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1.1. AR ORI D= 3

SN & THEPEIER Dy 2 FEAE T DR D Z & TH Y . EIT Z ORIt & 1R
BLTEE LTHOWDORERTH L, Mz ERERE L TR 2RI, B
(CREIMAZZS 250, WE. EHICBREIC K DD EEE DL 5 SBT3 —ixHY
(SRR & 72> TR Y | wiEfa, aE O HFEWNICRE W OEFICEZELRIETH
%o ZORNEEIRRT DA FE L LTRSS REINE R Lz, ZhET, i
FRBEE BN 2 LT TR AEPEDO B & L TR A Y L BRSO~ LY
A URERINAD v a = o DAEBEFEPF AT L LTHIT b, ARG OFRifed) 72 RE
ZAREIC L7, ITFENTIE, AR ORSY, HIEE, ML, AGHEtEsIZBED
LRSRERIn T O M E £ & DT —F _R—ADEENHED 5N TEY . AWFFEORMEITZ
DT —=H_X=ADFEFETH & LV | FcREREROFHAIMA~HIRTE 2 L EA b
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12. BT VIZ2ONT

AR TIFETNAE LTI YRR 7V BIZET D' 7Y (Swertia japonica,
Figure 1-1) Z# %, BIEE Tz, @EE%hH (Yamahara er al. 1991, Niiho et al. 2006, Kimura
& Sumiyoshi 2011) <0, BELE (Kubo et al. 1988) 7 E% < OIHETEMNHIE S TEY
EIEHE LT, EORFMPHIR SN D, BIfE, RERSCHEAE TO—HOSKIESE
THEI L. ABICHIM ST, ASITIIBES O 2 FFEORFRHWHILD Z &b
O, ERAIVAEEICIE, AEMROEEIMLETH D, ElsELTEaAY KA RO
swertiamarin & gentiopicroside e, HIZ, VY RUBHIB L., [FERICEFIEE LTHIH
D57 T T T (Gentiana lutea) <° N7V > K7 (Gentiana scabra) (W THEaA
U RA NITEERIEERS Th D, TNE T 7Y SR L, EaA U RA K
B REAET LRI D 720, T2, VA TEaA ) RA REEA LRy, iR
FR & U= B3R 1238V TS swertiamarin & gentiopicroside DFEFIA, ¥ b, 7==/L
TN ) A ROEALADPTED L7225 (Ishimaru e al. 1990a, 1990b) . swertiamarin .
gentiopicroside DPEAITHE STV, D ) & RURHEY THEFEOHEITH DL B D
D, JIVARCARERIZIUNTIL swertiamarin,  gentiopicroside DPEARBIF72< . Fisbd 5
Z &2 & o T swertiamarin <X° gentiopicroside 225K & o THRUMIIHINAE U D 2 & DVRIE X
Nico ZDTD, TINVAZ AT B AFEROREGUZIL, EEE R OFHRREe, SN
gz 52 Y 2 Z—IEERG DA V—=2 7 BEEBWREA ORGy DRIE & W o 725k
EDPEET D,

Figure 1-1  Annual (left) and biennial (right) plant of S. japonica.



13. a1 VU RA REGRRIZOWT

BT VITERNICEBWTEERAAFY CHAICHLEL LT, FRliaotaAl RA4 K
DAL G- T DHRE B T OFHRIT2, VU RURL avF s Nkl 70
IF = FURHTIRWTEE SN D “IRIGEWIRECH 1 U FA Rid, £/ T/ A F
(RSN, ARKICRBIT DEIEREE L CEERMEZ EDD, 14U FA FEGRIZEWN,
T, AN UBREN AR SN 7 =4 — AN EFEn, vli=rbkraai=
VINFERPRIRE 22 o TERA It DA U R A MEEWINAEERKR SIS, BaaT=17»
HEMEINDA  F—=AThaf Rotad Y R NIA MBS & LTS
NCnb, £V R=LThad Rikanh= R h) 7Z I LG L, 20k, K
HYEMEN N BN D L < OFEBRENEGKIND, ZORKIZEBNTIE, =F=FV/U

(Catharanthus roseus) % &7 /v &3 HUIEDEANATOI, B H =2 ORZERGSIZESG-T
Hran = ARkEEE (SLS) & LCCYPR2A 7 7 2 U —IZJE T 285 T ORREN £ <
WESNTWD (Miettinen e al. 2014), —7J7. U ¥ RUFOMEMICE £ 5 swertiamarin
X gentiopicroside |1 > F—/LT Vv A REFHIORE TEER I, EanT=r5
T AT IVOAIKGFEZEED T 7 R B O, KEAEIZE Y swertiamarin 28GR S 4L, B
(KR L <415 Z & T gentiopicroside 3B SN D EFEZ HILTUVD (Jensen &
Schripsema 2002, Figure 1-2), Z OAEBRGRIEIZIIT D SLS MY, £ D FiiD & il E s
FAZONWTOHEITRWD, ZbaZ—r > e LT, ZOEIEBINORE, BEREO
BEREA T T 5 Z L TR T VIZBIT A EaA U N ROESEEE ORI D723 5 &
HFFCT& 5, THETRIZT, ZIRREHYOAEGREGERREEIZ DWW T, FrIZ swertiamarin,,
gentiopicroside ZE S AUCBE G- 285 & LT SLS OHBZ A TX 7=, £9°, BEd SLS
DIREFIN BB, T4V =R b— b PCRIEZHNTEU TV IAANLT Ry &
A R, HZ33D SLS OEF & HEBH N OT X/ [ L~IL T 67~69 % DARIAE 2 7= 98
1 EEEEL 7=, L2 L. swertiamarin F#E/ERIZZED B HEFHERM T, RT-PCRIEIZE Y =
DB FOFRBEZ B LI E 2 A, MuEAERE L OHBIIG LN o170,
swertiamarin “E A I IR DB AT DR G- R"E X 7=,
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Figure 1-2  Putative secoiridoid biosynthesis pathway



1.4. KODA (Z2W\ T

U L UBBOEZIKTH S 9-hydroxy-10-oxo0-12(Z),15(Z)-octadecadienoic acid (KODA,
Figure 1-3) IZA h VAFHFEW/E & LT AU 7 Y06 B S 4172 (Yokoyama et al. 2000) ,
KODA (34T a—NT I e 5 2 & TR EIEHET D22 ENT AT X750
151 #k%& AW BR T SN2 & 472 (Yamaguchi ef al. 2001) . KODA [ZH—TH 7 V4
2 (Onoetal 2013) °A—F—3 = > (Yokoyama 2005) 72 EDfEAPY > = (Kittikorn et
al. 2011) CIEM &AM A (Nakajima et al. 2011) & W > 7= REOIIFR HIEET 5, i
CT.KODA [T 7F T3 DARIRFTRE AR5 2 20 & i S 41TV 5 (Sakamoto ez al. 2010) ,
F7o. I YXIZ KODA ZWEFZELIE A, BRIRZ R LI ERMESNATND

(Yamamoto ez al. 2009) , Z @ X 5 |2 KODA 34k 4 722 AEBENE 2 A5 DIEMERG T 2 55,
KODA 2SHEREZ W 52 DB OV CIBIE £ Tl I3/, £ 2T, AFETidk
> 7V JIVAIZKODA % 5 -2 o856 FRESS RGN E D X 9 73R A m T O D9
HZEELT

H,C — — I COOH

Figure 1-3  Chemical structure of KODA (9-hydroxy-10-ox0-12(Z),15(Z)-octadecadienoic acid) .



1.5. BHHY

AMZETIE, BT U OF M A EFRER & U TR REAPET D 7 1EA NS
LT EHBEME LT, BT OMBETRIEAMENL L, 55 Oy O BEHEE
ATz, SHIT, NEREEZ L 0 2PRAINCT 572912 KODA OBk AEWTEE 2 2
L7z, F7o, BEMEERICBIT a1 Y Mo NEASEZRGT Lo, &I, Bis
T LFRFE CWBE AN 2 ) LS D FHEA N D7o0ls, ke —o o —% H
VN de novo RNA-seq T T =AU NA RAEGEKIZE ST 5% & PRSI DB 25T
L. ZORBEEFkA RFEREFENIZRB T 523 A Y NA RELE Y — OFREZI S
M LTz,

Establishment of efficient systems for
pharmacological compounds-production

Elucidation of

. hR gulati secondar
Tissue culture aa— y

metabolism

ldentification
of compounds

Figure 1-4  Strategy and objects of reserch.



2. BT ORRRETRTE DM

2.1. BHHY

KEFFEEOMESLOT-0I12, T IV AFES L BB ORSZH LN T5 2 L %
HEYE LT, 22 CIIONRAFESR ORI E . BB DR, S BITIRIREEERIC
B WA NE L DREIRDMEEEaA U RA REAICKT DAL LN LT,

22, JIVAFHERMORE & R DR

2.2.1. MEFE Hik
J1 )V AFHE

JIVAIREL BKHEE, BKHETT) XV 7Y RIMEDIRDOZE 2R RN GRS
U7 EAEE L 7226 (n=5) Z3mm OFE-Z|Z8]1Y | 3% (w/v) sucrose, 1% (w/v) agar,
10 & L < &1 uM naphthylacetic acid (NAA; Nacalai Tesque, Kyoto, Japan) . & 10 & L < /X1 uM
kinetin (KIN; Nacalai Tesque) & 7-(Z thidiazuron (TDZ; Phytotechnology Laboratories, Shawnee
Mission, KS, USA) % &1 ¢ Murashige Skoog FaAE%H (MS; Murashige & Skoog 1962; Wako
Pure Chemical Industries, Osaka, Japan) . Gamborg B5 F:AEGH (B5; Gamborg et al. 1968; Wako
Pure Chemical Industries) . Lloyd McCown’s Woody Plant ZEAESH (WP; Lloyd & McCown
1981; Duchefa Biochemie, Haarlem, Netherlands) ZV-Z4VDEHITAE 2 1), 20°C. BASAE:
T (10428 lux) THEHE L7o, WVAFHFERITERE 30 BEO IV ATAE M Z AT 50T
#o ., R U,

=R R AN LY i

BAEHR LT W VA EARER (100 mg) & A X /7 —)b 1 mlIZIRIE L 24 R =00 Tl
Lice VA RERD A Z 7 — VAl % HPLC-PDA %347 (SPD-M10A VP, SCL-10A VP
HPLC system, ¥4 12% CH3CN, % 7 2; YMC-Pack ODS-A column (4.6 x 150 mm; YMC,
Kyoto, Japan) , 73 #7Hffl]; 40 min, Jit &; 1 ml/min; SHIMADZU, Kyoto, Japan) &
LC-ESI-MS/MS 4347 (TSQ Quantum Ultra equipped with an Accela 600 HPLC system, A4 10—
35% CH3CN, 0-15 min; 35-100% CH;CN, 15-20 min; 100% CH;CN, 20-30 min, 77 7 A;
Thermo Scientific Hypersil GOLD column (2.1 x 100 mm; Thermo Fisher Scientific) , Jiftf; 200
uL/min, FEJE; 10 eV, Thermo Fisher Scientific, Yokohama, Japan) L7, Swertiamarin &
gentiopicroside (Wako Pure Chemical Industries) #Z4%dh & L CH U 7=, Swertiamarin &

