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ABA: 7LD UEE

ANL: ANTHOCYANINLESS

cd: cutin deficient

Cwp: Cuticular water permeability

DAG: 7L LT )Ba—IL

dfd: delayed fruit deterioration

DGDG: SHZ VIO TV )2a—)L
GC-EI-TOF-MS: gas chromatography-electron ionization-time-of-flight-
mass spectrometry

gpat: glycerol-3-phosphate acyltransferase

IL: introgression line

lacs: long-chain acyl-CoA synthetase

lecer: lycopersicum esculentum eceriferum

Ig: light green

MSTFA: N-methyl-N-(trimethylsilyl) trifluoroacetamide
MS: Murashige-Skoog

MGDG: ®/AS7 LTV IILT)2A—)L
ORF: #HER AR

PC: 4#RT7FTIILar

PCA: RS HT

pe: sticky peel

PE: DARI7FVILITR/—ILTIY

PG: 74 RT77FVILT)EO—)L

Pl: DA RIT7FUINA/ b=

PPFD: X ERAEFREE

SEM: EEXEFIEMIER



SGN: Sol Genomics Network

SQDG: RILIAF /RIS TIIILTJO—)L
TB: MILAD VT IL—

TEM: EBR B F MR

TIC: total ion chromatograms

UGA: unidentified glycoalkaloid



b= k& FAO 5t (FAOSTAT 2013) IC&n ISR TH 18 6 FA+
VEESNTEY . FXOPTE, 304 EENEZVVRETHS. F
= BMBE O RBEATREFAERD ICENE, BRIZEWTHAR
AT EHEHIZYERL 6,000 ABASNTEY . HEROFTRE
ARDHHRBETHS, MA T, RELEFEIMSN TUL-HEEEMER S T
$H5')E (Rao et al, 2006) [TINZ . Fri=IZHEEEME R D 13- F V-
9,11-A VAT HU TUEE (Kim et al, 2012) AEEFHEEHTHY. bV
FOEEEFREICKEMBUTINS, COLIIC, FIMNIEELGE=E
MTHA-O . HAZMTEIBINTEY, T ThOMugTEL
RGBT BN EFEET S,

PO BEREL BIESANERENB MO TREZHEIND
(Murfios et al, 2008) , JRZE TII REARIENENTRIZZ AN D BE
AEE(E, INERRARS, HHAERERRZHET HENTGELT=O,
RENRETHELDFRLHD, —F. [EREBHKIELYEEL
B HESN TSI T FHEHFMICRONTINS, FICREARIE
ZITORETIR. . ASUF THESN-EHEDTIIVA—REEN—
RELEBEGHBARNFEAEINATEY . RENREZHEEICEE
FTHIELITEST. LT 610 "AREIRELATEELLE>TLVD
(Heuvelink, 2005) , —77, ek IE (&, EICFZBLE=KIE T TITHN
%, REFIEONIMETEHEATHLIDICHL., BHFIELT LTI
EERA.MITAGBIWNIEEA) EVSHENFEEL., BTE LR PREA
BFEHREIN S (Bai and Lindhout, 2007) — 4. B EIIHE. HEE. BE
BELZEDEZRNEEHRINSD(Thakur et al, 1996), D=, BEMH.
BN EOTRIEBISROONAFENELGLHIEITINA £f. NI



EWVSHEIZES>THRBITKOONDFHEEEHL >TSS, SO L4
SHALLI-=—XERBT 510, ZLDOEHRUANIID REFRFE
[ZBALTLVS, BlRLIz&SI2, FRMEIBEZEMOHTRLASRHLS S
WREBETHA-H. BRERICBVTH, RERAROBRENHELLR
B T#% (Foolad, 2007) , %], <D MIERFKIL. 7AUAZEFIDEL
THABEERMEDE A (Stevens and Rick, 1986) M5IELEY ., RNT
RIEAMNRAMECEREEEVSEEREOEAN AN,
ZTOHER. SHETICMICRZLOFAREN EZHTERENLE
AZhTL 4 (Foolad, 2007) o

REDREREBO>TWAIFIIRBIE EENODEELGHEDH
BEISED D OO TVND I ENTRESN TLVS (Yeats and Rose, 2013),
—A T, TOREISDONTIE, IEYE®, il BIREH. BICTRIE
BICK>TELS-O . BELICHLMIZA>TLS DT TIEAL,, 22
T, EEGE=FEYTHAMNIEMBELT. BRLEELGIF ISR
DEEEMATLILE . AREDT—VELL,

DFIIBIE. REMEOEN—RMEEDMNMIIERINLIEE
DETHD. VFIIBIE. VFUE/RI—DPEELIIFUE TDOR
REBHETVIATHEREIN TS, VFIIBEEHTEL EITH
WTIE 0.1pm LLFT3H 5 (Kosma et al, 2009) , — 4. FRFDBRE(Z(F
BWIFISBIEERESNTEY ., TDEHIE 10um ZiEZ 5 (Bargel
and Neinhuis, 2005) , V7 F DT EGEBRERIE. REH 16~24 DE
SHAGHAES. IR B 16 HDLVE 18 D o-EFOXEEIAEE. o-. 0-Dh
LRV 10, 16-ERAXIATHTHUEETH S (Pollard et al, 2008) .
BRRNC LIS, I E>TEDE ARG THEY., a1 X T
AT TR EBLVEDIFUE/T—D T0%LLED 0-, 0-THILHRY
BETHHDITKL ., FETIE 56%H 10, 16-DERAFIAXHTHUEE,
29%M a-, - HILRUEETEH S (Li-Beisson et al, 2010) . — 7. h<h
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TlE. BB LUVRETI0, 16-PERAFIAXZ Y TAUBAKREH%E G
HBHIEMFRE SN TLVS (Nadakuduti et al, 2012) , VFE/X—DE
BRERTHD 10, 16-DEFAFIATHTHUBET, RRE 16 D5
Bt Th D/ NLIFUBEMN I MOL PA50 (CYP86A4, CYP77AG)IZHE
RNTERB XD LIE &% . GPAT (Glycerol-3-phosphate sn-2-
Acyltransferase) 6 [Tk TT7VILEZMFMEHN, 10, 16-EFAFIA
XY THUEI)20—)L &R S (Li-Beisson et al, 2009) , ZD . 10,
16-CEROFIANFTHTHUET ) O— LI MRBIEICEET S
ATP-binding cassette (ABC) 5> R7R—4A2—ABCG11 (McFarlane et al,
2010), ABGC13 (Panikashvili et al, 2011), ABCG32 (Bessire et al, 2011)
ZREHLTHREZEAL., EMARREICBRH T HEEZADN TS,
ZD#%. 10, 16-DEFOFIAXYTHUET ) EO—)LE TV ILEE
BEHRTHD CDL ITL-TEEILEN. VF 2 %5 (Girard et al,
2012; Yeats et al, 2012) ,

—H. TVIREEITREFRAA 22 LIEDREREE,. 7ILTER, 1 &7
WA=V TIVAY 2 BT IVA—IL ThUMDEESh, YA(XFX
FTDETIE. K 5% EEHD T LA TEHS (Lu et al, 2009) , EHkIZH
VYEDEBIVREICEVWTH. RIZVVERERETILACTHS
(Vogg et al, 2004; Isaacson et al, 2009) , DYV R FVF 2 ERLC/NILEF
VB (IRFH 16) . ENITMATRT 7B (RFRH 18) hoEHEh
5. FFT . CNoDEEEEREBELL T, /MNEANRNT ketoacyl-CoA
synthase ( KCS ) , ketoacyl-CoA reductase ( KCR ), hydroxyacyl-CoA
dehydrase (HACD), enoyl-CoA reductase (ECR) &LVof-BERIZ Lo T,
RERHDMRRIGOH TGS, REFAAFMAEHEET )L CoA NEREH
%, TNDEk. ZEnBR. BAKRER. BALRZIIEBEREOENE
2T, VF 2 EREBRIC ABC M5 RIR—42—ABCG11 £# AL TREKIC
BT HLEEZ LN TS (Samuels et al, 2008; Li-Beisson et al, 2010) .
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TYYREVFUDESIZEETHIEIER 0, MBBATER LR
BEMD, TOFEFIFITIB~A—FENSD,

DFVSRIE. YA ELDRIBISEINT 51=-HITBFL-BBTH
Y. RLERLTHEEE. REGFHMZEHCIETH S (Gaff and Oliver,
2013) . CD=O. VFISBDEEHICEAE T HELFORIE. EE
K. BHENKRECLERTEHIENMONTINVD, COZLEEFIALT,
NEBDKNRET DIRETIFISBRDEEZRY ) —=U7$5AE
AR IN TS (Tanaka et al, 2004) , KD FE@EZEFHSHEREE. EIZD
VIRIZEDTRBEENTNDEZZ LN TIVS, KR, bR TIXIFY
NDELREDZAREICHAELGHERBERN RSN (1saacson et al,
2009) C&ITMA . FIASVICEVTIE, REDEREICENDHDHE
CEROBHELLER. VF E/X—DHRK. 2ITIXBAREHERE &
Rohghotz—A. FBERITVIRBA THAIT LAV DREL. B
EDEREFRONVEOHBBRZRAHAIZENHLMNIZEOTLNS
(Parsons et al, 2012) ,

ER.AFRENRVICEMT IEYEB THLIZ LML, VFITE
(FREEREIZHECEE L TS (Reina-Pinto and Yephremov, 2009) ,
ER. bR DUFISBERIKTH S cutin deficient (cd) 1, cd2, cd3 T
(X, REIZ/RIRHE Botrytis cinerea %29 5&. HAR R LV &
WEETRENRILT HIEN|ESN TL VS (Isaacson et al, 2009) .
Ff. oAAMXFT AT D attl TEIK lacs2 ZERIE, Kk A/XFX
FAREE LWL T OFRERE Pseudomonas syringae 123 52 &M
HESN T S (Xiao et al, 2004; Tang et al, 2007) , [E4(=. gpats/8 &
EFEIMFILI= R TIE. Alternaria brassicicola ~DEEZHEAIE KT
HIEbIMEIN TS (Lietal, 2007),

NEFHIC. TIOOUBTILTERA XA —EICEREZFT S
< ko) sitiens ZEE4AK (Harrison et al, 2011) Tl&, Y F IS EAE S HIIZ
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RELTWBIZEM D 5T, FREE Botrytis cinerea ~DIEIMEN S
FHIENHESN TS (Curvers et al, 2010) , BBREWLNZ EIZFELID
BREIE. ALRDIO4XFXFD attl ZEE{K(Xiao et al, 2004) . lacs2
75 2 {K (Bessire et al, 2007; Tang et al, 2007) . FD i< ler ZEK
(Wellesen et al, 2001) . bdg ZZ 24k (Kurdyukov et al, 2006) IZFH UL THER
FEINTLD, CNODEEKICHBLTWD I EF IF VTR DR
ARIEL. EDRRIFISIBDEBEN LR T EHETHD, DL
F—RIIEREBFEMBEEZBETEIEDELIIAZS LOALERIE. C
NoDTEFTBMANEICALRERIL T SREIZLG>THY, B
RERGHNERFESNTNDIILETREBLTLNS, EEICAMD
sitiens ZEATIE. RRERAN A THEEINIECFENERRKE
LTHEY. MRENERELIE RO ERMEREAFESNLESE
Z BN TULVS (Asselbergh et al, 2007) , ZD 1= sitiens ZEAETIL. J/
FRHEL. EMAOREMIMHEICEETY  BREFHRTELGNIEN
RSN TULV S (Curvers et al, 2010) , Ff=. AESN-VFUE/T—H
EYOERMERISEFZETDHEVI|ENH S (Kauss et al, 2009) 1t
WIRE Fusarium Solani N EY SV F U R BRERI T —HEZEYIC
BATSHEFREBE Botrytis cinerea [ZHBSH TRUMEHMEEHETHIE
HIBAS M- TLVS (Sieber et al, 2000; Chassot et al, 2007) . 2D &S
S OF ISR REEREICERKEELTWAILIFHALNTHSD
DO, ETOHBICOVWTIHREEAEOHEERLED., SFFHASNT
AVARY-VT AN

KDOEEME, WREFEAMEITMZA T, FRMREICBWOTIE REM.
BiEbh, B M MBS BEREVS-BEERLEELGBEIC
DFISBOFHENBEELTNSIENRESNTINS, REEHMEIC
DNTIK IFIIEBDBRENEETHY. VFIIBDREILZTDE
SEEDHEBELNHDHELNSTHREDL H S (Matas et al, 2004) , — A . kLD
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T B4 & Solanum habrochaites m 5 B H &t f= Cuticular water
permeability 1"" (Cwpl")iBIZFEH TSR HIE. FF IS EISH L
BRMPADEWVSRBEEZTRT (Hovay et al, 2007) , TR LSMZH R
RENEEFZLOMENIGSNEY . EOERTEEHRIIEL DD
59 BEICZ<DEAMEHLIFHFESIN TL S (Stevens and Rick, 1986) .
B#F5M(ZDULVTIE Delayed Fruit Deterioration (DFD)ZER4AK . cdl,
cd2, cd3 ZEARZRW-BITNG, VFIIBDES, MEMRENE
BETHAIENTRENTLVS, (Saladié et al, 2007; Isaacson et al, 2009) ,
$51Z DFD ZERKT. REDOKBRIEEITETTHELEDD . BAEZD
BILAEFT T BH TRV BFSLMZRY (Saladié et al, 2005) , DFD
ZEAEDRRICETEVVIAOKREF. FERZEDH 13E&.7F
v D#EF 2 {512 £ (Saladié et al, 2007) , DFD ER A DR EERF
[FEALMZHES>TLVEVWLDD . CNLDERMN S, VFISBDOEMN
ANEENHLIVEEENICREOAFLHEICESLTVWSEEZLN
T,

BRECOVWTIE, ERFHGHEREDLGENLO0, HIBGLI-EDOR
BRDEYEEIZDOLNT, QTL AN Eh TL VA (Causse et al, 2002) ,
ERDOEYERIL. Z0MOBKEERELORERZTNTHOLN. £
DFER. REOFESLBOEBENH L EMNBLHIZSN TLVS (Chaib
etal, 2007) , —fiRAIEIEIFIEEL TIE, RRIFFESTICREIEEZSHLY
[EIDNFFELNEZNDLDOD . CHoDFEIEBFLEOBR AN LT
BN O WADNSUANEETHD.

FEMORRIZIEK. IIHR/AFDERTHIENHMBENTLND
(Hrazdina et al, 1982) , FYMRETIE AFICRRIZZLDITR/AREM
ERINDENRE SN T S (Stewart et al, 2000) , 7SR/ AFES
BEDFU . TVIRDEEKITEWNIHITHLM . EE, A/ XF
AF® anthocyaninless (anl) 2 Z2{& (Kubo et al, 1999) . k<~ sticky
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peel Z (K (Nadakuduti et al, 2012) ITEWNT, REETFUITZUD
EEOEENRESNEY . HEEROHFEENTEIN TS,

IR/ ARIEOFIBBRTERSINSG—HOKBEYTHY . . p ¥
A< AL CoA MoAINIAVI U E—E (CHS) DERAIZE->THIU7 =
DHALAVHREREIN, RWTHLIAVAYAT—EDERIZE>THY
U ZUMNEREN S (Falcone Ferreyra et al, 2012) , UV B D RE#R
NG BEFEMND, TR/ AR FEINMRICLDETZEMT H-DICF
"I HEZEZDNTEY ., ERICTIR/ (R IEREMRMTEICZBE
%% (Winkel-Shirley, 2002) , 1=, ISR/ ARIL. HEWAR TS EE14
BEZAL TS EEZEZAONTEY, UV D oD REMEELNICHREE
. ENERR. BERORZEICTHELTVWSIENRTEIATILNS
(Harborne, 1994) ,

REFIZIIR/ AR, BTl TH LGRS EZ AL TS, C
NFETICBIAREELRGLL ., H 2. Uiz, itz BAZEILE. fio 1L
REWST-ERDEEMRIZEN TLVS (Nijveldt et al, 2001) , Zhrp
ZIT.IIRIARED I, TILEFo0TrT7zA—ILEN2T=TTR
J=IWEFTHELL TUR TZUIZDWTE, BRICE SRR BAREHES
NTWBith B TFHBAICEST. oD AER LS E-HED
FFENHALN TS IS FIMEL TSR/ =L TURTZU%
ZCEUEGTFHRBAKORAENLRIILTEY . ML REGTIY
/NI RE5 Z TULVS (Muir et al, 2001; Butelli et al, 2008) , EERFELN &
[S. TN TS EUEGTFREBAMNMI. ARICEELE®
REEREIAMLTSILLMESN TS (Zhang et al, 2013),

AARDE 1ETE, ZLOEEBELBAROHLNINDIFITE
DFMEHATHIZLZAMELT. RERICATHIEEKRELLTHLN
T 7= sticky peel light green (pe 19)EEADMEFER . £IBF IR
Z1Totz. TDHER . pe Iy ZERIIREL T THLEDIFIIEIC

7



LEENRISTHEY. REELVEDIFISIBDESNELD L,
KABBENRELTNSIEN DMz, RNTE 2ETIE pe Ig &
ERDERFHBENZTVARMECFOREZIT O, T7I12IY
ELTBSIMEHEGFIRROBER. £ 1 2EKRBO CD2 EIZF
[ZHITEIL—LIITRERN pe lg BEDERTHSEWSIKERIZE
of=, EFRIZ CD2 BIZFDHEBEEHNH T H_ET. pe Ig BEHBRS
NBHIELBLMN Lotz cd2 ZEKIZE TV F ISR O REK. &
FIOSRBUNDHEBICE T RBEYOE. HERIZKELEILE
BIERIYAIREMEN B D, COTLERIT 510, F 3 ETIIATFR
EEWHALTAIRSANTOT7A4) T 1T o= TDFER . pe lg &
ERORETIK. ASUMEE. VUIBEEWSIBE. I95R/4F. 5
Jazivhnak, EEEQRBEYDHEBRICKELGE LA ADNT,
BRIC.REBEETRAMRATHEON-MREENETOHREZFLE
Or-LT OFISBDRHIEICERTAHIET, FRMRIEDORK, B
L RSN E R ESE A ABEEIC DV TERLT,



E£1E FIMZHIFS sticky peel / light green (pe/lg) ZRED
2 #r

1-1 #8

ARETIIEFBIFISRBEELE R sticky peel (pe)DRIZEIEAETL
EREMET D, pe TEIKIT 1938 FICKETRRESN-ZENRKT
HY (Young, 1941) . REFEBHTE oM BRIV HHY . E
HEEICEATEY . HEICH L TERMETH S (Ho and Hewitt, 1986) .
D= .pe ZEARDREFIHIIURDEIGR-BEZLTND,
DFEMN G, pe EEREIVFIIBHAARICEENAEL TS HEE
HARIEINTLND, —H. pe LEBIEHT HEHESNTLVS light green
(l9)FEDEIXRZBIZLEDIERATHS (Kerr, 1982) , BEDXHT
[ pe & Ig (FRMEDEREFLHHEEEFESNTLSH (Butler, 1952)
AR THEON-HBERTIE. MEGFIXED R BENHERTET . pe &
lg [EFHEISEELTO DI LML oTz, MiFH ., £ BRI
WIZE>Tope WEERRKIIRESLVEIZBWLWT. 9FIIBICEEN
HY. KB BEEN LR LTV ERDIEABALMN o1,

1-2 MHBLUFEE
WA

pe lg ZEAROREARZAETT SO, MEEZF LA0759 (Tomato
Genetic Resource Center, USA) &YEBALT-F#ft KGM942 Z# 3=
W oo DBELLZ R 570D F, D BEEFDFEFIE KGMI42 (pe/pe,
lg/lg) EEF4E R R L F (PE/IPE, LG/LG, Sakata seeds, Japan) &M A g
Lfz F RFERZINSEHILETMEL . thDBFERRH K091,
RC17, Ec-1 (& pe lg EEARDIFISRBORBFE LT H1=0OI°H#

9



FELTHW:, oM 3 R#fIELE T PE/PE, LG/LG THA1h. K091
FREREDFIVGT ANV REKTHETREDEMNERIZLES
y ZEZALTL A (Adato et al, 2009; Ballester et al, 2010) ,

B HEELEFREME (SEM) | AFEMFEICRHBE
FRAREOREMEBRAY L TILIEREZH T TKEISELRSA
ALTHERLTz, Yo FILIEEDFEE. SEM(TM-1000, Hitachi High-
technologies, Japan) ZFAL\T 500 S CTEEZITof=. VFIIBDEE
(. BE#R D 3CHK (Buda et al, 2009) [CEDE, Sudan IV TEEZE1To1-
#®. AFBEMBECTHEL T o EOREADEHRRD-&. 4~5 FEIC
BRALEEZHREL. 1 cm @AIZYIYEY, SEM ZRALVT 1,000 {5 TER
BE1To1-, COEBRTIE.RCLI7TZHAER DOXBELTHLV:,

EEEEFIEMEE(TEM) L PHE

10~13 FBIZEBALT-EFE%K_ET Solution A (2 % /SSHRILLTIL
TEKR, 2% ZILZILTILTER, 20 mM YU B R L, pH 7.0)(2;2
EL. AIEEZ T o= EIXUEF RO LIBERKRGO mM, pH 70)T 1
Bl LT, RETEIE 2 % EERIEARZIDLAY) BTN LS
& (50 mM, pH 7.0)&RLVT, K ET 3 Bfi{Tof=, BikiZ, —&DT
2/—)LiBa % (30 %x1, 50 %x1, 70 %x1, 80 %x1, 90 %x1, 95 %xl,
100 %x3) [TH T ILE 30 HREIFRET HETIToT=. ROVNTEIELTO
ELVHT 30 2. BIETOEL EIRFUBEHST 1 BEERE
T2tz YU TIIEESFoATILIZEIEL. Quetol651 TR 4l
FT60 C.2 AFlA>Far—kLTz, RUVT Leica-UCT 7)Lh53H0
b—LT 60-80 nm DY FZELIYHE LT, Y11 200 Ay 2RIy
RIZTovhEh.2 % BFEEYS=)L T 5 SREEEIh. KW T lead

10



staining solution 1T 5 AV FaR—rEhiz, TEM IZKHERE (&
JEM1200EX(Jeol, Japan)[ZT. 80 kV T{To7=,

YanoqILEERIE

~00274)LEEDBRIE (X Porra et al (1989)D A %kIZHEo1=, 16 B
BRHA. 8 RS EAD KM THRIBELI-EMAD 5 BRICBRALEEZ.S
BEISY LTI T LTz, Bl 3 ml O NN-DAFILHRILLTIFIC
4 C, —MERES BTz, RLWTEY T ILD 664 nm, 647 nm [ZH1F5
RAEZBEL, LTOBREXZRANT/OO/ILEEZEHLT,

Total micrograms of chlorophyll a = 12.00*Absggs-3.11*AbSs47

Total micrograms of chlorophyll b = 20.78* Absgs7-4.88* AbSgs4

FLASUTN—(TB)TAR
EYARREOKSEBEZFAET 5716, Tanaka et al (2004)D A%

[ZH>T TB TRME{Tofz. T ILEL T, 2~3 BEICERLZZE.

