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e OE (Fns0) : b 7 H Z (Capsicum chinense) ‘Sy-2' DFfFEER L D5 & 4213 24CLLF
DIRETHY | 24CLL FHEEIZ L - TH Y FOVEBPAPE S, PR TS EENCFER SN
DT EPMEDOHREK TS LD EEX LN,  Sy-2 X HEMEERE RO WETH Y, BT
EUNRREEZ v o 7 U TURERPUEZHE L T D AR B 2 b vz, LAl ‘Sy-2’
EAUVRRUTDOUANASFHEMECTHEE L2 A, EFICEBT LN, UAVAIZITRR
L7z, Wi, fEEMEHEECRiy D NI VA INE Lz, 7V ZHEfilElcid'Sy-2’ L[ T
W/NDOIBEFETHRBEARELRDEENTFET LI ERALNNI -T2, BB, AV RV T
DIERLFEDOBIHTD 7 A )L AINSDEEHBICOWTHE LTZ, A > K37 OEIRM:H
THIEESNTWD FUH T NI T A NV ADFIFEIZ T A NV AIEI S EE S D SHFESFE L,
TEIRME R T S0 DREAZ BV 7 LTV D aTREMNE 2 biviz, TEIRM RS Tl i
WNRBEZEZ YV T LT D AREMENR S 2 2y, A ENXFEINCITE & 31k 2o i
TOVBEERH D LD EEZ LT,

WFIEE R OB (#3) © When ‘Sy-2’ Capsicum chinense) plants are grown under 2%, the
abnormal morphology in their leaves are observeie Trigger for the abnormality seemed to be
salicylic acid induction in the plants and the cawpd induces the active expression of
pathogen-related proteins. On the basis of the thgsis that the growth of ‘Sy-2’ at areas with a
constant temperature (24-2§ will induces pathogen, such as such as virusssstance, we cultivated
‘Sy-2’in Indonesia, tropical country with constdaamperature. On the contrary of the hypothesis,2S
plants were infected with viruses like control oudts. However, in some traditional cultivars aBy-2’
grown in Indonesia, shoots generation from virusedted plants were observed. Longer-time
observation should be needed for the evaluatidaraperature sensing for pathogen resistance o2'Sy-
In this project, we also collected many cultivaienfi Indonesia and Caribbean community and found a
capsicum cultivar Gapsicum chinense) with the interesting phenotype for temperaturspomse like
‘Sy-2'. The genetic mechanisms for the morpholo§yhe cultivar seemed to be similar to ‘Sy-2’. We
should analyze the interesting phenotype in detal consider how to use the bio-resources in tabpic
area.
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1. WFEBAAE S WD 5

BEE O EIRIE I BT b T T U R
CLoe LT ARMEMAEINE LT, ZNET
WCHRELEZENYT T VHEDO S TH D
‘Sy-2'1% 24 CLLF CHEET 2 & & LU ieE %
FAEIE LN, 26CLLETHIEE T2 LiEE O
WEERESED, RMFEPFEEE I TV
34y RELOBEE—Y 2LV THY ., B—
V)L OKIBITFEMEBm L T 25CE TS
72\, 28CLLF ORMEREDFAE DR R Y U F
TV RIME D 95 T A I e B L 38 = - 0D 3t )
FHIZ L DD TIE AW, & ORFICE SN
TEBREITo-, ZOREMMNELITHIL.
‘Sy-2' % —FEYIC 24°CLL T OIREIZ i S &
HZ L TR EHEET 52N TELD
TRV EE X T,

2. WHEDOHKY

AREBRTIT'Sy-2 & [HIRMEHIR TH DA > K
FT TCEHEE L, A VAT DI LA 4
ERENOHRELZ, £, AV RXVT T
BEEENTWD FFED 7 A L 2P D F
Bl, I 5|21X'Sy-2’ L FROME = o dhfE
% fERME I TR L 7=,

