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I. 12 (Introduction)

A 8] 7 (Background)

Sl A A hAlE AAe] 20159 19 1A BALow Aol
wel s S B AREA FHE £ YA AU 58 FTe
Selbetet mA AL B, Skl A 2nEE A A9 2 e
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2. & (Oryza sativa L.)
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3. A& EH/\}Xﬂ 5t (Plant metabolomics)
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II. 438 (Experiment)

1. A]& £H] (Sampling)

1-1. A1 43 (Collection)
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. Sampling)
ksl Wy 5 ogkehA wkgo g Qe Ao WMEE HAsEr] $9

AN8E 4312 ¢+ =2 50 mL conical tubeo] YA HA AEF}e] -

29 G4 918 YA/E ol g8 2k A

=
AE HA 180 um ©|ste] EEF ez ¥H59] 15 mL conical tubeoﬂ o

%A WA AR B SR A
%

gto] 48113 AR XE FH kAT

o

1-3. A%, 717, &H] (Tool)

Water (J.T. Baker, USA)

Methanol (J.T. Baker, USA)

Conical tube (15 mL, 50 mL) (SPL Life Sciences, Korea)
Mixer (PN, Korea)

Sieve (less than 180 um) (Chung-gye Sanggongsa, Korea)

-80°C ultra-low temperature freezer (Thermo Fisher Scientific,
USA)

B Freeze-dryer (Operon, Korea)
2. Ho]H 43 (Data acquisition)

2-1. 7171 %4 (Instrumental analysis)
Holsh w2 gAY ddeAE grely] 9 5402 7 77|l
EAAel FHS 1dste] NMR, GC-MS, LC-MS Al 7}1#A] 47171



- 8.9 £¥] Aol A e e
- AR ol Aol - AEio] v B T
NMR = 229 584 22540 £ « $AHA 2L 4% 3532
= dojEHlo] AT} AAZ o7 - A A ER ] B3
%5 ] 81 (HMDB, BMRB)
_ . _§] H}A] U;goﬂ e )
- 5 2k B A o 20 & =y Sbe:
:jl—og—x]'o IZ]’LHA]’X‘“ \_—|°ﬂ‘lT -Ejljx?ggjég%&‘]
oS ?ﬂﬁft& BAE ARY FA | Gy 2 2ym 2
A L A REAS o) B4
AL AAASE T qg Clany ey
FHol A& NISTlbrary) o g 22y pAwe
s O O}AA] 35}5] o} Lz B
by ‘\5;51 ;JEO}Z] BEEE L@y e] wg (Fragment
= L= =] 1o
LC-MS = 249 Ao zie Aqzgy _ Paternztel)
Al o] o]t 0|23 o T A
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2-2. A8 FH 2 EXZH (Sample preparation & Analytical

condition)

NMR, GC-MS, LC-QToF-MS 7} 7|7]@&4 e A gsiA ANss vls
i, wEds dAst Als T EA R A ek AR e Rk
A BES RHAFI, =@ AP FrHow 74 v 52 Aok
EAG Aotk 25 AAELE dF V7R SolHeR a7HAd
F7HARD AA S ofnletal, Wik AP E HToR ddE THNES
53tk (28 2, 3, 4)

Add solvent
(1 mL, CMW =
50:25:25, viviv)
Grind & Samples l Sonication Centrifuge
Freeze-dry : (300mg) ; (15 min) > (10 min, 4000 rpm)

(2 days)

y

Separate phases
(aqueous / organic)

Move extractions
—>| to new glass vials [—=>
(approx.500 ul)

Evaporate : NMR samples
(vacuum) T (500 uL)

Add solvent

020 (500 uL} : pH7 with buffer (KH,PO, & K;HPO:)

TSP (0.025%, w/v) : a reference for calibrating NMR shifts
NaN; (0.5 mM in final conc.) : prevention of microbial growth



Instrument

Bruker Avance Il HD 800 MHz spectrometer (Bruker, USA)

Mode 1H NMR

EF 2. A8 S48 324

Z71 (NMR)

o] 4 mL glass vialdl < F, A(2) A=
2 Chloroform, Methanol % Water’} Z}7;
50:25:25(viviv) Hl&©°] ¥ X=Z Chloroforms 500 ul % 3., Methanol %
Water7l £¢€ &5 500 ul 7Fstdth =g ztol = 13 &mje] o