FRARFRA V=, CORETIX. RCI7ZHERDORBELTHL =,

REBERAE

EOREOKDBBELZRET 510, ZHETAEL -, ZF&
80 AFEF@LI-HEMIAD 10~15 FHICRBELTL\DEZE 5 BIRRLT=,
DFVIEBOAZFMT -0, BTV T O 1 BEFEEIC 500
mo/lL DT T U (ABA)ZEICEEL TR A EEOSE 1= (Freitas
et al, 2011) , YT Ttk ElE 25 COREEICFHELT= (Wilkinson
et al, 1998) , ABA ALIEL 1= ZE (X EIREEWER (SZX7, Olympus, Japan) &
AWT. [ADBEAL TSI EEHERL-, ZMEDBRIET 1 BEIE
(2.4 BIZH=> THBEDHBZRAERT HEICKYIToT, BIEHK
TH.ITRXTDEE 80°COA—T TS E . EMEFRIEL =, [F

11



HRICRERADOKD B BUERET 510, FEARE 5 BT

JL.40 CT 6 HEA>VFa"—kLT-, #i. 1, 2, 6 HZEDRE%

BIETHEEBIT. A—TUTHUTINEFE RS EMEEZFRAELT .
pe lg ZEAKRELTKGMI42, BpARIR#fEEL T K091, RC17, Ec-1 %

L=,

SABLUNSIa—LOFERE

[ALENSMA—LDEEZREHT 516, SEM ZAT 5 BEICE
BALI-EZEE L1z, 023 mm* DA A—TFFIIVT L BRIZERT
HRAHEINEI I A—LORZEEBIL-, BRFEOERE. REIC
DLVTERLT=,

on0274)L B HBER

DFVSBEEDERRIL, BEREDREKENMETLTLEX
RAEETRT, COBER2T/O00740)LEHABRTHE S MIZEREAN
AIRET3H S (Lolle et al, 1998) , —M 1=, Lolle et al (1997)D A iEIZHE
LM, pe lg ZEEARICHL TR I4)LiBHRAERE 1T o=, T ILELT
16 F¥fEIBAHA. 8 BB HAD S THIBL-EYMIAD 4~5 FHICREH
LTLEEZE 5 MEERLT= (B &7 0.29) . STL%EZE 30 ml D 80 %L
/—ILITEEL. 8 BFfE. 37 CTHrES L= (200 rpm) . COEARIH. 1, 2,
3,4, 5, 6, 8 BFEFE@EFIZ, 400 ul O _EFEZEHREL . 664 nm, 647 nm D
RAEZREL:, MIELRAEERY ., FHL-7O000/4LEZUT
D#E R TEH L= (Hiscox and Israelstam, 1979) ,

Total micromoles of chlorophyll per gram = 7.93* AbSggs+19.53* AbSe47
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FIF =B EUFI =R AVBRIE
FILEFZUBEFUF A= hLav(E Kraus and Galensa (1992)

DAHEICEDNTIT oz, BH L L7420 UV-VIS detector (Hitachi,

Japan)& SUMIPAX ODS-D-05-4615(SCAS, Japan)Z AL\ T{To1=,

VYIRABEVIFVERDARRSAN T4 H =TIV T42T

VIVABERIFUERI/IR—DAIRZAN T4V A—=T)oT4UT (3,
Adato et al (2009)D A iEE—EPREL TERLIz. pe I ZEEAXDREK
[ERYFF—EERICLLFE DR ARETH 1= REZEHLT
RRFHEBEL-, HELDIX pe lg ZEEK KGM942 LEFAR R
K091, RC17, Ec-1 TH %, VOARILAICEIED TV I RAB R EIIGT
5= . T LHIZVE 20 mg DREKZE 5 ml D/NATILIZARN, 2
ml O/BA0RILLAIZER. 1 BEREL THEZ 3 BfTo7-, ti&(E
—DIZFEDHT=%. 0.9 ug M n-heptacosane ZFHZ . ¥iEE 15 ng/ul D
NERIZAE L LT=, 5 #(E gas chromatography-electron ionization-time-of-
flight-mass spectrometry (GC-EI-TOF-MS)ZRW\T1To71=, HItHi&RIZE
FHATTEZESE. 1m O/OORILAICEESHSE T, 200 Wl (R
& 5mg 43) & N-methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA)T
FEMRELER., 7 iTEIToT=,

DO ZAME D%, FEo=RKIZ 1.8 ug M n-heptacosane Z NERZHE
ELTHML=, ZD#%. 1 ml @ 10 % Boron trifluoride-methanol ;&% %
LT 70 CLABREA v Far—hL  IFVEBREGSE = /Tl
ZERFTAALEE. 1 ml OBHKERMLz, EDE, DIFILT
—TIWVERWIFUE/X—OHEZE 3 MERL, BHR&RE. EX
AT CTEESE. Iml O/O0O/RIILAICBEAHEIE T, 100 pl(BE
2mg 53) % MSTFA TIEEA{LSE | GC-EI-TOF-MS TR Z1T o1,
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MSTFA [CRHFBEMAKILIL. BRREZERN AT CLESE1R. 30
ul @ MSTFA &L E)Do%EFHML, 37 C. 1 B4 Fa_—kL,
F)AFILO)IILEZANT HIETIToT=, 2l Kusano 5D A&
(2007b) DY 1721z, VBT RS 5 LlE HAD % (Jonsson et al, 2006) (<
FOTRILESH , KE—S T 7 M normalized response [£—TERED
NEIREICLS>THEL =z VFV . IVIADEREZRDHE L.
Kusano &g (2007a) DEY., YRITZT AV RE—2 HHETH)T
viavA Ty A% NIST/EPA/NIH mass spectral library (NISTO08),
Golm Metabolome Database, H X2 L5475 (Stein et al, 1999; Kopla
etal, 2005) LLLE T ST LITK-TIToT=,

AR

MEHRENTIZ T —Y T 07 R ZAVTIT otz BEOFEHEDL
BEE. D ER D HT (ANOVA) # . Tukey HSD ICTZELE (p < 0.05) %
1otz BUET — 2T TFHES S TIZEREZE (SD) & RLT =,

1-3 #&R
pefeEE Ig B DEH

NETIC pe BEE Ig BEIXDEET B, ELVSEEALTIN TV,
CDIEERIIT A1, KGM942 (pe lg) ELUF (BFAER) LD REH
bigbont- F, nEtEHZE 334 EFRREL. RREDSRZHSEL -,
CDFER. 252 ERITEF LR ORTBEZRLI-—7A. 82 BAD pe H&
Vg DRIF[EETRLIz, COTEMD, pe & Ig [EFHEISEHEL TS
EDBAL MG 0Tz, D BELLIFEFAE R pe Ig = 3.07:1 THY. pe Ig [LHE
RFLHETHLIIEMNRESNT=(Table 1),

MAT, FiHEERTIL, 1,000 EARLLED F, EFREFHELIFER. pe
& lg AR BEEL-BERIE—D23/{onEnof=, COf=%H. SEEFLNT-
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HERE. pe & g MR LE-BERFAMEEGFTHAIELNITNETD

MRE—BLGD ST, D=, LIEDRENTE pe LV IgD 2 E

ERAREHBNITANDILICLIz. & . pe BELY Iy D 2 EEEK

DERBFREBITT ST EITLTz. pe Ig ZEAEDBEMERIZOVTIE.
EDXHRICHE RITGMN o=, D=8, LLERIFELLI-FHEE T

FAERORMEL T, K091, RC17, Ec-1 ZEEMTIZAWLNSIEIZLT=, pe

lg ZRIFE. REOHBE. KESITEEEE5X LV —AT &5

MERDEVACALDORFEICEEEZEZ TSI ENRESNT:

(Fig.l)o %58, pe lg EERTIE DI F IS BERRTRONDHE

BEOEEN. FfeLL 2 RB|E I Ronigh o,

pelg ERKICETEIRRBENEE

pe lg EEREADRERRTHERLLETHERR. Vv HAHY. &
LMefEtEZE AL TLVA (Fig. 28, b) . DA T, pe lg ZERAFDRKETIL.
ARDIINMIHONASIEBLERAREL T (Fig. 2¢, d), CDER
WIEEND, RERICEEIT BITR/AR. FULF=2Hh)Larh pe Ig
EEATRIBLTWDEHERL -, T T.pe lg TERK, BLUSE1H
HLEHFLERD 3 ZEORROFTI VTV EEZEL- AR
RMEDI5. KL FREDFTIVTZD FIVFZohar NEd
T5YyEREFETE, REOFTIVS=ODEEFRATELILIER. pe lg
EEROFTYOF S EHER R (RCL7, Ec-l) KULHEIZIE
W—A.yEEEZHT S KL LiALWLARILDOEEERLIZ(Fig. 3),
DIEMD REDIFHR/ARETEIL, pe lg ERICHEFZTHIEN
BSA o T=,

RERROEVD ., REOHBEEICERTHLOMNAET S0,
SEMZRNWTRERREDEEE1To1=(Fig. 2¢, f) . FER RO RER
REILFEBITHS>TLND—A (Fig. 20) . pe lIg TEEADRETIE. KK

15



A DEENE T TRZ T (Fig. 2f) . RVT. RE DM EEEHE
LTz FARRMTIE. REMIBIZIFITEBICEENTLV= (Fig. 29,
arrowhead) , — /. pe lg ZEATK. BEORKRIIREZHBLMNRS
N HFEURKETRONIFIIBHROBIEILR oG A o7 (Fig.
2h, arrowhead) . 7F VSR DEHZAET 5=, SudanlV [2&>TY
FooBESREL, AFBEMEEAVTREMEOREET oz, H4
RRMOREMETIE., F<EBEINIVFISBN . REMRO LI
FHELTUL=(Fig. 2i, arrow) . —A. pe lg ZEEKTIE. VFUIETE
L<ELIE>THY (Fig. 2j, arrow) . VF IS BHER T HERNKIFIZ
BAOLTNSIENREENT=,

RIZ g REDEICEITAHEERHET 6= FERRIK RCL7 &
pe g ZEEARDEDREEHEL=(Fig. 4).pe IgEERARDEDEIL.
FARRMELLEL T, REBELTLM=(Fig. 43, b), ZDT=8. pe Ig
ZEAFTE. 70074V EENBDLTNSIEATRESNT=, D
LERELT 1=, HERRHE pe lg ZEAERDI/OOI(IILEEEH
ELl=. LOLEAS, yO00T0)L aDEIL, pe lg TERFREFER R
K091, RC17 THEEMNEA o= L. /A0T4)L b FFARRHKLYD
pe ly ZEAEDIZSHAFEIZEL., EWLWSEEEMNFLNT=(Fig. 5), D
BWRMS pe lg ZEAROEDXRZEIL, /OOT4LEEDRADICE
53D TGN ENHALM o=,

RIZ,SEM ZHWVTEDREDEREITL . pe Ig ZERKIZEITSE
REEDEILOFELZAEL -, FERRKO DM, FAKD
FAREL TULV= (Fig. 4c) . —A. pe lg ZEADFIMAEIZ. =B AR
DRGIRZELTULM=(Fig. 4d) . IA T, pe lg ZEATIE, RE AP
MNATLDKIIZEE SN = (Fig. 4d) .

COIEERICHAND=H. EDOUV A Z/ERL. XFBEMIRE TEM [
FABEE T ol XFBEMIRICLIBETIE, FEROD 3 R (Fig.
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6a-c) & pe Ig ZEK (Fig. 6d) ICIEREDEELDEWVTIRSNGEH D
Foo BARRME S pe lg TEA T, EFLEMORRK . HMHRER
. BRI ERER. TEOREMEBRSN TV, TEM IZ&o
TEORBDEEEZERLIZECA. FERD 3 Rffi.pe lg TERKT
[ZEFZEDEL cuticle proper (Fig. 6e-h, BRI BLUVEFEED
EBWIFUTE (Fig. 6e-h, BREN) AR INT -, ERENI LI, FE
BRHELE LT pe lg ZREDIVFIIEBILHONZEFHZEINE
Aot (Fig. 6h) , XHERMIIC. EDOERRIDOME TIL. FERRIEE pe Ig
ZTEAEDET. 9FI5BRV cuticle proper DEFZEIEWNMIRS
nigm-ort=(Fig. 6i-1) .

pe lg ZEREFIZHTHKDB:AEMYE

— IS AMXF XS TOF USRI BADERRKIE HICED
KABBENERTEHIENMONTLS, BL pe lg ERARDIF IS
BAEN, HHVEIREBLTOWDIDTHNIE, EDOKSBAMENA LR
LTWBIENFREIND, ZCT.REROBHEFRLICEHKSEi@E
DEALZFESTHMIILADUTIL—(TB) TRANEIT o1, COEERTIL
S5EBHICERALEELZADOREE 547 TBIRRICEEL. 2BSHN
BEEVEITMEL . EOEAIL. FER R, pe lg TEAWALD
EFkICEBEEINT-, LOL, EORAEFLERRENEEBINGH
271=(Fig. 7a) . ZMD—A T, pe lg ZEAKITEDOHIIZ TB TEREINT:
(Fig. 7b), RI#RIC. FERZRMDODREE TB TELEBSINGEMN oM
(Fig. 7¢). pe lg ZEEDREEIF. ARYMRIZ TB [Z&k>TEBEIILT:
(Fig. 7d) . RRBTEZHELI-ETA. TB FREMLREMRBAA~
BBEL TSI ENBALMZHST=(Fig. 7e) .
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AHMEORE

EDVFIIRDRIEIL. ZHEDBREBLIENHMON TS
H.pe lg TERADEDZEBBIZ OV TEMRIZAREZT o, BEEY.
pe lg ZEARDEBEITITHEED 3 RMIYEFEIZZ M o1=(Fig. 8),
RIZ pe lg ZEAEDELLGS-REDN. KR EBEICEZ D ELFT
M35, REDEBEICOVTHAEE1To1=. BEIZRLT. pe
0 EEAODRRET, BERRM K09L, RC17 KYHLENEREEEZRL
1= (Fig. 9a) . ®RE% 6 BRElA>Fa~—rL1=#ER. K091 & RC17 DR
RIEKDER- 2. REICLOAHER SN (Fig. 9b) . —A.
KGM942 & Ec-1 [FRILEHTAUFar—bLIz2D D SERITIFIF
RERBIREFLRLC TH o= (Fig. 9b), F-. EMEEEHERRML
pe lg ZRATERFIRShiEAho1=(Fig. 10) . BRIZHITHK D BB
M. ZBEOHFHFI—RFBELTEY . TOAND=XLIZDWTIEEIC
R HIBETHD,

—A.EITBWWTIE. KBRS, ZBENEDIC pe lg ZEATIE
FERRBRIVE BRFOIVFISBRERAORBRELHBLLTNS
CEMNHALM G-, RITEITHEAMEDE K. REABE. HIZK
AORSMO—LEEOELISERT SAREENEZONT-T-0 ., E
NR-BHEICEFTSIRAB LA I—LDOEEL AL (Fig. 11,
Fig. 12) . BIEHIGERDOFEEZTHLDD. pe Iy EEKITEF LD
%ifft K091 & RC17 &Y IEDRAID KA ZEMEMN 1= (Fig. 11), —
A . EODEAIOKRILZEIZDOILNTIZL, pe lg TEAFREFER R RCL7.
Ec-1 LOMTERIEIRONGE M o1z (Fig. 11) . FSAMA—LDEEIL,
BHERD 3 R pe lg ZEAORBT. EOR-ERELITERITRS
nigmof=(Fig. 12) . SOTEM G, pe lg EERICH THEBMEDEK
F. [N ZNEICERTHDTIEGL VFISRBEELI-VF
DIEBMDBANRETHAZENHLMZEoT=,
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o0024)LEHBEER

BICOF USROS HERET S0, /0074 )LAHRHBREERL
fzo CORBR L. EEHHIBEIC 8 BRIRIEL. /0071 ILDBHE
BEAETDLDOT . BFEDIFISBERKRDBENTITFISBOR
BEHET SN TITHONTNSERTHS, FRICRLT, AR
Ziffe pe lg ZRAEDOET/OAI/LAHDEIGIZEERFRonGh
271=(Fig. 13),

IFUBEEVDVIRERDARSATAT7L)0T

FRRARIZETEIF OBV I VI RDEREEAIRTAN T4 H—T
Do T4 T I2&>THTELE=, Fig.14 [ZUFVED M SELN =R
OO S LTHD. £IRRIA total ion chromatograms (TICs)MD /34
—Uld. FEURMETIEELIL TULV = (Fig. 14a-c), LM L. pe Ig &
RAROIFUESNS/LNT TIC TIE, YT avAUTvIR (RI)
A 2000 M 2600 DAL EIZHFHET 2ZLDE—IMNELIBDL TN
(Fig. 14d) o WO DRBEBICOVWTIE LEMDREMNTES:
(Table 2)£EDD MDD ZLDEELGE—VITDOVWTIH . EREAFTS
CEMNTEGM SO RAENTETUNGL, SRIFUEBHERD
BIEA5R7HEITL . pe lg ZREDVFISBHMRERICDOVNTHERY
BILENHD,

YO RBE R MHEFLNT= TICs & Fig. 15 IZRLT=. JFVES D5
WHEREFERGY. TV IRERMLF/LNT= TIC D/\3—UIF FE
BIZRM. pe lg ZEEAFRTHEELTULM=,

19



1-4 EE
pe lg ERKICHEITEIRRIFISBORBE

AR TIE, pe lIg EEAFDRRZHMEFH, EEFHICHETZT
f=ope lg ZEARDREIIFERRKIYLBASHIEL(Fig. 2e-)) . 7
FURBHERLDLENE(Fig. 14) NEALMZAEST=, Bl pe Ig TR
KORERRTREFILTF=ZUEDITZHR/AFDOERMNMIFI S TL
BT EMBALMIZEE o= (Fig. 2c-d; Fig. 3) . BEDISHR/AKIF. BE
ZEHE SN ST-6 (Hunt and Baker, 1980) . 7SR /A KIZ, pe Iy ZEK
DIBHTENIFIIBIZELHFELGNEHRENS HEFTIZL R
BDIZR/ARDNHDTHIENMON TSI LD ERRKIL. y &
DFD M A T# %4 (Saladié et al, 2007; Adato et al, 2009; Ballester et al,
2010) . LML CHEDZERKIE, pe Ig ZEERLIZELRY. REDIF
OSRBIFFERERPRICH SN, B, pe &y [CDNTITEEFER
BEFAITHONTEY . ChoFMIZL-BEEFDHMHEEERF T, pe
DIF5HY LAI (epistatic) THAHZEMREINTLVSD (Kerr, 1982) , iE> T,
pe lg X DFD, y EIFEG S Z R o=, REDIFHR/AREEICF
525D ERRKRTHS.