3. WD Hik

(1) ~A 707 A1k DBENEEFFEI
FRAT

BB OMENEITII~ A 70T LA
(Capsicum annuum 350K Microarray, Green
Gene Bio Tech) ZHWTITHo7-. 28°C Bk
R20°C THFE L Sy-2 DIEZE]R L, HKIK
EXETHME L. L7 8D
Chirwin & (1979) @ CsCl {EZ ¥ dim L
T RNA Z4hH L7=. cDNA D& RE, ik, 7L
ADNATIVEALE—T 3y, VISP LAF
¥, T —HKRWERX Green Gene Bio Tech I
B L UTo 7. BT — 2525517
DIz, B7p2 3EEROEENSHH L7- RNA %
FAWTCHEREZ 3 E#YIRLT-.

(2) RT-PCRIZ & % BHES B AR 1 D T BLEHT
28° C, 26° C, 24° C, 22° CH AT 20° C
THRIELT Sy-2, No. 334l BLIORL T+ oD
5 BHOARIE (555 %) ZHIL, EHITHK
FEERAFE LT-. F72, &5 EOEHEN 10 mm
DAT—UIZHD Sy-2 & 28 C ik 20° C
OERGm~EBEIL, BE#iD 0~7 HZIC
%5 BEAEEL CTLRAF L7Z. RNA HHHIE,

Trizol RNA extraction buffer (Invitrogen)

Z H W THT vy, High-Salt Solution for
Precipitation (Plant) (Takara) (ZX 0D ¥5
B, WHEEBIZEY DNA AR L. &K
L7~ ¢cDNA % TE buffer T 10 2277 R L, PCR
DF v FL— k& L. RI-PCR OPNHHE
& LT Cadctin (AY572427) % 7=, PCR
IIRSEZ 94° C T 2 Sy MM S 8721,
94° C,30 £, 60° C/30 #, 72° C/1 53D
YA TV E 28~33 AR L, &EIZ72° C
3 DOMERE 2N 272, 3T PCR E
W& 1%7 Ho— A TEXKE L, =F L7
0~ A RTYf L2152 UV 2 RS L CokE
BaERE L. TXTORXII LT, &
705 3 EEDOIENGHIH L7z RNA 2 T
PCR 24T o7z

(3) WAED Y FILERREOE &

Y UFEE (SA) BIXOV Y FAEBEILVay
K (SAG) OFhH X Verberne & (2002) & J7
BT o T2, BEERIRIKER P CTEBREL,
90%F LT 100% A ¥ / — /L &Mz TSAB LW,
SAG ZHaH L7z, HhHFRICNEERELE LTT
= AW NN % 7. COSMOSIL 5C18-AR-II (PN
££ 4.6 mmX & & 150 mm, Nakalai Tesque,
Japan) #¥:# L7- HPLC (LC-10, Shimadzu,
Japan) % T SA B L TUVSAG & 45BiE L, &
SeknHas (RF-10AX2, Shimadzu, Japan) %
AW TRHRELZ.

(4) T EHEHNE O RFAT

OrNUHT VBERMEROBRIEAETH D
Xanthomonas campestris pv. vesicatoria
virulent strain 77G-1 (JEEAWEIFRT —
VN7 0 4yEE  MAFF No. 301294) %4
BRICHLE U7z, I REORAE L TN T R R iR
PEEMICINIZ T, 28°C TR E HE®E L7~ &
BiR e E LML CEZME %, 10 oM
MgCl, \CF R L7-. X EHEH VT
A0 @ fE A 0.02 ( 1.5 X 107
colony—forming units [CFU] ml-1) 272 %
LOICBEEAFE LD, SR OME
R & Lo, MERERZ 1 ml Oft7e L
MEHER A VT, 24°C &5 NT 20°C TIE
L= hU BT 085 B S lhim L 0L
7o, BERENS 0, 3 BLXUN6 HEIZY —T7F
A4 A7 ZEEL, 10 M MgCl, T CTEERY L,
FRRE L7, SR OFINRS & Tk
RERIEICX D, 1mg B2V O CFU A LT-.
Qb U HITVEHEROBHFIKTH D
Cercospora capsici Kyo—09-1 (I KFK
P RESEMPSTR BRAE BRI 0 B
X0y ZEBRICHRA L. REFEL TV