10



gentiopicroside D E&/3HT1E HPLC-PDA % W TI TV, T TR ERR T swertiamarin %
Y=2.734x10"X-0.0125, gentiopicroside %z Y=2.855x107X-0.0049 & L7- (X, peak area; Y,

concentration) ,
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222, fit
222.1. HIVAFHE L REROSME

Y T OEGEIR NV ATFESE AR SN A0, £3EE MS, BS, WP B
TNENTE#E L, £2. EWARLE ACHOWTEE(ET 572912 10  L<IE 1 pM
NAA £ 10 % L<IX 1 pMKIN £721X TDZ ZFHAE DO T-m R IX T I /L AFHE 3 4 b
L7-, Figure 2-1 1T A/ AFHLEA~DIERILE L & HASEH OB\ \T/? LTW5,

WP E5#173 77 )V ZFHEIT I bR TH U iV T BS 85l A WGBTS DLV A D
ANz, MS BT LV AHEI T S o T, EYAR LV /@%ﬁ%a;owﬂi\ KIN
X TDZ LV WV AFEEEEE L7z, 10 tM NAA & 1 pM KIN OFAAEDER RS DL A
FHEICE LTV, AL AZ 3% sucrose, 10 WM NAA, 1 uM KIN & 5T e WP FEASE 1Tk

REEELIZEZ A, 10 HRERET 5 ERERPIESHME LT,

— B WP medium
‘ .

| E B5 medium
D MS medium

Rate of callus induction
(e
()]
+

& 10
) T Q @
10 T == 1
10 N\
KIN 1 T 1 &2
Q
Concengyy,, TDZ o™
1op of KIN
Oor TD Z
(ndp)

Figure 2-1 Effects of phytohormones and basal media on the rate of callus induction.
2222, INAEREROEGHY
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HIVAERERPE A Y KA REFEAL TWDONERT HT-0IZ, swertiamarin &
gentiopicroside O4Z /% HPLC-PDA & LC-ESI-MS/MS 34T L 7=, Figure 2-2 |4 /LA & RE
R HPLC-PDA 3t 27 L T D, PREFRFR & UV A2 R LDMEGL O Swertiamarin

(Rt6.1 min) & gentiopicroside (Rt 7.8 min) M H D & —Fr L7=7=, ANEMRIL swertiamarin
& gentiopicroside &1 Z ENH LN/ o7z, LinL, VRIS & HICHRE S
inoto, Fio, 4 BHEROERYRA O AR Lic, Zh B0 UV AR KT 4
[TEad Y M FEFRRSTWDTZD, EARFROED Iy EEZ N5, 19.2 min (Z
R ST 2 RERD FER Sy & LT Compd 1 & L7z,

-
19.2 min, Compound 1

< —

16.6 min, unknown
29.9 min, unknown

~—

7.8 min, gentiopicroside

<— (.] min, swertiamarin

I'><— 34.7 min, unknown

>
—

intensity

19.4 min, Compound 1
30.8 min, unknown
<
34.5 min, unknown

; .

<—16.7 min, unknown

. Z

0 10 20 30 40

Retention time (min)

Figure 2-2 HPLC-PDA analyses of the constituents of the adventitious root (A) and callus (B).

EHIT, WERY T NDOERE FTREICT 272012, LV EED RV LC-ESIMS/MS (2
KO ARERIZE END swertiamarin & gentiopicroside %087 L7-, #E5hD swertiamarin &
gentiopicroside & NEIRITE F41L D R OLREFRFH & 018, BN — 0 D L7272,
RERIZE D577 swertiamarin & gentiopicroside Téh % & [RIE L7z, swertiamarin (Rt
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24 min) DA AT — RIZBIF D 7T 7 A2 bAoA A 0% 3757) [M+H] . 357(4)
[M+H-H,0]". 213(10) [M+H-Glc+O]", 195(100) [M+H-Glc]". 177(39) [M+H-Glc-H,0]" T&
o7z, —7J7. gentiopicroside (Rt3.7 min) D51 AL HrE— NIZBIF LT T 7 AL "M A
1% 357(4) [M+H]", 195(100) [M+H-Glc]", 177(27) [M+H-Gle-H,0]' 72 >7= (Figure 2-3),
[M+H] C7k L 7= swertiamarin & gentiopicroside (DFEE— 2 D43 EDFE1T HyO (A L.
Z D2 DOAFRG D PFACIERICEHE Th o7,

195 195

100 - swertiamarin 100 - gentiopicroside

80 A 80
2 2
z 60 7 z 60 7
3 3

177
20 A 20 A
213 375
| 357 | 357
0 T T T - ) 0 T T T T l T
150 200 250 300 350 400 150 200 250 300 350 400
m/z m/z

Figure 2-3  Flagmentation pattern of swertiamarin and gentiopicroside analyzed by LC-MS/MS
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223, E%

AMFEZFRNT, B 7 U DNV ADEI GG NI L, AERDS swertiamarin
(1) & gentiopicroside (2; Figure 2-4)Z PEAET A Z L 2B NC LTz, TNET, B 7 U D
FEAIRIRIT amarogentin (3)X° amaroswerin (4)? X 9 72 biphenyl secoiridoids Z AT 5 & DD,
swertiamarin < gentiopicroside Z FEAE L7202 & 23S SV T4 (Ishimaru ef al. 1990a) ,
TV BRI\ T ., Swertia chirata DFEIRFRZ)Y amarogentin & amaroswerin % PEAE
I 51t (Keil et al. 2000) ., S. pseudochinensis DREFRN T aA U RA NFEA LRI &0
WEEN TS (Kitamura ef al. 1988), £ - T, AWFIETE 7Y BEY OIS
IZF\U VT, swertiamarin <° gentiopicroside % PE/E L7-#10OCOHITH D, F7-. biphenyl F&
DI EDEEBUIAO D EERMEROREIZ K> THITEA /2 5 2 & bR STz,

O O O O
7 2
OH OH
NN
N N
0 0 0
OGlc OGlc
HO OH
3 R=H
1 2 4 R=0OH

Figure 2-4  Secoiridoids produced in Swertia plants. Chemical structures showed as swertiamarin
(1), gentiopicroside (2), amarogentin (3) and amaroswerin (4).
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23, NEREESMORELE A Y FA REASDRE

23.1. bEFE HiE
J1 )V AFHE

IR OMENZIT 2 7 ) Offif- (BRI OB AERE S 2009 £F 10 A IZERR)
ZIEEREE L TR O EX OBERIMER & U THEEE L, ik L THLn v
A % N2, 3 mm UG 2] 7o 23R4 2 DZEZ 3% (w/v) sucrose, 1% agar, 10 uM naphthylacetic
acid (NAA) & 1 pM kinetin (KIN)%Z 572 Lloyd & McCown Woody Plant basal medium (WP,
Lloyd & McCown 1981) [E{AFEREZHICHE X (11, 20 °C, ISR TCTRER L, VA%
WU, FHE LAV ATFESEOEARFEREHICK 1 r HBEITAMZ, 25°C, BI%
T CRERESER LTz, IV AFHED BRI 10 H CRERDIEMET D728, fAEROBRIZIEN
IVADBARTERDIHE LTIRRE CREZE LT,

RGNS

HRREFE LTV D VA% 3% sucrose Z7de 1/8WP IRIAEFHINZAE Z 5 2 72, NAA &
KIN % ZH IR 10, 1, 0.1, 0.01 pM 12725 X 5 ICHBAA DT TNA -, 5%
¥) (n=3) Z 110rpm THRE S L, 25°C, WISRMET (1042.8 lux) (ZfE X, 35 HIZIZ[H
N U7, [ U7=R288M 30 L A & AERITAT . s L7,

BT, B 2 HE9 5720, 3% sucrose, 0.01 tM NAA., 0.01 uM KIN %5 7¢ 1/SWP
WRARREHNC I NV A ZREZ AT, S HZEIZ35 HETHEIL L, VA (n=5) EAER (h=
5) o), HEREE L. M (mgDW) ZIE L7,

oA U KA RSk

BAEHE LT I VA EARER (100mg) & RIFEDRDOR (100mg) % A%/ —/L 1ml
IZIRIE L 24 BRE=IE CHiH Lz, VA, RER, R (0=3) O A ¥ J — 4%
HPLC-PDA 34T (SPD-M10A VP, SCL-10A VP HPLC system, &4; 12% CH;CN, 717 A,
YMC-Pack ODS-A column (4.6 x 150 mm; YMC, Kyoto, Japan) , Z34TH§fH]; 40 min, Jit&; 1
ml/min; SHIMADZU, Kyoto, Japan) & L7-, Swertiamarin & gentiopicroside (Wako Pure
Chemical Industries) Z4%5h & L CHV /=, Swertiamarin & gentiopicroside O JE &/ HTIX
HPLC-PDA % HW TV, R Z M EMIL swertiamarin % Y=2.734x107X-0.0125,
gentiopicroside % Y=2.855x10"X-0.0049 & L7= (X, peak area; Y, concentration) .
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232, bR

Figure 2-5 13X NAA & KIN Z5JRE THAA DT 35 HIMEEE LR T2 R LT\ 5,

AERRD T NAA IREIZE S, IRIRED NAA 135 bz et L7c—J7 (Figure 2-5

13~16) . TE7EEE D NAA (FBHEE L 7= (Figure 2-5 1~4) , £ 72, KIN [ZIAREROMETIEAR <,

AER AR A Em A BIZ S 10 M KIN OFRBRIX The b KWVRERABIZER Sz
(Figure 2-51, 5,9, 13),

Concentration (uM)
0.1

]
3.
N’
=
]
.=
iy
<
S
By
=
Q
Q
=
o}
@)

Figure 2-5 Effects of phytohormone on the redifferentiation of adventitious roots. Lateral line

shows the effects of KIN on the differentiation of adventitious roots, beside longitudinal line shows
that of NAA.

NAA ORERDIMIT T D BB SN T H 72012, 10, 1, 0.1, 0.01 tMNAA &
L <IZKIN, 0.0l ytMNAA & L <IZKIN ZHAEDOE CTETIRIARE TV A ZREE L,
35 A% OREHROEEEREZ R Lz, FOME, RNEROTBEEIT NAA B L
B LT L 7= (Figure 2-6A) . — 77 KIN JREEI IR EROHINNZES5- L TV edr- 7= (Figure
2-6B), IKIRED NAA IIAREROIHMEEIEE L, —75 10 pM NAA [ IHEICRER DML
ZHE LT, BRI ORE R & ANEROEMEOM AL —E LT (Figure 2-5,2-6).
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z o
=] 0 -1 T T T Q 0 n T T T
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Concentration of NAA (uM) Concentration of KIN (uM)

Figure 2-6  Effects of NAA (A) and KIN (B) on the growth of adventitious roots. Differences of the
dry weight on various concentration of phytohormone were compared using ¢-test (*P < (.05). Error
bars in (A) and (B) indicate standard error (SE).