k< k(Zd1+5 lycopersicum esculentum eceriferum (lecer) 6 ZEEIKIE
C31l ZIVAVHREDTYIAMNORELTEY . RRIZEITHKDE
BENEFLTND, CODFH, FRARIKSNBEDLTEY, LA
H 3 TLV5 (Vogg et al, 2004; Leide et al, 2007) , —cDFER (X, RED D
VIADIL REDTIVAUNKDDEBMEES LVELEERBDR
EiICBES L TWAATEEMZREL TS, CRUSNDEIMIBITE0F
VIBEEEZEAFELT, pe lg BEIREEELILT: cdl, cd2, cd3 ZEIK
ARSI TLVS (Isaacson et al, 2009) , LML, —ED cd EEIKIZRE
BROUVFIZBDHRBEENHTEY . ZEDIFIIEICEEINGL.
ESNTWS, ZORITHELT, cdl, cd2, cd3 ZEEIK(E pe lg TEKE(T
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B35, —&ED cd ZEEARDSL., cd2 TERKRDREDRBEIL. FE
BRMEEELIL T D ARG NTIZE ST, cdl, cd2, cd3 ZE{K
E.VFVOBRERNIZELCRDLTOS—A. TV RDREICD
WTIXEER R M82 LLLEL T, KELGEMNENI LA REINTL
% (Isaacson et al, 2009) , CNLDFER NS, TVIREVFUDEAD
KOFEBECAFLEICHEELTEY. £F-NAIEHEHH L EHE
EMICHEERATHILT. REDEBMEEAFL LD LIRBES
Nnd, lecer6 EIFELZY  pe lg EEKRIFRAEDRAT—UTREICLD
(FEBHSNELN(Fig. 2b) , ZDT=8. pe Ig ZEFKTIL, EDKDEE
HIE EFLTLS—7 (Fig. 8a-b) . VFUIEMNBH TEWIZLH MDD
5F . REDEMEBEFERLFAZLANILICHIFINATOSIENEAS
Moz, LML, TB TRMZENIL, pe Ig ZEEXDRE D KRR
EEE. FERLYBFOIENREINT (Fig. 7c-d), D=6, T
FREDKDEBEISNDOA. AN OH TELGDFEEZFDAIREN
DHb. ERICZ. TB TAMIK>T, SHEMSRALIZKIE, VF V58
ZEBLTRERITREALTUL=(Fig. 7e), — A . BREREBD KL
BEndN ., TOEXFERRFLLBRLTOGLD, ZEEN AN
WAL THoT=(Fig. 9) . COFIFEICEHALTIX, BLLHBAABET
Hb.

pelg ERKICETBEDIFISRORIRE

TEM ZRWVWTHARRKE pe lg REDEDIFISEBOIEEER
Bl pe lg ZEATIE, FAERLLRLTIFISIEDEFEEMNE
TLTULV =, R#kIZ, A4 X+ XF D long-chain acyl-CoA synthetase
(lacs) 2, glycerol-3-phosphate acyltransferase (gpat) 4/8, wax2, cyp86a2
ZEKIZBEVWTHIFISBOEBEFEEETAMESN TS (Chen
et al, 2003; Schnurr et al, 2004; Xiao et al, 2004; Li et al, 2007) , Chi5®D
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FTH lacs2 ZEARFEDEBTIFIIENEDTE—A. EDOX
BlIEELNHONLE N pe lg EEREATIFERRKELRLT, ED
ZAIFEEL AN (Fig. 6h) DD EORBIDVFIIREHEL
BHRBE (Fig. 6D AALNTEY ., ARIOAITRBFRAHS. &LV
AT lacs2 ZEARLFLL TS LOL. EORBIOXREZEHRRELL-
R, FLOMEOREMREOIIRA pe Ig EEATIHIEIELTLM:
(Fig.4d) . CORIEIL, lacs2 ZEREIATEHREZR SN TLVS (Schnurr et al,
2004) , CD1=6. pe Iy EEHRTIE. EOBMADIFITEBICEEN K
ATWSEBEMED H D, Ft=. pe lg BEIX. VF ISR DEETTH
AREBEICEEFZEEZEZATVSHEEELH D, Fi-. HEMGH%
BREDERFX . REBEOELICERT IO RSGHFEDE L
(Koornneef et al, 1989) T#HAA, HAHWLEH/OOT1/L b EEDEMM
FRETHLABEMENREINDT- . SERELIBIMHSLETHD,
KBRS, FHMED LREVST-EEEHEDZEIL (Fig. 7; Fig.
8) . gpat4/8, lacs2, cyp86a2, pe Ig [CHBEL THLNZRIRETHS, pe
lg ZERKIE. FERRMKELBELTRILOBEEENRSNGNI LD
b, SEHERIN-ChoDEEMERIE. VF VB XRE (Fig. 2;
Fig. 6) ISR T HEHERIND, F=. oD EALIE. Fig. 4 THES
NEREBEDELLIAIMICESEL TS ATEEELH S,
BEDHETIE, lacs2 ZEAKE/OOT)LFHERT, FAER LY
LEVBFHEERLUD, RAETIE, pe lg EEAREHFER R OM
TOOOD4)LAHRICAMGEZEE IR onGEhof=(Fig. 13), §D&
Zh.pe lg EEAEAE VYOOI )LIFHEZ RSN > EHIET A
Thb, ERBEZRAVN-/0070LOHE &, EMEOHEBICKE
B BE 52 50NBTHY. BRAUICHERRKL pe lg TEARDE
PAIYRTENTLE-FAREMENREELTEZA LN D,
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pe lg ZENVFISBHAKICEASEEE. ChETIZOAMXFTX
FTTHRMENTERLIFISBEELRARLFERSILERELTL
%, BIZ. pe lg EEAEDCNETITRESA TWSN MDD I F IS EE
EZEEAK (lecer, DFD, cdl, cd2, cd3) LB RMEERI LLEH
T.pe lg ZERIE. FRLOFRIFISBEEEERARTHLATHEMED
o b LMt =,
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Table 1. pe B XV Ig B D BELLIRTE

KRR (RS SR
PE LG 252 0.754
pe LG 0 0.000
PE Ig 0 0.000
pe Ig 82 0.246
Total 334
Probabiliy for single >0.99

gene, 3:1 ratio
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e REDHFME o) = EOHRHE (o) o

B4 X (cm)

2.00

1.00

0.00

80

60

40

20

16

12

K091 RC17 Ec-1 KGM9%42

K091 RCI17 Ec-1 KGM9%42

DEODRS
DREERE

K091 RC17 Ec-1 KGM9%42

Fig. Lpe g ZRAHLEBLEURHOE, REOHFBHEL LUV KES
AEDHHELDREDHBECENDRILEEDER
EBELTHAERD 3 Z# (K091, RC17, Ec-1) AL V-, KGM942 1%
pe g ZE R THD, EEDRIFIZEREZETRLTINS (n=3). 43
TILTTRYMEIEM Tukey HSD BREICKY B EKE S THETHS
ZEETRT,
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FAERH pe lg ERK

Fig. 2 BERRIE pe 0 EREDREDLLE:

QFFER R, bpe lg ZEEARDFAR, OFERMK. dpe lgZEE
A SHEEELI-R K., SEM THiRELZE)FER R, (Mpe Iy TERK
DEBERME, SEM TIREL-(Q)FFER RHE. (hpe Ig EEAEDREK I
M, LFIEMBCTHRL()BFER R, ()pe lg EEARDRKREE.
Arrowhead, arrow [EZNZENREMIE. VFIIBETRT , R7—IL/N
—I&. (a-d) 1 cm, (e-j) 50 um &R9,
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VEE

pal P2 =

(mg/100g FW)

o N B O
|

16
14
12 -
10 -

b
b
= .
Ec-1 RC17 K091 KGM9%42
Fig. 3 BAEMRMELYS pe lIg ZREICHITIRBRERRRDFTIT

—VEE
EEDRIFIZEREEZTT (n=3), BHDTILIFZNYMMIED Tukey
HSD BREICKY BB KE S UTHERTHHIEETRT .
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Fig. s BEERH RC17 & pe lg ERARDED LT

QF AR R#HLDpe lIg ZEAED 5 BFRHIZEFLTWSEDEE,
SEM TIRELI-(O)F LR R EW)pe lg TEADERE, [THAHE
BEFSADEKRRERT R —IL/A—IZ, (a-b) 1 cm. (c-d) 20 um %
Yo
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£/0A74)LE=E (mg/g DW)

B oooJq)la

20 a a ~aa74)Lb
ab

15

10

K091 RC17 Ec-1 KGM942

Fig. 5 BERRHL pe g EREDO/OODILER
EEDRIFIZEREETT (n=5), BHDTILI7ZNYMEIED Tukey
HSD REICKYERBKE SUTHERETHDHEETT,
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K091 RCI17 KGM942

Fig. 6 FERRBME KLY pe lg ERGDEDKE
(a-d)NAFIEMBICLIEDHEDEE (e-)TEM [ZLIERME(E-EID
EEAEG-)DOREHEDERE,

Cuticle proper [ZEXETRL, VFIFRBIFBXHNTRY . AT7—IL/IA—[E
(a-d) 50 um., (e-l) 500 nm &R,

30



Fig. 7 BBLVRROKI BELEDLE
(a,c) FERRKSKIU(b, d) pe lg ZEAD TB L/ 32—,
(e)TB EEINI=ARY DEE, X7— )L/ \—I[&(a-d)1 cm, (€)50 um
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MEBEEDRDE (%)

<]

550, | |A-K091
® | |-e=RC17
20% | |=——FEc-1 dT
-B-KGM942
15% .
" b
10%
5%

0%

#E 8 B ] (R

Fig. 8 PRI RHL pe lg TR AL DERAEB D LB

(@) AR 3 2L pe g ZEFROFHBEDRVE, EEORITEE
REZTYI (N =5, BEIIEBCEIZITLD., BLGEATILI7RYMNEIE
M Tukey HSD BREICKYEEIKE S TEETHA_LEETT ., (0)EF
AR 3 RHE pelg ZREDE, R 7—ILNN—[F 1ecmZETRY,

32



—4—-K091 a
——-RC17
-@-LEc-1

= |- KGM942 //

Fig. 9 E?Ei%ﬁf& pe Ig %Eﬁidﬁﬁ#%l Bl#é%ﬁﬁ&ﬁﬂ@&iﬁ
QFLERRKE pe P ERARDOFRARICE TOHBEDRLE, BEE
DIRIFFEREZTT (n = 5) . REIXFE S &IZTL. 45T ILD
FRYNEED Tukey HSD REIZKYBEKE S THEETHDHEE
T9,.(b) 6 BIRBEDEFARRME pe lg ZEEEDREE, R —IL/N

—lX1em %R,
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B2 E (%)

20.0%

16.0%

12.0%

8.0%

4.0%

0.0% :
K091 RC17 Ec-1 KGM9%42

Fig. 10 AR RHE pe g TERGDOE Y=
BEDRIIBEREEZTT (n=5), BEETILI7RNYMIZED Tukey
HSD B EIZEKY BB IKE SN THEE THAZEETRT,
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871 )LBEHE (%)

100%

80% 7
60%
40%
0% B-KGM942 | |
i/ —--RC17
0% ' ' '
0 2 ! 6 8
%18 BF RS (BFfE])

Fig. 13 BEMRME KU pe Ig ZEREDFEEZALV-/OAD4LEH
BB

HFERME LV pe lg TEERDEZE 80%IT4/—/LHIC 8 FfERE
Sz, EEDRIFIZEREZTT (n=5),
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Fig. 14 2F B4 D total ion chromatograms (TICs)

(@) Ec-1, (b) K091, (c) RC17, (d) KGM942 @ TIC, X BhIEZ T avBA L%ERL. Y
Bl intensity # R 9
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Table 2 FIFESNT=RXBMEMSH LU Retention Index

Metabolite Retention
Index
n-Tritriacontane 3300.0
Triacontane 29994
alpha-Tocopherol 31524
D-Sucrose 2613.0
2205.0-
Oleate 2997 0
n-Octadecanoic acid 2236.0
Linoleic acid 2208.0
n-Nonacosane 2900.1
n-Hentriacontane 3100.2
n-Hexadecanoic acid 2039.2
n-Dotriacontane 3199.8
Citric acid 1800.4
16-Hydroxyhexadecanoic acid 2379.5
nEudesmol 1765.3
n-Tetradecanoic acid methyl ester 17215
n-Tetracosanoic acid 2828.7
n-Tetracosanoic acid methyl ester 2729.5
Stigmasterol 3316.8
beta-Sitosterol 3382.1
Phosphoric acid 1261.6
4-Oxo-pentanoic acid, ethyl ester 1061.5
Mannose, 6-deoxy- 1608.6
Hexanoic acid 1070.5
16-hydroxy-hexadecanoic acid, methyl ester 2272.9
n-Hexadecanoic acid methyl ester 1924.3
n-Heptadecanoic acid methyl ester 2024.9
Glycine 1227.9
1,6-Anhydro-beta-D-Glucose 1693.6
1-O-methyl-, alpha-D-Glucopyranoside 1864.9
Ethyl Laurate 1990.5
n-Eicosanoic acid methyl ester 2326.5
Linolenic acid methyl ester 2107.3
7-Hexadecenoic acid methyl ester 1904.5
Eremophil-1(10)-ene 17074
1750.2
1-Propene-1,2,3-tricarboxylic acid, trimethyl 14377
ester
Trimethyl 2-hydroxy-1,2,3- 1540.4

propanetricarboxylic acid

HX %% L 7= Retention index % NIST/EPA/NIH mass spectral library
(NISTO08), Golm Metabolome Database or our custom library & EEL#59 %
CETUILEMDHEEZEITOT=,
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Fig. 15 79 XE 4% ® total ion chromatograms (TI1Cs)
(2) Ec-1, (b) K091, (c) RC17, (d) KGM942 O TIC, X #l&!) T2 a4 LR,
Y &l intensity R 9,
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F2E pellgEDOREEGTFOEE

2-1 #8

% 1 ZT sticky peel (pe)& light green (Ig)EWVSEERZH--% ik
KGM942 DT ZATLN . CH2DDRBEFEEFDHMHEGRFITH
R 5a N BN EEFHALMNL Iz, FEEATIEIFUODE.
A KIBIZEILTH—A. TVIRDE., L HTNIEILT S
EEHALMICLI BIS. BB LUVREDIFIIBICHE L TKS =S
N ERTEIEEHOMIILIZ, CREDIEMND, pe lg EEADR
REGFIE. VFIVIBDEESRICEEAELTWSELRFTHIIL
DREENT, RETIE. pe LU Ig DIREEEGRFERET 510,
pe lg BEZSTITVEL LT, REEEGFHAE 1 REAERBICESE
T BHEFBHASMIZLT=, EIZ Introgresion Line (IL)ZBAWL=7714> <y
EVJ %470\ pe BWEDRERAMNZAT IV ORAA A4S 0Dy
N—(HD-ZIP V) B DEBEERF CD2 DEEITHDHEVNIHE
(Nadakuduti et al, 2012) D#&RFEZE 1T o=, F1=.pe BEE Ig BEM
CD2 BEFNEEITERY HMRILY 571=8. CD2 Bz FDFEIEH
HIRMEEHL . RIRBEDORFENET o=, TOHER.CD2 EEFHRR
MEIRHTIE. BE. FITHEWNT pe lg BENBEINDSZEEFHEL
f=o

2-2 MHBLVHZE
Y

pe lg ZEARDRAEGEFERET 5= .pe lg ZEAKRTHS
KGM942 EBr AR R TH DL 7 (Sakata seeds, Japan) 3R ECL . F,
DEEREFEELUz, £, 77AUIVEV T ET512H. FIME 1 &
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BAROBRERAEE NS TG295 (92.7cM)ETHHEE I EZEF LR
Solanum. pennellii D EBRICE#EN 7= IL1-2(Eshed and Zamir, 1994)
& KGM9R2 ZXRERL T, R RS EZE L=,

PE LGEEBEFOIVELY

NETOMETIE.PELCEEGFIEE 1 EBRICEFET HEENT
LV 5 (Kerr, 1982) , PE LG EBIZFDRIEZRE T 518, KGM942 &L
CTERELTEON: 2R ERE 334 ERFEL. £ 1 £ABKIC
TS 3 3ED<Y—Hh—(C2_At2g38730, C2_At3g04710, SSR222) T#
AEV T %1To1=(Table 3), PE LG EEFET7AUIVELT T 5128,
KGM942 & IL1-2 2R EEL TH/ont- F. 2 BESE % 336 EAFIEL. S.
pennellii BHSRDFERETAIIRASN TS MHEIZBICERET S 12 HD
Y—H—(Table 4) TRAAE LT & 4To1=,

CD2 B FRBEMFRARI2—DIEE

CD2 B FORBEMFNEIB 7o F o ABAAV AN IMEERK
$5-6H.CD2 EZFNDTELEK cDNA VA—2%, T—3R—X
MiBase (YYano et al, 2006) Z i L THR#FL 1= (LEFL2020A13, NBRP) ., 5&
2R DNA /70— % HRELT.2 BOERFHENT A7 —
CD2AS-F: TTTGAGCTCATGAATTTTGGGGGTTTTCT, CD2AS-R:
TTTGGATCCTTAGCTTTCGCATTGAAGTG Z# R\ T, BisREE %
PCR TR 1=, B1EET A (X FIPREEZR BamHI, Sacl TIHIEL.
MiniElute (QIAGEN) TH® L=, /N1 F1)—R U5 —pBI121 £ F 1=
BamHI, Sacl T;H{EL . Antarctic Phosphatase (New England BioLab) T
DNA RimgZft ) v EIELT-. BRELEIN-AIU2—DNA %.
QIAEXII Gel Extraction kit (QIAGEN)ZRAWNTH R L=, FBildht-
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PCR B Fr & pBI121 (% DNA Ligation Kit LONG #FHW\TSA/ 45— 3>
RiE1To1=, S LI=a> XSRS pBI-CD2-AS &L 1=,

pBI-CD2-AS [& Agrobacterium tumefaciens GV2205 [Z freeze thaw
method (An et al, 1988) TE ALtz AV AR IMIT T ANITID L
EIZ&L ST, Micro-Tom [ZEEALT=(Sun et al, 2006) , 2 B Exifa L f-4E
ML, 100 mg / L DAF A% &L Murashige-Skoog (MS) 1 b
T CERFITL. BEEHRAZEH L1 Cytofluorometer T 2 5K
ZERLI-. TOHAHWNE T HARZ LD FERTIZAL =,

B TF R

CD2 BEEFOHRBBITIIENADIR, . €. BZAR. FARHS
RNeasy Plant Mini Kit (QIAGEN)Z B T2 RNA Zi#hH L7-, cDNA
(% 1ug M2 RNA &Y ReverTra Ace gPCR RT Kit (TOYOBO)Z#MAT
ABRELT=. RT-PCR [ KOD-FX ZAWTH—ILHAI5—ZLUTD
EHTEESHET-;94°C2 49T DNA ZEtEf%, 98°C10 ., 59°C30 .,
68°CL 5% 30 Y1)l HIBLELTEMBTHIELTLVD ActiniEIEF
ZLUTOEEFHENTSAY—TCHBIESE1:;

Tom52F: CCTAGTATTGTGGGACGTCC

Tom52R: TAGATCCTCCGATCCAGACA

CD2E{=F D cDNA #1188 T 51-OIZ. LD T4 —Z ALV =;

CD2_1928F: TCTGGGCTGTCGTTGATGTA

CD2_4775R: CCATTACATGAAGGCCCATT

REEBAKIZEITS CD2 BELFHFIOEEVNERET H=0IC,
CD2EEZFD SSUTREZELUT DTS4 —% ALV,

CD2_106F: GGATTCGTCCTTGTGTCTCCTCTACCTCTC

CD2_743R: CCTTCATCTGAGTTCTACGATTTTG
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CD2 EIZFD mRNA DERFE(L. QIAXcel (QIAGEN) TigigEh
= DNA BRFOE— DOFIAIFEL. Actin Bz FDOE—VDSEITxt
THLEERFEHLTHELS,

20O/ EBOBIE

/nA74)LEEIE Porra 5D FEIZE DN TIT-72(1989) . 100-200
mg DRERAL-EDOM A ZEENTHIELTWSEGLE RN T
)G LTz, EDBTH & 3ml D NN-DAFILHRILLTIFIZEEL, 4C
T—HEEL-. EO/AO0TLEZIFUTOHA TRELT:;

Total micrograms of chlorophyll a = 12.00*Absggs-3.11*AbSs47

Total micrograms of chlorophyll b = 20.78* Absgs7-4.88* AbSgs4

¥ RROKSH E:RMEFE

MEEBRADESLIVRED KN EBIEEFFHT 560, ZHED
% (Kimbara et al, 2012) \ FILA 2T JL—(TB) TR E{To 1
(Tanaka et al, 2004) , ZFEDBIE TIEED YT T DRIIZ. [FL
ZRACSHE B2 500 mg/L D7 TPV (ABA) FEIZHERALT=. 5
BMORBALIFEESLTYUF L, 25 COREEHIZT 0, 1, 2, 3 Bk
DFEEZRTELT-, TB TAME, E% 0.05 %D TB /KARIC 1 B
BETHILTIT oz, MO EXBUKENEBH THLM=0H. 0.05 %
@ Nonidet P-40 % TB /KARIZHM T LT=,

REDOEBEL. FHARZ 40 C.EEEHIZTO, 1,2 3, 4BEOH
BEFRET HIETIToz, TB TAMIRARERANT, EOEERE
RIHRICERLT=,
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kA nE

REDYFITEIL. Buda et al ®Fi% (2009) IZEDLVT SudanlV £
BEITV.REZITo-. BBREEFEME (TEM) ICELHHEIL.
Kimbara et al D ;4 (2012) IZE DV TITo7=,

