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Nakamura, M., Fujita, K., and Iwai, H.

Unique glycolytic enzymes present in Bifidobacterium spp. and Xanthomonas spp.
in common

Abstract

We clarified the functions of three uncharacterized enzymes, xcv2724, xcv2728, and xcv2729,
in Xanthomonas euvesicatoria, the causal agent of bacterial spot of tomato and pepper. The genes
corresponding to the three enzymes are homologs of hypBAI, hypBA2, and hypAA from
Bifidobacterium longum and are unique to Xanthomonas spp. among plant pathogenic bacteria.
We revealed that they degrade the arabinofurano-oligosaccharides present on hydroxyproline
(Hyp)-rich glycoproteins (HRGPs) such as extensin and solanaceous lectins in plant cell walls.
These enzymes work coordinately to degrade the oligosaccharides. First, XeHypAA (XCV2728),
belonging to the glycoside hydrolase (GH) 43 family, releases L-arabinose from L-
arabinofuranose (Araf)-al,3-Araf-81,2-Araf-B1,2-Araf-B-Hyp (Aras-Hyp), cleaving its al,3
bond; second, XeHypBA2 (XCV2729), belonging to the GH121 family, releases the disaccharide
Araf-B1,2-Araf from Araf-81,2-Araf-81,2-Araf-B-Hyp (Arasz-Hyp); finally, XeHypBAl
(XCV2724), belonging to GH family 127, releases L-arabinose from Araf-B-Hyp (Ara-Hyp). In
summary, the main oligosaccharide structure of Aras-Hyp on the HRGPs is degraded to Aras-Hyp,
then to Ara-Hyp, and finally to Ara monosaccharides by the action of these three enzymes. HRGPs
containing oligosaccharide substrates have been reported to contribute to plant defense, and
interestingly, the promoter region of the operon (xehypBA2 and xehypAA) contains the PIP-box.
We then analyzed the expression level of the operon gene in hrp-inducing medium and in plants
and constructed gene-deletion mutants. However, although the operon was evidently upregulated
by HrpX, three single-gene deletion mutants (AxehypBAl, AxehypBA2, AxehypAA) and even a
triple-gene deletion mutant (AxehypBA1-BA2-AA) remained pathogenic, suggesting that these
three enzymes are not involved in the pathogenicity of X. euvesicatoria. In this review, we discuss
the meaning of existence of these enzymes in Xanthomonas spp. and bifidobacteria.

Key wards: Xanthomonas, sugar chain, arabinofuranosidase, hydroxyproline-rich glycoproteins
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Use of silkworm larvae, Bombyx mori, as an animal model in plant pathology
Abstract

Microorganisms that can infect both the plant and animal kingdoms are called cross-
kingdom pathogens. It has been demonstrated that not only mammalian species but also non-
mammalian species are also useful as infection models. Here, the studies concerning an
entomopathogenic bacterium, Serratia liquefaciens will be introduced, and the usefulness of
silkworm as an infection model is also proposed. A strain of S. liquefaciens isolated from an
antlion was highly virulent against silkworm. Serralysin-like metalloproteases were secreted into
the culture filtrate of the strain, and purified protein caused lethal effect. However, inoculation
test using protease-deficient mutants ascertained that the proteases were not major virulence factor.
Subsequently transposon library was created to search virulence-related gene, and four virulence-
decreased mutants were screened from the library. Flanking sequence analysis indicated that
transposons were inserted into the lipopolysaccharide (LPS) biosynthetic genes. Interestingly,
survival ratios of the mutants was dramatically decreased in intact horse serum, but not in heat-
inactivated serum. These results suggested that complement system was activated in the intact
serum, and membrane attack complex was formed, resulting in decreased survival ratios. Since
the complement system is triggered by bacterial recognition, LPS might inhibit molecular
interaction by modifying the bacterial surface. Although complete complement system is not
known in insect, it was shown that several C-type lectins bind to the bacterial surface, and trigger
the innate immunity. In plant, recognition is the first step in pathogen-plant interaction, therefore,
LPS structure, especially O-antigen may important characteristics for virulence in pathogenic
bacteria. Although S. liguefaciens is not plant pathogenic bacteria, LPS-deficient strains in this
study will be applicable to the research for plant host-microorganism interaction. Such study will
contribute understanding of common response in plants and animals against
compatible/incompatible microorganisms. In addition, research on infection mechanisms of cross-
kingdom pathogens will be also promoted. For these studies, silkworm will be one of the useful
animal models.

Key words: model organism, silkworm, virulence, cross-kingdom pathogen, lipopolysaccharide
JUIN K22 K 2Bt B2 2R FE P2 Faculty of Agriculture, Kyusyu University, 744 Motooka, Nishi-
ku, Fukuoka, 819-0395, JAPAN
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WEHAEY OE ERMEIISEIETHY . H-OEWREICIR SN 558 EED b D)
5. ZEORIZEYT H)IAEEMEE TEKICHIE5, 16 &8P ED ASCEH R L v o
TR ONEITIEE B3, W OEYFEIZEGNEZ R~ T MAEMIL. $FIZ Cross-kingdom
pathogen & FEITAL, TR CE £ & OMAAEN ., ABRICBIT D8R K2 BRI
L7=HF9EN BB K41 T % (van Baarlen et al., 2007), Z OHIZIX, &< HMEMIRIE &
L CHEIHILTCUND Pantoea. Burkholderia JBHIE ., ¥ DIEIR Co 5 Pseudomonas.
Salmonella., Serratia, Enterobacter. Enterococcus J&ME 72 M3 & 415 (Kirzinger et al.,
2011),

HRfREEETH O, BENEEORKE & LT LIS FERE P aeruginosa (2 I3HEY)
R 2 R T HERDFET D, vV AORRBEEHEE T VICB W TESEEA 2~ T
UCBPP-PA14 ¥kiT, FE~OFEAFEREIEICE Y v a4 XF X F D>z a7 Llagostera X°
Columbia ([Z#RJEJEIR 2 #8925 (Rahme et al., 1995),

FIRE X2 < OWR DR FEPEATHZ ENMBLILTWD, TR WA TS
Hx7 Y FFT A (ExoA) FEERNTGRO DT, Y77 U7 8K & FERICEM
fa o> & X7 EE I AIR T F FEPRIAF 22 ADP U R k952 &2k
REb L, # o X7 BAKEZET S (glewski and Kabat, 1975), TR /3 WikAs C 43 Wb
SndTr YT P A LS (ExoS) BRI, ADP YURI VT AT =T —RiEEE
AL, GTPHiHF /3 Eix Ex2IERI+ L 9% (Rochaetal, 2003), SHIZ, =T A
Z—1E A (LasA), =7 A% —E B (LasB), a7 7 —E€IV (PrpL), 7V 7Far7T
—E (AprA) e Eo 7 a7 —8#, =27 Y FF¥ T 2 U(ExoU), =7 ¥ k% T(ExoT).
=7V FXT Y (ExoY) 72 EDSEREE, MIRED U IRE SRR J0 /b i TS T
ZFFORARY 2N—F8 C (PleH £7213 PleS) 72 ELHED &Z /37 B oy ¥ I3 kIRE O Ehd)
T DIREMEIC T LT D Z LR ENT WS (Bleves et al., 2010)

FESFAEEDIZBNTIX, 72TV UbEW THLIEF VT = ooty T a
RTDEFRXNT | NAFH—T 7 7 &2 b (EWEREEEA) ©OF7 A7 ) ERR
WIFEMEICR S B E 35 & &3 T b (Jurado-Martin ef al., 2021), B4 > 7 = %
NADPH OB FZ2Z TR BETH LT T = e BEBELGTHZEICEST
IEMHREEROBBILKERLA— /=X R2EKT 5, 747 VU E RX swarming iE
HR50E FREHIR O BRERRZEICE S35 Z E A oIS Tn 5,

Rahme et al. (1995) 1%, EMIZIB W TRIE S 7RI A+ 2MEMIZ B0 T b HERE
L3 EHSNCT 5 AT, FEIEE UCBPP-PAL4 #ED exod B L O\ pleS ZE R A EH L
o INBZERRIT, vaAXFTAFTICHTDRENBEA L2 &b, HWIZBY
THREMEICHE ST D EE R b,

— 7. M T D IEMEREE A T & LT gacd 3FIHILS, GacA 1 P fluorescens

(synonym, P. protegens) CHAO IZE W T E A /LT 4 U > pyoluteorin, 2,4- 7 EF /L7 1
7 7 )V ) —)b 2 4-diacetylphloroglucinol, + 7 ALK FEEFEDOHIE M2 ~rT KA
WD PFEEIZ B 59 5 FAHIIN T (global antibiotic and cyanide control) & L THRHNIFEE S
7= (Laville et al., 1992), & D1% P syringae pv. syringae B728a ¥3 I OVAE Hkk 2 H 7= fi#
Briz K- TLgacAd 13RI, a7 7 —EBREAB IRV Y I~ A VU pEAICEE L,
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BEERFFEMEBEEEE T Th D Z ERrENT (Richetal, 1994),

UCBPP-PAI4 k&2~ ACHFE L2 &L T OEBERIL, K 77% Q2 EAEF 17 fE{K) T
HoTe, ZIITX L gacd ZBRKEREX TlIe <§Etﬂ§lﬁ§ﬁ§§ OoNIRNoTz, DT
W, gacA IIHEM O B 72 6 FTEWICK T DWIREMEICE W TH HEERERH ZH>TnL &5
Z 57z (Rahmeeral., 1995), FEARE ORI ﬁ#éfﬁri—ﬂ@-ﬁgﬁgﬂ\ﬁ
R AR (2 B 7 R B BT mb\;’%ﬁb\ﬁl RE¥n ¥ K OB D 5 1295 J5 4 2 7~ 37 i e il
DFER L OWENKR O EEZ IR LTEERIIRENWEWNZ D,

Joi JF B DRIV T, ANERI U Ch L2~ U AR b HBITHED T
HN, BEMHSYLZMEHINTWD, BIZIXHIEEM DY > F = Caenorhabditis
elegans, B DX A 1 a v g U/ Drosophila melanogaster, /~F X 7J Galleria
mellonella, 714 2 Bombyx mori 73 EN L BTV 5D,

LRI T H N~DOIREHEEET HI2H720 . FIUKHABETH L~ T A0
%%Lt%Twé%ﬁf%é IR S EEWERNWTH A, LinL, v U AF,

WCHET2EBECHEEHNE WV EWIEFA D D, EBEENRELS, BARRATHAE
ff%é EMD, BEREKEHIEREZHECAMLERD H, FrICBETEREKZH W
FEMERBR O L < ITE A TR A FEBRICHEY L, BURRENAEECTH D, F-FERAE
e L COMILESYOERIIMEMICESEREENLE L IND, U EOBEHANS,
HENOHAESM A FEH LR WIFEEICE 5T, v U A% W72 YL SEBR 13RO TH
EREWEDTH D,

ZOEIBRBIRIZEBNT, BVFav, ¥AMmavTlaunz AFIVH, A
a7 CI3EE LS < CEMSN O EE N E G I TE LT T NVEN TH D,
LHLAAVINEDETAVERIZENTH vV A LRKRERZAL TN DR H D,
Bl 21X, FAavauyauRNzOnTF IV HTEIBEERELS . EYIREEEE VWD ST
I VA EZIFEEDLORRNTHA D, MMIEOARIZL>TIE, B FaulF A
avlaunTIhETELLEVILELHL0E LR, L LEIOAIFRIZB

TiX, TONIERRMERDZ L HDH, RTOEPINIEEET VE L T—K—H
HY ., ENENOMIEABICAB LIZET VA ERET DI ENRRLEETH S,

TARILINET, DA a2 ERETNVAYWE L THWTE L, A4 2%, Fa v H
WH) A aTRHIRTH2ERTHY, FIMITEREL TR, BFEROZ U3 B
mandarina #FZ S LT DO THY . SHRBED MM ORERE &2 HNT, MW E%
HRTELERERTHDL, WAz NHEDORLS, BUVWEDLO M LAEARM IR EWNWZ D
HA aDEIZTET NV EME L TCOEFIZOR D> TWE, HlxIiE, hA 232 KD
TREHEIHZIT) ZENTET, ADOREZLHEZONRITNIEAEZT TWIT RV, £
2% DAA ABITAP/ NS AR ZRNTWD, ZD X H REFATOALFR
ORI LBEMEDR S ITEDREHECBIT 2 RERFIETH D,

SOICMRBENOFABTIZEWTIEUL TORTHEWVBEER LY., 3%, Bhax s bz
DIZEBRIHEH SN TW A FEHSMEOIY (Zfl) 2 gz Tioe S Tns 2 & T
HD, WMIEZNTWDLEFEIIIRIRIFTH V| RERLIRIZ KX > TATHICIRIRZ FTik 3 5
TENTED, 20D, FMEZBUTERICEST L LENTE D,
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ELAA aDOHIFRETH L, NTEHARE - RIESNTRY , @FEFET 2

L
HE

ELTWA, A aDREXZTREICL > TRELSAERAZN, HHLTWAFEHLFED
BE. 4RIz T4 ~5 cmBRETHY . FIHF-> TEETAHITFHO KX X

To b (Fig. 1),

ORET~NESIEEL LT, BV Z LW EBH 5, Mk
AEMEZM ESELTOICHBEETHRTINTE A 23, [
MR RS 5 2 L3Ry, b LItRWI 2 @l 2 KR
BT 2561E HHEETT2L4ERH Y | ST PHEICE < DR
FzR<ZLilhdTHAD,

Kxlix, A arloeT VvAEY A\ P aeruginosa. S.
liquefaciens., Enterobacter sp., Paenibacillus popilliae 752 & D5 )54
BT B9 E 2k THE LT X7z (liyama et al., 2007, 2008,

IE (.\SC{\'\S

2015, 2018; Chieda et al., 2011; Morishita et al., 2019),

Fig. 1. Mass rearing of B. mori

/_,—\IEHi S larvae using artificial diet and

inoculation of bacterial suspension

liquefaciens % TR RFIZABNT 5 & & BT, A T DY) into the haemocoel
WEAIC R IT DR M2 RET 5 2 & T, FFEERMtE L7zw,

1. VARNAZFayDshih sy L - s
ANy ORI, R LT RIS B T
DERIRDIE L LREED . EHIATLR R EOREK
EWH T 5, IERWH ORI E IR & MER & 5D
Wb A L, Y& R L OSSN T 5,
Yoshida eral. (2001) (%, AFEL) B OIEBHE LI D &
ST L72 E. aerogenes @ GroEL £k % > /X7 B D33 H
EERET L EEREL, Yy XX Ry
'HTo 5 GroEL X, NEERS X7 EHREKRRE
DIELWEKBIEDIEE (74— VT 4 7)) IZFHE
L TW5%, GroEL i% ATP OFF(E F T, MiBRT+& L
THERET % GroES ALK T 5, ZOHEEK
WTEMWK R ITEDT 3 —T 4 T PRHEITT D
CEZLNTWS, TRV 2 7 EOEISNH
GroEL 2’5 # & L CTHBET 2 DITE X THHoT-, &

100 @ ®
—_
X 80
<
2 °
® 60 o S. liquefaciens
- E. cloacae
£ 40 A M Related species with
8 Salmonella—Escherichial Shigella
° 20 4 QO Water
=
0 ] o—Co—=0
T T T T
0 24 48 72

Hours after inoculation

Fig. 2. Virulence of the bacterial groups from
antlion against B. mori larvae

Approximately 103 cells of each isolate were
inoculated into the hemocoel of B. mori larvae.
Five larvae were injected and three replicates per
trial were performed. Percentage of mortality was
monitored every 24 h after inoculation. Values are
expressed as mean values standard error of the

group.

BT, ANTIEALIR 2> & 138 M Bacillus cereus <° S. marcescens 72 £ OFE & 7B S v,
DANA TR EORBRIAMBRAAFTY Y —ZADEETHDL EHEZ BN,
Bxl3EmHAENTY AT TSmO R Z28E L, IMNBHEEN S 7T AR &
Z—725 v k& LT, MacConkey IT 5 H#f1 2- FH VTl & 0 3 2 506 L 7= (Egami et al., 2009) ,
KA ORE R0 5 (S, liquefaciens. E. cloacae 33 3. O Salmonella—EscherichialShigella

TR FEN SRS -2 E DN BN o T2,

INGEKEZ A 2O MARPENIZTIEANEFRL LT & 2 A, S liguefaciens % #:FH L 72 fE{K
2D 24 IFRLINICETEIEL . AEITBWARBREEZ AL TWD Z ERBH LR
>72 (Fig. 2), £7=UE > IXT7 VU Periplaneta americana (2% L T b [RERICEBILZ R %

12



T~ LT,

E. cloacae xS T RN Z /R L72 VY  (Garcia-Gonzélez et al., 2018) . /X FFIZ
AL, BT M IRIAERNYBRIEMEZ 7R L72 D (Macedo-Raygoza et al., 2019) & i
#@ é_)_ @Bgﬁi)i“@%b\o %O)f:&)\ ]7;</§jj bi]j ]72)) E)ﬁj\%ﬁ l/f: E Cloacae Zﬁ*ﬁq:@a:&cfj_
BB OWTRNT 2 BERH 5,

2. NLEEHUIZ oW S 30 D B LR 53 DFE L
S. liguefaciens Kuol-1 O¥53 Bif % 7 A =2 1fn
EENICIEA LT E 2 A, RN BG4
LTz, £ DT DR Gy BE I3 S
NTnDEFEx, TOHRERART,
FEHBEOFM N, IHRWEZR & O TRERE . o
ig. 3. Protease production by S. liquefaciens
o zlgﬁkﬁj\ X E N7 ’féf’( H5bHE *ﬁ%ﬁ é g Kuol-l.isolated from antlion . o
fo 22T B LY BOEEZRREEITE T fiomed milk. and the plate was incubated at 30°C
HOMBT =T LR, A Ay w2 days.
YN T T 4= BROY A XY R mx T

774 —IllKoT, RS NI H % SDS- (kDa)
RUT 27 VAT I REKIIKENZKB W T 48 kDa 85.0 »
DHE— N R/ AFECTHERLZ, 55.0 »

O BT e T T —BiEEE ;g:

H LTz, EBEES. liqguefaciens Kuol-1 (%, K

BEOT 0T T —REEEIMNITW L TV

(Fig.3), % Z T S. liquefaciens Kuol-1 ®F U Fig. 4. Effect of protease inhibitors on the

Tx Vﬁé@“ﬁﬁ‘fﬁ@é :E:HE <& 3 FKOl O iﬁ% T proteolytic profile of S. liqguefaciens FK01,
¥ >N (=]

nalidixic acid resistant mutant of Kuo1l-1

EAE DA VAT T T S —lcgEt L b In the casein zymography, the gels were treated

with buffers containing EDTA, metalloprotease

ZA, 48kDamlT T 2kDaD e s T inhibitor (gel 2), or inhibitor cocktail for serine and
—BIEME AL RIS T, B8 FE D ot ahon hibror fael oo e getwas

v 7T T BRI AT T e T T —

T OREANC X HTEHETIZERO 5T, EDTA LEIZ KX > TOARE SN2, &
B7aTr T —¥ThdHI N rENT (Fig. 4),

PLEDORER A E 2, WK PIC WIS N TR RIEEY o7 Bixe o) v
BR7usr 77— ThsdEEZ LT (Miyata et al., 1970a, 1970b) ,

RIZE T Vo7 v T 7 —BORMGFEBZ R30I, 48 kDa B LT 52 kDa D F
FJIV vk eTrr—RETE /e —= 7L, TNnEiserl BEL Wser2 & L7- (K
£ 5, 2010; Kaibara et al., 2012), Serl, Ser2 & b2, 7 U > 7 7 I U —ITHHAY7R
HoniE &€ F — 7 HEXXHXUGUXH, AT A4 =¥ —2 SXMXY, Z U v U vTF v
— F GGXGXD #A L TWiz, EHIZHNMRFVIVERERIT ABC F T v AR— X —F5
DXXX T®H 0, 1R CEAIMC WS D B2 b,

I Vo T 7T —BIL, Serratia JBT12T T72 < . Pseudomonas JEAEZ L T
Dickeya JBANE R Pectobacterium JBMIE 72 & ORMIRIFME b ELET HZ ERMHNT
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Wb, BEZ VT e T T —BERET S
A e LTy Strain  FKO1  FKO2 FKO3 FKo4
R Z TSR T D B ER D D,

Plasmid

3. 7u 7 7 —EBXRBERRKROMEHE LUK (D2)
55.0
i
Uiy, - 7]
o {£ (2 &9 FKO1 %‘fﬁﬁi LT » serl Eﬁ% Fig. 5. Casein zymography of S. liquefaciens FK01

Bk (FKO02). ser2 ilZSERE (FKO03) & OVij&E and its derivatives
FKO02, FK03, and FK04 were Serl-, Ser2, and

pBBR1MCS-4
pBBR1MCS-4
pCOMPser1/2
pBBR1MCS-4

pBBR1MCS-4
None

None

pCOMPser1
pCOMPser2
pCOMPser1
pCOMPser2

None
None

iR (FK04) Z1EH L 7= (Kaibaraet al., Ser1/Ser2- deficient mutant, respectively. pPCOMPser 1,
2012) “hd yﬂkﬁ% Wz < %%L%%W)*H pCOMPser2, and pCOMPser1/2 were pPBBR1IMCS-4

containing serl/, ser2, and both genes, respectively, for

k2 EH L (Fig. 5). A a2z HWTIRER complementation.

MREEZEMBLI-E A, ZREKKICBWTHERFRIDOKTERO N7, F
DI=dE TV k7T e T 7 —8ik, AEOFREMERIICB W THBI 2% E| 2 - T
WD AREMRIZFR S o 2y, EERRIE DK FITRNCHFET 5 & b, AL
TR SN ABEEDE R, 437 L HE ENTRERICES S, HiET 2 Tildk
WEW S AT o T,

FYIRFEME O 7 U k7 a7 7 —8id, flY O MIaEE R <018 35z B 4 1
Doz LT IREMEICEH 535 2 E B HEEI N TV DD, 728 672 TlidZe < (Figaj
etal.,2019), FHINT-HETH D,

4. NTFUVARI U FA4 T TV —DOBE, RENMETERKORIKE XU ) LMEST

Tox 1TEEA R ERRERAZE D720, FKOl kO N T VAR VI A4 7TV —%
S L7 (Rossignol et al.,2001; -5 ,2014; Tairaetal., 2016), I 1500 ZHELE A 2|
SRR L, 24 FF LANICESE S B 72 0o 72 4 B 5K (ET0234, ET0373, ET0418, ET0964)
ik L7z, N7 ARV NKBOR NOES 7 a—7 L Lich g 7 248
—Ya VT KD, ) AN~D 1 EFHEATH D EE 2 5 (Fig. 6CD),

WIZ FKO1 D24 ) Al 2 )i L 7= (Tairaetal.,2014), Velvet (Zerbino et al.,2008)
WL DBHNHAEE (T 7V —) OFfR,. 492747 Q8AF ¥ 74—/ R) L
D, T 4 THEITR 528 Mb (GC G & 55.8%) Toh-o7-, NS0 B LN iZF N+
AL, 3.04 Mb B L T296 kb & 72 572, MIGAP (Sugawara ef al., 2009) (2L 57 /T —
3 VDORER, ZU R BEEa— RT 58RI 4884 & PRI ST,

S. liguefaciens ATCC 27592T O 544" 7 AEL%| (Nicholson et al., 2013) (2, EWIHIZ 7
DD FKOl AF ¥ 74—V REe~vy B 7 LA IZITEToEkzfE#EL Tk,
EAEED N7 7 MNEHIAE BTz (Fig. 6B),

KT 2 ARY A ST D MEER O FEELS s S IR S B s T R RE LT,
ET0373 {28 W T, b7 ARV L waal (AN Z 3TV 7= (Fig. 6A), waal 13V A%
bE (LPS) AGHEEBELRFTHY, OFURZY BN A a7 IZ8&IFS (Fig.7) OFiJRY
H—¥%a— RKLTW3 (Feldmanetal.2005), hldD-waaF-waaC-wabK-waaL-wabM 137
RO EETHDLZ DR TEES ., waal O FIRICAET D wabM b RRMEZNFIZ X 0 3
BLTWRWEZ X B1LD, wabM 1L Klebsiella pneumoniae T/ = 7 (outer core) D
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Restriction map

ET0373

1kb

E

5.4

hldD waaF waaC

0.16
il
E 2.4

B 2.9

wabM

—| >| } }Wame l—

Locus tag SLIQ_2419524190 24185 24180 24175 24170 24165

ET0373

i (AY823268) ET0234
%Homolo 80/90 77/88 71/88 54/73  35/54 41/63 K. pneumoniae 52145 ET0418
il 9 (81/00) 89/94 88/92 83/92 76/88 73/82 S. marcescens N28b ET0964

= > (U52844)

Putative transcription unit

i P|—>

; . pLPS3

| - P

compifXbal2 compirXbal

ET0964
ET0234 ET0418
Restriction map 2.16 0.97
I } } } i
e——
E 58 E 3.3 E 110 35 E 22 E
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Locus tag SLIQ_04040 04045 :04050 04055 04060 04065 04070 04075 04080: 04085
(AB819964)

%Homology

C

P

76/89 76/89 67/80 78/89 48/64 57/74 ?/? K. pneumoniae Friedlander 204, O1
94/99 94/99 ?2? ?21? ??  91/95 ?/? S. marcescens O16
> (L34166, L34167)
Putative transcription unit
P
~ pLPS2
| -
comp2fXbal comp2rXbal2
D Ethidium bromide stain Southern hybridization
S 30935 S T oow=
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Fig. 6. Physical maps of the transposon insertion site in mutant strains originating from S. liquefaciens FK01 (A); comparison of

the genomes of ATCC 27592 and FKO01; physical map of NKBOR (C); and Southern hybridization (D)

Insertion sites and orientation of NKBOR are shown on restriction maps as flags (A). On the restriction maps, “E” and “B” mean
fragments in kb for EcoRI and BamHI sites, respectively. Homology percentages (identities/positives) of the corresponding genes of K.
pneumoniae (strains 52145 or Friedlander 204) and S. marcescens (strains N28b or O16) with those of S. liquefaciens FKO1 are shown.
Question marks are indicated for corresponding genes that were not sequenced. Arrows indicate putative transcription units predicted by
the FGENESB program. Closed triangles mean primers for the construction of the complemented plasmid (A) and probe preparation (C).
Predicted promoters are shown as “P” in panel A. In panel B, scaffolds 1-7 of the FKO1 draft genome (BAZB01000000, outer gapped
circle) were arranged against the complete genome sequence of ATCC 27592 (CP006252, inner circle). The numbers between circles
indicate scaffold names. Small open circles on the inner circle indicate ribosomal RNA gene regions. Arrowheads indicate transposon

insertion sites. The results of Southern hybridization are shown in panel D.
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Fig. 8. Virulence of transposon mutants against B. mori

Cells (10%) were injected into the hemocoel of five 4th instar larvae. FKO1 (parent strain), transposon mutants,
and complemented strains are shown as closed circles, triangles, and squares, respectively. For comparison, the
result of FKO1 is shown in all graphs (100% mortality at 24 h after inoculation). Plots indicate averages +
standard errors (n = 3)
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Fujiwara, K., and Fujikawa, T.

Survival Strategies of Candidatus Liberibacter asiaticus in citrus plants

Abstract

Many phytopathogenic bacteria enter the host through wounds and stomata and exhibit pathogenicity
by colonizing the intercellular spaces and xylem vessels. In contrast, Candidatus Liberibacter
asiaticus (CLas), which causes citrus greening disease, infects only the phloem. The pathogen has no
ability to diffuse themselves and are not transmitted to new hosts except by direct contact with the
phloem. On the other hand, when the infection of CLas is established, the plant suffers from the failure
of translocation of nutrients and the reduction of immune functions, resulting in the malformation and
discoloration of the tissues in citrus plants. There is no effective treatment to date for the disease.
Recently, many studies have made a significant progress in understanding the pathogenicity of CLas
and development of citrus greening disease. This article introduces new insights into the potential

role of CLas pathogenicity and molecular mechanisms behind development of citrus greening disease.