NAA & KIN WARERDE A U RA FAEEIZG A DB ZHENNIT 72012, 45
BRXDORERDE A ) B4 REAER%Z HPLC-PDA TERE L7, 0.1 /M NAA LV S
OFBRXTITEaA U KA RIEEINZ2D -T2, a4 A REFEZ 0.0l (M NAA &
10, 1, 0.1, 0.01 pMKIN ZNZEN % ETHRINES TR LI ARNER CTHE L7-, BaA Y
FA REARIT KIN JEE I S, 10 uM KIN ORRERIX T\ ME[[ 238 - 7= (Figure 2-7)
10 uM KIN OFRERX 1233V T, Gentiopicroside & A fld swertiamarin D 16 5 Ch-7-, K
PR DRDOE A FA FEAEZNELZL 25, swertiamarin (3 2.15+1.62
ug/mgDW | gentiopicroside 1% 3.98£0.93 ug/mgDW Th >7-, RER TELEINT=
swertiamarin & gentiopicroside D KA Bl XLV EIVRIMEYRDIRD 1.48% & 12.75%1Z
FEY L7,

18



U swertiamarin - SE

B gentiopicroside

anl

Concentration of KIN (uM)

Figure 2-7 Effects of KIN on the secoiridoid production in adventitious roots. Error bars in graph
indicate standard error (SE).

Secoiridoid contents (ug/mgDW)

AERRITERE 10 H A2 kL., ¥hExfiiT. 35 HH TR & 727 (Figure 2-8A),
FIIVANL 0 735 25 FISHNT T 2 fFICHIE L7228, 25 LI Lz, BaA Y RA RpE
AT 15 BLBIZE S, NEROMEDBIEE SN 10 B 5 AOZA LT Vb o7

(Figure 2-8B), Swertiamarin |355# 20 H H Tl RIZiE L, —J5 gentioperoside 1% 25 H HIZ
R o7, £7225 AL a1 U RA REA &I T MR35 - 7203, R
R&EL, BEERZET 2D -T,
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Dry weight of cultures (mg)

secoiridoid contents (ug/mgDW)

300

200 A

100

0.3

0.2 1

0.1

A

B adventitious root

callus

.
| 5 v éz
7 ’% % / .
N 7 7
A}:: T :“;};‘E T f/'; T f’ T f" T T j T
0 5 10 15 20 25 30
1 culture period (day)
Uswertiamarin
B gentiopicroside SE
0 5 10 15 20 25 30 35
culture period (day)

Figure 2-8 Time course of growth of callus and adventitious root (A) and secoiridoid production of
adventitious root (B). Error bars in (A) and (B) indicate standard error (SE).
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233, 5

Piatczak et al. (2005) (L. Centaurium erythraea DWRIKEEE LTe REFVELET D
swertiamarin & gentiopicroside &A &Y, §52% 10 HH O~ A 7 07 a7 — MEMIRIZE
F 415 swertiamarin & gentiopicroside & H EDEIVZEIL3.1% & 302%IZHHY T 5 2 & 28
U7z, AFZE TR, REMR CTREA X172 swertiamarin & gentiopicroside DI K& &IXE 4
ZHVRIEMIRDIRD 1.48% & 12.75%\THHY LTz, REFXNERDE A Y A FEH
BICOWTOHRII~ A 7 1 7m0 — MEYESS RIER D Z N E N O O & A &
F VDI E NS BIGHZI—E LT, MREEE OB TlX, REMEMIRDZH T DR D3
T TIFFELE SN2, F723RD T 201032 <EE STV D, AR T HIEERD
BGRBD bilz, 5%, AARIZEEE L T 2B s 0N REEMIIR L B )] CRELE
[ZEDI I RENHLIDFTTHZ LT, 8= OEaA) N FEAELZ NS E L3
KA NI TELEEZIBND,

taAd VY RA RiEA N1 B S 2-C-methyl-D-erythritol 4-phosphate %41 L72FE A /31
RIS A AR U TR SIS Z R BT Y | ORI terpenoid indole alkaloids

(TIA) (ZEEELLCWB, =F=F Vv (Catharanthus roseus) O TIA ARG EIZES 59
LI TFORBUIA—F o TCHESN, —FHh A M=t FLrooitEsnsdsZ
EDFDBILTW D (Hedhili ef al. 2007) . ABFFETIEE A U FA FAEGHKA SR D KIN
(It S DD D —T7 NAA D3R RIS L EEAEDHE SN, 2D Z & XY
TaAf U A RGBT TIA 4G & FEE3 D lE ME) < rrgetEns /o7,

F—F T U MARERD M Z T 5 Z EIFA< F BTV D (Gaspar ef al. 1996), A
WFFRIZIBW TR, ARRED NAA DARERO ML ZRE LTz, RIREOYA S A =273
RERD AL ZAREET 511X, = A (Oriza sativa, Nishi et al. 1973) <2V > = (Malus domestica,
Pawlicki & Welander 1995) 72 &% < DI THE Sh T\ 5, ot 7 Vgl
Th, LT VX7V (Swertia pseudochinensis) DARDWT 7> 5 53k /T ASEFRDS 0.005
UM NAA CHIEIMEET D Z &35 STV 5 (Kitamura et al. 1987) , LED Z &b
BT VICBWTIRRED NAA BARERO M AEE LIZHZIT, s b om L T8l
LD ATREMED &V,

WRIREERIZEB W T AREROHMENEEZ72 10 H0vn 5 BRIt a4 U KA RBEASH
oo TOZENDL, BaA U R ROAEGEUTIIRNEROEN & W D BRI ED 2 & 037R
R X7z, NEROAAET 2BREZH HNNCTH 2 L1E, B 7 VEEEROKES
PESANOBIFIIERITAII TH D L B2 b b,
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24, FL0

AT, BT U IV ADONRRIHEEEEZA LN L, IRIERERIZBWT, RE
RO CEARET DEFRFM 2 ML Lo, NEROUTRRE DA —F > Tt
oo —J5, BaA VU RA REAITEREDOY A M4 = RESN, A—F 2 CiHE
SNz, Al RERPEIA U KA REEATDZ EE2HOHTHLMNI LN, KIKE
MIADRDOEHEL T D EMBETHDLZ 0D, 5%, REROE=AY FA1 NEH
BT 2 ERZHALNNCTHHER DD, EaA U KA FEGRIZIEYA M4 =2
BENET 2 Z N LN/ T1E30, IEORBENEETH D Z EBbn-oT2dD T,
I HOBBRITAHE L Tl < BIRFORBFMT 2 D 5 Z LT, BaA U N NEGRE
(T DR SN2 D E IR CTE B,
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3. FEEWIFA I OB - IERE

3.1. HHEY

(2. B2 7 U OMFBESFRIEOMENL ) 1IZBWT, VA ERERIZIEE L, KEMIRIZ
L& FNREEERAA ORI 4 FEERA SN2 72572, £ 0 ) BARERIZER D & LT
& END Compd 1 OREECIRFIEMEZ I ST 5 2 L Ty 7 U B OEREIR L L
TOMEEE D EE %, Compd | & HEHESESRETHZ L & L,

32. MELEHIE

HEM LS D Hifkf
Compd 1 % HiffEd 255 7 17 —% 3.2 55RO Figure 32 IR~ T & & HICTIEEZLLFIOR
L7z,

1) F9. BT UARERD MeOH HiHHi# (6.92 g) % 200 ml HO [Z¥fi# L, hexane, ethyl
acetate, n-butanol DNEIZ/FEL L. 4 DOy 2457,

2) TLC & PDA-HPLC T[4y %041 L. Compd 1 23t %< & £415 n-butanol [#5) %
DED MeOH (ZIRfEL, U B Nvra~ 7T 7 40—l Lz, U7

(Wakogel® C-200, Wako Pure Chemical Industries, Ltd.) 100 g % chloroform THE L .
Z D%, chloroform & MeOH % 19:1, 9:1, 4:1, 3:1, 2:1, 1:1, 0:1 DR THRA L
VRIE 300 ml TR L. 7 OISy &5 (Fra~Fr.7),

3) b2 < Compd 1 BEFEILTUVE Fr.s 2 H,0 IS8R L, BEEFRET 572912 HP-20
Z VTR L 7-, DIAION® HP20 (Mitsubishi Chemical Co.) % MeOH THIE L. %
Dtk HyO IZE &2 T, Fr.5 T 2% 0 7 AHICEV V-, HO THEZERHSE, £0
#%. Compd 1 Z & T 53 % MeOH T L7z,

4)  HBONTESY Fr.5-hp & HO VAR L, RIZ ODS 717 4 (Wakogel® 100C18, Wako Pure
Chemical Industries, Ltd.) T43 L7, ODS20g % MeOH THHI L, KIZ H,0 TEH:
L7zt%. MeOH & H,0 % 1:9, 3:7, 4:6, 7:3, 1:0 DR TIRE L72IAME 150 ml TF
L. 10 >OM53 %157 (Fr.5-hp-Fr.1~Fr.10),

5)  Compd 1 H3EVWEE T& £ TV = Fr.5-hp-Fr.6~Fr.9 25 H T, HE ODS &7 A
THHL L 7=, ODS20 g # MeOH THHE L, KIZ HO TEHL L7-#%. MeOH & H,0 %
0:1, 2:8, 3.7, 4:6 O TERA LICHLEL 150 ml THHL, 9 DOESEHT-

(Fr.5-hp-Fr.69-1~Fr.9) ,

6) B HMEDE Fr.5-hp-Fr.69-8 % 3 ml MeOH (ZI&fi# L. 70 °C [ZEAL 7=, 4 °C D%

JHFEN T —HRERE L, P S8,
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B PDA-HPLC “3#HT

FHRIT 2007 FFITHRE SHTCHP O OFIEIHES Tz, 2 DOJ71E T L-cysteine methyl ester
& o-tolyl isothiocyanate D7 /L K— LD T K v ks
2-(poly-hydroxyalkyl)-3-(o-tolythiocarbamoyl)-(thiazolidine-4(R)-carboxylates ( Figure 3-1) %
HPLC-PDA /3#7 35 Z & T, 7V R—LDpikE LIKkO=F o F4~—2HHId 5, Jiﬁs
{7 [E42 HPLC-PDA 2341 L. 250 nm DY

RS %, ALFHEMTTEZLLTIORT,

1) Compd11mgiZ3.5%HCl ZHz 110°C T 1 Bk RS S8z,

2) glucose 5 mg & galactose 5 mg ZFF&: L. 5 mg L-cysteine % )1 X, pyridine 1 ml ({Z¥f# L
60°C T 1 IKFfEISUS S/ 72, Compd 1 SUSIEIZIE 1 mg L-cysteine Z /1%, pyridine 200 ul