K& BREDRIE

ELICEBRALEZEDSL. RVEVEEZ RS R- BECATEEE (LI-
6400XT, Li-Cor, USA) ZRWLV=BIFEIZHE L=, XEREE (A) . [l
AUF YRR (Gs)  ZREURE (E)F 9:00 M5 12:00 FTOREIZHERK
ASAEFERZE (PPFD) AY 0, 50, 100, 200, 500, 1,000, 1,500 pmolm™
ST DEUTTREEIT o, BIE DR, FAEEEILX 70 %. CO, B
(X 350ppm. EERE (X 28+05CHNRBEHFL -, KFI A=
(WUE) IZGEERRE A) / GREUEE E)ERODEICE>THEIHLT -,
AS38 M T1 % CD2 B FRITMHRFEL TALV =,

K[ABEDRE

BRALE-EZEEREFIEMER (SEM, 300 f&. TM-1000, Hitachi
High-technologies, Japan) Z AL\ T, iR L1=. 5 EEXDEMHEN Y
TV GL-EEAVTREA. BEEDIC 0.36mm° DRBEHEHRELI,
AS38 O T1 % CD2 EinFRBEMH RFEL TR,

HEEHARAT

METERITIEXD)—VYTb07 R ZRAVTITo -, ZHEOFEHED
LEER (E . 9 EL HT (ANOVA) . RINT Tukey HSD ICTZELEE (p <
0.05) &4To7=, 2 BRI DLLE (L t REICK>TIT otz MET—RIEFE
HES SVRERZE (SD)ZRLI=,
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2-3 BR
pe lg BEFDI7AIVELT

BEDXHERTIE. pe & Ig [FDEET HTENMESN TSI EITIMA.
PE 355 1 RBADORBICERETHENREINTINS, —H. F 1
BIZBIT5HEDFER.KGMI2 D pe & Ig ITRI—DERFLHMERE
THAENTESN TS, AR THON-HRZRIET 510,
pe lg ZEKX KGM42 EHFAERRML O EXREL. F DBEHZEE
HLT=, 334 AN DED F DBEKE DS, 82 EARMNKRKEDE,
SEORREWDHBIF pe lg DRFEZRL-. Chbod 82 EKICxt
LT.KGM942 LLUFDEITEEARHON, F 1 RBEADRREIC
EEFT S 3 EADOY—h—(Table ) ZRAVWTELGTFEDRIAELT#1T
ot=, C2_At2g38730 (92.5 cM), C2_At3g04710 (95cM), SSR222 (97.5
cM)D#EAMEZ fi (X ZHF 4 0.130, 0.154, 0.154 THot=o ZD1=8.
pe lg EDREEEFIE. C2_At2938730 KYLEIRARIIZHZEM
BASMZHoT=,

PE LG BIzFEI7AUIVELT T 516 KGMI42 L5 1 (K
DHEFEEMND 92.7cM ETHHEEAY S. pennellii DEBIKICEHSINT-
IL1-2 £DREMDRF/FoNT- F, DREEMZ/ERLT-, 1,600 X 5H{E
RERBELAER. pe & Ig [(EFZLITEEELTHY. 336 BAD pe Ig iz
BERTEENEONT, Cho®D FEKISHLT, 5 1 264D 55
M5 73cM ETIZEET S 12 @D Y—h—(Table 4) T, BEZFE D4
AEL T E1To1=,

ZDHER . solcap_snp_sl_100409, Solyc01g091500 1, C2_At3g61140,
Solyc01g091720_1 & pe Iy HE LT EITEHE Lz, KYAFEN-FEIE
X.5E 1 2BEEB®D. 462.3kb O FEE TH > 1= (Fig. 16) , Sol
Genomics Network (SGN) TRARSN TWSIFIRIZE DKL, ZDFEE
[Z1& 56 {8 D open reading frame (ORF) MFEHET HEHERIIN TV =,
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ZFOHIZ, VFITBHRICES L TWSEEREF CD2 Bl FMNFHE
LTz cd2 ZERKIF. VFUDE BN FERETELY, KDE
BENEFRLTNS, ELVSRTpe lg ZEEAFREFALL TS =6, PE L
LG [ER—EFTHY.CD2 BIEFDNEENEDRBAEDEETHS
CENTREEINT-, CORREREES 51=. CD2 EZFD7/ LEEF
% KGM942 LU FTHELIZESA, KCGMI42 [ZTHENVT. 8 FEENDT
JIDNZ 1 IBEDOEAZRE L= (Fig. 16), COEAIZEST., LIED
MEFICTL—LITIAEIY ., TE/BERIINEELLGY. 662 FEEHD
TI/BTEIEIRVABBETHIENFRIESNT-,

fRIZ pe & Ig AY CD2 BIFDEEICL>TEIFRIINDET BHE.
CD2 BIZFIIEELREOMATRELTWSIET THD, COIEEE
ST 51, KB SHE L= RNA ZHULVT RT-PCR 21Ty, CD2
BIEFOESOAREHERALLER. X REEZECIATOMBT.
CD2 EEFDRERBEMNEBDHLoNT=(Fig. 17),

T7AIIEDT DFERE RT-PCR DFER KLY, pe Ig F2&E L. CD2
EEFO LIEEBANRETH L LN BEREINT -,

CD2 EEFREMNFRBICHS THENORERE

pe lg ZERERDRBEETHS. EORBRBLEESLUVREDIFIS
BXRIEMN CD2 Bl FOHIEICK>TEIETHIINSIELEEIT 51
. TUoFEUREICEHS>T CD2 BEEFRRMFIRMEELLZ. &
it 18 O EEBMAEELL. TNTLD CD2 BEEFORERLANILE
TO R THFELT =, Fig. 18a [ZT7RLT=KIIZ. CD2 Bz FDOHRE=IE
AS12, AS16, AS17, AS18 TKIBICHAL T M=, CNHDRFD S5,
AS16, AS17, AS38 ZLIEMEMIZEMLT-, fFohi- CD2 BEIzFH
RINEIRMIEIETERBICEBL. BELEIN TV,
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CD2 B FHRIFIMFRMDBNEIL., pe Iy TEAERTHS KGM942
LRIBRICHRZEEZLTLV = (Fig. 18b), CORBE DRREERT 51
H.ED/OOTILEETAEL =, FEER D Micro-Tom &HIH Rk
DT, 70074)L a DEEFEENEN A, VOO b DE
E&. IHRFETHTMNIE M o7 (Fig. 19), —AH. HULFEIZDT
(F. AR ERRGI R CTEDORBICEEZEGE IR SN G o1=1-8
(Fig. 18c) . N RBBLLDIRFE (T LBV EIZRON SRR
BTHAHRREMENH D

cd2 & pe lg ZERKIL. IFISBRBRASDERVERICHEES
ZBIEDNHESN TNV =0, RIZEDIFISBOMEEEE TEM
[CE>TEREL=(Fig. 20) . EORETIL, SMUDEFEEDELE
tgMcuticle proper 1NN EFr AR LHIFI RFDE TEE M A DN AL (Fig.
20a-d, BRE)—A. RAOEFEENSWNIFISBTIR,. BER K
L) EHNFIRFED (ES5HVE <> TLV = (Fig. 20a-d, BXKED) . LAL. ED
ZAIIZHULTIE, cuticle proper, 7F ISR ELIZE AR EHKIBINHIR
HTEEERoNAD o1z (Fig. 20e-h, BXE1. BXH),

CD2 EEFHBENHRMODEDIFITEICEITHEEINKDER
HICEREBLTWAILERIT 50 BMEDAEL TB TALEE
ML=, ZREZTAE S DAIKADHAEZFET 5702 ABAIZE
HUEBE{ToTz, ZAMEZHER D Micro-Tom & CD2 EzFHRIHN
HRHTLHERLI-ECH, RBNGIRFDZATRZIL Micro-Tom KYE

EIZZho1=(Fig. 21a), BIZ, TB TAEITo1=EZ A, Micro-Tom
[FELEBRINGH > -—7H, RBRIIFIRKEOELFEZICTBIZEST
Fenht=(Fig. 21b) . COTEM D, HBAFRK T, SHEBDKBE
=B ZICNEHEBICIZET S LML G STz, S DFER ML,
CD2 BIFHRBMFIRHKTIE. EDVFIIBDKIEBENLEFL
TWW5EWLZ 5,
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CD2 B FHBHIHI RBED KT ARy

REDKDPEBEN LR TEHIET. AERPCHRAMMNEE LS
(T DA REE DRI ST T=8D . LI-6400XT ZFHLVT, XA BEE LK
FIASIEDBIEET o= BIRRENIEIC. AABRANAEFREE
(PPFD) A% 0 A 1,500pumolm %s ™ D& Tl&, Micro-Tom & CD2 i&
EFRBEINFRHEOBTAERREICERIR oG, o1 (Fig.
22a) , CDTEMND, CD2 EEFOHRBRIGIENERENIEEES
AW ED D 5Tz, LA, CD2 BEIZFHRIEIH R TIL. FKEUE
ENBEIZEE>TUL = (Fig. 22b), Thz . KFIAZIZEIL CD2 &
EFHRRMERFETETLTLT=(Fig. 22¢) . GH . [RFALOEE(L.
CD2 Bz FHRIRINH RM THEEITIEA o1= (Fig. 23),

CD2 BEEFRBRAFHRMKICETIREORTE

CD2 EFRBEIMHRMDREIL. Micro-Tom ELEEL T, ZRM
HY . ROFRBZELTUL=(Fig. 24a) , AT, HIFIRHETIE. REDH
FHSEAEL A>TV (Fig. 24b-e) . ETlE. CD2 &5 F DRI
LT, KDFBED R LI HRBENGEESNT-. £_T. BE
[CEWTLKOBBMEIZONTEFHEZ T o= TDHER. CD2 EEF
FRIFINFIREE ASL7T DREDZEEREIE Micro-Tom EEMNEMN DT
(Fig. 25a) , EARIZHNEI R M AS16 [E. BIRMEFRELEN Micro-Tom
EEMGEHST=(Fig. 25a) , CHLDFER (T ETHLON=-FER (Fig.
21a) EIFRGDMERZRL Tz, T, TGRARZANT TB TAMEAT
2F=&C 5, CD2 B FRBEIGIRMD A . AARVMRIZ TB AN REH
BAIZEBL TSI ED o1 (Fig. 25b) ,
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2-4 BE

AETIE.pe lg BEDRAELEO>TWSEEFDORIEZRA=, KY
AFENT-EEIL. 5 1 E2BARBID 462.3 kb LN DB TH>1= (Fig.
16) . BERFEBIEVF IS BORKITEEELTIVS CD2 Bl FESE
ATW =8 . CD2 BIFHEIEB DT/ LESIZHEF L=, TOHER.
Nadakuduti (2012) MERELT=&S(Z. pe lg EEAD CD2 E=FDER
REBEIC, TL—LSTREBIEFREIT 1 bp DIWALFER TSI, £
T. FEE D Micro-Tom T, CD2 Bz FDHFIFHNHI R#HEIELHL (Fig.
18).pe lg WEZHBHTELN DIRFEZEIT o=, CD2 EIEFHEIRINE
R#FIE. EITET, ZBE. KR EREMDN, REIZEWVTKS RS
A ERLTULV=(Fig. 21a; Fig. 25a) . KD B BEN LR T HRITE
(&, cd2, pe lg ZEANA THRKICHEZESN TLVS (Isaacson et al,
2009; Kimbara et al, 2012; Nadakuduti et al, 2012) , CD2 ;&= FFIZ I
HIRHEE ., FFERD Micro-Tom LYUELHT DIZKFLOEADEM o1
(Fig. 23) . CD1=8 . MHEI R TIX. VFVFZEEA Micro-Tom kY%
ZWEEZAD. TN ZIC, HIFH R D KFI AR RISELGZ>TLVE
(Fig. 22¢) . LML . EERBEN ITHIFIRFEFERRRTERILRS
niEm o=, hlE Micro-Tom DERHI/NVIT SO URIZEWTIE,
EEBEICHTIRDEN T2 THY . BALDKSHIEH . HIHI R
[CEVWTELREL TS =HTHAHEEZ D ENTES (Fig. 18¢) .

CD2 EIFHRBIHRZMORERFIREICHKRADY ., VFIIBN
EEO Tz, TIE. SRETO cd2, pe Ig EEARN TR RBRE—
L TL 5 (Isaacson, et al, 2009; Kimbara et al, 2012; Nadakuduti et al,
2012) , LWL RENBENKOFBIZEELZEIX. SETOEER
DEMTIERESNTOED, COKIIEEVIHBEIN-EH TR
BATHHM ., SEMEHL- CD2 EEFRIZINHIRHMIL. FHIHZ
ROENLDEMETICAN-0. RRBEICENHT-FTREMENHD.
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CD2 B FHRBIMGFIRMOE L RikBE THo1= (Fig. 18b) . Zh (&
pe lg ZEADKRBFELEILTHY. /RO EEITEVIRoNG
Wiz (Fig. 19) . FURIT7ZUDORETHDAREELNF W
(Nadakuduti et al, 2012) , E£7=. pe lIg ZEAKELRHIZ. HRIF RHFD
BEORBTREIFIIRBDEENEL-TEY, CD2 Bz FEiHd
LT, BUBIF IR GEINGE T EMNRBEINT -, —
A EOERIZOVLTIE. MFRRICE O CTHELGRBRAEAALNAG
Motz COTEITDNTIE, TREEFE CIIBARELBRE T HENTET
WgELV=8 . % EORBIEEBITOFIIBOBECHEBERTT
BLENHD, BIZ.CD2 B FOEE. HAHLIFHIIMHIIL. HE
DKNIBOTEBICRERNITRET DEVSIRBEERLEN, —F
T.EAREITOVWTIEH FERLFEFN., TNZOPLELLANILTH
21=(Fig. 25), CNHDFERIX. CD2 Bz FDHAEEZRET S &K
BKDBEBENDEEL. FELHBICESTEGDENSIILERE
LT3, §#&.CD2 BIEFNIFIIBITHLTIEER, £EMICE
DIIINFELTLLDN . F=IOFITBRRICEDLIIZHFELTL
500, BOMZTEIBLELH D,
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Table 35279y S Iz AN -7—h—

Map Position . . Forward Reverse Anealing Restriction
Marker ID Genomic Location
(cM) Sequence Sequence Temperature  Enzyme
SL2.40ch01
C2_At2938730 SGN-M4700 92.5¢cM 29361300. 79366355 AGCGGACCAAACACTAATGGATG AGCCACATTCTCAATCTTCCTGAC 55 Alul
SL2.40ch01 i
N-M7614
CZ_At39047]_0 SG 6 95.0 cM 70886766..79897350 AGGGTGCAGATCCTGCAATACCCAG GAAGTTCAAGTTGTAAATATTGGCCAT 55 Ampllcon
SSR222 SGN-M895 97.5¢cM TCTCATCTGGTGCTGCTGTT TTCTTGGAGGACCCAGAAAC 55 Amplicon

ID [ SGN T—AR—XI[ZHITEH5Y—H—D ID 7R3, Map position [&, EXPEN2000 &Y 5|FALI=ZEANEEIREMDOHIE
Z#EALTLY%, Genomic location (&, Y—A—MEFE S HMELIEZ RLTLVS, Anealing temperature (& PCR Z1T2[ED 7
——1)> % B E . Restriction enzyme [SIEIEET FZ L8 SN CTLO\SHIREB R CUIMT 5L TEE DBRHEAAIRETHASZLE TR
LTL Y%, Amplicon [X1E1E DNAMIF A XD ETEHENRBEAIRETHA_EETRT,
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Table 4 274 vE LT IZAWN-v—h—

Marker D Map Position Genomic Location Forward Reverse Anealing Restriction
(cM) Sequence Sequence Temperature Enzyme
C2_At2945200 SGN-M7525 92.5cM 521218470(;:7'1 ?? 17 6494466 TCTAAGGATCTGAGTATGGAGATACTGC ATCCTAAAGTTGGGGAACCAGCTTCT 65 Taq |
SL2.40ch01
C2_At3g60740 SGN-M8106 95.0 cM 26562622 76563518 ATTATGCAAAATTCTTTGAAGAACC ~ GATAACCCTGAAGAAAGAGATGTTGA 55 Pstl
C2_At4g00090 SGN-M8138 97.5cM SL2.40ch01 AGATATTGGCCACCACTCATGGTTC ~ AGGCGACCATGCCATGTCCG 65 Dpnli
- 76711370..76720744 BstYI
SL2.40ch01
C2_Atlg48050 SGN-M6818 58.0cM 76756682 76759060 TGAAAGAGGAAATAGGAGGATATGAAC ATCGTGACTGGCGATATATTACGAG 65 Taq |
SL2.40ch01 .
solcap_snp_s |_ 100409 76783782..76783936 TGTGTCAGCAAATCGTCTCC TTCTTCTTCAACTTTGCTAGGATTC 60 Seque ncing
SL2.40ch01
Solch ]_gog ]_500_1 76904 gc 08..76889107 TGCTGTTGTGGACCATCATGAG GGTATGATTGAGAAACTGACTCCT 60 Dral
SL2.40ch01 .
C2_At1965520 SGN-M6963 62.1cM 76888730..76905911 gﬁéﬁ?ﬁf&fﬁ%ﬂ%ﬁgﬁi&e TCCCAATTTCTGCTCACCAATTCTTCA 55 Amphcon
SL2.40ch01
C2_At396]_140 SGN-M8141 62.5cM 77007283, 77009949 AGCCGACGAGATCTACGCCAACG AACATAATTCTTAAATGCCTCTCCAAG 60 Haellll
SL2.40ch01
Solch 1909 1720_1 77078822..77079332 CAGAGATGTGACATTGACAACTTG CGTCCTCTGACTTTCACATAGTC 60 Scal
SL2.31ch01
C2_At2g45670 SGN-M7533 68.7 cM 17046071 77256394 ACTGGACATGCTGTTGCAACTGC GTTTCAGTCTTAAGACCTTGAGGAAG 60 Taq |
SL2.40ch01
C2_At2¢45620 SGN-M7531 69.2 cM 77331455 77336439 AAGGATGTTCAAGGAATGCCTGG CATATGTCGCAAGATATCCCAGTT 65 Dral
SL2.40ch01 ATATCTAAAAGCCAGTCATCTTGTCTGT ;
C2_At2g45910 SGN-M7538 73.0cM 77870564..77872958 GATATCTTCCATGCTCAGTGGTATAT /0| CCAGGAATGGAGGAAGATGAGAGC 55 Amplicon

ID [£ SGN F—AR—R[2#1+57—h—0 ID %579, Map position (&, EXPEN2000 &Y B| L= & ADEEIEE# O KIE
AL TL 5, Genomic location &, Y—h—hERT 2B EFRL TL S, Anealing temperature & PCR #1T5MED7
——1)2 4B | Restriction enzyme [Z1ZIEHT B £ R8N TO 2 4IREETYR T 2L TSR DR TR THI-EET
LTLV %, Amplicon X118 DNA BT B4 A XD ETE R AREATRETH D EE TS,
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£ (S. lycopersicum) T:RLTLVA,

54

ele: &&Ba



AXNREEE

(CD2/Actin ratio)
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0 |

(2 ‘ﬁ% 5'1",.‘

Fig. 17 HEM@EMEEICH TS CD2 Bz FDORBEE

2 RNA MHE B ENT- cDNA ZER EL T, Actin 8L CD2 EIEF
#HEIEL 1=, CD2 BEFDRERITLAJLIE, Actin B FEEEELI=M%t
HZETRLTWS, BEEDRIFIZEREEZTT (n =3), BLH5E57 /L
T7RYREED Tukey HSD BREIZKYEEIKE S THEETHAZE
RY
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als

HEERE

(CD2/Actin ratio)

Fig. 18 CD2 Bz FHRIIMHIRHKDIEH

(@) CD2 Bz FHRBRIMFIRMKIZHITH CD2 B FDRIELNIL,CD2 &
EFDFHBLANILIE Actin B FORBEELLEBELI-HEMETRL Iz E
EDRIIIFLEREEZTRT (n = 3), BLGETILIT7AYMIZED Tukey HSD
BEICEYEEKESNTEETHSZLETRT (ANOVA RU; p < 0.05),
L) EH L) EREAD Micro-Tom XU CD2 BEFHRBIMNE R, £
HY Micro-Tom TH AN R AS38 TH 5.
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Fig. 19 Mico-Tom £&U CD2 BiEEFRAEAMHRKO/OOD4LE

=
EEDRIFIZEREETT (n=5), RGBT ILI7ZNYMIED Tukey
HSD REICKYVERBKE SUTHERETHDAEETT,
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Fig. 20 Micro-Tom & & U CD2 B FHRIEMNGIRKDOED R KM E
(a-d)EDKRENDERFEEE, (e-h) EDEED K EWIE,, Cuticle proper (&
EXH. 9FIZRBIEIAXRMNTRLTNS, R —)L/ \—I[& 500 nm Z7RL
T3,
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Fig. 21 EDKHZE:BEY

