creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A5
o
1
>
>
R
L
rif
M

GC/MS 718 A A8 7| H &

o1 g% A4 FA FY AT

GC/MS-based metabolomics study on the

viability of Panax ginseng seeds

20153 2€



GC/MS 714t tALA & 7]

&
1§ T A4 A BY AT

=

GC/MS-based metabolomics study on the

viability of Panax ginseng seeds

FAAY FFAANGAEEL AFF

2014d 124

9 9 = £ 3 9 ()
o9 9 H 4 ()
9 4. 4 4 < ()




ul o]

G A

4% %

R

o

14+ (Panax ginseng)

T o TE W T W o &~ o = o l
ST A o X E EE S I )
T o oo W S BN B L S O N B Offl
L Y o= e T = T - TR W OE X
o o B Mo = o & W o ° 5
—_ = o = T A o o BR b Ho T o) W oy ,
0 10 ~ ) = . ,Ur OL 2 = o0 Og 3 t
o ~ <0 T = ™ Tog b 2 B A
T s FEIeR iIEe %
e " ox o5 X A °c 5 & xR 7Y
Y Mo 2 m o|/ T F O 5 8 g ™ o o
2 = B 3 o 8 5 b g . "W
~ g o T T O D O BTE O e
&E < W R IS) < woMe 3D 2 Ho oo o B X E
X0 U_ — Erl Jw oo 1 ‘_I_Ol O_E u} o° O&O il »A‘.ﬁ ]M T 8
e o W o S WP _ B o WO Ay ox
T o T 2 T o B g S ~: W o
SO M Ko X o5 ® L O™ ooy = _._]._ CUG
) ® w@ iy 2T oy T X - o yp WX K ow W
| 1r R 0 o oR X )
SRR ERE RS RS S NI
N o Nd ° o — LU X 2 X
S o_w =) o Ko oP w_m T oo T W b |
oW o= T we il D a x G ) oF &o T
rESswry " ELPZaBel IS 3
~ e N = oW X < 2 % 3 s < O e X il
1=~ B R ) 3 o T i my
N x X g ox w72 X T = = B F
= or P 2o b A X s i )
_ = B Mo T T o m T mE o
o B oMo o s L5 P® T g BOX o o
ol T o Py w8 2w BT sl
L @zﬂﬂ@ﬂag%cmﬂ%amgnwﬂﬁﬁ
° B p XA T TR g Moo R s M B e 2
P 2R a2 THZER gl e o
e = X ~ S o o b 3 SIS
wor N ox o P o o AE P T o
o o o o= P g WU g0 oo T® T
do Mo A B B OB T T v o5 T B = T ﬁ 5O ™
= Ty B o R H Mo



FsAde] Qo B Ads Fale] vz &
T2kel 54 dAbA o] WslE go =zl 4t
o] @ Aoz 7lH}

4
rr
N

gz A" &
g ol uhe
4 Aol @y

o
R

o

FQ0: QA F2} (Panax ginseng seed), Viability, Metabolomics,

GC/MS (Gas chromatography-mass spectrometry)

gk 2013-21625



TEELRE ittt s s s st st i
pss j], ....................................................................................................................... il
LISt Of FAGUIES  weeeeeessssessessessessessesies sttt iV
LISt Of TADLES  cwvereereessereeseeneensententetentetante st sttt ettt ettt ettt v
I /\1 B e 1
II. 21B]  orrereesiessesses st 3
Lo ALB] A B eeeeerseeseessees ettt 3
0. AJOE HD 7] 7] creereeeseneei s 3
D=1, A]OF Hl Bl e 3
DD LT ] Tl e 4
D3, TLA] F] 7] e e 4

3. A ;j‘%}‘jé ............................................................................................................ 6
3-1. 22 =3 2 A ST EE R E] e 6
32 FTF BB ZIAF e e ]
3-3. A AA T L Derivatization e 9
3-4. GC/MSE—:'E— o]%;_} %—x]_ E/ﬂ| ............................................................ 11
3-5. Wo)E AH T A FEAT 13

M. BI L OILE s 15
I = B SN 15
2. Z219] GC/MS AT AT} o 16
3. Principal Component Analysis (PCA) e 19
A4, % TZEZFS] thARA] HIIL BEAD s 21
A=1 TPAFA] Z2ZF e 29
4-2 FHB] PALIWAY  weeereeereeesessessessssessssstt sttt 24

IV, ZIE  coiricnimeniiieiiiiiiiestetsastotnasatounasatosrasat toressboorossbosrot b sorosssanetsssusatsssnaonss 28
V. FIEG] o 29
N ST 2T T 31

L



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure &.