Key words: Citrus greening disease, Candidatus Liberibacter, pathogenesis
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1L AvFEY T —= 7L

B xY 7Y == 79I 1919 FICHETHID TR S, FIF LI > B okk
T8 TEEAVWEE] DX DI X2 &b, FIEFEOHEER Y T Huanglongbing : HLB (3%
FEG) & AT B ALz (Graca, 1991), 1925 FRI2IE, fE S O R ILHIX & &KL
AIFNC LD REORARBENBEE SN (Lin, 1956), € D%, 1929 FFICFE T 7 U 7 THAE
L2 EZIC, REOBARNBIZKL Dika0EFIREZ KT “greening” L FFXIL A L 5
272 o7 (Su, 1998), AR, AfEELHEDNDS Z ENEL, LIZUIERAERIZED
MOV D3 B 72 > T2 23, BIFE Tl Huanglongbing & L < I Citrus greening disease T it &
N EDR—ITH D, AFOFERMBIL, HHRPTIHERO—FET-E>TEY, 2021
FRERC, 7 A Y A0k R o %y REREMA I 64 » ETHA, £
IRAEDENRHD L INTWD, FAETIE, MRIRAE IS ROEERES O
(T2 5 TR BERE ., G i) (SR T AROREAEDHEGE ST 5 (Iwanami, 2021),
XY T == TEIE, BEICRET D XY 7Y —= U TIREIC L o T E
Z &, RFUR E L C Candidatus Liberibacter asiaticus (CLas), Ca. L. africanus (CLaf), 35 &
X Ca. L. americanus (CLam)® 3 FEREI H LTV 5 (Bove, 2006), ZiLH D 5 5 Clas 28+
BRPER L LTRIET AV ART VT TEIEL TV D, HrxY 7Y —=2 7HE I,
KEDLTNI IV A—=FIVDI I xT 7 I (Diaphorina citri) D3Eiah 2 Wit 3 4 BRI BRI
oS s (Bove, 2006), FEiz, EUM ORI ARIZ LY | EiEbHE O EZR 282/ L
Tl g, BoxY 7 ) —= ZRICERT 5 & SEREOBRIF 2T, 2R
b L, BEOK TIZ L VIR MERTER S dv, REPRBYET D, D EET S
&L LWL, FHICEMR R SR BIE S U5 " flushing”, & BIZITHROEFHHI A
AU, BERIZIIMEST D, —FH T, lgpo~v 7RI T L E WS T REBERDORZIE & I
(TN D 7o, AIRIFA O RARD 2 DRIEFITHE LW Z LB BTN D,

2. HUHRY Y —= v FIRE ORI SR

CLas I%., 7"/ A X559 1300 kbp &/hE<, FHERMREHREEREIIKEBLTNS

(Duan et al., 2009; Katoh et al., 2014; Zheng et al., 2015), CLas & #Tfx CH 5 a-7' 2T 437
TV 7 HOMERE L el % & CLas (3488, TEVife., 7 X /. B X O IRAEHED O
RIHZBE 5T D12 A EDBIE T 2RA LTV, —J T, ¥, IBE. F&EKET
W, BEATFVU VARTAUREDT I BEENLTRINIH 9 Z & T, invitro TOHGH
P E9 5 (Fujiwaraetal.,2018), F£7-, CLas (7 / AFIZATP R F7 A h—E% =
— RT 58 TERALTEY, CLas MEEDO =R FX—ZFHLAEFLTNDE Z LIVUR
2 XU TCU 5 (Vahling et. al., 2010), ZD7=&®, CLas |ZHFIZMERFT/EH LD TIX
FEATERNEDOD, "= F V=T A ME L TREEIRAFET 2 2 & TEFEZFRRICL
TWNHEZEZHLNLTVD,

3. FRME ORI & Y e
REA I3 SR (SR~ DA DRIEISENE, U REPESHEMR S "V ETH D7 T
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= U 7 EHERERIC X < RAF S 7250123 Z — > Microbe/Pathogen Associated Molecular
Patterns (MAMPs/PAMPs) Z 58tk 4~ % Z & TahJ€ S 4L, MAMPs-Triggered Immunity (MTI) & Ff-
IENb, Mz T, WMORSOZIRIK disease resistance (R) & > 7N 7 B A3 YL RE (299 JFUHTE 23
MM WS DT = 7 X —Z N B 2T 5 2 LI L VG T D i sE
DMFAE L. Effector-triggered immunity (ETI) & FEEIL D, Z D 2 DD ISEOBEEIZ LV |
TESTER 7295 U B SO IR JEUE ORI (2 LTI PTI IS K 0 AP 2l L, =7 =
7 B — RO MEOEVRFIE 23 LTl ETLIC L 0 G2 Md9 5, S 52, T
PTI° ETI A% S b & . & EAHHIE (SAR) DOIEMEILIZ 72N D51 7 ) M E
R HEMEAL 9% (Jones and Dangl., 2006) , PTI <> RTI, SAR OIEMHALIZEHBWTH U F/LEE
(SA) & ZDOFFEIRIL, 2 < DHEMFED BHEINE B W THILEY 72 % & 2 > T\ % (Anand
Mou, 2011; Vlot et al., 2009) ,

3-1. AV 7Y —=v FRE D MAMPs/PAMPs

CLas |%, MW REINE OIEMAL L SA AR ZFHET HIBTER72 PAMPs Z{RA LTV 5
(Duan et al., 2009), ZHETIZ, CLas D7 7= & RV EICEKT S PTI 28 EBR
FINCHEFR 4L TV 5 (Zouetal.,2012), Fla &% > /X7 EOREWIKIZIS T B — @M EIL, #
AN THIFRSES 7 1 — A HEZ I BT 25 BAK 1 & SGT 1 st
DT v T FXalb—valraihEidsd, #6-oC, ChLasD7 7= L PAMP & L CTIEH
L. CLas {[Zx3 D16 EORIERETEMEALT 5 Z ENRIB S LTV S (Duan et al., 2009; Zou
etal.,2012), — 5T, XTF K7 U0V REHE: EOdD PAMPs (25U Tl Clas (2
B2 PTI 8 & ORFEIIRTEARHTH D, ClasiE, il d 5 2 L IZRME L, Y
DRPZICE Z S D8I & L C PTI 5B 4K ¥ 5 2 & T, mENE TOAFZ ATEE
WL TE g5,

3-2. HURVTY —= v TIRE ORREME

IR X, BRx 2250 - BIREE A REF LTl D . AMERER ~ D) &S <00 M D 5 48 1 2
HanTnbd, MlaNIMIDWMS D010 55, 1FEICEBIT LABMRRECE 2 LT
HRANEZ=T7 =7 #— L MEEI % (Jones and Dangl, 2006), CLas |Z, JHEMEICE 535 =
Tx B =B R BERIEET DFMRERA L TWDR, D% < OFEWIHIFEE & X
By wEME~OTT =7 Z—BITE2EET 5 injectisome Toh 2D I MR 4E 2 —
KL T2y (Duanetal.,2009), — 5 C, CLas (THifg»H 2 /NI /E % Sec h T Anm =z
MRAFEINT AN~ D — i 7 Sec W R A2 RA LTV 5 (Natale et al., 2008) ,
CLas [3E# D Sec IKFHI=7 =7 ¥ — (SDE) #2— RLTHEYH, W ONIEETH
HHFXVREAIRI B X T T IDENTREL TWD I ENRHBHIL TS (Thapaetal.,
2020), ZD 55, SDE ] &5 T-(CLIBASIA 05315)I3f5 ECHEFEHL L TE Y, CLas DFEJHR
PEICHELS BE T2 E2 5N TWD, 1EEICBIT S Clas &Y & RBIFICE LT, SDE 1 1315
TS AT A 7T T —8 (PLCP) OEERIEMAZET S 2 & N EBRAICH
k7o TWD (Clark et al., 2018), SDE 1 2B L/ N T VAV 2= I B V0T,
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CLas [Zxf 9 2 @#MEINE (HR) Z#5|& 29 (Clark etal,, 2020), F£7=. ¥ N2fii¥ % H
W72 SDEL # /X7 EO—BMERBUC LY | EOEIIERSL /7 mns X bt 7
ZHEOFBENED 5 TUW5 (Pitinoetal., 2018), PLCP X, HE¥) D5 R B (2 %19 2 BH1ES
BB G D EBEREEEZH S TNWAE Z ENHHILTVD (Misas—Villamil etal., 2016) , $if
T, SDE1 ® PLCP iEHFLEIL, o F Y 7 —= U THROBEFICTFEG L TNDHEEZD
nTW5,

4. HoXY T Y —= v TR L ELEER

NxY ) == PRI L=k %Y T, BAEOBEERSZ n o 2 &R
HLOD, KERKZREREOELIEFICEITWD, WL, REBREELITA LA
TIZRBWTHE WA KRR 2 HALY T DA FHIE & LT, A Lok 2B 5
LI TS (Killingbeck, 1996), 1) DEALICER# T 5 SRGI EInTX° SENI 511X
JEYe T o TlIEE T XY L0 L EWEEBLEZ R L (Liao and Burns, 2012; Fu et al,,
2016) . SAG BIETDOFRBLEIX, SDE 1 BE T ORBEOIMIENEIMNT 2 (Clark et al.,
2020), HLEREWNZ &2, W< 20D PLCP 134 D E(LIZES 53 % (Liao and Burns 2012) ,
F 7=, Arabidopsis thaliana {23317 % SAGI2 1%, PLCP #=2— R L, L7 at A TFTOEHE
m%%%#%&%#réhxw\ % (Jamesetal., 2018), A1z C. SDEl OfEHIX., #HETD

I < . B EA I TITIEEN E VY (Clark etal., 2020), fiE> T, CLas DREYLIZ X

5%®EMV%@% X, WM OEBEEICKE L, SDE 112X % PLCP iEMEFLEZ A L
R T ' A ~DB 5N I,

5. RS DY U FABRAEVERIC X DM SR s OB

I3 SR B XA ) D S R N B 2 T kT D FR A ES LR RIS D,
Pseudomonas J&. Ralstonia J&. Bacillus J&. Agrobacterium J&. Rhizobium J&. Sinorhizobium
J&. Burkholderia J&72 £ D% < OFIFMIEIL, 7/ LHIZ SA ZR#HTHSA B Rk 7
—PEa— RTHEETEZHRAELTWVNDS, SAL Raxv7—BiE, 7780 %0 XJHFE
JAEXTTT=BTHY, T XV REREOBREER DO —2>ThD, SAt Frfv T
—BIX, 7 X Vo fRREERA T 5D Pseudomonas putida X° P. stutzeri, Burkholderia cepacia
T LSHZEE LTV 5 (You et al., 1990; Bosch et al., 1999), Z iU 5H OAE Tlix., SA X7
THVLDGREREIRE L THEEIN.SAE KXy 7 —BI Lo Th T a— LIZAE# X
N5, b~ NERIEE Ralstonia solanacearum \IHEY) SA Z /0 fE L C. BH WG EINE
MHOREL, FBEEICHTH2Z2OWREMEELIMRT 5 2 e ST D (Lowe-Power
etal., 2016),

CLas 2M&Gs L7 g ETIE, SA RS OTEMAL A FHFE S D (Nehelaetal., 2018), CLas I
BEOREISEZERETHTFEL LT, SA e kexy 7 —¥E2a— K45 Sahd #iaT
(ﬂﬂﬂ&&@%ﬁ%@%bfﬁb\&x%ﬁ%ﬁé:kfﬁﬁm%%@ﬁbfwékﬁz
5TV 5 (Lietal,2017), & HIZ, SA (L F TR ERBIMEIZEY 59 % pathogenesis-related
(PR) % > /X7 B DFEBANENLL ﬂiﬁﬁ‘éo JEGRHZ T > 20 D3 X9 TR Xanthomonas citri
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T L L A XY L BN THELENEMT S (Lietal, 2017), — 5T, Clas
D SA I fiEiEMEZE LR | SARERETERINLTWDHZ EHH BN TS (Nehelaetal,
2018) ., CLas DJEGITEK T 5 SA BRI DI & RIEHALD R T » ZABRRIT OV T, [
Y & B HEI CTOBWARIBIN TS (Lietal., 2017; Clark et al., 2020), CLas J&YL ]
TiX, EWROBERBUEENEET LI ENMbENTEY ., ZoWiZsWT CLlas IE SA
PR 2 NEMALT 52 & T, HERNTEESCHIEZ AIRBIC L TWD EEZX BN TV D,
KPR, TR HET IO T SA BRIEEAMEF ANTEMEL LTIRIEL 720 L B v Y
K OWREZBAE L CHIRBEITER L2V, 7205, Clas [3MY) D% R 0NEMEL L 72K
RE T HIEYZ N S BAETFE L TV D, ZHUCOWTIE, Clas 232 B4 2 kA T 4Ry
IZ SA BRI A ANIEVELT 5 2 & T, B 2B L T\ D L HEEL S D, CLlas i & SA
RIEVE(L & OBEIZOWTIE, B DT AN E TIEH 528, Clas (% SA Z EHEHIE L,
WY OGRS EZ BT 5 2 & C, BRAHN.SETVnHEZEX LN TS,

Bbyic

I ) == IR A2 B &K 24 CLas OFFEMEIL, MEWIRELRE &2 FEMRAY I3 5
DTIER L, MO RIEISE MBI L., £ 0ICAEPMERA 2L RIRHT 22 LT, Y
DOEREL &N 9 NEBRERE~ DY A2 AIREIC LT %, CLas IE. EfFICHNEDE S B S Tl
PEAETE W=D, [5EDOEFICRESKF L TND, ZOE FERFWRREIC L VIEE
EDMEMERAMT bR DRER, hoXY 7 ) —= U TN RAET D, FHEMNREE L
T, EOBEERSCEA COT 7 ERNET 6, 260 Clas =7 = 7 % —SDE
1 OERICER L TWD Z ERHLMNE > TE =, BT, SDEl =7 =7 ¥ —DIETH
% PLCP 1%, fiW) D505 5B DOHERRTE 1T T < | Mo bfilEc R < B35 L TW\%, Clas
DIEG L0 1G5 EOFS PRI S, OB (LCEBE R 83495 Z L ik, Clas D
HTHD “mFT—RIH AN ERUTHAEBBERGETHDL L E R D,

18 L OGP A RS TIE, CLas OFRYLIZ LV PTIS ETIL, SAR N S5, M DOR
P Fadill# 95 SA 1%, CLas DEGLIC I D FENFEIND, — T, Clas M [EEESA &
T2 2 & CRBINEZBEREL TWD 2 &, FEEORRLAEFEAT— T SDEI O
EHEISEVRSH D Z E LMo TS, ZHUE, horXxY T —=2 JREME £
RN TEHIMICOZ DIBRIREBIZH D Z &0, 5 E TORGEBAMRET DJRE & 725 T
WbHbEBEZLND,

TR 3993 IR % R85 L TR 008 08 Z BREhICHRE 5 2 & 2, IR A T X
L& BRI Lo THEISEZZHMICHEEIELNTWVD LB 6D, T UrFY
7V ==V IR T D & SA BMEFIICEIRE CERE I L, 0 RDTEMEL L7REE
2725, —hH., fEFED Clas R L TWAIREEBIZH D B 2 b DM, IRIZ CLlas 23F A
THREREZFEL TWD L LD, [ERIFEFREZISEZ STV Z LI b, #E
B, MG EINEOF R FTH-Th, Clas lZEEAT THIE L. R BT 2, &
#1X. CLas DAALZAMIR, A LE D70 A M—7 S5O 7 =7 X% —[K
TOMEIZEH LT EZERTL2 LT H XY T ) —= U ZIROBRGEARIZ DN T,
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Elucidation of interactions among viruses, thrips, and plants and development of control
methods based on the interaction

Abstract

Most of plant viruses are transmitted by insects such as aphids, whiteflies, and thrips.
Viruses induce chemical and physical changes in the host to efficiently transmit from plant to
plant. Tomato spotted wilt orthotospovirus (TSWYV) causes necrotic yellow and necrosis diseases
of vegetables including tomatoes and green peppers, and to flowers such as chrysanthemum and
dahlia, and causes economic damage, yield loss, and loss of quality. TSWV is transmitted in a
circulative and propagative manner by thrips such as western flower thrips (Frankliniella
occidentalis). TSWV has been controlled using the virus resistance genes of the cultivars and by
controlling the vector using insecticides. However, the emergence of TSWYV that can no longer
be controlled using the resistance gene of the cultivars and the development of resistance to
insecticides by thrips is a serious problem worldwide. To develop a novel way to control thrips
and TSWV, we analyzed the mechanism of the interaction mechanism among virus, insect, and
plant. Our results showed that jasmonate (JA) plays an important role in a plant’s response and
resistance to thrips, and that the JA-regulated plant defense has a negative impact on the
performance and preference of thrips. Moreover, the salicylic acid (SA)-regulated plant defense
was activated by TSWV infection. On the contrary, the level of JA-regulated plant defense by
thrips feeding on TSWV-infected plant was lower. Therefore, our findings revealed that the
crosstalk between SA and JA plays an important role in the attractiveness of TSWYV -infected
plants for western flower thrips. In addition, the attractiveness of TSWV infected plant was still
observed on the plant infecting with non-thrips transmitted TSWYV, indicating that the
transmissibility of TSWV by thrips is not associated with the preference of vector thrips. To
develop the novel control method for the thrips and TSWV, we conducted push-pull assay by
using TSWV-infected plant and Methyl Jasmonate (MeJA). The results showed that most of the
thrips were moved from MeJA-treated plants to TSWV-infected plants. The results also suggested
that TSWV-infected plant and MeJA were useful for attractant and repellant for thrips,
respectively. However, application of MeJA inhibit plant growth. We therefore chose prohydro-
jasmone (PDJ) as repellants for practical use in the field. As the results, the number of the thrips
in on PDJ-treated plants were decrease than that of healthy plants. In this presentation, we also
introduce the effects of application of PDJ against thrips and other insects.

Key words: orthotospovirus, thrips, attraction, repellant
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BEMICIRRZ B R TR Y A NV ADKERT IR, B A7 E2 B E 7 LT
V% (Whitfield etal. 2015), 45407 A M A RN T 2 BAROEEITR B TH Y | &b K<
HONTWAHEY T A NVADES T RHRIL, 77 7LV, 7THIU~HE, 9315,
VBB LRI IHATHL, VAN ARIL, HEWD SREY A~ DGR & R ATAT
DT IT, Y L7218 FHEWIAL B L OB L2 FE8 452 & T, ENE L HE
FOMAEAERICE % KIE LTS (Eigenbrode et al. 2002, Hurd 2003, Belliure et al. 2005) .
I BT, T ANV RIE, ENRE B OBEBEEECEREITE 2 2 S TR 2 5
DHZ LT NFEMITIHTE D B2 L TW% (Stafford etal. 2011, Ingwell et al. 2012,
Shrestha et al. 2012, Moreno-Delafuente et al. 2013),

FNVERARTANVAZT, PARTANVAER ATV N B ARTANVABIZHFEI L, £
AKBIZT P I U ~DOHHRIZ L - THERS
v, PEBR. HTEALCHET 2 5 (German et
al. 1992), A7 A L A1, B 80~110 nm
DER DO R —TE2HTHE Y A4
A L. 3 >0O—AEH RNA 7 fi(L. M, &
LY S)M B AL E 4L TV % (Murphy et al.,
1995, Jones 2005, Whitfield et al. 2005,
Germenetal. 1992) (X 1), =L 65387/
DA MR BAT # > 287 (NSm),
RNA A Loy 787 vy —G%
B4 5SS AT (NSs), X7 LA | B
B 7 KA 2827 B (N),RNA {1 RNA R L
U AZ7—%¥ (RIRP) B L O EX /& M—-NSm-
(GNIGe) Ma— RS TWb, £/, AU
ANAFRIVADT Y RE VAN TBED S= N =NSs~—

7 X BRECH D R F ST, Asia & _ . - e
Americas &\ 2 S0 L 7 — 724y 1 b~ MEILZZE T A IV ADRA DBEXIHA

\F7 541 % (Pappu et al. 2009), Wi (A) BLOT /) L)

ANV RARTANVADEST B THL T I U~FHIFHRPIZIAI AL TEY,
6000 FELL EARFI DTV D, TD I B 1%DTH I U~ ENEEAFEICHEL LD
LTWAHEZEX LN TWS (Heetal 2020) .

THI UL MR, EREDOXLIRBRILIBRIA TIIHEIND, BHE
IZBWTANL N RARTANVAZENT D FERTFIT~HIL, I A7 H
7~ (Frankliniella occidentalis), & 7 X/~ 7 % I 7~ (Frankliniella intosa), ¥ 7 %
X U~ (Thrips tabaci), X7 %A 27 % I v~ (Thrips palmi)23 1 540, mi#E 2 FEIXAE
mEME, BE2HEIIERETH S,

TNV FARTANZAD S B HRGIZEIED ~DEENPRENT A VLA LELT, b
~ b b 2% 7 A )L A (Tomato spotted wilt orthotospovirus, TSWV) & x o b2 % 7 A
JL A (Melon yellow spot orthotospovirus, MYSV)23&% %, TSWV %, A/ b N AR T A /LR
BOXATFETHY Americas 7L —TIZB L, EIZI W rF A a7 I v<ic o T
frai, RPICENT R~ MOV —v U 2 DT ARMEY 72 812G L TRk 2 2
FHIEFEZ L, WEOBDOHEIZEL LD Z bbb, —J7, MYSV L Asia 7 /L—
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FWBL, T3 FIFAuTl7 FIv~itko TN Eh, Fav Ao nloy
UBHMEMICEG L THIbL A 2R ESI SR L, INEOHD ZH T\ 5,

ZINETIZT TSWV & MYSV ([Z XD BEEMOHEDO R X ST, fHER - HhEm
DT RS T ) LOFFE L EDL I, ENE D T A VA TR L OUS AT O x4
ELTHHESINMIEMTOCE T, BT, TSWVIZOWTIE, VA /LAEKELTO
BLR7Z T T, M HHLWNET I v~EHED 2 HMMHEEAIZOWVWTHEH S,
%< DIFFEN TN TE Tz, ZOHk, TSWV, 7Y I v~HEB L UHM L D 3 HMDOHE
HAERIZOWTHAEH S, TSWV BNEGL L7z B —~ o TIRERG i & b _T, kv
RN I I AR T FITRNFESND e EORE N ST E 7 (Maris et al.
2004), — 5., BARIIVANA, THIVHEBLOHEY O EERIZOWNTEE L,
TSWV X MYSV ZD 7 A VARG T 2 U~ HIC L 2 BEICHT DY OISERT
P I T EHOITENI DWW TN 2{T> C& /2, £, TNOHOHBEH LI, HilekeT
FIU~EBIOA I b N ART AV ADOBEERFEAMBIRE b T TE TV D, AR TIL.
TANA, THIUHBIOWEWBOMEERICE 2 7ANVALTH I o< EHOHL
IREFERIEICOWTHEN TS L LI, TOAEWBMAEERZRRALEZT VI v~EHEB
E T ANV RIFDOBLBREAFIZ OV T HFEIT L2,

1. VANAR, THEIUVEBICHEYOMEEA

LIT7HIv~EHEEMOHEEER

THI VIV ANAEZENTH7200 T, TNEHIZLDIBEIMEMOKESR
IWEOIKRTZBL 20T, BEAEICLE S TROVBHERLFRLO L1 S>THDSH, HYOET
HI 23Ok BRI 2B E D EER BIH T 2 25T 5 Z L MG S TE 2R
(Kessler and Baldwin 2002, Howe and Jander 2008, Howe and Schaller 2008), Z U ¥ TIZHH
Moo+, B L OAERF L)L TOIEIL, AR ok (Bh) &7 774530
BECHTOOMCEREZSTHNATND
T Tholc, SHIT, BHRITMHEHR LW (A)
IR TS Z REFET D08, BRI ¥
RURE, aF VI IBART 7T AVER
EDOWI RO TR E T 5 B HRME 1M
WA 2 G 2 5 2 2 DI T % 7
OIZ, IFL AV TSN TE TWARho (B)
oo 2T, THIUHEICKT LB O
BHMEIGE Z flh LT, S m A X F X7 (col)
EHONT, IR uTFIvvORE
(2 Ko TIVET 2 DH B AR 1 2 T L

D Control

. JA treatment

[

Relative area of feeding scars

ez A Uy AEUBREEBLETTHD 2 T

VSP2 35 X Of CHIB #fn 1 DFE T FH 2358 2 1

Hiv7c (Abeetal. 2008), F7=, vEA X . ]

T AT O m ST IRRE M (coil-1) ZE AR oy R

ERWCT I U~ LB ELMIT L 23 0AXFRFOY—TF 4 ATITH
kié\ﬁ%%wwgmiél&ﬁﬁgﬁ%ﬁfHg7$§?vﬁiéﬁ%ﬁ%@ﬁﬁﬂﬁ
> Ifici ;; ji . 77/ );X/;EHV?E&;;\?;;%’&L;%D%: iV % AT LR A TV, EIE O R
co N NG A - (B). Abe etal. (2008) X 4 % i L C5IM.

EENBA L (K2) . L osT, I
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VxR AT Y I UICKT A OGEINEICIL, YUy AT BN EE KRB R L
TWNBEWVWHIZENRHALMNER ST, TNHDOFRERICE Y, I %#ﬁ@ﬁmmm@
BEICKH LTS, EREOHEEMEE BRI T DINE ERBEOKS THE L TWad Z &R
mENT,

1-2. VANRRBERT FIUEHOITRICRIZTTEE

TSWV (X, W& 7 I U ~HOMFITERERTHIENTED, £DH, TSWV O
EENRT I v~EH~ORE L) EN Lt%@mﬁ?# U~ FAA~ OB O R
D OEENT TN T 7o, EENREEL LCid, TSWV RER TIIIEAER L L
T, BIERRDRENE N & LA STV 5 (Ogada et al. 2013), — 7. MRy 72 48 L
LCiE, TSWV EYEmIc T P I o~ ERFHT I Sh b & &b, Yk LTk L
TR U~HITREMEE SN D Z LI LN e - Ty D (Maris et al. 2004, Shalileh
et al. 2016), Z D XL H 2, TSWV ERIZEL ATV I UEH~OEORENL I REIN
TETWb, ERL7ZX223 oA aT7FIu~PMlEYEINE LRI, v A
FUBEN LEBIHISENE X, 7Y I U E2 BT A EBHLNER S TN,
TSWV EAEY TlI, ZORBNERF Y B LENTFIUvERFEI SN LD
ENRBINT, ETHDICTEA XFAFEHNT TSWV EREEICB T 27 I Y
~ B DOATE) 2 M LT

TSWV NG L7 —~ > Tl
UM & T, I H L F A | 6 days
THIUREENICHEI S ND P s
ZERHE ST E 22N (Maris et
al. 2004), =D A B = X K22 T

10 days 14 days

non-
viruliferous

thrips
3k Cdho7m, 2 TTSWV. 3 P
¥ A THFIvwELO
A XFTXFHEHNT, TSWV G o
BHOI DL FARTHEI T “ﬂﬁﬁ“

ST HHEINE R T S L L b
\o . D AE RS % fRAT L 7=,
TSWV Zfr#mSELI DT A u| K3 b~ ML Z T A LVA(TSWV)EGERT W
PI U~ (TSWVIRER) 0% I w0 aEFEIc R TS, I TSWV [R35h
SETWTWRNIN T AT g (1Y) 35X TSWV (£5 hukhil (FE) |

fi??(BWV%@%E)%V“ Abe et al. (2012) [ 1 % & LA,
A X F XJ (Colombia) Zfikfd L.