(a)Micro-Tom & CD2 B FHRITIMHFNRFKICH T EHWEEDRA R, EE
DRFIZEREETT (n=5), REIEHH LTV BRDTILI7RY
MEZEMD Tukey HSD BREICKVBEBKE SHTHEETHHILETRT,
(b)Micro-Tom & CD2 ;B FHIRMENZRIED TB KiBRKICKEFE R/ \F—
V. BRMOBANKRE. EANEEERLTINS, R7—JL/A—[F 1 cm
THb,
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FHERME CD2 ECFEEINHRMKDQNLEHRE (b)ZAEK
RE (C)KFARE, BFER RHEL T Micro-Tom, CD2 iEnFH
WINHIRHHELT AS38 ALV, EEDRIFIZEREEZTT (n =
5)e TRAYRVISENMtREICKYEEKE SUTHEETHALE
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Fig. 23 Micro-Tom & CD2 iB{nFF IR HI R ASB DRAFE
FEEDRITIELEREEZTT (N=5), BHDTILIT7ZRAYRIEM Tukey
HSD BREICKYEEKE S UTHETHDIEETRT,
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Fig. 24 Micro-Tom & U CD2 ;BEEFRENHRMOFRE

(a) Micro-Tom £ & U CD2 ;&= FFHIRINH R #K (AS16, AS17, AS38) DR
4518, (b) Micro-Tom E3NFI RO RKEWTE , R4 —IL/S—I(@) 1 cm
HEV(b) 50um Z#RrLTLVS,
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Fig. 25 Micro-Tom & CD2 BEFRBEAHRMDRRIZE1TH K5 BB
%

(@) Micro-Tom & LU R #k (AS16, AS17, AS38) DREICHITHHEE
DFLER, BEEORIFZEREZEZTT (0 =5), REIEHHETLIZTL. £
BT IVITFRYNMEED Tukey HSD REICKY BB KE SN THETHS
Z&EETRY . (b) Micro-Tom & KU R (AS16, AS17, AS38) DEREMD

TB IKBRIZKBERBINI—2 A7 —)LIA—[E 1ecm ERLTLVS,
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E3E CD2EBEBEFOEENRERBEMICEAIEE

3-1 #&

FE1ET. ;b pe ZEKRGFESLIVREDIVFISEBICERENE
CTWWBIEFHALMICLIZ, BIZ. 5 2 ETIEID pe Ig FEE Y. CD2
BEIRFEEICETS VIEEBAICLYSIEFEISN TSI L, CD2 &
EFOHERBEEHTHILET pe lg BENBEHINIEEHRE L
CD2 BinFDEE-MFICL>TEIFRISNAELRFE (T, TH &
UREDKSEBELER. BEUVIFIIBDELVNELTHO=.
DIFIIBDBLIZONTIKR. VFU . TVIADE ., ARDELIC
EIHAENGIN TN, cd2 ZEERDRERIZEWNTIE, VF %18
BT DELERDTHS 10, 16-CEFAFIATHTHUEMN FERL
B L TELCGRA LTS EITmMA ., DY IRIZEWTIE T ILAUN
AL TL = (Isaacson et al, 2009) , F1=. pe ZEAXTHRHIC 10, 16-
TEFOXIOAXTYTHUVBORONERSIN-L. ZR LS DB
B, 7z TAISVAR TILAVIZOWTEMRK . EHNELTNSS
EDERE SN T= (Nadakuduti et al, 2012) . 5 1 ETHLONTFER LY.
pe lg ZEED Ty A ES5 O total ion chromatogram (TIC) &, Bp4E !
DERJELBLTRELGERFIRONGON—A JFVEZIZDOVTIE,
TIC D/RZ—2[ZDNT, REGEWHNAHALNEENALNTH D, =
NoDFERKLY.CD2 BInFI&. ERGIFIIBRA. HICIOFLD
ARRICHLTEREGHEEZES TS EEZOND,

—7.CD2 BIEFDEERRIELRRDIFISBMRICEENHD
CEIFBALHEA REUSNDOHERICH THREAEICOVTIE. IhE
THRITSINHINGEN, TVIR VFUEERT 7 ISR KD
NERTREREM M ERSH ., EZRAYIRIT THEMRERALILE
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SNTUL, ZDF=8 cd2, pe lg ZEEARTEHESN:=VF . TIIRE
B DDEL . RELIL EBYEDEER. OVTIIREORHTS
VORI EEEZHAREMENEL. TP AICRER LN DORERIZHL
TH. KHEVHEBROE NI STLSAEEENEZ OGNS,

FRRDREL, AARO—LARDETILHMHO—DTHY ., — KK
HEY. CRRBEYOERIZONT, BLOHMENEET S0, C
DHRRICRELGMH THD, T T . RKETIE. pe lIg ZEMNTFDOE
ERDICEDLIGEEEFZZTVAINFAET S0, KFEMDRE
R ZIT o1

3-2 MHEBLUAE
HEYH #

% 1 ETHUW=#EFERNT M (Solanum lycopersicum) @ pe lg ZEEK
KGM942, B4 B 2 #ft K091, RC17, Ec-1 ZLAED S #TICE L=, 4E
WIRILBEETHEEL, BEILA b 24-28°C. R 14-18°C THEFF LTz,

KEEDI
M AEICONTIX, BERO Appendix [Z5EE LTz, ZZTIE
FERRTVIDOHERHLT-,

Yo7 IILEAE

YT VIR RROELGLHEMELS 10 BOREEY LTIV
LT.FARORAZH 1 g HEWMLT. DLa=7E—X(YTZ K—
L @5 mm, Zyhb—)ZANT= 2 ml DFa—TIZTAN. EOHIZK
ARERTERES B, YUTILIEMRE . REFIRET o, IR
H=HoTILD55, 2 mg% GC-MS, LC-g-TOF-MS S ~EEL71=,
Ff=. 7.5 mg ZBEE 2 H. HPLC ~tEiL 1=,
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GC-MS [@lTH4o 7L ER%

RBRSE =Y TILIE, 1 ml /Ny T7— (A2 /—)L:ya0k
WA K=3:1: D) TRESLEODABELTLEBFEHLLF1—T
CHRBSE.EZESIE -, £ 0% . N-Methyl-N-(trimethylsilyl)
trifluoroacetamide (MSTFA) [ZTEEEA LS E 1=,

LC-MS mI+4> 7 LA

RS E YU TILIE 30 BEDHME/ AV T7—(A2/—)L: K=
2:5) I TIRESLEDDBELTLEEZHLLF1—JIZBEHIE,
BIZ0BEDAR/—IIVERBD A>T-Fa—TIMA ., #EETo
foo SN YO TILIE RS ET-&. 20 %A%/ —ILITERS
7=,

BES&LUHOT /ARG HREITY T ILRR

ERSE YT )ILIE, 1238 pl OHE/ Ny T7—(U0AR)LL A
2)—)L=1:2,01 CITFIIERAFIRLIV)FTRESL, ED
DELTLERZEHLOFL—TICHBEISE, BIZ 526 ul D 50 %40
O/RILLIKBRERMLTAF "= Tz, YO TILBRITED
DEL. BEHEERRLTEESE ., R TronRiLL : I4/—)L
=1:1DBFR(CTFILERAFIMLIVED) ITERESE T,

ST

GC-TOF-MS, LC-g-TOF-MS, HPLC DR EHIZDLNTIX, KB
@ Appendix [ZE¥FHIZEERE L=,
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T30

GC-TOF-MS, LC-g-TOF-MS, HPLC M585nt=F—4DNE A
SEIZDWTIE, KE®D Appendix [ZEEiZREH L=, Bonf-T—4%
[%. MetMask (Redestig et al, 2009) WL\ THELTz. £ETDT—4
(. LR DERTIZAVDRIIZ, EOT 22 MEMEL, ERI ML
LTH|RADEKIIZ log, HBHULNE logo S E -, TS 7
(principal component analysis, PCA) [&£. SIMCA-P+ 13.0 (Umetrics
AB, Sweden)ZALVT logy o BHELI=T—42ZHALVT, £B1% 40 4>
TV, T 2527 E—YDFEHICTIT o=, BB DT HED LLERIL.
SERDHT (ANOVA) . RUNT Tukey HSD 3RICTEZELEE (p < 0.05)
Z1ToT= BIET —2ETEHES LFVRERE (SD) ZRLT=,

3-3 #E

HFERRHELBELT, cd2 ZEARTEHRRIZBVT, BEMLLD
DFIIBEBRATDELHEARMNEILLTNAIENMBNTINS,
Df=.cd2 EEAETIE. BERBZELOHLETIRENDORBEY
DE-MHAREFEEILLTWSAEEELH D, T2 T. INETIZZLD
MRDEBIHLINIFRRRORAZANC BE., I7R/AR. T
A7 IIABAR, ART/AF ZDMD—RRKBEYDAFRS/+TA
T7A) T ETotz. ELI-RTEIL CD2 BEFICEEDH D
KGM942, BRI R ThH S Ec-1, RC17, K091 TH5, HERRHD
EEMEBEMICOVTIE. ARXDE 1 EFSBINEL. B85
DI FI—T YRR TELGWN D, EoNFE—VDKESHBE
BOESHEZEHTHILETELGL, LHL. A—REED O R
DEIZDVTIELLEMNFEETH S,

FTL2ARDOEMZRET 56, TR 54 (PCA) EiTo1=, BiAl
{E (Observations) [& 4 ZRFENSE 10 YT ILERHLI=ZDTEET 40

67



&, ZH(Variables) I EEKXBEDNILEMEELETHE—Y 2,527 ET
0o, BONTMERELLIC.E L THHESE 2 TRAICHITEHT
VDR FERIRIELT= (Fig. 26) , F—RMADIESDE IV Zh
ThORMEICBAELELNALONT=, cd2 ZEAKRLFER 3 R,
£ 1 XD (FEE 0244) LTHREL=. F- 58 2 TN (FEE
0127) LT . HEE®D 3 RN ENENSBLI-, SEMEL-RIK
[(LEEHESER— CEhhofzh. CORRKY cd2 BEEFNER
M. REORBEMCHADOEILEZRILIS. ELVSTENTRESA
T=o £ HFERD 3 BRI, EBERH/NNVITIVURISERT HHRH
EMTOT7ALDEVAHZLDOD, cd2 ZEEREFER 3 RfLD
BVWEBTTSIET cd2 ZERKICEEDEREZMTTEDEER T,

RAICIEEREEDRMEND S MFERERT (Table 5), RIESNT=
KBEEMDS5. B, o7 ILY)0—)L (DAG)34:3,. DAG 36:5
ZRTUNT A= LITDWTI BAERRFOM T BB R
[SERTSEENH#oNDL00HHEDD, cd2 EEREFER 3R
HOMTEYEICEEZDHDLEMEIALNLED ST, —F. ¥ElE
B IZBIL TIX. Campesteryl (6-O-palmitoyl) glucoside . beta-Sitosteryl
(6'-O-linoleoyl) glucoside. BIE SNz TDE/ AT IIWIOT LY
)208—)L(MGDG) ., PHSUb ILOT L ILT1)£a—)L(DGDG) . X
IWRF /RO TIILT1)£0—)L(SQDG) A cd2 ZEATHEIC
EMLTW =z, UVIBEICEWTIE. YV IR T7F2)Lal)> (PC)
16:0, ZARITF7F I IR/ —ILTZ2 (PE)34:2, PE 34:3, T+ RITF7F
OIWT)EA—IL(PG) 342, TARITFFIILA/b—IL(PI)34:2,
PI34:3H\ cd2 ZEATHEICE M oT=,

RIZ, ISRIAREXVT VAT ILAAARDELIZDOWVNTERT , 75
RIAREG )T ILAOARIE LT cd2 ZEFERTEZWMERNASN
f=(Table 6) . 7SR/ AR TIXEHEARTH S kaempferol-3-O-rutinoside.
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naringenin dihexose. quercetin-dihexose-deoxyhexose, JLF > M 1& 1NAH
Hot=, —A MILDRRICSEIZEFTFNG TV =0 F VT
—>A)Lar (Adato et al, 2009; Ballester et al, 2010) [DW\TIX. y ZEE
ZHT D KOIL TEADLGAF-LDD, DBFAER RIS cd2 TEK
DETEERFRONGEN >z, FUIATIILAACRIZE N TIE, FIFU.
IRILAVRE LUV ZDIREMHAIEML TUV =, BRI EIZ, T
A7 IIARCRIZENTE BILEEYIE PR FOULSMNI L TR
MHERDEEZ LTIV,

BE. 7R /AR. Y7 ILHAAFDDIFEREY. cd2 ZERT

BITEMLTLSRBMEDIL. BERADBEZTLILDNKREHT

HAHZENBALAIGE DTz, CDT=8 . RITHES JUHERL, #87)La—)L
WS- RERED R B EMIC DLNTHENZEITo1=(Table 7). Z DR,
WTIE. TEFLTILIYIV TISE/—RA FLVO-RDEEM cd2
EERARTHEIIEDN oz — A REDERZDI>5. KEBAZELDHD
TIVOF—R TNA—R[ZDNTIE cd2 EERAREF AR RFETERID
Ronhigh ot ¥, #E7)La—ILICDTIE, cd2 ZEKITFER
R LLEEL T, A5 vOTER. glucuronic acid-e-lactone, i) B,
HIOF/—ILBRFEIZZEN—FA. T)EUEE. myo-A /I b—ILIED
EMot=o RWNTHAT /AR D3 RY (Table 8) , SEID 737 TIE.
B-ARTUEIW)IEUAREEINT-, COFR T, JIEVIE cd2 TE
KIZBWTHARRKLIYLOPEENE M o1

RIZ, 7R/ BEFUVEHBEDOREREZRY (Table 9), EIKERN
EIT.7I/BEER. FAEYABRTEGRN/ VI I IV URICER
TREEHDILDD, cd2 ZEAKICHBEDERIIRonGh o=, B
BRI DLTIE cd2 ZERFIHFERRMELEBELT FMSURLFEY
BONERIZEVN—A. a7 ILRIVBEIE DI o=, TS/BE. B
BEICOWTIX, IEECHEREDRBEYELLRT HE. CD2 EIZFD
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FRIZKBEEI DI, T TNUNDRESH =R EEY
[ZDWTIK. TR MITRTIV TSR /LN REEY
[Zcd2 ZERAFICHENEZEZONSEERNAHLNT=(Table 10),

3-4 BE

F£1E ¥ 2ECRTHEBFN. EEFHGENTICEY cd2 ZE
KDIFISBIZIFZLVEENEETNSEARALMZGOT=,
NETOMRT, cd2 ZEARDORETE, FERRKELLRLT, /F
VDE-ERNKIEIC, TVIADE - A HTMIEIEL TSI E
H\FR S TLVS (Isaacson et al, 2009; Nadakuduti et al, 2012) , Zh i
DIEREI,S, TOMDOEERHHEN LT . EEKDORREIZENT
E- RN EELTOSRIREMENEZ NS, COTEZFIRIET 5180,
cd2 ZERALIDDFEHRMEANT. REDAFIRZATAT7A
T %1721 TR BESJUHEREORBMEYIC cd2 T8
KICEEETEVERBL -,

cd2 ZEADRESITEHASVMEE DB (Table 5) (. KKIF .
TYIREVSTIEENEET SET DIFIIEBMNELG I LI
ET 2aEEENH D, 151 MGDG &, DAG & UDP-HSUh—X.
DGDG I MGDG & UDP-ASUh—RMbE RS, SQDG (X DAG &
UDP Lk /R—A b B S 51=8 (Ohta et al, 1997) ., cd2 £E
ATIEX. DAG LT, IR RICZLORBEDHIRAL TS ETEE
HZETRET D, BHkRIC, —FBDUUIEEICOWTHEEMARTEMLTL
BiEmMNHoNT-(Table 5), BIOAREMEL T, ZEKICHEITEH5
FEEDEME, BABOEILISERTH5LDTHLHTREMELH S, O
DEEZEMITBESIZ, FTIE/—X, F2O—X glucuronic acid-e-
lactone, Yy HUVEE. ASUF/—IL.  ASVYAVEREVNSTEE LU
MERREABEYA . ZEMARTIZEMLTLM=(Table 7).,

70



BICZ, EERARTIHIIR/AREREARTHS kaempferol-3-O-rutinoside.,
naringenin dihexose. quercetin-dihexose-deoxyhexose, JLF > D& ANA
Hont=(Table 6) . 7R/ AFIELFIFBREIYERSINST=H. IE
FRBREFMIIL TEEREIND, SO0 EERKIZEITEHTIHR/AF
FEAEARDBMTATRL-REE R B OEILICER T S RIREMETIELY,
—AVFISIBDEBEELZEDLDN, IFR/AFHBICEEER
[FLTLDRTREM L DD, AR RMELLEL T, cd2 ZEMAKTLERY
ZLEENDITTIR/AREMEIKRIL. TR/ AR EE RO TiRIZA
ELTL V5 (Slimestad et al, 2009) , — &I, YRR EIZEIFEHTIH
JARRRRICERET ATV 7=  FIV7=Z0hLavThyY &R
RIZIZVEDIILFUNFET HDHTHS (Muir et al, 2001; Bovy et al,
2002; Verhoeyen et al, 2002) , LHL. cd2 ZEEDRERZIZEITHF)
TZUDEERF. FEERKLYLKIEIZE M 7= (Kimbara et al,
2012) o CDEMB, cd2 ZERADRETI. VFIIBA+RLBED
FULF =oAL AVEETET HICIEEL ARV FIIBIZA—REh
BIET THOREDFTIVTFZVAIINAVDTROKBED~ZIL
LTWAAREMEN HEHEZTELTINVD, HAHLVK, CD2 BEEFED
LD, IR/ AR EEHEEFEEEGIELTOSATREELH D,
DIEERFTHEIIT, A4 XFXFTlF CD2 EEFDA—vOY
Td5 ANTHOCYANINLESS (ANL) 2 s&inFlE. EIZEITET7 U7
ZUEBREBRAHAHENHmESN TS (Kubo et al, 1999)

FRFUDPIRILADRENSF=T)ATILAOARBET cd2 BEK
[CEVWTHERR KLY Z{EFENTL V= (Table 6) , cd2 ZEFTIEM
LTWISR/AFRE. a7 I hAARIEEREALEINTNST:
O ABLI-EXBHOEENCORBEDERD—ETHEHEEADL
N3, ZTNTHIEE. JVATILHOARHAEERATKRIGIZIEMT SR
RIEFETHD EFE. VAT IILAOARIEEICRREIZERE T HELD
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& M E = (Mintz-Oron et al, 2008) . &Ko T. ZEKIZHTE5)a
TIAAARIE VF ISR OBENGEILLERENHLEEZOND,
—7. REDEAMSTDI6. 25%E GDHDTINIb—R . 2% 5HD
TIN3—X, 10% L EZE ST /BRI HEHEL (Davies and Hobson,
1981) . Z DD RBEMIZOLTIE., cd2 EEAREFAER R THEE
HIERDEWVNTRSNGEA T (Table 9, 10), CDT=8 . BEE . TR/
AR )37 LAAAR, EEEDORBMEDIIBTIEEF. . cd2 £E
RIBEOLOTHEHEEZLND,
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sumkagome.M5 (PCA-X), pca_all . Ecl
Colored according to Obs ID (genotype)
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|
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Fig. 26 KBEM TR I7M LD o@/SNT- PCARO7 DETHE
TNEFNDEFBELZDYUTILERT . ELWAIK Ec-1. HOM@MA (X
K091, FRWLV=A(E RC17, D =ML KGM942 =9,
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Table5 cd2 ZREEFER IRHORRAIZHITAIEEMERK

Arbitrary unit (AU) =SD

Metabolite Method Ec-1 RC17 K091 KGM942
Fatty acids

Linoleic acid GC 3121 = 078 a 30.74 += 089 a 3026 += 047 a 3095 *+ 050
Palmitic acid GC 2530 += 095 a 2494 + 113 a 2439 *+ 064 a 2510 * 0.66
Acyl glycerols

DAG_34:2 LC1 -238 = 014 b -266 *= 0.14 a -239 = 019 b -225 = 032
DAG_34:3 LG1 -429 *= 016 b -4.08 = 024 b -461 = 0.16 a -3.70 = 0.40
DAG_36:4 LC1 =371 £ 017 b -425 + 008 a -392 = 014 b -392 + 042
DAG_36:5 LG1 -495 =*= 010 a -5.01 * 0.14 a -5.22 += 0.25 a -461 *= 0.41
TAG_50:2 LC1 -506 = 027 b -498 + 028 b -583 *= 045 a -525 + 086
TAG_52:3 LC1 -6.84 = 036 a -752 += 052 a -726 £ 045 a =720 = 124
TAG_52:4 LC1 =311 += 033 a -351 + 032 a -334 £ 059 a -376 = 097
TAG_52:5 LC1 -290 = 026 ab -263 *= 033 b -326 = 077 ab -3.63 =% 0.86
TAG_54:6 LC1 -350 += 038 b -438 += 043 ab -361 *= 063 b -452 += 1.18
TAG_54:7 LCH -253 = 022 b -280 = 037 b -292 = 073 ab -3.65 %= 0.96
TAG_54:8 LC1 -310 = 023 b -312 = 032 b -361 = 077 ab -405 *= 090
Glycolipids