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

List of Figures

OIAF B2} AL T IL  covvereeesssssrsssssssssssss s 7
Aak FAtel AA Y P FEABF T e 10
ol A7 L EA B FFA e, 14
AR A TFA A A] s 14
Ol aF Z 2} 0] FE FAAL AT} e 15
QA 01aF Z72he] overlaid chromatogram - 16
=3t 14k 2] overlaid chromatogram e 16
Alanine®| identification A €] o] A] creerereeeriierrieneiienninns 18
FAJEIA] (PCA) PIOL wreeesssseeressssssesssssssssssssssssssssssesseeens 20
Aa A el ddE = AR e 21

QA WBFEE O TFA] TIAFA]  cereererererrremseesensseisseisnieseiens 23

55 28] BAG QA B} L OIALA] e o5

S Al B QA B & AR e %
- |V -



List of Tables

Table 1. GC/MS %Q}_ﬁ ..................................................................... 12
Table 2. GC/MS library S ©]§3te] ID® thAFA] B oo 16
- v -

M e gk



o

T

(Panax ginseng C.A. Meyer)

A&

14k

o
!

ol o B X0 E Mo o B o o B N TR WO WX W o o T
ofﬂmpmoiémwjmg wr%amﬂowmowﬁ%ﬂ%ﬂmmuou%au )
= wm N ) oo ™ N T v & ~ A o & o B Bowe T li T

_E —_— =~ ~~ —_ = _ 1E = J— T —_ ) %
ﬂa_,oxuh%mmqm mﬂwﬁ%uxcz]mo%ﬁﬁ@uﬂri
1) %ﬁn%uﬂw‘@rA ~ T B o PR & 2o XM

! X

R P Py T g Ty S *F
< B 5 S do N T T oo O T E Moo ow kO
< 0 :L or # il g.L X o e, N o o X Ho
L:AL, ‘I#_O%L _IT - — N N A ﬁL Z_#O X o ~X m — it ) ﬂwE 0
o oo % - Lmeowm o o~ g 2 N _ up

(I R o S WO X of = B W B g o)
op o @ T T o = e X = g o I
m 3 o = L _ TR T N 0 e o @)

2w b g N g T o e e W ° B g oo T
et s ey R S SN AR SR
® T om o omo= o = P M T N oA R 4 R

KX S Ly Sw T e % ¥R T !
L
MR N < G- G TG o X8 T = -
S el <R N o ~ IR Ao~ w £ !

B o m odo % N T < Tl g oy )
B - o0 o ®o_ Mo ~  or 0 My el .
77z DL e X T oo o BB = @ o X o =2
Pow oo B oM oo, B Woog o % - ) KW &
A,:; — ) = X il EE ,Dr o ﬂ )

0% R o T b ™ w9 r s o " Moo
= b B ~ FoT p = B A % T W T o

S w ° o E 7w = N = .
o —_ = ™ s T = T 5 T T op

T W T X o Njo ~
e s = N oz s 7w L T o= BTy M
= : 0 = _—

Tyktridmse WIZETLEUS xR
oM T T N T o ® g%ﬂﬂ%ﬁmﬂﬂﬂﬂ%
LT AT r TR gEemlwa o Brwlog o
7}% Oﬁ 0 —_ Oﬂ ‘Ul ‘Mﬂ —— __H ~ ‘mu —_ =0

— o M dromp o F + Ar T < of — N R
M o X o) T T S Mo ok pr ol %o IR = K e <) Hl ] &o
- Tt T o/ 5 BE 00 ! o
TR O ) Kook H OB W o wWo owm R OB M TN N %R



al

—_
10

=]
4

o] & 3t}

GC/MS=

= WA=

H o]

—_
fite)

NWE Sdes o

st

oAl N HEH A

Eal

IZ12
=

tHARA] €]

24 e a2

3t

}o] phenotype°l] w2} 3}

o] &3

=
=

ojth. <At

25 A EAs wabd 2o tAAE Aol

R PR

F7}o]

1
R LN

o

~
file)

—=
1o

P

o2

o

=
=

e F

=i}
=

_ZTI

o
B

el
.rOE
Br

ol
=

22

N

=
(]

o)
A

7}A] L

dobs gelA fAE S

=
H

MAZ A

5L]:

P
T

s

]

ol o
=

=i
=

L
T

g wEgosd, o v

v
ar



A FAs e Adl A Algstd e, 20149 7E 2%

el EH FEF F st WE FAE A

— Chloroform (J.T. Baker, USA)

Methanol (J.T. Baker, USA)
Water (J.T. Baker, USA)
Gibberellic acid (Sigma Aldrich, USA)

Water (J.T. Baker, USA)

2,3,5-Triphenyltetrazolium chloride (Sigma Aldrich, USA)
Sodium phosphate dibasic (Sigma Aldrich, USA)
Potassium phosphate monobasic (Sigma Aldrich, USA)



- Toluene (Sigma Aldrich, USA)

- Methoxyamine Hydrochloride (Sigma Aldrich, USA)

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

- Pyridine (Sigma Aldrich, USA)

- Benzoic acid, Ring-D5 (Cambridge Isotope Lab, Inc., USA)

2-2. 249 717

- Adjust pipette (0.5~10uL, 20~200uL, 100~1000uL, Eppendorf
AG, Hamburg, Germany)

- Pipette tips (0.5~10uL, 20~200uL, 100~1000uL, Eppendorf
AG, Hamburg, Germany)

- Centrifuge tube (2mL, Eppendorf AG, Hamburg, Germany)

- Centrifuge (Eppendorf AG, Hamburg, Germany)

- Conical tube (15mL, SPL Life Sciences Co. Ltd)

- Vortex Mixer (Vortex Genie 2)

- Ultrasonicator (Sonics & Material, Inc., USA)

- Nitrogen purge (EYELA MG-2200)

- Filter paper (Whatman, GE Healthcare UK Ltd)

- Liquid nitrogen

- Pestle and mortar

- Thermo-hygrostat (Neuron Fit Co., LTD. Korea)

- pH meter (Thermo Scientific Orion, Korea)



- Freeze-Dryer (Operon, Korea)
- Hypodermic syringe (Kovax syringe, 10 mL, Korea)

- Petri-dish (SPL life science, 90X15 mm, Korea)

2-3. ¥4 7]17]

- GCMS-QP2010 (Shimadju, Japan)
- Columns: DB-5MS (30 m X 0.25mm, 0.25 pm, Agilent, USA)
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lAF FAbe] w35 sl 1973 ¥wEH James Harrington Rule
< Fastdth Ruledl A Aoj® ke HA A =012 A
o] #r3} Fahrenheit® ¥W3d £%¢ S GFyS w 100 B} FA
W ZS digta isHe] Ak oldl Vxskel T VHE 2R
oA "Hojd 45 C (113 °F) ¢ =23 75%9]

$EZ 24T F, 2 xde] AN FAHE FLEEI| oA

Y

2
2
ot
KN
B
=

48 AIZbEs TAE At A A FAs 22 ARbESE 4
T WFeEd A Hstdrt. RbEAES 9t G T4 400 7
7}E 22} 400 NE 7R A s (Figure 1).

EAQ AE A S22 gibberellic acid (GA3) & #8]3F F
e 7 2 TAY AAAQD AR WstE 1] f8ke] oY
L9 GAsE AN T2 7EsE SAd 22 At ALE
H GA39 F&E% 100 mg/L, 200 mg/L, 400 mg/Lel™, 9% o]xl%
FrEw gy 2 vud o2 AASFIT GAz solutiond ©]
Aps el 2 sk BHA GAsE 59 wHEST Petri-dishell 4@
Fo §dS Yol FAVE & F|EF shlon, 2o We A

st Attt At s d *
(=70 T)olA 24 A B3 5, & F 8y 9=
Astal Fxpol v 9 &2 wje}l o] AetA duEo]l vk
=

getste]  Fzke] AEES "yl 24 A ek w47

[
;

(lyophilization)3}o] & #| 7 sl A t}.