BERZRAMICHE Lz, ZOME, TSWV #3502 i L2 ik B ofkE &
EHICEEEN/EMLE (K3) , 512, TSWV fRERAE KA LIy e A XF X F T
IX. TSWV FERTE R & i L7356 & T, it agZicmLz, Zh
X, T IUEHOBEETERZD L, TSWV REFEMEZINETHZ LIk - T, KR
OEIMZAFNEL L EZE2 NS, —F7, TSWV OHAENLEZ D & TSWV LAY
T VI o~HONENREL FETDHZ LI T, REBEROBEEGHRHEML, 7TV
vﬁ%ﬁhfﬁ%@\ﬁmwA%ﬁMéﬁTmék%z%m5 Tbb, TSWV & 2
B XA T I UL win-win ORRICH D EHEER I LT,

INETICTSWV, I XA a7 I v~ MO AEERIZIEZS < OWEOEE
DHHN, MYSV, 2 FIX A a7 I v~ tlWOEEERIZONTIE o Tz,
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T TEHAIITSWY, I F A a7 I 0B LOHEME TRO GNTEBRN, B
HBLEAHIZET D MYSV, 23X/ a7l u~BLlO0HEMICBWCHLEHIND
DEPIZHE AN, 2 VNI F I/ a7 FIu<IiChd 25 MYSV OE
BB L O R B2 T Lo, ZORER. MYSV fRE BITFERBFER & exT, &
RTDOBRBAT—VIZBWTERRBO LN -T2, F72. MYSV YL = 7 V IZxd
H3IFTIXA 0TI vOFESIMELRO LI o7 (Adachi et al. 2020), L7223~
T, UANWVAEGZ L D7 I U~HEHOITENL, VA VA, 7Y I v~k L Oy
DIEFIZL > TERDZENRENT, TNEFTVANABIOTHFIUHEIZL - T
JERERIE N2 D 2 L2 RIB LTV D,

1-3. TANARYMED IR 27 I v ~BOFES O /EHEE

TSWV G, 7 I U~ ERFHESI S5 2 & 1E Maris et al. (2004)721F T7e < |
Fex ORBRICBWTCHEHLMNE R o T2, 2T, TOERBEIEICOWTHT LT,
FOIZ, TSWV BNEE L7-v oA XFAFBIRI WM a7 Pl lr8E%
STl a A X7 X F OPEMEIGE 2 AT Uiz, TSWV YY) Tido U FVER(SA) Y 7
FNAGRERE OfEEEEF (BGL2 BLWYPRL) ORI EAENED Nz, — . I H v
F AT HIUVTICLDZBELZZT Y TIEY ¥ AT URUA) V7 FIVRERK O
fEtE g (LOX2 B L UTVSP2) OREBEFBBO LN, Fiz, IV rFA T HI
U LD EEEZIT T TSWV B CTliX, SA XY JA %I L7 BhEIs 2 23 il
EN, IHUFAuTFIUCRNESIEIND I ENHLNE -T2, 51T, coil-1 HE
WMEARWZI DA a7 ¥ I o~ O@EE T, FHolENKb, U FILEEEL
UMY CIEFES RN RBO LN (K4) , LER-T, DO SALIAD I oA
N—ORIBrF AT ITICHT 2P OFESIEICEETHDH Z L BRI ST,

(A) (B) (©)
35 50

30 1
25 1
20 1
15 4
10 4

404 -

304 -

204 -

104 =

Number of the thrips

- 0 0
Mock infected other Mock infected other control SA other

4 I A uTHFIveoRREHERE. a4 X XF (Colombia)® Mock
BILXOTSWV E 3 EY (A), v aA X+ XF (coil-1)® Mock 1 L TSWV &
i (B), > maA X+ X7 (Colombia)® Mock I L O U FILEpiLfiidy (C).
Abe et al. (2012) DX 5 Z k2 L THIH.

1-4. FERBEERE VA NRETV I U~EOMEER

INETORENL, TSWV DHEDITTERET D LI DI D rFAMmnT7HFIv~D
FHOIMEIZ, TA N AR LN EOBEIC L > TEFICARICB N TWS EEZ BN, —
T ENDD T AR E WA F IR RO 2BAREA L TWDENE S BN -7,
ZIT. I WX A a7 FIvOFEFIIRICBITLHTSW I hrFAMarHFIv~
@ﬁﬂ@%@ﬁ%%%ﬁ#étb\mwv%ﬁ% CHERRARAR U CHL— B B 2 4 0 o
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L. 7Y I U~ THEI S 720 TSWV ZEEE GERBM TSWV) Z2/EH L7z, F1dic,
JE RN TSWV REFEMICHTHI D FA T VI v~ ORELMHIT LI, T Of
R BAT TSWV YY) L RIEORFROEENPRO LN, SHIZ, I UrF Ao
7Y I U lTxtd DI R TSWV YY) OF% 511 2 M L7/ 8. BpAA TSWV
JEYAE) LRI I oA a T VI u~aiFyl Lz, kIZ, FEREEME TSWV G2 xf
T HREY) DOEISE 2T L= & 2 A BGL2 B L O'PRLE&E s - D3 H LA NR O S,
BRI TSWV L [RERRICHES D SA L JIAD I B A R—I NI rFA T I U< |Txh
TAHFEDMEICEAE T EEZ N, LER-T, I vrF A urFIv=iixdtd
TSWV BYEY OFFHEICIE, TSWV &34 aT7 I o~OMAER TR,
TSWV L) O AAER N EE 2 &E 2 R L TW\WD Z ERMA SN, 7B, AR
2B W T, FEBA TSWV O&E s TR A figpe L7 & 2 A, GnlGe Bia112% < DEFEMN
BDOONIZZENG FNHDERN TSWV O BN DO R LIZES- L TWA Z & A
BXNl, LER-ST, UA/LAORBEEEE &N R OB R ISR RN BRIT 0 e
HEER S 7=,

2. V¥ AEVEBRERAWETFIUVBICAN N B RARY A NV OB#EEN OB
%

2-1. V¥ AEVERAF VIR Y L A VR RYKEW & AV T2 push-pull B5iI2 K B 7

P I v~ EHOITENHIHE

WA, THYIU~HEHRED T A )V ABI M ObF IR T 2 BPUEN R E L, BibR
NREEL 72> TR Y, HARMZRRELE 72> T 5 (Jensen 2000) , — 5. AMofiTE %
FIH Lz E R OATEHIEED O E > & LT push-pull i#EREI SN TV 5, push 1XEHIC
AR EE . pull IZFESIIREEZ R LTS, KiEZMHTLZ LIk -oT, Fh
FNHMTHAT LD G, LR EROITEIZ I TX % 515 TH S (Pickett et al.
2014) , Fex D UANA, THIU~HEBIXOWEYOMAEIEROHIENS, Vv AT
FR D SBERN R & 7 A NV AEAEY) OFF LI R ZFIH LT push-pull IBIC L7 HFI v~
MHOITEHIEE I NEECcEEEZ 2o, £2C, 7/ —A L LT Datura
stramonium Z W T TSWV EEHEM & Vv ZAEFE VA TF AL ZHNT, S hrF L a7
LU OITENHEEIZ OW TN L7z, RBRIL. T 7 AT 2O IRIEEEY &H 5\ T
Vv AT UMk

AL EERE W) & B (A) (B) (C) (D)

BL., 0 7w z " i

Iz {%é*ﬁ LLI'@ I %0 \\ /‘/«"'—4 N \\ [/'—‘\’ " \\ //. o \ 5
AN LR I X | I . 2
TSWV e | ) ¢ /\ *“Ix “T ® //\«
mErRBSE | ~___|" e %

ZD/EI\§+ 4 @ D (%) b \\V \\\.\ “\\ H\\‘_' ‘.\\ 9 '\/ \.‘\_\ ‘\\\ \\\\ 2 ¢ T/ \-,\\' .\\‘;. .\"\ ;“\,\ 0 \(/:\ .‘.\\ .-\\ \
@ffﬂyf{i\ i WA G iy W S S DRI S ) Q¥ A AY A N MR
TOX & #E (== i == i8]

L @f 7}33;;@ 5 AEBRIKICET 5 I 0% 4 07 ¥ I o~ OR AL,
e S g o] TS KOS E N MeJA JLER 2 TSWV HEREA), SRins &
A7y | TSWVER (B), MeJA JLHE & fipefl (C), MLH L Mk (D)% A
B o L7 o BLTC
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L, FREXWEHBHOHEME EOT I v~ EiH Lz, ZOE, oMz
¥ AEUEEA T IV(MeIA)Z LB L, JEBHOREMIZ TSWV 28 L2551, &b Z< D
FTHI T REFEOKICBEEI L7 (05) . LR T, TSWV LY & MelA % H
W7z push-pull {EIZ 7 I U~EHOITEEEE LTHEHATOHD Z ERENT (HH
5. 2012) .

2-22. 7o ey R BV ZRAVWETYFIUEHBIOANV N FARTI AL VAD
9153

MeJA ZWE L 7-HEDIII D oA u T VI U~Z2 il T 52 ENHALMMNE o7,

UL 5, MedA ZAVEE U7-HEY) Cld. EBFDMBIEGICHGE S D Z ERHLNE 2

ST, FIT. MeJA LV bR O A B BIEIZE)
S TV I T HICKT L R AT L WE L :
LT, VY AEUVBBOERZRKTHL v Fry vy A
2 (PDJ) OFANEZER SN, ZNE TIZPDJ %
FR LT HRMREREA, Yot FrYy 2Ty
WA (P4 U A A— NERD) N ERShTR
. VI Y OREOFAIREICHH ST,
22T, b hOT I o EERG L LI AFIOF]
% HEE LUTHIZERHED b b = A, KHIZ Y
AT HZ LI -oT, 7Y I U~HITHT D 2l - DJ
R ISTHE S L. MEALER & L L C T S e i S
ENMMEBTA2Z NN ERD (¥ 6) (KED. M6 vuAfXF AT

2017) , b~ b I=hr~ hOTFIUVVEHENG L L : Ve D
TEEBRES RSN, SHIC, Emvro%ay )i ffﬁﬁ?iféééééé
POWEERH O T VI v~ IS KT B ARk b SRR

8

80+

5
o
1

L
&
%60
>
o

-
-
-~

o
1

7Y

HEFIZ T A RICHOWTHET L. TS EM~D A&
FlOwE A YERIZTOWTHFZERN D BT\ 5,

BbHhiZ

AFETIZ, TA VA, THF I v~ XU O AEERICOWTHEA L, T4E,
TANVA, WA BB IO O 3 FMOMAEERICET 2L/ HZ < HmESh, v A
IV ATEGEINZ DT B2 FE T 571200 T MRax R FEROTENC GBS 5 Z L3
Hin&7ab ., BRRICEBWTEARR AN EMETHH AR L2 6 ABRMMES
TWBEEZLNTWD A%, 3EMOMENERICBET 2RSS 5721 TR
BEREO LD R 2T AERRICERZY T LRRET 2 L b2,

AN AR ANACET DL, ZNETICARYA NV RAE GO WO T
A 7/ ADRNA YA L ADWBARFHI FIEN 27 > T2 12012 s+ OFEREREAT 13
EEREEOMEHSL) 7V —4% o hOEHIC X » TThLT& 7= (Sinetal. 2005, Tomitaka et
al. 2015) ., — /. B, Fengetal. (2020) £~ A F RO 7 A L A TIZHIDH T TSWV
DRRYNE 7 0 — L ORERIZEI LTz, IS E->T, AL FART AL L AD T A LR
ZOLOOMFIIM A, 7 I U LU & O EAER O LD 7= e R E)
kKLU, ANV FPARTANA THI UL LD OB OTELR, & 5%
ELTW EEBDbRD,

36



iR AR K L CHBIME 2 R E S ERORENBE L 2> TV BRI T,
T, BB OB E T EHOTEBRENEE SN TS, BREIZEBWNTH,
h~ FELER VAN AEZENTH5aF V7 IFHORNKRE LTT U v Y VEIRRAEE =
27 NVHAD B4 RXRIT X vTF) NEHENDRE, HiREMMPARINTET
W5 (Kashimaetal. 2015) . A TR Lo Rae Py A2V 2 ERDETHY v
AFA— MEANZOWTHRITE M~ FOTHF I v~vHeExRE L CTEEKLE L TERIN
Too BRI, TT7 7 AVEHOK =HR E T A VA BT L CH BRI B, R
ENDHZ EICED, BREICEE LRl nlRE 72 I R3S KX OV A L R B R D FEHL 3 #
FESid,

HEE

ARBFGEEAT O HT Y . KRR < Bul e TR A2 TEW I IR R PR m Bk #dw (o
RS R LM E X —) LKV EFHOEERLET, Fo, AERRIER
RN T T2 T AR R ) B 1 B SR P 0 22 e i L AR AR T . R RS
ISR L B ET, £, ERME O Y2 Wiz 2D B SR FERT N A A
VY=t Z—0/NRIERE 72 5 NI FEE OFE RIZEHT W2 LE T, ARBFZERCR
DO—ERIE. BRI EFEE e KBt v ¥ — A ) _— 3 VAR e 3
02018C [t F) Dl RELAT DT | H B Gl IR o A 7 M-S X B - JEX O
B I A RIRFICEARR ) ISRV ERSNE L, ZZICRRL T, LIV EHOEE
FLET,
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Watanabe, S.

Control of onion downy mildew caused by Peronospora destructor
~ Recent advances in the studies of the basic biology of oospores~

Abstract

This study investigated the possible role of Peronospora destructor oospores in the soil as
a primary source of onion downy mildew epidemics. Oospores were extracted from the
debris of diseased leaves stored outside during the summer season. The resulting oospore
suspensions containing fine leaf debris were used for the germination and inoculation ex-
periments in the laboratory. Germination of oospores buried in the soil in cups using mem-
brane filters occurred at approximately 0.5-1.0% rate. The oospore suspensions were bur-
ied into artificial culture soil in cups at depths of 2-3 cm or 5.5 cm (near the bottom of the
cup) before sowing onion seeds. After raising these plants in cups placed in a growth cham-
ber at 15 °C for more than 40 days, some of the plants showed leaf chlorosis and distortion.
The presence of P. destructor in symptomatic plants was confirmed by histological obser-
vation and species-specific PCR. Thus, we have experimentally demonstrated that the be-
lowground inoculum of P. destructor containing germinable oospores causes primary in-
fection. In the belowground part of these diseased plants, intercellular hyphal growth and
oospore formation were detected extensively only in specific roots that had grown to the
depth of inoculum; these roots were considered to be the primary site of soil-borne infec-
tion. In the field experiments, we have also confirmed that P. destructor infection of onion
plants could be induced by sowing onion seeds or by planting seedlings into soil containing
oospore-bearing refuse from mildewed onions.

Key Words: onion downy mildew, Peronospora destructor, primary infection, oospore
germination, belowground infection.

e R R SE B B R 2 o % — Saga Prefectural Agriculture Technological Support
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ABSTRACT

TOYODA, K.!">%* APRILIA, N.F.2, MAIL, T.L.2, KAWASAKI, T.2, MONDEN, H.3, SHIIBA, N.3,
ITOH, C.2, HASEGAWA, H. and SHIRAISHI, T.* (2021). Regulation of plant immunity by
pathogen- and plant-derived suppressors.

In 1992 we determined the chemical structures of two suppressors, supprescins A and B, which are
secreted by Mycosphaerella pinodes (syn. Peyronellaea pinodes), a causal agent of Mycopshaerella
blight on pea. According to the "zigzag model" proposed by Jones and Dangl (2006), both
supprescins are considered to be host-specific effectors for avoiding/suppressing the host’s
pattern-triggered immunity (PTI). In our separate study to investigate the origin of the suppressors,
we isolated similar constituent(s) from healthy leaves of Arabidopsis plants and identified a CEP
peptide as one of possible candidates for endogenous suppressor. Exogenous CEP peptide inhibits
or delays elicitor/MAMP-induced defense responses in Arabidopsis, promoting disease
susceptibility even against non-adapted fungal and bacterial pathogens. In this chapter, we present
our recent advances in research on pathogen- and plant-derived suppressors and, especially,
propose new possibilities of CEP-mediated regulation of plant immunity.

Key words: Arabidopsis thaliana, c-terminally encoded peptide (CEP), defense suppression,
disease susceptibility, endogenous suppressor, pattern-triggered immunity (PTI), suppressor
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S TCETZ. TERDEEFE AWK ED D3R - FERITED WK L I3HNT, BE TIZAR
T =B & o7 in silico fEAT, B DOWVTEAGLTZS ) MMEHS RNA-seq 7 —F 72 ENH
AL TEGERBIR T Z T 572 EEMR T e —F MTbhd Lo IlkhoTnd. =
D X D 72T CIE, 8 ERF RN BRSO 7 Ly —0 X9 iR ROS (RIS Z o il
AR OFHEE, RNEICNEIC T 2R L) 2HE S L TR TONIZSGE & ITR
720, RFEEROBRBARAT =G U O 7 = 7 X —DIFE L T 6 O&RE %8 5 )
2T 52 EDRWFIND. 2o L, EF 61T RUBEURE Mycosphaerella pinodes
ZETNELT, FENZWT D 2O 7Ly —OELZREL, £IH0OETHEY
BT DIERRE, BEES T 52 7T IMeERECESENZ DWW TT 2 D TE T

(Shiraishi et al., 1997; Toyoda et al., 2011, 2016). —5C, ¥ 7 L v —0OEJHFHIZIE 5 ifE
LT, =Y RUERIRD & T HEEOMWFEOREETEN BFALIKy (1) 2Bk
HZEITHKBL, ZivERNAY 7 L v — (endogenous suppressor) & FRL TV % (Nasu et
al., 1992) . AlENE, JRIRES L OEIH RO 7 Ly I —I2BF 2RI DV T ORI D
RERENT D E LB, BFEONBZDLDNEY T Ly —% 0 LT RE O T 703
HIFEIZ DWW T filliu THAT V.

2. IURIBRRELSWT BT Lyy—

1978 4, = RUBKURE OMIE 73RO T OE Y (= RY) 774 b7
LUy (B Fy) Azl T omE 2R L, KRR 2 & EUEmHIN - (7
H—) L4 fFF 7= (Shiraishi et al., 1978) . M4, 7L v —DEHICHOWNTIE, = ¥
—OHEED N0 HEN, FOEMRMDIC L HEHOMEL WD RS H o728, 80 4
K&, RENIEET S 2OV 7Ly ¥ — (R 1a; Shiraishi et al., 1992) &V
K — DFERE D —E 23R E S A7z (Matsubara and Kuroda, 1987) . = U 3 &% — (Glc-Man-Man ¥
BNZ XD Y VR O-7 v ay RiEA LIz 85 70 kDa OFF % v 37 '8)
THIULE L7 RIS L2REIC L DI E LMl Shdn, 71y
=L DIRENEETIZIZEFE O L OIS 5. FT, = RUBEUREO B ARG £
i 13 O~ ARMEMICKT 2REMEE, bzt o7 Ly — O RGL S E A

@ .- (b)

Kea Supprescin A

- -
e« 7~ »  SupprescinB
4 4|
M.

on coom

1. =2 RUBBURE N W T 27 Ly —0fd (a) &EFTNMEE Medicago truncatula b TO
X 7 /W Mycosphaerella ligulicola (i@ JSRIRIF ) (253 2 EYHEER (b). TEITHEMER 6
HEIZEREL, PR L= 7L o —0RE (ug/ml) 257,
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DHRSH, 7Ly —nERT DY FRIIESURE O L & 22l BT 52 &
eSO BT (R, B 1b; Oku et al., 1980; Toyoda et al., 2013) . £7=, Wi+ % KIZHE
WL, BRERIIGENLIZ Y VHX =LY T Ly —DERR Y — /_omf%ﬁb<ﬁ~
S, v Lo —DApE (i) N A — @%hi@%ﬁbfwé D, T
REIIYV 7 Lo —%APET 5 2 LI K o TE THEWIC X D3R5 2 mlkE L CRe 2 [} - T
Wb EDEZIZE -7 (Shiraishi et al., 1997). FHE, T ) VAT INTZ= RYT
L, BV FOAEEGERNEES L b EICEEb SN0kt L, 7Ly h—ndt
172 I3 U< il GBIE) &5 (Yamada et al., 1989). £7=, BV F L ApELISMT H PR-
2R TE (FFF—E, B-1,3-7 v HF—E8) OiEMIL (Yoshioka et al., 1992) X°, v
F o LT B HPEME (R EYE) D4R (Yamamoto ef al., 1986) 73 EEE DS
ISR Y 7 Ly P —OIAFE T CTIIdl GBIE) S5 (5 2; Shiraishi er al., 1997; Toyoda
etal.,2011,2016). BN LI, BEORENEET 27 Ly —1F, T 5084 X
70 EOHE FHEMIIIRIT e, M) v —& L TIYEAT % (Amano et al., 1997,
2013; Yoshioka et al., 1992). ZD X H12, V7L v b —DOERICITBBE R ERENRDH Y, &
iz v — @%Lk@EU$#ﬁ%h@w D, TOERITT Y X —D/ERE
A (AR TR 2P OR R TITe <, BEUREIC L 216 FEYL~ O FEE 72 a7 AR g
ThHhbdZEERLTWD. BIfE, Jones and Dangl (2006) MNEE L TW5 [PV r7ET
VA TIEOIUL, KRRFIIANE — B8 E 2 B 5 720 O ER RN T 7 = 7
A — wC&) v, ETS (Effector-triggered susceptibility) Z+H 5> HDTH 5.

R1. =2 FUBKUNE O~ A BPHEMWI 3 2 B RIEZR & QNS R 2 B4 HE L 72
Y7y Y — ORGSR IR RN D G S EH]

TURSBHBEN DS LT
TORORUBES | TOREEE | Low—roticpALEBEOTY
RERR ORI

Pisum sativum IVRY bbb
Trifolium pratense FHOO—/\— + = A

T. repens BP2A—/\— — = =
Lotus japonicus Svasy — — _
Millettia japonica FIID dedt _ g
Lespedeza buergeri ¥ JL — L
L. bicolor R AL = — =
Medicago sativa TIIFILITF + = &
M. truncatula Y Vi kedm b B Arapar — SR
Glycine max HA4R = — _
Vicia faba IS A — = -
Arachis hypogaea SvhtA — = =
Vigna sinensis o — = _

a BEURHEIT= Y Ry c bRz a—n—, YT, FAE, TIAT7 L7 7BLOF L Y~dY
WIRRIE AR, RICITEERER 4 HAORAEADOHEL - ~ ++++ TRL TV 5.

b T EBERE IR O W T I ORMFRIC &G LRV,

¢ TUVEBREON AT ZBEURE P ORBM L=V T Ly — (50 ug/ml) & & BICHERET S E, [FHE
DRI Z R 6 FEOMEY) CROULTHEIER D b,
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3. ﬂjbz>>AB$UB®EIﬁEMUWﬁ%E
AN RV —@mELE LTHLNDTT /3 U8 (ATP) 1%, MBI HE
Té H" #iis it ATPase XKoo THIHE N, ZDORIGHEMIEFOMERFICHNETH D Z
CIHEMOEETHS. L LELEZO T NA—T1%, RO GRIEEE) |2 p
ATPase CIIBLNICELR D (&, AEFRREM, 2 pH, B FA4 Bk E)
ATP /K4y fiffEsE %2 R L7z (Kiba et al., 1995, 1996a). + D%, WA E L7-— K
UEEE X OMIBEE)D B R A2 R A, [REEFE S NTP/NDPase (EC3.6.1.5; NTP
diphosphohydrolase) T2 Z & #H SN L= (Kiba ef al., 2006a) . BN Z &2,
RO 2 Z X7 (PsAPY D) OIEMEITRIRFE RO T U o % — OB TiE
AL L, W7 Ly —TF L E S (Kawahara ef al., 2003; Kiba et al., 1996a,
2006a;) . AMREEIZIFAET DS NTP/NDPase L= RU7EF TR, V¥47, A0 70
ZA RZHF O B (Kiba et al., 1995), BIfETIL=2 MU ATPase (ecto-ATPase/apyrase)
EIRIN A HIRANEESE Th D, fass ATP BN T 52 7 F VBB W CEEREY
2b—#—L L THE<HMmBNTWD (Clark et al., 2021).
FHONHARZRY, BEUREOY 7 Ly —ixr Ry OIEMEIZET 22, FEHE
Fhaw (BT, ATy, XA X)) OIEMEITE L7evy (Kibaetal, 1995). ZDZ &
X, BEURENE EOMIEEREICH S/ M ATPase (PsAPY1) ZAEAgL L, [FIfi#ER
D ERF R 72 FHE DSBS E O Wil & B LT b Z & 27" LTV 5 (Shiraishi et al.,
1997; Toyoda et al., 2011, 2016) . F5, #H#LZ PsAPY1 ¥ /7B 4T U fE#% LT
TV Z—BILOY T Ly —2HWTRET vEA DD, TREND PsAPY1 (2%
TOHREENLIT R > TRY, YL v —ZkT 5 Ko fHIZ= Y ¥ —X1 0 H5) 3%
EBWZ ERRENT (Kibaetal., 2006b) . = OFERIL, FEHE O OFEX 7L invivo BX DN in
vitro TONTIZEBWT, 7Ly —DEANEITEMICEND Z EE2HHTL2HD
Thy, Y7y —nNxzl & — LT 5 HEEO Y TR =T = X —
CLTHI 2 2ERLTWS, UL ERICESL &, PsAPY 1 [TfaZE = T o R i H sk
ORHEY & OEENMEAER BE) 28 L THIcE G T 5 1 A1 v FThH
D, 15 EICHES LR EIL N AN LT 50 7 Ly b — 2 RIS oW LTV D
EWH T EIT D, EHEE, MY Rk X & X7 E (VsNTPasel) Til~7=R 1,
B H B0, B ELAMCHMEREKD MAMP (752U, 7/ A DNA 72 Y)
DULEET ATPase {EMENMEESND Z ENRH L0 E 72> TV % (Takahashi et al., 2006) .
7ok, MEOHEA L, PSAPY1 #/ 3 b= X — v 7V OInE#RE & eE0nEE
Ty =T X A1 ERERA R IR ORI O W TIEEE L ok (BH 5, 2014
Toyoda et al., 2011,2016) ZZMR I L7201,

4. RESYTLYH—DHER
EORE O 7 Ly —ORFIZOW T O Z ED 5 H T, R ilmR (= R )
N OERWE By 1) ORBIZOW TN, B0RE O 7 Ly —EE T FEED)
TERZ b O E % 7B LT (Nasuetal,1992). T a=\F T, MMPHERIIZIHZ, BY
O)ﬁfa{“ I CE 2WE A TIWAY 7 L v — (endogenous suppressor) | & FESZ & &1
BL7z. FEBRIZ, =2 RunbORBMEMTIEEREOYT 7Ly —EFRILLDIC= R
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?@AWme%mﬁb,I)y&—mmmpf%%éhéwﬁm%%mgﬁé(§2Nmu

ad 1992; 1995). F7=, [RWE CRELINT== 2 N7 3 IASREG U722 AR e B
HRGEFF L CRIFT 5. BUOWEIIA A LAXOREIEOBEMERFICH RS, :

hf%ﬁbtﬁﬁA%%éiokh R OBFME L — A 721F T <, FEHFIEL—X

K DY MEdE 415  (Shiraishi et al., 1989) .

K2, =V FUBBINEL O L OE MM b0l LY 7 Ly S — DR

ﬁ%ﬁ(ﬁﬁ Wi

Kawahara et al., 2003; Kiba et al, 1995, 1996a,

fHRaEE ATPase 2006a,b
v Amano et al., 1995; Kato et al., 1993; Nasu et al., 1992;
#iAIL ATPase B W= Shiraishi et al., 1991, 1992; Yoshioka et al., 1990, 1992
‘ Amano et al., 2013; Kiba et al., 1996b, 1997; Suzuki et
3 = , N f s 3
BRI (ROS) DR B D al., 2017; Toyoda et al., 2012
Na*/K* OFEd, #ias7/Lh)ie A= A= Amano et al., 1997, 2013; Toyoda et al., 2013
RYRRBRA /O FRRBER [z ND Toyoda et al., 1992, 1993
MBP DY Bt (MAP F+—+ &) PHE ND Uppalapati et al., 2004
REAEMEOLER -ETE PEE ND Yamamoto et al., 1986
< 5 Nasu et al., 1992; Toyoda et al., 2013; Yamada et al.,
PAL, CHS-mRNA D& 3 BB IE 3 BERELEE 1989; Yoshioka et al., 1992
PAL OEMEIE 3~6 BFRELEE 3~6 BFfELEE Nasu et al., 1992; Yamada et al., 1989
s q 5 Nasu et al., 1992; Shiraishi et al., 1978; Toyoda et al.,
S . ~ ~
T7ANTLFIUDER - BTR 6~9 BFRELELE 6~9 BEfELEL 2013: Yamada et al., 1989
FFF—EDEEE 6~9 BFRHELELE 6~9 BFFEEIE Nasu et al., 1995; Yoshioka et al., 1992
B-1,3-Y ILh+—EDiEHEE 6~9 BFRELELE 6~9 BERLELE Nasu et al., 1995; Yoshioka et al., 1992
TELEE ST SR EFEER " " Nasu et al., 1995; Oku et al., 1980; Toyoda et al., 2013

WAV 7L o —DHEE SN &E & LT, WREIZRBESEZmE L, TRE) & [
@J@FV—Fﬁ7%%ﬁM#5;kﬁﬁfEﬂé.Lﬂb,@Aﬁﬁ%%ﬁ%@®%$
W X DRYE T L CRIBAE T 2D TRV T, @I TIRIEE CFEE (RE)
TH0, HOHVEZEE EAK) BEIALTWRNWEEZDLZONZYTHD., ZDLH
IREZITHSNT, BEFEHITV e A XF XS (Columbia-0) 75 DOWAEY T L v —DkE
BUZHE A, 2020 FAZAREICE ST 2 BSHEERAZ L B, oY — U HE M aE %
mﬂﬁéw 5 OHBEZREN L7z (Mai et al., 2020). BLBREWZ L2, o ERHEM & &

AR E 2> a A X A8 (AT Col-0) I[CHET S L, @HE TIEAOLIARVVE
B BIE S, S HICV Y AT VIR U FAVEREZ N L2V 7 IVIREER O KAEHEY)
ERTIZE VM LUWRERIEND Koo 72 (B2). ZofERIE, WES T L v —RR
BN U TR DBERE b 70 5 /3 5 — 3B R0 2 2 Al L T\ b 2 & &2 oR
LCW5h. FHE, WEV T L v —TCTUE L 7-MIETIX, ¥ — Bl oL
72% ROS /3—A FX° PTI BHELER T OFRBLTE L < Ifl 72 (Mai et al., 2020) .