Campesteryl (6'-O-palmitoyl) glucoside LC1 -414 + 012 a -3.36 * 013 ¢ -394 + 0.15b -3.18 £ 0.11
MGDG_34:3 LG1 -5.28 = 014 a -409 * 032 b -394 = 031 b -348 *= 0.24
MGDG_36:4 LG1 -260 = 021 b -3.74 * 042 a -355 = 035 a -171 = 0.58
MGDG_36:5 LG1 -2.65 = 020 b -3.26 = 039 a -3.32 = 037 a -1.35 £ 042
MGDG_36:6 LG1 -180 = 0.14 a -094 = 028 b -048 = 0.20 ¢ 0.27 = 0.15
DGDG_34:1 LCG1 -7.03 = 029 b -785 * 041 a -651 = 036 ¢ -575 *= 0.58
DGDG_34:2 LG1 -297 = 015 ¢ -3.80 * 034 a -344 = 024 b -251 *= 037
DGDG_34:3 LG1 -4.06 = 013 a -3.12 = 027 b -261 = 0.26 ¢ -1.90 *= 0.15
DGDG_36:3 LG1 -6.15 = 009 a -5.79 = 0.14 b -543 = 0.28 ¢ -4.11 £ 0.14
DGDG_36:4 LG1 -5.09 = 021 b -6.12 = 031 a -569 = 0.22 a -3.98 = 0.64
DGDG_36:5 LG1 -464 = 024 b -578 x 043 a -531 = 043 a -3.14 = 0.53
DGDG_36:6 LC1 -3.65 = 014 a -3.16 * 023 b -253 = 0.19 ¢ -1.19 *= 0.14
beta-Sitosteryl (6'-O-linolenoyl) glucoside LC1 -464 = 024 a -479 = 030 a -394 = 021 b -390 = 0.21
beta-Sitosteryl (6’-O-linoleoyl) glucoside LG1 -595 *x 0.15 b -6.12 = 0.20 ab -6.18 = 0.22 a -4.77 £ 0.28
beta—Sitosteryl (6'- O—palmitoyl) glucoside LC1 -198 = 016 a -203 = 025 a -145 = 013 b -130 = 0.15
Sitosteryl glucoside LC1 -463 = 020 a -479 = 035 a -420 = 013 b -423 *= 031
SQDG_34:3 LC1 -565 = 019 a -520 * 021 b -520 = 0.16 b -434 *= 0.15
Phospholipids

lysoPC_16:0 LG1 -533 = 029 a -538 x 019 a -498 = 0.21 b -434 £ 0.20
PC_34:1 LC1 -2.08 += 033 b -228 += 053 ab -257 * 024 a -197 += 040
PC_34:2 LC1 186 = 014 a 193 = 010 a 196 = 0.19 a 202 = 009
PC_34:3 LCH -024 += 015 a 059 = 021 b -021 *= 018 a 039 += 0.1
PC_34:4 LCH -6.42 += 0.16 a -573 = 018 b -516 *= 038 ¢ -514 =+ 033
PC_36:2 LC1 -178 = 018 b -199 += 010 a =212 = 017 a -1.72 * 0.14
PC_36:3 LC1 -224 + 035 a -215 += 042 a -192 £+ 017 ab -165 %= 044
PC_36:4 LC1 126 = 018 a 134 = 009 ab 147 %= 017 b 143 %= 0.12
PC_36:5 LC1 -0.30 = 0.14 a 046 = 019 ¢ -005 = 016 b 031 =+ 0.09
PC_36:6 LCH -392 = 021 a -251 = 037 ¢ -331 = 020 b -261 = 0.11
PE_34:2 LG1 -0.80 x 0.10 a -0.63 = 009 b -0.39 = 0.14 ¢ -0.20 £ 0.10
PE_34:3 LC1 -319 += 016 a -251 = 023 b -316 £ 016 a -241 £ 013
PE_36:2 LG1 -5.02 = 0.16 a -496 = 009 a -494 = 0.15a -452 = 0.13
PE_36:3 LC1 -6.30 = 035 a -6.22 + 026 a -516 = 025 b -541 + 052
PE_36:4 LCH -189 =+ 014 a -152 += 008 b -132 = 016 ¢ -122 =+ 015
PE_36:5 LC1 -394 += 014 a -320 = 020 b -376 *= 018 a -329 £ 0.19
PG_34:2 LG1 -6.26 = 023 a -6.48 x 0.19 a -6.30 = 0.20 a -547 £ 0.37
PG_34:3 LC1 =739 = 023 a -6.65 = 034 b -574 £ 011 ¢ -546 =+ 030
PI1_34:2 LC1 -346 * 015 a -3.40 * 009 a -323 * 0.12 b -3.00 = 0.18
PI_34:3 LG1 -5.18 = 021 a -4.76 * 024 b -522 + 0.14 a -423 + 0.15
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ETOT—HF log, BHEL =, RIBERBLDT IILITFNYMIED Tukey HSD &
EICKDERBIKE 5N THRTHAZLEERLTWS, KFTRURBEDIE.
cd2 ZEF KGM942 LFLER 3 RHDE THEEDHAHLDZERLTLVD,
B&E&: DAG, diacylglycerol; TAG, triacylglycerol; MGDG, monogalactosyl diacyl
glycerol; DGDG, digalactosyl diacyl glycerol; SQDG, sulfoquinovosyl
diacylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG,
phosphatidylglycerol; P1, phosphatidylinositol.
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Table 6 cd2 ZREEFAER 3 REDRAIZHITHI5R/4K-5)a7iho(4R#

34

Arbitrary unit (AU) £SD

Metabolite Method Ec—-1 RG17 K091 KGM942
Flavonoids

Kaempferol-3—-O-rutinoside LC2 -530 *+ 029 a -405 * 080 b -401 *= 072 b -136 =* 031 ¢
Kaempferol-hexose—deoxyhexose—pentose LC2 -446 *= 082 a -420 = 068 a -3.89 = 057 a -414 =+ 026 a
Naringenin or Naringenin chalcone LC2 -145 = 103 b -022 £ 1.77 bc -543 = 0.10 a 086 = 053 c
Naringenin dihexose LC2 -496 =+ 0.67 a -3.82 + 0.66 b -5.44 =+ 0.10 a -1.50 =%+ 0.30 ¢
Quercetin—dihexose—deoxyhexose LC2 -5.23 * 0.32 a -430 = 095 b -2.79 £ 0.76 ¢ -0.76 %+ 0.42 d
Quercetin—hexose—deoxyhexose—pentose LC2 -123 £+ 083 a -093 =+ 081 a -134 = 067 a -122 = 022 a
Rutin LC2 -1.24 * 101 a 059 =+ 077 b -0.12 * 072 b 209 = 0.15 ¢
Alkaloids

Acetoxyesculeoside B LC2 -5.58 =+ 0.58 a -452 + 051 b -5.29 += 040 a -3.92 =+ 0.28 ¢
Acetoxy—hydroxytomatine isomer #1 LC2 -6.31 * 0.03 a -6.22 + 0.14 a -6.29 = 0.03 a -461 %+ 0.36 b
Acetoxytomatine_1 LC2 -6.31 = 003 a -6.15 = 0.19 a -6.29 = 0.03 a -551 = 033 b
Acetoxytomatine_2 LC2 -6.26 = 0.11 a -530 = 065 b -587 = 044 ab -544 =+ 040 b
Alpha—tomatine LC2 -631 + 003 a -565 + 063 b -629 * 003 a -309 + 050 ¢
alpha—tomatine isomer

Dehydrolycoperoside G/F or

deh;’dm‘;cu'l’eosideA(isomer#h#z’#s) LC2  -5.87 + 043 a -491 + 050 b -500 + 035 b -3.89 x 0.28 ¢
Dehydrotomatidine (Tomatidenol)_1 LC2 -6.31 = 0.03 a -6.29 * 0.04 a -6.29 = 0.03 a -515 = 042 b
Dehydrotomatidine (Tomatidenol)_2 LC2 -6.30 = 003 a -6.24 = 0.16 a -6.29 = 003 a -6.27 = 005 a
Dehydrotomatine isomer #1,#2,#3#4,#5#6 LC2 -6.31 = 003 a -6.29 * 004 a -6.29 * 003 a -584 = 043 b
Esculeoside B isomer 1,2,3,4 LC2 -6.31 * 003 a -6.29 * 004 a -6.29 = 003 a -537 *= 094 b
Hydroxytomatine isomer #1,#2,#3 #4,#5 #6 #7 LC2 -553 £ 051 a -444 = 040 c -494 *+ 025 b -425 *+ 028 c
Lycoperoside G/F or LC2 -623 * 018 a -573 + 043 b -6.06 = 031 ab -508 * 032 ¢
esculeoside A + hexose — pentose

Lycoperoside G/F or esculeoside A

+yhe:°se (isomer #1.42 #3 #4 #5 46) LC2 -573 = 0.73 a -473 = 059 b -528 =+ 045 ab -548 *= 023 a
Tomatidine, Tomatidine isomer LGC2 -6.28 * 010 a -450 * 082 b -6.29 *= 003 a -2.20 =* 042 ¢
UGA 8 LC2 -6.31 = 0.03 a -593 =+ 056 b -6.28 * 003 ab -6.17 = 022 ab
UGA 10 LC2 -6.31 + 003 a -6.26 *+ 008 a -6.27 *+ 005 a -5.19 *+ 071 b

ETOT—EIE log, ZHLI=-3LDZERLTLNS, RIEBTELDTILI7AYMNEIE
Y Tukey HSD # R EICK DB B KE S THEETHSILEZRLTVS, KFTRLIZ
RBEDIL. cd2 ZTEF KGML2 LHAEER! 3 ROBTAEEDHHELDERL

T,

UGA, unidentified glycoalkaloid.
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Table 7 cd2 ZRAEFER 3 RFDRAITE (T HHE S KU HERSE KB EYH AL

Arbitrary unit (AU) £SD

Metabolite Method Ec-1 RC17 K091 KGM942
Sugars

N-Acetyl-glucosamine GC 26.41 = 0.27 a 26.61 X 043 a 26.76 = 0.40 a 27.69 X 0.73 b
1,6—Anhydro—beta—glucose GC 797 = 3.04 a 865 = 294 a 1034 = 185 a 801 = 232 a
Arabinose GC 3090 *= 0.17 b 2940 £ 049 a 2982 =+ 059 a 34.03 *= 047 ¢
Fructose GC 3714 £+ 196 a 3799 = 1.13 a 4001 = 071 b 3982 = 1.19 b
Fructose—6—phosphate GC 2291 = 022 b 2245 £+ 022 a 2219 = 025 a 2241 £+ 0.18 a
Glucose GC 3722 = 006 a 3733 = 007 b 3743 = 0.06 c 3731 = 0.06 b
Glucose—6-phosphate GC 3089 = 023 a 3148 = 028 b 3134 = 030 b 3083 £ 031 a
Galactose GC 2943 £+ 0.16 c 2743 = 042 ab 2722 + 040 a 2782 += 039 b
Maltose GC 2121 £ 024 a 2212 = 0.17 b 2264 + 028 c 2237 = 0.28 bc
Raffinose GC 18.69 = 120 a 1772 = 120 a 1804 = 176 a 1887 = 1.09 a
Ribose GC 3555 = 064 c 3448 = 050 b 3271 = 053 a 3436 *= 0.66 b
Sucrose GC 2899 £ 051 a 2940 = 027 a 3025 £ 035 b 3025 £ 033 b
Trehalose GC 2881 £ 061 a 3047 = 042 bc 3098 £+ 036 c 3034 = 052 b
Xylose GC 3371 = 024 a 3387 == 0.26 a 33.70 = 0.29 a 35.04 = 0.28 b
Sugar acids

Galacturonic acid GC 36.72 £ 092 b 3545 £ 0.77 a 3594 X 0.38 ab 38.19 = 0.32 ¢
Gluconic acid GC 2599 = 075 b 2509 = 1.05 ab 2215 = 504 a 2389 = 281 ab
Glucuronic acid—e—lactone GC 30.46 = 0.51 b 2975 * 044 a 30.11 =* 0.28 ab 31.39 * 0.23 ¢
Glyceric acid GC 2953 = 0.29 ¢ 26.67 = 0.76 b 27.45 = 067 b 2510 £ 0.77 a
Saccharic acid GC 2649 = 054 b 2571 £ 090 a 2554 =+ 047 a 28.89 = 0.35 ¢
Sugar alcohols

Galactinol GC 26.79 %= 0.53 a 28.21 = 043 b 27.29 *= 0.41 ab 28.80 *= 0.35 ¢
Glycerol GC 2793 £ 024 b 2710 £ 0.19 a 2687 £ 037 a 2799 £ 023 b
myo-Inositol GC 39.88 = 0.28 ¢ 38.89 = 030 b 39.59 * 0.24 ¢ 38.29 = 035 a
Sugar phosphate

Inositol-1-phosphate GC 2305 + 0.18 b 2233 += 0.30 a 2257 + 036 a 2336 + 024 b

LTOF—45E log, EHLELDETL TN, BERMTRLEST LI7AvMLEN

Tukey HSD ®EIZ&KDH
EYIL. cd2 TEIK KGM942 LB AR 3 RMDRBITE
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Table 8 cd2 ZRAFELFER 3 RMORAICHET5H0T/(FERK

Arbitrary unit (AU) +SD

Metabolite Method Ec-1 RC17 K091 KGM942

beta—Carotene HPLC 0.16 = 002 b 0.18 = 0.04 b 0.13 = 002 a 0.11 = 001 a
Lycopene HPLC 088 =+ 009 b 0.70 £ 0.13 a 087 £ 0.12 b 1.22 + 0.12 ¢

T—ARIXEZ1E (mg/g dry weight) TH D, BB TELEITILI7ZRYNIEMN
Tukey HSD #REICLDHEFEIKE 5HTHETHAZLEEZRLTLVS, KFTRLE:
RBIEWIL. cd2 ZEK KGM42 LEFEER! 3 RFDBTHEEZEDHHLDERL
T,
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Table 9 cd2 ZERAETHER 3 RBMODRRICHTEH7 /B - FHERMERR

Arbitrary unit (AU) =SD

Metabolite Method Ec-1 RC17 K091 KGM942
Amino acids

Alanine GC 34.3675c024 a 3531 = 072 b 3460 = 058 ab 3554 = 116 b
beta—Alanine GC 3096 += 049 b 2958 + 053 a 2796 = 069 a 3054 = 077 b
Arginine GC 2344 += 031 b 2308 = 025 b 2165 = 038 a 2281 = 031 b
Asparagine GC 31.09 = 082 ¢ 2995 += 061 b 26.03 = 091 a 3005 += 083 c
Aspartic acid GC 39.26 = 033 c 3745 += 037 b 36.27 = 029 a 3901 = 022 ¢
4—Aminobutyric acid GC 3969 + 036 c 37.14 = 068 b 3569 += 065 a 3942 + 052 ¢
Cysteine GC 2958 += 034 c 2853 = 056 b 2741 = 071 a 29.75 + 047 c
Cystine GC 2509 += 049 b 2430 = 087 ab 2402 = 081 a 2399 = 044 a
Glutamine GC 3699 += 080 c 3484 + 063 b 3185 = 081 a 3496 += 068 b
Glutamate GC 35.10 = 032 c 3349 += 050 b 3247 = 059 a 3478 £+ 027 c
Glycine GC 3344 + 022 c 33.12 = 046 bc 3189 = 045 a 3278 = 086 b
Histidine GC 2767 = 030 c 26.79 = 024 b 2639 = 026 a 2681 = 037 b
Homoserine GC 2320 += 089 b 2217 = 084 b 2004 = 077 a 2202 = 097 b
Isoleucine GC 3406 += 038 d 3302 = 052 c 3084 = 094 a 3203 £+ 093 b
Leucine GC 3121 = 021 ¢ 3026 = 054 b 2899 = 069 a 2931 = 086 a
Lysine GC 3476 = 032 c 3390 = 034 bc 3192 = 139 a 3324 + 056 b
Methionine GC 3132 = 021 b 30.74 = 035 a 3044 + 036 a 3145 = 067 b
Ornithine GC 2898 + 041 b 2864 + 062 ab 2786 = 195 ab 2714 = 144 a
Phenylalanine GC 3577 = 031 b 3466 = 036 a 3467 = 044 a 3430 = 059 a
Proline GC 3283 += 033 a 3380 = 067 b 3356 = 1.04 ab 3432 *= 063 b
2-Pyrrolidone—-5-carboxylic acid GC 3297 = 065 c 3077 £ 139 b 2736 = 189 a 3291 £ 045 ¢
Pyroglutamate GC 38.74 = 030 d 3742 = 032 b 3583 += 044 a 3797 £ 026 c
Serine GC 3732 += 046 d 3642 += 056 c 3467 = 053 a 3562 = 062 b
Threonine GC 3724 = 041 d 3507 += 042 c 33.15 = 052 a 3394 £+ 057 b
Tryptophan GC 26.14 = 028 b 2534 + 040 a 2496 + 063 a 2532 + 076 a
Valine GC 3270 = 034 b 3196 = 069 b 3063 = 089 a 3009 = 111 a
Other organic acids

cis—Aconitic acid GC 3457 = 1.00 b 3330 = 069 ab 3258 = 141 a 3355 = 128 ab
trans—Caffeic acid GC 2991 += 047 b 2987 = 063 ab 2925 += 069 ab 2876 *= 155 a
Citric acid GC 4194 £+ 019 a 4197 £ 010 a 4182 + 037 a 4183 + 019 a
Fumaric acid GC 2169 += 800 a 2197 += 637 a 18.61 = 554 a 2582 + 401 a
Glutaric acid GC 1090 = 255 a 11.66 = 297 a 1228 = 0.78 a 1158 = 161 a
Glycolic acid GC 2704 += 035 b 2680 = 062 ab 2639 = 050 a 26.97 = 051 ab
Isocitric acid GC 36.80 = 0.07 a 36.89 = 009 b 3693 = 005 b 3695 = 005 b
Itaconic acid GC 3322 = 129 b 3219 = 118 ab 3136 *= 165 a 3247 = 146 ab
Lactic acid GC 2993 + 081 ab 2818 *= 235 a 2906 = 1.08 ab 3002 = 113 b
Malic acid GC 3867 = 035 a 3806 += 046 a 3843 = 056 a 3857 = 076 a
2-methyl-Maleic acid GC 3167 = 157 a 3025 = 210 a 3002 = 179 a 3058 = 195 a
Nicotinic acid GC 2688 += 018 b 26.10 = 0.78 a 2590 += 068 a 2582 += 060 a
2-Oxoglutaric acid GC 3110 £ 069 ¢ 29.04 = 071 b 31.07 £ 053 ¢ 26.83 = 0.75 a
Oxalic acid GC 2739 = 168 b 2687 = 090 b 2527 = 110 a 2441 + 068 a
Quinate GC 3036 = 037 ab 3047 *= 033 b 30.11 = 014 a 3057 £ 028 b
Shikimic acid GC 2004 += 275 a 2405 += 188 b 26.17 = 094 b 18.02 = 427 a
trans—Sinapic acid GC 30.16 = 067 b 29.78 X+ 085 ab 29.16 = 068 a 31.54 X 048 c
cis—Sinapic acid GC 1876 = 286 a 1811 £ 251 a 1742 = 150 a 1711 £ 252 a
Suberic acid GC 2916 += 034 a 2953 += 055 a 2926 += 275 a 30.19 = 058 a
Succinate GC 2312 = 036 c 2213 += 036 a 2268 = 031 b 2351 = 049 c
Threonic acid GC 2904 += 037 a 2848 + 035 a 3042 + 066 b 2857 = 057 a
Threonic acid—1,4-lactone GC 1953 + 213 a 1808 + 1.75 a 2105 = 276 a 1786 + 418 a

E2THT—AE log, L= DERLTLS,

M Tukey HSD #EIZKBEEKE 5% TH
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Table 10 cd2 ZRAHLFEE 3 RBEDRAICHETIEESN=F DM DRHE

LY

Arbitrary unit (AU) +=SD

Metabolite Method Ec-1 RC17 K091 KGM942
Amines 95.0 cM

n—Butylamine GC 247175¢c029 a 2441 = 053 a 2488 £ 030 a 2475 = 031 a
1,3-Diamino—propane GC 2794 = 041 d 2551 = 066 b 2227 = 085 a 2679 = 1.01 ¢
Hydroxylamine GC 3110 = 042 b 3113 = 060 b 3099 = 065 ab 3026 = 071 a
5-Hydroxy—-tryptamine GC 2982 + 040 ¢ 29.28 = 034 b 29.09 = 034 b 28.20 * 0.14 a
Putrescine GC 2522 + 020 ¢ 2590 = 058 d 23.22 + 053 b 2267 * 0.39 a
Spermidine GC 2439 = 089 b 2378 = 115 b 2216 = 119 a 2391 = 055 b
Tryptamine GC 27.02 *+ 057 ¢ 2602 = 085 b 2373 *+ 1.056 a 29.63 * 0.36 d
Other annotated metabolites

3-Amino—piperidin—2-one GC 2830 = 053 b 2798 = 057 b 26.77 = 056 a 2708 = 071 a
Chlorophyll_pheophytin a LC1 -493 = 045 b -536 = 048 b -6.33 = 086 a 472 = 0.63 b
3-Cyanoalanine GC 2359 = 059 ¢ 2269 = 073 b 1966 = 0.78 a 2268 = 070 b
Dihydrouracil GC 3284 *= 078 a 3408 = 036 c 3353 = 026 bc 3324 = 023 ab
2-Hydroxy—pyridine GC 3199 = 017 ab 3185 = 020 a 3199 = 023 ab 3221 = 015 b
Lumichrome GC 2835 = 031 ¢ 2777 = 028 b 2744 = 029 a 2849 = 021 ¢
Plastochromanol-8 LC1 -210 = 0.14 b -194 = 018 b -255 *= 026 a -234 = 0.15 a
Plastoquinone—9 LC1 -246 =+ 0.21 a -2.23 =*= 0.28 ab -2.01 = 0.13 b -0.96 =+ 0.26 ¢
Phosphate GC 3574 = 025 b 3491 = 020 a 3465 = 041 a 3569 = 025 b
Phytol GC 18.13 + 359 a 1783 + 241 a 16.79 + 243 a 18.24 + 200 a

