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ITFEDOHERED—2 & LT, Fife v HE/RBAFE AAR (SDGs) 23D, Rinsk
FUZEW TS, SDGsDFEIIT A T, e = Az HEF LIZ9E0 D 5
TWb, FEHELREAMBEM P OMTRICESLETIET 07 4 —L3 T
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1) Adfhe AMEREE B & Lo~ XX LRHIC P TR AT 2B 085, R

I T HGR ORI
2) ZBEBZOMK N ATEET, HOBROAEEMEEZINT 5 2 &N TX Dy~

TR BREHE OB S

1) F=XXD ¥ FHEOMEHA

AR XDOE ¥ 71X, £TPRENCSO (E-(+)-S-(1-propenyl)-L-cysteine
sulfoxide) 73alliinase C/4yfi# <41, Color Developers (CDs) MRS 25 Z &b
WhE D, ERKLT7ZCDsi%, 7 X /& k L., Pigment Precursors (PPs) % J2EK
T5, SBHICPPsit. KERHKDO I VA=A (NOC) &fsL., fmFElk
AR5, 4El, CepathiolanesE /N U DS HPPRHE S N-Z &
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Abstract of this doctoral thesis

Masahiro Kato
Doctoral Program in Bioindustrial Science, Degree Programs in Life and Earth Sciences, Graduate
School of Science and Technology, University of Tsukuba, Japan

Sustainable Development Goals (SDGs) aim to tackle various global challenges in
order to attain a sustainable future. To achieve SDGs, several studies in the food
industry have focused on reduction of food losses. In addition, the mission of
researchers in the food industry is to expand on new possibilities of food, since foods
including raw ingredient such as vegetables, to processed foods are becoming
increasingly commoditized.

In this study, I focused on onion, the second largest crop produced annually after tomato,
at 100 million tons and conducted the following studies:

1. Elucidate unexpected discoloration phenomena, especially pinking, that occur during
onion processing in order to reduce food loss.

2. Development of new onion breeding material that can suppress the unexpected
discoloration phenomenon and expand food possibilities.

1. Elucidation of pink discoloration of onion

In “pinking” of onion, PRENCSO (E-(+)-S-(1-propenyl)-L-cysteine sulfoxide) is
degraded by alliinase to produce color developers (CDs). CDs react with amino acids to
form pigment precursors (PPs), which react with naturally occurring carbonyls (NOCs)
to form pigments. Induction of PP from cepathiolanes and L-valine confirmed that
cepathiolanes constitute a member of the CDs. Using the PP and formaldehyde as a NOC,
two colorless (Colorless Compound a [CCa], Colorless Compound B [CCB]) and two pink
compounds (Pink pigment a, ) were derived. The structure of CCa was established by
NMR and other three compounds were predicted based on their molecular formula and
the MS" spectral analysis. The structures of these compounds were two or three molecules
of PP cross-linked via a part of formaldehyde. With these, a new reaction scheme for the
discoloration of onion was proposed. In addition, based on this scheme, development of
onion with reduced alliinase activity was undertaken with the aim of suppressing the
discoloration of onion. Onions with reduced alliinase activity do not produce
lachrymatory factor (LF) and other compounds because the reaction after alliinase does
not proceed. I thought that this onion can not only suppress the discoloration phenomenon
but also expand new possibilities of food.

2. Development of alliinase suppressed onion

I succeeded in producing two lines of alliinase suppressed onions non-transgenically by
irradiating seeds with neon-ion at 20 Gy. The bulbs obtained from the irradiated seeds
and their offspring bulbs produced by selfing were screened by sensory evaluation of tear-
inducing property, HPLC analysis of LF production level and ELISA analysis of alliinase
protein level. After repeated screening and seed production by selfing, two tearless, non-
pungent bulbs were identified in the third generation (M3). Twenty M4 bulbs obtained
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from each of them showed no tear-inducing property or pungency when evaluated by 20
sensory panelists. The LF production levels in these bulbs were approximately 7.5-fold
lower than those of the normal onion. The low LF production levels were due to reduction
in alliinase activity, which was a result of deletion of alliinase that mostly contributes to
the production of LF in genome; low alliinase mRNA expression (less than 1% of that in
the normal onion) and consequent low amounts of the alliinase protein.

The effect of alliinase suppression on preventing the discoloration onion was examined
for industrial application. Discoloration was not observed in the alliinase suppressed
onion. The result showed that the use of onion with suppressed alliinase activity could
fundamentally reduce the waste loss caused by the onion discoloration phenomenon
during processing.

Alliinase suppressed onions have been well received by growers, sellers and consumers
since its launch in 2015 and 2020 in Japan and U.S., respectively. This is partly because
this onion could be used in sweets as well as eaten raw in thick slices which all in turn
contributes to the expansion of food possibilities.

Furthermore, it was confirmed that the characteristics of alliinase suppressed onion can
be inherited in the next generation following the Mendel's law by crossing with a
cytoplasmic male sterile line. This result indicates that this onion developed in this study
can be utilized as a breeding material to produce varieties with more useful traits in the
future.

As described above, my research is a practical study that contributes to the reduction of
food loss and the expansion of new food possibilities. I hope that this developed onion
will be widely spread throughout the world, changing the way people eat onions, and that
the onion's most important characteristic will change to sweetness instead of tear-
inducing property and pungency.



HIE BS

Z 2% (AlliumcepaL.) 1ZXFIRIZ/HEI N, TOERITFRT T EED

NTWD, <R FOREEIEIEF T < 5,000 FaTOEHRT 7 MU BH
B, HE SN TE2Z LRI N TS (Khosaeral.2016), =7 DY T
Ty ROBEIZA ENTMC L D L, =7 NE—ERIRROFEE X, ¥~
2X L= =7 (Allium sativum) D5 Z LN TV Z LRI TND
(Masamura2013), £72, ¥~ R X O E LT MRRVELHEDBET © XL O 72
HERFHEOFERNP DD, Feli O LT EARTH D 4,000 FRID A YV RZ I T OR+
WIZiE, #~3FX, = =7 XX (Allium fistulosum) % BSRAHFIZHEH L TW
22 EMRMENTWD (Bottéro 1985), Z OH#IT% < OE OB LIZEB W TH
HIZIEH S, BUE, # XX IR FP TR SN TV D RD—>2 & 725 T
5o, TOFMEERIFIHEATEBELZ IENTHY, b~ MIRWTE 2 {if
DAEFEETH S (http://www.fao.org/faostat/en/#home at 2022/08/10) , EEMIKFEE D
P DAERE - BB LA — 1,2019) (285 &, AARENTIIFR 120 5 F
VINVEFEES L, ZOYEITHT- DK 60 T N U NFEEETHEL, HE I, KV O
60 77 FUINL - EBHE LTEA SN TS, #~3FIL, FETOMRI
BT TIERLS, EBMTHE LTORBHBETH AWML EERE R L 7R
STW5D,

H <% 3 X ORHE T o DMIRIERE % 5- 2 D8RS (Lachrymatory Factor :
LR LF) RF~vXFHOMEL 2WEIX, ABRE5, D5 T OO A
To720, MRENEDIT D, MUDEDITAEIT) ZEIZE D, Z~v XX DM
NA 2SR S VT IRFIZIL U TR B AE S D, BARRYIZIR, & ~ 1 FHla Dk
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PR, 2w RFHIT 1% (wiw) BEENTVWLEmMT I /B THD
E-(+)-S-(1-propenyl)-L-cysteine sulfoxide (LA PRENCSO) 73, 2 D DE£3E alliinase

(EC 4.4.1.4, syn. cysteine sulfoxide lyase) & 1 {R[K & ikl#5% (Lachrymatory Factor
Synthase : LA LFS) OEHIC LW &I D Z L& fim e LT\ % (Brodnitz et
al. 1971, Block etal. 1979, Randle 1997, Imai ez al. 2002) , %&3° PRENCSO 7? alliinase
12 Y 1-propenesulfenic acid ~ZEH# S 4L, £ D%, LFS OEHIC L VIER, ¥
K5y Cdh D LF ~EEHINS (Fig. 1-1), ' PRENCSO DOFJ 90%4 = D )i
IZE Y LF ~EEHREIND EEDN TN DD D 10%1%X, PRENCSO & alliinase
DN F = TH CTeARNETE R 2 57§ @ 1-propenesulfenic acid 73 H Cffi & 2 42 Z
L. < 3XXRHOEFEWIZEH G T 5 (Z,2)-di-1-propenyl thiosulfinate . (Z)-2,3-
dimethyl-1,4-butanedithial S-oxide % #& H L . 5,6-dimethyl-2-oxa-3,7-
dithiabicycloheptane & 725, T D%, EHIZH H 1 731D l-propenesulfenic acid
& i L. Cepathiolanes 23 Ef% 7% (Fig.1-1), Z O—# DL, & IR
LIEEE, BREZMNWZETAVMOSRTIZ 30T, F~v2FPTH 345308
VNIZEET e Z LR HRE SN TEY . JOSEHET L Z I3 ELWEEZX BN T
W% (Aoyagi et al. 2011),

H < XX DM LRFICIBNT, Bl L7 &~ % TR % .2 AR 2 W H3
BT 5EEIEN, 1950 FREIVFESNTWD, X FEMTII, v~
JENDEAN, FvAXFX = =7 BT LRI ~DEBTH T &
DS X TUW D (Joslyn et al. 1956, Joslyn et al. 1958, Lukes et al. 1959, Joslyn et
al.1960), N HZEBIGIT, TEOBHFR = =7 {ihTH 5 "Laba" (Baieral.
2005, Bai et al. 2006) TITMENLE LWTRERE SN TWDIR, ZNLSDITE
A EDGE T, MEOIKRTIZORNY | BENEEINDL D, RERFERE
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7 ARRFIALZ B & Z LT\ % (Shannonetal. 1967b), =Dz, BRI
2B DG & DORIENT, BFICHTZ 0 2 < ORI THLILTWVDE D, KR
B HE D 2800 3 ORI S22 S Tz,

Fo BEBILOMEG FEE LTE, ¥~ X XM O LS M2 5 BB
T, MER pH % T % Z & T alliinase X° LFS % K%, 72132 0EMHEZMZ 5
FHENRBEZ NS, LU, FARIZE > TE, MR TERWFASCHKRRE
DN pH Z N 2120 OWMFABER T RWEE b H D, EEE, &
T HZ BTN TE RN &0, Bl pH A LRI L7256, Lk
WIBE DM G- S0 LW o TR B 5, BlRERTIE, Bd N T TRIZB N T,
TRAN & ABIG 2 W3 2 FRIT R0,

A XL FBE TP, HET DEROMEIL, BRESEATHY | Z£< DO
BFIIFHA S A TW RV, Zv XX 2ZBRITRENHRNE S ICT 57200
KGR E LT, T—IN2HETLH XXX LHT KOFTH L0 & Fx
DY PEIN TN D (Block2009), =D K 5 2RI Bk Tk, M
REHLPFNI YA FDOHE BN F ~ X TRIHEED 15~25%% 5D 5 £ TIZ
727z (Kamoi 2008), Z L5 OIRMERME, K¢ A% ~ 1%, PRENCSO & A
BNV v X F AR Z FEIZBN T, BRI CHEESE T 2k
THEFEIN TS (Randle et al. 1994, 1995), 5l 21%. Vidalia® <> Supasweet™ ™
LB AXRHELTHD, Lo, TbOMRMBIRN, (K3EH Y~ 3 F1T,

(a) KoyEHENEL, PRENCSO %@L~V TEHEAT L mfELEET 5 & Tk
PERFEW, (b) FEFITIEIC X o THRIEME R A DN L E LI\, 72 EDO KRN
R & TV (Clemens 2002), ED7=®, DO =—XL L CEHIFEI Al
BEC. MORE L CIRIEFNE, KA Z R T4~ 2 FOMERNRD TN D,
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B XX OMER » FH 57 %13 ok 2 B OAFITRHR O Y | ¥~ 3 ¥
DHARR S . R THEAT L, o EHCEA TV, 207w, flix DWE
AR Z I 2 2 S IXREETH D | alliinase X° LFS O3Bl L ~LX> PRENCSO O
GHELXHIET L Z L. IVIRNTERENRTETHL EE2 DD,

LU s, A2 FIEMEE 2n=2x=16) TF / A%A1 X3 16 Gb
&L B STV D AR O H Tl b K E W (Van'T Hof 1965, Arumuganathan
and Earle 1991, Ricroch et al. 2005), %7247/ LAY A4 ANKENZ LITA, 7/
LD T2A4~95%IIAERAN TH Y (£ DREBZII L b a T AR i HAERL
ETW5 (Flavell ef al. 1974, Finkers et al. 2021) , &ix1- 5% 540,925 i & #EE
STV D M, ITH-D RNAseq fiFHT CIIFBLE S - 40% 47,066 I TH D & H
ERLEONTEBY, Z2HOBEBLTIBFELTNDLZERHLNE ST
% (Finkersetal.2021), 235 DFERIZ, 4 ~R X OEMER T 7 DG HIE
LA OFEORNES Z2LH THLMNI L—F T, &, WwE., E9r - FEEY
IR N U RICxET AifittE7e EREAFER O EEZ B E LIz v~ R X HHIC
A R ORI RE 72 BT 2 B A M E ORI & FTEEIC T 5 dn FRBAJE 12 R
WD EEREEHERPA LN E ol b B NG,

L EDBLR % Table 1-1 I2F & 072,

ABFZE TR, BUR A £ 2. 4 ~ XX OMTHICPHEFRAETHEAHLED
fEH, BLOEADOY LD AIEET, N OBORREMEL LT 5 Z LN TE L8772
v X XERBEM OB EZAFEL, (1) F~XFMLROEEHG (¥ 7
BOS) OfRB] (553 &), (2) alliinase il # ~ XX OB (F45F), IZOW1T

Et L7z,



O COOH

& /AQ*/S\ S
R NH, 10% v\er — > Ng'
alliinac T -
PRENCSO alliinase oH O o
\ | (E,E)-di-1-propenyl (Z)-2,3-dimethyl-1,4-
/\/S thiosulfinate butanedithial S-oxide

LFS 1-propenesulfenic acid /
o &~ g
|+ S
~0
\ ~0
S k 1 Ifenic acid
, S -propenesulienic aci

ST 90%

LF
S (2R3RARSR)  (2R3S.4S,5R) /
HO 5,6-dimethyl-2-oxa-3,7-
~0 \ dithiabicycloheptane
\ S .
S ~N Cepathiolanes
“_ s’

~OH g+
S7 "~ (Cepathiolane A

(2R,3R.4R,5R)-S-3,4-dimethyl-5-
hydroxythiolane-2-yl 1-propenethiosulfinate

Fig. 1-1. Major breakdown pathway of PRENCSO in onion.
(Based on Aoyagi ef al. 2011 with minor modifications)
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Table 1-1. Overview of onion relevant to this study.