DBIEVER 73 D & 572 268 & B S 2D B, 0178 3,000 Da LT TR &
W x—A K iiMEEBL, = FUYRISEE T Ly NS OIEM R %
HPLC CTH—OE—7 & L THERIL7Z (Mai ef al., 2020). BW/-Z 212, REHERUEN O
MS/MS fi#HT/N 5, Z i)Y c-terminally encoded peptide 5 (CEPS) D7 T 7 A N ThDHZ
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EMBALE 2572 (Maietal., 2020). CEP5 (X, 106 7 2 /572 5HIEENS C K
S 15 72 VBN HENTZEEHOLTF RTH Y, MO EICKLEREZES
DO D 7 F GRS 5 2 HBEMED R /VE 85 1 Td 5 (Ohyama et al., 2008;
Tabata et al.,2014). =2 C, [RE LT T 7 A b EREEVY CEPS &L, ZhBHDOR
W VRT3 2 YL E & BIEICE OMENEEIZ OW TR & 24, MBIy
PRI ARSI E CRIRER L OWRE) I d &b, WTIOEKRTF N
RS LA U K 912 f1g22 FEMOREIGE (ROS ARK, MAPK (&ML v — 25
e &) Al A 2 LR BN E 2572 (Aprilia, NF. et al., in prep.) . CEP5 (2 X %/
& — VEREMERIE OIEN OV T, flg22 DISMZ b X F A U Tk, elfl8, PGN, LPS X°
EERE A F—THDH Pepl THROTWS. LN -T, CEPS 1IZNEThox
KEO TIRICH D BEOR T (FrtR) ITHEL, REINEDOFEDZ A I FRME
EHRELTWDOTIHRWNETFHRL TS, EEBICHRZRY, CEPS Bis I3k
LAUL TR L TWDR, flg22 728D MAMP OALBRIZSE L THEINS.

Col-0 npr1-2 jar1-1

.
[ 35 %
L3

i DW/Mp %

ES-1/Mp

3 ]

ES1DW %
3 &

2. vuaAXFXF Col-0 DEERIENSIEEL 7=NEY T L v — ORISR B 69 2 G5
EH. v aA XFXFITREMEO RN > RUBEORE (Mp) DA %K (DW) £73WNAETT
Uy Y — O RS (ES-1; 10 mg/ml) & & H12 4 BEOEAER Col-0, npri-2 BEL W jarl-1 Ff
WIRICEERE L7 (k). WAT T Loy —L & IR SN Col-0 BEIZITHREBBALD D, npri-2 B
KO jarl-1 TEHELWE#ESBE SN, GHEITHER% 4 A HOKE 277, N—=1cm.

ES-1iMp

5. RESTLyI—DZEKIE?

BWRERY T FNMGREICBIT S CEP X7 F ROZEEBIZONWTIE, 4 HEBKFEORMK
Bz o 7 N—T12 k> T28d LRR B —+F (CEPR1/2) 238 5002 TV 5 (Tabata
etal.,2014). = Z T, T HLDOHM - “EHEFRIK (Nossen-0 Ny 7 7T 7 R) 2~ T,
f1g22 #HENMED ROS ERRIZOW TN & 2 A, CEPS [LiE s+ AU BIfR 72 < ikl L 7=
(Aprilia, N.F. et al., in prep.) . [FIERIZ, BIRDEFT UL cepri-3 (Col-0) THFHT2,
MEERI L& FERICHEBI N o1, ZDOZ END, CEP _XT7TF F&4 LI-mEm
HNTZERBER DT 7 FIARERIE L 1IN L TE Y, CEPRL2 & 5725 RAOZHIENE
HLTWLHLDEE 2 LT, FEEE, EBFRER EQEMHIICENENMLE L 45D CEP X
TF ROBEIIRE S BRoTEY, ZN0DBBIx OZFEETREI SN TND Z &1XMH
EWRW. DFE D, ZNENDRRE LT D AEERNRESS RO REBIALXOE NI CEP ~
TF ROZHBREZENZ I L TWADTIZRWNESD L ZAHERIL T\ 5.
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6. m&IC

WIEAEY 7Ly —0 TG & L THRAINTENET Ly b —1359], i
EOTAF] (RE) ThVH, ZOEYIERICOWTHEENR TN E -7, L LES
EHEIT L2 K 218, MBI 2 2 NET 7L o —NEFICRLS ZENTE 20
BEREGOTDOEE VTN REEH I XNTF RELE LRI THDL I EBHLMNE
7ol A%, CEP B XKEMEAE GEEIFEBEMR) 7o & 26> TEEMIZHIT 28D T
SWMEDRHLD, b LENONFE T TIThbivTnd &3, TkEl & T o
L— RA 7 OMMABOFKED 2 EIESIEERETRVDOTIERWNEZZ TS, &6
(CHEER 2 U CHE LIIAVIE, 18 BREWICE)S LT2RRIRIE, RARCES & X 5 72901245 FIR
NWOWNAES T Lo —2FHALTnDZ EbE2 o B0,

UTAR, FRATH AR IS R IS HEAR U, JR UK & 15 HEHEW O BT 105> & ORFFEIN FIRE & 72 > 7=
Z 9 L7, FEMICYE L3R S S8 O B O ik sy (77 &) oz, 53
WEOME Z2, BE OB ZHETT 57T RR/VE > O 035 F T 5455
W DA 4TV % (Eves-van den Akker et al., 2016; Pruitt et al., 2017; Wang et al., 2011) .
HH DIXIRIFAR DAL 7 1 % 8 B ~R LR O 72D, EFE O EREY O+
ZIRIRARIZ R LBz 22 5. TEED, IRRED] WO RRMED D L o~ OfkimIHL
Z CRET 72 B, RIFIROT T LB DR, — #1318 S O B AL RS2 Ot
R D 2B DIERIIICE 2 D REIHIN 7 (WEY 7 vy h—) 2500 Tl
LT, BEDOIIICHILTED L)oo BB Z LN I1T 7. JRIEED 7 ) L
Hrso, ENODHET ) Mgtz LT, fF i & JnR iRz dtm L TRFESL TV D
BRSO FAZ DWW T O A —fEED b b Z E 2L TV 5.

Bt

AWFFENE, T L KRR IR L IEE DL DIE T -AEAE L ORFERORRETH 5.
F 7o, WO —ERITIMNATBOEN B AR PR - B2 Bk #2E (21K05597) DL
BETEMINTZ. kB, AFETHER LI A X T XFERIE (cepri-1, cepr2-1 ¥ X
W ceprl-1 cepr2-1) 1%, %4 HBRFRFEEBE MR - IaRE wdz & BE LA 9E TN
AV V=AW X — (BRC) IZFHLELIZHLDOTHY, SCHRIFEETF > a1 4
VYy—27uyxy et LT ReV =02 Z 1072, 2 ZIZi L CE# Lz v,
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Role of Phytoalexins in Plant-Pathogen Interactions

Abstract

Phytoalexins are antimicrobial secondary metabolites produced in plants during the induction of
plant disease resistance. Phytoalexins are produced by host plants at optimal timing and
concentrations in response to pathogen attack and contribute to plant disease resistance by
accumulated in plant cells or being secreted extracellularly. Many of these phytoalexins are thought
to exert their antimicrobial activity by targeting the cell walls or membranes of pathogens, but their
mechanisms of action are still largely unknown. It is known that many plant pathogens have the
ability to metabolize (detoxify) phytoalexins produced by host plants. To investigate the resistance
mechanisms of Solanaceae plants to potato late blight pathogen Phytophthora infestans, we
performed virus-induced gene silencing (VIGS)-based screening to identify the genes involved in
the resistance of Nicotiana benthamiana to P. infestans. Most of the genes isolated from N.
benthamiana as essential genes for resistance against P. infestans were genes for enzymes directly
involved in the biosynthesis of sesquiterpenoid phytoalexin, capsidiol, or factors that regulate the
expression of enzyme genes. This result indicates that phytoalexins play a central role in non-host
resistance to P. infestans in N. benthamiana. In this article, we will review our analyses of genes
involved in phytoalexin production in Solanaceae plants. We also introduce our recent studies on
the metabolism of phytoalexins by gray mold pathogen Botrytis cinerea.
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F DT HA ERRBEHEICL AR BT

Gene name Gene product

Ethlene signaling and production
NbEIN2
NbSAMS1a S -adenosylmethionine synthetase b
NbCGSla Cystathionine gamma synthase °
NbSAHHIa S-adenosylhomocysteine hydrolase ®
NbACOla
NbACOIb
NbACO2a

Ethylene insensitive 2 *

Aminocyclopropanecarboxylate oxidase b
Aminocyclopropanecarboxylate oxidase ®
Aminocyclopropanecarboxylate oxidase °

Mevalonate pathway and capsidiol production
NbACATIa Acetoacetyl-coenzyme A thiolase °
NbHMGS1a Hydroxymethylglutaryl coenzyme A synthase °
NbHMGRI Hydroxymethylglutaryl coenzyme A synthase °
NbMVDla Mevalonate 5-diphosphate decarboxylase °
NbFPPSla Farnesyl diphosphate synthase
NbEASla
NbEAH

5-epi -aristolochene synthase *
5-epi -aristolochene dihydrogenase *

ABC transporter

NbABCGla PDR-type ABC transporter®
NbABCGIb PDR-type ABC transporter "
NbABCG2a PDR-type ABC transporter”
NbABCG2b PDR-type ABC transporter

Nuclear-cytoplasmic transport
NbNup75  Nucleoporin 75 ©
NbNup88  Nucleoporin 88 €
NbSehl  Secl3 homolog ¢

NbNup160 Nucleoporin 160 ¢

NbRanBPI Ran binding protein 1 ¢

NbRanl  Ras-related nuclear protein 1 ¢
NbRan2  Ras-related nuclear protein 2 ¢
NbXpol  Exportin 1 °

Plastidic isoprenoid pathway
NbGGPPS1 Geranylgeranyl pyrophosphate synthase *

Molecular chaperones
NbCRT3  Calreticulin 3
NbSGTI  HSP90 co-chaperone #
NbHSP90 Heat shock protein 90 &

Function unknown
NbSARS.2m Secretory peptide SAR8.2m "

* Shibata et al,, 2010; * Shibata et al.,, 2016;  Ohtsu et al,, 2014; ¢ Mizuno et
al., 2019a; ¢ Mizuno ef al., 2019b; { Matsukawa et al., 2013; £ Shibata et al.,
2011; " Imano et al., unpublished.
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4) 24 7 l/#':/ >®$E':£("'6 TFL >§ﬁ ! PGSCO;Z:::OOO:HRZ
L= T F I EZED®RE AGccGee S
VIGSA 7V —=v 7 CHBfINT=Y ¥ T4 FE Z;mc ~ NbEAH1
U I AR B AR T2, = F LA \Vi NEEATS
ICB#E T 56 DR BRI AEEN TV (F W@“
StPOX

1) o if:\ iﬁlVi/@f/ﬁ‘j‘/]/{ié%f‘b%é 500 -400 -300 -200 -100
NMMW@ﬁwWA/yfﬁﬁﬁﬂi\ﬁzptoh— H5 SoF T (V) BEGTwHAE
BHE LR T U7z, NDEASE NPEAH DORIBLIIT WicEET2EEFOS2E—% —8EiKiC
FL UMM T R U, NBEIN2ZH A L7 RHEENDS GCC Ry 7 ZAERDELF

PGSC0003DMP400018616
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THERT LI, SHIT, AN UBREDOWS O OBEFORBL S =F L AL
FoTERTZZENS, ZFLURRUYITTOT7 74 T LRI UAERFEELH
I DB ENLE THDLI ENRINT, £io. NPEIN2OY A L2y 72k D .

NbABCGI1/2D 3 EL & /> L7~ (Ohtsu et al., 2014; Shibata et al., 2010, 2016) . NbEAS.

NbEAHE Y ONPABCGI12D 7' 1 £ — X —HEI{ICI1T. =F LU IZHE S A EEF T nT
— X —DILBEF— T THHGCCR v 7 ADMR ST (R 52015; Rin ef al., 2017;
Takemoto et al., 2018, XI5) . FEEIZ, ¥ HAED Y > F U AKICHEE T 5 EEERT.
NbABCGIR2D Y ¥ HAFTDOF NV a7 O 7 aE—H—i@RkiZ s GCCR v 7 ZBEDEH )
BOLENDHZEND (K5) . VXY HAFRIIBITDLDZ7 4 8T VXU DERE - WO F
EAHIERF b= F L ThD EHEESI N,

&1%%@Eﬁmﬁm774h7b#9>$m§$tawé&ﬂ
VIGSA 7 U —= 72 K- T, LT ORE-HIIE R O

mis TS (F1)
NbNup75i%, EZEEFLOME M & £

(RS D DA D

Pathogen (elicitor)
Recognition

&
O S5 I AFAE T B AL A IR ‘(
DK ESE CTdH 5 (Kampmann and . | MRNA ----- >
Blobel, 2009) . NbNup750DF& 5% 40 S ion /1 Translation

Transduction ,
1

HlU7-ETlE, =V % — /L RanBP1-1
Lo TCHFEINDI T L A
PE. A0 VBRI OMERER T

BE. 35 L ONDEAS & NDEAHD 3E15 et

ERME S, FORED TV v / Seht

Cytoplasm

V4

0
.- 0
il

H

Nucleoplasm

T —NVDOEENEFE LIS LE

(Ohtsu et al., 2014) ., NbNup75H% A
Loy ZTERTIE. BZE TOmRNA
@iﬁ@%%ﬂﬁ%émt;&ﬁ
5. S AIE ~DmRNA O H
DB B D 3E B 72 YR AR B B 7
ATy T ThhEEFEILLND, F
7=, 1K%r 7-GTPase ®NbRanl, 235 &
RRanfii & # > 7% 7 ' NbRanBP1 .,

Transcription // mRNA
factors s
4

4
’
v /  Transcription

’
Defense related genes [
(e.g. NbEAS, NbWIP

B 6. XY I 7 FOEPIMTFEIC
A LT EEEEORE (HEX)

BT S EEABEE

T 7 AKR—F UNbXpol 72 &, EEE I LT & 237 B CRNATG 2 O Hil# K 1 D & A5 1
YA VLU T ULERRICBW TS, B XY O — IV OEAENED L. R EESES
KTFT2ZEDRINTWD (Mizuno ef al., 2019a, 2019b, [X6) .

6) bR >\ ENbSARS.2m

AP V== TTELNEYA LV TRROR T, b vy A TEFRE O
PO T NE Lo T2 TlE, BERERH DU 737 'ENDSARS.2m% 22— R 9" 5 iEls
T DOFBANINH STz, NBSARS2mY A L oo v FTRRIZIEG L=V v A TN E
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X, V¥ A T~DEGEEED X 9 1B O & K TRV TRV:SARS.2m
L. B EmIciinsg (K17) o sar8. 2mikiE "
T \mﬂi)/ﬁ BRI LA 774 T L%
B FETREIC B XIS BRI R R Y
@774F7V%//$Fi@%uﬁTﬁé(4%%
2018) . XUV I TS EAKRICER LA Lk L
T, sar8.2miEEERRICEYE L CTWAERE Tl < @
T 2/ XA —BERTORBEENEMLTEBY (5% 5
2021) . AL FOMERLELT, FEOT7 7 A FT L
X U ARPEIC BT A B R B AR T ORBLA N ST
Wiz, TDZEMD, SARS.2mITE S FHIE YLD 7 7
A NT VX UEEIINARINTTODLEEZOND
B, TDHRWE NI ENED XS Y ¥ A EEH
FEIC/EH L CW 2 NI AT, BIEMITTTH 5,

3. SYHALAEIZEITBIVOFUEARE LU : SARES YT 4
oIEHE 7. SARS.2m H A Lo v v TRD V% HA T
S HAE, v b, TR EDSolanum)E TRBEEREIC X IR < BRIR Tl R SE 358

. . HHILDM, SAR8.2m A LV THETIES
O, A0 BB AN LUCEESI o () o =15, Bars-40 um.

L7 7NNV CERERIBMAL LT, &

AFXFTNR) A RTHHLVEI L, FF e, )V?V&E@774FTV%V

YEREPET D, BOYERGLCE 2 Vs b L— S — BRI VIRFRENE R

YU TTF L OHIBR AR T

DT ENH LN _

TWHBN, Tk Tok -

A, VU FUARKRICE |y

bHENO2ODORIEE T

b3 2 WS L Al E S

%/L < W fcﬁ vy ( Back and PVS: Potato veti_spir?diene synthase
(Premnaspirodiene synthase)

Chappell, 1995; Stoessl and

Stothers, 1983; Takahashi et

al., 2007) . Y 7 XF IR

) yoFy
VIRFRY

RFLREFTA4>

POX: Premnaspirodiene oxygenase
*HIIESY

OB U T ~D TR S ~
SNDHFMEICE SN ig I T
T, UvTF Al 15-EFD%S YIATFRY nesy
fit g9~ 2 ISR 1 2 4-6FESH & 8. ¥ HAERXBITBY VF U OERBEE HE)

HELTWD (K8) .

—HF T, VEIURU UF U CIRRMETEERT ., B TIIRBE SV
(Rohwer et al., 1987) ., Yoshioka® (2019) 1. ¥ HAEDT7 74 +T7T LF T 4R
DWFHEEHE THDHPVSOBL TV A L v TRROETIE, Vv T A TR EHC B SR
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EA~OBBMHMEMET T 52 L 2HME L TWD, ZOREIX. Vv A EFETIL, Ao
774 R T VX UNDRT 4 AT T 4 AR & 32 8 H 0N R 2 s 8 s

AFESNTHWDAEEEZ/RL TV D,

) VOFUOEEHBRBRETFOEEOAA
T A EEFE B ROMIEEER U v
% — (HWC) ZUBE L=V v A EIED
FO M~ MREOV VF U AEREE A
L. [A Y7 /LD RNAseq BT 24T 5 2 &
T, Vo F U AFEEEHBET ARBLNZ —
VESNTIBRB LR TEEE Y VT U AES R
FomEMELSTFELTY A MELE
(Camagna et. al., unpublished) ., Z il 5 EESR
DEMEEZRET 2720, XU I T FET
Dl = DA/ Al My AN 2 M Ol i GO R 527)
REHWEERREZME LT, £73. AibK
KThHHT77LRIL 2 U VBROEREYFHE
T 57O, INFI =V ¥ —%MB L7 & 2
AN ITTOIFEOT A4 T XY
YOERBPED LN (K9) , RUHIT
FEEICHI L > T PVS 2RBIED EHT7
v—7 (BERRE) BDRish, &bl
PVS & POX ZFRIKFICHBLSEL L, VI
FARCPBEHEE (K 9) . ZOEN
5, V¥ A EDT7 7 A4 T LA
MR O — SR I T FECTHETE D
ZEDURENTZ, % 2T, RNAseq fif# T
HENn-EmiEs %2 S bICRBE S8 TE
AR EMRATHZ EEZ B L TWD N,
BIEE CHI- R EL TOHBEICITE-
TV, —FH T, KERZZISHL T,

Capsidiol 3-acetate

1] g—
- INFAITZY S5 /
‘D Capsidiol
§ Debneyol ‘/
£
o
2
®
)
14
Y N

_ INFLZUY$ 48— + PVS
= Capsidiol
7] A/
< Debneyol\‘ Capsidiol 3-acetate
£ ~ v
[
2
®
©
14
> INFLI)$8— + PVS + POX
‘n Capsidiol
5 Debneyol [« ~°F Capsidiol 3-acetate
£ ™ v
@ Solavetivone
g | | |
3 |
17 }\ A \L

S 3

65 66 67 68 69 70 71 72 73 74

Elution time (min)

X 9. XY ITFTO—@WBLETFRERIC
X2V UF AR DR ORI

(F) _Ro¥I7F~0D INFI = & —iLf
WCEB3FEDO 77 A4 T VX DA
() Vv HAEPVSEBIETORIULDH -
me—7 (JRFEHD

(F) PVS BLX POX ORBICL DY TF
R DAEFE, GCMS (2 L0,

UF oo - KEHCEET 20y T4 B8 FAEBES T,

2) VOFUDOREICEET S5 MY AL P450 - SPH

774 T LR UADRREIZT Tl SRR L TOEEE R T 2 LS
N TH Y (Lyon, 1980; Polian et al., 1997) . FIE A PEFR S N7 BITHSLIZ RIS D
VEND D, 1970 FRB LIS, Vry T A FOBRAHEEICBNTY F Ry vF-Ml
(13-hydroxyrishitin) (ZfEERH S LD 2 & BHE S 7223 (Ishigurieral., 1978) . DX
HEMITIR O S AHTH -7, Vv VA THED Y b7 v L P450 (CYP762L) Bin+ %
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S R S A AN A b

Y v F U EEALELE S s

%, HRPIZY VF ML CvPreRsly Ny
Zaniz (K 10) . 2o

v hZ vl P450 (X, VT Rishitin 13-Hydroxyrishitin
VHIBRME T D Y TANF (Rishitin-11)

By AEILEABITEY 10. V¥ HAESPHICL DU v FrofRE (=)

T F—= bt FrXx b T 52 &6, SPH (Sesquiterpenoid phytoalexins
hydroxylase) &4 fH1F7-, StSPH HHFBMETIZEAX T VX A NOFLEMEWE % L
THER~h, TR, ZRa, v EFAREY TORANTE S, 77 LAEEID
Eorabv—HoEmbiRo bz, ULOERNS, KEREZ M L7 74 M T ¥
VIREDN T ARMEMIC B Lo #ECH H Z L AR S v7c (Camagna et al, 2020)

4. FRAKBICEDHTOOH—LELUV) OF o DOEE - K

AT TF=NBILORY Fn, MWREMERIRES KOWNEOAEF %2 & ORI
FITL2O0EHONIT D70, BexORFEHICINL T 74 7 LF 20 L,
AEOREBEEZ 7 A4 T LR ORBREZ T, TORE. T ARED 5 7B S
NIRERRE SO Y B, 6 NI SV — %, 5ERYFr2R@L. Z2hb
JEIRE TIX 100 pM DA 7L VA — v H BT Y T F ERIC L B ABEITIR SR
Lo lo, —H T, L7 4 BOMEWIHIFMEINE (37XT Phytophthora JEH) T
X, BT UF = BLIRNY UFUORBRRITED LT, 7 A T LTI L ST
AEENE L ES N (B 2016) , ZOMKERIT, 774 T VXV OfdE biE
DR IRHCRAR I O AR RgE ) & U CHERAF R W ICEG S TV D DIIx LT,
Phytophthora JEH TIX7 7 A NT VXV U AED (27 =7 Z—I2X5) MENLET
HHZEERLTVWD, R LEEOFTYH, ZAMEOFRIEE Th 2 KA O HE
Botrytis cinerea 3 X W EZW A Sclerotinia sclerotiorum 1%, 71 72 VA — VB I NY v F
> OEWRETHE LA R LT,

5. RENGREICEZ T 74 F7LEDUORNERE K UHEHEHE
JREDNOR I 1,400 FELL EOFEY) ~ Dk o
ey & 40 T 5 i D T Z AL O 9 i T
b0, Hx27 74 T VXY ERE - . ‘

R#MT 22 enMENTNS (Blad eral, P Gapsenene

2016; Pedras and Ahiahonu, 2005) , KR ho, O ro, o
A A eV R R b B ”II%meﬂjlrmﬁilf
@iiﬁ_é&\ Cz}/bib@77/f ]“71/#‘:/:/ " @HO : tlxgrgmbi;inw
FHECNICRBEND, BTV F— Rishitin RA%00 JCOX

WX, BAKFBISZ LY B 7R 7 IR E g;waatho

SR (Ward and Stoessl, 1972) . X 5 Zfigd# 1. REPVIRBEICE BT IF—n
WIS L BEn, —FT, VF BEEYYFrofEin
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T BB LD N7 a L P450 1 )M%ﬁmﬁ
m;of&4@ﬁ@ﬁﬁ%:ﬁ@éMK(l1no Cp%
VUF =LY VT U SRS CEBL LTV S c: Capsido
HEb LT, RO T o RTRLD, T OREREN ‘ Feo
SFIEEDREICITON TWADEAI N Z T, h T vv
VVF=, VT TF BRI RUDOT A T LR ‘l
LTI DL ARG ko — L& LR L 7R 5 O B O v
RNAseq fifHT 217V, FEL Y — U Z ik LTz,

JREONREE L. # 12,000 O (X X7’ ma—RKL Rishitin Resveratrol

72) BIETEFFoTWAHINR, Zhb 774 M7 LF v ::{O@\( H°
DAL & » THFICERAFESN D (Log2 5 b

12. &% 7 TR UDOUET
FC>2, P<0.05) BETHEMIZE S, TnE %@giiﬁ@;g;mﬁrwﬁmﬁ
FVOABLX T 20 Fogin - R S, B 540
XM @I 28 1ED otz (K12, BHIS 2018) , ZOFEEMNS, JKEANW
REIXRRD 774 R T LR UNE LT, EH By NOBKRTHOBE ZIEMHE T
LT ENRRENT,

1) REPOIRE DD 7V V4 —VEE 5T 5 Bk #EBEFRE BcCPDH

AT A= VLB K o Tl b BHF ICRBAFE I N KA E OBIR 11X
Short chain dehydrogenase # =2 — N L TCEY | I 7T VA — s biz B\ THKERIG

(X 11) ZHoTWD EHEESNTZ, ZOBG T2 A4 FFRHEOILAERIRE Epichloé
festucae (-2 R7 7 A4 F) ICBWTEIBHLIZELE A, AKKD 7T VA — IS
DT R7 74 MBMHEL L, BT F— N EBAKELTH T RET DB
RS L, T T, ZOWKFERHEE WT  Acpdh WT  Acpdh
CPDH (Capsidiol dehydrogenase) & 4 17
7o JRENOYREE D cpdh BEERE 2 /EH LT-
EZA TV F—NDAT ' D
REBREN KDL, BT VA — N EFEAT
LHEM ~DREGLRE MK T L7z (B4 13, B
5 2019) o KENUE A, 20 B 54 FEO E—> SxH4E
FEW\Z 2R L C BcCPDH & {1 D5 8 % 3 13. REBIUIRE cpdh EHROE—< (IS
HLILEZA, KBEFIEIHN TV — YV NEREE) ~OFRFEEOET
T PE DA~ DY |- D e Rl Y A A TORFEMEIE AR L A% TH o T,
REBFEEIND Z LRI,

2) JREDVDYEED Y v F U MittEICB 535 ABC kT 2 AR —F —BceatrB
JTFrBILRVART b — L IZHBFEINLEIETFE LT, ABC 7 AR—
%% 32— K95 BeatrB Bl BB (K 14) , KBETFIEX, VAT ha—/L,
AR LHF TV rBIOT 2= B — L REBREANS X 2 JRE U6 E OB 542
ZEMBEICHAE E LTS (Schoonbeek et al,, 2001) , BeatrB @ U & F U iHEIZEB T 5
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MEREIXHH BTl ey o 72728, BeatrB Bin FAEMK Z/EH L RBAMOFHEZ L& 2
A, VTt LTS 2D (X 14) . b~ MIBTF2WEMEBIKT LE—F T,
XY I T FTORBICEALILZ o T2, ZOFRFE LD, BeatrB XV v F U 2 ERET 5
R ~DFFIFEVEICB 535 2 & BeatrB (ABC transporter) W B
MRS T, RENOYEE % B o B
13 Bt 21 FEOMEWIZHEFRE L T
BcatrB B+ DRBR A LT
LA VX HAEUNMCET 40
T FRB X~ A REY ~D 20
PN E EEAF TR Y N g se— 1 |
o BearB BRTOFIRET T gy (pe b5 v A Re s BUET BearB 0 Y & F it~ RS
TIRBLUS AREIEKRD (1) 75 4 b7 Lx s L MmO BeanB R T 0 R,
TZ7A N7 VX (7T = (i) BeatrB WEERE (datrB) 11V 2 F 2 ~DIittENIE T3 5,
V. Iw LR AT 4 hV

vy) OMEIZ K > THIEMAL LTz, — 5T, BeatrB BIa T D3BUI T 72 A4 — VAL
BIZX > THEINT. BeatrB B TWIERD I 7 O F — VPRI B AR & A% Th
o7- (Bulasag © 2021) , DL EDOFERMNG | KOO OIRHEIZHEMOEET D7 74 b7
LX vy (BHDHWVIIFOPEIEM) 258 L <. @R EEl « M b 215 Mk L
TWB I EDNREBEINT,

