5 B} 549
ATE AASIE M 23 240tk T3SSE Alxde AFE doA effector AL
= 57 AEE AFY Rl 93 @ld dg 7otk 29 Type Il effectors
(T3Es)= pathogen-associated molecular pattern (PAMP)-triggered immunity MTD<}
effector-triggered immunity (ETDE Zgst= A& Wo7|2hs A= #Asts AL
Z 4 A 9JhLindeberg et al., 2012; Dudnik and Dudler, 2014). =3+ A} effector Thj =
2o Ax =4 a2 zF=viMunkvold et al, 2008; Salomon et al., 2012). ¥Ho HEL=
Ale)star, TIES] A3 2k 7122 & deA AA &g dA7A & d+49 TEY 7%
S AYRY, EA dwdo] gyE £ Y= FAE 3AHAvrPtoB; Gohre et al., 2008),
RNA-ZAg ey 2 mRNAS 23S wha)sl4 U (HopUL; Nicaise et al., 2013), A 4k4
ROS)S] A& A7 {18t FA & WslshAHHopNl; Rodriguez-Herva et al.,
2012), 2)&2] 718 "ol 7|Fe] AAE HHOZE A HAvrRps4; Bhattacharjee et al.,
201D, "AAF VEYIT A A2 4 AsdGS et HopZla; Lee et al., 2012
Jiang et al., 2013). |A7}X] P. syringae®] pangenomedl+= 587 family7} A= Aoz &2l
= o (Baltrus et al., 2011; Lindeberg et al., 2012), & A s =o] Z7}3o] wa} 7 A)
2% family7} F712 =51 IohFujikawa and Sawada, 2016).

57§¢] Psa biovarell &xjsl= T3E FAAEES 43 23, Psald} Psa3d”l 50712 7H4
B #HAE A, Psad7t 3870 = VY AL o FAAE JHRH. B AT A
&l =zo] o]FAR F 7| Psa2 HF(CIW7/KBE9+= 44719 FHAE 7FHtHFig. 17). 21709
T3E #FAA+= 5702] Psa biovar 5ol &AstAty: awrE, hopMI, hopAAI-1, hopNI, hopll,
hopSZ2, hopAFI1-1, hopAS1, hopAEIL, hopRI1, hopAHI, hopAZl, hopAH2-1, hopAHZ2-2, hopAJZ,
hopAK1, hopANI1, hopJl, hopPl, hopPmal, hopACIL ©lE &% T3E #7HA+= Psaol HUAA
of dojA BREH Vee FIY o= AT Psa3e biovar FollAl 71 WAl
g o2 dHA dom, 2008-2009d Afolol ojgte]o} FH A HA oy ZTE T
FZHortloA)ol A A5 3T ol 553 A AAY Fa 719 BAHAZ HAHqUzron,
A AA 71 ARl =g JiE dsla Aok 37HY TE FAAHhopzs, hopHl,
hopAMI-D7} Psa3 Eolx oz &Ast=dl(Fig. 17), HYAe A=}t ol 37| FHA2}e
FEA A= F7F A7 23 Ao E AlsdHY. Psad= VM AL 9 T3E #4
b5 7R =T, Psade olvk WNES Yo AWMAHOE FHAEA HAxE BiH
olgf, 5F, T FAANA IFRFAOR RuHJL, A= pv. actinidifoliorumS. 2 B+
1 QltH(Chapman et al., 2012; Vanneste et al., 2013). Psa5:= 45702 T3E #AAE 7H3E
d(Fig. 17), ©] biovare 2012d o] Y& A TAH o), d& e A A G At Bl
=il 9JtHSawada et al, 2014). Psabe AlE FAFAMEEEA, Z2YURDE AAFsHA o
o, & F=2 AAHE Psal Bt 7o 173 Psa2el EAATTHCZ O 7H7k5-
), Psabe] WAl disiAe of& RuE vl glok(Fujikawa and Sawada, 2016). weba &
AR = TE A 9F B A= Atolo] HAHS AF BAVE A=A AFe= &
EH3 o2 AlsdT
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PSA1 CJWT/KBES PSA3

avrRpmt
avrE
hophit
hopAAT-T
hopNT
hopft
hopS2
hopBBT-T
hopAO2
hopAFT-71
hopBBT-2
hopAWT
hopX3
hopAYT
avrBd
avrDT
hopD1
hopQT
hopF2
hopART
hopFT
hopAF1-2 |
hopAT
hopYT
avrRpm?2
hopZ3
hopAST
hopZ5
hopH7T |
hopAlT-1
hopAET
hop Wit

hopR1
hopAGT
hopAHT
hopAlT
hopAlT-2
avrPtos
hopAZt
hRopAVT
hopAAT-2
hopAUT
hopXt
hopX2
hopBD2
hopH2
hopOT
hop Tt
hopST
hopET
hRopAB3
eop3
hopAH2-T
hopArH2-2

hopAJ2
hopAKT
hopANT
hopJdt
hoplt
hopPT
hopPrmat
hopZ3
hopACT

Fig. 17. Effector genes identified from 5 Psa biovars including two Psa2 strains, CJW7 and
KBE9. The genome information used for the analysis is as follows; Psal, GCF_000658965.1;
Psa2, this study; Psa3, GCF_000648735.3; Psab, GCA_001270005.1. Orange and yellow color
boxes indicate common T3E genes among 5 Psa biovars and truncated/disrupted genes,
respectively.