L F__ ANRCHET e xwoMeE |
RIERMT00EE &~ X FRERT V7 M LRI, WRSh TV,
FEICHI2000FE  #~ X ¥, =v =7 FFTREORKMTICHEASh T,

L
5~ X RBEAOFERIL, %< OEORIHLICB W THEICEH S 1,
HRPTREEND LS IThoTo T,
L
18004¢ 1% TS B 7 B RS AR S
L

FE, MT TR T EAENRE L 7 B~EETARANRLE ST,
1950~19604F 1% X XOEOCHRLT, WEOKTIZ 2Ry, MENERIND T
O, KREREFEo ALRFRLEZGI SR LT,

l
ex IR WE OB B S iz,
l

- MK TliE, BIRMESRCELNF VWA X XDOMBEREN Y~ 2 XREEE
LO90FA-20I0FE 15089 2 dir 5 2 Tlz 2 o 12,
!
LFIiZ, ¥~ 3 XMENEEINTZE, F~32FHC1% (ww) BEE
~20024F L HPRENCSO7Y, 20D E:Falliinase &l LFSOERIC L W s nsd = &
EEAE LTERT LI LR, Z0EMMMBEZEHRE S,
!
A2 R2XE, 7oA ANRI6GBE K&, OB MRT-HF /) LY
~20214F V—ZDOBRENENT T, 202U4FEIZY ) ADO R DRI, 5%
DERORENPFEIND Lo T-,

v X ROEOBRITIRFICDIZY L OHZENTONTWVDD, K

~20224F P B 0 2o 5 R0 63 O 6 152 47 AR & 11 C U o,
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F2E  BEEOHS

RETIEL, AFFEOE R LR /M0 ADBIR, #~ 2 XOEBHRICHET D
FOCHERECRE IS AT, B LUV =~ R X OFICEET 2 BEEOMFE 2 L. A0F
FEOBFRMR T NEEZA S E LT,

2-1 Bfhu ZDOEIR

VAR DO E B Rt 2D — > L LT, FFrfEB%EEE (SDGs :
Sustainable Development Goals) 73d %, D H CEHZ OFTET 5 R MmFEF I
DIENEEO—D2L LT, HIE 12 [FErlfeeii® & 4] o [5< HHET,
DOMIE] BdbH, ZOFTHE, 2030 FFE TIT/IGE - HE L-LIZBIT 5
RO —NET2 ) OB OFEFE A il S, INHERIHR R EOERE - 7T A
Frx—UIZBT2EBEMERAEZBDPIELZ RO TND, o, FHFFREES
FORE R ZERERT (FAO) I3, 5 CITAERMIKY 50 {8 b O R AEE STV D D3,
FD 35O 1 PEESNTEY . BROMEGEVICI X, BB K& Y
B RFTEBENRASMETH D LI L T D, BARICBIT 2 RMr RIC
DWTIE, AF0 2 FEREFHME & U TR 522 T R o/ fa ARRAE L TV
D (EMOKEES 2022), Rdhm A%, FEEENI o TRAET 2R 2 [HE
ZENO R EEFENPORATIAEN DR FEZELT AT B, #
NENFERBM T AN 53% (275 71 b)), FEERBEE T A 47% (247 7 b
V) &Moo TG, FERBLR AOH TR OLBEZENZ N ON, BLHERO
BREZATHY 22% (121 F b)) Eleo>TWw% (Fig. 2-1),

ZDOXDRBURAERE 2R, b MZRW TS CHE 2 (oA ERE (R
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KUERY) ZHT L2 ~AXF 2005 E LT, O i A&z HEgE L
fo. A=A XOMIRICTHETRET 2EGIRZOMY, @ EGOPilki T
RECRDAEMEEZILT D Z LN TE MRS ~ XX FHEAM OBIFEIZHRY A
el Ll L7

2-2 X XOBEEBIL

XX = 7 TR TR S, MR N TR E R TV D,
B X XTI "ErF o7V B BAOEABIRN, = =7 T, Y
V== 7" EMHEIN S THIERZCHRE NI T LIX LIERET 5, TEO
HER = =7 8§ TH 5 "Laba" (Bai et al. 2005, Bai et al. 2006) X"V —=1
T REELWIRE SN TWVD R T E A EDHE AEITRLOMEZ T,
REBRRFHRRKZSIZH 29 (Shannonetal. 1967b) , E D 7=, AFEMAKIZE
5 FOCHERE OfEI & 2 O, RFEZL < OHFFEE T X0 R & 2o 0F98 08 52k
SN TND,

FATHIZEIZ L0 BEBLIGITI FRRO3BEM N LD Z ENH BTV D (Joslyn
et al.1958, Shannon et al. 1967a, Lukes 1986, Kubec et al. 2004, Imai et al. 2006b)

o5 — B¢ I ZE-(+)-S-(1-propenyl)-L-cysteine sulfoxide (PRENCSO) 73alliinase(Z &
DR S, AT —T )L AR 72 Colour Developers (CDs) & FEIZHIL 2 WA
T D, B BEHEIL. CDsE T R VBEORIGIZ LY | AT —T VIR
W& T & D Pigment Precursors (PPs) 23ER%T 2, & L CH =BefEiL, PPs& KoK
HkD VR =AY (NOC) DIISIZ L W AFEILEMBERT S,

BT OWFFETIX, CDsi1-propenylt&z 457 % Thiosulfinates T& 0 | i 21X,

1-propenyl 1-propene thiosulfinate T& % & 51041 T % (Kubec et al. 2004,
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Imai et al. 2006b, Kubec et al. 2007) .

COsE LT D7 I VBRICBAL TR, 7ANRT X TV T,
Y AN CEHWEBRICERERENZ LS —HTUVATA L EATF T,
7u ) CERWEGRIFARDER LN ERHRESNL TS (Imai et al.
2006b) , EHAXFOARIICEL GENLERT I /RIT, TAF=0L
TNEIUPRICE LS RNTT ARG F o TV Z IR N v 'Y R
2 (BfstEETE N AARREE - Bfs 2013) .

S BT, Imaietal. (2006a) |X, CDs&L-NU U E2FL-7 T = DORISIZED
BT 52D DPPsDOEIE % . € 1L #1.2-(3,4-dimethylpyrrolyl)-3-methylbutanoic
acid (PP-val) . ¥ X" 2-(3,4-dimethyl-1H-pyrrolyl) propanoic acid (PP-Ala) & &
E LT,

Shannonetal. (1967a) X, MK, FFZ M 722 <~ XX TE L F 0 FHHE E <
FELTWIZZ &b, LN TWEHEDKRWERIZAES N T oAb L
TITEe RRZIAXFOE 7 BFEMRICEEGTHNOCTH LD & FRLE, &
B, AL T AT REfH & ERHICE R 7B EEDDOT, BIETHR
VAT VT B RBFRICER S LTS, £72, Imaietal. (2006a) (X2 EELS
TR 2 W & B, IBRA LT ARISREAVWT=0v=27 07 —
=27 TIE7 U v (S-(Prop-2-en-1-yl)prop-2-ene-1-sulfinothioate) 2ANOC T 5
e ERT eI, PP-ValE T ) VU DRISIC LY AT S B EOHEE S (LE)-
1-(2-((1S)-1-carboxy-2-methylpropyl)-3,4-dimethyl-1H-pyrrol-2-yl)-prop-1-enylene-3-
(1-((1S)-1-carboxy-2-methylpropyl)-3,4-dimethyl-1H-pyrrol-2-ylidenium) (PUR-1) &
WE LT,

S HIZ, Leeetal. (2012) 1%, # ~ 3 T & MR O = o = 7 1 Kalliinase
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EENTEIRERND, B0 bREBDOTREEOARICEWNERT 5 Z &2l
HLTWD, BB EMIT25 1 DPPs -CH=CH-CH= THi#& L7tk
T2 L LC-MSHEHTIZ X 0 H#E5E L7z, Z D-CH=CH-CH= |ZfilfF#alliinase 21
ALTWET VS HRTHD LEZHILTV D, Kubecetal. (2007) 13, b7
Ak L 7= 1-propenyl & % 453~ % Thiosulfinate & 20fE D 7 2 BRO S L v &
KT AEFEREL, TOMAEDOEICTLY B 7 IR REIDIA, HENE
T HFEWE L TWVD,

Imai etal. (2006a, b) O FZBER CHEEE S 7= AR S =B 5 W E 2 V5 E
TN RIE, FvRFR= =7 E WO ZREOT XV BEIL L DkkL 2
HaatelaRkn oA LEAHZ O 2 it 95 L RI2, =06
MRENWEFENEWZILCOAENRT D2 2 E @Il EIOKERST 2 2
& & AlREIC LT,

Eadyetal. (2008) IX, RNAT¥IZ L W LFSZMf Li- X~ 31X &2 L=, =
OMFFETIL, LFSHI I S 472 2 &1 K 0 MIfRAA R I LF2S R Rl 37, AR 0 12
Thiosulfinates23 B IZHIINT 5 2 & &2, B F o 7 RUGZHRIE S LTURL TV D,
F£7-. Aoyagi et al. (2011) 1%, LFSZ#f| L7z & v~ F THEICHML 2
Thiosulfinates % S-3,4-dimethyl-5-hydroxyl-thiolane-2-yl 1-propenyl 1-thiosulfinate

(Cepathiolanes) & L CIRE L TV 5, Cepathiolanes|Z £ TH W, PRENCSOZ®
alliinase (2 & W 3 fif S NAERR T 5 = — 7 VT A[IE 72 1-propenyl B & & 9 %
Thiosulfinates T %,

ZOX ST, REHBORIEAT v 7RIS BIG T 2 WEITE 5 IR
SITIEN D23, CDsiv b B v 7 R A~D USRS, © 2 7 A O IER
(CERIIIEH STV, ABFE TR, ZEBRO XY FEREH L 20

15



M T EOREZ A L LT, 2011428 72 (2[R E S Au7z Thiosulfinates T & %
Cepathiolanes73CDs?D A > /S—T o H G0 Z I HNMNTT 5 L3812, PP LRV A
TT e RORISZ XV KT DB OMEEMMT 2. Imaietal. (2006a, b) 73
B U7 BB - 8 L 2B 5 E 2 AW =BT VRIS R E W TRET Lz, Ei2,
fEHT LT BOSTEEHE N O . B OIB 2 ME 9 5 HIEIC O W TH B L,

2-3 FRXOFH L FREIN
X RIHRT T ZRFEE L, 5,000 LI EIZD7z o THRIEE FOE A %
HOMAZIRSBEE SN TEEHERXRTH DL, v X FOHPEHIT A RIKFED
FOSTH Y, BRBISHEIDIS U THEA RMfE (11.5~13 KffH]) . 1 H Rl
(13~14 W) . EHRMFE (14~15 B (oo &N 5, HHRLREICIE
— B CRLR L7z VidaliaR 72 E7K 5 &3 & < fERMESCE A3 85— 7 T |17
JEIEPMRNZ v X XN EEND, K ARSI, HH RS ik L KO EH
M S HPEAME DS B\ —T7 T RIS 2 3 5ROVRRE 2 5,
B XRT T LA RXNR16Gh EIEFIZRENWZ & THEEMYTHD Z
. BRATHEBEICZMEN R E AT n EZEEOEWHETH D Z &b, it B
WD TH D E SN TS (McCallum2007) , EEIZ X~ XX O
WRIX, A B E Do B1FEREY) & il L CTEL TV S (McCallum 2007,
Varshneyetal. 2012) , AAJIC X ~ F X OBFE LB S 7= D1% 19 ki 72 -
ThHTHD, FEPZ~RFONE, WE, BV - FFEMBIA b L AT
DS O EERE 210 S5 2 L& BIIC, KBEEM» OIRE CHZER
AR A BT 2 BRENIG SNz, ED%, 20 HALHFICF v R FITE
WS I E MEMEARFRMED R L S, FodnfE (Frhybrid [HEFESE —1R] ) OB
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MUEA, 2 50 AR CAEFE RIS L7 (Brewster 2008) , HifE, EHRAZ~
AEXDPFEIEINTVWAHUKTIX, FidbfEN TR E > TWD, —FH, 7TV7 -7
U A DOEA RS~ FX 2RI M T, EER (open pollinated variety)
DATZNZEFTH S (Currah et al. 1990, Brewster 2008)

— 5T, BEE DA ORBEICKT T 2 BREOGNIIFF 1T 72 < | @ REE D
M EZBERE LIEbDIZRON D, —HlZ 2T L, St bER A 2 EEE S
TWHT7 IR AR (BTNt F oo, TOFER) CEALELL D TH D,
Lombard et al. (2004) <> Okamoto ez al. (2006) 7257 /L& F & D b [H 25
A L, £ O%, Okamotoeral. (2006) (2L 0 FivtF o af@&aNs
A XEXNRFRBEINT, ZOXDITHHEBRBEIRE SN TWDHERO—D> &L
T EAXAXDYT ) LA XAOREI L ZOEMHESITLD | 7/ LRSS cDNA
LEOBILTITHERSSTA T TV =507 ) L) ) —ADOBEREAL TNz
ZENEZLND,

UT4F. Expressed Sequence Tag (EST) *° PCR % V7o i AxAYESH HI X 70 &
75— ZADRFIZ LY alliinase ° LFS & W 7e X~ XX OME A4 5 H
B2 n T DY AR _EOALE DN 57N 72 - 7= (Shigyo et al. 1996, Kuhl et al. 2004,
Martinetal. 2005) , & HIZHTHETIE, WA —F7 P —DBIZEIZ L Y | 149Gb
DOEEDZ 7 XFT ) LRSS S, A% ORI S IR ET e
ZENRHIFEEN TS (Finkersetal. 2021)

Alliinase 5 FIZBE L TR BRTHRILT L2 A T LR TRIT 5414 70 2 1
HOBIGF R HE SN TV (Van Damme ef al. 1992, Clark 1993, Gilpin et al. 1995,
Lancaster et al. 2000, Do et al. 2004) , X%~ XX OEKTIX, R THHLT 5 alliinase
ITRHL TR0, b L <ITBE LB L Th7ew, ERCHRBLIT 2 alliinase

17



B LTI, OB EB Ry y B 7 &, 2ON—2I% 4 FYEAE EIC
fLE L, &9 —FITRRGER LINET D2 L. BIOZEDOHERET 6.5 cM
EHEESINTWD (King et al. 1998, Van Heusden et al. 2000, Martin et al. 2005,
Khrustaleva et al. 2012)

RIS AMFTE & BlAh L 7220064 4 RF O FHE /7 ik & Table 2-112 7R LTz, BT ik
X, REILT TERARD AR Z Sk 251k« T ABRRAREAIC X
D ERIKZARH T 5 HIE] [0 bnd, $THRRNLELT 2 7RI, i
I AFE 2 5 D T B ARSI W DB T 2 HIER S D, L Lans | B
HFEZ D2 A 3R REAROK S CRIZETRA T ORNE S 75, Fbs iz
MW GE IR EOROK S PCEEERDOAFORNES LWV >TCENH D,
HAROBREE O AL BE T RWIEEIE, ARIREAREAIZ X
D ERKENEHT 2 HEN D 5, BIEEAOTEZIE, ALFWE., B, B X
OHEHA A E— 2% A0 HIESCBEMARZEIROF AR ST NG, 20
FC, HA A =B NS HIEL BE WHESE THOON TELEA
v — LI A BTG LT I8 s TR 2 OZSRERBRIETH
%o A A E—LDORENE, £ OMOERFBIEANT TH D 7 1F AL LI
K DAL ALBESOXHE » T~ —#j - VTR & O = 3oL —i R & R
D AR E TEBEICEREZHE I TE 5, ZO72D, BISOEMFEIC
B G0 R MRAREIMPHFEOND Z Lo, @Bl O RIKE
HIZIA < FIH & T % (Kanayaet al. 2008, Tanaka et al. 2010, Kazama et al. 2011,
Kazamaetal. 2013) , Bi7E & T2, 23— 7 (Kanayaetal. 2008) . F L' =7 (Miyazaki
etal. 2008) . f % (Ishikawa et al. 2012, Takano et al. 2013) 72 & &4/ EW HME
HENTWDA, ZTHETERTORDBNIHRE S L THRY,
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BEAR A A BB LTk, ARREICED 2B inF & EHEER TE 2
7o, BEEARILE | RO TITEH TERWEKRDOIEH L AR TH 5,
— 5T, EHDR SV AER SO FEREARE S TV D,

Alliinase Dl & Z 3Nl L7 # ~ X FI2HOW T, B A4S T 5 F
5 ToH HRNAT 4 v Calliinasei# {5 - O R BL A 591057 O LI L7 # ~ %
MR SN TS (Eadyetal. 2005) , L2>L, BIE B O, 7
ERNITAEEIT STV R,

AWFFETIX, BEA A E—2 2RI L, alliinasel{s 1 ORE 2 135
Z&T, B L7 v 2 FOEABRAME] TE, hOoBREREE, BT K
5P EERNMERIECE SN I W2 LITE D FIRE 72 SR D VR & 3 2 7
Z Dalliinase i & ~ # F 13X, &dho ARBUTIN 2, BOFTREMEA LS 5 2 L1
LG TELEEZLND,

2-4 WAFE

FHROBREOMIEZ T RIZE A D & RIELRICTHIZESRE LTS ¥~
AFXFOMLFHC TP TRAET HDLEAHIZOMY L ZEA O IERS AR TRO A
REMEZILIT 5 2 LN TE DR v XX HEREBEM OBHZFITIL, TRl ~4.00F

TEDBATINUHATH %,

1. PRENCSO, alliinase, Cepathiolanes, 7 X / fiZ, NOC#% H\\7= &7 /Wi~ %
EMWTH~AXOE X TICEEGET2MEORE, BEOTORGE
S D B RERE T & A IS & AT 5

2. LORRIY, BAPIERZRET D,
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EAF LV E— LT L AEREALE RV —=2 71280, alliinasef/Ti]
H XX AR L. ZORMEZRITT 5,

YEH L 7zalliinasedlifil # ~ 1 £ O 2 % > ZMfIgh R OMER, B L OZ Ok
HERRRANBEBET HONENERA LT HZ LT, BEEMELTO

fififiE 2 BREE S 5
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TN 2 SR EEHERHE

Fig. 2-1. BRICS TSI IEROADAER.
M B AR A 7 Va2 D DHES (B 444 6 AReRhi, BAHKES)
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Table 2-1. Summary on the breeding methods.