100
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[

500 pM

BbhYI

N D5 ¢ DT AE W~ DO IRG IR A O B EIME 2 5132 DIZEE Ly, BIIE, &5y
IE, AR, EARRBAMEZ R 2 WIEE ISR O R R E . SO IEBITIMER, 2
FEOREZRTHRRER E, xe RMAEDEtIRELTEBY, ZAENOMEMITK LT
AR D BERIT R/ D, WIEDOXR L2 DMEW-TRIFE ORIT, WEORBEE 2%
FEARBIBIIVEZ R > TWDIREE O R 5 %4 & £ D EHEY ORBRBRIFb D Z &3
%<, 774 T VIRV UAFED XD AR R IGIERE LT T S AT L E
WH DENWDOF RN DOERICHE > THDHEHZNTES 5, 1960-70 FR DY Bl
WHFETIEZ 74 T L O HE & REERED AT DI, & OFEY)-JR R E I
B HHEEMEZPMIR LRI, RECRGA TV D,

BIZIE, TMV 24 L2 Z N a TEHEOMISBES R TH L2 X F T —EX 7 v
— P OB FRENMEELLIND X2, HYOBRFMESEFEORTHFICHEAT
BT TERY (FE& R EORGE O B RERCHA TS EOBHE TE
L) o FTHREEIZOWTHERT, FH LN T ARMEY LS OIFRIRE 2 W T 7
VU NRY T DG RIEN R 2 A, A v DB ERE Fusarium oxysporum f.
sp. melonis 371 72 A — NV E SR L, AXFERDOIE F graminearum >V ¥ F %57
R L7292\ v F B TAEFTRL LARESND (BLTnd) 2L, e
PRI LT LS IS TE 2 (RIS 2016) o MM BIRIEE WO L AR L
TR SN — FE2MER T 52 & T, AZEV IOIZREBT AW EEZEHO TWDHDTE
59,
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Mechanisms of quorum sensing signalling cascade of Ralstonia
solanacearum species complex

Abstract

The soil-borne Gram-negative beta-proteobacterium Ralstonia solanacearum
species complex (RSSC) causes a devasting bacterial wilt disease on over 250
plant species worldwide. An RSSC phylotype I strain, R. pseudosolanacearum
strain OE1-1, produces methyl 3-hydroxymyristate (3-OH MAME) as a quorum
sensing (QS) signal via the methyltransferase PhcB and secretes the chemical.
The strain OE1-1 senses extracellular 3-OH MAME through the sensor histidine
kinase PhcS, leading to the functional LysR family transcriptional regulator
PhcA, which regulates QS-dependent genes responsible for the QS-dependent
phenotypes including virulence. To elucidate the QS signalling cascade of
strain OE1-1, we identified PhcK as a QS-related sensor histidine kinase, and
PhcR and PhcQ as QS-related response regulators with a receiver domain and
no DNA-binding domain. The transcriptome analysis with RNA sequencing of
mutant with deletion of each of these genes showed that PhcK was involved in
full expression of phcA, independently of extracellular 3-OH MAME content.
PhcQ mainly contributed to the regulation of QS-dependent genes by functional
PhcA, in which PhcR was partially involved, dependently on extracellular 3-
OH MAME content. An outer membrane-located Ilectin LecM, and
extracellularly secreted secondary metabolites, ralfuranone and major
exopolysaccharide EPS I, are required for OE1-1 virulence. Their production is
induced during QS. LecM affected the QS activation through the enhanced
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stability of extracellular 3-OH MAME. In addition, ralfuranone and EPS | were
associated with the feedback loop of regulation of QS-dependent genes. Overall,
the integrated intracellular/intercellular signalling of OEIl-1 cells via
ralfuranone and EPS I, coupled with QS of which activity is dependently on
LecM-mediated extracellular 3-OH MAME stability, contribute to the elaborate
and tunable regulation of OE1-1 virulence.

Key words: Ralstonia pseudosolanacearum, quorum sensing, virulence

TE®IC

2L DT AEHEMEIX, 74 T2 7 Q)Y 7T AaSWw L., M
HICHET D QS 7T N ZEM LT, HOOMEBELZ TNV MD, £ LT,
JE PR Ol B B O 2 RIS LT, MREE#REZEZITV., FEOBLR ORI %
fTED QS ZHWT, {TEIZHEEGMICEIIE T, WHERMERFOESE - 5w
RNAFT 4NV ADK T E&21T 5 (Baltenneck et al., 2021; Ham, 2013), 7 &
LEEME D QS 27 F L LT, N-TYILEREREY T 7 FriEd 4-18 DR
FHEEAETAHT LR EREY T2 by (AHL)RE&R B EL TH D (Galloway et
al., 2011) ., AHL UL 4+ i & . Xanthomonas campestris . Pseudomonas
aeruginosa ¥ X O Burkholderia cenocepacia 72 S X 0 5@ 7 F VIF T
DSF 23, Vibrio harveyi ic XV 4 —rA 7 =2 —H%—2 (Al-2)2%, P. aeruginosa
IZE D 2-~7F 3-8 ReFx-4-F% /v (PQS)A . V.cholerae X° V. harveyi
ik ar It —r AT a—Y—1 (CAI-)RB, QS v 7Lt LTEAES
N5, ZThoo QS 7L ofiER, MEREICKHEY THLDL, ZTNETIZ, HE
WIS IR E ORIE b 2 WEAEED QS I Lol E., QS 5+ 57
TIUVEEROBRETEZ HDN., TORENER I N ZFHIT L0,

TEARYED 7 T LEMEME TH HH AP Ralstonia solanacearum species
complex IX. 250 UL Lot IZFRERZ 726 L, R OREEAEICL KRR
W E & 5 2 Tuw b (Mansfield et al., 2012), Phylotype | ® H &% & R.
pseudosolanacearum OE1-1 £k (OE1-1)I%. W DR DR & & 1 0 £ Fz #ll fu 2% 1
AT ER, KEMaoMiiMRIcEAT s, ZLT, KEMRizmEL, £oW
T ATV, QS ZEE L T, MREMABEY THL~ vy a2 /b— LB 1
7 42 (MBF) % k3 5 (Inoue et al., in preparation), mBF O AIZ 0,
HEHRE L. BWEMEE 774 279 % (Hayashi et al.,2019a), T D7z, QS
X, OE1-1 OJFENICAR A Ry 7 iniE% TH 5 (Hikichi et al., 2017),

1990-2000 4F{R 2. phylotype IIA ® HF 455 & R. solanacearum AW1 £ (AW1)
ZHWT, QS HtE o fgBH 2317 7= (Schell, 2000), AW1 (X, AF /L KT A
727 —¥ThHD PhcB ¥ X27F (PheB)IZ KV EA L7 QS v 7 F /L methyl
3-hydroxypalmitate (3-OH PAME)Z 43t L, MldNEICRKET 2 —E R
FU AR —A(SK)TH D PhecS ¥ /%27 'E (PheS)Z M L T%HET 5 (Flavier
et al., 1997), Schell (2000)i%. phcB i&/s 7 (phcB). phcSi#Eis T (phcS)., ¥
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L pheB & pheS X ZE/RL, VVBELY—XR—=F AL U 2HT5
NDNAFEAE RAAL VEREZRVWL AR AL X 2L —H— (RR)TH D PhcR #
VX7 'E (PheR)% =2 — K9 2% phcR #E{E 7 (phcR)Z N E i D KEK AphcB,
AphcS B X OV AphcR @, QS EBFFICHFHE I N D EE R HIKI LK EPS | pEE
. B K OVE M o BE Oy fiE % #E Egl (2 L 5 endoglucanase #EPEE Pme [T X D
pectin methyl esterase {EFMEDFER S, AW1 D QS V7V F N IREREZRE L 1=,
3-OH PAME #% % L., AU v b L7 PhcS X, PhcS & 2 4y il #1% % pk 9
PhcR # VU gk + 2, IKMEEED AWL Tix, UV BT PheR i,
LysR HEx Gl K 1 PhcA % > /X7 'E (PhcA)IZHEA L. PhcA OBEREZ [HE T
Lo —Ji. A% ETQS AEEI L= AWL Tik, U UER{k PhcR I PhcA 12
B TEF. PhecAlTEGHMEA 7L LTHEST S, LarL, 2@ Schell D#EFE D
H\Z72 > 7% (Clough et al., 1997)C, EPS | fE/E &, endoglucanase /&4 F
& O pectin methyl esterase {2, AphcB 2T, AphcR TlxAEICE L .
Schell@% ik, FEMRBOLNLL, EbIZ, 3-OHPAMEAHIZ LY, OEL-
1® QS H _i%j: R By 7o (Hikichi et al., 2017),

Z I T, OEL-1D QS ¥ 7 I VinEME O~ Biic, Fxix, £7. OEL-
128, QS v 7 F /& LT, 3-O0H PAME Tlx7: <. methyl 3-hydroxymyristate
(BO0H-MAME)Z FEAT H Z & &, FRWEEKIZ, QS ¥/ F & LT, 3-OH
PAME & 30H-MAME OWT I ZEATHZ 2P LML (Kai et al.,
2015), =L C., 3-OH PAME & 30H-MAME ZNWZILDPELER %= R L 7=
(Ujita et al., 2019), 3-OH MAME ®» 7+ u 7t &% o vt OEL-1 O QS #E
[LEEEOH D PQI{LA&W 23k L7~ (Yoshihara et al., 2019), Z ® PQI ﬂ:é}
MEWH S 5 &, b~ MEMOFRIFERHFEPBEEZICHD L, 742056, QS X,
OE1-1 DR o Xy 7 F LR TH Y, HHKEER @t®®%ﬂ®ﬁmf%é
=L %W 5502 L7 (Hikichi et al., 2017), X512, PhcB & PheS O 7 2/ g
BeA 2 I LI HFEMIWEEKRO RTMEAN 225 3-O0H PAME % LT %
phylotype 111 O EHE A 5. phylotype 1. 11 BEX O IV ~D LN {Toi,
phylotype | & IV ZZ# T 3-O0H MAME FEA L Z Bk itTbhi=Z & %
Bl 5 722 L7z (Kaietal.,, 2015; Senuma et al., 2020; Takemura et al., submitted),
QS VI FNOEALZEN., HRHFEOKRE N EDILICEERMES T THD
ZEEFMeMNER SN, QS VI TN BEERIIRMA ML EE TCHoTZ, £ T,
OEl-1 ®%F ) AN #HZ KT, QS IZHIT D ¥ 7 T NAREIT AR 7R 2 B4y il 8 5%
DSKERRZa—FRITLHEHESINTLERFENENOXRBHROF 2L, QS 6B
MRk A L7, AfE TlX. RNA-sequencing (RNA-seq)% i\ T, QS HE
KEDO T 27 )T N —LMFrnrbH 67 QS ITKAF L 728 s 1 O % Bl #
WL L bIZ, QS Y7 TN BERICHET 2FMAELHENTT 5,

1. QS REEERK DB

QS V7 F N EERICIE, SKIZXD QS v 7 rosixEBAE ) VEg{fb, £ L
T, SK 265 RR~D VU UBIEDRENEE TH % (Capra and Laub, 2012; Gao
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and Stock, 2009), £ Z C. 7/ ABHINE SK 2 a— R4 5 LHfEEINT- EBis
TENENOREKEZ OEL-1 2HFR L, ZHH6XKEHKD QSHEE LT, QS Kk
fEleE Thodrb "4 F7 4V AJERKEE. EPS | EEARE., EE)HEE (swimming
motility) 3 L O IR H & MM L7, & L T, RScl351 iE1s 7 (phcK) X 8 #k
(AphcK)® QS #2723, AphcB & phcA #Eis T (phcA)XR#EFK(AphcA) & FRIERIZ,
OEl-1 &L T, HFLLLIEKFITDHZ xR M LA (1, Senuma et al., 2020),

DNA #i& FAA v & f 37 o A AT 1 JLLFERLEE
W RR #=2— R4 5% phcQ #EHis
+ (phcQ)ix. phcB, phcSE X
O pheR & Ao v 2k %
(Salanoubat et al., 2002; Tang
et al., 2020). phcQ XX #
(AphcQ)® QS #EiEX. AphcA &
[ ERIZ, OE1-1 L kb L THA
FEIWZIK T LA, —F. phcR X EEHEE (Swimming motility)
HIZED, QS BBIFK T L T
N, FOREIX., phcA K4 &
TP, HIIZ, b
~ MHEW AR B IR E PR AR A AT
9 & . AphcK & AphcQ %,
AphcA L RIS, EE~DOR | |
j\ﬁ'é % 9% A fﬁ— Jﬁ? % %@ 5% L OE1-1 AphcB AphcA AphcK AphcR AphcQ ’:-Zg-nz AralA  hepsB
7o =05, AphcR I3, HE ~ | o e i B 1 A
DENEEZHMER L. OEL-1 & | cowimmins motitioey 77 A £ &
ZEREFE ORI 2R~ LT, * OEl-1Dff & AEAEDH Y (p<0.05),

Diameter of colony (mm)

2. PhcK iX phcA D EHFHIEIZBE D B

OE1-1. AphcB, AphcA ¥ X OV AphcK % 1/4xM63 55 i C OD600=0.3 F T #&
L. i L7 RNA ZHAWT, RNA-seqiC LD T A2 U7 h— L@ 217 -
7o OEL-1 THENZO LN 4,304 B FDY — FEEZRKIZ, TR ENTOH
¥k C O 3 Bl & O M X L log(fold change) & false discovery rate(q fi£) = R

I CHE M L. g f<0.05|%& 1. FHHE OEL-1 fR& L T, ZERKICTHEIANA
<. 2<log(fold change) & | & CAMLT 21
log(fold change)<-2 {272 ~> | ®x  SHAETLE RENLRLE (ADFT (B)DHT
rEETEFENLERNE . BIETEA) BIETFEB) QSFHEHBEETE QSINHIEETH
OE1-1 Lt L CTHEIZIH | npheB 358 163 334 151
. i we | AphcA 388 204 334 151
BLA ES - KT D SR | ok 434 187 332 144
L7z, OEl-1 &kl T, ﬁpﬁcg 101 67 81 40
- c 430 189 326 102
AphcB & AphcA Wi b Ie‘?:M-mutant 378 177 316 138
S % N = z o AralA 393 180 302 138
<. \ifﬁﬁ) “‘*‘G:{E\E E;L:t AepsB 397 223 319 148
334 #Efz % QS HEEMK
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T L. BEADPAEI

EH/ U7 151 Bis 7% QS #Miil&
BB L QSHHIELR T4 QSIKFEI F LW+ 5, AphcA & AphceB 2

Bin & L7z (3¢ 1),

ﬁ%‘

QS
BT 5

QS K fF B =T @ log(fold change)Z x#h & y#izh Ehic7mey FT 5L &

WIED B (y=0.9365x+0.0492, r?=

OE1-1 L tk# L. AphcK Tid,
A L. 187 ]
et al., 2020),

2. QSi
o E s+ O log(fold change)
ZxEhE yHrhERIIT B Y
TS E L mWIEOMEE
(y=0.9851x-0.0981; r?=0.9862)
o LTz (X 2),

BLIEVZE W Z &2, PheK #3
EAis O FIZ, phcA BNEFhH
7. qRT-PCR f##riZ X % FEEL
i < % . phcA @ 3 8L ix
OE1-1 & th# L C. AphcK TH
BIZE»-o72 (K 3), —J.
phcB O FEHLIZ, phcK KRBT &
HEBIRO N1,

OE1-11Z8W T, phcA L [F%
ODRBEEZRL, T ORI
QS IZHKTF L 72V RSc0480 &=
FO7rE—%<& phcA ® ORF
DOEtEs DNA #5477 Z I R
2 X %5 AphcK @ JE H #is # Kk
phcA- compAphCK @ phcA ?‘Efﬁ
B L QS fEix. OE1-1 kA%
o T (l 3), 0.1uM 30H
MAME & HF M T &+ 25 &
AphcB & OE1-1 & [ Kk,
phcA-compAphcK @ QS HE2NHY
L7175§ AphcK @ QS #EIZ &1L

muy)%hiﬁf))/)fgo —ji‘\ i%
Hsf\@ 3-OH MAME ¥ 1 o
phcA B E~DOZEIT, WTh
@1%“(“’6%&)%73%727%07”_0

T bbb, QS ITHME phcA
DOFBIZ, PheK 5 L. £
O H AR S > 3-O0H MAME
BIEFELREWEEZ SN,

B 7 (PhcK #ifil&E s F)DREIEANA EI
332 il ® PhcK i EE s 1 & 144 D PhcK #1i]
FHEEL & QS WM B Iz E LT,

0.9779)% < L 7= (X 2).

434 B in¥ (PhcK FEE R TF)DRBIANAEIZ
EH L7 (57 1; Senuma
BirtrZEhEn
AphcA & AphcK IZBIT 5, =

-20 -10 0 10 20
! log(fold changes in AphcA)
. g

20 ® , AphcB, y=0.9365x + 0.0492 , r’=0.9779
; AphcK, y=0.9851x - 0.0981, r?=0.9862
; AphcR, y=0.5191x + 0.1259, r*=0.8651
; ApheQ, y=0.9857x - 0.0742, r°=0.9464

log(fold changes in mutants)

, fecM-mutant, y=0.9299x - 0.121, r2=0.9912
; AralA, y=0.881x - 0.1021, r»=0.8747
. ® ; AepsB, y=1.0053x + 0.0463, *=0.9707
-20

2. QS TH TRIENAEICE(LT D QS KFE
¥ @, AphcA & QS HEAK T 1k T D% Bl & L ik

1000

phcAFEIRE

T
£
5 100
0w
g
g
k: 10
s
Q
o

1 |

15 -

INA AT 1 L LFEEREE

g 1.0
3
<

0.5

0 -
3-OHmMAME - + -+ -+ -+
application OE1-1 AphcB AphcK  phcA-compAphcK

3. 0.1pM 3-OH MAME & A5 THi & L 72 H H5 W
HIZEBIT 5 qRT-PCRIZ X % phcA OB BT & A
A7 4 v LT R e AT

* 3-OH MAME RO ME E FEZEH Y (p<0.05)
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3. PhcQ & PhcR X PhcA o #RE/LICEE D B

1/4M63 55 TR 2 L 7= AphcR & AphcQ 225t L 7= RNA Z H W\ T., RNA-
seqiC LD T U A7 VT M — LT 24T o 72, OEL1-1 &L T, AphcQ TiZ,
430 5 (PhcQ FEEME F)DOREN A EIZH D L, 189 BI5 7 (PhcQ #iil#&
G)DREBENEEIC EH L7 (57 1; Takemura et al., submitted), PhcQ #% & &
57 & PheQ FEBEETZENENOH T, 326 BI5 1 & 102 B2 QS FEiE
v & QS M E s FIZE& EFNT (F 1), AphcA & AphcQ BT 5., Zh biEfs 1
® log(fold change)% ., x Hi & y #iZznEtnic72y h9 5L, EWIEDHBE
(y=0.9857x-0.0742; r?=0.9464) %~ L 7= (¥ 2),

— 5. AphcR Tl¥, OE1-1 L L# L T, 101 #&fs 1 (PhcR FE &M ) DR B
DAEBEIZHEA L, 67 Bz ¥+ (PhcRMHHERF)ORIEADNFEIZ LH Lo (£ 1),
PhcRFEHER T X O PheRMFIELRTFENZENOF T, 8lETHBLU40E
N, QSHEEEL & PheQFEHE L. BELO QS &=+ & PhcQ #1 Hl
WA TICE £, AphcA & AphcR B1F 5. Zh 5#EE 7@ log(fold change)
Z.oXEE y#hEAERLICTry TS5 L IEDOFHEI(y=0.5191x+0.1259;
r’=0.8651) =~ L 7= (X 2),

3-OH MAME G A CTRELI- L Z A, OEL-1 TRO L QS BEDH KA,
AphcQ & AphcR TIE#E O L2 > 72, PhcQ & PhcR I, UV VgL v — " —
RAAL U EZEHTDHNDNAKESE RAAL 272V RR DT, 3-O0H MAME %
KXY, PheS B ) U2 7B - 72 PhcQ & PhcR X, QS ICKFT 5 &
51 ® PhcA IZ X2 HBHIEICEDD EE XN, T bbb, 24.3%D QS #
EE s L 26.5% D QS il s F D PhcA IZ L 51412 1% PhcQ & PhcR % 4%
Bl L, 73.4% D QS FMEET & 41.1% D QS MHIEIE F D PhcA 12 X %l
WX PheQ 2 E LT HLEEZ BN,

4. QSIZLVEANFHEIND LecM X 3-OH MAME OMRANEZEHICEDL S
HREFEMBOARICHET 2 EHESIND LI F 2 LecM ¥ X7
(LecM)%Z 22— R34 5 lecM & /s (lecM) D3 B I% ., KA EH BRI, 111 B 55w
HEOEEY X EEa— T2 hrp &z FREOEEHIEIK T HrpG ¥ > 87
HizkviFEshns (Valls et al., 2006), = L T, LecM %, W¥HIIE L~ [H
BICHE5T 5720, lecMZEEE (lecM-mutant) (ZEE~BAT DL Z &N TE T,
IR 235 (Mori et al., 2016), — 5. ®mMEEEIC/RD . QS NiLE) ¥
% &, HERefk PhcAIZ KV | hrpG Bz FOREL A6 S5 (Yoshimochi et al.,
2009), — 7. lecM O H X, HHEL PhcA I LY #FE X5 (Mori et al., 2016),
FEREMECEKR SN Zao =—EENS, lecM-mutant 13 5 4 4 £ 8 pE AL BE A3
KT EHERINTZ, 22T, QSHEEZHELZLEZ A, lecM BRI|Z LV,
QSHENFE L <{LF L7 (Hayashi et al., 2019a; 1), 1/4M63 55 THE & L 7=
lecM-mutant @ RNA-seq i XD bT7 227 U7 F—LENfNnE, lecM ZBHEIC X
D, 94.6%D QS FEBMTORIANAEITIKT L, 91.4% D QS #Miil&Eis+ D
RENGEICLEF T2 E0NHLNE R o72(3 1), AphcA & lecM-mutant (23
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JAH. ZHHEME T O log(fold change) ., x i & ydizntnic7ey M35
EL EmWIEDOFR (y=0.9299%x-0.121; r?=0.9912) %~ L 7=,

BLIRVEWZ L2, lecM ZEIC XY, pheB 253 QS BHHE B FORBICAEE
REACIZFR D B o=, st o 3-0H MAME &R E LK F L=,
1.0uM 3-OH MAME &4 SOn AVEE
B TEELEZEZ A,
OE1-1 & AphcB & [A kE *
2. lecM Z Bk D EPS | VJT
pPEAENEIM L 72 (X 4), 0
ThRbb, QS I LV EA . JOHMAME -+ - + -+
NFEE XD LecM 13 . 1 0 e application OE1-1 AphcB fecM-mutant
sk > 3-O0H MAME ¥ 4. lecM-mutant ® 3-OH MAME & & 3-OH MAME &N

B EMICE DY . OEL- | IS &5 EPS | A~ KE
B N T - *: 3-0H MAME &, OE1-1 Ofi & H&E# b Y (p<0.05); EPS
150; %Zﬁéiﬁﬁm =B | BE/E &, 3-OH MAME BIRMoOE - FEEZH D (p<0.05)

20 [eps 4=

ASEO

1.0

nmol/plate

5.EPS 11X, QST T HEMLTD PhcAIC KB REFHIHEICED S
QSICEVEANFZEIND 2 KINHWE TH 2 EE L EIKN L EPS | 1T,
HMWFEOFHRBR IR FTHY, BEORAEBIZEDLZ EEX LN TWS (Genin
and Denny, 2012), —F4. HMIAEMHIE b~ ML, EPS | Z#58F%& L <. 1A
P Z 7k 9 (Milling et al., 2011), X 2, B Z L T EPS | JEZ6E X8k
(AepsB)Z HRW M b~ NMEWICHEFR T 5 &, AepsB ITEHE~RATH Z &
MTET, WERNDZ RS2, —J, BE~EE#EET L EL. b~ MEWIZEE
JERERT D, TO=H, EPS | MY -EfREMEERICEDIRTTH D
CHEE SN D, BLRIEW T L2, AepsB @ swimming motility 1 OE1-1 & Hi#%
LTCHBEICHE KL (K 1; Hayashi et al., 2019b), Z X % TIZ. EPS | ® H K
FEAEE T REZEICEDIRENIARHTH 72, T2 T, 1/14M63 i TR L
72 AepsB ® RNA-seq iZ LD T A7 VT h—Lfitiziro7=& 2 A, EPS |
PFEAERERIRICL Y, 95.5% 0 QS FHEBELETORIANAEIZIE T L, 98.0%D QS
B TFORADAEIC ER Lz (£ 1), AphcA & AepsB IZBITH, b
BAisF @ log(fold change)% . x & y#Zznznic7ay h455&, BWVIED
FHBY (y=1.0053x+0.0463; r2=0.9707)%Z ~x L 7= (X 2), & 52, epsB REIT LV,
phcB # & QSB#EBME FORIBICHELRZILITRO N hoTo, T bbb,
QSICLVEANFEEIND EPS 11X OEL-1 O > 7 F s ERF+TH D |
ZTOZHEIZEID, QS., &£<IZ, PhcAIZ LD QS ITKFT LB FOHRID T ¢

— KXy ZHIENICED D EE 2 b,

6. 7077 ik, QSITHKFETHBIEF D PhcA I K 2REAMBEICEDL D
HRWEOWRICED S, QS ICK VEAEANFEIND 2 RAH#HE L L T,

N7 7 v EIEE L (Ishikawa et al., 2019; Kai et al., 2014),

Transaminase T& % RalD # > X7 & & furanone synthase T % RalA % >/

80



JEIZXVEEINTETINT T 7 v IR, MRS OW ST, BEED - RN
RIS ENZENICE Y, FATT L, TAVTT I IBIOTNT T )
YK, BXOIALTT O UBENLTCTIATT ) ABREASND (Kai et al.,
2016; Pauly et al., 2013; Wackier et al., 2011), b~ FEFEBRZICBW T,
~ MIREFHICBWTHEA L OEL-1 X, v~/ Zuvan=—%FlKL, TID
NG L TR s MREREED TH S mBF Z2IBKT 252 2oL
7= (Mori et al., 2016), =L C, b~ MMaE#»6HIH L 72 MM BRIIKZ H iz
MBF JE ik ex vivo R &2 HW T, v~/ 7 mag=—FAlX QSicLvMiflahnsd =
L6 LTz (Morietal., 2018a), — F, 4077 7 0%, QST b ~A
sumavu=—KEEfHEZHETLIZEEHLNCLE, BT, FA0T7T7 0]
ETINT T KT, v/ ran=—DAIC LD mBF ORREIZA R R TH
S, Tihhbb, 077 7, OEL-1 OMFEICFES . WA, &Iz,
MBF Rk IZ B 2 ARG ZER - ThHhd &EE X vz (Mori et al., 2018a),
FEREMECTER SR Zan=—BENL, 17T 7 UEAREIE (AralA)
TR HEREERRDIR T & HLEINTZ, S HIC, QS BB & FERIZ,
AralA T HEE~ORARETZERL, WHEADZELRLZ, £Z T, 1/4M63 T
B:# L7z AralA @ RNA-seq 2k D h TR 7 U T N — LT EIToT2E 2 A,
AralA 2B W T, 90.4% D QS FEEME FOREANAFEIZEK T L, 91.4% D QS #J
& s DORBIENAEEIC EH Lz (Mori et al., 2018b; % 1), AphcA & AralA
BII5, 2o 0@ a1 O log(fold change)x . x#lhi&s yiiznznic>a v b
T 5 &, IEOMB (y=0.881x-0.1021; r?=0.8747)% r L 7= (X 2), & 512, ralA
ZHEICED, QS BHEEBL FORIICABERETIROON o1, T72bbH,
QS IC KW EAEANRFHIND TNV T T ) X, OEL-1 OHMEBEIERGEZERN T TH
V. mBF EROHIEICEDL S & & BT, QS ITIKFET DB F D PhcA IT X 5%
BHEBOED 7 4 — KXy 7 IZElbLEEZ LT,

BHhiz —> w5 Sugars () @y
HSEFEANA LT v A% j:i;j;““*” V[«

2 L7 OE1-1™ QS ‘\/&‘ﬁ_‘ﬂ/’fﬁé G, BRIEA Acetyl-CoA O'RR

O)?ﬁﬁf % 512 L/7LCO OE1-1 = Eoo - By FattyaCiijnthESiSUTK‘pthtciﬁmﬁ%ﬂuo)RR

® QS %, PhcK 239 5.9 % phcA }

FEBLHIME R &, PheB (2 LV EA Unknown signal i

SN % 3-OH MAME Z &2 XV Phes

) LREES 7% PheQ & PheR 4% e Moy

B 55 % PheA BBEILRIZ L 0 | Loow M

b, £ L T, PheQ & tecM<— @

PhcR #2235 LieEfb L /

7= PhcA 12 £V . QS ICIkTET 5 Qsmﬁg{é .l,

BETORBEAPHEHEIND &5 psialn,

%— E‘;ﬂflo é [5 L:\ QS L: J: D }ig? EPS IIZILT S /) ALEW
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Introduction

Plants are colonized by commensal, beneficial, and pathogenic microbes such as
bacteria that significantly affect plant growth and reproduction as well as environmental stress
tolerance in nature and agricultural fields (Trivedi et al., 2020). Plants require bacterial
colonization for their survival in nature (Duran et al., 2018), but ironically, some bacteria cause
serious disease to plants (Nobori et al.,, 2018a), pointing to a dilemma that plants face.
Therefore, the fundamental question is how plants engage with beneficial bacteria while at the
same time restricting pathogenic bacteria. However, despite extensive studies into the
molecular and genetic bases of plant immunity, we still lack fundamental knowledge of how
plants affect bacterial metabolism to control their function and growth in plants (Nobori et al.,
2018a). In addition, interactions between plants and each neighbouring microbial species are
fundamental building blocks that collectively determine the structure and function of the plant
microbiota contributing to plant health, but the molecular basis of such interactions is poorly
characterized (Nobori and Tsuda, 2019).