£
g ¥7] wFe] £33 Vortexingdl+ %‘%Oﬂfﬂ 1557}

lo o&i

} Sonication

o] ’\HiL Glass vialol &7 ol o]
e FA A4S x¥¢stn I Aoz AT FAE o
A Faro] ojEHLm 2 S8 ke of A Evaporatora o] &3to] HFA

Deuterium oxide(D;0) NMR &
of &7 @A

o] w] Deuterium oxide® pH=
(KH2PO4) ¢} Potassium phosphate dibasic (KoHPO,) S o] -&3Fo] %A s}
Atk NMR ol e ppme] HHas EE5HS RASY] $38] TSPE
&8 FHFTH I 0.025%(w/v)RFE 7hstdh Egh mAES] WA HHA|
= 93 Sodium azideo] HF F=olA 0.05 mMeo] HE2 A% H7}35)
A TH

wel A% A

Potassium phosphate monobasic



e

wo gAbAE AAMYN Y] Y&l Peakd =& 28 % (High resolution)
£ ®4F+ 800 MHz NMR spectrometer 71715 o]&3tth. 18] ar
wAEAl NER setEde Fx sHol oid, =4 WE
Screening S &3 tAMA] $H I R 7] wEo] Proton REZ FA 8}

At

@ GC-MS

Add sobvent {1 mL, TMAW =
Add adonitol (as internalstandard,

172501, voviw)
B9 ul, 0.2 mg/ml conc.)

Glilld-& lr-ee:t@'dly | :.'aéilﬂl}l@ﬁ L > \I'nl“ixir-n] & S.U!ﬂe'.aliun 2. (:-an-uilmlzlq :
(2 days) (100 mgl {30 miny L3 min, 1600 rcf)
= Add water (400 ul)
b, 4
Move extraction bo l Vortexing & Contrifuge Move an aquaous GeL QC samples
naw Ep tubes f—r—=r | = ——| phase to new Ep tubes }—— (300 0 2
(800 uL) §3 oy, 16000 ref) 1900 Ll 300ul)
lL = Add BSTFA with TMCS (60 1)
Dw:::c::;’::;ruwl 1* Incubation l 274 Incubation = Cool down
’ 5 . 190 min, 30T) {15 mim, BOT) = (30 min, RT}
{more than 120 min}

3 Add methoxyamine
hydrochloride in pyridine

{80 ul, 15 mgimL)

GC-MS analbysis

GC GCMS-2010 Gas chromatograph (Shimadzu, Japan)
Instrument GCMS-QP2010 Gas chromatograph
MsS ¥
mass spectrometer (Shimadzu, Japan)
DB-5MS

Column (0.25 mm x 30.0 m, 0,25 um)

(Agilent, USA)

Injection temperature

Column oven temperature

GC parameters

Gradient condition

300°C
60°C
60°C - 300°C (6°C/min} = 300°C (held 10 min)

Flow rate Helium gas {1.0 mL/min)
lon source temperature 200°C
Interface temperature 300°C
MS parameters lonization mode El (70eV)
Acquisition mode Scan

Mass range

40 mfz - 500 m/z

3

=¥ 3. A8 &4

=i}

A

T4 x21 (GC-MS)




m A EEY
ANEEZ 100 mg® A H3to] 2 mL Ep tubeo] ¥ % & U A(4) A
AE FE=3H7] g HH5 oz AL F#HldES Chloroform, Methanol,

Water &€& wW(CM:W = 1:251, viviv)E 1 mL 7}ttt 18lar 7]7]
54234 WEE Al7H(Retention time)o] &5 H4 43}

- =]
TS 2t 84E EASH7] 918 Internal standardE 60 ul® 7}h

o] ] Internal standard(I1.S.)&= 2ol w3 dtE A EF<Ql Adonitol® A€
st HF 02 mg/mLel HAHE ¢ 543 &wiel Chloroform,
Methanol, Water =& (CM:W = 1251, wviviv)ol E3fAZ )