ETHOT—AIL log, EHLFE-BLDZERLTNS, RIEBITELST7ILI7AYE
[FZEAY Tukey HSD BREICLDARBIKE S THETHLHILEEZRLTLVS, K
FTRULERBEDIL. cd2 ZEEF KGM42 CEAR 3 RFDOBTEEED

HHLDETRLTLD,
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AARTE, EZGEZEYTHAMIMIEWT, mEEMME. B
BoMEVN SN EELBEICEELTWSEEZLONTNSYTF
VOB DFEDRFRRAZEMEL T, RRICEETIEEKRLLTHILN
TL 7= sticky peel / light green (pe 1g)ZZ 24K (Butler, 1952; Kerr, 1982)
DFENZEITo=. 8B 1 BEITBWT. IFISBDRBIE. KOEBMEIZD
WTEHfZETo1zECA pe Ig ZERIRESIVEIZBWNT. V79
SBDBEICEENELTVSIENHALM LGS -, HITEEADR
FRIZEWT, BRIZELFETBHIS5R/ARMNFE DL TSI & (Fig.
DN IFUBLVIVIADE AN KECEILT HEEHALMNICL
t=(Fig. 14) . ISR/ AFEENBLTHEEMRELT y ZEK(Adato
etal, 2009; Ballester et al, 2010) . 7 F> . TV ADE. fRMNELT S
FEKRELT cdl, cd2, cd3(Isaacson et al, 2009), DFD (Saladié et al,
2007) BBEICHISN T =AY, ISR/ ARBLUVIFU-TVIADEE
MEETDEVSEERRIITNFTTHRESN TGN Oz pe lg &
ERFIHFROZEAKRTHLER RS T, RICBEWTITRZBELELGD
lg BEDORRAICOWTETEIT o>z, VHAJ L EEICEE (T L]
(Fig. ) . VF VB DEFEEMNBIEH>TNSIEN DS (Fig. 6) . i#hk
BIEIAAXFTXF O eceriferum EEETHE SN =L 512 (Koornneef
et al, 1989) Ty IRMDE., #RKICKDEILICER T HAIREMEL H S,
INODFHERZEA T, FE 1LETIHE pe lg ZTERF. BESLUVEDY
FOIRBICERENELEEERARTHALHE RS T =, F-. EEARDR
WML ST FYMIBWTRESLVEDIFIIEIX. AA
XFXFERBRIZ, KDEBEHCHEZBL TSI ENFHERTE,
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BHIZ.E 2RITEWT. pe I ZEARDREEM CD2EEFDIL—L
VINERTHAILEZHOMNILTz, SNIFRILL pe BEDREMN
CD2 EEFNEETHD LM Tz Nadakuduti 5D ERE (2012) &
— I HERTH oI, T FEUREIZEST CD2 EmFH IR
RfEEHL . RIREDOFERZIToM-HER.E 1 ETHOSMIZLT: pe
lg BEATEICHREN -, ENRZEELLESH Ig BEIZOVTIE. K
AR CILEEMG BT Z T HAEM o7hY, Nadakuduti SIXEICEITET
T ZUDREVERTHSEHRIL TS, EFR. CD2 EIZFIE.
YAARFTAF DTN TZUNRET DEERARDREEEF ANL2
EA—YBT DEERICH S (Kubo et al, 1999) 1= EDT U 7=V
EREICEALT. M/ XFXF - FI MR TRESNHEEEEZF->TLS
AIREMEN DD, REDKAFBMEIZDONTIE KR T pe lg ZEIK
HEUV CD2 B FRENHZRFIENT, HEBDKABZICEAT
BDIGEERNEDKNERT DIHE T FHIENELD, LSRN EDL
Ntz VFIIBEBHEA D6, KOFBAEICREFSELTLNSHES
NEDIF. TVIRADIH, TILHTHS (Parsons et al, 2012) , A1)
FTILD cd2 ZEF, pe REARDRRICETD7 VAV DEFHFAR L
1J3,%2 L\ (Isaacson et al, 2009; Nadakuduti et al, 2012) =&, BED KD
REDDIENEWSEREREER (Fig. 9, Fig. 25) EFELGEL LHL., —
ATHEBDKNBZICEETHEVORFAR (T, LT HMEHNFEE
9. BERETIIRANTHATHY., 5IEHmESRFAVBLETHS.

CD2 BIEFIEX. V53R IV DRAF A OAL Dy 8—(HD-ZIP
IV) i {5 F (Nakamura et al, 2006) THY . RAF AL EEHIT,
STeroidogenic Acute Regulatory protein-related lipid Transfer (START)&
LSR AL %EE T B (Schrick et al, 2004) , pe Ig ZEEIKIZH 5 CD2 &
EFOIL—LITMERIF, CRIGRIDTI/BA 160 FHEHELDL
DTHD, COEERFRESNFIZFAMUDBRET H0ITTIHGELA,
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pe lg ZRADRBRE TERFETL2ICIFHL-EOLOLIFIZRAE
THAH=6. RELI-FBEIX CD2 2 /\UBENIEE(THERET HT=IZ
HADBETHAEEZOND, Isaacson BIZKH>THESNT= cd2 &
BEHLEL.CHRAD L EOTI/BEEOEBRNRRETHY (2009) .
CD2 V& D C KD EEMZTREL TS, HD-ZIP IV E1R
FOFT, ELOHAEILGEEINTLSE(ESOCMXFXF D GLABRA
(GL) 2 BIEFTHD. COBEEBEFIEEICBTHSMa—LDE. 1B
[CHFTEREDFHE. BROMEEFHIFHL TV DEERFTHY. VFY
SBADEEIEENLEDD. REDEESIUZTOMEICIBO TEE
1HsEEF B L TULVA (Lin and Aoyama, 2012) . ZHL LSV, #EEERRFT AN
HENTWAINDISADEEFELT ARABIDOPSIS THALIANA
MERISTEM LAYER (ATML) 1(Lu et al, 1996) ¥> PROTODERMAL
FACTOR (PDF)2(Abe et al, 2003) &LVof=, ETRIZHITHRE LI
BELTWNSEEFO. ERFEIZASLTLYS FWA(Komeda, 2004)
MEISNTUNS, -, L= 04X+ X5 ANL2 B FDERERNK
. BMEDTUI TZUERICEATAERAEEN T (Kubo et al,
1999 M EFEIFUE/X—DI35, TRLGHERERTHACHILRY
BEDNE DL TSI EN RSN VFIITEBICLEENELTNAIEN
BAS AV Ao 1= (Nadakuduti et al, 2012) , CNHDE R A5, HD-ZIP IV
BIEFFIFIIBDRATEZITTEL REDSEICIBIESESLTLY
BIENTREEIND, ZDT=. pe lg ZEIKXIZEWNTH, 7FI5RB LS
[CRIVEAHTODATREMENREEINT-, COZETKREET 570, F
3 EICBLVTrIMNREZAW-RBEM AT EITo1-. REEHDF
THEETH=0IE. pe lg ZEREIZEITEHSIMNEE. — DS
BDEMTHS (Table 5), HSUMMEE. UVIBEIETSAFFAT, &
LICHERABETHAH/NILEFUBR. AL AU BEDREIBE{A (16:0 ACP, 18:1
ACP) N &SNS, —A. cd2 ZEARR Y pe Ig EEKIZHELTIE,
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DFUE/R—DHRTHRFIZ/NLIFUBMNBDOLTOSIEARES
L TULV STz (Isaacson et al, 2009; Nadakuduti et al, 2012) . REID A5HA
FARIBRAD A SOMEE . YU IBE DA SRR RN I-AIREIEAR
BEND, =L AR TIHINLDIEER S EEEL-DIT TIEA
Wz, CORBRERIL T D-OICIE. SERINODEBERTDI—T
YRR BETHEEEZS,

F-. KBEPS OB T, ROTHEBHTHo=DIX. pe lg ZERK
213 BT5R/AFRVTIATIVAAAR D RIBEIENTH D, 75
R/ ARIE FIEEHEIR (Falcone Ferreyra et al, 2012) . £')a7/)Lh0A
FIERTA—IL BRSNS (Itkin et al, 2011) . AERABED £ & X
EIFHILTNNS, SO0, BLRL-EEERABDE/LTEH. CDIR
RIFFHREATER, TFR/ AR, T)A7ILAALARIZHBELTER S
EF BB ELITFREFEREICHFET LI RABMEYTHLHENSD
& & (Schijlen et al, 2004; Sandrock and VanEtten, 1998) ., X IZRKEIZE
&SN 5 (Mintz-Oron et al, 2008) . ELVNS R TH 5, pe lg ZEIKIZHEL
T.ISHR/AR J)ATLARARAEMLI=C &L, LWKOADER
NEZbND, —D2BEDREIL. VFIIBDOREMNSIESEIT A
ANDENRMERIETHSD, —fHIC EMANRL RERMTHE.
TIR/AEDEEEMNEFEILESNEZIENT SN TLNS (Treutter,
2006) o D=8 VFUSBDEEINEMIKIZEOTAILRERY . T
IR/ AFEEFMFEIESNTOSAREEMENEZ NS, KR TIE
BT HENTEEMN =M, pe lg ZEAEFZHAVNTRAMN R, FEE
N EGTFORBBHZEZITICET. CORMERIETETLSEEZ D,

LI—DDREGIF. RRBEDEISERT S, IFHR/AK,. Fa
FIVHOARDBERIETH S, BHRLI=&SIZ, TFHR/(F, F)a7
IWHAAFIERRICEHFHET S, —AT pe lg ZERTIE, REHME
OTEWN=OBIZERATERSN=FI 7 =oALV FHER
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[FERRICHEITTHENTELL(Fig. 3) . CDT=0, REID TSR/
AR FVIAT7 AR RADICERTS. EEZDIENTES,
DILEXFHT LI AARDAERTIE REICEFNLGEE
BISGHRI/ARTHATIV T ZUBEXUFTIVTZVALAVDEER.
pe lg ZRAREFERRRIIFERF (yEREFT S K091 DAHHME
BH)THE —AT.ILFo. TRIIMIEHEIZLASENGENFY
Do o7z0—=)L . TILEFoEWNSE=TRDIEEWIL. pe g
FEARTEMT BERNHoT=(Table 6) , F)IAFILAAARIZDNT
LRBRDBEMNEZSTWSAIRERENH D, LHL. FYa7iLhn(k
[F. REFTFDFBARIZITIFEAEEFNTLVELZ8 (Mintz-Oron
et al, 2008) . pe lg EEZ A TIIENCEENZLMERLNHEH, R BIE
MEERDDIHT=AININMETIR/ARIZEBIRNEEZ Do pe lg &
ERIZBTE7IR/MFORAEEILEIERT 51=0H12(F ., BHARIZH
T2/ AR DEEAHETV. BILEVOEFELZRAET D
ZEPNDBETHD, TR REDRISR/AFEENELLET . pe
lg ZEEHDHE cd2 BIEFRBEMERFIZENT, TROTSHR/
AFEEQEENEMLTLAIEL, COREITEMLLENRZD, £
DD ETEEMEL T, CD2 BRFDA—YAY ANL2 EInFI&. EIC
BIFETUNTZUBRBICAELTWAIEN L. UM TZUAES
B, DWTEIIHR/AFERRICAILADEEEZEZ TS AREMD
0d. COTEEREET H1=0HIZ(E, CD2 Bz FHRIBMFIRMICT, —
BEDIZHR/ AR ERBELFORRBNETOILELNHD. FEI3IED
HERELY.CD2 BEFOEEICKY, HEEER SO E. N ELLT
A REEN RSNz, CNED AN X LDERIZDONTIE, AHAE
TR T HIENTELGD 2. SERESLEIMRNLETH D,
RIZ, CSTOFISBIZEB LN NRERRE O A REEIZDOLTE
BLTHL, CD2 BIZFREEXIFISBDO K EBYE., MK
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MEEZTLEI D, FYMNDIFISBRRIBH TERGERFT
HAD_EEARMRTHLAICL=, REIZEITHKS DFEBK, WIEE
SMEE, BEbM. MEEEVSBRANCEFROEREGA—7 VAT
&% (Bargel and Neinhuis, 2004; Saladié et al, 2007) , —D71=8 . RE®D
DFUSREERKRDBHLEDHEMMNGEIATHS L S EFLHEE
EERDIFIIRBHENBETHhN TV S (Saladié et al, 2007; Isaacson
et al, 2009; Kosma et al, 2010) , F1=. RER DIEE (L. REZRBLI-ED
BRIZHFE I 5 (Grierson and Kader, 1986) , BREIZDWTIE, BA
PE)—EOFELRENVLDOD, RROEBOLOTSIZDONTE.
RN ESNTLVS (Causse et al, 2002) , CDTF=6H. REDEEIXAH
L HEEEEEDIRTEO TUKBELHDI— AT, BEM L
LSERMGIE EVREDIFESHEEFICHFENIERLAHD, 2D
55, BEFLEICOVNTIR. IFIIBMoDZERMMDEEL TSI EM
o (Saladié et al, 2007) . VF V5B DK A B BEZIRMSEDHILETE
RATRETH D, AARCUDAREFIDL, VFISBDEH . FFV
DE(E. KD EBMELAHBENENEABHSAIZIE>TLVS (Isaacson
et al, 2009; Nadakuduti et al, 2012) , D&MD, REDZERERIE. v
A EFIZTIVAOREYEETHAEEZ LN TS (Parsons et al,
2012) , CD= . VFDEZERLL. REEELDD, TV ADM
BEHIHTHIETREEAFLHOR LZFFICER T 5T
RETHEEEZD,

— A BB HKAEBMEE. RAOGKDEMEHS. ELVSER
MODIENEIMNIFELLY cd2 ZERKIL, FERRKLIYLERIZY
FOSEBDENE Doz, COZ LT, HEMELLERICHATES
KDEMNEYDEKIGHIEEZRBKRT B, FEIEETLT= Micro-Tom TI&,
BOENEEEICHLTHIESH B0, cd2 Bz FRIRINFIRIFL
DETRERBENDEFRONGASTA, FYUKRELEMATIE.
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KAAPDEDEICERAT DA ERAENDENHTLSEEZLND,
FRRWNC &S cd2 ZERATE, RICBEVWTEIFUDENRD TS
LELIT. DVIRBARTHAITIVAVINBEDTHIENELMIEHT
(V5 (Nadakuduti et al, 2012) , leceré ZEE{AZ L \fzDFZE (Vogg et al,
2004) &Y. FILAVIERRIZE T H5K A B RMELEFRMNHH-D. E
[CHEVTEKRA B BEICESLTVSAEEMELH D CDT=H. EDY
FOSEBEMRZD=DIZIX. TILAVEIELHET BT VIREED
HARLETHEEEZONS,

— A OFIIBDESF. MRENDENIEICESTEETH D, b
ZhO cdl, cd2, cd3 EEATIE, VF BRI D D EFE R R M82 &
Y3ZELLDLGNEIC WEENDEHRELETL TS (Isaacson et al,
2009) , iz, P OAXFAFIZBVWT. VFUDEERKICEELTWS
CYP86A2 iEIEFH. /YT VT HEBMERENDREZMENT TSI L
MNEREIN TS (Xiao et al, 2004) , BIZ FRFRETIUFUDEEN
%) DFD ZEMRIL, FARKYILFEERRICERZLIKWIELALAIC
75 TLV5 (Saladié et al, 2007)  CREDTEMS REEMMEEHD
EOIZIF. VFUDEEF BRI IIENENTHLH LA RESN
B0 NBDIEMND . VFU. TYIADE. BEHIEHTHIEITED
T. ;RO BFLE AL AT, HAENEHFREEREEZEHEHE
MNTEDEEALZ D

Fo. KAPARICES T cd2 ZEADREICEWNT. J)a7iLhnak,
IR/ AR, )IAEV DBEEGEMMN RO NIz, F)IAT7ILARCRIE,
WRESRDESNTEA . EFHEEMEICBII S (Chao et al,
2012; Fujiwara et al, 2007) N TETHY . ZDOF|ATTREMAIFEHEE
HTWBE, £t=. I5R/AR, VAL LFOHEEENEA DT R EH
TULYA (Nijveldt et al, 2001; Rao et al, 2006) , kR rD TSR/ (KL, &
EFI =AU EZLLRNWTLEDILFUONEEN TS
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cd2 ZEFETIE. FILEFo. ro7za—)L, LFo o=t &M
ATV VFVSRBRDHFEISEE T ACET . HEEERTDERE
ZHIETES AR Z RLIZDIE. KARIL O TTH S,
AFAERTIE. MDD pe lg ZEAFZAVT, REEGFEREL. £
DRB[EIDODNWTEHEMLGEBTETL. FRbDIFISEIL. BELHE.
kB, AL AM ., REERECHLTEEG#EZE>TWS
I TR BEREMERL A D E . AR REZLGEEEZEZATNNDILE
ZHLMILE. SBET.9FVIBOREICEBLE-REREEH
FYEATWEWD GEEVFISBICETAFH-GHE . EERN S
{@FEonTHY. ZOFATREESBHLNIZHZY D DOH DS, ChoDHl
RVV—ZADNEROBERITTERAINSBILEGWEEZ S,
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ARREITIICHY BB EDLLHRIIRE, CHREZBYFELMR
EEHEDRRRFZRIR IHEREICERGIRBERLETES,
F  ARROHEEICRELEICEELGTRE. CHEZBYEL-EIE
BHADFREKRFHR KERELE. SREHEE. £BR RET
AL, B BERFEEICRCREFEBRLLETET, F-. KBEY
DI ONT, SHA. CHEE CHMETREEL-BILFM R LR
RE EHFMBEECOISBHONLET, F-. AR 2T
B TRNARZTEVN =B RE SR OFBEREZ LIRS
LFET,

AARDEEEEZ TSV FELEZAT AR RRIESR &
FIK. RFEEFRTRE REME HEEFBRTERE &
BAEREVICREDAR . tERERRMBR MHRBK. REH
RHE EERARICEEHH N LET,

T AR DHEEIZHT-Y ., TEZBYEL-HDT AKX SRR
FAEABEREARBZELDHET 2T AMASHEDERITDMORK
HLFET,
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APPENDIX

AFRO—LTOT7A)UTIZHEFE YT IVERAE, S FEH. T4
MEBFTEICOWTIE, LTOEYTHS,

CHEMICAL ANALYSIS METADATA

Sample preparation
Sample processing and extraction

Samples were lyophilized in 2-ml tubes, frozen at -20°C and then
homogenized with 5 mm Zirconia beads in a Mixer Mill MM301 (Retsch,
Haan, Germany) at 20 Hz for 1 min. Two milligrams dry weight (DW) of
the lyophilized samples were used in GC-MS and LC-g-TOF-MS analyses,
while 7.5 mg DW of the samples were used for lipid and carotenoid
analyses.

Extraction and derivatization for GC-MS analysis

Each sample was extracted at a concentration of 2.5 mg DW of tissues per
ml extraction medium (methanol/chloroform/water [3:1:1, V/Vv/V])
containing 10 stable isotope reference compounds ([*Ha]-succinic acid,
[Cs,°N]-glutamic acid, [*H;]-cholesterol, [**Cs]-myristic acid, [“Cs]-
proline, ["*Cy2]-sucrose, [**C4]-hexadecanoic acid, [°H,]-1,4-butanediamine,
[?Hg]-2-hydoxybenzoic acid and [**Cs]-glucose) using a Retsch Mixer Mill
MM301 at a frequency of 15 Hz for 10 min at 4°C. Each isotope
compound was adjusted to a final concentration of 15 ng/ul for each 1-pl
injection. After centrifugation for 5 min at 15,100 x g, a 200-ul aliquot of
the supernatant was drawn and transferred to a glass insert vial. The
extracts were evaporated to dryness in an SPD2010 SpeedVac®
concentrator from ThermoSavant (Thermo Fisher Scientific, MA, US).

For methoximation, 30 pl of methoxyamine hydrochloride (20 mg/ml in
pyridine) was added to the sample. After 45 h of derivatization at room
temperature, the sample was trimethylsilylated for 1 h using 30 pl of N-
Methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA, Tokyo Chemical
Industry, Tokyo, Japan) at 37°C with shaking. Thirty microliters of n-
heptane was added following silylation. All the derivatization steps were
performed in the vacuum glove box VSC-100 (Sanplatec, Japan) filled
with 99.9995% (G3 grade) of dry nitrogen.
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Extraction for LC-MS analysis

Two milligrams dry weight of each sample was extracted in 30 volumes of
extraction medium (methanol/water [2:5, v/v]) containing two reference
compounds (0.5 mg/l flavonol-2’-sulfonic acid and 1.0 mg/l ampicillin)
using a Mixer Mill MM301 (Retsch) at a frequency of 20 Hz for 5 min at
4°C. After centrifugation for 10 min at 15,000 x g, the supernatant was
transferred into a 2-ml tube. Thirty volumes of methanol was added to the
tube and then extracted again using the mixer mill at a frequency of 20 Hz
for 5 min at 4°C. After centrifugation for 10 min at 15,000 x g, the
resulting supernatant was transferred to the tube. A 120-ul aliquot of
extract was filtered using an Oasis® HLB pElusion plate (30 pum, Waters
Co., Massachusetts, US). The extracts (100 ul) were transferred into 2-ml
tubes and evaporated to dryness in an SPD2010 SpeedVac® concentrator
from ThermoSavant (Thermo Fisher Scientific). The extracts were
dissolved in 100 ul of 20% aqueous methanol containing 0.5 mg ™
lidocaine and 10-camphorsulfonic acid.