Multidimensional regulatory landscape of plants and bacteria

We studied both plant and bacterial transcriptome and proteome responses during
interaction with pathogenic and commensal bacteria in the model plant Arabidopsis thaliana
(Hillmer et al., 2017; Mine et al., 2018; Nobori et al., 2021, 2020, 2018b; Winkelmdller et al.,
2021). These studies revealed that 1) mechanisms by which plants control bacterial
metabolisms to regulate bacterial growth and behavior in plants. 2) qualitatively similar yet
quantitatively different plant transcriptome responses including typical pattern-triggered
immunity responses to pathogenic and commensal bacteria. 3) bacterial transcriptome
responses in plants that are characteristic to pathogenic or commensal bacteria. 4) taxonomy-
independent and strain-specific responses of commensal bacteria in plants. Furthermore, we
characterized a set of plant immune responses to different commensal bacteria and found
strain-specific elicitation of specific plant immune responses. Notably, we found that certain
bacterial strains (isolated from healthy plants) caused disease on or killed plants deficient in a
specific plant immune response but not wild-type plants. These results suggest that plants
discriminate between different bacteria at the execution of plant immunity in addition to at the
recognition of microbes. Moreover, the plant microbiota from healthy plants contain conditional,
opportunistic pathogens which do not harm plants in a community context, providing an
important clue how plants maintain healthy microbiota and their own health in nature.

Plant secreted proteases mediate antibacterial resistance and structure the plant
microbiota

We uncovered that evolutionarily conserved plant proteases (SAP1/2) directly
suppress the growth of the bacterial pathogen Pseudomonas syringae in A. thaliana (Wang et
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al., 2019). Secretion of SAP1 and SAP2 into the apoplast, which is the site that is colonized
by the pathogen, was required for its antibacterial activity. We found that SAP1 cleaves a
highly conserved bacterial protein, MucD, thereby inhibiting bacterial growth. Overexpression
of SAP1 increased resistance but did not trigger immune activation associated with plant
growth retardation, pointing to the utility of secreted proteases as plant disease management.
mucD shows strong signatures of purifying selection among bacteria. Notably, mucD
sequences from Pseudomonas, often associated with plants in nature, were under positive
selections at specific amino acid residues such as the one cleaved by SAP1, suggesting
evolutionary pressure from plants on mucD and potential contribution of SAP1 to the structure
and function of plant microbiota (Wang et al., 2019). Indeed, we found that wild-type, SAP1
overexpression, and sap1 sap2 double mutant plants harboured distinct bacterial communities
when grown in a natural soil, suggesting that these plant proteases act as a gateway for control
of non-virulent and commensal as well as pathogenic bacterial proliferation. Supporting to this
notion, we found that SAP overexpression enhanced plant growth while sap? sap2 mutation
led to poor plant growth when they were grown in natural soil.

Perspective

We are beginning to comprehend how plants control diverse bacteria including beneficial and
pathogenic bacteria as well as microbiota and how the plant microbiota contribute to plant
health. To fully understand plant-microbe interactions in changing environments, we must take
advantages of rich resources available for model plant species. However, at the same time, it
is urgent to develop experimental systems for various plants including crops and vegetables
in order to understand diversities and evolution of plant-microbe interactions and to contribute
to sustainable agriculture. To this end, we are developing synthetic microbial communities and
high-throughput plant phenotyping platforms that allow us to investigate dynamics of various
crop growth and health affected by microbial communities. | envision that such analyses
iluminate mechanisms underlying beneficial and detrimental effects of microbes
(communities) on crop plants and effects of plants on the function of microbes, thereby
contributing directly to agricultural practice.
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Mechanism underlying floral thermogenesis and its role in plant reproduction

XU®HIZ

A OIE (FEFFRRERRZ B Te) ([Z X DFEUTIL, FHER B OFHESI0R h & oFF| It
AR FEREY) D A FERRE A e R EIN S B, —BIVIZ, JEDOIRE 2 IVSIRITHR L
TO5CULE LR IELENERESOMEY O Z L& I3 L IO, FEEGES D&\ EY)
Tl&, FEDIEENPIMTURIZH LT 20CLLES BRI, ZHE TICHE S REWEY O
BT, RIS O Y T (YT YREFI TR GE D) BhED, B A2 5D D
WA DO RKE 71TV M A ERMED Th 5, AGEE TIE, BEWEDOF T, TAEICHH
H95 VT (Cycasrevoluta) &% A ERWEMHIE Y Y U (Symplocarpus renifolius)
DT E LIS, TNETHLMNE SR 8BV TR, BEWABNERS) %
LT, &RIC, BEMWEMMIED A% DREZIZOWT iz,

B YT (C. revoluta) DFEBGER:
HARIZAAT % Cycasrevoluta &\ 5 F4 % Ff> Y 71k, V7 VRHZE L, JUNEEE
ORI DNT TR AT 5, YT Y INREWEM CTh 5 Z & ZRIISHRE LD,
TAVAIOWWFEDT 4 VT b Z7THY, HIE, K40 FED Y 7Y O (IEMEIZIE,
BRE) OREZNELC, ¥ITRICEENDIE D Y T T,
AEDBE VA KIRICK LT 10CLED ERLTWAZ EAFA
L7z (Tang, 1987), #IXZ DX DOH T C. revoluta % ZieY 7 Plant 1"19]-".'.\71)/()&’}’
Y RHE DFEEVEIZOWT bR L7y, I TRk~ TY 7
Y EEY) DI ERE )T Th b LT T\ b, KR C
revoluta 1%, AMVRIRIZXT L THEDIRE 2 DT 7 1.6 CLo EH L
TWRWNWZ EERE SN, TDH%, T RREET R S o T,
LU b, Fox OFREDNS . AEHORELIL, FEOMRIR %St
SR L THROR T 11.5°C, MEfEIE 8.3CH LA S ¥ 2R & Ff
B, WHE & BIEOERIEIX 10 B EIZE D AR L D @< Rz
LTENHBMMERoT, o, AR —ET T T 4 —ITLY
HEFE DR B A EVE 5 & L CHRICI-R A NS Z & b T 7o

s o 1 Plant Physiology
(K1), 51T, AL LM%, EIE (22°C) « BE&MCTHE L7 | 20194 6 A %) 0%

LA, WE L BICHENRFEEC LD RROREESNBESN |
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7o —HOEERNG .,  C revoluta DERFIL. HEE - HEFE & O ITHEME 21 2. FEAGE IS
BWE SN ITRY T LRIBEORBGE 2> Z ENH B E 72 o7 (Ito-Inaba
et al., 2019),

C. revoluta HEIEDORB T E I Fa v R U T

7 TR EESE (AOX) X, RFElT L X — IR EI A Z b BEWEA R
B HE D BEEFR B W TRBOTEEN BB TEWZ &6 | Y OFR B EHE 70
HEFFOEEZEZIONTE, L LD, BEWEZR O Y Y 77 Tk, AOX &3
BN e OBEMEIZE L THa R BEEDN T L TR o 72,

FZTH&IX, C revoluta b AWT, YT Y ORBIIEBITH AOX OEREZTH5
ZET L, 9. MIEOZEMMTH S/ ETEE GEEVIEER) S/NET O o GEREVE
) OAMFIICI har U7 (Mt) ZHBEL T, BN T AOX ¥ /3> 7 1 D
W Z AT -T2, EORER. AETFEE Mt I, /Ma10 9 Mt 2T, AOX fEEE Off) % 73
ERTHDHZ NNl AL TuyT 4 TIZLAATTH, AOX ¥ NV EIT,
/INEFEE Mt Tl S, a0 5 Mt Tl She o=, S5, HEE TR
BT 25 250 AOXBin 1 (CrAOX1 B LY CrAOX2) D HEE - RIE %17V, qPCR fi#HT
AT oIk R /NAFEEICB T D CrAOX1 DFRHIL. CrAOX2 DFEITH A, 100 1% 5
WZ ERDboTo, BLEORER NS /INETEE Mt 1251 % CrAOX1 &40 L 7= FEUZRE IS A3
VT HEAE DIEBN B 2 B Z L 3 RIB X7z (Ito-Inaba et al., 2019),

WIZF 41X, C. revoluta HEAED/INET-3E & /Na -0 5 OFME NS & 251 5 E 1 BRI
(TEM) (X0 #IZ LT, @D hary R TREIGEWRS 202K L2 2, 0Ok
R MMETIETE, HETY M) v 7 REBER—KEOI hay R 7RSI SR
kL, NETD S T, FFEDOREEFFOI bay NY TEMIZBEIN -T2, &
7o, EFIETIE, WimfE? 2 pm2 L EORE S 2 FHOE R I har RU TR, REIZ
BWTRED 1 BfEESLZIN-N, B har R 7L, /Ma+o o TIRBE S
72> 7= (Ito-Inaba et al., 2019),

Y b A ERFRBGEY OFE BRI T 55

WEWEZ ROV M ERMEWIL, T E TIZ 36 FRREDOWRENH 5, Fx IXTE, #HIK
DY A ERFEEWEMIC T + — I A LT REHEL T D (K2), FTh¥FEr YD
(S. renifolius) 1%, EFITE T 22E LI HEL RN D Fifi T& | fHPOIEEE T
T 5 ETIHENTZHEMEIE B X TD, FEB Y TORRAERVNHSE LI-DX, 7 A
VIO FFER T v — Xy 8 THY | ITAREY) OFREVTKIRIC LV FFEI M,
el 2538 L L CIRIRZ ER S E5 2 L2 RH L TWw5 (Knutson, 1974),

Fax BB Y OMRICET LYK, AOX & 1387 D4 CRFEl— L X —fEHI
wE RO EAE (UCP) 73,
A OBAFE TG THLEEZD
NTWe, 22 TET, YIFRE SN
TW/iz 250 UCP 714 Y 74 —2A
(SrUCPA/B) DfiftT &, FEGH
CEICHBLL TWD DX SrUCPA | & .
ThoHrZ xR LT (Ito-Inaba et | 2 # b1 %5 %84 \
al., 2008), £7-. FH¥ LV IHFIC b, 7 U XA % (Alocasiaodora), 7 s v 75 v K

o ( Philodendron selloum) . ¥ € » v 7 (S,
BIFAI bay RU TOREREM | renifolius), 727 % ¥ v 7 (S. nabekuraensis)
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. AEFR, O, BLROKFMBICBWTHELZE Z A, BRIIERTIE, BEE TH
IR, AW T, <D bar R T7E2E ATz (Ito-Inaba et al., 2009a),
E 5T, BGEAREN ZF -7 0 g ARy a v DIz L v fEFICBIT S AOX O
BEIIVEL YV UDOERLVIERTHD Z E 2B E Lz (Ito-Inaba et al., 2009b), k
T AT YT = AR TCIL, BEHIOIE TR ha > R THERICED 2 BE T
FENEL, BEEKZDE, TNHOBEB IO A b L ARECHRIARHNCBE D 5
B TOREN EHT 52 L2 RH L7z (Ito-Inaba et al., 2012a; 2012b), LA EOFEF )
5, B Y UOBGEEIZIZ, AOX DTN T, 2 hay R 7 ORERZh R
BB TORANEE TH L Z EORBR I N,

BHYIZ

FROMRBIZEY , BIHETOHLH YT, AR EICBIT 2BGEAIZIE AOX 247
U7- MR S E R E 2 RO Z 2L N E L, YENRBEILEENDI Fa R T
DRHEHITERED — Ui ORI LT L=, LML —F T, AOX LAl DFEEN & o [K F B
(COWVWTIEA 2B AALRE S Z < AOX LSO 55 F 0 MEW DR BN X 0 EEIZE G %
AREMEIXHICE A BN D, BIE, YT EY B Y TOMFIZE W T de novo RNA-seq
DT 2 ED TR | BREN G FRZE RN I TS, WTL T, milffkaid, %
EWE N HEL L7 Ba 2T VRSB AL T, BT Z21TWE 5 2 & 2R LTz
(Ito-Inabaetal.,, 2016), = HIZ, YiZLEln A RO EWEY) 2> & BEE L 7= QI8 A L
T, BT 21T O EBR LML L OO b D, 5%IT. ZNOOWEER Y 8 < KT, 15
DN FOF NG BEGFEICEHDLLIEOBETFZRIEL TWETLWEEZZ TS,

A

ARBFGEIL, BHARER B G, et ) L3R, WL SR VENT SRR AT e B e, R R, 5 R A
WA D 32432 A 52 1 T3 L7z,

51 FSCHR
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The mechanism underlying pathogenic variation in Pyricularia oryzae

inferred from the classical genetics approach
Abstract

To access the genetic mechanism underlying pathogenic variation in
Pyricularia oryzae, three avirulence (Avr) genes AvrPik, AvrPiz and
AvrPiz-t, which caused the breakdown of resistance in rice cultivars in
Japan in the 1960’s, were identified in a cross between parental isolates
84R-62B and Y93-245c-2. Constructing a genetic map including the Avr
genes and CHEF-Southern analysis of the parental isolates using selected
markers from the map as probes could assign AvrPiz and AvrPiz-t to
chromosomes 3 and 7 in Y93-245c-2, respectively. Surprisingly, AvrPik
was assigned to a small and extra chromosome of 1.6 Mb in 84R-62B.
Even more surprising, two Avr genes AvrPikm and AvrPikp in 84R-62B
were also suggested to be located on the 1.6 Mb chromosome since they
were closely Ilinked to AvrPik. To further characterize AvrPik,
possessions of Pex31 homologs in the genomes of parental isolates were
examined. A gene family encoding secreted protein Pex31s in P. oryzae
consists of five homologs, Pex31-A to -E. Among them, Pex31-A and -D
are known to have AvrPikm activity and AvrPik/AvrPikm/AvrPikp
activities, respectively. We identified Pex31-A and -D in the 1.6Mb
chromosome of 84R-62B. These findings could clearly explain the linkage
relationships among AvrPik, AvrPikm and AvrPikp and the chromosomal
assignments of these three Avr genes. We also found the translocation of
Pex31-A from the 1.6Mb chromosome to chromosomel of Y93-245c-2 in
the genome of a F; isolate from the cross between 84R-62B and Y93-245¢-
2. Another interesting finding in our study is

P RS 2580 Faculty of Agriculture, Saga University, 1 Honjou-machi,
Saga, Saga, 840-8502, JAPAN
that the loss of the 1.6 Mb chromosome leading to pathogenicity mutation
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was observed in subcultures of a F; progeny. This phenomenon may
provide a new insight into the mechanisms generating pathogenic
variation of this fungus.

Key words: rice blast, Pyricularia oryzae, supernumerary chromosomes,
Avr gene, breakdown of resistance

X C®IZ

A XN BLIRIEITFTDOIED—FL Pyricularia oryzae (UL F. 4 x W H HIR
H) WXVl sEIENDAMAFOEEREFELLTHLN TV D, AJF OB
CERbADRFEO =D 3 EEA XM EOEMF T THDL, —FH., A XD
LR E T TEBRMENE < . FrBICH 3 S - P rE S o L TR R
EEGLEERL - ARFHICELAHEND, 20X RL—ADHBIC K
D, EPUESEN RS ICER TS, TR, KR ORER I AZF D
HREHMTLIETLIFAELCLME LR TE e, A XD BRI L TAEHIC
R A FRET AWML EOM B AE N L — AL R AR TEENA D
SAXLDOMHANBLELRD, AFXOLLIREO L — AN A FRBMEIZERETE
Hoe CERWEWVWSTIRIFEMED R R ML gene for gene theory (Flor, 1955)
THI SN DR S BET LEHAMEBRET O —H - IBC LV RESL D
(Silue et al., 1992), > T, AEO L — AL R IFIEHRF B R T DL RIC
BRTH5EEZEX222LENTED, AKRMTIEBRICBT2EMMEREICEE L
A X WS HIFEOIEFIT ) BIZ IO T, EHFONTEETIT - f il
BFWT 7o —F LB IEMITEZBNT 5, E7o, Fx L7z IER A
NEEFOHFERERA N =ALIZOVTHBHT S,

1. BATREZ o B O RS
REIZADHENIZHIEOE R E LTHATEZ > EIIMEOREIZ DWW TH
T T, BMZEORBEHOKERET RO T, HARTIL 1940 FR1 56 =
AHEPEWCHIT RO B ELTAFTNEBIFEHHPMEBTE~DOAKREY
AN EST2, ZHITED, 1960 FRETICHFEZR EOANEROFES WG
LM EGFZ2EALE, 7T, A%, =B TR EDOFEERN
MmN ZHERI N (U - &%, 1980), T O MFEIEEMLMESE LT
APERG COEMTRHBES>TZLE TV LLIHICH L TEWHREEZ R L
TWie, EZ2A0B, EMHTBRBEPOEFERIZITVELWMNEZRT L L TR
D, BERIERELrOBHMELREICEXE T OIERMERENEETTCLE- L
(I« mEP, 1980), BRI 10 FLL EE2 &L 72 2 6P L FE 2 BUE
THFILLTLESTLBEGIIYKROFHEFEZ RESKBIELLEEbT
W5,

2. BAEARVWBLHE V- RAHBIA xmBOR T 2EAKBLEFTXHIET
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L5 WRNBEFORE
HOWREEOREKOR L —ADREZ, 2228t ERFE2ENLEN

HMTchATomEOEy b CHBIGHE) CHKEKEEZERL, TOREKO M

BRPRIBEHEREO Y - 2RIk viTbnsd, BADODALA XN E D

JRE IR L CIEERLVICRT
12 B M & LT

#1EHERELTERALEAFTVLDHREOHKEL — R

B A 5Tk B 9 R
H w &6 v T vw % v\;:#:ugu b b W B
( Kiyosawa, 1984: A R i Tl 84R-62B  Y93-245¢c-2
Yamada et al., 1976), = #2%5 Pish v M
SR SIDIE) Pia \% \%
oA MEOR T L LA E Pii v v
e R e s Ol i VAR A NN B 11 BIH 51 & Pik A v
MmHBAROGBICEAS T Pikm A v
77 =% Piz \Y A
o oo THRD YroEF Pita A Y
(Hayashi et al., 1998; Pi No. 4 Pita2 A v
j:'; S| 1:'/&\ ZIK , 1985: Y T1Em Pizt \Y A
. . K60 Pikp A v
Kiyosawa, 1969), & ¥ BL1 Pib A A
DL E T IRICE T K59 Pit A A

TLHICHTLD . b

@ Kiyosawa (1984)3% X O' Yamada & (1976) .

b Hayashi ©(1998), Hia
(1969).

A, FEIRRVE; vV, R R E.

B OREICED o EIEREIER T O
[ &1 2 ﬁ%#'%"]nu@@ﬂfﬁ# 43% IETDHDEDEA RN LIFEO T
JAMPLEHEITRWZ LICh b, —H. BRADMEELRLE L YR, ?R#i
BAR T Pitallx T 2 IEW IR 1B T AvrPita® & ) oy T B s F 0 FiE I

FlEINTWEIZTET (Jia et al. 2000), KELHEELBF LXTFG‘@"ZD?Fr
BB FEFREEZLPALBIHFETLIONSZAAHLER--TE, Th
. BAREA RXRWS BINE O E KR TIEARB 24 T 727z & s g B 25 A 7l
BEERoTWEZEICERT D, £2C, EEHFOMEETITRAHA L L Ttk
OEWFEEAS XS HREKEYI3-245¢c-2% H ., B AREFKI4R-62B & D
REL R z=fES L7 (FF1) (Luo et al. 2002), AAHE R TIX. 8 &K O %H
MO E W SR RO EHKER T, Pik., Pikm, Piz, Pita, Pita2.

Il RR 7S B o HE BT - FAA(1985)F L W' Kiyosawa

FIZEHRBLE, T 2206
5. gene for gene theory2» H

Pizt PikpDZNZN ORFMHEEMLE I L TCRBAEE (FEWRIEME - /IR ME)
BB rBlEdTsLtnTED (£1), 2T, ZoHTYH, FiZ. Pik.
Piz, Pizt\ IR T 2B EEICESEZRKV BT Z2ED D Z L2 L7 (Luo et al.

2002; 2004; 2005), S WHMHERTFZHETLH2EES1IE, 77=vF%, £ T
15 ICF RIS 2R Lz 2 A, K MmMEICx 3 25 FEmEM rﬁﬁm

BEIXL : LIS Lt(%ﬂ Lo T, SmFEICKHT2REEE OS]
BEFHEOXNSBE OB CHATEEE 2507 (Luo et al. 2004),
Flo, WEEKENEDICHEEEEZ R TR xR EE B E L TEHR SR
HAMBEOF R, RO W, F#HENMMEESFEZRET 2BRICHER Sk
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Y KK (Kiyosawa 1974) ZAH L7-@&mMirick v, BHES1IE, 77 =
X, LVTIBICHTI2HEFREELZ BT 2B DS MEOR T 2RI E
oI —x— %t LI IR 1 d s+ (AvrPik., AvrPiz. AvrPizt) & L T
FEMRTH DI EEH 6L (Luo et al. 2004),

# 2 84R-62B B LUV Y93-254c¢c-2 ® F1 it REKEFHICBIT 2 3 >0 B ARKFE L — X 5l
A 3 SRR 3T D IR R R R M o 4y B

i 8L B PR Fo AR x2

ot il p
84R-62B  Y93-245c-2 AV 1:1

B 51 % A \Y; 67 : 48 3.14 0.08

T = F A \% 62 : 53

Ly Tl A \Y 62 : 53

A, FERIEME; V, R

3. AvrPik, AvrPiz, AvrPizt O BRI AE

W T # 1L AvrPik., AvrPiz, AvrPizt \ZOW CHESM X 2 ERL L., ok
BAITIBIC X D HBEZ R ATz, R, 20 3 BB FOHBEZIE~x OFIEE T
TH9 2N TEF . AvrPik X 2009 4512 Yoshida & (2009) 2k v (#ilk),
AvrPizt 1% 2009 412 Li & (2009) 2L vZzhnFnHEEEIZ, LrL7Aan
5. HEEICH T ZEBVMEAEDOP T AvrPik 2O\ TITAR D T H BV RN H
SivTo, dEMXIT EFEE o Fr AR 115 SR B AT 60 FRICHO W THK Y T
= —DEEDTHEDOT — 20 H/EMR L7 (Luo et al. 2005) (X 1), #HEH{H
XX 7 >OHEE LGA~LGD THK S vi=25, AvrPik, AvrPiz, AvrPizt IZ
ZTnENBoOEHEPE LGA, LGD, LGG I 7 vy b &= (X 1), Fx i34
P A ER O YR e ORIEBEZEND 3 DOIHERFE BB OB FEYO
WO EZRAAT, AR EORICITFEHTICE EN TV RFLP v~ — 7
—O7m—7% CHEF EXKE CTHHE LM BEKOYEGEIKIIANA T XA
XXt 2% CHEF-Southern AT IZ X VA L7 (Luo et al. 2005), F DO #b &,
AvrPiz & AvrPizt % G H R LGD., LGG IZIFNETNHMBEEKOE 3. & 6
et iRIZX T A Z EDRBHLM™ER ST, DFEVD . AvrPiz & AvrPizt O JERE
P RIXE 3. BorRtRESNTE(® 1), —JF. AvrPik TH DM, Wi#H
HEED 9 5B 84R-62B I HFRMIKTH D 7 KOYEKITI 2, /N O Yk
(1.6Mb e (k) ZHRAETH(X2), FEFERL I LIZ, LGA DT AvrPik &
BEACEM L7 RFLP v~ — 7 — 0O 72— 7% 1.6Mb e fafkic g 7Y ¥ 4 X
Lz, &5, BREWN L2, AvrPik CBER T EICHD~— I —D T 1
— I W BERE bICE Rk, T VXA XL, DFEV ., LGA X
1.6Mb e fafk & — iR 2t L CWb B2 BN, AvrPik 13 1.6Mb Y {4
KEMMIET D LGA OMDICERLTCWHLIAREERNEZ LN, £ T,
AvrPik & 1.6Mb e ta Rk O EH Z MR T 2720, #EEHMMIERICHEH L7 F
AR SOER (OEMKNLHETICI VAR ER 5T THKRZERLS) IT2WVWT
CHEF EXIKENIC XL 2 EBEBERICELY 1.6Mb O KBEAEOEELZTAE L2 (F
3) TO/ME. 1 HEOHISN (F1-327, #%ik) 2. AvrPik ORFH - FELH
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A (B 1 ZICIEREMELFEREME) & 1.6Mb KO ER « FEHRAITERIC
—F L7 (£3) (Luoeral. 2007), T 725, AvrPik IX 1.6Mb JLta{k & 7h
SHETH bR AK FICERERTH R RTBINT,

£, 1.6Mb ez b0 b T RMEEEAL WL, ZT0 L9 R/
DYEAEIT I EFICLEARERFPERLZ2VEFEAEREE XD
5 (Covert 1998), L C., AFICHAEREBIZFNEREL WO, 18 E
REKIIHRAETIEKRERALRVEKE ORE CIEKRERIZHEA T LVE
BT 52 EnmE SN TS (Jones 1995), & Z AN, Lo Fy i Tl
1.6Mb YA DA « FFHRAIT 30:29 720 11 OBEIcEA L (%
3) (Luoetal.2007), £Z T, 1.6Mb Y0 {RICHEFET 2B MR FI2OWV TR
AT o7 2T A, 1.6Mb e (R X5 — G AR o H 43 38 A% 1t Foll Y 4 (4 12 #is i
LTIRENTEFATROERTHDZENRHLNER o7 (Luo et al. 2007),
DED ., BB LIE RO IROE S HE A 84R-62B D — YAk L 1.6Mb 4
R EOMICESBENE LT WEm A 726 L, WKL /e 5 6k
MicbEEERNEENRT-bOEH TSN, 72, 1.6Mb BEIKN X T
NEBEEZTHERE LT, ZOFH O KOS HEITICAEFICHHEDOBER T
MWIERT D AEEENRE I T,

Chl Ch2 Ch3 Ch4 Chs Ché b
LGA LGB LGC LGE LGF LGG
0 f L I 1 2
| IO | I Mb 1 1
Won R —)
] w]| =3 3
P I:‘:—_ﬂr AMI 340 8 1000 4 8 4
| - 5] <=8 <=5
Tmean 4.6 =6 <—>s
— T | T g
AvrPiz-t 3.5
: I - - Telomere %%: P l;g&
if : -- RFLP
B AvrPrie - - Avr gene 1, 84R-62B ; 2, Y93-245¢-2
AvrPik ¢
Others - - - RAPD

1. WH EAR 84R-62B B L N Y93-245¢-2 @
Fir HRBEBRERHICBI2EEER~— D — D5
BT — 2O fEH L7 #H$E M. Chl~Ché6 Xl
Bk (B 1% ER~E 6 Jetalk) 2%
Jia. 1.6Mb ChiZ 1.6 Mb % 1K 12 %t Jis.