Vortexing 3% % 303t Sonications 3]0 HA(&)WAAE FE3}

FE8T daHg o=z Helr] 98] 3F7F 16000 ref YA E A
AAT F AT 800 uL FH3std A Ep tubedll AT 1 thE A4
EA4 AaH oz dojur] 93 AR, 9 AAde] 400 ulLe] Water
= 71ttt Waterg g5 it £90] 2543 Moz ¥gte
AL #eld F 99t HAEA Vortexing 2 Sonicationg ¥ &t}
FEE oA FAA FEGSIFEE)T degoz Hsle] Al Ep tubed
900 uL &7 Eth

900 uL % 300 uL®& 7 FEdogRyH HxEg FHalol el 50
mL conical tube®] X} Homogenization A]Z1 % 600 ulL® A} Ep tube

A Lol Bekth £ £9E GOMS 7R J/He A}
WAELR] & AYE PSS =] Yol Al BEA E=7ei A ASHA

ZF7}38F Quality control(QC)A &2 &85} t}.
Fe 600 uLe] A& % Homogenization A 7# < 600 ul Al &9 &=
AR oz A7 93] A27F 97 Ep tubeE SpeedVacol ¥ il 4
o A 120+ ]}6]' T AIHS 2t 5

=87t S0 7] wiitol Aol Wl A A

2
Ed I ki 1 TEAE Aol Aol FEAS =

o
<
L9
T

4

)



Aoz A=A
Carbonyl7] & A
E4S Aldo] ®B3E7] Y3 BFHo=m o]Fo] At Trimethysilylation
= OARA 29 3 S 2 A9 b8 FERE 9s I A,
Pyridine®] 15 mg/mL & &3]¥ Methoxyamine hydrochlorideE Z} A
o) 80 uL® 7Fsked 30°Cel Al 9043t 1%+ IncubationAl AT Th 1 T}
S BSTFAZF #7Fd TMCSE 60 ulL® F7F=2 7}s]l5=9] Pipetting 3l
5 60°Coll Al 1207t 22 Incubations 33 gt

g FEAStE AsEs 7FhEA #MEA, ok 2443 o]
Hojob folgt ¥4 ANE A& F 7] Wit FAAE a1y
EAstE Yy A gFE dAst

Incubationg vhglstal oA 30&7F 28l 5 140 ul® FH sk
InsertE 23k GC vialol @ttt

Methoximation % Trimethylsilylation + 7}

Methoximation< $2] Trimethylsilylation 42§ A]

14
shol &

al

rq]/\}xﬂ,] Auka el Screenmg% &3 Aol
ol GCOﬂ 2 60°C~300°C Gradient &%=
=2 AA3e] 40 m/z~500 m/z9] W HEHARE A

® LC-QToF-MS

Grind & Freeze-dry
(2 days)

Samples
{400 mg)

Add solvent

—
(2 mL,100% MeOH)

Vortexing &
Sonication

(30 min)

Jr

Centrifuge syringe filtration LC-QToF-Ms
(5 min, 4000 rom) ———| withextraction |— analysis
‘ (PTFE filter, 0.2 um) (500 uL)




LC Agilent 1260 Infinity LC System (Agilent, USA)
Instrument Agilent 6530 Accurate-Mass Quadrupole Time-of-

] Flight (Q-TOF) LC/MS system (Agilent, USA)
Column Waters Acquity UPLC C,, (Waters, USA)
Flow rate 0.17 mL/min
Time (min) 0 | 5 |15|25| 27 | 45
LC parameters . s Water +0.1% FA.| 100 | 70 | 30 | 20 | © 0
Gradient condition
A:Zt;;;ﬂf 0 |30 7080|100 | 100

Gas temperature : 350°C

Gas flow : 10 L/min

lon source Nebulizer pressure : 30 psi
Sheath gas temperature : 350°C
Sheath gas flow : 12 L/min

MS parameters

Capillary voltage : 4 kv

SCEASOUee Fragmentor voltage : 170V
Acquisition mode ESI positive
Mass range 30 m/z — 1500 m/z

¥ 4 A5 #9339 B xA (LC-QToF-MS)

B A EFH|

Al5E 400 mg® HFste]l 15 mL conical tubed] B H 100%

Methanols 2mL 7}8}al Vortexing 2 30%7F A< Sonications 3l

PAA E F57 ‘3} Aol A 5E7F 4000 rpme.2 YA el E R s}
o

ol
Zob FEE4S ZHEUH. o= LC-MS 244 H& =49
Interference® A Aste Ysls= EAS BystA AU g3 =3
o7 Ad RS Frrekdvh