FEifk#A V8 juice agar (Ribeiro, 1978) % M
WT 25°C THERE L7-. B8 7 HILICHIR%E
FREH T LT bk S BRI H W 2. 24°C &
HUNE 20°C TIE LT-EA MR HHY
By, EHIIT BV BR T 2EERE |
TS FITER L. BEREIEIIINE SR L
723 % — LIZ AT 24°C AT 20°C TEZ
L, NS T HRICHEAEFE L.
(5) RERJGIE b T AT OWRR, THE
B X O+ BT
AU RV THEHRLETDHT T BIOH
HKXOH Y THOEX LVIERD N H T
K90 MANEL. TYTTINELE B
75T VL EIL C frutescens THY, C
chinense (X RGN 7-. B 71T
WBHEDONTHTVENEL, N =F—FE
L VIV U7z Tr-13 728 Sy-2 LR L7-iRE
SRz Rm L2 Emn, EBEC L REEICEHE
S BAR DR BURATCHNAEY Y F LR R
EDOEREIT T2, F£72, FEM7R IR HE A
FREZRA ¥ a X=X —%HHL T, Tr-13
B L Sy-2 NEHOKIREE T CIEFICA
BT5200%MWE L. REFRITKED
National Climatic Data Center X ¥ HUSL
oo Y TR VIEE LTz 36 4%, Sy-2 B
VAR Y ETFRED No. 3341 % FHWTH 124
RT3 7o 7. FAEDIEL Y DNA ZHiH
L7-. 45549 ® Simple sequence repeat (SSR)
~—H—Z%H\T PCR Z{T-7=. PCR I ts
WA 94° C T 2 ;EEVEME S 7214, 94° C
/30 b, 50° CH55° C/30 %, 72° C 1%y
DA 7% 30 EFEYIKL, HFEIC 72° C
S35 OMERE 2Nz 7. 3T PCR FE
W& 8%d 5L 127 7 VLT 2 RV THE
SIkEIL, =F L o7 u~vA RCQRE L%
(2 UV Z B U CUkENMG 2 R L7,
6) A v RET 7 THEEEN TV A AIE R TE
DA N ARG S DEIE S 2 — b DI
4
B0 6 DETORIEEGICEM LI U
FUNTONWT, AL REGERRO BB S B
K OEGRD 5 BRI Y =2 — N DR AEKRD
B ZRA L, oA EITARICE - T
1To7-.

D e S
(1)28°C THE LT~ Sy-2 DEL H#E LT, 20
°C DEETIT 411 OBBTHBLN 3 HELLEIC B
AL, 14 OBBEFREN1/3UTIETL
TWABZ ENRHLMNI -T2, 20°CIZEBWT
FH EH LTV 411 OBGF DN, 60. 6%
v e A XF X ORENBEFR OBEE 1B
FORENHETE SN TV D BB+ & FIEME
L, 14 4%IFERED R OB T & I
MER LT, B OBEMLT (25.1%) Fve
A XF X FOBERT EMREEEZ RS 0o
7. vaAXFTRXFTOF—FX—=RAThH 5D