BRA2 6 BHHEEK 2 REK

ANBARERBEACLDZ2EREOEH

TE | rmmamanr | REGEN DO |LEWELEC L | HHBEIC LS e | METHEBR
B AR D O D BK Bk PERMALREE | TRYUALEK T VEn k2 REBFHE
HARCRX -2 kR (Blzx |=FLAZ L AL |XB. Ho~—i@i | 8o 4> E— LR |[B0Ew 5 A M
R M. B’ 1T, BRARHRELZ |RUBEOT AR | PHREBICLAE (FICXAEREAN (LT 5B TAE
RICL O BENE [T 5RIO% | MEAIC L5ER |REA L AMEE L BOBKOE  (AT5. T A

pm (L bonbo M- @) (XY BEALHEED |0k, Ho PR A e
R, (RS- B, AR T F B O]

6 DY, k0 BRI E

PR,
A AR OB %Kﬁvéé“*ﬁ WIEREA ETh |URSDNAD BT, [IE#7 & T2ASDNA [EREE Il b 5
7L, ﬁﬁ;%ﬁ ICHEHLTHR |72, BREAN (UIHBEEO- |2 91T 5720, (5T % EHELR
R AN Y . B éﬂt%@?D\ EAE, W, EREARR |EREALNG |TERZD, LR
AR E~DOER [BEEROENE |ZERAETNS  |Eo, . moHMSND EAREE N, G
e |BAREIEFRIZIE 0, v BRI~ (RIS By RO TIXEH

W |, 2eBEEE (S EREOERE |BsAOBESA [ H, INEW, Hi S 72 VB R 0

DN T 73 R, 1> AF 5@f fhDRE (BRSO E RSN [ZERBBIE R~k [H2 TR
i, A TN S 5@1 fl oo Rk [ HA, L. IEHH 28
#w A TR S 0. R RO FE
#w FIAL 23 R E .
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FIE A FXMIFOEBIAR (V' F 2 7 RG)
DFEHA

31 F

S XX DORRKOFEIL, Urahzv  \BESN v Lizke, MR (LF)
MWBEETDHZETHD, LFZIIULODZ XN EEGEEZ T DFIC L > TERT
L% < OFERME X, #~32FHI21% (Wiw) BEENDEZMT X /BT
& HPRENCSO73, & ~ K F il ORI\ valliinase & LESO/EMIIC & W Z8#A S
N2 ExfRs LTNnD,

Z XX AWML REGA Yy MY T XEFEOMLTRETIE, b L72oR
TH AL L7z Thiosulfinate & # ~ R FHIZEGEND T X k. VA= ALEMD
BOSIZE O B 7 DB EHEGEN, LI UIETHETRAET 5, Z 0BT,
1950 L W #EH 0 | Ptk 2 % TR TR O MEKTIC L 2 FEE D
A, BREFEPEROBANOMBEE SNLTE T,

ZOBFEUCE G DRy BOCHET, 195060 & 0 £ < DR 72 S,
UTDIDDAT » T IBIR D RN HA TS (Shannon et al. 19674, Lukes 1986,

Joslyn et al. 2000, Imai et al. 2006b) .
1. PRENCSO®alliinase(Z & % 7 fi# —  Color Developers (CDs)

2.CDs+ 72 /g —  Pigment Precursors (PPs)

3.PPs + RRHKD I NVH=/{tE5H (NOC) —  pigments
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CDsiZ. 1-propenylktz 743 % Thiosulfinates T& ¥ . 15 . (X 1-propenyl 1-propene
thiosulfinate & # S 41 Tu % (Kubec et al. 2004, Imai et al. 2006b, Kubec and Velisek
2007)

T2 BRIZOWTIE, Imaietal. (2006b) (CX DT AT R UL T
NEI Y N UORBBREDE NI ERREINTND, FEFRF
DA BEIZEL EENDIERET X 7 ERIX, TAFX=2 L7V Z I VBT <,
WNTT ARG TUAIVEE AN B URENERESTND (A
mALEEN BACREE - RkRTe 2013) .

PPSIZ DWW T, Imaietal. (2006a) (2L VCDs&L-NY VEFIL-T T =D
BB £ 0 AT 520 DOPPsOIEIE N His ST 5,

NOCIZ-2\ X, Shannonetal. (1967a) (ZX VALV LAT AT E RBZED—D
ThdEMESNTND,

LML, REIZCDsH b B 7 5RO RUSHEERLCDSRO B v 7 (A58 DREE I
SERICIIMRY STV, ARBFFETIE, ZERIRO LY FEM7L MY & < O]
FEOREZERZHA L LT, Aoyagi et al. (2011) (C LV FH IR &Nz
Thiosulfinate T & % Cepathiolanes3CDs D A > /N—"T& 5 G B8 L OPP & AL
LT T e ROBRISIZ LY BT 2L B ORISR 2 | HEE - R U725y
B MW7 VO RZ W THRE LTc, o, BT LI SOSRREE NS | A6
BG4 2 FIEIZ O TH B LT,

3-2. Cepathiolanes & L-2X Y 56 O BRHIERE (PP) RO
CepathiolanesZ23CDs D A /X —"TdH B Iy oz, HEER L L 7= Cepathiolanes &
L/ S I TIREE L 7o, LS U w238 LB, & ~ 5 i el
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2 GFEN, B AICRAL, BEAELEL. MOUREICHA L TV AR
W S PE N B WVEBEIE N 72 < 1- A F L F )L EE b ) B 7 i s A FR o 72

Th D,

(A1 & OF ]
L 9E

ARETHM L2 X TOAWEIL, Rl 72250808 2 WO BR D FotiE (Osaka,
Japan) F721XBAEALE: (Tokyo, Japan) HHEA L7z, BEH L72EBIT 3T

chromatography grade % it i L 7=,

PRENCSO & alliinase ® 7

FEBIHEN L ~vx X = =213, TERUEFETOARA—\—v—F v
N (F U ZYlhoils) ol L7, PRENCSO &alliinasel®, &€ E4L
HLZ~RFER, AO=>=7/5, Imaietal. (2006b) (ZFCH D FNEIZHE -
T L7z, IS 2R~ 7,

PRENCSOIZ T > /3—F A F™ IR120B[GA A > A Hakétis & C18WikH 1 7 L %
T, BRI U 7o 2 ~ R ik K 0 R L 72, AlliinaselZ, /A R
BX VT NEA NI T R TN AT 7 a—RAB T N VTR
it = =7 A bR L7z, K S 72 PRENCSOIL 78 B /K I A fif < 20
mg/mID RS (ZFHHE 7=, KSR L 7-alliinaseld. 10% (viv) 7' U &1 —/L &25uM
OBV REH LY UEEEETe500 mMU Vg R Y 7 A8y 77— (pH 7.0) 12
250 units/mlZ72 % X 9 12 S E 7, 1721 uMDPRENCSO % 73 i 9~ %
alliinasel& P2 L unitE EF L7,
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Cepathiolanes ™ f il

PRENCSO & alliinase > 5 72 % SR G b . SLREMEKRDIREM & L T
Cepathiolanes% ., Aoyagietal. (2011) O FNEIZHEVVERL L 7=, LU IS % Fo i
I 2,

PRENCSO & alliinase D S SR G4 % 28151 T30 FPH A > F 2 — | L7214,
iR/ ATHHE L, Z7aakbbhz o/ Nk L —&%— (NE-IV-29, EYELA,
Tokyo, Japan) TErE L%, WEME T b=V VICHEM LT, ZD%,
LC-9110NEXT recycle-HPLC (Japan Analytical Industry, Tokyo, Japan) C/7 & L 7=,
Cepathiolanes® 4y BXHPLCS: 1%, 7 7 A : ODS-3#4 7 A (250 x 20 mm, 5 um, GL
science, Tokyo, Japan) Z2AEFNZHEGE, BEIFH : 0.1% (viv) KU 7/LA o Rz

(TFA) &A70% (viv) 7t ~h= b YU/b, ik : 5ml/min, fH#&E : UV 254nm
% F\ 7z, 55~8577 IZ¥AH L 74y % Cepathiolanes & L TR L7z, Z OHEI3IZ
R EONaClZ A, KIE & ARERE Z i S B 7%, ARE 2RI L7, A
TN L—%— (EYELA) THz[E L. 8.0mg?® Cepathiolanesz#37-, = DRz

Wa1ml ®0.1M FEifg/N> 77— (pH5.6) (ZIAfEL 7=,

PP-Val D 5l

PP-ValiZ, Imaietal. (2006a) 73#% L7 FINHIZHE T OEIEZ IR TR,
K& L 72, PRENCSO, alliinase, L-/NU > 572 % T VISIRE Y % iR T
15 A Fax—hL, ZDO%, lg/KP TISMMEL 72, FUSERM %
T—7 VT L= AR L —%— (EYELA) TEME, 7k b= MU VICHE
fi# LLC-9110NEXT recycle-HPLC (Japan Analytical Industry) TH5H L 7=, PP-Val
FEROHPLCSA X, # 7 & : ODS-3#4 7 2 (250 x 20 mm, 5 um, GL science) &
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C87% 7 2 (250 x 20 mm, 5 um, GL science) % EFZHke. BEHH : 0.1% (v/iv)
TFAGHT0% (viv) 7 h=hk Y/, Jid : 5mliimin, #HEE : UV 210 nm%

-, PP-Vall%35.0~37.5550 12 H S 7z,

Cepathiolanes & L-2NU > 76 UG T 5 AR DHPLC-PDAIC K 4 fEAT

20 ul D Cepathiolanes (160 ug) & 70 Wld5% (Wiv) DL-2NU > £7213 1 H T
A 73y br—b & LTOREKNG 25 ISR E W % Wbl /K T 155 M
L7z#., |IRE CHRGAEI Lz, 10 ploZRE /K & NEESE L L C10 pg/mlod 7k v
B RXTFT U EEFLI0UD A ) — NV ERISREWICEHRM LTz, RIZ, ZORA
W) % DL T IZFL 9 HPLC-PDAMEHTIZ it L 7=,

HPLC-PAD/ZAlliiance 2695 & 7 4 t %' A A — N7 L A Fitigs (Waters, Milford,
MA, USA) % M\ 7=, HPLCS:AF1Z, 77 4 : ODS Hypersil 7 < 2 (250 x 4.6 mm,
5 um, Thermo Fisher Scientific, Waltham, MA, USA) . B #EhtH : 0.05% (viv) TFA%
E1e65% (viv) 7 h=h U/ (LC-MSZ L —K) | i : 0.5 mlimin, % 7 A

F—T7 AR 30°C, B E : 210~800 nmO#uH & V=,

[ Rk L OBE]

Cepathiolanes & L-/3 U 76 OPPIEER D15t

Cepathiolanes & 7 X /BN LPPEE S VD 00 & 9 D aR~R D712,
Cepathiolanes & L-/3 U > F7213L-NU U &2 G ERWET IVIREW 2 INEN L 72
DR ZHPLC-PDATHHT Lo, NV &2 B ATEET WVIRE Y DOHPLC-PDA
sna~< h7T7 AT, 10531 A AL =7 mtiEany- (Fig.3-1C) , 20
fEHRERTIE, Imai etal. (2006a) (29— CHRHL L 72 K SUPP-Val o HHIREfH] & — %
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L7 (Fig.3-1D) , 2O E—71F, NV V2 E& R WIRAEWE ST LTIZ5AI1CE
&z o7- (Fig.3-1B) , 0.05% (viv) TFA%Z&T065% (viv) 7 h=h
U VHIZ I T D AR DR KW R 13230 nmiZ FL 541, Imaietal. (2006a) 73
W L7ZPP-Val O KRR R & —& Lz, ZhbDRR»LAIE,
Cepathiolanes!ZPRENCSO & alliinase D S i B 5L HCDsD A » /X —D—D> T
% EAEmmiT T,

RESROBFFEIZH T, Imaietal. (2006a, b) (X, PRENCSO & alliinase» % % %
T VUG FRIZE VT 1-propenyl 1-propenethiosulfinates =72CDTdh 5 & #Hi5 L
72. —J7. Aoyagietal. (2011) X, PRENCSO & alliinase’ 5 %2 €7 /LR IZE
C. Cepathiolanes? i b AEREN LW & ZHE LT\ 5, Aoyagi etal. (2011)
D & ARFFFEORE R )5 PRENCSO & alliinasen» & i 5 € 7 /WU RIZIH N T

Cepathiolanes?3 fix & FE/RCDsTH H Z L3 E 2 H LT,
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Fig. 3-1. HPLC chromatograms of purified compounds or model reaction products

detected at 210 nm.
HPLC chromatogram of purified cepathiolanes (A), products from the model reaction

system without valine (B), products from the model reaction system with valine (C),
and purified PP-Val (D).
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3-3PPLARNAT AT & REGLET VR R DR 22 fENT
PPLIRNVAT VT B REEGNTEET VLSRR CHERT DWE OMEREZLT O 1=

W, PP-Val & BRIV AT VT B ROKIGERRY DOHPLC-PDAHT 24T > 7=,

[#8h K U]

PP-Val & /L AT VT B ROSERY DHPLC-PDASHT

1.6 mMI®PRENCSO (32mg) . 3.2ml®alliinase (800 units) . 10.2ml?»5% (w/v)
L--3U > (510 ug) M Bk s T AIGIREY & EIR TL A o F 2 X— L
7= t%. bR CIS MIMEL LT, SUGAERM % = — T VTR L7k, =/ 3R
L—%— (EYELA) TiEfEL. 1.25 mld33% (viv) A X ) — VICEIEM LT,
BN ERIE240 uli20.3% BV LT LT B R15ulZ %, 60 °CT0.5~60.04 ]
TMEAL 7=, BARGENC X W RIRICRE L7214, 300pld A & /— &2z, EHbHIZ
#% IR OHPLC-PDAFEMTIZ ML L 7=,

HPLC-PDAIZ. UltiMate 3000 (Thermo Fisher Scientific, Waltham, MA, USA) %
iz, LCE1%. & 7 4 : ODS Hypersil 7 2 (Thermo Fisher Scientific)
BEIFH : 0.05% TFAZ 3 ¢065% (viv) 7”& h=hK U/l (LC-MSZ L — ) |
FoE : 0.5ml/min, 5 T LA —T AR - 30°C, MiHIE (PDA) : 190~650 nm

Z Wz,

[BRB LUOBLE]
PP-Val & /L W7 VT & R 70 2 ROSERMW) 2 LC-MS Z J W TRERFRYIC 79
HrL7z, FE O & ILIZPP-ValD B — 7 23 L7z oizxf LT, uv210nmT
FRHRE16.84) L 41753 IR S v 7e B — 7 1SR R o %t & 3R in L 7=
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(Fig. 3-2) ., PrRFFEFH16.857 L 41757 TR S vz B — 7 &2 £ v Colourless

Compound o (CCa) & B (CCB) & L7z, S HIZ, UV520 nm CLREFFREf
BELE25.15 L4653 TR SN D2 oD B — 7 NBUGKFR] L s L=, =
B & L EFPink Pigment o, & 44 L7z, £7260E— 27 XUV 210 nm

Tl & -7 (Fig.3-2) .

