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Fig. 2. Flowchart of a plant metabolomic experiment

241



el 7l=

>

|= CHARH| 12| LEEQI flow

HFEH
od

1% o

HI

o o
fol o yo rob
N
Fo‘lh“ﬂro
“E“rmf‘ﬁl
S U Lo
&2 2oy
19 HE
> = ol
FeEL
et
jg —)
FLzlr
o X £
o & 3
> ofN — o
T st
o lo fn
o T S
‘Eﬁi i
I e
N ol

W X717 9] el 7F AFle] 54
= uf$- A153] Agso} st LC/MSSF GC/MS
s %‘%‘i , Tr712h, opr] ik, APkt yle
22k thhbraes 2ok 9 7t
A sfEHAES HEY F don, Ao 22
3}eHA o] JAA e Tk E sttt A=
ANE AR A LO/MSE ARg-3H=H), o]= 24 At
HE7E R AR HolEE A& 5 7] wEol
o}, 22 AE o] "ojxl= whde] gltk. GO/MS
© LO/MS7L 2A8L7] ol ALt Al st
ES e s & o w9 felsta, fEAS

(derivatization) #2418 £33} H|3|dkA 3}5tEo] B

)

i o [ Y o1

o
1o
i
i o2
r$~'

Aol 7hs sl A, HolH o] A& QHg g ol
HPLCl| H]3)) €53] S}, spAuk vl $Pdd &2 o]
dgell= ﬁi”# FEAS} B2 0]7] witel] A
o]l Aeja, dg=de Wils 7H4E & A
& =9, A3 = 7] JGIW XlﬂHEl% 1‘7#
‘%“3/‘]7]" Aelol & & QM1 fr=AI3tE A
U] setE e S 01%’7112}?21
3 o] 25t ol A ALl YA E ARG RRe 2
A Aste-S B Al 4= i)
NMR Z 'H-NMRL o] wofual g%
Ao) 7Fs3, AE A gl ool )L, =
7hwhz} gest ek @l st
CE-LIF(capillary electrophoresis with laser- induced

fluorescence) = H& YUAEE 7R Qo) AE

o

2

"

82 mln
fo o mu

°]Z0] 3

(1ons) EF=3}-E-(carbohydrate),

Ol-U]lr_{\}(amino acids), f-7]4Horganic acids)&

Plant Material
Cell dismption

H,O ¢

\l/CHgOH

¢CHCI3

s Salts/Ionic Phenolics

‘€ £ | Carbohydrates Flavonoids Lipids
20 Amino acids * } Saponins H terpenes
© Organic acids Polar Organics

g £ CEMS

2 =2

73 | HPLCPDAMS RS GC/MS
£f GC/MS GCMS

Fig. 3. Approach to surmounting the metabolome obstacles of chemical complexity and
dynamic range employs sequential extraction followed by parallel analyses

242



mln rud' e

f

A

} o
2tH o
7](polar organic) AE-E& FEA]7]1L

HPLC/PDA/MS, GC/MSE -4 0] 7}—3}3}.
TEOE FE3 A (lipid), Bl 23 (terpene)
O

GC/MSZ #2138} = 9t}

%—5}04 CE/MS, HPLC/PDA/MS, GC/MSZ #

olet, vlere 2] A%, T (phenolic),

|=(flavonoid), AF¥EW (saponin), =43

g —1)4 -ill

=2
=
2
5=
=
T

HE HAMAIS g+ 7H.

m;
X
2
S
v
N
f
r
>
bt
e
o
o
X
2

fo W o ok o oF

02 FASIAL QJtH(Table 1).

Table 1. Quality assurance of phytopreparations

Metabolomics : AlE7|&9| SAxHet 02K

A A7 719-& NMRI} GC/MS, LC/MS,
LC/NMR S¢] 47718 Alg3le] o) 7ter) &=
& 712 nAE iAo wste AEsd 4 Q)
o]t 7| g 0|83t U3 (wild-type)Zh vﬂx}i
ZH(transgenic) %4 P EE AR O] 2folE
&l = gh, AE F1te & (chemotaxonomy)_,_

TR AT}, o]Hg 7IH& o83 A= <l
Ak dint 5o AAIE A8 o]& 2
S 0] 83 AAS e EATT o] o] &3F= H
thgh A7} s ZJSEEIL’ A},

o

EiAERIStol gl o] EAI71H

g HlojE] &4

oA AAG AF, A8, A=l tig tiAA
Aol o] F FEA s HEH HeolE <
FodE AAshsd 7P T ad FEol 7
Holet, FA 72 Hidk thARA SRt ofufe} ¥
o ApE A Hete] SAEG B ot gE
QEx Aol glojie wig- Fagk Fis A8t
3 3o eE|zel AR EE SAV S HEHE
o] H= W] TirE S0l WA HlolH o iEs
e o e HeE Uehlis 3ds £33t