2. MW B E K 84R-62B B L N Y93-
245c¢-2 DEBXIkEIEZM . a CHEF EX Uk
Bomick v BRI NEHEAEKO A
BN R. b EREKBBEROBENR. 1~7
OFBEZMNTEREAERITIEREAEK (F 1
Ye o (R~ 7 e aqR) 1.

4. AvrPik & AvrPikm 38 X O AvrPikp & O H 8B 4%
AvrPik XJERYEOERN 2 =— T R 2 XMz, Mo IERE &R F & o

PREMRIC L BENEERBE I T,

R FyA 59 EkEY 2T A

(Pikm) & K60(Pikp)IZHFE L7 2 A, AR S1 ZICIERBEMEOREKDIZ L A
Xy a7l K60 IZHEFFERMEEL 2D WREOEKIZTZI NG 2 MREIZHIK
M E7e o7 (F 3) (Kusaba et al. 2014), B4 F1-390 TH Y, Z OHFEK
XY 27 ORI IHERE,EZ R LT, T 76, AvrPik 1% Pikm & Pikp 2%}
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T 5 IR IR S8 AE T (AvrPikm & AvrPikp EHEE) LS L TWVWHZ N
IRIB XN, F2. AvrPik 28 1.6Mb Yt KICERERT 276 1F, HET D
AvrPikm & AvrPikp & 1.6Mb SIKIZER T H B2 0N 5, &2 AN,
F1-390 X 1.6Mb k2R A L T T, ZORME XFL TR (K3
B LUK 3),

2D 3 ETFOESEEEMSAIT Yoshida B (2009) 12X o T AvrPik 37 1 —

7 3 84R-62B B LV Y93-254c-2 @ FitREKLERICE T 5 1.6Mb Y&k, JHETEIC
B2 E£WA, Pex3] RE T T DAHA
1.6 Mb? B D Pex31 ;REBm s ¢

AR I 51 5 Y74 K60 A C D kabe Lk
+ A A A + + + 4
+ A A A + - + 20 84R-62B %I
+ A A A + +
\Y A \% + - - 1 F1-390
- \% \% \Y 28 Y93-245¢-2 7
+ (V) (V) (V) + + + 1 F1-327

A+, A - HERA.
bA, FEFIEM, OV, REME. (V)IEIBEERB VW L ERT.
¢ Pex31l A ER S DOSHET — 1T pPex31 2% 71— L L7 Xhol-RFLP 43 #7ic k 5.

3. F1 #AAE B F1-390 THE ST
1.6Mb Jefafk & & — YK D Pex3] &
EFn0 S DEFE. a Pex31 AR"E 1 7@ RFLP
S LA, MBEKLS LT F1-390
| O 4% DNA Z il [REEFR Xhol IZ &0 U)K &,
W Pex3l REB T A Y — MRS LT D
| pPex31 27 H—TLLTNAA TV XAE
. — Y ar%4iTo7. b, ¢c CHEF-Southern

DHIZ LD Pex3] R"EO VEREEKRD

Kb)
23:13+—

Pex31-4—>

9_12_ - ME. MBAEEKES LOCF1-390 03 @k%
a | CHEF KUK E) T % (b), pPex31 & 7
RFLP CHEF-Southern BT e LTI TV SA v vk

1T o 72 (¢).

o7 ENTEZEICE VBN,

Yoshida % AvrPik DfEMELE - L TCOWE o NIV E % a2 — KT 5 Pex3l
ZRIE LT, Pex31 13 A0 EDOXRTa Il TWBH N, Pex31-D 21X
Pik 12z, Pikm & Pikp \[Zx L TCHIERBEMELFET HEME, 2005,

AvrPik /AvrPikm/AvrPikp & L CHET 252 L Z A M L7 (Yoshida et al.
2009; Kanzaki et al. 2012), F£7-. Pex3I1-C IIHREHELETF+E L TOH
BN WE DD, Pex31-A 1L AvrPikm ORED L2 G352 EDNH LM E R
- 72 (Yoshida et al. 2009; Kanzaki et al. 2012), = ZTC. WMBEFEKOEH
T % Pex3] RER IV DORIEERRT, Pex31-E O3S % A % — MZF
DT AI R/ —2pPex3l &7 u—7 L LTHW., WBEKD Fosmid 7
AT 7V —PbARAZ ) —=2T%iTol, FonicEBErs e — 2 ol EES
EMT 225, Y93-245¢-21F Pex31-CHfRA L., 84R-62B X Pex31-D & Pex31-
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AZBEETHZENRHGMNE R o7~ (Kusaba et al. 2014) (£ 3), £/-. =
nNo3onrEn ZidpPex3l & 7ua—7 & L., HlBEEE Xhol 2 72 RFLP
THICED ., FnNEFEUANAAT VXA =3 RN ROY A4 XOE WD
BIAAE & 72 -7~ (X 3a), Z @ RFLP ZoHric kv F, X 59 BRI 5
Pex3] AER 7 OBIESEEEZMHE L, TOME. FI HHRDOIFTEAEDHEEE
I% Pex31-D & Pex31-A% 2 2L bR AT D, DLWV, Pex31-COHEHREAE
THBAICE SN (£3), T 725, Pex31-D & Pex31-A 3% ITHE L
TWAHZENHBEMNE o T2, Pex31-D & Pex31-4 Oifi i NEE LIZHAD
Fi A% CTlE Pex31-4 DG (AvrPikm) 73 Pex31-DIZ~ A7 Snb, T7hb
H, RSB, Yo7, K60 ICRKFICIHERFEMNE, HDW0IiT, HEMEE 2D
Fi AN KL L2 o7-DlX Pex31-D & Pex31-4 OHESE CTHBHAARE L 72 o
oo Flo. EdR® F1-390 1% Pex31-A #HMTHRAELTWLIME—0 F HRE
BRTHVY ., Pex31-A DB EFSDZLTOY AT HrDOBRICHERBBEME o722
EDRHLMNER ST, £, TOHEKIL Pex31-D ORBRAET D S HEHKEED
T, dEEARAH IR IO FiiETHhD L, T bbb, YT r
D FHNIEFIFEME & 72 DEBENFISNIIC /2D Db Pex31-D & Pex31-4 O #EHIC
HRNT28HLLE L CHBHAREL o7, KRIZ Pex3] mET 7 DOEFRY:MAIK %
pPex31 Z W BLEK DO AIKIZIANA T Y X4 XZH 5 CHEF-Southern 43 #7Z
FOHE L, ZTOME, Y93-245¢c2 1200V TIHE —RAKNONA T UL
A EB=—varvr7radnmtiahi (K3b,e), 6> T, Pex31-C DFEFEYA
BITHE Ykt RESNT, — 5. 84R-62B TIX 1.6Mb ik D H b v
TFNRNBLE S (Fig. 3b,c). Pex31-D & Pex31-A OJEFYEAIKIT 1.6Mb
Rk ERESNEZ, ZOZ & XY, AvrPik, AvrPikm B X O AvrPikp, T
bbb, BEE 51 B, YT, K60 [ZxT IR N EMLR TN 1.6Mb Yt
WIZHERSTHE LEEELORBMPIEN I N, —FH ., FI-390 TITHEBEZHEWN
T LT Pex31-AWHE —YAIKICHERE L Tz (Kusaba et al. 2014) (£ 3 B
XU 3), ZOHRMEIZIY ., FI1-390 ZAINMREHT (V=27 7 OHRIZIER
JFiE, o, 1.6Mb e RIERE) 2R L ERHLMNER -T2, 1.6Mb
et RITE RO EROE I EZRAET D720, BE S AHRFIZ Y93-245¢-2 D
Bk ORI ENELDIAREENEZOND, 2O AN Pex3l-A
DEEZ TR LIZEHES NI,

5. F1-327 CTBEB I 1.6Mb A KDOHEEER

UL bEXVY, Pex31-D & Pex31-AN 1.6Mb¥@IKICER TS Z NN E
mole, - T, 1.6Mb ek Z kAT 25 Fi1 WHRIZLTER 51 5., Va7
7. K60 IZHWFRMEE b, & Z2AN, F1-32713F4THH ., 1.6Mb YL fk
FRATAHICHLEDLDL T 3 MEICHEEEZ R LT (£3), £ —JF ., F1-327
D3 MEICH T AWFEMEIEH . o BB LY SRR T D B MR T
Dlpinodz (R 3), AMFREOEMERIIEKRZ G ETHEREL, BRIz
fo 2 EMIRICHEZHERET 522 LIk ViTo7z, F1-327 TIERERIZ O

97



AT 1.6Mb e KN TE R T HERNAT, 1.6Mb Lefaika2 A LRV T
NEETHERENDEEZNIT., ZOFWVWHEEELZHHAT LN TE S,
ZZ T, F1-327 RBAE 51 SICHEBLIZREENS DB L - %R EKICOWNT
1.6Mb kDA %4 L7 (Kusaba er al. 2014) (X 4), F1-327 L #
REHKOYEARZ CHEF EXKkENIIC LV oW Lz & 2 A, F1-327 TiX 1.6Mb
REOEORAIER SN, BREKTIT 1.6Mb JafRKIiZxiinc T 5 4l
Ny RRBEsN 2o, o, 2O BNREKEZBEE 51 5, Y27 47,
K60 |Z#:Ff L7, #EFIINE L TIiTo7=, mE., Z2EE L ZHE N ZH
sz, §72bb, Znb 3MEICHTDHEMEICO>WTIX F1-327 &Lk
B L CHL N RmERRO b, S50, T F1-327 238 #7295 R M X
It R THT 2 B (Pik-s)B X OIEREMEKIS ZRT BLL (Pib)IZxf L THIT-
N, IO MEICX L CIXF1-327 ¢ RUKINERLE, § bbb, Edko
IR PE DM 1% Pex31-D & Pex31-A NIEWRIRAVEICE G T 2 fEICK LT
WCELTLTWE, ZAb5DZ &KV, F1-327 CiX 1l.6Mb @ik AH L LI L
LD, 3HMMEICHBEORFIEEESNEC-Z L, DF D, L—AEENAE
Ll N /rolz, 1.6Mb Yeta R D RA B IIM D Fy ##E T sl
ENTEBLT ., FI1-327 IZFREMN LB G O o

roThsr, Bidko@EY ., 1.6Mb ik
AT VBEEZT AN, ZHIEALEA
BOE - OB RERIZNAT X% —F
VI BEBETRERT LD EHEEINT
W5, TORMMNIELTNIE, 1.6Mb 4
RO RITEEEDOER LD, —
J5. F1-327 THHE LA KOELRTFE L
TIDONANT2AF—VY U VEIEF % Y93-
245¢-2 ML ZITMHWNTETZD, 1.6Mb Y
WITAEFICLHAOEABEKRTIE RS 8o T2

X 4. F) A E K F1-327 kT 5 H
PG R W ¥4y BE BB (327-Ka-1, -6, -9) TH#l

AN 1.6 Mb ik oiy k4 ”.
Bhvic 1.6Mb ¥ fa {12 % H R T

S5l Chuma & (Chuma et al. 2011) (TP ue®FOEIMERL T Pita lZ
XIS 5 IR ST BAE T AvrPita ITHEKRIC KL o TIEHEHRAK TR, BT Y
BRICERT LI EEZRAB L, RFRITEREAERICERT LA DE D
WEOEHRIL B FO 2 BIHOHREERD, —FH., KR TEE LA
L7z 1.6Mb Y RIT5H —aKOE HEN LB LEAKDOX AT THD . K
QR ITH —REAEKOHBORINZAT 5L TINETICHEDOENL O 2
B ERZ F MREKERHICELSE TWVWE, — DB AR L5 — YL
R O IEHIR B T (Pex31-4A) OHEEBHZLTHY . & 9 — DIk,
1.6Mb K DHKRIC K D2 WEMEERLERTH D, KHZETRELZ 1.6Mb
Rt RkZRE) T HEBIWEREDNBARRATAEL TV D ARE O FMEZLEEIC
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BMboTW2I2NEAHTHDL, LorLAanb, EBEICHAKTHEB MR ENE
ETEEEEREFICH T OH WA NELBCFICZIDO L) RFFRERERZE Z
THREMEND D Z IR THIKRENWEEZEZ LD,

210 ESHVOMIZEL LK ER Y =7 o — 3K E O IR T8
FOBEHBITICEE L6 Lz, IR TIEIFEHRE B F ORI A XM
XTI FEWIEME - WIRE OB oBE» DIFRIE B+ %28 5 E kB D
WO IEIL T LML EE LR Rotz, A, BN T 2EHELOMIITE
Sz L) mERFENT e —FilksrsboThHDH, KA — 4
V—ZHMALEMENEEY 20274, THREBERZEZEFELEMIT»L
BOoNOIHEREBIZDLAFHHELLOLE L THRA TWEREITLZ2OTIEHEE X
Do RFMNEMTELRNITENTD S,

o B

AIZTEFT OB T 2EBKRFEFSHMD RGBT Tbh iz
A XV LBLIFEICETIMEDORREE2FLDELOTHD, ZHHKEDIZ
A EERFER SR NEREEE L, BXO, YK, LR O KRFER
AThol-EHlEl L (Bl FHRERS) L2b0ThHdH, EHITBAED
NEOREFLELT, HOLOREEARARICELDIE TCVWEEWE, KO
FEEATOICHTZY, 2 RRDIWHH - ZHEEZWEE VW BARKSE BEEER
WL, ARy hEfEfE L, FASERT PHEVWOAE LICEHO R Z XK
T 5,
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TREDAINAIFERDOWVNE - BEEDAILADRKRELEE -

B8 AR {2 X B *
Sekine, K.-T.

Now in search of pathogenic viruses
- Infectious physiology of latent viruses -

Abstract

High through-put sequencings (HTS) make it easy to identify viruses via metagenomic analyses.
In the past decade, various plant viruses have been detected using HTS and corresponding
bioinformatics analyses. Bioinformatics can reveal novel viral genomes efficiently based on
homology searching. However, it is difficult to find genetically distant viruses, such as viruses
belonging to novel families, through homology-based analysis. Additionally, it is unclear
whether the expected virus has accurately been presented on detection of virus-like partial
sequences. These issues associated with searching viruses via metagenomic analyses need to
be solved. Furthermore, HTS has been applied to detect pathogenic viruses that are causative
agents of plant diseases. Diseased plants, especially perennial plants, are occasionally infected
by multiple virus species. HTS-based metagenomic analyses could identify the causative
viurses comprehensively. Kobayashi et al. (2009) established an exhaustive plant RNA virus-
detection method, “DECS analysis”, which has contributed to finding novel viruses from
several diseased plants. Yanagisawa et al. (2016) improved DECS analysis with HTS. Many
viruses have been identified with DECS analysis. These viruses were considered as candidates
of the causative agents for the diseases. Partial sequences of pararetrovirus are the most
troublesome. Also viruses previously identified as a latent virus are doubted to be innocent.
Generally, the candidate should be proven as the causative agent by following Koch’s
postulates. However, these postulates sometimes present hindrances in proving that a candidate
virus is a pathogen. Often, a virus cannot be isolated or inoculated. Even when a virus
successfully infects healthy plants, no symptom may appear under an experimental
environment. Although novel viruses can be identified easily recently, confirmation of their
pathogenicity is always the most important parameter for diagnosing plant diseases.

Key words: plant virus, dsSRNA, high through-put sequence, deep sequence, DECS method

*HiBR K 5% 5% Faculty of Agriculture, University of the Ryukyus, Nishihara, Okinawa
903-0213, JAPAN.
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FC&HIZ
BRTHREIZOVTL, BEVWEBEOESOHR TEORANHS M S, Mk
TEW) OB RCRIBREM OBR N ED SN TE -, —FH., 7 a— ) 4E S8 ED O
ZRALERL, WELIETEZHEL TBY . MERBFE TR L g id e 5720 E
FEPRHEATWD, ZOXI RHFICHT DR OADRBRFERIL. WA Z BRI 5
AL, BIEZRRICHSZ ETH D, %’ﬁ%%®%FﬁKﬁ%ﬁﬁ4wX’iéf
FNTERA R E L B T Lo Rwn, kY A LV ZHOZ ML, PCR <° ELISA 72 &
?4»2@£ﬁi?&C%é#&it;U%uwwg%%im_Vﬁﬁﬁﬂﬁwfmﬁ%%
WT, RV ANVADBLEOFREZRATHLON KA THY . RONTIHEOHE
bR Sl NN fﬁ?%wx%%ﬂLT@E%%%L&%Mﬁ&%@m ZTD=H,
TENDT A INVARLKID T ANV ANEG L TWGEAICIE., TORRT A VA Z KR
THZ LR TERY, v F—7 1 /7%3%%1@%%%@1@% ST 5 7 A VAT
B2 AI3EFICRESNTEY ., REREENTWARNWT A LANELLFEINT
WhHEHEREIND, DTEMFODIELNHEL L Yb ’\ AR 720 7 A L AR H
WEDR 2 1B ST & 7= (Kobayashietal. 2012), fFiz@ms s — 27 = AH1lF (High
Through-put Sequencing; HTS ; deep sequencing) 7% BRfE L/“C\ RGN B DI D 1E ER,
BB 72 EOREOEIGFEIGEROF NS T A VAT ) AEIIERNIERSND &
Y7 > TU % (Barbaetal. 2014, Roosinck et al. 2015), Z A2 X 0 HLs&AR{EIC 7 A
NAZRMTZENFREEIeoTe, TOXDIRT 7 MENTIEND, AT TA NV AT
EDETNETTAINALE ﬁéﬂfwkﬁotﬁkﬁ4wz@ﬁf%%%ﬁ EhT
Wb, T DIEBRMND ANV AERENEEDN TG AT, EEICZ O U A L AD Y
LTV NTHOWTOREE, & 51T \ﬂyf@ﬁﬁ_%otfﬁkaf®ﬁﬁﬁ
VETHDLH, L, VANVRAFZOHEBRIZHES T, 2y BORHITEIE T & 720
YIEDIFENH BT > TEY . UANAAREELTHRF LAWVWEA, ERiC
L OIERDOBENAWRERGE. LT LHETOREFTY A VAR KRE S NRNEG
Bl ERFTFTOND, AiEHTIL, ?ﬁwﬂﬁﬁy~&y>o%%%ﬁ2%wt%ﬁﬁ4
VAR OBUR & 3 ROJFANI I » TR KRR E 2 8 Ll & L <L D v A
NWADEBEIOEH L KR TE%@%T%;&@%%éthé@fi?%»X
DGR DIHREIZOWNTHEINTT 5,

1. R REY D A NV AREEIRIC & SRR ERM Y A VA DREK
WRDEEG L TOD ANV AZRET H56. BBHROMEORM L O
VANV ARLF OBA MBI L DTRREBLEC, SMY T H O FR RIERY -~
DIEGFARIC L D IEFHAZ MDD Z &R EICL, A NVAFEZEAEL TV, —F
T, 7/ AEIMEREGL ZENTENT, MAEREST 22 LR TS, MWRENRY
A NVARHEAMT L 1E VANV ZADOERL Z R BIZR LT, BERRNICHRET ST
TA ==L HIELITRRY —ROBEIZL>T, VA NVZADT ) L
BIRZ NI EDOT X BRSBTS 5 2 & T, W"“‘?%wx@%’fﬂmf%ﬁi’i
WThHoH, VANZADREIZET S TE] B THRAF SN BRI H 556121,
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ZORIZHEEND VAN AT Z ORI TR ==Y LT T M~ —% iz
PCRICEDBEFENHABINTNDDN, BUANVAExG LT D PCR BETEILHMENL
SN TV, (RICHRAEMFBIT THW LI TWD X 9 72HE %2 55 € v fE 72 s 1 fE Ik
(2T R KU 7 COT BEHIEC U AR Y — 4 ITS Ik 22 &) AdHIIE, DNA A & X— o —
Fu o TEROLIC, =T TSIk o THREZHBIAIRETH D, AN
ETCOUAINVAYT ) MIHBETEa v ABINIR D> TRy, —J7, fi
TANADELITT ) LERE RNA E LTAHL, ZOEGEY A 7 VO F T 2 A RNA
(dsRNA) DARREZ T < 0 Wb iT dsRNA DEFEIL 7 A L R gkYe~ —H — & L TH
AT 22N TED, DED dsRNA 2R BRI T2 2 & T, YAV AD 47 / A RNA
DIFEE DRI ET 5 Z LN A[RETH 5, Kobayashi et al. (2009) 1%, HTS 234
EEW KT DLRNC, o b=y —r v — DR & Eife e L-RERN D A L AR H
Feifr TDECS ¥£) ZBAF L7-, DECS {EIX. f# D dsRNA fi5& &% 737 'E DRB4 % T
TAIVARKD dsRNA A HH L, ZOWERGEY Z MENICHEE L%, 7r—=
TLCY—T U AN T56Z LT, BoNTHEERINERNS VANV ATERE, £
IXEMET 2N TH D, HAETIL. dsRNA o fiHH T 1%L, Plant viral dsRNA
enrichment kit (MBL #h) 72 Eo#EA ik S TW\W5b, F£7-, Yanagisawa et al.
(2016) 2% HTS E#lAEBDHLED Z L T AL A HR) R 2 RIEICE 7= DECS-C £ %
fE37. L C., blueberry shoestring virus @47 J ARREZRET 572 L., LDREOHEY)
BEOBIGIZBNTHIEH SN TWDS (M),

FA—=T V=V REBI N ARk
Frv 7 ENI B RIZdsRNAZWTA
(SIGMA)IZXYHEREN SIS
W%y 7V’ (4~5g) s M
Bl (K-SDS+ISOGEN +
RNeasy Plant Minikit)
’Qs\ ~

5% KNigcDNAKT

= SIWTARE®

2ARNA(AsRNA)Z YT M:100bp>

Yt
5 kNG Y

NGSH®DIFA47FVER
Hitg:Ion PGM (Life Technologies)

BERFY7. 314 v2
LA~ Y- Z z

BoN IR 5% BLASTR

X 1. WREETANABRHEEN TDECS-C ]
I TIET 4 —T =Y —TonPGM 2R H L7=FiEE il L TETFT W5,
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T, THA—T =Y =0T —FENRLZ =D, VR Y —LARNA ZRLSE
RNA Z @iy — v 7352 8T, BEDRNA LT ALADS /) A RNA O
HRSIEREEEOTHET L., VANVAYT ) MMEEESIZRETHZ L L AETH D,
EHICRNAY A Ly v THERECTA U D 21-24 D /N5y - RNA (siRNA) Z @ ZEE9 1
V=TT A E T, RNA AL AIZR BT DNA 7 A L A DM LR EE A 15
HZELARETH D, HIS OM DT —Z ENKREIZRDHI1TE., SRENOEFEED
WA NVAT ) MEROBGNFAIEETH D, ., KREOEEEINEHRE 3 L <
W 2701213, MHIGOT =7 ax b E@EERERMITEN (X441 75~
TATAR] BREERDL, IS O 1 HEHT-V O T =07 aX MIFELEKTLTW
H—HT, MHENDHRRT —ZENBEANBNICHEZTEHBY . —EBO T BT
VINEBRANT LTI U TIABTEVDT = T a A NEMZD I ENTE D,
F— AR OWTIZ. SEDT 4 V% Y 7 mapping =° de novo assembly, BLAST®
FRIEIPERR R 72 &2 BEEE LT, AIREZRIR D BHERFMZEM L, BEHEEEZ DT A LA
BB 7 0 79 AL I SN TW5S, BEH L. e - fiiEE2 s & T
—5 > —%4 B —MinION (Oxford Nanopore ff) ZFIF L 7= A /LA RNA K H H fr
EHESL LTS (X 2), BEHEERNA OEEESNZHLZ EBARETH LD, 7/ A%
Er2 oDy = AV —=RLELTEHEDIIZENTELANRRKROFETHY, EHOD
TV AETIANART ) AD—oDartt Y RE LT, B YA INRET ) MER
ERIETDHIEDRAREICR D EEZX TS, Lol BIEMITIE dsRNA @ = B2 —Hn
ZEICMNBETHL R EOMENRHE SN TEY, dsRNA OREMEHFIES 51—
T —074 77 VERTREROKEILERFTL TS, Lk L5z, vALRS
J LA Z T 5 Z LT HEAEEIC R o> TV D,

Reference: CMV-OB RNA1, RNA2, RNA3

J4 LAY/ ARNA (QRNA) ZARSIRNA (dsRNA)
Raw fastq file Raw fastq file

Sample
gRNA dsRNA

Total read count 22,001 1,836

Mapped to RNA1 3,977 538

Mapped to RNA2 3,972 202

Mapped to RNA3 14,052 1,096
Mean read length 836 653
Min. coverage 0 1
Max. coverage 8,750 397
Avr. coverage 1,898 118

X2 F IR —2FBPALEZRNAFA LY N — T 2V AFERD—F]
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2ENREG IR T A NV AR H BT

IR E LT VA VAR RSN TBRIZIE, VANV AOHEBEZ B E L
THEFMEYOEBEZITONLEND H, HIRBBEN FRERIEEZ AOFHZ LN T
NIE, VAN AZHMULT DN TEE2DTHD, LrLEL DEMIZEB W T,
Y L2y, BHERFEEZES 0D, BROFRERET HILEREL D, F
7o, BT LLEHEERATSICTE RN bS50, AERBICEBWTURME 2
T O EERHEMICB T2 VANVAEREOREEZFHETHZ b, WERETHDH Z
EEEMTDOIRUBRWEZESNDAREENH D, BEEO U A NVATHILIX, k%
FHALIEA L) 7~ 87T 7 0 —RNbESICRE B AR TH L, — T,
FR T AN AN O TL IR ERNC IR 2 BT 5 2 L6 7 A5 % L2 PCR
REDHTEM TR BRFREFEERMICTY A T 5, FillaeF U AL AD
AT C— R E 7272 U TV X2 A4 A PCRIZ 12 HIFRE T A NV ZADOBREMNARETH
L, T .~ A 7o zRH Liz@mEY 7V ¥ A4 A PCREBENKTEINTED .,
10 SUNTHEM AN A ZRNT 52 & b AIEETH S (Furutani et al. 2016; BIR &,
2017), E{EMEDOHE B IX LAMPES G 7R U A VAN CTH 5, T4 Tk, PCR
WHEEZ 7 v~ 777 4 —THRf{LT D DNA /e~ 7T 7 40 —0FE LS H
THBY, LAMP &85 2 & THEEIPOFEEREEEOEWREDNAIETH Y | &
NV TF Ty 7 ZERARBETH LR TENTWD T, S%EM T A VAR~
ISHABHIGES D (K3), T 6 DR T A L AR EA X, W~ OB F R
DH72 BT, ARFHRHAEIEHA I N, EWE T T, BEELZOMEIZBIT S
TANADBGLRLORAE M TOI TN D, FIREEIZHERDET A NBRLND
HTS Z W= BRI Cixd 228, BAEMY TO U AV ADOREERENFAENIE
FHAEICR > TETWND (MR H,2017), FRlaaFIANADI IR T Iy
JEERZTUANAORIR LT, 7 LELSIOZBUFENTIZ L D T A VRO ERED BLif
N, A, WY, e—h L, BV e— "L RflEmTHED LTS, ZTDLXH 7
B, VANV AREOHBRITERA SN OHLRLT, WERIVANVAEET S ET
bAEMRE#RERD,

DEm @1 DR @Ei
e Y TYWLY F"
\ | 38t ) | 3kt I
BEEE B e —"
A 24P
RRMER -0 LI T-3-1 ¥
Ve W& FTH '
1 0mg SOMEAN 1WA MERERD 1 ER R oNAER D UL LB S S R
«FPcY PRI2TRPR 2)65°C, W MInR NOTHESRT
s -3 3SC, 10 MNE NELTIHMPE 515 MENR
SMERE YR LETSHENR L ESATOWTRR
SEHMAO
6| LRESM
7 EREOWTRR FASMAC