» Elicitor 234 &4

Syringolides= P. syringaeoll 4l AvrDell ¢]&)] TF&Eoi2] = glycolipid elicitorsZ Rpgd %3
S zte FolAw A9 WSS fFEste Aoz g4 Judi et al, 1997; Keith et al,
1997). #Ao= TEEZ EFHJASY BHHE 2o T mgt TEE E7/FsMA &+
(Lindeberg et al., 2005). avrD A&7} P syringae®| 3H$18kA] £A3}H, Psal biovar
Folx EAsto] B EHBaltrus et al., 2011). awrD A A7} ©-2 Psa biovardl = &)
=] B3 A, Psads A9)3 RE Psa biovaro] £A13-S 82133 tHTable 24). Psa4
ol A%, 670 #+(ICMP 18807, ICMP 18804, ICMP 18883, ICMP 19094, ICMP 19095, ICMP
19098)0ll o3l draft genomeol A WHAF A k= Ao Z u|Fo] Psadoll= awrD FHA7E &
AsHA & o= AHEET
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Table 24. Identification of avrD gene from 5 Psa biovars. +, presence; -, absence.

Biovar Strain ID. avrD
Psal MAFF 302091 +
Psa2 CIW7 & KBE9 +
Psa3 ICMP 18884 +
Psa4 ICMP 18883 -
Psab MAFF 212056 +

n AE SEELSA) AYEE Ad

AF P syringae dTEL AE TEE(LSA, AIEZW, dEi)S Ailste o=
dH A Jar, o]EL FZA <QlAK(virulence facton)Z % ZH8-3FtH(Costacurta and Vanderleyden,
2008; Dudnik and Dudler, 2014). Atol|E7|d-2 P syringae pv. savastatonio x| 5o|H O &
AR, ANDAL pisi, cannabina, glycinea, phaseolicola, sesame 8- & (pathovar)ol A vk
A &5 A tHAkiyoshi et al.,, 1987; Weingart et al., 1999; Dudnik and Dudler, 2014). ¥FHo] <
24 A #Fodst= tryptophan 2-monooxygenase (iaaM), indoleacetamide hydrolase
(jaaH) FAAEL BRI P syringae dFE°] ZA3H(Glickmann et al., 1998; Baltrus
et al., 2011, 224l E3A3lo] #oddt= N- e -(indole-3-acetyl)-L-lysine synthetase (iaal)
A= P syringae pv. oryzae®} P. cannabina pv. alisalensis 5S4 27 A tHRoberto
et al., 1990). Psa2 biovarel| &3t= F HF(CIW7, KBE9)S FAA A= maM} jaal w73
b BAFHA Y, aaHst FEdS Hole FAAE TAEHA fdnh o] fd= auxin
binding protein FZ A2} 234l %o #FA3F= auxin efflux carrier FZ A7} HAF A TH
(Table 25). ¥rHo] og#d MA @A efe ethylene forming enzyme)= AR A ekghtt
1aaM3}y 1aal 73 A= Psal #+=(MAFF 30209Dl A% ® ¥ v} @lokBaltrus et al., 201D).

Table 25. Auxin-related genes found in two Psa2 strains, CJW7 and KBE9.

Strain Locus Name Protein (Gene)
PSPA7_0270315406 Tryptophan 2-monooxygenase (iaaM)
PSPA7_04250i8500 N- ¢ -(indole-3-acetyD-L-lysine synthetase (iaal)

CIWI PSPA7_01492i2984 Auxin binding protein
PSPA7_0472219444 Auxin efflux carrier
PSPA9_0347516950 Tryptophan 2-monooxygenase (1aaM)
PSPA9_05017110034 N- ¢ -(indole-3-acetyl)-L-lysine synthetase (iaal)

KBED PSPA9_0236814736 Auxin binding protein
PSPA9 05488i10976 Auxin efflux carrier
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® Quorum sensing A]~®] ¥

Quorum sensing (Q9)& A& &l M3 HAE F Z
e AN AZT gAaT AAEZN A4, 231 3483 2 g AA #
ogity. vHe|Elol= QSE BElA FAA A4 nlo]ed Zeks