500 uLy A= FIFRon, GC-MS Alg v ws} 3
ANE F 455 F3te] Homogenization AlA QCAIEE i 8}9}1:} 7]
NEAOR Q&) B vRE ALY EERS =

o] 1.S.2 Caffeines H 7189t

- 10 - s e kel



LC-MSEA2 NMR % GC-MSEA 9 sAE ResFE Zxo=

FRPE AT A Ao A5 5

S o] g3tPTt HelsS FHAA FEld Peaks 97 98] Gradient
H &

=
Lol Water @ Acetonitrile®] 0.19% Formic acidZ

BEowEs) $HE 5

7heh g v,
WE ~0EER AU Be 4R A BAT 5 e A w1

A

o|A7]el Q-ToF-MSE °]-&3t3lth &9 Q-ToF-MS+ QQQet
Library7} 7550 Slo] Ao w®Wste]l mE Peak® Z7to]
(Fragment pattern) <lo] 7Fa3sk o] Qo] &&asith A
30 m/z~1500 m/z= FHHSA ko, ESI positive ==
Al 9Akx] WHnly] RS FgRd § AA" hara 2429
S MS/MS Aoz Hasich

p

ﬂHN'

MC o
-

ol
—_

(

o do &omt iy
i}

=S

ek, 717, &H] (Tool)

A
254

Methanol (J.T. Baker, USA)

Acetonitrile (J.T. Baker, USA)

Chloroform (J.T. Baker, USA)

Pipette (0.5~10 ul, 20~200 uL, 100~1000 ul) (Eppendorf AG,
Germany)

Pipette tip (0.5~10 ulL, 20~200 uL, 100~1000 uL) (Eppendorf AG,

Germany)

2-3
@
B Water (J.T. Baker, USA)
|
|
|
|

Ep tube (2 mL) (Eppendorf, Germany)
Parafilm (Bemis, USA)

Vortex mixer (Thermo Fisher Scientific, USA)
Ultrasonicator (Branson Ultrasonic, USA)

Centrifugator (Eppendorf, Germany)

Electronic scale (Mettler Toledo, Switzerland)

- 11 - "':l‘“_i _kl.-_-| i:



® NMR

B Deuterium oxide (Euriso-top, France)

B Potassium phosphate monobasic (Sigma Aldrich, USA)

B Potassium phosphate dibasic (Sigma Aldrich, USA)

B 3-(TrimethylsilyDpropionic 2,2,3,3-ds acid, sodium salt, 98 atom %
D (Sigma Aldrich, USA)

B Sodium azide (Sigma Aldrich, USA)

B 4 mlL glass vial (Korea)

B NMR tube

B pH meter (Orion, Korea)

B Evaporator (Buchi, Switzerland)

B Bruker Avance III HD 800 MHz spectrometer (Bruker, USA)

@ GC-MS

B Adonitol (Sigma Aldrich, USA)

B Methoxyamine hydrochloride (Sigma Aldrich, USA)

B Pyridine (Koryo Pure Chemical, Korea)

B N,O - Bis(trimethylsilyDtrifluoroacetamide with trimethylchlorosilane
(1% TMCS) (Sigma Aldrich, USA)

B Insert (Agilent, USA)

B GC vial (Agilent, USA)

B GC cap (Agilent, USA)

B GC crimper

B Dry oven (Jeiotech, Korea)

B Speedvac concentrator (Thermo Savant, USA)

B Column (DB-5MS, 0.25 mm x 30.0 m, 0.25 um) (Agilent, USA)

B GCMS-2010 Gas Chromatograph (Shimadzu, Japan)

B GCMS-QP2010 Gas Chromatograph mass spectrometer (Shimadzu,

Japan)

- 12 - ] 2-t]] &l



@ LC-QToF-MS

B Caffeine (Sigma Aldrich, USA)

LC vial (Agilent, USA)

LC cap (Agilent, USA)

Plastic disposable syringe (Henke Sass Wolf, Germany)
Syringe filter (PTFE, 0.20 um, 13 mm) (Advantec, Japan)