Munich Information Center for Protein
Sequences (MIPS) TARABI &R TW53H
Functional Annotation Tool (FUNAT) (Ruepp
5, 2004) & HWWT, 20°CIZBWTHREN
FLTWAHEBIE %, TOHE I HHEREIC
SR LTz, A LIBB 0% < BRUH
(metabolism) , 1§ # {5 (information
pathways ) & 2 W iX 2 b L 2 8 &
(perception and response to stimuli) @
SFDO I N—TITHHINT. TRl iR L
<, %EJ% (developmental process) D7 )L
— I INT BB TR o T2
perceptlon and response to stimuli {Z43%H
SNTBE T2 S DICFEMICST S &, BB
EICBG I BE T 2 70— (cell
rescue, defense and virulence) & %\ X
BRBE A C B9 % /L —7 (interaction
with the environment) |ZH¥HEIN7-. 20°C
IZBWTHRIAN ER L 14 OBIETON,
12 OFLBEFIET A X T X FO@EE T L
[FMEZE R & 72 oz, 20°C THREN EH LT
W72 iE s D AHREIBE S % National Center
for Biotechnology Information Protein
Database T/ABH X1 TCU5 blastx (Altschul
5, 1990) ZHWTHR L7z, 411 OBILT
DN, 75. 4B DV THIFEINED & 5 BLF 23
HEh, 24. 6% DWW TIEFARIMEZ2 3 ES
DR E Nl hotz. EHIZ, 411 OEET
D, 99 OEARFIIBHIEEBIE H 5 V[
HERENHEE SN H B Tho7c. BLEXD,
20°CTHE M L= Sy-2 TIImFIRDIERYS
R CH#EISERFEINTND EEX D
ni-.
@Q)~=A4 7 a7 LAIZBW TR EHPE
B IV PIEIR A AR 712DV T RT-PCR 12 &
DIEBURNT AT o 1=, FENTRI S & T HiiE 1
X, NUTT VRS DTS AR ORI
BR EESIOMFEERE NS O ZEAT.
Cacn7961 | pathogenesis-related protein
10 ( CaPR-10; AAF63519.1, C. annuum,
identity 98% ) , cacn8668 (L putative
cytochrome P450 (CaCYP1; AAZ52550.1, C.
annuum, identity 88% ) , cacn82 X
pathogenesis-related protein4 (PR4b—Cc;
BAD11073. 1, C. chinense, identity 100%) ,
cacnl913 X Stellacyanin ( CaSLP1;
AAGO1535. 1, C. annuum, identity 84%) ,
cacn8529 X Thaumatin—1like protein (PR-5
family; AAK97184.1, C. annuum, identity
100%) , cacn3009 I% WRKY zinc finger—domain
transcription factor 1 (' CaWRKY1;
ABP24358.1, C. annuum, identity 100%) ,
caKS01052B12 |3 TMV-resistant protein N
( Q40392.1, Nicotiana glutinosa L.,
identity  54% ) , cacn15067 %
PTO-interacting protein5 (Ptib; 004681. 1,
Solanum lycopersicum L., identity 93%)



EENENEWHREMNEEZ R L. LED 8D
BT OV T RT-PCR 1T L A FSBUEMT 21T
~7-. 28° C, 26° C, 24° C, 22° CH DX
20° C THELT= Sy-2, No.3341 BL v v
N O 5 TEIZEIT HBIE ORI ATAE L
7. 28 C, 26° CRBXU24° C TV
DOEFEICBNT Y, A L2 HEEE 0%
HiIBd onzmnot=. —Jk, 22° C BIW
20° C TERELEZ Sy2 OEIZBWT
cacn7961, cacn8668, cacnl913, caKS01052B12
B LW cacn3009 OFRBENPZFIZ EH L.
L2L, No.334l BLOv v iz Tix
FENBO N> T-. £72, cacn82,
cacn8529 33 L 8 cacn15067 MFEL &3 20° C
THRELEZ Sy 2 DEIIBWNTDOL EH L.
28° C 725 20° CIZ Sy-2 ZBEILTHo5H 0
~7 HEOEIZBWT, 8 SORGHEE D

FE LR DAL & RRIFAYIZ A A L7, cacn7961,

cacn8668, cacn82, cacnl913, caKS01052B12
B LW cacn3009 OFBUIMHEDAEZ 20° C I
%%ﬁ L/ch))% 3 H?(ﬁﬁ)%mu&)%ﬂ %ﬂul‘#“
EFRLZE (81 a) . cacn8529 B LN
cacnl5067 DFEHLL6 HHE LD bz (5
1M a) . 728, BEOFEREFIL6 HEND
RoOB GE1XDb) .