T
B4 B

400 74
Control GA; GA; GA;
(ODW) (100 mg/l) (200mg/) (400 mg/
17 T 17 S 11 T N 117/ I
1 1 C S (7
(n=10) (n=10) (n=10) (n=10)

SR (C9I5A
400 74
|
GA; GA; GA;

(100mg/) (200mg/) (400 mg/L
AN 10y 1044
LS U S
(n=10) (n=10) (n=10)

Figure 1. 4F &4 AdT



3-2. 4 29 @A

A4 QA TAeE wstd QA4 T &Ee HAFsH] stk A
getar mEA FJAE ¢ de AAAd wHoer dy 4R
Tetrazolium testE Al &sFATE o] A|FHL o= A} 2

STAE AR AR S AREStel w24 RSHA FEE ¢ RS
gt SAVE AobA HG3 FES A IF 2ol dojdt
M F-Ael 23 5-triphenyltetrazolium chloride (TTC) & & o] cellular
metabolismel A T3  AdTS I enzymeld TSI
dehydrogenases® <213+ reduction ZHgo 2 <¢l&te] mzlMS o=
1,3,5-triphenylformazan ©. & W3} ¥t}

g9 HAlo] AFg% = TTC buffer= & 1 Lell 9.078 g9 KHyPO,
= THE A WA A3 B 1 Lo 9472 g9 NaHPO,E 9
e 5 HA 98 23 HEZ 4o WHE H, &4 pH7F 6.5 A4
75 ®9 Qe A=A g Fo] AREsidt L 1 g¢ TTCE
100 mL®] buffere] =¢] 1% TTC test solutions "HESTH &= 7
AL AE el At FAe w3kd SAE 747
== ol&ste] A S FolE F
of AN 7]%& pre-treatment

incubatoroll A 4 A7t &t oA EHF
Hko 22 A7jsle] 1% TTC test

HAS AYPstAt. 1 T FAE
solution®] ©7! petri-dishll4] 1 AlZF &< 30 T2 incubatorel] A

A2 &3l



3-3. A A A7 % Derivatization

M T2 HFo YAHAIES FE517] st vy 22 WHES
AFE-3F9 Y (Figure 2). Gibberellic acid #8]7F 955 45 A ZA
Z1 %, mortar®} pestle ¥ HAALALE o] §3to] FFo] Lo H

udl

A Zol=t}. #4lE 4 FAF 35 mgell Chloroform : Methanol
© Water (2 : 5 :2) %4 1 mLE Y2 F internal standard$!
benzoic acid D5 spikedttt. 1 tg vortexE® 1 7 233
ultrasonications 40 ColAl 30 &3+ FPstAtt. == &9 o &
58S AAs7] 98] 16,000 rcfoll A 5 7+ cetrifugationS 713 3k
% 600 pLel supernatantE Wz FH3FAt @2 300 pli quality
control samples W=&=d AL E S =2 3 600 uL 50 TeollA
nitrogen purgeE ©|-&3slo] 5 Iy BHuUY FEAAES A fF
ZASE BRG] wlg FesEE Holde FEs s AAs] H
3to] anhydrous toluenes 100 pL ¥olFi1 2 E3F voltexd 5, 50
TAlA nitrogen purgeEs ©]&3te] =25 <8 HEUt I F
methoxyamine hydrochloride®} pyridines 4|3t 20 mg/mLe &
T2 wE g o] 9S8 100 ul €3l 10 #7F ultrasonications %13
sttt AN FEASE 8] 30 CTolA 90 & &<t incubation
st Th o]ojAl 1% TMCS7F £3% BSTFA 100 L& F7t= ¥

i 60 CellA 15 #3F incubation st o] ¢F 22 F=EAS G
2 FH8 AR 200 uLE GC/MSE o] &3t A st



Samples were grinded

with mortar and pestle using liquid nitrogen

35 mg of samplein

1 mlL of CHCl;:MeOH:Water (2:5:2) <

Vortex for 1 min and sonication for 30 min at 40 °C
Centrifugation 16,000 rcf (5 min, 24 °C)

600 plL of supernatant was collected

Methoximation

using 100 pL methoxyamine solution! for 90 min 2t 30°C

Trimethylsilylation

using 100 pL TMS reagent?for 15 min at 60°C

GC-MS (200 pL)

1) Methoxyamine solution is prepared in pyridine at a concentration of 20 mg/mlL

2) T reagent; BSTFA, 1% TMCS

Spike Internal Standard (Benzoicacid DS, 50 ppm)

Collect 300 pi for Quality control sample

Figure 2. <14 Sx9] dA-g %
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3-4. GC/MSE o] &% F2 &4

A4 FAUH ] dAAIE =8 A5 E Shimadzu-QP2010S A&
sto] 48ttt (Table 1). A2 5% Phenyl Methylpolysiloxane
T%E 717 DB-5MS (30 M X 0.25 mm, 0.25 um, Agilent)S A}-&
st o™, MS detector= 30~600 m/zE scan mode®l 4 electron
impactE 7}3l] fragment ionS XA st= W< EI (Electron Impact
Ionization) W2l o= o]23} atglvt. AT A4 70 eVelA A
S oA ozN, oln] 54 library AFolA ZTEH o=
putativestAl 58S TAHAL = AU