Extraction for lipid and carotenoid analyses

Each sample (7.5 mg DW) was extracted with 1238 pl of
chloroform/methanol (1:2, v/v) containing 0.1% dibutylhydroxytoluene
(BHT) (SIGMA), 1.25 uM 1,2-dioctanoyl-sn-glycero-3-phosphocholine
(SIGMA), and 12.5 uM p-apo-8'-carotenal (SIGMA). Samples were
vigorously mixed using a vortex mixer. After a 5-min incubation at room
temperature, 330 pl of water was added to each sample and the samples
were centrifuged at 10,000 x g at room temperature for 5 min. The
supernatant was transferred to a 2-ml tube containing 526 pl of
chloroform/water (1:1, v/v) and incubated on ice for 10 min. The separated
layer was formed by centrifugation at 1,000 x g at 4°C for 10 min. For
lipid analysis and HPLC analysis, 85 pl and 340 pl of the lower organic
phase were transferred to 1.5-ml tubes, respectively. Each extract was
evaporated to dryness using an SPD2010 SpeedVac® concentrator
(Thermo Fisher Scientific). The residues were dissolved in 162 ul of
ethanol and 81 pl of chloroform/ethanol (1:1, v/v) containing 0.1% BHT,
for lipid analysis and HPLC analysis, respectively, and centrifuged at
12,000 x g at 4°C for 5 min. Then, 140 ul and 60 pl of supernatant were
transferred to glass tubes for polar lipid analysis and HPLC analysis,
respectively.

Analytical conditions

Chemicals:

All chemicals and reagents used in this study were of spectrometric grade.
Most of the chemicals were purchased from Nacalai Tesque (Kyoto, Japan)
or Wako Pure Chemical Industries (Osaka, Japan).
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Sample amount:

For GC-MS analysis: an equivalence of 2.8 ug DW of the derivatized

samples was injected.

For LC-MS analysis: an equivalence of 16.7 ug DW was injected.

For lipid analysis: an equivalence of 5 ug DW was injected.

For HPLC analysis: an equivalence of 80 ug DW was injected.
GC-TOF-MS conditions

One microliter of each sample was injected in the splitless mode by an
CTC CombiPAL Autosampler (CTC analytics, Zwin-gen, Switzerland)
into an Agilent 6890N Gas Chromatograph (Agilent Technologies,
Wilmingston, US) equipped with a 30 m x 0.25 mm inner diameter fused-
silica capillary column with a chemically bound 0.25-pl film Rtx-5 Sil MS
stationary phase (RESTEK, Bellefonte, US) for metabolome analysis.
Helium (G1 grade, 99.999995%) was used as the carrier gas at a constant
flow rate of 1 ml/min. The temperature program for metabolome analysis
started with a 2-min isothermal step at 80°C and this was followed by
temperature ramping at 30°C to a final temperature of 320°C, which was
maintained for 3.5 min. The transfer line and the ion source temperatures
were 250 and 200°C, respectively. lons were generated by a 70-eV
electron beam at an ionization current of 2.0 mA. The acceleration voltage
was turned on after a solvent delay of 273 s. Data acquisition was
performed on a Pegasus 1V TOF mass spectrometer (LECO, MI, US) with
an acquisition rate of 30 spectra/s in the mass range of a mass-to-charge
ratio of m/z = 60-800. Alkane standard mixtures (C8-C20 and C21-C40)
were purchased from Sigma—Aldrich (Tokyo, Japan) and were used to
calculate the retention index (RI) [2, 3]. The normalized response used to
calculate the signal intensity of each metabolite from the mass-detector
response was obtained by each selected ion current that was unique in each
metabolite MS spectrum to normalize the peak response. For quality
control, methylstearate (SIGMA-AIldrich) was injected into every six
samples. Data was normalized using the CCMN algorithm [4].
LC-g-TOF-MS conditions

After preparation, the extracts (1 ul) were analyzed using an LC-MS
system equipped with an electrospray ionization (ESI) interface (LC,
Waters Acquity UPLC system; MS, Waters Xevo G2 Q-Tof). The
analytical conditions were as follows: LC, column, Acquity bridged ethyl
hybrid (BEH) C18 (pore size, 1.7 um; length, 2.0 x 100 mm; Waters);
solvent system, acetonitrile (0.1% formic acid):water (0.1% formic acid);
gradient program, 99.5% A/0.5% B at 0 min, 99.5% A/0.5% B at 0.1 min,
20% A/80% B at 10 min, 0.5% A/99.5% B at 10.1 min, 0.5% A/99.5% B
at 12.0 min, 99.5% A/0.5% B at 12.1 min and 99.5% A/0.5% B at 15.0
min; flow rate, 0.3 ml min"*; temperature, 40°C; MS detection; capillary
voltage, +3.0 keV; cone voltage, 25.0 V; source temperature, 120 °C;
desolvation temperature, 450°C; cone gas flow, 50 I/h; desolvation gas
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flow, 800 I/h; collision energy, 6 V; mass range, m/z 100-1500; scan
duration, 0.1 s; interscan delay, 0.014 s; mode, centroid; polarity, positive;
Lockspray (Leucine enkephalin): scan duration, 1.0 s; and interscan delay,
0.1 s. The data were recorded using MassLynx version 4.1 software
(Waters).

LC-g-TOF-MS conditions for lipid analysis

Sample extracts (1 ul) were analyzed using an LC-MS system equipped
with an electrospray ionization (ESI) interface (HPLC, Waters Acquity
UPLC system; MS, Waters Xevo G2 Qtof). A two-solvent (A and B)
system was used to separate each metabolite. The composition of these
solvents was as follows: solvent A, acetonitrile : water : 1 M ammonium
acetate : formic acid = (158 g : 800g : 10 ml : 1 ml); solvent B,
acetonitrile : 2-propanol : 1 M ammonium acetate : formic acid = (79 g :
711 g : 10 ml : 1 ml). The analytical conditions were as follows: HPLC,
column, Acquity UPLC HSS T3 (pore size, 1.8 um; 1.0 i.d x 50 mm long;
Waters); gradient program, 35% B at 0 min, 70% B at 3 min, 85% B at 7
min, 90% B at 10 min, 90% B at 12 min and 35% B at 12.5 min; flow rate,
0.15 ml min; temperature, 55°C; MS detection; capillary voltage, +3.0
kV; cone voltage, 20 V for positive mode and 40 V for negative mode;
source temperature, 120°C; desolvation temperature, 450°C; cone gas flow,
50 | h™; desolvation gas flow, 450 I/ h; collision energy, 6 V; detection
mode, scan (m/z 100-2000; scan time, 0. 5 s; centroid). The scans were
repeated for 15 min in a single run. The data were recorded using
MassLynx version 4.1 software (Waters).
HPLC conditions for carotenoid and chlorophyll quantification

Extracts (2 pl, ca. 80 pug of each sample) were analyzed using an LC-
photodiode array (PDA) (LC, Shimadzu LC-20AD system; PDA,
Shimadzu SPD-M20A) operated by Shimadzu LCMS solution software
(version 5.41). A two-solvent system was used to separate each carotenoid
and chlorophyll. The analytical conditions were as follows: Column,
Develosil C30-UG (2.0 mm 1.D., 250 mm long; Nomura chemical);
solvent A, methanol (4.5% water and 0.1% triethylamine); solvent B,
hexane/isopropyl alcohol (60:40, v/v. 0.1% triethylamine); gradient
program, 1% B at 0 min, 1% B at 9 min, 6% B at 9.5 min, 7% B at 19 min,
18% B at 20 min, 20% B at 18 min, 34% B at 28 min, 48% B at 36 min,
100% B at 48.5 min, 100% B at 53.5 min, 1% B at 54 min (total run time,
60 min); flow rate, 0.37 ml/min; column temperature, 30°C.

Data processing

Data processing for GC-MS data

Non-processed MS data from GC-TOF/MS analysis generated by
chromatography processing and mass spectral deconvolution software,
Leco ChromaTOF version 3.22 (LECO, St. Joseph, MI, USA) were
exported in NetCDF format to MATLAB 6.5 (Mathworks, Natick, MA,
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USA), where all data-pretreatment procedures, such as smoothing,
alignment, time-window setting and H-MCR, were carried out [5]. The
resolved MS spectra were matched against reference mass spectra using
the NIST mass spectral search program for the NIST/EPA/NIH mass
spectral library (version 2.0) and our custom software for peak annotation
written in JAVA. Peaks were identified or annotated based on retention
indexes (RIs) and the reference mass spectra comparison to the Golm
Metabolome Database (GMD; http://csbdb.mpimp-
golm.mpg.de/csbdb/gmd/msri/gmd_msri.html) released from CSB.DB [6]
and our in-house spectral library. The metabolites were identified by
comparison with RIs from the library databases (GMD and our own
library) and with those of authentic standards, and the metabolites were
defined as annotated metabolites on comparison with mass spectra and RIs
from these two libraries.
Data processing for LC-MS data

The data matrix was aligned using MassLynx version 4.1 (Waters). The
profiling data files were converted to the NetCDF format using the
DataBridge function of the MassLynx software. After the processes of
alignment and deisotoping with the set of NetCDF data files, the data
matrix was obtained.

For normalization, the intensity values of the remaining peaks
were divided by those of lidocaine ([M+H]", m/z 235.1804) and 10-
camphorsulfonic acid ([M-H]-, m/z 231.0691) after cutoff of the low-
intensity peaks (less than 500 counts).

Data processing for lipid data

The data matrix was generated using Makerlynx XS (Waters) using
profiling data files recorded in the MassLynx format (raw). The data
matrices were processed using an in-house Perl script. The original peak
intensity values were divided with that of the internal standard
(didecanoyl-sn-glycerophosphocholine at m/z 566.382 [M + H]" and at
m/z 610.372 [M + HCOOQO] for the positive and negative ion modes,
respectively) to normalize the peak intensity values among the metabolic
profile data.
Data processing for carotenoid and chlorophyll quantification

Peak picking, peak alignment, and quantification were performed using
Shimadzu LCMSsolution software (version 5.41). The standard curve of
each carotenoid and chlorophyll molecule was constructed using the
following reference standards: neoxantin, violaxanthin, lutein, zeaxanthin,
B-cryptoxanthin, a-carotene, B-carotene, lycopene and chlorophyll A and B.
Quantification was based on peak height at 450 nm (neoxantin,
violaxanthin, lutein, zeaxanthin, B-cryptoxanthin, a-carotene, p-carotene,
and lycopene) and 650 nm (chlorophyll A and B). The data matrix
exported from Shimadzu LCMSsolution software was normalized by
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dividing each peak area by the peak area of the intensity of B-apo-8'-
carotenal.
Statistical analysis

The multi-platform data were summarized using unifying metabolite
identifiers and a common referencing scheme using the MetMask tool [7].
The four matrices were then concatenated and correlated peaks with the
same annotation were replaced by their first principal component. All data
were log; or logyo transformed prior to further analysis.

Principal component analysis (PCA) was performed on a unit-
variance scaled metabolite matrix (observations, 40 samples; variables,
2,527 peaks) with logyo transformation using SIMCA-P+ 13.0 software
(Umetrics AB, Umea, Sweden).

ANALYTICAL CONDITIONS

Chemicals:

All chemicals and reagents used in this study were of spectrometric grade.
Most of the chemicals were purchased from Nacalai Tesque (Kyoto, Japan)
or Wako Pure Chemical Industries (Osaka, Japan).

Sample amount:

For GC-MS analysis: an equivalence of 2.8 pg DW of the derivatized
samples was injected.

For LC-MS analysis: an equivalence of 16.7 ug DW was injected.

For lipid analysis: an equivalence of 5 ug DW was injected.

For HPLC analysis: an equivalence of 80 pg DW was injected.
GC-TOF-MS conditions

One microliter of each sample was injected in the splitless mode by an
CTC CombiPAL Autosampler (CTC analytics, Zwin-gen, Switzerland)
into an Agilent 6890N Gas Chromatograph (Agilent Technologies,
Wilmingston, US) equipped with a 30 m x 0.25 mm inner diameter fused-
silica capillary column with a chemically bound 0.25-pl film Rtx-5 Sil MS
stationary phase (RESTEK, Bellefonte, US) for metabolome analysis.
Helium (G1 grade, 99.999995%) was used as the carrier gas at a constant
flow rate of 1 ml/min. The temperature program for metabolome analysis
started with a 2-min isothermal step at 80°C and this was followed by
temperature ramping at 30°C to a final temperature of 320°C, which was
maintained for 3.5 min. The transfer line and the ion source temperatures
were 250 and 200°C, respectively. lons were generated by a 70-eV
electron beam at an ionization current of 2.0 mA. The acceleration voltage
was turned on after a solvent delay of 273 s. Data acquisition was
performed on a Pegasus IV TOF mass spectrometer (LECO, MI, US) with
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an acquisition rate of 30 spectra/s in the mass range of a mass-to-charge
ratio of m/z = 60-800. Alkane standard mixtures (C8-C20 and C21-C40)
were purchased from Sigma—Aldrich (Tokyo, Japan) and were used to
calculate the retention index (RI) [2, 3]. The normalized response used to
calculate the signal intensity of each metabolite from the mass-detector
response was obtained by each selected ion current that was unique in each
metabolite MS spectrum to normalize the peak response. For quality
control, methylstearate (SIGMA-AIldrich) was injected into every six
samples. Data was normalized using the CCMN algorithm [4].
LC-g-TOF-MS conditions

After preparation, the extracts (1 ul) were analyzed using an LC-MS
system equipped with an electrospray ionization (ESI) interface (LC,
Waters Acquity UPLC system; MS, Waters Xevo G2 Q-Tof). The
analytical conditions were as follows: LC, column, Acquity bridged ethyl
hybrid (BEH) C18 (pore size, 1.7 um; length, 2.0 x 100 mm; Waters);
solvent system, acetonitrile (0.1% formic acid):water (0.1% formic acid);
gradient program, 99.5% A/0.5% B at 0 min, 99.5% A/0.5% B at 0.1 min,
20% A/80% B at 10 min, 0.5% A/99.5% B at 10.1 min, 0.5% A/99.5% B
at 12.0 min, 99.5% A/0.5% B at 12.1 min and 99.5% A/0.5% B at 15.0
min; flow rate, 0.3 ml min™*; temperature, 40°C; MS detection; capillary
voltage, +3.0 keV; cone voltage, 25.0 V; source temperature, 120 °C;
desolvation temperature, 450°C; cone gas flow, 50 I/h; desolvation gas
flow, 800 I/h; collision energy, 6 V; mass range, m/z 100-1500; scan
duration, 0.1 s; interscan delay, 0.014 s; mode, centroid; polarity, positive;
Lockspray (Leucine enkephalin): scan duration, 1.0 s; and interscan delay,
0.1 s. The data were recorded using MassLynx version 4.1 software
(Waters).

LC-g-TOF-MS conditions for lipid analysis

Sample extracts (1 ul) were analyzed using an LC-MS system equipped
with an electrospray ionization (ESI) interface (HPLC, Waters Acquity
UPLC system; MS, Waters Xevo G2 Qtof). A two-solvent (A and B)
system was used to separate each metabolite. The composition of these
solvents was as follows: solvent A, acetonitrile : water : 1 M ammonium
acetate : formic acid = (158 g : 800g : 10 ml : 1 ml); solvent B,
acetonitrile : 2-propanol : 1 M ammonium acetate : formic acid = (79 g :
711 g : 10 ml : 1 ml). The analytical conditions were as follows: HPLC,
column, Acquity UPLC HSS T3 (pore size, 1.8 um; 1.0 i.d x 50 mm long;
Waters); gradient program, 35% B at 0 min, 70% B at 3 min, 85% B at 7
min, 90% B at 10 min, 90% B at 12 min and 35% B at 12.5 min; flow rate,
0.15 ml min*; temperature, 55°C; MS detection; capillary voltage, +3.0
kV; cone voltage, 20 V for positive mode and 40 V for negative mode;
source temperature, 120°C; desolvation temperature, 450°C; cone gas flow,
50 | h™!; desolvation gas flow, 450 I/ h; collision energy, 6 V; detection
mode, scan (m/z 100-2000; scan time, 0. 5 s; centroid). The scans were

107



repeated for 15 min in a single run. The data were recorded using
MassLynx version 4.1 software (Waters).
HPLC conditions for carotenoid and chlorophyll quantification

Extracts (2 pl, ca. 80 pug of each sample) were analyzed using an LC-
photodiode array (PDA) (LC, Shimadzu LC-20AD system; PDA,
Shimadzu SPD-M20A) operated by Shimadzu LCMS solution software
(version 5.41). A two-solvent system was used to separate each carotenoid
and chlorophyll. The analytical conditions were as follows: Column,
Develosil C30-UG (2.0 mm 1.D., 250 mm long; Nomura chemical);
solvent A, methanol (4.5% water and 0.1% triethylamine); solvent B,
hexane/isopropyl alcohol (60:40, v/v. 0.1% triethylamine); gradient
program, 1% B at 0 min, 1% B at 9 min, 6% B at 9.5 min, 7% B at 19 min,
18% B at 20 min, 20% B at 18 min, 34% B at 28 min, 48% B at 36 min,
100% B at 48.5 min, 100% B at 53.5 min, 1% B at 54 min (total run time,
60 min); flow rate, 0.37 ml/min; column temperature, 30°C.

DATA PROCESSING

Data processing for GC-MS data

Non-processed MS data from GC-TOF/MS analysis generated by
chromatography processing and mass spectral deconvolution software,
Leco ChromaTOF version 3.22 (LECO, St. Joseph, MI, USA) were
exported in NetCDF format to MATLAB 6.5 (Mathworks, Natick, MA,
USA), where all data-pretreatment procedures, such as smoothing,
alignment, time-window setting and H-MCR, were carried out [5]. The
resolved MS spectra were matched against reference mass spectra using
the NIST mass spectral search program for the NIST/EPA/NIH mass
spectral library (version 2.0) and our custom software for peak annotation
written in JAVA. Peaks were identified or annotated based on retention
indexes (RIs) and the reference mass spectra comparison to the Golm
Metabolome Database (GMD; http://csbdb.mpimp-
golm.mpg.de/csbdb/gmd/msri/gmd_msri.html) released from CSB.DB [6]
and our in-house spectral library. The metabolites were identified by
comparison with RIs from the library databases (GMD and our own
library) and with those of authentic standards, and the metabolites were
defined as annotated metabolites on comparison with mass spectra and RIs
from these two libraries.

Data processing for LC-MS data

The data matrix was aligned using MassLynx version 4.1 (Waters). The
profiling data files were converted to the NetCDF format using the
DataBridge function of the MassLynx software. After the processes of
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alignment and deisotoping with the set of NetCDF data files, the data
matrix was obtained.

For normalization, the intensity values of the remaining peaks
were divided by those of lidocaine ([M+H]", m/z 235.1804) and 10-
camphorsulfonic acid ([M-H]-, m/z 231.0691) after cutoff of the low-
intensity peaks (less than 500 counts).
Data processing for lipid data

The data matrix was generated using Makerlynx XS (Waters) using
profiling data files recorded in the MassLynx format (raw). The data
matrices were processed using an in-house Perl script. The original peak
intensity values were divided with that of the internal standard
(didecanoyl-sn-glycerophosphocholine at m/z 566.382 [M + H]" and at
m/z 610.372 [M + HCOOQ] for the positive and negative ion modes,
respectively) to normalize the peak intensity values among the metabolic
profile data.

Data processing for carotenoid and chlorophyll quantification

Peak picking, peak alignment, and quantification were performed using
Shimadzu LCMSsolution software (version 5.41). The standard curve of
each carotenoid and chlorophyll molecule was constructed using the
following reference standards: neoxantin, violaxanthin, lutein, zeaxanthin,
B-cryptoxanthin, a-carotene, p-carotene, lycopene and chlorophyll A and B.
Quantification was based on peak height at 450 nm (neoxantin,
violaxanthin, lutein, zeaxanthin, p-cryptoxanthin, a-carotene, p-carotene,
and lycopene) and 650 nm (chlorophyll A and B). The data matrix
exported from Shimadzu LCMSsolution software was normalized by
dividing each peak area by the peak area of the intensity of p-apo-8'-
carotenal.

STATISTICAL ANALYSIS

The multi-platform data were summarized using unifying metabolite
identifiers and a common referencing scheme using the MetMask tool [7].
The four matrices were then concatenated and correlated peaks with the
same annotation were replaced by their first principal component. All data
were log; or logio transformed prior to further analysis.

Principal component analysis (PCA) was performed on a unit-
variance scaled metabolite matrix (observations, 40 samples; variables,
2,527 peaks) with logig transformation using SIMCA-P+ 13.0 software
(Umetrics AB, Umea, Sweden).
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