31



UV 210 nm UV 520 nm

2000000 (A) 50000 (E)
1500000 PP-Val 40000
> 30000
> <
Z 1000000 . 3 .
= 0.5 min 200003 (0,5 min
500000 10000
; USES, 1684 1950 2480 2892 3249 3492 4257 4577 5149 5424 1482 497 544 1410 1685 2007 2535 3197 3748 4161 47.36 4914 5130 5469
2000000
PP-Val (B) > (F)
3 mi
1500000 40000 min
Z 1000000 g %000
3 Colorless Compound o (CCa) 20000
500000 16.84 10000
16.84
0 604 770 MWST 2043 2631 3176 3442 4170 455 5144 568 pld82 4% 545 1383 2007 2528 190 3783 4168 4679 4887 9671
2000000 .
15 min (c) 15 min (G)
1500000 40000
o
1000000 16.82 30000
20000
500000 10000 1683 2520 468
. 1086 Jl1gs9 ogas 2637 3183 3513 471 4671 5151 5659 1481 4% 544 1386 A 2234 JM 3359 3607 4070 N\ 5203 5508
2000000 4812
1)) . Pink pigment o Pink pi nt (H)
1500000 60 mll'l ( ) 40000 m p g p g B
2508
2 2
2 1000000 1681 Colorless Compound B (CCB) g%
1nnn 20000
500000
10000
526 627 1079 1859 2488 2690 3118 3527 4167 4611 5144 5407 . 3287 4004 4167 5349 5620
0 5 10 15 2 25 30 ® a0 a5 50 s 0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min) Time (min)

Fig. 3-2. HPLC chromatograms of model reaction products detected at 210 nm and 520 nm.
HPLC chromatogram of products from the model reaction system comprising PP-Val and formaldehyde taken at 0.5 min (A), (E), at 3
min (B), (F), at 15 min (C), (G), and at 60 min (D), (H).
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3-4 Colorless Compound a Bigf & [EE
3-3 T4 LT24>DOWE DN, £ 4 Colourless Compound o (CCa) D HALEE R &

% N L7,

[#8h K U]

Colourless Compound o 8l

PRENCSO (250 mg) &L--"VU 3 (5g) #0.1 M HErlzfEmE#K (pH 5.6, 100 ml)
(Z¥AfE L, RS L 7-alliinase (7,300 units) % /i1 2 CTEEIR CTLEMA > F = _X— |k
L7z, BUSEEY Z Bhls/KH CL5 MNEL L 7= %%, iR E CmAI LT, IREW%E
T—7 /b (150mIx3) THiH L, =R L —%— (EYELA) % HW\ Tl L7z,
Z Dk, 01M Eilig/N> 77— (pH5.6,60 ml) ([ ZHIAEME L7z, A L 7-IRK
1215.6 mlD100 ppm R/ LT LT B RZMZ . 60 °CTISEIMEA L 72, & D%,
TR —4— (EYELA) THRIGSTREWZHclE L, %E»Z75ml7 2 =K
JL TGRSR L CLC-9110NEXT recycle-HPLC (Japan Analytical Industry) C43#j L 7=,
Colourless Compound a® U H 7 JLHPLCS:A:1E, PP-Val T L7245 & R U

& L7z, Colourless Compound a.{%53.0~57.0%7 (Z¥HI L 7=,

Colourless Compound a® LC-MSZ34T

K54 L 7= Colourless Compound a®LC-MS L O MS" 4341, UltiMate 3000 &
Orbitrap (Thermo Fisher Scientific) % FV 7z, LCZfHi%. 7 4 : ODS Hypersil
717 2 (Thermo Fisher Scientific) . #&ifH : 0.05% (v/v) TFAZ 57r65% (viv)
T hr=rU L (LC-MSZ L— 1K) | Jiid : 0.5 ml/min, 7 7 LA —7 R -
30°C, &K (PDA) :190~650 nm#% HV 7=, MSHRHT SR, i — K -
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ESlinpositivemode, A7 L —#&&/JE : 3.5kV, ¥ &7 U—AE :300°C, ¥ — A
A SOEEHAL, MBI A IMEERALICRE LTz, 7V A% ¥ - MSHIPHIZ,

43 fi#HE60,000 Tm/z 100-800 & L 7=, MS" SEBRTiX, E5LF%EMEED 72 1250% D
MR = VX — 2 Uz, 7 — ZfENTIZ X, Xcalibur 2.11 & MS Frontier 7.0

(Thermo Fisher Scientific) #f#F L7-.

Colourless Compound o} & fEAT

Fiid L 7= Colourless Compound oD #§IEMEHTIEL, R IEI 2 EE (NMR)
RN BEE (IR H1E) TiTo 72, 'HNMR B X UBCNMR A7 FLix
JEOL ECA-500 (JEOL, Tokyo, Japan) # W TR L7={bE&% (F910mg) 2>5 He
15 LTz, it XDMSO-ds 2 AV VEE IR Coodr & 5E0iiE L 72, F 7-DMSODF% ] +
TFnEY 7y LAl Lz, IRAZ kUL, Perkin-Elmer SYSTEM2000 FT-
IR spectrometer (PerkinElmer, Waltham, MA, USA) =MW TH&G L7-, AF v
R A—FIE, Ax v HPH 0 4000~350cm™, SYFERE : 4.00cm™T. A R
3L L7z, UVA~YZ hLid, UV-3100PC (Shimadzu, Kyoto, Japan) % Fu > CHufS
U7o SWTBET A 2 7 — V& I A% ¢ V#iHIZ200~700nm & L7=, NMR,
FT-IR, B XUV ALT ML D F OMSAEIE3 _CRIE TR T O

~==27 )LDy & L,

[fEREB LOEBE]

EMEPRENCSO, alliinase, L-/XU > BRIV AT AT B RNBLR5ET VG
RINHCCox HEE L 7=, VU WA 7 /VHPLC TG 6 7= CColl 73 1 X A D YAWR T H
ST, TARL—Z—THET 5 v 7 @B LTc, Lol FEfELTC
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CCa®HPLC-PDAZIHT Tl, 99%LL D CCal’ % D F F % - T\ 7= (data not shown)
7= HifH L 72CCa% LC-MS, NMR, FT-IR, 33 L (RUV AT hUFRITIZHE L 7=,
CCuD oy i, @O REEMS ALY hL7—% ([M+H]*, calcd. 403.25913,
found 403.25827) & V) | CasH3aN204 & HEE 4172, — 77 T, DMSO-dsH D*C NMR
AT MAZEB W TR, 12RDRFE S 7 HAORBRE SN, ZD12KRDRFE
X, I N7 K EDEPTANRY MLIZ L » T, CH3x4,CHzx 1, -CH-x 2,
-CH=x1,-C=x3,C=0x LI/ 7z, DMSO-ds* DH NMRAZ |k Lh»
SIFITEO 7 v b DFEPHER I, HMQC AT Mz K> THY 7 v
E.FOT e NUNEBERBAELEBCY A EORMBEER LML, IR D
DFERIND . ZOLEIEIAF L2 (C-11) ZHl& LimsdFis 2> 2 &
TR E N7z (Fig.3-3) o *H-YHCOSY 22~ kL Tid, 2.09ppm (dgqH-8, H-8")
DAF7ra bk, 0.78ppm (dH-9,H-9°) & 0.25ppm (dH-10,H-10°) ®2->
DAFNTr k. BELU4.04ppm (dH-6,H-6") DAFLT7rm k& DREIC
I a AT FIVRER S T Z G 2-methlpropyl unitO FAEN R ST,
HMBC A7 hLZHWNT, 2.09 ppm (H-8, H-8") D AF 71 b &4.04 ppm
(H-6,H-6’) D AF > 7 r hrink, 1725ppm (C-7,C-7°) DA IVR = )VERFE A~
DI AR T FARRD LN LG, ZOHIVRZJVRFILA TV iRE
(C-6, C-6") DEEIAIET 2 Z LW LMoz, I BIT, FT-IRGATIZE N
T2694 ¥ X UM722 e [ZHRAMRINA R SN2 Z &, BRI AR=1LD
BCNMRZ7 2 A0 7 k (1725ppm) M HC-7EC-TIE, HARFVAEELTH
% EHEE Lz (Fig. 3-3, UnitA) , S 512, HMBCAXZ KL LV 1.84 ppm
(s3-Me, 3-Me) DA F LT u huik, AFVRFE (C-2,C-2°) L2OD4kRHE
(C-3,C-3) BLXW (C4,C4) LAV TFNAERL TN,

35



F7-. 1.94ppm (s4-Me, 4-Me) D A F )L 711 b %, 3ODAFkRFE (C-3,C-3") |
(C-4,C-4) . (C5,CH) LruAVTFLEHALTW, ULEOEHRNE,
R4y -C2-C3(-3-Me)-C4(-4-Me)-C5- DIFENTER Sz, & 512, 3.70 ppm
(sH-11) DAF L Fu hrhbid, 22o04kK%E (C-4,C-4) BLD (C-5,
C-5) ~DI a AT TIPS NIz, C-LUIARRFEDC-5EC-5 A
LTWBHZENHA LT, LLEDORERENGEHIHEE -C2-C3(-3-Me)-C4(-4-Me)-
C5-C11-C5’-C4’(-4’-Me)-C3°(-3’-Me)-C2> 737~ (Fig. 3-3, UnitB)
R REEUNIt AL Unit BO-S72 N 0 IIZBI L TIX, 4.04 ppmdD A F> 7' v kv (H-
6,H-6") M52 oD4fkiRFEY 7 (C-2,C-2) BEW (C5,C5H) ~r/m Ay
TFNABHERINIZZ &N D, C-6ITHEE L TWRWILHEZ I L TC2HB L UCh &
FEALTWDZ ER oo Tz, TIVE TICHEE Lzt &EMSH L HERI S 7=y
FHCosHuN20s % Ll 5 & | MEETE TWRWILHRIINTH 5 HF A LT,
Z OFEFRIX, CCulPP-ValZ /it L TAERINDZ b b, ZURBERTHD &
EZbhb,

ZDZENDS, CCantL, 2-(2-(1-carboxy-2-methylpropyl)-3,4-dimethyl-1H-
pyrrol-2-yl)methyl-3,4-dimethyl-1H-pyrrol-1-yl)-3-methylbutanoic acid & L CTHEZ &
ATz, MESL L7-ME X, NOESYME TH R s T\ b, AF L 7m b (H-
11) A F L7 e by (H-4-Me, H-4-Me) BL WA F 71 b (H-6,H-6") &
DI BAYT TN, AFL7a b (3-Me,3-Me) (A F L7 a ko (H-4-
Me, H-4-Me) L D7 v A 7 I)VRNZE N ETVRR S L7,

CCoaDM R IR I ik, HPECER M TIE235 nm, AL TIr3228 nmTH - 7=

(Table3-1) , HEM: CTHRARWILE BN B~ 7 b L72#EHIX, CCad/NY
VHRDINRF VERLT X HKOBMKENLL LI EREEL TWD ]
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HEMEDNE 2 b D, fi-NT L7-CCad i & MR RN e DfE RS | CCalT (D
RWETHDLZ EDNHLMNE 5T,
CCoDWF LR, TH BL O BCNMRAXRY MLF—%  BXOEN L

7-H51E % Table 3-1, Table 3-2 3 LW Fig. 3-31CF & 07z,
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3-Me, 3'-Me
,/* CHj;
/—](\ J

H,C

4-Me 4'-Me 2,2
%5, o — H-'HCOSY
1 — = HMBC
Unit B ---=— NOESY
(A) (B)

Fig. 3-3. Structure of CCa (A), COSY, HMBC and NOE analyses of Unit A, Unit B and CCa (B).
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Table 3-1. Physicochemical properties of colourless compound a.

Molecular formula C23H34N204
Orbitrap (m/z)

found 403.25827 (M+H)"
calculated 403.25913

UVAmax (MeOH) nm 235 (shoulder)
UvVAmax MeOH) + HCI nm 235 (shoulder)
UVAmax (MeOH) + NaOH nm | 228 (shoulder)

IR (CHCI3) cm! 2694, 1722
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Table 3-2. 'H NMR and *C NMR data* of Colorless Compound in DMSO-ds.

atom Bc 'H

2 115.3 6.40 (s)

3 117.0 —

3-Me 10.9 1.84 (s)

4 114.3 —

4-Me 10.1 1.93 (s)

5 126.7 —

6 63.6 4.04 (d, 10.3)
7 172.5 —

8 29.3 2.09 (dqq, 10.3, 6.3, 6.3)
9 19.8 0.78 (d, 6.3)
10 18.8 0.25(d, 6.3)
11 20.4 3.70 (s)

2' 115.3 6.40 (s)

3 117.0 —

3'-Me 10.9 1.84 (s)

4 114.3 —

4'-Me 10.1 1.93 (s)

5' 126.7 —

6' 63.6 4.04 (d, 10.3)
7 172.5 —

8 29.3 2.09 (dqq, 10.3, 6.3, 6.3)
9 19.8 0.78 (d, 6.3)
10' 18.8 0.25(d, 6.3)

*Chemical shifts are given in ppm and coupling constants in Hz.
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3-5 Colorless Compound B. Pink Pigment a. Pink Pigment pD{LEAERE DHEE
CCB. PinkPigmento. Pink Pigment pixEmk &3 D 72> 7-7289, LC-MS B X

O MS" AT K D & A HEE L7,

[#8h K U]

CCB. Pink Pigment a. Pink Pigment B LC-MS/34T

1.6 mI®PRENCSO (32mg) . 3.2ml®alliinase (800 units) . 10.2 ml?d5% (wiv)
L--3U > (510 ug) M Bk s T AIGIREY & EIR TL A o F 2 X— L
T t%. UK CIS MIMEA LT, SUSAR % = — T L CHhit, =R L —%
— ML, 1.25mlo33% (viv) A X J — VICHERE LT-, 5572131240 pl
120.3% HA LT T B R15plE 1%, 60°CT0.5~60.05 MM L 7=, HIRHH
ICEVREICRE L%, 300l A% ) —Zziiz, EHIZHROHPLC-PDAL
FJOLC-MSIZFFATIZHE L 72,

LC-MS F L MS" (X, UltiMate 3000 & Orbitrap (Thermo Fisher Scientific) %
iz, LCE1%. & 7 4 : ODS Hypersil 7 2 (Thermo Fisher Scientific)
BB : 0.05% (viv) TFA%Z &165% (viv) 7 =k U/ (LC-MSZ L — k) |
FoE : 0.5ml/min, 5 T LA —T AR - 30°C, MiHIE (PDA) : 190~650 nm
Z iz, MSERNTSH X, f#HT-E— K : ESIin positive mode, A~ L —%EJE :
35kV, ¥¥ TV —jRAE :300°C, > —AM A : SOEEHAAL, MiBhA A : 15(F
HHALIZRE LTc, 7V A% ¥ MSHIPHIZ, 73 fi#7E60,000 Tm/z 100-800 & L 7=,
MS" EERTlE. 22 ALMREED 7= 9 1250% DA G B 22 = R L — & Af ] L 7=,

T — A EHTIZ 1%, Xcalibur 2.11 & MS Frontier 7.0 (Thermo Fisher Scientific) % {# f
L7,
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[fERBLOEE]
CCB

0.05% (v/v) TFA%Z & Te65% (viv) 7% b=k U LHTHOCCPOMmEK LI F
13230 nmT&H > 7= (Fig. 3-4) . mPFREEMS A2 kL7 —% ([M+H]*, calcd
610.38506, found 610.38416) X v . CCPID 4y T-2FCasHs1N3Og & #7E L 72, CCRD
MS" fZHT Dk B % Fig. 3-5AIC R L7z, CCPD T T 7 A v k3% —ECCaD 7 T
T A hRE = EIEFIZ LSBTV (Fig.3-5B) . MSHZHEWT, miz6100D
AFrNE, Er—AVROERFETICHE L2/ CHROMAISICHSE T 5
CsH1002231H 2k L 7em/z 508D & — 7 A3 & 417z, CCROMS? 4341 Ti, m/z 610
DTV I—H—AF X, miz415L2080 7T 0 X7 A FUBELT D T L DR
Sz, miz4150 v — 7 1%, miz 6107 HPP-Val—55 1453 T % CraH1irNO223 H 2K
L7z T RIS T2 EZ 2 67, miz2080 B — 7 (X, CCaDMS?/H#T T b i
MEINTEY ., miz610D A F 275 CCou—43 143 T d 5 CosHaaN20aD H K L 7257

TEIHYT DI EEZ LN, BT, miz415 O E—27 OMS3 38T Tl miz 220
DT T T A MMAUPER LT, miz 220D — 71X, miz 41504 3 b 5
PP-Val—/%3 % CT& £ CuuHiiNO22NH R L7c /3 F&RICH NS T 5 L B X billc, i
RIUTI 230 nm & MS"OfEHT 725, CCBIZCCa L PP-Val 3R /L AT LT B KD

—EBENLTRHE LIEBARYME TH L Z ENm< RSN,

Pink Pigment a

0.05% (viv) TFA%ZET065% (viv) 7 b=k U /LHTOPink Pigment ad i K
W K13 510nmTdh 72 (Fig. 3-4) o M3 fEREMS A2 b LT — 4 ([M+H]",
calcd 415.25913, found 415.25839) X ¥ . Pink Pigment a® 45 -3 C24H34N204 & K-
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iE L7z, Pink Pigment a®MS" figtfr D R 2 Fig. 3-5CIZR Lic, 7 U I —H—A
FTHDHIMZAIEN BT, mz3138220D 7 0 X7 A AU RAETUT-, miz313 &
220D E—7 X, ZEhmiz 41575 CsH100, (B r—/LEROERFITHEE L
7o Y HSROMESy) L CuHNO2 (PP-Val—731-43) NEK LI rEE
—H9 %, miz3BOE—ZIZB L TMS#r LR, miz 313D — 27 b
CsH1oO223{Hk Licm/z2120 B — 7 3G bz, 2 bm/z4150 B — 7 12T %
MS"HT DR 5 . Pink Pigment a D& X, 257 F DPP-Val 325y DRV LT
NTE RENLTHALEMETHD Z PRI, & HIC, BRI E
ETANS, BEHSIIE = L U EE RO Y — U L R T ESA
BRLTHEZ EnEx b,