1

v A W N

Definitive authentication and taxonomic assignment
e.g. through DNA-fingerprinting+DNA barcoding

Isolation and structural elucidation of all major constituents of the herbal drug

Identification of the true bioactive constituents

Multiextract mixtures : standardization of the single extracts or 3D HPLC fingerprint analysis of the multicompound extracts

Global harmonization of standardization criteria under the umbrella of the International Federation of Pharmaceutical

Manufacturers Associations (IFPMA)

243



el 7l=

L e °1%Zi2£% ol eIt g2 1Akl b

MERE ANA B
o] 7hre Xdﬂl HlOlEiﬁHE*& Lekd 5
= o A B ]
Ao SAEA S ERe fH/\}EX‘-J —‘E—%%Ol H
Bl dElS hastete] A A 7ke] o]
U S5 2AREE ol As 254
QA FH o= gt

ojefdt FAI = F=

o]-&-=ojgtrh. PCAT ofet E}
o] 7]io] =r dlo]¥] 7*4
ol <12 H Hl ol
st 1A} 52
ofe] LopelM ARg-Hof it tiAAStell A =
PCAZ} 71 WA 285 0] 2703k ol 74A] 2ok
of g5 o] gk}, PCAE HlolH F7h& vehliE
BPE 7 A o] Aol & Hrhstehs B
S8 3-AA SouE et %017‘9— 27] il
PoIA|= FA33Eo] ofu] LaL 9l HlofE o] 1

!
§ 05 pelE b4 Wegebe 20 29

E

] 0.5
FA A 1 _]__]__tﬂ" nSs} ¢

B2 AR AR HE 5o AAIF S Sl
QoAM= thaoll AAE 7 EAHERTY 15
2 Felo] Wolw, ek # 1 ol 24
she e one olAAEd de AuHo
2 28 wsRe o] #rhs e

B B9 tiatAeH AFtellM = AEo] 7t
A g Qe AFE ofn] Yil(argeted) JoBR
PCAE o8¢t el FMHU= nx] MES W
8 7 gl 37IehEREA o] ] A3, A2

3% orthogonal projections to latent structure-
discriminant analysis(OPLS-DA)= #3332 d]o]
Els} dlolele] 54 44, ol =9 oW 1l
&A1Y AFE AdATIe IR 59
Shtolct, of W& F At 25 3+
i}olﬂ A WA SoldE o] Yeht== dlolE 3
Jo =X AFFIA MR ve 15 3t
IS 7 gopd & Sl ajER
of $tdl 37124 ¢l PLS-DA Bt}
ko] ApolE v A e HgsiA vk

AthFig, 4).

O

i)

©

cg Mo
i‘Zi
>,
N

E)
i
% 3

e,
2
|o
el
-

4
Hu %

e
¥

PLS-DA model OPLS-DA model
2N |
]
@ /z A oo
\
& 23 ?® 20?2
‘fhﬁx p e ] \\ e @ ’_,7\9
o °0 \ o/aJ P
/ -~ X3 L X3
T | e
-7 il \
J \
/ y /

I Y

X

Fig. 4. Geometrical illustration of the difference between PLS-DA and OPLS-DA. The OPLS-DA model is
rotated so that between class variation, difference between squares and circles, is found in the
predictive component t, and within class variation is seen in the first y—orthogonal components to.

244



T = Atxlel] ofsiA OPLS-DAS o] A}
ol whE statistical TOCSY(STOCSY)E o8-8+ ghokA|
o] T A=A MAA B E AR A e

2 TE3 A7l =Eo 2 E35Ho] OPLS-DAS
o]- 83 thatAlet A7t &hasf A efzt o AZICH

TH S A g d%

1z

=
=L CHARR AT

LC/MSE o]-&-3F 2% E2}1H 0] = (flavonoids)
AR A AeklaL, tiakEd 7 e
AT R olE E83 71 A A7E FYstaL
ow, gretAe] A - AR i, gk 3

Fr82lme] AR A D =ik Q1 o
*hﬂ ATE 73 ol AUt GOMSE o83 =
Uik Folwslel tiabA 54& Fa e vt olom,
AeLE AF  AFE=E, 294, 157

ks W}ﬂl TR AAE ?E 313 E} NMR

AE S 2 tARE 24
£ 9] Max-Planck A4 E A 29
oAbl 2 B, ofnlat, 7148 GO/MS

Metabolomics : AE7|&2| Sixfet Ofzf

7 BAEtg o 9T oA GC-TOF/MSE AM&
ato] 4t 2 W] F-9E AE e g
5 FolE AYE Rustyr) vz 249
Z A7l o] Z(lipoxygenase) ol 2]t 23} A}
o tAkA] A1 Bl A 2EE 0o
15} 2 9l A@iﬂﬂﬁgé‘é *4750}04 3