IZHFR L. 60°C T 1 IS &7,

3) D%, 5mgo-tolyl isothiocyanate (Compd 1 SUSHEIZIT 1 mg o-tolyl isothiocyanate) %
Mz,
4) KUK 2 wl & HPLC %3871 (SSC-3461 HPLC Pump with a SSC-5410 UV/VIS detector,

X 52 60°C T 1 s <87~

Senshu Scientific Co., Ltd.) (2 L. 250 nm (Z331F DA 2 L7=,

Figure 3-1
2007)

HO <3020H3
%o 2 1) HS OH
oH ©H >/'_

«H

1 CO,CHg

D-glucose in pyridine
>
? R S— H
OH H
; ER SN,

L-glucose s

2 4

Chart 1. Reaction of Aldoses with L-Cysteine Methyl Ester and Aryliso-
thiocyanate

W (0] 1 (O] =
1
/‘ 7 OH
OH )fN\© HOOH

Chart 2. Structures 5 and 6

Reaction of aldoses with L-cysteine methyl ester and arylisothiocyanate. (Tanaka et al.
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Ban ot

'H, BCNMR Z~¢Z kL& HMQC., HMBC, COSY ORI JEOL-ECS 400 (*H 400 and

C 100 MHz) spectrometer % VN THIE L7-, TMS Z NEBEHEZ & T e DMSO-ds 1< Compd 1

(5mg) ZVRfR LT-, K5y 18X Exactive (Thermo Fisher Scientific Inc.), BZE/ % — 1%
TSQ Quantum Ultra (Thermo Fisher Scientific Inc.)% VN THIE L 7=,

U IS PE DRI

TLC 7V 23— b (U A7V 60Fpss 20 x 20 cm, 1.05554.0009, A /L7 %230 (KK))
(Z Compd 1 1 mg/ml & AEM MeOH fifitti# (1 mg/ml) % A7 kL, CHCl;:CH;0H=1:1
(TR U 7o TR L 72, 2 % DPPH IR 2 ¥ L P KISPEDO A 2 ffEsd L. 10 % At
Fezfnds U721 100 °C THIEAL | {bAMD ARy Mt LT,
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3.3, fERE

Figure 3-2 {27~ L7- B 7 1 —2HEV >, Compd 1 % BAEE L 7=, = D%, HR-MS, LC-MS/MS,
NMR DOFHEERIHTIZ & > TSR E Lz,

MeOH extracts

6.9|20 g
I |
Hexane | |
50 mg Ethyl acetate
276 mg H,0 Butanol
3.651¢ 2.939¢
CHCl3:MeOH |si|ica gel chromatography

Fr.1 Fr.2 Fr.3 Fr.4 Fr.5 Fr.6 Fr.7
509mg 18 mg 57mg 132mg 330mg 192 mg 114 mg

|HP20
| |
H,0 MeOH
300 mg 26.9 mg
MeOH:H,0 |ODS chromatography

Fr.1 Fr.2 Fr.3 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8 Fr.9  Fr.10
3mg 5mg <1Tmg 2mg <1 mg 7mg 3mg 4mg 1mg | 4 mg

15 mg
MeOH:H»0 ODS chromatography

Fr.1 Fr.2 Fr.3 Fr.4 Fr.5 Fr.6 Fr.7 Fr.8 Fr.9
<ITmg <1Tmg <1Tmg <1Tmg <1Tmg <1Tmg 3mg 4mg 4mg

recrystalization

MeOH
1 mg

Figure 3-2  Isolation flow of Comp 1
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HR-MS 7547 (Figure 3-3) (24 Y, Compd 1 D4r+UE CyHs0016 & FARS 1L, FEEY T
X 597.1446 [M-H]; caled. for CaHyoOis, 597.1455 , 621.1400 [M+H+Na]'; calcd. for

Ca6H30016Na,

Relative Abundance

N W H (62 D ~ [e0] [{e] o
o o o o ? o o
e b b e bece e e v e g

-
o

?l I'I l?

191.0159
z=1

273.0361
z=1

323.
z=1

0930

L

567.1270

621.1431 LHIE SN, HDFRN SRR L=/ &1% 598.5185 TH 7=,

59714481 Exact mass

z=1
e

z=1

|y

633.1122

z=1

687.1671
z=1

751.1972
z=1 833.1239

o

Ly L (R T
L L L A A

200 300

400

s L
LA R A LAY LA R MR M R

500

A
TR e

600
m/z

L,flt”%lllllx,_xux | lz=1

T KRRl R LA LA L A LM R R L |

700 800 900 1000

Figure 3-3 Exact mass of Compd 1 analyzed by HR-MS in negative ion mode
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ESI-MS/MS 734 (Figure 3-4) (2 ¥ Negative ESIMS m/z 597 (M-H] , 14), 322(29), 273
(IM-H-3247", 100). Positive ESIMS m/z 599([M+H]", 29), 566(11), 515(31), 419([M+H-180]", 20),
316(50), 298(100), 275(IM+H-324]",22)D7 Z 7' A b A AU B3G5 7-, 273 [M-H-324] .
275 [M+H-324]' D7 Z 7 A A A2 LD, Compd 1 OT 7'V it 7 UREMIKRNG
BBt =02 h & LTSS bellidifolin TH Y | 2 BEIFES LI-ECkHATH D Z
EDVURIER ST,

273.16

$\\I\$

?l\l\$\\l\§‘l\l\$lll\

oy

OJIJ\?\IJ\?I]\I?\I\\?I}IJ

Relative Abundance
o

322.99

w

597.28

oy

258.18

s G 31487 | 30677 40425  474.24 49817 583.98 | 599.50  673.43

% S G 0% e e o e e v e S R S5 0 e g i T s | 2L 321 5 s e M RS RO 23 S P s K e 2 s W v D Rt s
150 200 250 300 350 400 450 500 550 600 650 700
m/z

Figure 3-4 Flagmentation pattern of Compd 1 analyzed by LC-MS/MS in a negative ion mode

28



MS/MS T DBRGL N2 — I B U A b G I3 N VB R CTH 5 EHEE S
7=DT, HEDRIEDT=O, BOFHRZNKRE L, W2 bAERG L7-%%. HPLC o4 ClRIE
L7,

D-glucose

-D-galactose

|
y

Compd 1 reaction mixture

D-galactose reaction mixture

D-glucose reaction mixture

Figure 3-5 HPLC chromatograms of Compd 1 mixture, D-galactose and D-glucose derivatives

FEEHIZ D-galactose (Rt 53.6 min) & D-glucose (Rt 59.6 min) DHHE %A VY, Compd 1 D
OSSO 7 v~ s 7T KE LT 2 A RFFIRFRN —E L7z, HF 5 OHE (Tanaka et
al. 2007) 12X 2 &, pikE LIKOCHERE DOIRFIRFFOZE (Aripay) 1 glucose (2330
TIE 1.33 min, galactose |% -049 min TV, HBIFIRE T D O TARILEW OPER /71
D-glucose & D-galactose T D EHEE L77,

WRIZ Compd 1 DALFAERE A IRIES 5 72012 NMR ozt L7z, 'H & °C NMR 7515
Stz 7 F TN T Figure 3-6, Table 3-1 (Zor L7=, “C NMR 4341 & HMQC

(Hetero-nuclear Multiple Quantum Coherence) Z3#TOfERL 0. 'H LAHBEIDH 5 PC 7326
BRI S 72, C-1 ) C-10a DL 7 b i bellidifolin (ZFEFIZFEEL L TH Y (Purev et al.
2002). Compd 1 D7 7'V =213 bellidifolin T % EHEE L=, 'HNMR 04k v . A b
TEN L, NUBEITHES T DKED 4 8, bellidifolin BLBEARDPET ML 5K
FEEZOND2LEDOY 7 F N BRI LT2,86.75(H-4) L 8681 (H-2).86.58 (H-7)&£87.19
H-6)DH v TV o TEET TN, J=88 £ 24 THV ., WiFIIAZ TV 7 LT
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KF, BBIEZANY Dy TV T LIEKFELEIRE L, H'H COSY & HMBC
(Hetero-nuclear Multiple-Bond Connectivity) 534 D&% Figure 3-7 (Z7r L7z, HMBC O#H
BIL D, A FF A LIRE L7286 3.97 DKFENS 165.4 (C3)DIRFIHENRH H7-. Kb
EMNE 3NN A P EEFFOZ L AR LTz, E2 MO 7Ol EIcB LT,
HMQC & 'H-"H COSY OfEH- LV . §100.6 (C-1°)-8 73.1 (C-2°) -8 60.9 (C-3") - § 68.7 (C-4) -
8 75.5(C-5")-8762(C-6") & 103.5(C-1"")-873.4(C2")-876.5(C-3")-869.9 (C-4)-d
76.7 (C-5"") - 8 69.5 (C-6") Dt LI FHREMG BTz, £, 7 /VOFEMED 2 {HDK
SN L, §3.42 (H-2") &8 3.72 (H-5")D> 7 F /L & TH-'H COSY (2B W THIRE & 5 7=
8 3.66 (H-4)YD T 7 F /L3S 3.66 (H-3") L B> T\ EIRELTZ, HMQC OFHREL D | 8
3.66 (H-4)\ZHuH L7=/KFE038 68.7 (C-4)D 7 F & LTELNIZIRE EMHBENRH Y, #
(Z HMBC OFHBE X 0 § 3.66 (H-4")D/KFEDIS 75.5 (C-5")DIRFBITHBEN B H 78, § 3.66 (2
RSN 7 F RS TH S EFfg L7z, HMBC OFHBIE D, 6 5.11 H-I)IIImEL
727K 7038 159.0 (C-1)DIRFEITAHBEI N & % 72 D-galactose |77 7 U 22 D ILITHEA L TH
0. 8 418 (H-1")ZIFE L7=/KENS 68.7 (C-4)DRFEIZFEENH 5 7=, D-galactose &
D-glucose 7% 14 F5A L TWD Z EMRB BT o7, £7285.11 (H-17) £ 6 3.42 (H-2"). 5 4.18
(H-17)&£82.97 (H-2")D JE B4 U THEOREIIPAL TH D Z & bR Sz, UL LR
2 X 0w . XK v A& W E X Vo v B OE K O
5,8-dihydroxy-1-O-[3-D-glucopyranosyl-(1—4)-p-D-galactopyranosyl]-3-methoxyxanthen-9-one
(1-O-galactoglucosylbellidifolin, 1) T& % & [FIE L 7=,

13C NMR (100 MHz)
[C,]

190.0 1800 170.0 -160.0 150.0 140.0 1300 120.0 1100 1000 900 8.0 700 60.0 500 40.0 300 200 10.0 0

1H NMR (400 MHz) aglycone OMe / DMSO-D,
4

1.00
6

. . . ;
12.0 110 100 90 80 70 60 50 40 30 20 10 0

Figure 3-6 °C-(100 MHz) and 'H-(400 mHz) NMR spectroscopic data for Compd 1
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Table 3-1 "C-(100 MHz) and 'H-(400 MHz) NMR spectroscopic data for Compd 1 (in DMSO-ds,
o inppm,Jin Hz)