—7J7. Pink Pigment aD b 2# A% 12>V Tl Kubecetal. (2015) 73HPLC-DAD-
MS/IMSFEHTIZ LV | B —LERZEL TV 53X -CH= Th Y v r—10D
MIEHIZ =CH2 % FiDFig. 3-5CIZ R THEEREE 2 e L T\ 5, BLRTIZ, NMR
FEHTS STV 2D WL OREIEDIE LWNEIAHTH 5723, 257 DPP-
Val L 253 FDRNVLT VT B RN ROMETHD Z EITEWVTRVWEE RS

b,

Pink Pigment

0.05% (viv) TFAZ&1e65% (viv) 7 & k= kU /L@ Pink Pigment BODAE K
W= 13530 nm T db > 72 (Fig. 3-4) ., i FREMS A2 kL7 — 4% ([M+H]",
calcd 622.38506, found 622.38422) X Y . Pink Pigment 531213 CagHs1N306 & -
7E L7z, Pink Pigment piOMS" fi##t % Fig. 3-5DIZ/R L7z, 7V H—H—A 4T
bHomlz622 NomizA21D T MAF B ELT, miz 421D — 7 13,
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m/z 62272 5 CraHITNOAMVHR L7 Z LI Y35, miz4270 e — 27 IZB L TMS?
ST LT R, miz325L 2200 v — 2 A3 Uz, miz3250 B — 27 1, miz42772%
CsH10023 2k L7220y T RIS T 5, miz2200 ¥ — 7 L, Pink Pigment o> MS?
ST T H R &4, Pink Pigment a7 5 CuHisNO 3 HR LTz & & —E LT,
ZnH0hF, BELOMSOHOFERN S Pink Pigment Bi3343 1 ?OPP-Val A3
BRFDOBRNVLTNT B Rt LTHRE LIALEMTH L Z LAVvRREnT, &
ST, RGO D ZRER DL E =L T 6 51213 AF
VUVEFETLBATF UETH D Z LR ENT,

Pink Pigment BiZ. Z#1E ToO#H% (Imai et al. 2006b, Dong et al. 2010, Lee et al.
2012) X°Fig. 3-6 T/ LI2B RO BEF(LEM L 1TV | 3BEOEAZ AW T
DI ENFEA SNz, AFEOREFRIL, Imaietal. (2006a) 23HERI L 7=, Jn#EL
XV EEGDET L, 3EK 4ABKZ L TR B — /LGN ERT 2 &0 )
THZFTOMETHLN, ZNHEBADHF AT =X LIE5%OHNIERE
ELTHESN TS,

% 7-CCB. Pink Pigment a, Pink Pigment BIZBH L C, MS" f#tr2n 6 Fill S5
{5 iE 2 Fig. 3-5127R LI BMLORE D REME S H 25, Zh b OILEW OIS
ARET D720, NMRIEITOFESIIN A, BB Y 95 KW ok
DILEME D—BZLC-MSTIET T2 Z L b AR FETHL LEZBND,
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Relative Absorbance

Relative Absorbance

el (A) Colourless Compound @3 (B) Pink Pigment o "

58

Relative Absorbance

510.00000

L B e B B B AL R B R B B S B B B s S B B B B B B B S S s B B B B B n’l‘lll“““““"II“II“‘ T
200 250 300 350 400 450 =00 550 800 200 250 a0 20 00 50 w0 550 00 650
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53000

(C) Pink Pigment

1
200 250 300 350 400 450 s00 550 00 850

Wavelength (nm)

Fig. 3-4. The maximum absorption of (A) Colourless Compound B, (B) Pink Pigment a and (C)
Pink Pigment B in 65% CH3CN containing 0.05% TFA.
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Cs5Hs1N3 O+ H

103541 6

100
1] MStofm/z610
50
] CsH100,
&0
40-] Ci2H1gNO, H
1 Cio,HigNO,  CyuH3sN,0. CsH100,
B 20813293 Cy4H3sNOy CaaHsoNsO, 12M18NO; 24H35N, 0,
20 41525543
] C3oH42N30,
o 114 09124 19515&37 25097339 30569560 301 25381 44328903 12 [—— 532?55?5 30742734 F
[CIEEEES)
™3 CorFiN;0
] MS2ofm/z610
] 24M35N2Us CMHNNO2
g 0] < >
g ] C1,H15NO,
g 6 Caos1amad
z 1 — Cy3H3:N,0,4 R
2 4pd - 403.25919 >
g "
[ ]
= 20
] 63 25455
ut 19012183 | 220 1 3336 45529089 56437856
FE D
100  MS3ofm/z415 [T
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0] e CyHi7NO,
B P .
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] 17812275
] 3701 25662
7 16612277 31419340
2
] 10594479 11 | [z2r2s110 | 3872670
L e L et
a0 100 150 200 250 300 350 400 450 s00 550 00 650
m/z

Fig. 3-5 A. MS" fragmentation scheme of CCp.
The peak at m/z 508, corresponding to a loss of a CsH1002, the side chain from valine and attached to the nitrogen atom in the pyrrole
ring, from the ion with m/z 610, was detected in MS?. The MS? analysis of CCp showed that the mother ion with m/z 610 gave its
daughter ions at m/z 415 and 208. The peak at m/z 415 corresponded to a loss of a C11H17NO2, one PP-Val, from the ion with m/z 610.
The peak at m/z 208, which was also detected in the MS? analysis of CCo, corresponded to a loss of a C23HzsN204, one CCa, from the
ion with m/z 610. Furthermore, the MS? analysis of the peak at m/z 415 produced a fragment ion at m/z 220. The peak at m/z 220
corresponded to a loss of a C11H17NO-, one PP-Val, from the ion with m/z 415. MS" analysis strongly suggested that CC was a
colourless product consisting of a CCa and a PP-Val connected via a formaldehyde moiety.
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CyHy N0, + H
403.25827

100
1 MS' of mz 403 /
80 H,C
soE CsH,00,
“0]
] C,3HyN, Oy
- 1
20 20813293 D) 1 4e2 w
0: 11409121 17114908 19613303 25097234 335 00385 391.28424
20813338
100: MS? of m/z 403 HyC CHy GO, |
. C,H;NO i
g ] / 127718772 1 CsHygO,
[~ - ]
2 60 N CH; CnH;NO,
€ 7 ¢ » CisHysN, O,
s 3
€ 5] CHy OH
] 22515082
] 138.95757 18013829 24017331 29917416 33430057 367.17859 40325406
0 18919701
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
S0 100 150 200 250 300 350 400
m/z

Fig. 3-5 B. The MS" analysis of CCa.

The peaks at m/z 301 detected in MS!correspond to a loss of one molecule of CsHi0Ox, isopropyl group and carboxyl group, from the ion
with m/z 403. This loss of CsH100 supports presence of the L-valine side chain. In MS?, the mother ion m/z 403 [M + H]"* gave its daughter
ion at m/z 208. The peak at m/z 208 corresponds to a loss of a C11H17NO2, PP-Val, from the ion with m/z 403. These results strongly
suggest that CCa is a product of two PP-Val connected via a formaldehyde moiety.
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Fig. 3-5 C. MS" fragmentation scheme of Pink Pigment a.
The mother ion with m/z 415 gave its daughter ions at m/z 313 and 220. The peaks at m/z 313 and 220 corresponded to a loss of a
CsH1002and a C11H17NO, from m/z 415, respectively. The MS? analysis of the peak at m/z 313 produced the peak at m/z 212,

corresponding to a loss of a CsH1002. These results of MS" analysis on m/z 415 suggested that the structure of Pink Pigment o would be

a product consisting of two PP-Val molecules connected via two molecules of formaldehyde.
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C,,H3N,O, [M+HT, caled 415.25913, found 415.25839

CyHy;NO,
H3C

/ HsC CH,

CiaHy6Ny

CHNH*

T
~=CH,

N N
H;C O HO CHjy Cs H1+002
Y\‘( CsH,00,
CH; O OH CHj
CH,,0, C3HsNO,
K CioH5N,0,

Fig. 3-5 C’. MS" fragmentation scheme of Pink Pigment a.
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C3sHs1N306 + H

£i22 38422
100
a0 MStofm/z622
g0
a0 608 36325
207 19818509
0: 11409128 I171‘-1|4917‘|‘ ) N sasooans 00 200445 05962 53287653 576 37860 .
T03 26 606
100
1 Ms2ofm/z622 Cy5H3sN,0,
a0
] b 4 9
g 7
[+ -
E B0 425319@/ C;1H{7NO
§ 7 ’ 1117 2 _
v, 469 30533 B
2 a0
2 "7
o ]
B 207 369 25327 57839600
] mgqzyg 218018 IWAREE ) 52132343 604 2409
o 363 26 665
1007 MS3of m/z427
80
] ! CsH}oO,
'@ .
f0 i< »
] !
] !
40 CyHosN,0, !
] CotuN0, 281D 5 CiHi7NO,
20 18414338 g 13324 R
p 11247226 | Iy Ty 39926920 44950024 SOSEEIN  56B4B114
LI s S B e e |'|'|'|II'|'|"||I|'|||'I| B e e e o e e e e L e e e e e e e e e |
a0 100 150 200 250 300 350 400 450 00 550 &00 650
m/z

Fig. 3-5 D. MS" fragmentation scheme of Pink Pigment f.
The mother ion with m/z 622 gave its daughter ion at m/z 427. The peak at m/z 427 corresponded to a loss of a C11H17NO; from m/z 622.
The MS? analysis of the peak at m/z 427 produced peaks at m/z 325 and 220. The peak at m/z 325 corresponded to a loss of a CsH10O2
from m/z 427. The peak at m/z 220 was detected in MS? analysis of Pink Pigment a, and corresponded to a loss of a C11Hi7NO> from
Pink Pigment a. These results of the molecular formulae and MS" analysis suggested that Pink Pigment  would be a product consisting
of three PP-Val molecules connected via three molecules of formaldehyde.
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HiC CHy HyC CH, HsC CH, HaC CHj
N N
H,C CHj \\
COOH HOOC COOH  HoOC COOH HOOC
S S
CH CH AN =
3 3 \O o~ \|\

H3C CHg

(A) (B) (C)

Fig. 3-6. Chemical structures of pink-red pigments reported by (A) Imai et al.,
(2006a), (B) Dong et al., (2010), and (C) Lee et al., (2012).
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3-6 RICKED E L o & BB omEl Hik
[HRE L UBLE]

RIFFEDOFE R & BRI 6, Fig. 3-TIRT & 9 e v’ 0 7 AFE AR O UG
FEHE 2 $2 2 L 7=, PRENCSO & alliinase @ S ith 12 & 4 sk L 7= 1-propenyl 1-
propenethiosulfinate/X. & 9 1431 ®1-propenesulfenic acid & )& L. 2,3-dimethyl
butanedithial 1-oxide % 4 L "C Cepathiolanes~Z{t. 3~ %, ¥IZ. Cepathiolanes|i# %
BT RERUS L, PPSEIERT 5, & L THRRIC, PPRRAR/LLT LT E KL
FOSTHZ LT, BMEOYWE LY 7 AR ETERT D,

TDLX ) RECBRGEOKSHEEICBWN T, TNEMlld 5 HiEeER L,
Cepathiolanes 75 ZE % 3~ % 1% 2 (Z & % 1-propenyl 1-propenethiosulfinate 7> & 2,3-
dimethyl butanedithial 1-oxide~D)lE, 7~ b r B —HA{7L TH D BT K
D SOGMES T % (https://goldbook.iupac.org/files/pdf/goldbook.pdf. at 2022/09/14)
FEOMLTRICBW TSR Z ERIRET L LIRS TH LD, 20
SSOHIAENZEE L, F 7=, Cepathiolanes?3 4Rk d 5 £ TOREMIZ, PRENCSO &
alliinase D UGB SV TH B, T VG R TIH30MH, ¥~ FXFH TH35H
BOMILANICHETe Z L R SN TER Y . Z ORI O il & 52 FH 551 TN #
Th o (Aoyagietal,201l) ., S HIZ, ZOBROKINIEEAGT 57 X /., NOC
WAL TH, ¥R FEEICHZFEDOT X/ BXOMENMFET 5D, &
s LR D% <AXZ OMFE N S ToiRE R &R D72 K0 BN
MR b DL D,

LLEDZ & 2B E 2 AT, ZABLGORARRIH O DI2id, ZABIG Ok
ML T2 2 BUSTC 8 HPRENCSO D 45 fif 25 5 alliinase D) & 2 #1fl9~ 2 2 L 23 E
T D L& 2T, M OTTEIZIZ MESCPHZ T % Z LT K DR DRI,
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FIIXZDOIENEIA D HERBZZ6ND, Ll b, B L > TiE
BURTE WG ASCHIR I ~DOREN LpHE T 5 72D OWIIA & T & 72
WIEENH D,
Z 2T, Fhlalliinase O & 3l S e v X F 2 EHT 5 2 ENEETH
HEDEZIZEST,
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OH O' NH,

(l)- COOH
/\/SK)\NHZ 1 R” NCOOH
H amino acid

alliinase
PRENCSO
Thiosulfinate  Color develoners
(CDs) / \

HaC CH; HyC CH,
HaC CHs  HsC CHz H,C CHy N
S A SWPS ;.
» y /'\ : /NL R” ~COOH
: N
" coommoo” e oo’ T comeee R Pigment precursors
Colorless Compound 3 Colorless Compound o (PPs)
HsC CHs  HC CHESC CHs HiC CH3H;C CHj HsC CHz  HiC CHs
— O
/ / / \ — / / Il
N CHz T N CH
2
R/\COOH HOOC/LR HOOCJ\ HOOCJ\ R HOOC* R/\COOH HOOC/LR
Pink Pigment o

Pink Pigment f
Fig. 3-7. A proposed reaction mechanism for the formation of pink pigments in the model reaction system comprising
PRENCSO, alliinase, amino acids and formaldehyde.
54



3-7 HEIEDKE MR

AYRXFXDE L F 0 THERIZEBW T, FHrizlZCepathiolanes’’CDsToHh 5 Z & %
AT LT, PPEART 2 FEEME THLZ L EWLMNI LTz, £7PPE AL
AT NTE REGLET VISR ND, EEaFETRCCa, CCR, BV 7 HBETH
% Pink Pigment .. Pink Pigment B3R5 Z L 2B E L, ENENDOWE
D53 F 33 CasH3aN204, CasHs1N30s, CasH3aN204, C3sHs1N306 T % & PLiE L 72,
EHIT, ZNOLWHEOWEEX, 2~35 1 DPP-VaR RV AT LT b REd L T4
fBahifEz b 2L E LT, LxL7Ze 5, CCPR. Pink Pigment a,
Pink Pigment OH§IEZ R ET H7-0OI1Z1F. 5%, NMRIOHTAMETH 5,

ZHHOHRIE, FvAFEIELHLTOIRFBOLGIRIIMNZ, R
BRI IV BOPE Z 2B ROEFN MR E L TOEHBEIRFIND,

R &R e LT AR X OERGHREORAN Ml 71k & LT alliinase
OFE PME SN A F2FEE T2 LW O RRREZMBICER L, 20
fRIRR CAEBHTF ~ 2 F 1T, BOHRP LM TE HMREMENH L1210 T <
ZNUBEDICHE L 2N LD MERIEPERNR NI XX LD & H
ATce TOX=RFL, BEROME 243 5720, BIRFBREPRE TEIC L S
PTLREARNNEENE, DR ZHERF 9 D 87270 & ~ R F (270 % TREME S
HbH, ZORMEIT, KE O LIEARZE L WO ffE I, KE 5 LIZX D57
MHEMA, X~ AXAROPYHORBELRSTERTELZLIILHFLHTS
mE A=A XOH LWERGIZRMET 5 2 LICEKBY | RO L ST D
ZLEHTELDOTERWINEEZ R,

VL bEo X912, alliinaseffifiil] & < % 13, &hhm ARBISI A, KO ATRENEZ
T2 LicbwmETEHLEERADND,
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BAE  Alliinaseiffl]| Z = 2 X DOBA3

4-1 Ff

FIETIL, v AXFOLECABROEMZA BN E T LI, ZORAE
M7 i 735 L LC, alliinase D@ & 280 S 7= # <~ (LLF : alliinase il
w3 X) HEHT D LW S R iEE R Uiz, Alliinasedifill 7 ~ 1 1%, £
GBS 2 MHT 57210 T < | alliinase AR DS EE 720 2 & s AR
MR E D ERL L IRN I RF LK 25, FLBFREOMBERMICKEHD R
DOFEA FTRE2 il 2 V5 2 & T, BEFOMERIESCEA DG NS ~ 2 X O
BT & D FE DL EMERCHTRIE 2 e TE D RN & D LB R T,