=]
ERCE

fot

Y2

r_{

SR}

ﬁog
L
L
?.i
=
>~
=

:Oll_l"
m
)
m
ofN
:1m
-
it
NE
>
kil
=
A
ox,
o,
Py ruz

she Ba7t glthrig 5). QR4 33

T T Faages A RE AAst

1o
M ol 2L
Iy oX -4 o
r{rrﬂoir-lu:o}m&rz—!.lnﬂnﬁ

o 2
o, Mr
_O|L

9_‘(1
it
v
ACH
>
i
Y
rlr
B
et
4y
=)
r
o
£
2L
BN

Frl

= oY
R
EOES
~
E —_
jz L
oo
= 12
PR
o
[e]
<
>
24 offt
e *
12 me
o (o
M
o g
ot o
=
o do #r & oo

%
fo
B
2
[me
ot
D)
]
i
rEI
Iy
rlr
)
o
ofo
i to
4 o2
xo =

9,
-
o
rZ
o
i
1>
sicl
o
e
=l
il
ne
(o
N
rlr
o
o=
0
SR Mg

mt)
ok
¥

e

Q
=
jom
oy
<
Q
=
it
i)
tlo
=<1
¥

F!(
ol
1>
o
2
>IN
mlo
o
r 2
%
ofr
rr
(o]
©
i)
o
o
(o]
©

K
M
rlo
T oot
o o >

= ofd
oX,
',
N
il

4 2 W B ey

3 AbgE 4 ol

[e)

245



el 7l=

INNNEENEEEEE N NN N NN u mEm u me
vector 2 B yetor 2 E Methyl salicylate @ D
Guaiacol
-
% ] s ] X vector 1 Eugenol @

2 >
: ,_7:,_/
T@' & \o = "3—"\— b
- =] S5 Al s

Ethy\salicylate.

Salicylaldehyde g Phenylethanol
. =

e | B Benzyl alcohol

A/B: @-round € -cherry

-beef @ -reference

@ Terpenoids E
[] open chain carotenid derivatives
> Leucine / Isoleucine derivatives

B Phenolics F

() Lipid derivatives

> Cyclic carotenoid derivatives

Fig. 5. Multivariate analyses of 94 tomato genotypes. A) Hierarchical tree of the 94 tomato
genotypes based on intensity patterns of 20,000 individual molecular fragments. B) PCA
plot showing two major types of differences between the tomato genotypes. C) PCA plot
showing the distribution of 20,000 molecular fragments. D) PCA plot showing the distribution
of the identified volatile metabolites determining the main differences between the tomato
genotypes. E) and F), Two enlarged parts of the PCA plot shown in D)

Y, Alojet 4 2 A =24

AR ELE DR ER R BT

sk #o] lk(Fig. 6). NUGO(the european

nutrigenomics organisation)i= -frg oA W=7

246

O;

Ol

F(nutrition), +A2}8Hgenomics), 717 (health)
e 2202 nutrigenomicsol] #3F A H ok
b2 T8t Tt Jck(hip://www,
nugo,org/everyone), 21& 2] thAHA| Z2utUd7)7}

=
dlole] F7 7]zl tht A7 8k Q= e

T

A AEEeEe], 4 W) i 24 2
o] Au} gJokol] Bt 72 L Arhhip:/



Metabolomics : AlE7|=2| Six{2t 0|2y

Carcinogen metabolism

Inflammatory
response

E— {

e

\ Apoptosis

AN

@c,tive food

components

Hormone regulation

/4 wypornatamus

{%‘

Cell differentiation
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Fig. 8. A plant and plant—host metabolomics timeline
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Table 2. Comparison of the contents of ginkgolic acids of various extracts as determined by
integration of H-3, H-4, and H-5 in the '"H-NMR spectrum and by GC analysis

Amounts of ginkgolic acids® as determined by :

H-NMR
Sample® H-3 H-4 H-5 GC analysis®
Leaves 15.5 (+0.5) 16.4 (+0.6) 17.9 (x0.5) 16.5 (£1.2)
Sample 1 6.3 (+£1.0) 3.0 (+0.2) Not calculated® 4.5 (+0.7)
Sample 2 3.1(£1.2) 1.8 (+0.1) 2.5 (+0.3) 3.2 (+0.4)
Sample 3 Not detected® Not detected® Not detected® Not detected
Sample 4 13.3 (+2.1) 10.6 (£1.3) 14.3 (+1.0) 145 (+4.7)
Sample 5 2.4 (x0.2)f 1.63 (+0.1)! 2.0 (+2.5)f 3.1 (+0.3)f
Sample 6 0.9 (+0.1)f 0.79 (+0.1)f 0.9 (+0.1) 0.39 (+0.03)f
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