3. do|g * 7 (Data processing)

F 3 {94 s =ol7] 93 w==o]l ot
7)
WS 889l Background noise 53 #Z& AAAHo=m oujz

]_
T Peaks ¥ TRAZIAY £& 55 Adste AAsE WRe A

3-2. 3 <A (Protocol)

GC-MS
LC-QToF-MS

MestReNova MZmine 2.15
. Baseline correction
Allgnment Noise filtering
Binnin Peak detection
e Deconvolution
Normalization Isotopes grouping
Export data Alignment

Export data

=¥ 5 dHely Agayd ZA= (NMR, MS)
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O NMR

B S~ E9Q o] . MestReNova

m o]y A 34

Raw dataE &2 & NMR ~#HEH9] 7]Fo] & TSP peaks 0
ppmo 2 BHEFT AAdHE dto] stube] NMR ~fHEdo=® HA
t}. (Superimpose selected spectra)

I % AlignmentE &3 tA] 3 WH AAEHES AHHI T
BinningS %3] PeakE< 0.04 ppm 993 3} Peak HlolE&E wh
Atk o= AYAA B Peak HIoJHZ I3k FAEAY EoAdS
ofF7] $3 Fadk o]k

71 Y5 Normalization 24 & &3 A Peak W4 (Total peak area)
< 10082 7]Este] ~HAEHDS 7tdstA wEo T viA| o=
ASCII file2 dHolHE F=3l1, Excelold 3¢ csv 4 gd=
A st ot

R

’

)

@ MS

B 2ZES o] @ MZmine 2.15

m o]y A 34

Raw dataZs Eo]2 ¥ 2~ E oA Background noise”}* Peak o &

olxlEo] B g3 WEyl FrebA €A st7] 98 Mass detection
FP e FArt ALA MS ~HEZ tlolElE <13t Intensity ZE=

gel3}al, Mass detection 7]5S Centroid, 3x10° & A4 3}o] Intensity

7F 3x10° o]l Art dolH & QA EE s

Chromatogram builderE &3 3 H ©f 2HEZ Yo A Peako. = <l

Ao = Ve AAFAY. HA2A) 70 E (Minimum time span)< m/z

~FEZ Y HA ALAS ulats Ao R 0037w HAF T
H 2ol (Minimum height)= 15x10* & A A #F 3L, m/z tolerance?
A e AdAEeYolgtn <YsE m/iz HYES uletE Aow,

GC-MS dHlolE & 05, LC-MS dHlolg= 0.1 & AAs
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o] 22 m/z e EA
stal S uwl, ZA A4 E = PeakES ZH7b sl FAHoZ Y
3ttt Savitzky-golay filter 28 A &3t o, F 4% o] (Minimum
height) &= 1.5x10" & XA 859032, Peake] A4 9] (Duration range)s=
GC-MS dHlolHE= 0.03%~1%, LC-MS dHeolHE 0018 ~18o=2 A4
3}tk Derivative threshold level> AFFe] A& F3 A4 ¥ Peak
intensity 2] 4 H| &S ujeleE Ao, 0% = dFAT).
Isotopic peak grouper? S 2 =AM YETG F
Peak(Isotopic peak)s <1243to] sl A2 F3dlT+ 715 oA
m/z tolerancex Chromatogram builder W A HEY Az} A &+
%t} Retention time tolerancet™ & U4 Peak I+ W FEFAIIF 2ol 9]
Ao HYE 9ust= Aoz 005802 319t Maximum charged
THE 94 Peak® Hstatolo] Hof W E, AHAT A= 2 o]
de 79 /7l wEe BEHow  ofHE 1= AAsh
Representative isotope:= most intense® A 4 3] F2i o}
Alignment= E A& HHE Al g3l AlignmentE %3 3= RANSEC
aligners ©]-&3l3th. m/z tolerancex= HollA JaAIA A U U

F LA A AP O™, Retention time tolerance #HS 1

Chromatogram deconvolutione t& 3}3&
1

L
o
B>

Retention time tolerance after correction #t<> Retention time tolerance
B} A2 #9 05woz X ASFA Y Iteration Alignment HH5-314=
S 9ulste ALR BEFE ATA AAE HolA Wk AFH ALY