L2AL723 D, B2EICFEM L@ Y 2 = 2L, 7/ L% A X316 Gb & IEH
WZREL DT MEEDEHETH D720, 7 20V —ZADORFERENLTH
%, AlliinaselZB L TH DB T MFIEL ., T 5252 OB EIT7E
T 5 &) HAELSMIT IR 23 A T 2 v o 7= (King et al. 1998, Van Heusden
et al. 2000, Martin et al. 2005, McCallum 2007, Khrustaleva et al. 2012, Varshney et al.
2012) ,

TR, WP CHWONTELEA A E— 2REZ Y BERE~GH L
T IETEAR TR 2 D ZEIRE BB REN B Sz, A A B — LD MRHHT,
R TR IC B RZFERT D LB TH D . o OhEY Frik:
B 525 2 e RRBPHFOND T LD, SEMHEY OLER
TEHICIR S MM S b T,

ARETIE, Z~v3Famfl [RA—_"—JbbH L) (RHEXR [HREIGME : #9140
] . RMTE IR - 6~7, A1 o ~K¥ X [BKE : 180~260 g] .
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FEoE [ e AR E  5~10 pmol/g FW] ) ([ZEA 4 v B — A& RE T 25
Z L. alliinasefifill # ~ 2 X OVEH 23k A T2, F2EH L2 2 ~ % X OREE
Hr. Z~ 32X BEOMEIRNE, 7 L CEREEM & U TN R E 5T

D DI FRRE LTz,

4-2 BA 2 E—ADREHREORI
[$%tE L O FEE]
1L 'E & vkt

4-2~4-5DMF T Lz 3~ T oL RN, Rl e redlint 2e\ IR Y el

$% (Osaka, Japan) % 721ZEAHL%~ (Tokyo,Japan) 7 HEEAN L7z, i L7- A
I 9 X Cchromatography grade # i i L 7=, ¥ ~ 37 (3ff : A—_—dbd A4
L) 1. Bk) Wi BEFEMZEAT (Hokkaido, Japan) 7 BHEEAN L7z, MBANES O
PEHID TR RO H R Z ~ X F  PARZ v 32 ¥ RHRI v 2 F(13, THEE,
FITHFMDA— "=~ =5 N (FVEZX OB, 9 —27 ~— M,
RAFHUE, FrigB2 P, pmat 257V — e X)E) TlA L, £
Day hr—)L& LT, alliinaseffifil] & ~ 1% & [A] UM TR URdE & B TS L
ToH A w2 X (I ALIRER) A A U7o, MIREREME R TR & ~ 2 1%,
(BR) W BEREMFZEET CHRR LIz iz A7, &5 TH v -alliinaselx, 28
JEDFLH L [FIERIZ, A FaX T NREAL N T LhEar PR AT 7
H—R4BN T LERAWTH e = =7 i OrER Uiz, L 7zalliinasel .
10% (viv) 7V tmr—&25 yWMOE Y REHL 1 UEEZ 5 T9500 mM Y >l

FU LNy 77— (pH7.0) 12250 units/mliZ72 % X 5 ICIRfiE S w7,
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HA A B DO FoEpkE OBt

3% ChaBRIX (20 Gy, 40 Gy, 60 Gy, 80 Gy, 100 Gy) . * A4 v T4akBxX
(10Gy. 20Gy, 40Gy. 60Gy) Z&iE L, FHRRED ¥ < 2 FHF (Wi
Z—=_—=Jb b A L) KILB00KLT, REE T TREICENSE E—LE RS LT
(RIKEN RI-beam factory [RIBF] , Saitama, Japan) ., eG4 D& #ERIX ) 5 60%1
TOEIT— LT U= M UCHER L, 15°CTAEBT I ETZ, 0%, 10 A%D
FRERAMAOEIG & IEFHATR LS emll EO I H® 2 5 BB EA)
R LT,

(K5 R LOEL]

FEERBHER DOEI G I T55BR X 3L 1286.7~100% & =V MEA R L, BHA A4
E— LGS ~ 2 T O TR A 5 2 72 h- 72 (datanot shown)
EHREN KX S RDICOoNTHOAEFIZEL 2o 7= (Fig. 4-1) ., EWABTR
& LT, W5 embl EoEIC b 55 “HERBEAI A RO L 2 A, AR E
DK E SR LTz, FRIZIRFE TIE60 Gy (Carbon 60 Gy) &80 Gy (Carbon
80 Gy) DIz, %4> Ti%20 Gy (Neon 20 Gy) &40 Gy (Neon 40 Gy) DT
RERENO T (Fig.4-2) . L EOFERNG | RFETIF40Gy~60Cy, A

TIE10 Gy~20 Gy M I fREHR & TH 5 LIl L 7=,
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carbon 20 Gy carbon 40 Gy l carbon 60 Gy carbon 80 Gy “carbon 100 Gy
\

|
|
|
| .
e e e e [ Tii
| (TR N »
L & ) .
| I NINY

‘1 }IY 4 : -
W’MI" '}Hﬁt‘l dl \l‘ ’f‘ Hll \"0 N
) |y L mmm Jiis Wiy

| |
neon 10 Gy L neon 20 Gy ' neon 40 Gy neon 60 Gy

T———— ¢ 10cm
——*—8cm

Fig. 4-1. Photographs of the plant growth state of each heavy ion beam irradiated
seeds (33 days after sowing).
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100% —ggu;
88% 88%

0,
80% 73%
69%
60%
S1%
40%
20%
7% 0
3% 4% .
0% L | . . - 0%

Fig. 4-2. Plant growth rate (Number of 2nd leaf developped seedings / number of
seedings with grass height greater than S cm).

Number of 2nd leaf developped seedings / number of
seedings with grass height greater than S ¢
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4-3. AlliinasePifl| # = % X DIEH
[#1EHE L O H#E:])

Alliinaseifil| # ~ 2 X DA ) —= 7

WORRE D # ~ 2 XM (Ml 2—S—db b A L) #91,5006% (6.089) % A
NTEERIOcmMD T T AF v 7 v — L2, KREREFT20GyD %A A 4
v—2AaxMRH L7 (RIBF) . A4 @OLETIX, 63 keV/umiZAHY L7z,

UIF, BATSREML, Z2O%OMAT %O ZM2, Ma, Mak L7z,

M1 FE 11,4507 % ALiRE CERA ST DAEHER 72 805 1k (B 71k,
TEREREH], AR, ERE R ) THIE L, ¥~ X XA L=, BIRN
(2%, 3HIC448 DTN b L—IZ1 40K DM Z i L, E=—/L T ANT
B &ITo7, Z0%., SHICEEHIES~EM L. 97 IZERAZIHE L7=, M2, Ms,
Ma% ~ R FEROFEL TN T S, [RIERO e 1L CHEM L 7=,

IWHE L 7M1 2 ~ RFEROIRERE L BRE LT, BAMVEDOIREZE £5~10 g%
AZTEROHEG ANCEI D K SR L, a7 v e Uiz, BL1x 7 U —
=V TVE, IR AR R R LI R OB REREA, 35 KL OHPLC/#r ¢35
i L7z,

ARV —= 7Tk Lo BkiZ, 3FE4A L0 il O & B e
% T AR R 70 B AR 7 15 CEREIRES, B . IEREa PR, Rl s (488
LD E vy T] 72E) ICTHMSE, MfE 21572, M2, Ma, Moflf DR
L, [FBEDFIETHEM LT,

W2, IRV —=2 7 TlE, ¥~ RXEROEKERILU2~23DNLiE TR I7 10
RS MmO Y v R F L@V H L7z, SHIC, UIWHLEFRXD
s 5 3~43E B ORTEEE (F9400~600mg) Z8IW H L, 7 e L
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(Fig. 4-3) . F£7. TICTHWARWEREZ ST ML, I 2 =5 T+Ho1
R ST, 5°CTIRIFE LT, 82, B3R 7 U —= 7%, #ikdalliinasef ik
% i\ 72Enzyme-Linked Immunosorbent Assay (ELISA) | 3 X OV <~ R i fufsk
B 258479 HPRENCSO® & FE I & L 72/ ic fD & | alliinase# i) 7 ~ 1 ¥ %
27 A Oy

B LT~ A2 XTI REFEL T THAMN KT SREAHEECTRMI Y, £
NENHT 2157,

B L7oMs 2 ~ XX R O 45 5 172 Mol 1 & FLIRSE O Fl 1 % [F] U B35 o [+
URHETHIE L, BB T 20T oMeZ v~ 2 FEkE a v br— LX< x

FEKZ 1372,

IR YE & 2 O B RERTAM

204 DN T — T, REELRWZAEZ ~ 1 X2 OEN TIHE L7ZERICAT
DRV & B DA T2 G LTz, 723, FEROFHEORICIT, AENZ KT

H L. P TVE TR BIR T BB L L 912 L,

el 5y (Lachrymatory Factor [LF]) DO E &

HPLCZ JHW TRy (LF) ZMIE L7z, Fig. 4-3IZFC# O FIEICHEW, X
<~ X X EROFFEA00 mgZ 1.5 mMLO T v X R)L 7 F =—7 (Eppendorf, Hamburg,
Germany) [ZEREX L 7=, 12.5 units ¥ Hlalliinase, % 7= 1Zalliinase & A f# L 72500 mM
Vo ) ULy 77— (pHT7.0) 2L, ~A 7 a3 TR Mk L
T2o T D%, HHIZ15,000 rpm, 10FD, 4°CTim Lo L. B3k 51552000 12
EIEL plth OEIRRL 5y & A HPLC (LC-10AT, Shimazu, Kyoto, Japan) T43#r L 7=,
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HPLC D5 #T4:4:1%. 77 F A : SenshuPak ODS (250 mm X 4.6 mm, Senshu Scientific,
Tokyo, Japan) . B@EIFH : 0.05% TFAZ 5 1r30% (viv) A% /—/L (LC-MSZ L
— R) | ¥ 0.6mlimin, 7T LA —7 R 35°C, ftHiEE  UV254nm%

7=,

Alliinase # o 737 Z8 81 E:f# 4T Enzyme-Linked Immunosorbent Assay

Alliinase % > /X7 O R Hilx, Kamataetal. (2011) 2332 L 7=Sandwich Enzyme-
Linked Immunosorbent Assay (ELISA) 12X V1772, ZHrH > 7 LiL, Fig. 4-3iC
R L 72 RIS e » TERERL L 72600 mgod & ~ R TR SF B O KB K ANz T
Wt U7z R & 7z, AlliinaselZxf 9 5 $tfki%, Eurofins Genomics (IHOperon
Biotechnology, Tokyo, Japan) (Z XV, —#xEIZRMERNME, EAT BT H 2~ RF0n
HAFEL L 7zalliinase” v /X BH AT v hotuE T 5 2 E Tl E N, D,
T T4 =T 4T 5 E AT L 7= btalliinasebt {4 % Sandwich ELISAD flitiEHt
k& LT Lz, BFuAizid, Biotin Labeling Kit-NH, (Dojindo Mol, Rockville,
MD, USA) zZH\WT, 7'r b aU W ER L 72 Hlalliinasedi ik z £ 4 F 1B L
boxrHfni, miicii~A27a 71— ~J—4—DS (Pharma Biomedical,
Osaka, Japan) %l L7z, ELISADE & rIHEFIPHIX, =" =7 alliinase ¥ >
NIBE R EHEYE L L2 5EA. 0.3~48ug/mITH - 7=, Alliinase# > 737 B D%
Bl &%, Protein Assay Kit (Bio-Rad, Hercules, CA,USA) CTE& L7z ¥ L /"I E
IZXFT B TR LT 2 o X 7 B E IR O BEMEY)E 1 X bovine gamma globulin

(Sigma, Kanagawa, Japan) % fu 7=,

63



PRENCSO& D i &

INEG L OFEMEY () @ &% <3 FEKH OPRENCSO#&|E, Fritsch and Keusgen
(2006) O FHEIZHE T OEEZ I % TRIE LTz, Fig. 4-31ZF08 L 72 FIEIZHEW,
600 mgD ¥ < 3 FHlfk & /L a =7 R—/L (¢ =3 mm, Nikkato) %#3>Ah7-
2mlt—7a v 7 Fa—7 (Eppendorf) I[ZERE(L 72, 0.6 mIOZAEKZNMNZ .
60 °CTLRFEIINEN (& 5 VTR CURRIFE) Lz, ZDO%. Mixer Mill MM
300 (Qiagen, Hilden, Germany) % H\»T30Hz T64y it L 7=, 15,000 rpm,
4°C, 1057fiE Lo BEL . RIEEGT-, REZAR0AS MDA T L7 ()b
4 — (TITAN3 - PTFE, Tomsic, Tokyo, Japan) Tl L. 74+ XA A — K7 L
A g (210~800 nm) % &t L 7-HPLC (Alliance 2695, Waters, Milford, MA,
USA) ZHW\ Tt LT,
HPLC D /3 #T 41X, 5 7 & : SenshuPak ODS (250 mm X 4.6 mm, Senshu
Scientific) . BEIH : 0.06% (viv) TFAJK, ¥t : 0.6 mL/min, 77 L4 —7

IR . 35°C%H V-,

[FR L EE]

HARIZEBITAE L mFE (G . A— —db s & L) Oz RE 1-£91,60067 12 %
Ao A A E—2L%20 Gy TS L7z, 1,4500100 MofE 1% ALifEE O FE ) 72 3%
BE VRIS TS L, 457 DM 7 ~ R X ER A 1572, INHE L 7o M1Z <= R FERD 1
5. BRERHI, 3 X OHPLCHHTIC X 0 BIEMEN TS < | IR AR R D 720
OBk Atk L7, B LTCOEK D, HIHIZ K AMARTFAFELAT o T2, B oI
MoFE 135001 & #EFl, #k85 L. 197fHOM ¥ ~ X XERE 172, Mo¥ ~ R FERD
1%, ELISATalliinase# > /37 &2 E LT, FEM &~ F 37~ 7alliinase
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B Ry BOUI0LL T &R L7 18E OM X ~ 2 X ER &3Pk L. HAHIZ X 5 Msfi
TFAEEIZHWZ, 155 30723,250kLOMsfl 1D, 1,078K% 2 Fkis L466EK DMz~
YAXEKEGI, EOHNE . F v 3T MAMIE% DX FPRENCSO® (>3.26
umol/g FW) & B REFHAGIC & 5 ¢ D F HE Tl 21TV, HRAHIIZ2ER (#6, #10)

K Lz, ZOERIT, LRORHEHETFLVEON TR Tholz, #6L#10
DA E D 1F S T-666RLOMME T35, Z I E 20001 % #EFE L 7=, #6, #10
HIZIEFIC/ET L, 1588k (#6) L68EK (#10) OMs¥ ~ X FERZH/-, Zh b
TERERNCIT— 72 GERRSE) &~ R FER (5LFE : FLIRER) & KBS -27eho

7= (Fig. 4-4) . ZH 5 DOMZ ~ 32X ERZ L ORI VT2,
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Sampling of
400 to 600 mg

/J _____—»Disposal
Cutting
/ ~Surface layer

Cutting

_ —»Drying at room temperature,
Numbering followed by refrigeration

Fig. 4-3. Methods for collecting onion analysis samples.
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Fig. 4-4. A photograph of the tearless, non-pungent onion bulbs (#6, #10). The bar
shown in the photograph indicates 1 cm.
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4-4 alliinase# il & < >R 5 DREMFHT

et U 7-alliinaseflfil # ~ % 5 (#6, #10) OFEMITE LT, (a) MRM &3
HDOERERM, (b)) "IEETERETZSy (Brix) #IE. (c) PRENCSOEA & DIE
B L O & BB OALZER AT (d) RIR « =4Sy (LF) . () EVE R
EREOER, Z1T-o7,

[#18hE L OVF#E])
(a) RN & =HDOEHERME, (c) PRENCSOE A ®DOER, BLILW
(d) 17K « s %%y (LF) O E &L, gk [4-3. alliinase il # ~ % X DO/EH )

(ZRLHE LT e Ve,

(b) FIERPERETE S (Brix) HIE

Digital Refractometer RX-5000a. (Atago, Tokyo, Japan) % H\>"TSoluble Solids %
BE L7c, BEEIE, Fig. 4-3IZFC# D HFIEIZHEV Y, 600 mgd ¥~ Fillik 2 v
a=7AR—/ (¢ =3 mm, Nikkato) =3 >AN7=2mt—7nv v/ Fa—7

(Eppendorf) ZEREL L 7=, 0.6 pld7ZER /K%M, Mixer Mill MM 300 (Qiagen)
ZHNT, 30Hz T6 Zrfifileid L7z, Miet% | 120478 (15,000 rpm, 4 °C, 10 min)