2o A FE AL injectiond| A B2 wf B 7

b v Ae Syl SAell, 80 Kl AlZellA 300 ul F sk
o]

N

14l 9

1 vl -

A wFE quality control (QC) sampleS random sequence
7kt dA-SE FFAFow BEASAY. o= QC  sample?
reproducibilityE &¢13 0 24 data interpretation®] reliability I3k

< g8tz fldelt

_’I’I_



Gas Chromatography

Mass spectrometry

Column

Flowrate

Injection parameter

Column temperature
program

Mass parameter

* GC-2010 gas chromatograph (Shimadzu, Japan)

* GCM5-QP2010 gas chromatograph mass

spectrometer (Shimadzu, Japan)

* DB-5MS (30 m x 0.25 mm, 0.25 pm)

* Carrier gas; Helium (1.0 mL/min)

* Injection mode; split 5:1,
* Injection volume; 1l ,
* |njector temp; 300 °C

* 70 "C-5"C/min - 150 °C- 8 "C/min - 250 °C

-5 "C/min = 300 "C (10 min)

* |onization mode; El 70eV

* Acquisition mode; scan mode(30™~600 m/z)

Table 1. GC/MS &4 x4
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3-5. Hlol8 AAL} BA A

=]
24

ol

ol A2 dolH = MZmine 2.10 softwareE &3} peak

of

alignmentE 7 8slo] B A3IATE. Mass detection 7|5 4 Centroid
algorithm= 53}9 noise level> 30,0002 AA3t3ATE. o]ojA
Chromatogram builder 7] 5 ©]83}9] minimum height 200,0002.%
A A &al, m/z toleranceE 05 m/zo.Z A A LAt} Chromatogram
deconvolution Ao A += Savizky-GolayE A &3} minimum peak
height= 200,0002.% XA 3}, threshold level2 (0% %= A3
o]o] x] = Peak alignment @A ol A= RANdom SAmple Consensus
(RANSAC) aligner 7]%5& ©]&3te] REEAIZI S 24 m/z tolerance™
05 m/z, retention time tolerance™= 1 min 1331 RANSAC
iterations 50,0000.2 A A3s}Ht}t. #HF aligned data® csv file 3
2o 5 W3tsle] exportstA T Alignment’} £ dHl°]E £ internal
standard= normalizations G333} Th o]oJ A QC sample®] relative
standard deviation (RSD)7} 30% ©]3}<l 7} variables A Ao =
data filtratione %133} %3t}

44 FASt bE TR A¥EE FgdE] 8
MetaboAnalyst 2.05 ©]83}to] Principal Component Analysis (PCA)
oF e vgHg A A4S APt 1 Fo T2 W Hdo]
ol Al WS YALAITHS A Er] 9138Fo] fold change analysis
2 testsS A 3EF O™ correlation analysis (Spearman rank
correlation) ¥ pattern searching ©]&3te] 7} Z1FlA F7HE AW
HaEE tAAE Fen. 1A 2 GAyZF sREE A2

et A 4 TR aFelARt S7F HAY 47 <= variable

_13_



fllo

A
=

variable©]

L

-

24 8

1 5 o,
FEEE GAYE 7MY 23] Aelzt 992 W (400 m
FANA =ity FANA wek @ F4 SAG

—~

23bH o2 AYAge] 7Hg Bus Uof

olul 7} glvkar AZbale] match statistics F3 o

2718 25 FFHee UAAE A¥sksltt (Figure 3, Figure 4).