S agsle] 50000 o2 A3t Minimum number of
point= 2} Al&9] dHo]EH 7t T Y3 Peak®] Linear curveE 1E8]+= H

AREEE, Hom FAEE HolH 2, 02%=2 A48kt Threshold
levelS 42 A AsIe] 2 8s}< o}

Gap fillinge 319 FAFSE m/zE& Zbe= dHolH & o] Qv Fis
grol A9 dHeolHiE HHE& F9F+= 752 E, Peak finderel A
Intensity tolerance + 50%%, m/z tolerance % Retention time
tolerance™= 7Z}7} 0.1 2 AA3A ). Fillere] 749 Same m/z and RT
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range gap fillerS AF-8-3}3 T},
2% FHoz FAZ m/ze SAAE ez 2 7 7] wiEel A
=

2l m/z listE tHA] 3 ®# gl Wit Fagv| 2 T EEE m/z7t
AAAA] & dolHES AYste] x| FAct.
HF dolHEZHEH m/z, HFEA7 Peak ¥olE AEldto] csv At

SEERES DL

4. JAA vtA €A (Find metabolite markers)
AR phA S SH o R sfde] Tela o] PLS-DA ¥ T-test
s Y3 (29 4)

PLS-DA T-test

* See grouping * Significant
pattern differences
expressions between two
s Calculate VIP groups
score » Take P-value

Metabolite
identification

4-1. BAEA (Statistical analysis)

Al wkA 9] A (Identification) s HH o2 7]7]#4S &3
A2 ~HAEHS 4818 Peak tables ©]&3ste] FAEAES
o W w7 "o owE S AEA (Multivariate  statistical
analysis)S T3l o HHAZAH o E o] 8%+ Metaboanalyst & 13
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Metaboanalystell A1 kb g AG Al spbe] 5 W g 7FA] A5
AE HolHE Hlmdl= Ao] ofd, oel 189 oe] 71x] AR dolH
Ha3k= Blo]7] wjitol UnpairedZ A A& FAh T8k 1753 2o
B EWEA H7] 9dlA  Log transformationS  Auto
scale(Mean-centered) & dA3sto] Zt HolEZF HAE =old stilth
FAEAES S VIP score ¥ p-valueE gH3}93L, VIP score 1.0
o]’ & p-value 0.05 V¥ 27& FA T+ 22 FHERITE Y

Ribss

il mlm

4-2. PLS-DA (Partial least squares discriminant analysis)
PLS-DA= F JWzte] Hwo] SAASRE o3 AolE Hol=A
A7) 98] FAR WEAQ TS FARY WY F st H23
d RUYS PHee], $5E mde] MANEE 44539S 0 mdo]
Az oS 2 AGS 5= A=A FAatr] 913 S ow &8
PLS-DA EAZA Al #1de =
4o 49T PE wolF mAZVY A PeE Ueyie
HAA 7L F-SQ1A] sheta] W= Ao
o5 $dl VIP scoreE 5| Wth VIP score= F+ 1&FZF #olE W
Fobs HelFE MEvh FoA, FARdeA APTe Bl
g 71013 Fxo] wel =& grez xdAYJ. 1 F VIP score 1 ©
dol g AW FREW AL AWty gasd

B

]o

4-3. T-test

T-teste HHAQA F 25 SAACE FoA4 As AolE Hole
A ekl el FaE SA oAk o] o, 7 IFIE AolE B
o= At A §olt %9l pvalue © Eelo] WA

b~
o9tk P-value 0.05 Wlwhe] @& AW FREw folshrin wekehgl



III. 23 2 33# (Result & Discussion)

1. 717184 (Instrumental analysis)
NMR, GC-MS, LC-QToF-MS +47]7]& o]&3te] o5 22 29
EdS gr53Y. (29 b)

2-1. PLS-DA

7171 Peak Hl°]E]E Metaboanalystoll /] PLS-DA EA &4 o= 1%
WS g9lsta VIP score #t< S atglth 2 5 VIP score 1 ©]749]
FHRIR AT (™ 6, 7)
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Scares Plot

Scores Plot

Confident area (Korea)
Confident area (China)

‘Scores Plot

|
e an
. ot
o = =
Iy
At p p R ne
- - S & o
S = Z e pr )
£ = ‘ i ‘
» 0 N o 10 x 10 o s o s » o 10 o

2-2. T-test

6.