ATV, BIE100 pla IV THRIE 217 - 72,

(e) E/VE PR D E B

vV A R EIX. Anthonand Barrett (2003) D J7iEICEESW T, v A 7/ 1
7L — K Y —4%— DS (Pharma Biomedical) Z i\ THIE L 7=, Fig. 4-3IZFC# L7
FFIEICHEVY, 600 Mg ¥ ~ R Fffk A v a2 =7 R—/L (¢ =3mm, Nikkato) %
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3IoANT2mliE—7 1 v 7 F 2—7 (Eppendorf) [ZEEHL L 7=, 0.6 mMIDZREE K%
SNz, Mixer Mill MM 300 (Qiagen) % FHV T, 30Hz T6ArfMmkHE 7=, ¥t
i, IR THE L2k, =008k (15,000 rpm, 4 °C, 10 min) 1T\, ki
BN E L, O 720 a9 = L7 L — R AL, #REd
530 M IC K43 l, 0259/l Y=Ftr 7 ==Lt RKZ > (DNPH) in1M
HCI 66 plZ A0 L, 37 °CTL043 IFR-C/TIRFN L7223 b s S /72, 104314,

1.5M NaOH %66 pliishn Lt 245 1k S 7z, £D%, BXy T ¢ v 7 %3ELLE
T, BXRAE L%, v~ 27 v~ L— kU —%—DS (Pharma Biomedical) T
515 nmDOWSEE ZIE LT, ME#IZ0.04~6 mMMOBEEOE LV E VIS N ¥
DRI & U CERR L T2,

[FR¥B L UEE]
() fEEFRYE & 5 2 OB HE AT

Ms% ~ 2 FEROBEFRNE, BLOELORELZ D720, 204 OFFfiE T
20ERDOMs ¥ v 2 FERZRRIMM L=, ZO/ME., £RTOFMIE RN WT DX~
AFERGMEFENEL A Z R S o7 LA LTz (datanotshown) , £72%< D
PG FE X, FHAZE RN, BFITERC LS TEL D Z LR TERVWE A
B U7z LA LTz, BB O OFENICIE, & ~ R XA O RN 2 < 7S 22
olz, THHDFERNG . ARH L72%M (#6,#10) (3RITHEFE DX ~ 2 FER L
IRESERLIMWEEZATLZLBWAENLE ST,
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(b) FIERPERETE Sy (Brix) JIE

2% (#6,#10) DX~V XX, BLOay b —¥ < X XEROAIEMERTES
BEEX2.8~57TH V| IFEF THREHZRZEITRO bR ho7- (Figd-5) , 2D
FEERIL. BERERMMAE RICEE LTm2% . (#6,#10) DX~ (XX THAZE U &

WOFERE—H LTV,

(c) PRENCSOGAHEDERE

LFP B L B R D FE Cdb 5 PRENCSO & 2 HPLC-PDACHIE L 7=, 2R %% (#6,
#10) & = b — L OB L 7o # ~ 3 Ak OPRENCSO&(32.5~4.6 umol/g
(Fig.4-6) O THY | MESNTND XXX NETPRENCSO&E & L TldiE

W OFHANTH - 7= (Kitamura et al. 1997, Kopsel et al. 1999)

(d) . (o) fEIENEE B OALFHI T

2~ XX MBS DRy (LF) & e e A a2 RE Lz, LR
B AXAXOMRME L EHLOMF > TWIMETHD, ELE R,
RENCSO alliinaselZ 53 i S AV 7-BRIZAERK T 2 93 ¥ T U | lachrymatory factor
synthase (LFS) OTFfE F CIILFAERME & EMET 22 L0 n, H< b H~x
X OBz, POMHICNET 5 HECHHA ST,

25508 (#6, #10) OLFAEREIX, 2 hr—L & LEERRY w3 FX (W -
FLIREE) & el L CR7.50 DLIEA LT (Fig.4-7) , £7=, BV E Ut E
X, v be— X2 LE L CE55 D1, M H R L C3.85r D1
ICHREIZEAD LTz (Fig. 4-8) » b OFERIT, BREFHMEOMEI L b —3
L7,
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2% (#6,#10) DOLFAERKE (<1,000,000 Peak Area/pl) 36 L OB L v FEA K
& (<2umollgfw) 1%, ZNE TEH LN LI R LA 2 &~ 310
FEOF T bR > 72 (LFARKE >2,000,000 Peak Area/ul, B /L E R &
>2.2umollgfw) . F7o, 2R/HE (#6,#10) OBV E UERAREIL, (KT EEALE £
TIERREE R Z GRS STz Vidalia' 7 E DOSEBDFINF v XX L LT S
TN D EFE D SCEEDFI40% TH V) | AEIZIERVWVETH - 7= (Randle etal. 1993,
Rnadle etal. 1995, Kiramuraetal. 1997) ., 2416 OFEEN G 25758 (#6,#10) 1%,
FDBFNHRY | RO P TR O FEHLDIFNI Y RFX THDH I E PRI,

25748 (#6,#10) |25 Halliinase (12,5 Units) Z #SHN L T & ~ 3 Sl 2 il L
TEBEDOLFAER ST, 2R mikicary br— A Z w31 ¥ L EREE CTHINLE

(Fig. 4-7) . ZOFEREMND . 25%H4E (#6,#10) OLFSOIFMEIL, =2 ha—Ld
AZRXFXELERLANLVTHDZ ENRRBINT,

ATRLPRENCSOE A BEDER DR R, B LUK R LD | 2%Ht (#6,#10) THL
MRABIERE D B L v AR O LFAE B E DMK T L2 ZERIE, alliinase D il & 23411
FlENTNDTeOTHD LEZ BN,
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Fig. 4-5. Brix measured in onion bulbs (control, #6 and #10).

The control represents the normal onion grown in the same field and by the same
cultivation method as #6 and #10. Data are mean + SD, n = 5 (control), n = 19 (#6, #10).
No significant differences were observed between control and the tearless, non-pungent
onions (#6, #10) by Dunnett’s test. N.S., not significant.
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Fig. 4-6. PRENCSO concentration in heated onion bulbs (control, #6 and #10).
PRENCSO concentrations were presented as pumol per g fresh onion weight. The control
was the normal onion grown in the same field and by the same cultivation method as #6
and #10. Data are mean + SD, n =5 (control), n= 19 (#6, #10). No significant differences
were observed between control and (#6, #10) by Dunnett’s test. N.S., not significant.
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Fig. 4-7. LF production in onion bulbs (control, #6 and #10).

The LF productions are presented as LF peak area per pl of supernatant. The control
represents the normal onion grown in the same field and by the same cultivation method
as #6 and #10. Data are mean = SD, n = 5 (control), n = 19 (#6, #10). Significant
differences Dunnett’s test (P<0.01) are indicated by **. N.S., not significant.
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Fig. 4-8. Pyruvic acid concentration in onion bulbs (control, short-day onion, #6 and
#10).

Pyruvic acid concentrations are presented as pmol per g fresh onion weight. The control
represents the normal onion grown in the same field and by the same cultivation method
as #6 and #10. The short represents short day onions collected from 5 different areas
(Chiba, Nagasaki, Saga, Kagoshima and Shizuoka) in Japan. Data are mean + SD, n=5
(control), n = a total of 5 (one from each areas (short), n = 19 (#6, #10). Significant
differences by Tukey—Kramer test (P<0.01) are indicated by different letters.
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4-5 Alliinase#Hl R X D fEdT
TEH L7-2%48 (#6, #10) o alliinase D1 & 2311l S 40TV B JRIA &2 Mgt L7z,

Rt L7e AT (@) Alliinasel& DR, (b) Alliinase % > /37 B3 BLE D E &,
(c) Alliinase MRNAZ B E D E &, (d) Alliinase RNAseqfi#tT. 3 L O° (e) Alliinase

7 X JPCRIEHT CTh %,

[#16F & k]
(a) Alliinasei& M D FEAMIZ FIV 72PRENCSO® D E R, B LT (b) Alliinase#
N BB D EED1OIZ W 7-Enzyme-Linked Immunosorbent Assayi. Al

® 14-3. Alliinasefiiill % ~ 32 X OFEH | (ZFL# L7z HiEE Wz,

(b) Alliinase # > 27 Z8 Bl & f#HT: Western Blotfi#4T

DT D B X7 IE, -80 °CTHIFERAT L T2 & <= R X ER DK%

(500mg) 12500 MIDPBS/ Ny 7 7 — &Nz ke L, Fhih L7z, =0, Fiko
Enzyme-Linked Immunosorbent Assay & [Fl£k(ZProtein Assay Kit (Bio-Rad) Tia#
VR BREER L, RPT 47 ar hu—L e LToalliinasel®, FEME=
= B LU, KR L= = ZalliinaselX. [FIEEI(ZProtein Assay Kit

(Bio-Rad) Z#HW\WCERE LT,

Coomassie Brilliant Blue (CBB) #:fa, JsJU'Western blot/liZ, = Zhlit
L7z Ao s X789 ng. B L OHERL = = 7 alliinase 125 ng%
Laemmli Sample Buffer (Bio-Rad) ZH\\C7' & b 2 /UIZHEVLER L7z, Dk,
2B D10% (wiv) RV 727 U7 I R VERWCTERUKE Lz, EBXkE%O
FNARIECBB TR L, & 9 WD 47 L iETrans-Blot SD Cell (Bio-Rad) % >

76



Tpolyvinylidene difluoride membrane (Bio-Rad) ~EXMIICHEZE LT-, 55 L7z A
YTV ESDAFLAINIERTT myF 7 L, 4-3TH W zalliinasefitik T
—WpA o F 2= | Lo, D% R HUA Z Tween-PBS /N v 7 7 — T304 [#].
2RI 5 Z LICEVIBREL, AT LU 2P T v MgGIRIE TR A > % =
N—h L7z, O, @FEI7ZPiAR % Tween-PBS/N v 7 7 — T3040 M. 3MEILEHE L T
bR U721, alliinase# > /N7 & ZHRP Conjugate Substrate Kit (Bio-Rad) % f\»
T e b a VeV L7z, A7 L %ZChemiDoc XRS (Bio-Rad) T4/l

L7,

(c) Alliinase mMRNAZS H & fEAT

Total RNATX, AR ZHE 2 H W CTHllhs L7z # = R FEROAAK100 mgir b |
RNeasy Plant Mini kit (Qiagen) Z T, A—H"—DO~== 7 MIHt->THIH L
7=, flitH L 7ZRNA/ZXReverTra Ace RT Master Mix with gDNA Remover (Toyobo,
Osaka, Japan) % FVCifi#sE L, cDNA%Z &% L7=, mMRNAD I &% HIE T 5
728, 7900 HT Fast Real-Time PCR Systems (Applied Biosystems, Waltham, MA,
USA) . THUNDERBIRD SYBR gPCR Mix (Toyobo) % HWTU 7 /L& A AEE
RT-PCRIEHT 24T > 72, U TN A LERRT-PCRO T T A ~— MRS TR
T%NE L7, mRNADF R B, WEEERLR L L THEERTHEN L

Ubiquitin O F8BL &2 %13 5 R TR LTz,

AVAXIVAF KT I ~—F v

Ubiquitin (N#ME%EE(ST) LalliinasedF ) IX 7 LAF RS54 ~v—t v
M. GenBankT — % X—ZDEHI|T — X N HEkEH LT,
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- Ubiquitin (GenBank accession number AA451588)
Fwd: 5’- ACGATTACACTAGAGGTGGAGAGCTC -3’

Rev: 5°- CCTGCAAATATCAGCCTCTGCT -3’

- Alliinase (GenBank accession number L48614, AF121962, FJ446579, Z12621,
AF124405)
Fwd: 5°- AATGAGACCTCCATCCCCATC -3’

Rev: 5°- TCGAAACCCTCTCCACTTTG -3’

RS

Initialization : 95°C — 1min

Denaturation : 95°C — 0.25min

Annealing : 55°C — 0.25min x 45 cycles
Extension : 72°C — 0.5min

Final extension : 72°C —  5min

(d) Alliinase RNAseqfi# 4T

Total RNAIZ, WA EFR 2 MW THR L7z # ~ 32 FEROMAKL00 mgn & |
RNeasy Plant Mini kit (Qiagen) ZHW\\T, A—h—D~== 7 WIHt-> THH L
77o & HIZERHEL L 7-total RNA % RNeasy Mini Kit (Qiagen) . 3 . {"RNase-Free DNase
Set (Qiagen) Z W T, DNaselPFz1T o7, AL¥1%Z Dtotal RNAIL, Nanodrop

(Nanodrop Technologies, Wilmington, DE, USA) |, 3 X T Agilent 2100 Bioanalyzer
(Aglent Technologies, Santa Clara, CA, USA) 2 LK 2R FEHIE,. RNAD WE ks %
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1ToT7, SWEHERIZBWT, ¥ 7L DA260/A280751.8L4 L, 5> ORNA Integrity
Number?38.0LL ETH 5 Z & =8 L. TruSeq RNA Sample Prep Kit (lllumina, San
Diego, CA,USA) ZH W\ T A —I—D~=a T VIR, O —FT 2 AT7A4 771
—HERM LT, AL — v AT 477 U — 3k R — 4 > % —HiSeq

(Mumina) ZHAWT, FTRROFMH T —7 » AT 21T > 72,

v v AERT

T AT, T RLA TR L7z,

FRMT 5 1% Paired End
AR 6

L= 3

w0 MR 100855/ U — R
B U — R Y — R7
g7 —4 & 20 Gb/ L —
T — X AP

BV TNUBY — RRXTULEOT—2 2045 Lz, HonizT7—XIZiE, T
SR IEHALER & S L 7=

Chastity & FEIEAL 2 R E HV SR O(R\WTF — & Z % L7z, [Chastity]
T AR OBEN S DT T FIMEON, KO bDZEIL, IROEDEI12E LTz
Yeer. T (11+12) | TRTATR S, AERIZEBWTIE N1/ (11+12) >0.6)
DERMETT —Z DR EATo Tz, B LT —F %, KW 2 7 VEA OIndext

WICE DY TNVBITIRY 5T T, T T2 —ldeate ) — FEREL, &6
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IZQuality Value20LL DI EA90% LA L& Te U — RAT 24l L7z,

KV TNOT— & CHEH L, Trinity (URL: http// trinityrnaseq.
sourceforge.net/index.html version 2013-02-25) % I\ CTDe novoC7 &> 7 /L %17
STy TRYTNT—4 (HEETranscripthitdl]) (25T, BLASTRZRIC L BT
JT—va 5 ETol, T/ T =Y a0l AIIIBLASTX R, T —
4 ~_— Z(ZIENCBIPDRefSeq-Fungi, RefSeg-Microbial, RefSeq-Plant® 7 X 7 figfid
Fll, B ZONCBID /3 HE TAllieael 2 B gk S LTV 2 7 2/ IRELY & i is-FBLY %
TR BERANC M LTS S LTe T — Z N — 2 & ]2, BLASTXD /YT
A —4 —(%, evalue 1E-5/num_alignments 100 / outfmt "6 gseqid sseq id pident length
mismatch gapopen gstart gend sstart send evalue bitscore glen slen stitle gcovs gcovhsp™/
&L, TOMITT 7 4V MEEEER Lz,

HEE TranscriptBd #1126t U BT O 72 D Trinityz W CTHE Y T o7 —X
BT Lle, vy B TRERNSG . edgeRAEEH LT 2 B O FE B EL#L
FRE %2 L, MM CREEICEDH HBnFhld 2 L, AEZEIE,

p -value730.05 F & JH#EL L7z, £D% ., BLASTXTOT /T —3 3 T

alliinase & 7 /57— a v SN TF-EBaFa2Ht L,

(e) Alliinase”” / X v 7 PCRAFHT

X< 32X 7 ADNAI, RIRERE A VO Tk L7z & ~ R FEROFHH#£100 mg
725, DNeasy Plant mini kit (Qiagen) #H\WWC, A—H—D~==2 T LIZHE->T
i L7z, SR# L7477 ADNAZ§#R L L CTKODFX (Toyobo) % iV 7-PCR%
17V, MUltiNABE S KBNS E  (Shimazu) % F\VN TSR EEY) D IENT 24T - 77,

SIHTY TV, Table. 4-212 7~ 3 FEHIRC Sl D B 72 2 T L AL 14T EH 0D
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A2 3XX, arbha—AZvRxX, 1EH L2284 46, #10) #HV 7=, PCRS:
X TR Z2 -,

AVIRIVAF KT FA~—F v b

B T-#F Fldalliinase Z FF RHNIEIE 2 7' 7 A ~—DHF A TS L LT,
Z O dalliinase g+ 5774 ~—% [UJ] & L7z,

MRS O X ~ X F, 22 hr—/L ¥ <R ¥ DPCRTIL, SF1-SR1,
SF2-SR3, UF1-UR1l, UR2-UR3®D4t% v k%, #6PDPCRTILSF1-SR1, SF2-SR3,
UF1-UR1, UR2-UR3, SF1-SR3, UF1-UR3®D 77 A ~—t& v h &, #100OPCRTCiX

SF1-SR3. UF1-UR3DO 7' 7 A4 ~—t v & H\ 7=,

+ SF1: 5°- TGGCAGTAATAAAATGCCAAGCCTT -3’
+ SF2: 5°- ATGCATAATCATGTCTTCATTTGTT -3’

+ SR1:5’- ACAGTTTATATTAGCCACTGCTTCT -3’

* SR3:5’- ATTTGCATCCCTTTATTACTTCATG -3’

* UF1: 5°- TGGCAGTAGTAAAATGCCAAGCCTA -3’
* UF2: 5°- ATGCATAATCATGTCTTCATTTGTC -3’

* URL: 5’- ACAGTTTATATTGGCCACTGCCTCC -3’

* UR3: 5’- ATTTGCATCCCTTGATTACTTCCTT -3’
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sl FESES

Initialization : 94°C — 2min
Denaturation : 98°C — 10sec
Annealing . 60°C — 30sec x 35 cycles
Extension : 68°C — 15sec
[FRB L UOELE]

(a) Alliinasel& M o A

M (ZE) OIRAE THIARAAE L7-BROPRENCSO&IL, 22> hr— /L& <X
XFO0IZxF LT, 25848 (#6, #10) TiE3.0~5.4 pmollgZz~ L7, Z OffEI
Fig.4-6127R L7225 (#6, #10) DfifiART OPRENCSOZIZ % L < | 2%k (#6, #10)
MOPRENCSO/alliinaselZ L » TSl Z & Zose Lz (Fig. 4-9) .
SFED | 2RH #6,#10) 1%, alliinaselFHENE L <K T LTV 2 Al RetEnd sk < o
X7,

(b) Alliinase % > /X7 B DOREEDIE

2558 (#6,#10) OAllinase” > /7 E B &L, ELISATIZE R FIRMELL T T
Ho7- (Fig.4-10A) . F722%H% #6,#10) DX~ XX ERDSDS PAGE & Western
BlotTi&, 2%#tdtialliinase# >/~ 7 E Mt & 7en - 7= (Fig. 4-10B, C) .