28 20 (°c)
d)

cacnf961

cacnB668

cacng2

cacn1913

cakKsS01052812

cacn3009

cacn1506

cacnss2g

7 (d)

wiedd

CaActin

1 Temperature-shifting experiment
of cv. Sy—2. (a) Temporal gene expression
analysis by semi—quantitative RT-PCR of
cacn7961 (Pathogenesis—related protein
10), cacn8668 (Cytochrome P450), cacn82
(Pathogenesis-related protein 4b),
cacnl913 (Stellacyanin-like protein),

caKS01052B12 (Disease resistance protein),

cacn3009 (WRKY DNA-binding protein),
cacnl5067 (Pathogenesis—related genes
transcriptional activator Ptib), cacn8529
(Thaumatin-like protein), and CaActin
after transferring cv. Sy-2 plants from
28°C to 20°C. (b) Morphology of the fifth
true leaves of cv. Sy-2 after transferring
from 28°C to 20°C. Bar 2 cm. 0 to 7 days
after transferring from left to right

(3)Sy-2 ONAEY U FAREDEREEITH
7. B EOEEEN 10 mn [ZFREL 2P
K% 28°C M5 24°C H BT 20°C OIEIERT
~ERBEI L. BEINS T BRRICNAY Y T
LR (SA) BRIV UF AT Las R
(SAG) BEZHPLCIZE VW ERLE. vV by
B L O No. 3341 DA SA 3 LTV SAG 13 24°C
BLO20°C TE BIEVETH -T2, — 7,
20°C THE L= Sy-2 DEIT|L 24°C DE L L
LT SAM 9.5 {58, SAG N 3. 2fEEEF1
Tz,
WIHIEEME TH D X campestris pv.
vesicatoria virulent strain 77G-1 (Zx%}9"
LGOI AT o 7. 24°C & 5\ % 20°
C THiELT Sy-2, No.3341 HH\M T 1
T D5 FEITHE BRI E A 7 4V R L—
g UEERE L7, 24°C AT 20°C THEW
M%%f&b PN 0, 3 HDHVNL 6 Hi%
0% B AMEOHEEEZRHELIZE Z A,
2 N 7B LU No. 3341 I2BWTIE 24°C &

%%®sz% BT B HE OHEIEIZ E TR
O NN, —JF, Sy=2 1BV TiE 20°
CTHIZELT-HEITIBUNT 24°C & el U CHlE

DOHEFENN 1,710 L IZHnH] S 7z, 24°C Tl
Sy—2 A3 D IF AL ’iTL/7f%)ﬁ£?LHE%EiﬁTf
DONEFLNTT D720, RIKETH D C
capsici ZHEFE L7=. 24°C B XL 20°C DWW
PTHOEZRIREICHB T, 24°C THREL
722> b7, No. 3341 BIL U Sy-2 DETDIH
WERIT 40-60%Tho7m. VI FUBID
No. 3341 T, 24°C TIEL-EL LT
20°C THRZELIZEICBWTRIFRMEFL
7-. —J5, Sy-2 TiF 20°C THE L -EITH
WTEYEWBREEZRLE., LEXD,
Sy=2 D X. campestris pv. vesicatoria (2%}
THI|PUEITEFTIREN 24°C 2 FEL &k
FT 250, FHEINDHEGEILRS =R
R+ 2Pt TH D 2 LR SN,

GYA Y TURICTIE LT b H T 2 36 %k
Z20CTHERLIZE Z A, RENREM LA
ZRAERRL L. Tr-13 12 MY =4 — N{EkR
DRI HTLThD. Tr-13 OIREKFHE
BREZLEOTIRELSMSZHAE L &
A, 4CHEMETHDZ ERHL NI
ST, 24CLLFTD Tr-13 OEKIT Sy-2 &
L CEVEETH-o-. £/, 24CUT