GC-MS

71714 PLS-DA A3}

T-testE F3dslo] 157HY

p-valuegtS A TR
SR gixzste] Fox
Aoyt (28 7)

Meatbolite
identification

Candidates | p<0.05 | VIP>1

NMR

—&

GC-MS

Component 14377 %)

LC-QToF-MS

LC-QToF-MS

Candidates | p<0.05 [ VIP>1 Candidates | p<0.05 | VIP> 1

1 2.90E-06 2.4606 1 0.008044 24209 1 161E-09 16216
z 307605 23941 2 0.008847 23983 2 198E-09 16198
3 304E-05 23609 3 0.009342 23832 3 2.13E-09 16192
4 5.10E-05 23601 4 0.01067 23525 4 2.13E-09 16192
5 7.50E-05 23323 5 0.010747 2.3507 5 227e-09 16186
& B16E-05 2326 6 0.010805 2.3493 6 341E-09 16148
7 0000218 22449 7 0011495 23338 7 4.4E09 16123
8 0.00038 21936 g 0.011682 23297 8 5.35E-09 16104
a 0.000535 2159 L] 0.012603 23084 9 161E-09 16216
&5 0.044071 14337 19 0.03%985 1.9694 188 0.014656 10031
ID:2 ID:1 ID:2
CLEE

a9 7. HARA $ R
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3. tJALAl A A (Metabolite identification)

9l EAEAES Fd grd gAA FRTE e 22 AR A
“d (Identification)st A tF. NMR Z~#E& ¢ 7% Standard ¥ HMDB x%
=% golrgg et dxsAal, GC-MS ~HEH ¢ NIST golx
el A ATEE BFF S2FEHY gz LC-MS ~HEF 9]
A AAAA MS/MS Aoz Feld ~=alEd S XCMS 2ol B e
v ~2HERY gt (2™ 8)

NMR GC-MS LC-QToF-MS
Ex. B-glucose Ex. Malic acid Ex. LysoPC (18:0)
Sample
[M+H]*: 524.37 —18am/:

Sample |— 104 mfz
=N

fieris ;

| |

memmmy || [ =]
Library £iw
(Standard)

EI-MS spectrum ey
MS/MS spectrum (20 eV)

M“ ﬂl“#b

a9 8. thAbAl A oAl

4. A A v}A X2 (Find metabolite markers)
oS3 2ol oAl el #El Ak v FRTS RS T NMR
2+ B-glucose®t Glutamine, GC-MS=+ Malic acid, LC-QToF-MS =
+ LysoPC(16:0), LysoPC(18:0)& zZroliditt. (=& 6) F3 =S H]
wats W, W rpAFEE AAFE A 7] tiAbA B S Ak 2
ANA kel ¥ A UERSS 0 7 AU (™ 9)
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Fold
P-value | VIP score change
(CN/KR)

Analytical Potential Molecular | Molecular

platforms markers formula weight

Glutamine  CH,N,O, 146,145  990F-06  2.4606 8.9348
NMR
B-glucose CHi,O0g 180156  0.00038  2.1936 23417
GC-MS Malic acid C,HeOs 134087  0.008044  2.4209 1.8056
LysoPC(16:0) C,HsNO,P 495630  198E-09  1.6198 1.8188
LC-QToF-MS
LysoPC(18:0) C,Hy,NO,P  523.683  181FE-06  1.5156 2.0332
X 6. &9 i gAkAl vlA
Q, Q,
H He; oy H
HN: eI S B .9
: H v H HO N e -
0 GH
Hy H
— — — 15 —
oL ] o 20+ — ol

05 1 gl ([ge=s: =
—_— 10 1 05
0.0 H - 0.0
H 0.5 0 ' 0.0 e

054 0.0 q ! 0.5 —— |05+
05 — - 1 ;

104 05 4 - 10 - LN
ol == !