No. Oy Oc

1 159.0 (C)

2 6.81,d (2.4) 99.1 (CH)

3 165.4 (C)

4 6.75,d (2.4) 94.7 (CH)

4a 158.5 (C)

5 136.6 (C)

6 7.19, d (8.8) 122.6 (CH)

7 6.58, d (8.8) 108.9 (CH)

8 152.5 (C)

8a 108.8 (C)

9 180.6 (C)

9a 105.1 (C)

10a 142.6 (C)

OMe 397, s 56.1 (CH5)

5-OH 9.56, s

8-OH 12.36, s

Gal

' 5.11,d (7.6) 100.6 (CH)

2' 3.42, ddd (4.8, 7.6, 8.8) 73.1 (CH)

3 3.66, m 60.9 (CH)

4' 3.66, m 68.7 (CH)

5 3.72, brdd (8.6, 8.6) 75.5 (CH)

6' 297, m 76.2 (CH,)
324, m

2'-OH 4.43,¢t(4.8)

3'-OH 491, d (4.6)

6'-OH 5.15,d (4.8)

Glc

1" 4.18, d (7.6) 103.5 (CH)

2" 297, m 73.4 (CH)

3" 3.12, ddd (4.6, 8.7, 8.4) 76.5 (CH)

4" 3.06, m 69.9 (CH)

5" 3.05, m 76.7 (CH)

6" 338, m 69.5 (CH,)
3.49,d(7.2)

2"-OH 4.83, d (4.4)

3"-OH 4.87, d (4.4)

4"-OH 5.10, m

6"-OH 5.16, d (4.7)
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'H-'H COSY
TR
IH 13¢ HMBC
Figure 3-7  Selected 'H-"H COSY and HMBC correlations for Compd 1

F72. TLC-DPPH {£(Z X ¥ Compd 1 DHIEIEMEAMRGRE L 72 & Z A, DPPH OIR AR
VDB Z LG, Compd 1 ITHIMEIEEA G T 5 Z LR LT T,

Adventitious root
— 2 % DPPH
Comp. 1
Adventitious root ’ )
— 10 % H,S0,
Comp. 1

Figure 3-8 Antioxidative activity of Compd 1 analyzed by TLC-DPPH method
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34, EEL

INET, BT VR EAT D ZIREIE L CoMmEIIA <, =il etal
(1986) 1THNADY ~ U VFHFERELFEAT LD, T hovokaa V) Fo NFEAL
72NZ & & HPLC T TGN LT, £7o, B 7V OFRIRIBOEAT 2 ZIRAGEHIC
AT AN TIIR Y ho e BT 2 VERES Lz a4 U RA REBdEREAT
B2 ENIBILTUWD  (Ishimaru ef al. 1990a, 1990b) , AMFITTIZISUNT, WD THILADF
o N UBHERE AT D T E BB Y | BIZEDXT N R RO LS A
5,8-dihydroxy-1-O-[3-D-glucopyranosyl-(1—4)-3-D
-galactopyranosyl]-3-methoxyxanthen-9-one (1-O-galactoglucosylbellidifolin, 1) & A& L7z, =i
etal. (1986) DWE & “RAHMN R DFN & L TR, BERICHWMEIRER L Z b
& AR TIT WP EARETHIZ NAA & KIN ZiR00 L THEEE L TV D DITkE L, Murashige
Skoog’s (MS) HAEFHNZ 24-D & KIN UL THEEEE LTl Y | FaAE I L i AR L€
VOBENNERLTND EEZHND,

Yo7 JBREMINEAT D HENRES L2 b U ECBEAI I Figure 3-9 1R L72A%
72 AFEDALEMDI A BTN D, BIRARIL bellidifolin & Z OENEATH 5
8-O-primeverosylbellidifolin (2) ZPEAT 5 Z L 23HE STV S (Ishimaru ef al. 1990a,
1990b), 1-O-galactoglucosylbellidifolin 1% 5235 & L 7= bellidifolin BLFEAIZ IS NTiE 2 5]
HThs, £z, B 7 VIZBWT 2 MU HERFEAS LifbamE LT
2-O-thamnoxylosylxanthone (3, Jamwal 2012) 231 5L TWAAS, 1AL RERES LAk
EMI0D TOWRETH D, ot 7V BEMICBO TS S ENES L
o b UECHEHALT 1-O-xyloglucosylxanthone @ 2 ff (4,5) TH D0, AMLEMD L 912
galactose 23ECHE(L L7=BlZ 2k Ty, BLEX Y . RMeEidt 7 VBB THHET
ROMEZFFOFV o R TH D Z E AL R 2T,

Y7 OREDIRTIE I ALESRHE L7502 b VBRI ISR SRS 20 b oD, 4
MR\ ZPEAT D Z EDHLMNNZ o722 &b, B 7 VICH 1 ALIZERE (LS5
BRI DFET D 2 EAVRBR I T, BRI — A TR IARIN © kI 2 2206
LU, I7ET 2 DICBENLAMERE TH D720, AEMDT 7)) 21 Té 5 bellidifolin D 12
INABEME DR MEE Z AT D721, #x 72frEICEE L TE 5 K 9 e G ko
HReZ 7 Y BT TR Y | FEIC X > TEBHEICRE D DN R/ D = L RIB S
77

Flo, AMEETOTNHIIEIEEEZ AT 5 2 LB 52T/ o725 (Figure 3-8)
MMEBEHOT 7'V 2 A% TS bellidifolin [ I5RWFIER TR 2925 Z L vHiE ST
W% (Ashidaeral 1994), 7 7'V 2 DALFREEIEMIZ TS L TWDH Z EIFHA LN TH
05, BB b 2 2 LI K VLRSI ZEL U CRUSERE BT 7o AEE W DOTEM:
MEL IpoTz B BND,

33



OMe OMe
Tha O
O

Xyl
\Glc/
2 3
MeO MeO I
! H ' OMe
Xyl Xyl
\Glc/ \Glc,/
4 5
Figure 3-9 Structures of xanthone diglycosides isolated from Swertia plants.
8-O-primeverosylbellidifolin 2) and 1,8-dihydroxy
-2-O-[a-L-rthamnopyranosyl-(1—2)--D-xylopyranosyl]-6-methoxyxanthone (3) were isolated from
S. Japonica. Other xanthone diglycosides,
1-O-[B-D-xylopyranosyl-(1—6)-3-D-glucopyranosyl]-3,5-dimethoxyxanthone 4) and

8-hydroxy-1-O-[B-D-xylopyranosyl-(1—6)-B- D -glucopyranosyl]-3,7-dimethoxyxanthone (5), were
isolated from both S. franchetiana and S. przewalskii.
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35. £&®

ANV A EARTERRIZIE U, REIMEVHRIZITE TR OEEEIRA ORTS 4 T BT
olr, TOYOHLAREMRICER T ELTEHEENDS Compd 1 DAL FHE1E %
5,8-dihydroxy-1-O-[3-D-glucopyranosyl-(1—4)-p-D-galactopyranosyl]-3-methoxyxanthen-9-one
(1-O-galactoglucosylbellidifolin, UL F bellidifolin diglycoside , 1) & L7z, Z /LA WIE
glucose & galactose 27 7V D 1 (LT PEORFHATH 575, ZALE T galactose
ZHOoX b UEBHROHE T 2D, ARFIETHID TH LM LT,
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4, KODA OARERD/ L 9 b U ECEHAREAIZ 5 2 5 25

41. HBY

RERITE AV RA REER, S5IT 13, R R OBEE - EEVE] 1280
T, P& Z A1 5 bellidifolin diglycoside Z&TeZ & N HINI 2> T2, RNEROH
Sz RO HIFEEA LT H T LT, L0 RN REAENATRRIZ/R D B &, T
FIRVEM 72 & TR SN TOW S EHOIENIEED KODA % i\, RERDIMb & oy EALC
B2 D BARLINCTHZ L L L,

42, [EREGEE

42.1. BEFE ik
J )L A

IR OMEHZIT 2 7 ) Offif- (BB AEREA S 2009 £F 10 AIZERR)
ZIEEREE L TR O EX OBERIMER & U THEEE L, ik L THELn- v
A % Nz, 3 mm UG 2] 7o 23R4 2 DZEZ 3% (w/v) sucrose, 1% agar, 10 uM naphthylacetic
acid (NAA) & 1 uM kinetin (KIN) % &7 ¢ Lloyd McCown Woody Plant basal medium (WP, Lloyd
& McCown 1981) [BEATFEREEHIAR Z AT, 20 °C, IS FCTEER L, WV AZFHE LT,
FHE L T2 IV ATRIRA OFERFERFEHIIA) 1 7 AR & ITH A2, 25°C, BASIE T Gk
REEE LTz, WVATHFEDNLK 10 B TRERDFMET D720 fMROBRIZIZT I VA
RIERDN L LTIRBETREZE LT,

KODA XLFE & [E{REE2E

HEESEE THERF L QWO DB O ML LTEARERZ I BrE F -7 /v A% 5 mm
VU528 L=, BRE/K (control) & L < 13 0.1 % ethanol CY&fi#E L 7= 1, 10, 100 M KODA
\TH) 2 FOREE UL 9 D& 1 M [EAREE L BV 2 £-F 1) 72 (0=3) , 551X 3% (w/v) sucrose,
1% agar, 10 t(MNAA & 1 pMKIN Z&¢e WP Esiid U, 25°C, BHSME R TR L7-, 30 [
MR L, 2RI L CONA ERERICHE Lz, ZNEfidL, v r—L
1KednT= 0 OREROEMEZNITE LT,
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422, FER

F7° 30 AREAREEE LI mmIciB T, Uy — L 1 DT OREROE Y EE =
> b L EKIREED KODA JUEEX CHelg L7 (Figure 4-1A, B), 10 uM KODA [3AE
BOFNMEARES HEAH Y . —77 100 uM KODA 1ZFHE L7228, ARSI 5
N ole, v — L 1 B2V ORERDOHEIL 10 uM KODA DFfBRIXIZIUNT =
Fa— L DfEE o7,

Control KODA concentration (uM)

B
80

J

SE

[\
S
I

Dry weight of adventitious
roots per plate (mg)
B~
S

1 10 100
Control KODA concentration (uM)

Figure 4-1 Effects of KODA on redifferentiation of adventitious roots from calli in solid culture.
Representative samples of 30-day-cultures are shown (A). Dry weight of adventitious roots per plate
(mg) was measured at 30 days, and the comparison of it between control and various concentrations
of KODA-treatment is shown (B). Error bars in (B) indicate standard error (SE).
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43. iRIAREEE

43.1. BEFE Fik

KODA U b ki ss%

B D& R A A & BUS LT KODA A0S 5728, 10 uM KODA IRIEIZHKI 5 mm” D
TINVAZHK) 2 TR L, BEIRFEREEH EC 10 A Lz, BEREEEOSME. 3% (W)
sucrose, 1% agar, 10pM NAA, 1M KIN Z&Tr WP [E{RFERIEMIT 25 °C, BISAT 10
HEEsR L7z,