TIPS B BAR 1 DOFBLT Y FIVEED
LHLRAONT. 220, NI=¥—FBk
Ne—v =2 VOBRBEESZFHH LAV
X2 _N—H—|ZC Tr-13 %éwri Sy-2 8
BLizE 2 A, mAHEIELZ WZEFL, B
@ﬂ:\/ﬁ@%%%mu&b%ﬂﬁ?ﬁ)ot(%Z.)
M) =& — KT 1 HOWN, £ 9 Kk 24°C
ZTFE S TWERZORE THIIZIES 72
EBENARETH D Z EMBELMNIR -T2, F
7o, RIS CIIBA S B OFFE S /L 678
S72. Tr-13 C{RERIFHRAE RS %ré
&mms%&%m%btk A, #AUz
éﬁm %wiwhrwwmﬁmemi
WaRGEE I ITEITE oL MER
i@iﬁﬂéﬂfk\é ERRENT. F
t,h13k3y2®§m i@ﬁ%ﬂtF1
X R CIRERGFORAEBTRE 2R LD
e, Tr-13 & Sy-2 irjﬁﬁa) Y LN
BEFSZERHLNIRoT-. 61T
Tr-13 Z&te U 7YE L 0 INE L72 36 R,
Sy—2 1 L O*No. 3341 D4y 1 RMMEAT 21T - 7=
LA, Tr-13 & Sy-2 [TBEMICEL, WH
238 BN ASHL U7 FTREME IR D TIR W 2 &
PRI UL EDOFER LD, Tr-13 & Sy-2
DIRERAF R EFTRTE 2 70 0T 2RI
[EARDEAR T IR T 225, i RHE D25
m@ibfiuk%®k%26ﬂk.ﬁﬁw
£ O RRHE %%ﬁ?ﬁﬁ%i@%%k&é
iﬁﬁﬁ“ =R N =4 —FOD
iﬁ&ﬁmi%ﬁm%wfm@EML@w
s, R LRI RER E L TA
ZIRIKEZ T B2 BN
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Tr-13 Ey-2

w2 Capsicum plants grown in the
temperature condition simulating the
climate of Trinidad and Seychelles. (a)
Tr-13 grown in simulated temperature
fluctuations of Trinidad. (b) Sy—2 grown
in simulated temperature fluctuations of
Seychelles. (c) Semi—quantitative RT-PCR
analysis of CaPR4b, CaCYP1, PepTLP,
CaWRKY1, CaPR-10, and CaActin in Tr-13,
and Sy-2 grown in simulated temperature
fluctuation of Trinidad, Seychelles, or at
constant temperatures of 25°C.
Accumulation of SA and SAG in (d) Tr—13 and
(e) Sy-2. Gray box: plants grown in
constant temperatures of 25°C. White box:
plants grown in temperature fluctuation of
Trinidad or Seychelles. FW: Fresh weight.
Values are presented as means. Error bars:
standard deviation for results of three
plants. Asterisk: significant difference
from plants grown at 25°C according to
Student’ s t-test (P < 0.05).

(6) A > RR VT THE SN TV D ER R
DA AEGREDN D DEIE Y = — F DX
o

6 2 ATDO ST 14300 FROMEY) % FHAE L 7=,
2% 3562 FRICHI D Mg 741&;0)%1%{7%,%
OB, 2138 KN BEIE Y = — hDOIAENTE
oz (72771, BIHFHERIC X 2RET
HY, FHLIHETDE LV DRI BHHE
’ﬁﬁ‘%é) . DD%i'?Di‘miﬁ c]:%)@l/\imu&)%
Niginodz. AT IMHEZR & o di BV il
THEINTWELBLETHLZ &b, IRE
OV EBRTHVNERDLTEAD. F
7o, ‘Sy=2" ZEIMICHEI L7 L ZITHFER
DEE Y = — hOFRAZBIE L. 5%IL.
TANAEREET HE L HIT 25CHHTDIR
FEE T AN AR B OEIE & O BERR A
HWETLHULENRNDD.
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(DSota KoedaMunetaka Hosokawadiroki Saito,

Motoaki Doi Temperature-sensitive phenotype

caused by natural mutation @apsicum latescent
in two tropical regions. 2013. Journal of Plant
Research. In press. DOI
10.1007/s10265-013-0564-4
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