3. DNAZu<w hF 57 40— TYLCYVOBE (BH: 772~y 7%)
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3IRBR T AN ARDRR

EROE DI HHITERE L TWD AN RAEZRET D Z EITHBOES -7,
— 5T, TE, RIRTVANVAERETLO2LERHDLIEEIT., v~ —7 v v 7 OHH
HERPREOSIRRAHO L FITHEEPFEI N TWRWNWTr—ARE LA ETH D,
AHENTEZTANVARNFERERLZ LT DHFEIRNENEZH LT 572012, =
RO ZM -T2 EEFEAT AL ER D L, T, 1) WAL HEE 2) @4
T ~EEE, 3) A FEL 4) FOYREEE D REARRHEECE 2 Z L AR ST udi s
20, Ll UANADFEIZ L - Tk, HEESNEE 2 & 00, #ERLSMTHEFE T 15D
RHEZ2WEORH D, o, BB R EOZFEAOMMIT., TR RS
o TWTH, YRR L 2WEOBFIICKHMR N 0, T2 LERICH
WAHREREEREZFED IR TERVWREDOEREN S H, £z, AR, IR, WL
DRFEFEIC L > THIE SN TV AW TE, BEERFEN 2N DOTH- T
B, RBEMEEE L TWDOL A NVARFEL, BEEOU A NV APNEFEZEL TS Z
EHE L 2y, Natentvirus] AT OENTZ T ANV ARKLT LHIREMEZFZ 20
MELFEE L TERLTIVO2 2 FHIZHMELVWHEBETH D, FHDITFENFZE 5
ELTWDMFBDOIEHOREFIZB N TIE., WRY A NV ZADRENES TIERNWT— A
N, LLTFIRWL OO FEF ZFHE Lz,

3-1. EERYE VY~ UV VDEYA IR

MR CIX, >~ b U F Ty (KT MU HT T Capsicum frutescens) D F:5E % 1d
BICIET ea—Lb =7 =2 W) FREIAES OB LENTED | WA SO 4
DEERSICE W TRE DA TH D, ITF, ENEOFEROTEITE . LERDOH
MBPFE SN TOWDIEHDO—D>Th D, ¥~ bUTTUNE, ZEADHEYTHY . &
HTHESNTWDZENEL, VANV ZADBRPEOEENIEFICL L BHEREY A
I RBACIEIR N S > THRENNETE LRV ITESN VW2 b HD, VA LR
DEZHEBERENESICTRINT, BB, A 7EROBM LW~ N T T
2B HTS Z MW 72 dsRNA OMEFENIfEAT 2 50 L 7= & 2 5, pepper mild mottle virus
(PMMoV), pepper veinal mottle virus (PVMV), pepper vein yellows virus (PeVYV), tobacco
vein clearing virus (TVCV) & A RIME Z FFOBHI N E Nk S v, iR fE C i
S 55 PMMoV X° PVMV (ZDW T T, BBy B R R 3L O @ IRMEZ R L T
M2 TE, RLEHICE-TY~ hU T TV ~OHMOBRIEZR D 2
ENTE, —FHT, HREROE L\ PeVYV & TVCV IZ2W T, i JEE O fRAT
MEEL TVRUVIRBIZH D, T L b U AL (WHRG R Z > DNA U A )L X
DIFR) THD TVCV L, 7/ AERBHFET D0, MW7 ) LRICHFEL THDH D
MTANARLAE U TFET 200 EFHEMEZH OGN L TWRERH D, T2,
¥ dsRNA OGRS T/RT7 L Fr U A VAR IS5 DI Th BB
Frehd, MEANOE—< 0TI DR ED N T VEIEMITEBNTH YAV
ZMDHRFLEBZONLDHENZHBE S TH Y . watermelon silver mottle
orthotospovirus (WSMoV) D&Y X » THE L 5 B —~ SR UK X MEET 7 A v
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AREHENEHOCTRELEZRED 2> TH D, Z OEEEUEBIERICBWVLTYH,
PMMoV DIRETEENBO NP b oTe, ZHEAEADT~ MU T T TG L T
AITANANE =< R ENIEN S TV NN OWNWTORERNESHBNLETH D, 4
AT TR L7 RN OEF A ZIERZET D MU AT TV RBIZEIT D PeVYV D
PR OFETIZIL~Y NI T T IUANDOE—< 0T U H, b~ N THIEREN R
mole (A 65,2021 T3 FEERZFEKERSHEETIE), ZOBRIZ, DNA VA
NATHDHRIAE YT AL ADRKLY L BD L,

X 4. /vbWﬁﬁyw%#4&r&t~v/ﬁf%ﬁr

322. WEMRRBEDTANRZR NAYT v FAVERABE (RH)

INA T FIVEVRR  (pineapple mealybug wilt disease ; fi4 72 L) 1T R AYIC
HONDWRETHY, WATT Ly, bLLIE, TRIZEITSND T A LA p1neapple
mealybug wilt-associated virus  (PMWaV) FE#E D B 5 23 R S 40 T 5 6 AR R E D T
ETHD (X5 ; Deyetal,2018), HAHT LT K DBYELUUNOBEFE HFIEN RN
DIZ, VA NVAFEMTORBERABRN TER2WD, REEREZFEE TE TR0,
JEIRAREAR & 72 D 7 A LA L LT PMWaVI-5 @ 5 AKX 72l b © B R Y
LTEY, RNAYA Lo T8 Uy b — ORI O, WEBEEEO 175 R
23 PMWaV2 ThHH EH I N TNDH2, PMWaV2 BN L Tz LTH 4T L
LEBRERIET D EITIR O 20, AT v T IVORENLOBAEIZB T,
TIERICI 2 RE O S IRIc oW T, MEN Y A L 2AEM2E L-
FER. PMWaVI1-3 121z, 2FD DNA 7 A /LA, & 5T sugarcane mosaic virus ¢ Jgk 4k
DRER ST, 20 SCMV OEFEIZKII L TE LT, HEOBFE N TEZ T, |
WCHEREICER I L7 LThH, YAV ADBEL CTOWARWEY T 2LERND D,
AR FNOBETH I EICE > T PMWaV OJER L TWARWEWE HET 5
TEMTEDLMN, DNA TA NV ARIZOWNWTIIHESID S ) ARICHEAIITWDH 8, B
SZEBRHELWZ ERbholz, o, ARAEETIX PMWaV 22 TRIT A5G4 &
BRI eWEAERH D Z Enbirolc, ZHIZE 5 TPMWaV & SCMV OZ i E DFE

EOBECX RN DL EE LA DNTE, EELARAEEIX, WO THREICTX
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HHOTEHZRWD, 1 EENSSEEL T 2 EIFFEFICHE LY, RS H
L TENIR LD DRI BEAR TCOA N AEZNEET D ENTED LD LS
Nb, TOXIICRESINTETANAZ@EAIZHEEL T, U AV 2DOMEIRZ FERNIT i
MLTWS ZERESREETHLEZZOND, ¥R D, 7/ AERNL VA LA
ERATEDH L1270, PMWaV O X 9 IZIHREMENRRHO 7 A v 2 BHEENME R IZ &

3-3. BEMTIANR RyvarIr—YREE (RFF)

MR EREN R X — TR ANTHEAEL TV U AV RAEEN DN D I
DI ELHERIEW 72 & 2RO BAEMMAE (133 HE) O KRR ZHE L2 FE
L7z & Z A, passifloralatent virus (PLV; F14 7 A Y UEET A IV A) 0 80%% i 2
HIEPEThH o7z (K6), FHLWERLIER ZFE L7z PLV BRI W T, MED
ANV ARHEANT A EE L2 E A, PLV UM L TV D U A L A TRERR S /s
molm, BT AL AkKZE PLV /Sy g v 7 L— Y 45BERE (PLV-OP) & L T, fi
BINRy T a TN —=IRINTA VT X TIWCHERE L Z A, BHERFEBIX
Ronmnolz, latent DL OEYD 7235 & ARBMHEET S50 L LT, BOREEE
ERET DL Live, L LI D A L 2 EAT T PLV O AR RE I iz 2
EMB, PLVICE > TALLEWEThH AR EZHEAZ LI LT, Ny a7 —
VIEBEBLY COREBEITKD GLIZT TORBICRFEEDORKIEN L OND —FH, &
MO EICHT TOFEEMICIIHEVIERP AN NENS Z D, IBENEEL
TWLHDOTIERWNEBZ b, KRG CHEEAREZALTZbDOD, oy A
ZDHEETCHEFTICHEEREITIR OGN > 7, PLV-OP THRITHEB ALV IKL TW5D
I, F 7o o PR IR R e R o % — T S v/ Rk (PLV-NP) (3% / 7 CHHE 70 9R
a2 L CWe, MhIREZEMIE Y o % —E=ICBW T, OP, NP k& X%/ 7iZZxh
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ZHER L, qRT-PCR (2 & 0BG B & bhl L 7= 5. NP R J5728 OP #k L v & il &
N2, PR 2 WL ORI CTH o7, NP Kb Ny Ta U7 — V2B W TEE
IR A RS e o Ton, EEBS TORAIRNE B 2 D L BREE O K S0 0L A R
THZENTREND -, WIEEDZ W NP k2 W T, [KIET CHREOFHRN T
XRVDBEI LTS, OPFRIZ., &/ TICB W TS REAMEY: L T 2720 (I
EWfgE v X —CIXEERIE CHERD V), OP kL NP KRIZx4 5%/ THIANIGE &
mMRNA O 7’8 7 7 A )V BIRNTT 2 Z & T, ARGZE 8D & IR 10 BU A 2 At < —B)
L7 EMIFF L T 5 (Takahashi et al. 2017) .

TuE EAI3E

NPHR

OP#k

X6. ForAYUBETANVR2HBEROX ) TIZBITAREEDER

Bbviz

a2y AROJFAIR, HEAEERIEST 2 ECEARERDZ LITEDL RV, L LEBEIC
%< DFREBIZOWTRNFEHN 2 I NTEY . BRI FEIRO 55 B G 3BR O #E L v
HOIEERFERETE LTHERINTWD, B AN — D7 2 WRARER B D TE
AL LA, BHERGEC, WEERHO A LA, BIETANLAE LTHREDH D
TANVAD, B EOHRFEERORFE L LV EMEICL TWD, MR F 00 & D FIE
AN=ZALERALNIZTHZETHRIEREZRIET D FENETETHNELR-TL %,
ZD—FHT, HELKITIROABAMEER G T 5 BEERBEE DT A VAN R Y ICHEE
ThHZEEMNATHZEHLEETH D,

HET

AWIEEAT O DD | MR RN I o ¥ — B R, IR DG S5 BTk P B G A
IERE DI PPN ERIS E R RATERRS A  BI R B 2 B P R aA TR L SRR M R R L RO
LR/t A7 7 A~y 7@~ AR L0 ZH 2 nicilnic, £, hilRAE
Pl A /) N=2a VU AT AEEREREOR LT CEM LI, Z ZICEBR L BT 5,

110



5| AR

Atsumi, G., Sekine, K.-T. and Kobayashi, K. (2015) New method to isolate total dsSRNA. Methods in Molecular
Biology. 1236 27-37..

Barba, M., Czonsnek, H., & Hadidi, A. (2014) Historical perspective, development and applications of next-

generation sequencing in plant virology. 6: 106-136.

Dey, K.K., Green, J.C., Melzer, J., Borth, W. and Hu, J.S. (2018) Mealybug wilt of pineapple and associated
viruses. Horticulturae 4:52

Furutani, S., Naruishi, N., Hagihara, Y., Nagai, H. 2016. Development of an on-site rapid real-time
polymerase chain reaction system and the characterization of suitable DNA polymerases for
TagMan probe technology. Anal. Bioanal. Chem. 408: 5641-5649

Kobayashi, K., Tomita, R., and Sakamoto, M. (2009) Recombinant plant dsSRNA-binding protein as an effective
tool for the isolation of viral replicative form dsRNA and universal detection of RNA viruses. J. Gen.
Plant Pathol. 75:87-91.

Kobayashi, K., Atsumi, G., Yamaoka, N., and Sekine, K.-T. (2012) Sequencing-based virus hunting and virus
detection. Jpn. Agric. Res. Q. 46:123-128.

PRANIRBL « JKEFIE « ALE=R - THRT: 2017, BRI & 0 A VADRZ /2 HA/EH % RNA-Seq TS, #EHFFF
AR S: 12-21.

BRERER - BIRBIAE. « AKHF5H 2017, BhREVAE T A N ARBAROBRSE. AEFF AR AR 8 4-11.

Takahashi, H., Abe, H., Fujita, K. & Sekine, K.-T. 2017. The use of metabolome analysis to identify the cause of an unexplained
disease of Japanese gentians (Gentiana triflora). Metabolomics 13: 51.

Yanagisawa, H., Tomita, R., Katsu, K., Uehara, T., Atsumi, G., Tateda, C., Kobayashi, K., & Sekine, K.-T. 2016.

Combined DECS analysis and next-generation sequencing enable efficient detection of novel plant RNA

viruses. Viruses 8: 70.

111



ZUZODAIINADBEEBEGERESFICE 1
A4 )L RERZEEE

Hangil Kim - $E#H g
Kim, H. and Masuta, C.

A strategy to prevent viral diseases in garlic by taking advantage of viral host

adaptation tactics

Abstract

Onion yellow dwarf virus (OYDV) is a common potyvirus infecting A/lium species, which
includes garlic and onion. OYDV is transmitted by aphids in a non-persistent manner, and the vector
transmission is mediated by a viral protein, helper component proteinase (HC-Pro). When we
investigated viral infection of garlic samples from various Japanese regions, we noticed that
Hokkaido OYDYV isolates were always detected together with another potyvirus, leek yellow stripe
virus (LYSV). We analyzed the OYDV HC-Pro genes and found that all the HC-Pro sequences from
the Hokkaido OYDV isolates lacked ~ 100 amino acids in their N-terminal region. Our analysis of
the RNA silencing suppressor (RSS) activity of HC-Pro showed that the short-type HC-Pro of
Hokkaido OYDYV isolates lost their RSS activity, while LYSV HC-Pros showed strong RSS activity.
Because the deleted region includes a crucial motif for aphid transmission, we tested aphid
transmissibility of Hokkaido OYDV isolates with or without co-infection of LY SV, and confirmed
that the Japanese OYDYV carrying a short-type HC-Pro was transmitted only when the plants were co-
infected by LYSV. In addition, because the interaction between LYSV HC-Pro and OYDV coat
protein was detected, LYSV HC-Pro may compensate for a disability of the aphid transmissibility of
the OYDV strains containing a deficient HC-Pro. We presume that the Japanese OYDVs may take

some advantages of mixed-infection with LY SV for their spread and survival.

Key words: Onion yellow dwarf virus, Leek yellow stripe virus, HC-Pro, RNA silencing suppressor,

Aphid transmission, Garlic

AihgE K K2 b B2 S 72 BE. Research Faculty of Agriculture Hokkaido University, Kita 9, Nishi
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Introduction

Garlic, a valued crop as a spice seasoning over the world, is a common host of several viral species
of Potyvirus, Carlavirus and Allexivirus (Arya et al., 2006; Conci et al., 2003; Dovas et al., 2001; El-
Wahab, 2009; Fayad-André et al., 2011; Mohammed et al., 2013). Among them, onion yellow dwarf
virus (OYDYV), a garlic-infecting potyvirus, is one of the most important viral pathogens, commonly
detected together with another potyvirus, leek yellow stripe virus (LYSV). Symptoms of garlic virus

Virus free Virus-infected diseases are usually induced in mixed-infection

of several virus species including potyviruses,
carlaviruses and allexiviruses, and the co-
infection of the viruses often causes severe
yellow mosaic/stripe with stunting in infected
garlic plants (Fig. 1). Both LYSV and OYDV
are nonpersistently transmitted by several
species of aphids (Drake ef al., 1933; Lunello et
al., 2002), and it has been generally considered
that the transmission of OYDV and LYSV is

mediated by the helper component proteinase

(HC-Pro), which may function as a ‘bridge’

Figure 1. Symptom of garlic plants infected with viruses

between the potyviral coat protein (CP) and the
including OYDV and LYSV.

aphid stylet.

In Japan, garlic plants have been broadly cultivated, mainly in Aomori Prefecture. To establish an
effective control system against the garlic viral diseases, several attempts have been made to generate
virus-free garlic (Ayabe and Sumi, 1998; Takaki et al., 2005). However, the virus-free garlics have
been quickly re-infected via an insect vector, and the viruses have been spread over the garlic fields
by vegetative reproduction. To overcome such problems, biological control using attenuated viral
strains has been tested. Among the attenuated OYDYV isolates, Takaki et al. (2006) found the isolate
whose HC-Pro has an N-terminal deletion (~ 100 amino acids) including a crucial motif (KITC) for
aphid transmission.

About 15 years passed from the first report of the OYDYV isolate carrying a short-type HC-Pro
(OYDV-S). We wondered if the viral population in the Japanese garlic fields changed. In this study,
we investigated garlic-infecting viruses in garlic samples from the various Japanese fields and
analyzed the garlic-infecting potyviruses to understand how those viruses have survived in the

Japanese garlic field.

113



1. Viral detection from Japanese garlic plants

We first investigated viral infection in several garlics produced in the various Japanese local regions.

Table 1. Detection of viruses in Japanese garlic samples (Kim et al., 2020)

- For the viral detection, RT-
Detected viruses

Region .

d LYSV 0YDV Allexivirus PCR analysis was conducted
Hokkaido using specific primers for

LYSV, OYDV and

Tokoro 1 + - - o
Tokoro 2 + _ + allexiviruses. We found that
Furano 1 ¥ ) . almost all the garlic samples
Furano 2 + - +
Unknown + - - were infected with LYSV in
Hokkaido + + - .
Hurano . _ _ Hokkaido and the other
Kiyosato * - - regions in Japan, whereas
Touyako + -
Nakasatsunai + - OYDV was always detected
Asahikawa N ) together with LYSV (Table 1).
Obihiro + - -
Makubetsu + + - For allexiviruses, it was
Shinshinotsu + + - .
Hokudai1 + + ) frequently detected in the
Hokudai2 N N N main island but scarcely
Other regions in Japan detected in Hokkaido. Then,
Aomori ) ) we focused on OYDV isolated
Aomori2 * - * in Hokkaido because the
Miyaqi + - + .
Fukuoka + + + OYDV strains seemed to be
Okinawa1 * * N dependent on LYSV for their
Okinawa2 + + +

spread.

2. HC-Pros of the Hokkaido OYDY strains lacked ~ 100 amino acids in the N-terminal region

The potyvirus HC-Pro has multiple functions: viral polyprotein cleavage, suppression of RNA
silencing, viral replication, long-distance/cell-to-cell movement and aphid transmission (Blanc et al.,
1998; Carrington et al., 1989; Cronin et al., 1995; Kasschau and Carrington, 2001; Pruss et al., 2004;
Rojas et al., 1997). We focused on the HC-Pro gene because it is involved in insect transmission
(Blanc et al., 1998). For the sequencing analysis, RT-PCR was first conducted to amplify the full-
length sequence of the HC-Pro genes isolated from the garlic samples of different origins.
Interestingly, the RT-PCR products from the Hokkaido garlic samples were always ~ 300 bp shorter

than those from the America and Spain samples (Figure 2).
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PTK
200 300 | 460
OYDV-HC-Pro Aphid transmission RSS activity Proteinase/Aphid transmission
" Presented sequences
1 20 40 €0 80 100
» lwste 8BV VNERK HrEEARGEAvV
» Aomori1 SSBvVNSPK. . . . e N Ceeiaaaes caees ceeeaaaan SEFEEANGEAV
» Tokoro L FrEEATOEAV

AB219832.1Jspan  SESNE 1 AABI YK L
AB219824.1Japan  SSSNE I ABE I FKEF lnlrlllnlvvlulclll GcaBL  EDRNGEG NBASRAKVVEuYBAwEERB K- KnvERv NS KEFEEANQEAY
AJ510222.1China~ SSSNE I ASE I rKBFEXEF 1 S1RBPVAHVCEKE ! GcASu EDRNGEE  LNDASRAK I vEuYERLESTOKrRUvATV I NSLKEFEEARGEAY
NC005029.1China  SESNE I ASE  rKBrEXEr 1S 1 REPVEHVCEKE! GcASv EDRNODE  LNOASRAK I vEuYERLESEOK-RuvATV I NSLKEFEEARGEAV
» China B T R SUKEFEEATQERY
JX429964.1Spain  SNSMENASE I FkBr EXH-EE I REPvEHvCERN ! GcaBu EBRDEEE NOASRAKY | EuyEGuFSTEKrKuvETv NSLKLPSEATRERY
ASE I FKBFEKTF IS I ROPVAHVCERN! GcASu EDRDABA I LNDASRAKY 1ENY AOKekuvaRv I NS KEFEEATGERY
ENASE FRBrEXEFTS 1 ROPVEHVCERN! GcASu EDRDGBE L NDASRAKY I EnyEQuESFEXrKuvARV I NSLKEFEEATRERY
ENASE rKBrFEKEF 1 SLRBPVEHVCERE I 8L GcAaSu EDRNGOG  LNDASRAKYV I BuyEGuEARBKr kuvEAv I NSLKNFEEATOES
ARE I FXBFEKNF 1 S1RBP VAN I CVREN GcASLLEBRSAEGY LS Inlxv|||v||lllllavluvllv||ll||f||l||ll|

» Tokachi SOSDE I ASEiFK WrEEATGDS
» Hakko L L ) B R T HrEEARGDS
» Miyazaki BB I A BB IF K. - - - e b e e HrEEATODS
» Aomori2 SOSOE I ASEiFk- - aa . B R TR r HrEEATADS
» Spain ASDSERASE FxBrEKEr 1 AARBPVEHVCARD B EECEEuCE L vBuuriu |cA|L|||n||l||Lll lu-uvvl-vlln||||xruuv||v||ltxlrl| TONSvK

JX4332019.1 Argentina A BB SE rXBFERNFuA I ROPVAHVCERD I NLOECHEuCEH  LvBuuFPN

A BeANL I AERKPEGVL 1DASRIKVAEMYEQuvERBRFKHVERY I NS KX EDRTOES VK
JX432020.1 Germany ASBEERASE 1 KB EREr 1A 1RBPVARVCERD ML GECHEuCE  LvBunrpu

GCANL  AERKPEOVL 1 BASRRKVABUYEGuvERBKr kuvAEvYNS L KR EDTTRES VK
» Analyzed in this study

Figure 2. N-terminal deletion of the Hokkaido OYDYV isolates. Arrowheads on the left side indicate the OYDV HC-Pros
analyzed in this study.

Sequencing analysis of the amplified PCR products showed that all the HC-Pros from the Hokkaido
OYDV isolates lacked ~ 100 amino acids in the N-terminal including KITC motif (Figure 2),
suggesting that the OYDYV strains carrying a short-type HC-Pro (Takaki et al., 2006) became

predominant in the Japanese garlic field.

3. HC-Pros of Hokkaido OYDYV strains do not have RSS activity

Because HC-Pro is one of the most studied viral RSSs, we investigated whether the ~ 100 amino acid
deletion affects the OYDV HC-Pro’s function in suppression of RNA silencing. As a result, all the
OYDV HC-Pros could not effectively suppress RNA silencing with the conventional agroinfiltration
method in N. benthamiana. However, in onion, which is a natural host for OYDYV, the long-type
OYDV HC-Pro (America) showed distinct RSS activity (Figure 3). In contrast, all the short-type HC-
Pros from Hokkaido OYDYV isolates (Tokoro, Hakko and Tokachi) had no RSS activity, suggesting
that the region of N-terminal deletion is crucial for RSS activity. The HC-Pros of two LYSV strains
(LYSV-K and LYSV-O) had strong RSS activity in onion cells (Figure 3). Considering that OYDV
was always associated with LYSV (Table 1), the Hokkaido OYDYV strains may depend on LYSV for
RSS activity.
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OYDV-America-HC OYDV-Tokoro-HC LYSV-K-HC

CMV-2b OYDV-Hakko-HC OYDV-Tokachi-HC LYSV-O-HC

Figure 3. Assay for RSS activity in onion epidermis. GFP was co-expressed with HC-Pro by agroinfiltration. Scale bars:
50 um

4. Hokkaido OYDYV strains may depend on LYSYV for spread

We wondered how the Hokkaido OYDV-S strains spread in the field and could survive in spite of
their lack of the KITC motif and aphid transmissibility. Because almost all the OYDV-S isolates in
the Hokkaido fields were co-infected with LY SV, we hypothesized that the Hokkaido OYDV-S strains
may be transmitted by aphids in aid of LY SV HC-Pro. To verify the hypothesis, we conducted aphid
transmission using the OYDV-S strains with or without LYSV. The transmission of the viruses was

determined by RT-PCR.

Table 2. Aphid transmission of LYSV, OYDV-S and OYDV-L (Jayasinghe et al., 2021)

No. ofinfected plants (%)

. Inoculated plants®

Exp. Inoculum (Virus) } i . } i
(Number) OYDV ~ LYSV  Allexivius ~ GCLV GLV

1 Garlic (OYDV-S +LYSV) Garlic (18) 3% (17%) 11 (61%) - - -

5 Garlic (OYDV-S) Garlic (16) — — — ot nt

Onion (OYDV-S) Garlic (14) — — ot ot nt

) i Garlic (10) 3 (30%) — — — —

Garlic (OYDV-L) )
3 Onion (6) 1 (17%) — nt nt nt
Onion (OYDV-L) Garlic (7) 2(29%) — ot ot nt

OYDV-S, OYDV with short HC-Pro; OYDV-L. OYDV with long HC-Pro; —, not detected; nt, not tested
“Plants were virus-free
"Plants were mixed-infected by LYSV and OYDV-S

As a result, the OYDV-S alone could not be transmitted by aphids (Myzus persicae), whereas, when
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[OYDV-S + LYSV]-infected garlic plants were used as an inoculum, both viruses were transmitted
together (3 out of 18 garlic plants) (Table 2). When garlic or onion plants infected with the OYDV
carrying a long-type HC-Pro (OYDV-L) was used as an inoculum, the OYDV-L could be transmitted
by aphids. Taken together, these results indicate that the OYDV-S strains cannot be transmitted by
aphids, but the presence of LYSV may compensate for an OYDV disability of aphid transmission.
Finally, we tested the direct interaction between LYSV HC-Pro and OYDV CP. To verify the in
vitro interaction, LYSV HC-Pro and OYDV CP proteins were fused to the maltose-binding protein
(MBP) and synthesized in E. coli. The fusion proteins were used for co-immunoprecipitation (Co-IP).
As a result, LYSV HC-Pro was co-precipitated with OYDV CP indicating that both proteins could
interact in vitro (Figure 4). The interaction between LYSV HC-Pro and OYDV CP was also confirmed
in planta (Jayasinghe et al., 2021). All these data indicate that LYSV may interact with OYDV CP

and function as a ‘bridge’ between the viral particle and aphid stylet.

Co-IP using anti-CP Ab Input
Q S
’ A/
AOA K\
O 0O
SR SR
~N 3\ ~\ 3\
© © L )
v v v v
100 kDa — 100 kDa —
75 kDa — 75 kDa —
— OYDV-CP
63 kDa — 63 kDa —

Figure 4. Interaction between LYSV HC-Pro and OYDV CP. The interaction between in vitro-synthesized MBP-LY SV-
HC-Pro-FLAG and MBP-OYDV CP was examined by Co-IP. Both proteins were co-incubated and precipitated using
anti-OYDV CP antibodies. The LYSV HC-Pro-FLAG in the precipitant was detected by western blot analysis using anti-
FLAG antibody.

Conclusion

Over the centuries, virus-infected garlics in the field have been cultivated and selected by garlic

growers. In Japan, various attempts have been made to generate virus-free garlic, and farmers have

aggressively eliminated the symptomatic plants in the garlic fields. Because the virus-infected plants
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with severe symptoms are easily detected and eliminated by the growers, the selection by human may
have acted as a selective force for the viruses. Therefore, the Japanese OYDV-S strains have some
advantages of inducing mild symptoms concealing their infections.

On the other hand, in the co-infection with LYSV, the OYDV-S strains could be still transmitted
by aphids. The in trans interaction between LYSV HC-Pro and OYDV capsid would make aphid
transmission of both viruses possible. Therefore, the Japanese environment of garlic cultivation may
have generated the OYDV-S strains, which have some advantages under the human-made selection

pressure, and those strains may be transmitted by aphids using LY SV for their spread and survival.
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