VL EOFER LV, 258#8 (#6,#10) Oalliinasel&FMEAL F DOZK 1%, alliinase % > /%

BORBULTICE D Z RS,
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(c) Alliinase mMRNAD IR B D E &

Alliinasei&{n - DI HEIL, ©&Y 7 /L% A LRT-PCR (qRT-PCR) TI{T-o 7=,
ZTORER, 2% (#6,#10) dalliinase MRNADFEHEIX, ThFhar bo—L
E LT RXDINA M CTH DL Z ENPH L E -7 (Fig.4-11) . Z OFEFED
BH. 254 (#6,#10) 12317 HalliinaseZ > /R 7 ERBHEOIK T iX, IEWAEICE

T Halliinase MRNADO R E DI FICERT 5 Z ERALMNE o7,

(d) Alliinase RNAseqfi# 4T

TEH L7z Z ~ 3 5#6 3fER, =22 b — ¥ < X X3EERST X TOMEENS,
1182000~3000 5 U — R DT —Z 235 B 4L, /08T BARIZIE R FEhE S 7z &l
L7,

TR TNVUIRER KA EO 2 T ¢ TESIRG DI, T T —v 3 T
XTEDEEOREETH T, 4L arT 4 7ok lalliinase)] &7 /7 —
va USRI, AMETH o7z, AMBEORSIOT ) T — 3 T,
[alliinase]. [alliinase partial]. [alliinase-like]. [root-type alliinase] TH->7=, =D H
MHH<wXXD lalliinase] & S HITHVIAATERER, 29MH 3 5% Lz, D
BIA TS ST D Z <~ 2 X Dalliinaseld, MRNA L)L TlX 255 C2oME
FHLTNWDZ LR SNz, SHIC, 29EDH T, Bx & H1Crd 1FEE
Dalliinase DR BLERD TR < . Z OBAG T 2ERER I (X dominant TH 5 & &
Zbiic (Tabled-l) . 2D &5 72, fEHI LIS~ RFH#H6TIL, mFEBLL T
% Bin &7 1Dalliinase D FE B NH] S LT e, T ORERIL, HE OB T
IZd D LHEIN TV D X~ X DalliinaselZ DWW\ T, HRE L TV Haliinasel LR
LNTEY ., TOBIGTIZERNE U TR 2R e L7z,
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(e) Alliinase %/ 3 > 7 PCREHT

RNAseqD#EFR L 0 | fEH L= ¥ ~ 3 F 28\ Calliinase D HLAHIH] S AU Ty
DIRKNE, 1R Dalliinase DA Th 2 lRetEN RSNz, £ 2T, Bla &5
1alliinases 7/ bbb REE LT WREME A, 77/ X v V7 PCRCHER L7z, il
AR S oY he— LA X XSO T T ~—F vy Tt b
B OHEIRED DR S LT DIk LT, fEH L722R/HE (#6, #10) 1LEIE T
Bloalliinase DHEHE A HER I 72 - 7= (Fig. 4-12) . Z OfERE, /EHL7Z2%
M (#6, #10) TiX. 7/ & LD BEREMEEAOFBZ HEE Aralliinase GEIsT-
K5 MBRELTWDHZ EERLT,

VI EOFEREMNS, B L722536 (#6,#10) 13, @RI L T Salliinasesy 7/
L EMNBRE LU0, allinase?M@ T 2 VLD IS HEE 20, Thvdx
TR « SER ) Tdh HLFZ 1L LD, PRENCSOMRIZ WA T 2 Bk 4 22 B A

AR L 72 &l AT U 7o
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Fig. 4-9. PRENCSO concentration in unheated onion bulbs (control, #6 and #10).
PRENCSO concentrations are presented as umol per g fresh onion weight. The control
represents the normal onion grown in the same field, the same cultivation method as #6
and #10. Data are mean £ SD, n = 2 (control), n = 8 (#6) and n = 9 (#10). N.D., not
detected.
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Fig. 4-10. Protein expression of alliinase in onion bulbs (control, #6 and #10).
Protein expression of alliinase in control, #6 and #10 are compared by ELISA (A) and
western blot assay (B and C). The control represents the normal onions grown in the same
field and by the same cultivation method as #6 and #10. The results of ELISA are
presented as mean £ SD, n = 5 (control), n = 19 (#6, #10). BLQ, below the limit of
quantitation.
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Fig. 4-10. Protein expression of alliinase in onion bulbs (control, #6 and #10).
Protein expression of alliinase in control, #6 and #10 are compared by ELISA (A) and
western blot assay (B and C). The control represents the normal onions grown in the same
field and by the same cultivation method as #6 and #10. The alliinase purified from fresh
garlic cloves by using a hydroxyapatite column and a concanavalin A—sepharose 4B
column was used as the positive control.
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Fig. 4-11. Alliinase mRNA levels in onion bulbs (control, #6 and #10).

The mRNA expression levels of alliinase were quantified by real-time PCR. The
expression levels are normalized to the amount of ubiquitin transcript and presented in
percentage relative to the mean expression level in the control bulbs. Data are mean + SD,

n = 3 (each sample). Significant differences by Dunnett’s test (P<0.01) are indicated by
kK
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Table 4-1. Comprehensive gene expression analysis in onion bulbs (control, #6).
The analyses were performed by next-generation sequencing, BLASTX, Trinity and edgeR.
n = 3(each sample). P value is less than 0.05.

Gene Expression level .
No. | #6-1 | #6-2 | #6-3 | Control 1 | Control 2 | Control3| PV | Results ofannotation
1 0.03 0.09| 0.01 1066.44 120.36 68.41 2.9 E-15 |alliinase
2 0.50( 0.47| 0.58 0.53 0.04 0.00 4.3E-01 |alliinase-like
3 0.01( 0.15| 0.00 0.03 0.00 0.00 3.2E-01|alliinase-like
4 0.00 0.00| 0.00 0.00 0.06 0.00 1.1E-01 |alliinase-like
5 0.33| 0.00] 0.25 0.72 0.27 0.52 1.6E-01 |alliinase-like
6 0.00( 0.00| 0.00 0.00 0.05 0.00 2.2E-01 |alliinase-like
7 0.12( 0.01| 0.10 0.28 0.00 0.06 5.3E-01 | alliinase-like
8 1.72 1.06| 0.97 1.16 1.33 1.83 5.4E-01|alliinase-like
9 4.48| 4.66| 4.29 3.86 4.28 3.77 8.9E-01 | alliinase-like
10 0.85| 0.81| 0.94 0.83 0.34 1.62 6.9E-01 | alliinase-like
11 0.00 0.00| 0.00 0.00 0.00 0.00 1.0E+00 |alliinase-like
12 11.53| 10.46| 7.83 12.12 22.63 18.87 1.1E-01 |alliinase-like
13 0.00( 0.00| 0.00 0.48 0.00 0.00 3.5E-02 | alliinase-like
14 0.39 0.39| 0.17 0.00 0.17 0.28 4.5E-01 |alliinase-like
15 236 2.14| 2.94 1.15 2.86 3.12 8.4E-01 |alliinase-like
16 0.00( 0.00| 0.00 0.18 0.00 0.00 1.5E-01 |alliinase-like
17 4.86( 4.43| 514 8.32 11.59 11.48 4.1E-02 |alliinase-like
18 1.42 0.92| 1.16 1.32 1.44 2.46 2.9E-01 |alliinase-like
19 0.00( 0.00| 0.34 0.00 0.00 0.00 2.3E-01 |alliinase-like
20 0.00( 0.06] 0.13 0.01 3.59 4.60 9.9E-04 | alliinase-like
21 0.00 0.00| 0.00 0.13 0.00 0.14 8.9E-02 |alliinase
22 0.00f 0.00] 0.13 0.00 0.25 0.23 3.6E-01 |alliinase precursor
23 0.05| 0.00| 0.56 10.54 0.05 0.11 1.8E-02 |alliinase-like
24 398 455 519 0.56 0.00 0.00 1.8E-03 |alliinase-like
25 0.21 0.00| 0.00 0.46 0.00 0.21 3.3E-01 | alliinase-like
26 0.00( 0.00| 0.00 0.13 0.39 0.00 3.7E-02 | alliinase-like
27 0.00 0.00| 0.00 0.29 0.05 0.16 2.5E-02 |alliinase-like
28 0.00 0.00| 0.00 0.56 0.00 0.25 8.5E-02 |alliinase-like
29 0.53| 0.87| 0.77 0.68 1.79 1.57 2.3E-01 |alliinase-like
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Table 4-2. The list of onion varieties used for analyses of alliinase genomic PCR in
Fig. 4-12 (14 varieties of commercially available onions, control, #6 and #10).

No Region of production Type

1 Saga Short-day

2 Kagoshima Short-day

3 NZ Long-day

4 Shizuoka Short-day

5 Kumamoto Short-day

6 Nagasaki Short-day

7 Awaji Intermediate-day

8 Hokkaido Long-day_red onion
9 Chiba Short-day

10 Italy Long-day red onion
11 Hokkaido Short-day_white onion
12 Hokkaido Long-day red onion
13 Hokkaido Long-day

14 Hokkaido Long-day

15 Hokkaido Long-day (control)
16 Hokkaido #6

17 Hokkaido #10
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Fig. 4-12. Analyses of alliinase genomic PCR in onion bulbs (14 varieties of commercially available onions, control, #6 and #10).
The lane numbers correspond to the onion variety numbers in Table 4-2. Lanes 1 to 14 show the analysis results for commercially available
varieties, lane 15 is the analysis results for the control variety, and lane 16 and 17 are the analysis results for onion #6 and #10. Gene No.1

alliinase and the other alliinase were detected by using various primer sets. Gene No.1 alliinase was amplified by using SF1-SR1, SF2-
SF-3 and SF1-SR3. The other alliinase was amplified by using UF1-UR1, UF2-UF-3 and UF1-UR3.
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& U TR ATRED N & BRRE L 72,
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() Yy ZRIGOIEIER
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YRXEATAY =T B—DEINIRDLLIICATA A LT, £DF%, 200 ppm
DOWRIEFRIIK, E7 TR KICIRRIRIE LTz, RO7RKaERW %, B

TE V7RIt~ DA DOFEFE % 51l L 7=,

(b) HFPED KRR AR D D DO RfERE

Alliinase #fi] # ~ 1% X OTEEN R MBI T 2 0G0 2R T 57290 flldn
fli L DRBUZ LY F HREMEH L, 2 O&E il & KRBT 217572, B
REZIE, (R MW BRI B R Lo M MM AR % ~ 1 ¥ & alliinase
i 2 ~ 2 % % [4-3. Alliinase #)ifil] & ~ R T OAEH ) (ZF2Hk L 72 kB OFEERY
IRERFEITEEIZAE WS U BAAERF M E REME A Fe # ~ 1 5 D MEE~ alliinase #]1
fil 2~ XX DM EZ S, I A ~vX X2/, TOFR Z~v X Xf14%
4-3 FREL O AL HEE OREYER) 70 8B TR THREE L, FI X ~ R XERZ UV L 7=, &
FAHLVINELLE FI Y~ RAFEREAML, R XXX 5252, 0k,
BONTE R YA EREE L, 23X EKEST, BoNE R ¥ v XX
B, BIOZORKEWBETHLEA X FOELHNT, RO 21772,
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AR T RHT

Fy # v X FXEREZHET DIWRIZBNT 4249 BROX <~ X XOEES T v
7L, B30° CTHERTFLIEZ, ZOXXFXEEL Smm ATy hL, Vo=
7 " — L (¢ =3 mm, Nikkato) % 3 DA 7-2mlE—7 1 v 7 F = —7 (Eppendorf)
[ZEREL L 7=, 100 pl @ Buffer A GHLZ : 100mM Tris-HC1 (pH9.5). IMKCI, 10mM
EDTA) % /llZ. Mixer Mill MM 300 (Qiagen) % FU T30 Hz T6 ZyffatL
oo O, ELOAEE (15,000 rpm, 4 °C, 10min) Z 47V, b3 % BT FH o
DNA & LT LT,

7T 4 ~—% v ME [4-5. Alliinase ~* / X » 7 PCR fi#thr) Fo# > SF2-SR1,

SF1-SR1., UF2-UR1 ® 3t FEHW\/-, HEIESES 4-5 L RBEE L,

F IR

WAL TRHT T SF2-SR1 & SFI-SR1 D7 T A ~—+t v ks THIlEZ /R & $
UF2-UR1 O A THME L7-fEfR GEREMS7-VER) 94 ERELETOTIFA~v—F v I
THANE 28 U7 fER GREEIMLER) 30 BRAZ VT, [4-4 Alliinase #7ii] % < % %
DORFPEMENT ) IZF0E L2 HIE CTERRME, B X O e el e 2 FhH L 7=,

[ RI6 L OB L]
(a) B % T OGO A

AT A A LT-alliinasefifl] % ~ %% (#6) & LUREFE D — W72 ¥ ~ X F &K
i FEEE (200 ppm) (Zi2 L B v 7 KRRt~ D2 FR A LLHREEAT L 72 /5 5
alliinase il # ~ X F TIIEEBRBO bR hoTo, ORIV fFHLE
alliinasefifi] # ~ R FIIE BB L Z MK TE 5 2 LR TE 72 (Fig. 4-13)
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RERFAM RS R 1L S 72 0 BRIT T N THRIEMEC ¥ 4 2k U D ERIT e o 72 (data
not shown) ., EHKEN7-VEKO LIV E UERAERKEIT, BARM (Fig. 4-8) &[RIERIC
1 umol/gfREToh v | Bk VER & i3 5 & A B2 & Tz (Fig. 4-15)
VL EO#ER L0 % L zalliinase il % = 1 ¥ O [ERMESCE RO FRPE
FERANBETDHZEPALNE R EH L2~ XX, BHEEME LT
a2 FXERBTHZ LT, BOMREMELILT 52 N TE D5
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Fig. 4-13. A photograph of the degree of discoloration of #6 and control onion.
The red arrows show discoloration areas. The bar shown in the photograph indicates 1
cm.
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Fig. 4-14. One example of the detection results for alliinase gene No.1 in amplification products of PCR on the genomic DNAs of
leaves of F2 population derived from #6 as templates using SF2-SR1 as a primer set.

The upper column shows the names of the F2 onion samples.
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Fig. 4-15. Pyruvic acid concentration in onion bulbs (selected bulbs and non-selected
bulbs).

Pyruvic acid concentrations are presented as umol per g fresh onion weight. Data are
mean + SD, n = 94 (selected bulbs), n = 30 (non-selected bulbs). Significant differences
by t test (P<0.01) are indicated by **.
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