Data acquisition (Random sequence, GC/MS)
Identification with internal spectral library
Peak alignment using Mzmine 2.10

Normalization with internal standard

@

Data filtration with RSD™ of Quality Control samples (RSD<30%)

@

Principal Component Analysis (PCA)

&

Fold change analysis and t-Tests (p-value<0.05)

Correlation analysis (Spearman rank correlation) and patternsearching
using MetaboAnalyst 2.0 (p-value<0.05)

*RSD (Relative standard deviation)

Figure 3. o]y AAz 2 &4 4 3}A

Significantly changed variables with
increasing GA, concentrations (p-value<0.05)

Differentially expressed metabolites between

Changed only in normal group (p-value<0.05)
Normal (GA; 400ppm) vs. Stressed (GA; 400ppm)

B (oot

e |
& 2| 7
=Ll

B ol
@ m
B %pm
[=E0 ]

B okl
[ ]
@
o fiee | £

ecreased coly i el o Decrpased only ol rovy

highest concentration of GA, (400 ppm) treated
normal and stressed groups

B Corbd
@ g
= Mg
=L

Changed metabolites during seed germination

Figure 4. tiAMA] A 34 o A
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2. A GC/MS &4 23

GC/MSE o] &3t A At 715 T2 Alggs 4% 23
2 AL gverlaid total ion chromatogram= H| WAL wf, F

chromatogram®| peak pattern< H|<=3}4 peak intensity”’} O &S
Fetow: ged 4 ATt (Figure. 6, Figure. 7).

Z}7r ol peakell & E3dt= mass spectrum} 719 internal library
A+9] retention time¥ mass spectrum® B E £33 EZo FAHS
1A}A 0 % putativestAl ek glar, Aoz tpefst F/xo At
A7F IDE AT (Table 2).

Metabolites in ginseng seed

N,N-diethylacetamide Asparagine

Lactic acid d-Ribose

L-Valine Ribitol

Alanine Glycerophosphate
Glycine Arabinofuranose
2-Aminoethanol L-Lysine
Phosphoric acid D-Fructose
L-Isoleucine Galactose

Proline Tyrosine
d-aminobutyric acid Glucose

Succinate Sorbital, d-Glucitol
Propanoic acid D-Gluconic acid
Fumaric acid Galactaric acid
L-5Serine Palmitic acid
2-Piperidinecarboxylic acid Myo-inositol
L-Threonine Ferulic acid
Glutaric acid 3-deoxy-arabino-hexaric acid
Isoserine Linoleic acid
2-Piperidone Stearic acid

Malic acid D-Mannose
Pyroglutamic acid Sucrose

Pentitol Lactose

Table 2. GC/MS libraryE ©]-&3to] IDE AHA] 5=

_16_
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(x10,000,000)

35

50

Normal Seed

10.0

Figure 6. A4+

.]HLM_AM.I b el

1 ‘ 1 1 ¥ I [ J‘ " T | 1
250

Control

100 ppm
200 ppm
400 ppm

Tl T ]
300 350

450

ZF9] overlaid chromatogram

(3(10,000,000)
357 Stressed Seed Control
] 100 ppm
30 200ppm
f 400 ppm
2.5—_
2.0—3

5.0

Lo x.k :

Figure 7. =3}

M R
10.0
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3. Principal Component Analysis (PCA)
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Distinctive metabolite characteristics of normal seeds
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Abstract

GC/MS-based metabolomics study on the

viability of Panax ginseng seeds

J1 Yeon Hong
Department of Pharmacy, Pharmaceutical Anaysis
The Graduate School

Seoul National Univerity

Unlike other plant seeds, Panax ginseng seeds have the strong
triple dormancy and prolonged germination period due to immature
embryo development at the time of seed harvesting. Therefore, it
takes huge time and effort to widely propagate ginseng. The
viability and germination rate of seed are closely associated with
its longevity. In this study, it assumed that specific alterations in
the metabolic pathway mediating germination factors might be
arisen once seeds lose their viability. In order to test assumption,
metabolomics study was applied to ginseng seeds and aimed to
observe metabolic changes in ginseng seeds by dividing seeds into
two different groups: normal and stressed group (acceleratedly
aged group). Both groups were treated with various concentrations
of gibberellic acid (GA3) and underwent extraction procedure and
derivatization for the analysis using gas chromatography-mass
spectroscopy (GC-MS). As a result, various metabolites were
putatively identified using internal library mass spectrum . To test

their significance and tendency, f¢test and fold change analysis
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were performed followed by multivariate analysis. Using principal
component analysis (PCA) plot, significant metabolites that
changed distinctively in normal and stressed groups were selected
and they were further identified using authentic standards.
Increased and decreased metabolites in normal ginseng seeds
compared to the stressed seeds might be suggested as possible
marker candidates for the prediction of ginseng seed longevity.
This study may facilitate ginseng propagation by regulating

specific metabolic features of ginseng seeds.

Keywords: Panax ginseng seed, Viability, Metabolomics, GC/MS

(Gas chromatography-mass spectrometry)

Student Number : 2013-21625
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