AiEEEE L7= VA % 3% (wiv) sucrose, 0.01 ptM NAA. 0.01 uM KIN A&7 1/8 WP ii{Ass
HHEZ #az . 110 rpm, 25 °C. PASH T30 HREHRE% L=, 5% 10 A= (2A
U, RERE IV ATGEN LT, RNEROAEL & MG O E 2 RIE L,

LC-ESI-MS Z3#T1Z X % bellidifolin diglycoside D43#HT

TRAREEZE CHER LT ANERR DR % LC-ESI-MS T4 L 7= (LC-ESI-MS, InterSustein C18,
2.1 x 50 pum, 0-10 minute. 10% CH;CN, 10-25 minute 75% CH3CN, 25-30 minute. 90% CH;CN,
200 pl/minute ) , bellidifolin diglycoside @ & IX # & M %2 A v CHl & L 7=
Y=5.777x10""X*+1.536x10°X-0.0073 (X, peak area; Y, concentration; R=0.9999) , #zfi: L 7=~
ER 0=9) % 12 Bl MeOH |Zi2 L C=F A ZAERk L, LC-ESI-MS AT fik L, HA7HE
WEia v @ bellidifolin diglycoside A #&DV-AEZFH L72 (ng/mgDW).,
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432, R

REMZ 0 HIH ST KODA OFRAMRET 572012, =2 hr—/L'& KODA L3
L 7= VA RIS - CRE LT, TRINESS LA ERITEREEE L2 b0 X S
M < 19l L 7= (Figure 4-1A. Figure 4-2A. B), Figure4-2 (/R L7 X 912, RERDH
Wy & A% T KODA ALBEX T I8UNT 0 235 10 A O CRAEZ I HEE L 7=, 2% 30 H £ Tz
WyEE & ABTTAT L CHEE L=, —J7. KODA JUEEXIC BV CTARER DR SITHEE I F
B, Floar br—ul MiVCRBIZER e (Figure 4-2A, B),

A, 10 uyM KODA B, Control

S mm

= 40 z 15
: ‘% b SE
2 3 =
2 2B 10 , = KODA
= 3 é = = = = Control
S 20 ° &
= = 3 * * t-test p<0.05
& L= 5
2 10 = ’
5 -
E g
E 0 0
z 0 10 20 30 0 10 20 30

Culture period (day) Culture period (day)

Figure 4-2 Effects of KODA on redifferentiation of adventitious roots from calli in liquid culture.
Representative samples of 10 uM KODA-treatment (A) and control (B) in 30 day-cultures are
shown. The number of adventitious roots was counted after lyophilized, and the dry weight of it was
measured. Time courses of the number (C) and the dry weight (D) of adventitious roots in liquid
culture were compared between control and 10 pM KODA-treatment. X-axis in (C) and (D) indicate
the culture periods of the liquid culture. Statistical significance in (C) and (D) was determined by
t-test (*P<0.05) between control and KODA-treatment. Error bars in (C) and (D) indicates standard
error (SE).
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BN RZIEE] U O bellidifolin diglycoside A= (ng/mgDW) AR L7z (Figure 4-3), 0
2D 10 HETOREEMICBNTIE, 22 hr—/L - KODA MLEEXl 4 C bellidifolin
diglycoside 23PEA SN2y o7z, LInL7e B, B5E& 20 HLAFE, bellidifolin diglycoside 73
PEE S 41,30 H B2 T KODA H X DOARNERDEH BT = b r—1 0 1/5 (2 L
7

FTMBHI N IV AR SHMRAREUT TW D NV ATH L7280, 2ok Lic
RERIZITEZAY A RBRWZEN20 o7,

= 20

=

k2

=

=)

[}

> 15 KODA

=~

2z mm - Control SE
S A

> o0

$E

= o

£ /
= /

£ s /

D

2

0 * =
0 10 20 30
Culture period (day)

Figure 4-3 Effects of KODA treatment on bellidifolin diglycoside production. Bellidifolin
diglycoside contents were compared between control and 10 uM KODA-treatment. The constituents
of adventitious roots incubated by liquid culture were analyzed by LC-ESI-MS. X-axis indicates the
culture periods of the liquid culture. Error bars indicate standard error (SE).
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44, B

[EAREEE, WRIARREER M OFERXIZIV T, KODA [Tt 7Y IV ANS DRERDSy
bzt Uiz (Figure 4-1,4-2) , FHAEEERY ORAR AAHE L7 BlIIAMIFE THID TORITH
ol

KODA [ 12-oxophytodienoic acid (OPDA) iE tl#3E DI B A{EdET 5 Z & 225 (Yokoyama
2005), ¥ AEUEE (JA) OEGKEHIET 2 Z LRI TV, JAIXY / Vo
NV RFF—PRIEEN L CTEREIND A XY EALEMDO—>TH Y, OPDA =Tl
FIZ L > TOPDA 1T JA BRI ND, —J7, JA IFREMAENIZI W TAERYEMRS > & L
TZF LV UPEAZEREL, BT L AT —F L  OAGKREIET 2 Z LML T
W% (Gaspar et al. 1996), 7 —F ¥ U ITHHRREFE OBV T, NERO ML AEET
LA TH D, LIEX D, KODA (3N A—F 2 VAR RERE LT-7-9,
F—F 2 N KD RER DN R G DT REMENE 2 bivd, Stk WIEED
F—F U EERETDHI ET KODA LA —F T UARKOBUREN RNZE5 LB 26
b,

Figure 4-2 |27~ L7= X 912, 5538 30 H BIZBWTIL KODA AL K - TREMR DSBS
HEBIGUIFBD DA o T2 B588 03 30 H L 0 BRI o 7o 55 T IER T A 3 EBIER X
A7 (data not shown), JNZ T, £5#% L TV 5[], KODA (3 bellidifoin diglycoside DAAEY
ZINHI L7 (Figure 4-3), ZAU5 DOBHIT KODA W RERD ML EATHE LT=N, TORE
IIREATH 722 L &R LTS, KODA (XY > = (Malus sylvestris (L.) Mill. var.
domestica (Borkh.) Mansf) DFFENHIHAA T — P DORFIZ 52 2 & B I L, 2o
AT —UTH 25 EEAERET 5 2 L BHE ST % (Kondo et al. 2012), LLEX D |
KODA % 5.2 Im AR AT — U TRIRNEIR D Z L AVRB ST, AT TR 13, RER
DFFENZ BTSN TND B X BID IV AIZKODA %5 -2 7272 IO AR ER
DICRDIHFDMERE S L, E D% OBEGERE I Sz L g S /e (Figure 4-4)
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Maturation

KODA

Swertia japonica callus Maturation
* Elongation

Redifferentiation « Secondary
metabolism

KODA

Figure 4-4  Effects of KODA on redifferentiation and maturation of S. japonica cultures.

Upper figure shows the effects of KODA on apple fluit. Immature fluit treated by KODA was
inhibited to mature, beside the fluit in early mature stage was enhanced to mature by
KODA-treatment. Lower figure shows the hypothesis of the machanisms of KODA-function for S.
Japonica callus. Callus in the stage of redifferentiation of adventitious root was treated by KODA,
and redifferentiation of adventitious root was enhanced by KODA-treatment.
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45. £LO

KODA 7371 )V A DA ERRD53Ab A ARHET 2 I IAMIZE TR O THE S, — .
KODA I bellidifoin diglycoside DEAZHIH] L7225, Z DOHGILKODA = 52 H/EFE AT
— VLN H D L EZ BID, KODA 8 RN 52 5 8BNS T G, ARFZETH)
D THRPE BTz, 26 OHFEIL KODA OVEAMEIZBET 2RI ER ICHIE TH D
b BEEEAMELE UOANER A RERFHE T 2 FHEISH L CIRITH 5,
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5. HINRSSRE SRR X D RS AR EES - O

51. HHY

REFFFRED & UT—ANTER b ER1 RO O IRERIEE Th 503, T OREER
ARELT DI, LS RE T 2SI & > TRV A ML AR DT, HARE

H, AR | BERI IR EREICHETT DB D D, € T, F TR EER
DHELZ BN, BB, R LE | BESREE Rt L, £ D%, MREERCR =
ISR 525 *i.“%:ﬂﬂf‘ob ZL7, F7o. BaA VU BA Fafifla CEASED
FIEEZWLINNTT D7, ISP VE . B2 I, BRI 7 &2 iR
iML\%M@%%ﬂfﬁ34ﬂ)F4}J?%ﬁw/F/Fﬁig& EEALNI LT

98

=

5.2, FEARBEHOE

KN

52.1. M8 ik

T3 Rl ARSI A SN 572012, WP B2, BS B5H, MS Bt 3 fE
FADEEHLD 2 (5ARRY TR Z 8548 L, AR RICHETE S 2028 9 Bl5i LT, W)
RILVE L DZMEIE, 10° MNAA & 10°MKIN & L7-, 6 RO v —LICEEZZNnEh 3
ml Adv, %95 mm OMBESEZEZHICHE X (1, oty N T Lz, WX AHTEZD
HIREOIRRE 2 DD B 728, PSR A HWCTHEIZE Lz, 2D, 110 mpm TRELRZE L, 1
T FE ORI OIRAE 2 BPRSE CREEBIZE LT,

I HIZ, 1/8B5, 172, 1/4, 1/8MS @D 4 FRERIX T, B8k A 100 ml (IZA 7 —/LT v 7 L,
HIRRIE 2R LTz, T OB A —/LT 7 U CREE LA 2 @ & ISk L
7oo MINEIREEIL 6 %l ZFHFE LT,
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522 FEH

R Z AT B ORIl % Figure 5-1 1R L7,

Concentration

Control 1/4

Figure 5-1 Cells of S. japonica callus cultured in various basal medium at 0 day. Lateral line shows
the effects of concentration, beside longitudinal line shows that of basal medium.