15+ —— g i 4 o : ‘

'3 '3 3 z 3

CHN +
Kl
CH H

\:J ¥ (%] ¥ ¥ o ¥
Glutamine B-glucose Malic acid LysoPC(16:0) LysoPC(18:0)
NMR GC-MS LC-QToF-MS

—

¥ 9. o] AibA Ve wE dAA wh] SR WA

5. A% &4 (Discussion)
olx s dEvtAZ AAE hAA e o] BT FTAl

A e ddE 71 2 2o o] & glow #AEPS Ao
et o

T A AR YAAE BHEE W, T4 A2
£ =2 XA AujEAT. o= & Tl Aol

Asts Koz S 5 vk dAl Axygt gH 2s e

Oll



Z& #7014 A25% Phospholipids®] el Wi
w3k Glutamine ¥ Malic acide w3k 7] 3o A A#3k <l
o] Axr}h W} FF 7|FoA A xygt FEHje| A
2 woltha

P
T

Glutamine
Malic acid

Phospholipids

* Between japonica

* Higher level in the cultivar
harvested from a cold growing
environment

* Between japonica and indica

« Higher level in japonica rather than
indica

Liu, Lei, et al. Hu, Chaoyang, et al.

\ /

Cultivar grown in cold weather tends to possess
Higher level of metabolite contents

|

A kind of protect response from environmental stress
Decrease enzymatic processes

-
1

EX 7.2 W diARA g7 Aol B 71 o] AuA
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IV. 22 (Conclusion)

A AASE SEetel wel 94 WAL 9% AT dAA v
A% B 4YRAS YA (FEVF 08, FF n-9)

A HR BRI oled B4 S8 AT & 549 §904 e o
AR S w=e gt (VIP score > 1, P-value < 0.05)

NMR : Glutamine, B-glucose

GC-MS : Malic acid

LC-QToF-MS : LysoPC(16:0), LysoPC(18:0)

o AL e tH?Ii Aol g el Z1F Aoler WHT A
S Hol= Aow HutbFE )

SR ATE Ba A4E 8 A4 wd A sASe 35 Sy
kg FEAA EBS Hd 252 F 5 U volentA )
W Aol @ Qoz Amdd
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Abstract

Discrimination of rice origins

via plant metabolomics study

Lee, Jeonghee
Department of Pharmacy, Pharmaceutical Analysis

The Graduate School

Seoul National University

As a custom policy on rice changed from 2015, it has become an
easy access to purchase imported rice. It continually causes serious
problems in domestic rice industry. For example, Chinese rice is
similar with Korean rice in the respect of its physical characteristics.
And its price is much reasonable rather than Korean. Based on those
points, illegal events are rapidly increased through the distribution
system. To prevent additional interruption to the distribution system,
it has been strongly required to develop analytical technologies on
discriminating rice origins based on geographical features.

Plant metabolomics can be one of the effective approach for solving
the social issue. It performs both quantitative and qualitative analysis
to find out metabolomic differences in plants with hyphenated
analytical platforms like NMR, GC-MS, and LC-MS. It figures out

'3 e 77 ]
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differences on meatabolites based on environmental conditions easily.

In this study, the discrimination of rice origins between Korean and
Chinese was performed with instrumental analysis and multi-variate
statistical analysis. In terms of major metabolite compounds in
rice(Oryza sativa L.), primary metabolites were mainly found.

Polished white rice samples were collected in each nation and they
became as dry powder. Samples were appropriately prepared for each
analytical platforms and were analyzed.

Spectrum were gathered and moderately processed to progress
statistical analysis. PLS-DA was done because it provides practical
data for deciding significant metabolite marker candidates. Among
them, potential markers were selected which could meet specific two
conditions simultaneously. (VIP score > 1 and P-value < 0.05)

Those were identified by comparing standard spectrum or
chromatograms from database or libraries in common.

As a result, five metabolite markers were finally identified that can
clearly show differences between groups. B-glucose, Glutamine were
found out through NMR. Malic acid was identified by GC-MS. And
for LC-QToF-MS, LysoPC(16:0), LysoPC(18:0) were of markers.

The study set the experimental method on developing discriminative
metabolite markers of rice origins via plant metabolomics. And it
could be considered as a fundamental research to develop biomarkers

for preventing adulteration on rice in the near future.
Keywords : Plant metabolomics, Rice (Oryza sativa L.),
Discrimination of origins, Instrumental analysis,

Statistical analysis

Student number : 2014-21051
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