2014; Patel et al., 2014). 13 54 qte|glofol A A AL QS Al=HS A= AHST #
Ao o8l wFEo A= 2719 @E Z A FEZQl acyl-homoserine lactones (AHLs)-S v+
T Luxl A 549 LuxR AAIZREAAE o] Foj Xt} LuxRS 2718 E=wQl &, N-go
o] AHL-Z3% =w|els} C-gehe] DNA-Z3 helix-turn-helix (HTH)2.2 o] Fo{ZthFuqua et
al., 1994). AHLe] Z33slH LuxRE /ux/ SAAE v &5t BEH - 8928 zh= &
AR =2 R Aste] uxe] AAE 4 3FA 21 thStevens and Greenberg, 1997). #th
g A FPsa)e] A, 3 uxR §AAPsaR1, PsaR2, PsaR3)7} 27 % =0, PsaR1%
PsaR3:= AHL¥} 23l &2 Q) Luxl/R AHL QS Al~®le] dxQl LuxR¥y} T+x7}F vf-$- #
Abst e, PsaR2e HAY A& fd AsEA Aty {83t plant-associated
bacteria (PAB)oll ZA5l= LuxR 15| &3l= A Z 9rd HohPatel et al, 2014). wkHH,
Psa= AHLS AJ4FshA] gk om, A biovar (Psal, Psad)e] FZA HERAME juxl A}
 WAEA FUAT 3N xR FRAA] g 758 EdWolA= in planta 23 E] O A
A Ego] 7+43He HoFEQtHPatel et al, 2014). ¥ Aol A complete genome FFOZ
= 2719 Psa2 #5(CJW7, KBEDel tigt FdA 4 AxE &8sk 571 biovarel A
AEAA Luxl/LuxR QS Alz=®HlE dsslete FAAEd s ¥lu 24& F3hsiAt
(Table 26). ¥lxl X A3}, uxRIF uxR2 +A A= EE biovarol A/ @AEHJ O Y, uxR3
A= Psa3 g FolAwt BHAE T W, ux/ FAAE 2E biovarol A AR A ok
ot} o]#H 3 A= Psaoles A3 A<l Luxl/LuxR QS Al 2"lo] ZA8tA] &ow, uxR F+AA
TA AlME biovarzt 237t dojuta FS EoFErh 265709 Z = H ubE g ot
gt F31A4 AR B4 A3, 45 FAAA LuxR 7ro] g1E%lor, o5& “LuxR
Solos“2 H-Erth(Case et al, 2008). Psacl x5 QS LuxR Al2=®lvks 7Hd 74, T2 ulE
glofo A EnHjst= AHLE o] &3t QS Al &=ElE 7HeAIZ|AY A& fde & ds &3
< o] &3t QS Al=®lE 7HEAIZ AR FAAT FHY utE ol A &Hls+= AHL
ol-gste] QS N2H<S 7HsAY= B Salmonella enterica®t 7 wtol Al Balg n
(Michael et al., 2001; Ahmer, 2004; Yao et al., 2006).

ﬂd
32
£ o

Table 26. Genes related to a typical LuxI/LuxR QS system identified from 5 Psa biovars. +,
presence; -, absence.

Biovar Strain ID IuxR1 IuxR2 luxR3 lux
Psal MAFF 302091 + + - -
Psa2 CJW7 & KBE9 + + - -
Psa3 ICMP 18884 + + + -
Psa4 ICMP 18883 + + - -
Psad MAFF 212056 + + - -
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8 WA A Hla B4 T AHe ¢ FF A%

L E 53 Ry g4d fAA 22 Psa2 R} f1A A= & A4 A
RES g83le 57 biovar (Psal~Psab)ell thal 2l&E =4 A, F8 A4, type Il
effector (T3E), elicitor A4, 4l& T =2& A3HA, quorum sensing AlZ~#lol tjs] Hlw &
s FPstAtt. £ AFE §3l Psa2 biovarrlt AAdSE ASE dEF AE 5420 IZE2
Uel A 2 2d A2 #AAsts A oHE Fx2U g 535, dA A Al
Al 719 Aol A4 AdS 7tsta = 1WA Psald biovard] A, 7 w2 T3E
AAE 7 8% ofygt tE biovare] EA8HA v 3/ i TE A hopzs,

hopHI, hopAMI-DE 7}3& A&t =3 52 A =2 S #Hsk= quorum
sensing Al2Elol A F9] LuxR3 ZAAE Psa3ell =A18S Attt &% Psa3 biovar
1o B S 7eE wotste Zlo] A 71&E oldfstr] f% 8% 9A
7F 2 o2 AsdY of&d Psa2 1/ IZEUR ARA &4/2-AA 2 Psa3 ALfe
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4-1. EXIAHE
T ATERE 7L e F HH 24 =(%)
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g wapy g g 258 24 100
U= WEXN 2}l FSH oy AT Jd vaEs 9@ o
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A B Ads ool s
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3o [Biovar® x4 wl|e 378 biovar, 47} #5 AR} ¥l A fAA 100
T a B BEXL 53 Agwol(SNP, nDel) %
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T2 2 Ad ¥olE o] &3 EAEA A
4 g8
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6. ATIFoANA FHE ARt

O ANM= 2zt 3E Psa o] AR st 202 Yehd

O gEoA= Psald} Psad7F Aol Azl el AujA|oA F = Us

O 20144 F7AT AZF oA Psa2el A& 77k MEE BFd o] Psab7F ' E v 3l
S-(Fujikawa and Sawada, 2016; Sawada et al., 2014).
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