MO RE S 28tk L7ino7zlow, FilBRX THfiDORE SICERH Db DD, FEX
FHTERISUPE BB S o T,
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W, FEZAHT 6 1 % OMIAOE T % Figure 52 (O~ L7z, BREBIZICRWT,
BS F5HID 1/8 JEFE  (Figure 5-2,8) . MS B 112, 1/4, 1/8 J2FE (Figure 5-2, 10~12) 128
W BB I SO BN Z T & 72, T OMORBERIX (Figure 5-2, 1~7,9) (23 T
DIFJEE A BIZE L, B Uo7, WA MRS L7z BS B5HLO 1/8 JREE, MS £5Hid
12, 14, 18 BEDOSME T, BEHIEE 100 ml (ZA 7 —1LT v 7 L TR LTz,

Concentration

Control
medium

Figure 5-2  Cells of S. japonica callus cultured in various basal medium at 1 week. Lateral line
shows the effects of concentration, beside longitudinal line shows that of basal medium. Pink color
shows the conditions, which enhance the growth of cells.
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FOFER . FEAREEHCOWT, 1/8B5, 12 . 1/4, 1/8MS D 4 RERX CTEz& L, 4 M
B OHINHETE A i U= (Figure 5-3), 1/8 BS OFAHIZINT, 4 BT 1.5 {5 L7
D3, MO TITIE O BB FED B -o Tz,

1/2 MS Bt tatis

Figure 5-3  Cell suspension cultures of S. japonica callus cultured in various basal medium at 2
weeks.
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53. WMRNLTELDE

It

53.1. M 8EE ik

TRV Stk 2 b9 5 7212, 2,4-D, NAA, IBA & KIN, BA, TDZ (10° M,
10°M, 107 M, 10 M) ZFAEETZ 72 RBRIX T 3 HEEE L TGO N ARREICE
VN, HIRREEEE 2 bl U7, BeAlS i 1/8 BS 2 FHV ., BESSH1E 3 % sucrose & L7-, 6 7%
D ¥ — VT2 2200 3 ml A, MREIREEDS 3 %1272 5 K 512 180+ 10 mg FW i
fuiZ B 2 A1), Bty B THINS L, AT EZOHIBROIRIEZ MDD 5
728, BEE A W TRBIZR LT, =Dk, 110 pm TREEEE L, | BEZOMOREES
BAREE CREEBIZR UT-, MEZATT 724000 180 mgFW O#ZIREIT 13 mg (FIHIfE) TH Y,
AREBRX TR E AL E TN E B 2, B 3 R OEEEREEZ W CEl D | AliasEss
R L,

Wk L7242 MeOH (10 mgDW, /300 ul) (2 —HBisiE L, A & — Uil a157-,
taAfd ) A REXFH U oD ofrod, A% 7 —Vii¥ % HPLC-PDA 3 #7

(SPD-M10A VP, SCL-10A VP HPLC system, JA#E; 12% CH;CN, 7717 2; YMC-Pack ODS-A
column (4.6 x 150 mm; YMC, Kyoto, Japan) , 43#THFfH; 40 min, Jii&; 1 ml/min; SHIMADZU,
Kyoto, Japan) (Zffk L7z,
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5.3.2. bR

2,4-D, NAA, IBA, KIN, BA, TDZ iZZ#Z# D, N, I, K, B, T &ML, REIC
BILT10°M, 10°M, 10" M, 10°M iZZNZh 5, 6, 7. 8 LAME L CTRLT=, I8B7,
I8T7, I8T8, N8BS, N8T7, N8T8 D 6 sl XTI\ CHfadgfiE 2% < . k& L TidtEY
RIVE AREDMEL 725 &M EAMERE T DB AGRD DALl A —F 2 ATV T,
2,4-D IFHFEHESEIZ I S 72 E WD T E Do T, A B A =W TIE TDZ IR
WC, BA & WS CHIBERSEAMEE LTz, A —F T, YA B A =V lHFICo0n
T. 107 M LU R OFREE O ER X CHITIEIH D MIERE S DB - 72,

S5, FNFNOFBRX TE b= /L A0 MeOH Hhiti# 2 HPLC-PDA T2y oHT
L7z, EoilrXchtaal N NTEAESNL TR ST,

Bellidifoin diglycoside {22V TiX, N5K6 #ERX D bellidifoin diglycoside D &™— 7 [fifg% 1
& LTMMEZ B L, &afBRIX T bellidifoin diglycoside FEA &% Hifiz L7, bellidifoin
diglycoside PEZE Fii3 I6K6 DFREEX Ty © %0 > 7203, MRS 72 o 72, AL
»DORAAECIEE & OBURMEIC OV T, I5K5, I5T5, I5T6 D 3 BRI & A —F &
YA B IA =TI OREY LT PREEDS 107 M LLT DE, bellidifoin diglycoside % P
A L7eho 7z, bellidifoin diglycoside % FEAET DA VE SRR, AkE LT Y LA
IZIEA B L ADDIDLEETH Y . FOT=0 R & A L TV D RIREMERE 2 b
ol
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Phytohormone conditions

Figure 5-4 Comparison with cell growth rate and bellidifolin glycoside content ratio of callus and
relative amount of bellidifoin diglycoside on various phytohormone conditions. X-axis indicates
phytohormone condition, and 2,4-D, NAA, IBA, KIN, BA and TDZ were showd D, N, I, K, B and
T and these concentrations were showed as 5~8 (10” ~10"* M). Blue bar graph shows cell growth
rate, and red marker shows content ratio of bellidifolin diglycoside.
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54. BEDE

\\2
I

54.1. M8 ik

PES 2 B b3 5 72812, sucrose, glucose, fructose, maltose, mannitol, sorbitol, ribitol
D T FFADFEZDOWT, REE 3% 6 2 f[5ARRIID 4 FERIHIE L, A5 28 #BRX
T 3 HEEOREEZIAS O A RREIZIN T, MFEETE A b U7z, FEARREHIE 1/8 BS,
FEMIARLE 1E10° MNAA & 10° MKIN (SRS L=, 6 RO v — LIZEHZ 2 Eh
3ml AXL, FFEEEAS 6 %2725 K 912 180 + 10 mg FW Ol 2 B5 - ThE 2 1), B
v TN LTz, FEZ AT B OMIROIREE e D 5 7=, BaEE 4 U TRIZR L
7o D%, 110 pm THREELSEE L. 1 & OMIZOIRREZ BIEE CREBIZE L=, X
FHT 7o MM 180 mgFW DRZEEIT 13 mg (WIHHE) TH Y | HERXHE TIT & A 2T
EE X, B3 B OWBEEZYIIETEIY | MlaiER A2 F L,

Wk L7242 MeOH (10 mgDW, /300 ul) (2 —HBisiE L, A & — Uil a157-,
taAfd ) A REXFH U oD ofrold, A% 7 — Vii¥ % HPLC-PDA 3 #7

(SPD-M10A VP, SCL-10A VP HPLC system, JA#E; 12% CH;CN, 777 2; YMC-Pack ODS-A
column (4.6 x 150 mm; YMC, Kyoto, Japan) , 43#HTH#FfH; 40 min, Jii&; 1 ml/min; SHIMADZU,
Kyoto, Japan) (ZHEL 7,
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542, FEH

PESE % Fai{b 9 5 7212, sucrose, glucose, fructose, maltose, mannitol, sorbito, ribitol
D 7T FFADFEZDONT, IREE 3% 6 2 [5AHRIID 4 FERIZHIE L, A5 28 #BRX
T3 HEOERZ IS DD REEIZIV T, MifatiEz ik L7=  (Figure 5-5)

25 1 1.5

Cell growth rate
|
|
|
|
Bellidifolin diglycoside content ratio

ribitol

maltose ‘ mannitol ‘ sorbitol

sucrose ‘ glucose ‘ fructose

Sugar conditions (%)

Figure 5-5 Comparison with cell growth rate and bellidifolin glycoside content ratio of callus and
relative amount of bellidifoin diglycoside on various sugar conditions. X-axis indicates
phytohormone condition, and 2,4-D, NAA, IBA, KIN, BA and TDZ were showd D, N, I, K, B and
T and these concentrations were showed as 5~8 (10° ~10"* M). Blue bar graph shows cell growth
rate, and red marker shows content ratio of bellidifolin diglycoside.

HMPRBEFHAN 22> 72 DX 3 % sucrose, glucose, fructose DS TdH - 7=, BRI ks
FEITHBIT DR o7z, EOFMETHEaA Y RA RIZEA Lh o7, Bellidifoin
diglycoside FEA & & HER LI HLAIT- DM B - 7,
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5.5. MRS HIIETEIC 5z 5

55.1. M 8L ik

FRAEEZ MDA AE IS 5- 2 D AW D NS T 27201, 2 E CTHEFRIEFE S
sucrose, glucose, fructose & 16T6, I8B7, I8T7, I8T8, N6K5, N5K6, N8BS, N8T7, N8T8
TRAA R T ARV SRR, U2 1/8BS HRIAREEHL 20 ml (2, FHRIREEDS 5 %l
R ENTAIN AR EZE Yy MZEVIES L, BB LT,

2 MR X 2 [Ek AR L, FiftfE (@ FW) ZIE L7, N6KS, N5K6 D1 Figure
54 TR LIz L 9, PO TIHIEN D 72> 7o b OO, EIRERHINZ K 2k
RIZHNWTWEEREFTH AT, M & > TRIZRERIGEL Wb B2, Kl
LCEmL7,

5.5.2. fEH

RS PRSI 5 2 % 5278 2D T Figure 5-6 128 LTS,

3 % sucrose 3 % fructose
1.5 l L5
c c
2 —> 2 =
3 p— ———— ‘f 51 —
S S
%J 0.75 E" 0.75
z z
£ g
S =
= =
0 ‘ — 0
1 2 3 1 2 3
Subculture times Subculture times
3 % glucose =—=]6T6
~ 15
z P —I8B7
E K \\ 18T7
S g
S \ ==]8T8
= 075 N
oo ==N6KS5
%)
a N5K6
2
2 N8B8
=0 ‘ ‘
1 2 3 N8T7
N8T8

Subculture times

Figure 5-6  Effects of subculture times on cell growth. X-axis indicates subculture times. Red

pointer shows the condition that makes cells to grow continuously.
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3 % sucrose DERMFIZIUNT, 2 [B] H O TIIELIRAIHIZEI A 22 b DD, NSK6 D5k
R CEEEHIMIN R < 7r o7z 3 A1 B THIEEDERE S 72, 3 % fructose DRAEIZIBUNT,
N8B8 DA T bHYIH L 72 & DD 3 [BlH DR ORI IR U Mlfai 82 L7z,
3 % glucose DS T Tl 3 [BIH OIRDOBRITIZ & A E DA THIFLHEFED B LT,

5.6. FMiEEE & bellidifoin diglycoside FEAE DREIFZAL,

5.6.1. M KL 51k

PRBRZEEIZ 10° MNAA, 10° MKIN (N5K6). 3% sucrose &1 1/8 BS fifiksHuic
6 % DFIEIREENZ 72 D L D ITHEZ AT, 3ml 3726 X v — LIk L, 10 HIS X2 40
A CiiazE Lz 0=3), [EULL7MBEsfrE 2500 U, SRt i e 2 51
L7z, HIIE-20 °C CHBHRAE LT, B L= L2 (n=3) % 12 FFil MeOH 300 pl (235
L Chhitti# % 1ER% L . LC-ESI-MS 434 (LC-ESI-MS, InterSustein C18, 2.1 x 50 pum, 0-10 minute.
10% CH;CN, 10-25 minute 75% CH3CN, 25-30 minute. 90% CH;CN, 200 pl/minute) (2t L, H
N EEID Y O bellidifolin diglycoside & EO-HEZFH L= (mg/g DW), bellidifolin
diglycoside D EIFEREAZ W THIE L7z Y=5.777x10"°X*+1.536x10°X-0.0073 (X, peak
area; Y, concentration; R’=0.9999) .,
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5.6.2. FEH

BRI DR EE L bellidifoin diglycoside & A B DOMKIRFZ V% Figure 5-7 (2R L7z,
PR OB TR 25 AT 2 IS L CTROKISE L, £D%iBD L7z, Bellidifoin
diglycoside |3HEFEHI & 0 BB REA: S, MIIADEGED RORICE LK 25 AL, &4
EFEE I LT,

B
o
N

92}
[HEY

Dry weight of cells (mg)
(mg/g)

o

i

o
Bellidifolin diglycoside content

0 10 20 30
Culture periods (day)

N
o

- Dry weight of cells (mg)
Bellidifolin diglycoside content (mg/g)

Figure 5-7 Effects of culture periods on dry weight and bellidifolin diglycoside content of cells.
X-axis shows culture periods. Blue line indicates call growth and red line shows bellidifolin
diglycoside content.

55



5.6.3. B

Alal, & 7 OFTIREEL R R ML T D 129D, FEABEHIZRIE, MR VE V-1,
WESA 2 it U7, 7o, AREEERECS, B IR 2 fMillakEsiE<> bellidifolin diglycoside
BHRICHZ DEEP LN L, ZOREE, FEARHIT 1/8 (AR L 7= BS H5H, i)
RILE T 10° MNAA, 10° MKIN, B3 3 % sucrose & U5 SeE A i & R AL C st
FFARECTH D Z ERBH LMY, B 7 U OISR 2 R 2 )0 CThENL LT, LIk Z
DIEFERIT 1/8 BSNSK6 % & Ftdiid 5,

FEREEHZRAEICOWT, 1/8 BS, 12 | 1/4, 1/8 MS OS5 CIRIFE /BEN L X 12 < <,
FFIZ 1/8 BS O CHEE ISl AN BIER Sz, —J, WP 2 W GAIT EOREIC
BWCTHFIE DBt - U, BEE S, SHAREMOME i35 &, &b
B> TWDDIEINJRTH Y, MS IZ NHNO;, KNO; & L TiHEL DN FEEEA, K]
T BS BN (NHL S04, KNOs, Bt B0 720 D% WP 5541 NH,NO;, KNO; Z &0,
MS & B5 D N RO EAEITKE 72781372\ 726, BS B B9 & ATV D (NH,),S04
DSBS WO TR Lo W NTRIZE - 72 2 L AVRIB S vz,

F£ 72, KHoPOy4, ZnSO, + 7TH,0. CuSOy * 5H0. KiSO4 1% WP B D FE F 5 Bk,
53 (Table 5-1) ToH Y, Ziu b MRS A Z HE L CW D ATREME D B 2 bivd,

FREHESEAN 22 > > T2 DX 3 % sucrose, glucose, fructose DT U | MR (MR IESH

I AE N B -T2, F 7. bellidifoin diglycoside FEAE & & IR EE (2 ELB4- A AN H
ST, FTREWHRINE DM EFED R 2L G D T-5E 1213, 3 % sucrose & N5K6,
3 % fructose & N8BS DH A G ot CHIMIHEFENS BV MER DN B - T2 23 Mk ESE 35 2 & T,
3 % fructose & N8BS DFHAE W CTITMIEIMEZ Uiz, #FIHIOREE CIIEidT 5 H 00,
T2 L H8E L 72 < 72 BBIGUT DV TIE, MR VE U SREORESE DI A R LR
ELTEE, RSB MEE SN D OO, FHEICA ML AE 52 B0 L1
FEL7e< 725 ZENRR EB 2 B, ARITHIRER R RO Z BN E LTnAHT2
D, FINENDA kLA EHIEOBRMEIZ DWW CIERET L7 o 7203, IRD 5.7 1280 T
tadq Y RA RPEA, MIREESFEIC T LT, B E E DM RV o OmESEN 5 2
DRI ONTIRAR B,
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Table 5-1 Components of MS, B5 and WP basal medium. N sources were most different among
MS, B5 and WP medium, highlighted with gray color in this table.

MS B3 WP

NH4NO; 1650.00 - 400.00
(NHy),SO4 - 134.00 -
KNO; 1900.00 2500.00 -
CaCl,-2H,0 332.20 113.24 72.50
MgSO,4-7H,0 16.90 122.09 180.54
KH,PO, 170.00 - 170.00
NaH,PO, - 130.50 -
H;BO; 6.20 3.00 6.20
MnSO,4-4H,0 16.90 10.00 22.30
ZnS0O4-7H,0 8.60 2.00 8.60
KI 0.83 0.75 -
Na,Mo0O,+2H,0 0.25 0.25 0.25
CuSO4-5H,0 0.03 0.03 0.25
CoCl,*6H,0 0.03 0.03 -
Na,-EDTA 37.26 37.26 -
FeNaEDTA - - 36.70
FeSO,4-7H,0 27.80 27.80 27.85
K4SO, - - 990.00
Ca(NO;),-4H,0 - - 471.26
myo-Inositol 100.00 100.00 100.00
Nicotinic acid 0.50 1.00 0.50
Pyridoxine HCI 0.50 1.00 0.50
Thiamine HCI 0.10 10.00 0.10
Glycine 2.00 - 2.00

(mg/1)
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57. tBaA VU A REAZET LAY EMEMDO A7 ) —=2 7
571 M8 ik

5.1~6 THEL L7= 1/8 BSNSK6 2 & VN, EaA U KA REAZGET DA & it
WamAT ) —=2 73500, AR RRCT ) V7 —FERE T 72,

TV 2 —IRMFEBRIC W ALE Y, flit# D U X | % Table 5-2 1R L7z, 6 XD ¥
— WASHIEHEE 6 %I i Lo thAz 3 ml /v EL, Ththe ) o X —IRRA IR LIz,
KH,PO4(KP), ZnSO4 * 7TH,O (ZS). CuSOy - SH,O (CS). Ki4SO; (KS). 2 FEOMERHHY

(BD_YE, Bectone Dickinson and Company, USA; DIFCO_YE, Bectone Dickinson and Company,
France) . ZZfli#) (BD ME, Bectone Dickinson and Company, USA) . ascorbic acid (AA,
Wako Pure Chemical Industries) . thiamine HC1 (TM, Wako Pure Chemical Industries) | pyridoxine
HCl (PD, Wako Pure Chemical Industries) ., glycine (Gly, Wako Pure Chemical Industries) .
nicotinic acid (NA, Wako Pure Chemical Industries) . myo-Inositol (ml, Wako Pure Chemical
Industries) (37%87K (Control 1) |Z. naphthylacetic acid(NAA). Indole-3-butyric acid (IBA) .
Indole-3-acetic acid (IAA) . dichlorophenoxyacetic acid (2,4-D) . kinetin (KIN). benzyl adenine

(BA) . thidiazuron (TDZ) . abcisinic acid (ABA, Wako Pure Chemical Industries) . salicylic acid

(SA, Wako Pure Chemical Industries) ., gibberellin 3 (GA3, Wako Pure Chemical Industries) (&
0.02 N KOH (Control 2) , methyl jasmonate (MJ, Wako Pure Chemical Industries) & 40 % EtOH

(Control 3) | ZFENEIERMR LTz, IRITETT 4 & —3E L THW Iz, KHPOLKP,
Wako Pure Chemical Industries), ZnSOy * 7H,O (ZS, Wako Pure Chemical Industries) , CuSOy *
5H,O (CS, Wako Pure Chemical Industries) . K4SO4 (KS, Wako Pure Chemical Industries) &
WP I Z D FHE F D EHIKST (Table 5-1) TH YV, 5.2 (23860 T WP Bl 4
PHET 2 Z &b TGRS A N LA & LTl AlRgEn 5 B2, ZhvbaH
Wo, E72. NAA & KIN OREESHMUERICHN TO L EICE EN TV LR L Hb
T, NAA X110 pM, KIN (X101 pM & 725, NG 554 I 7 Eatd 5720,
ZHZERZICEINL, 55 14 B OMuiREE (mgDW) ZHIE L7z,

SbIZ EaA Y Mo REEAT L055H0T 572 B L7V A (n=1 $ L<IX3)
Zz 12 I§fH MeOH 300 pl (237 L T3 X Z2AFR L, LC-MS 7547 (TSQ Quantum Ultra equipped
with an Accela 600 HPLC system, ¥A#; 8-15% CH3CN, 0-15 min; 15-100% CH3CN, 15-20 min;
100% CH3CN, 20-30 min, % 7 2 ; Thermo Scientific Hypersil GOLD column (2.1 x 100 mmy;
Thermo Fisher Scientific)) (2 ¥ swertiamrin &4 £ % K7z, swertiamrin O £ IR EHR (Y=
634933X + 2E+06 (X, concentration; Y, peak area; R=0.9968)) Z MW THIE L7=, & 5IZ,
AR R R e B a A U FA ROEERE T 272012, 2015 49 HIZRKHEASEL
MO Lz 7Y (0=5) O (LF), % (SM), & (RT). € (FL) @ swertiamarin
EAHED. [ABROBET LC-MS 34T X 0 HlE Lz,
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Table 5-2

Compounds and extracts used as elicitors

Types Elicitors Concentrations
Besal medium components KH,PO4(KP) 170
ZnSQO4-7H,0(ZS) 6.6
CuSO,4+5H,0(CS) 0.226
K4SO4(KS) 990
(ng/ml)
Extracts Yeast extract (BD_YE) 10, 1
Yeast extract (DIFCO_YE) 10, 1
Molt extract(BD_ME) 10, 1
(mg/ml)
Phytohormone naphthylacetic acid(NAA) 100
Indole-3-butyric acid (IBA) 100
Indole-3-acetic acid (IAA) 100
dichlorophenoxyacetic acid (2,4-D) 100
kinetin (KIN) 100
benzyl adenine (BA) 100
thidiazuron (TDZ) 100
methyl jasmonate (MJ) 100
abcisinic acid (ABA) 100
salicylic acid (SA) 100
gibberellin 3(GA3) 100
(nM)
Vitamins ascorbic acid (AA) 15
thiamine HC1(TM) 15
pyridoxine HC1(PD) 12
glycine (Gly) 130
nicotinic acid (NA) 20
(uM)
myo-Inositol (mI) 2.5
(M)
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5.7.2. fEH

MEEsE=R & swertiamarin O & A (53 DHEM) A /L8 > DOV T Figure 5-8 171
L7z, MIRHERRIIZENCERIEA A LTsikE 2 hr— e LT, a2y ha—1Lo
R R C, FlRX OB EAE > TR LC72O, 1 L0/ SV MEITIED S S
N2 Z EEEWT 5, £, AL WTHoRBRIXIZIBUW T gentiopicroside 1345 S 41
7272728, swertiamarin (2 OW T DOHELHEIT S,

4 0.4
§\
=]
o0
)

3 £

g z

o 2 0.2 3

o0 =

= =

) = I <

@} N Tz I - I :I: - I ISE E

I
g

0 A E BB EER l . l 2 B B B EEEEEERSBE I l | 0
10 1 10 1 10 1
KP | ZS | CS | KS|AA | TM | PD | Gly | NA | ml [NAA IBA |IAA 2,4-D|/KIN | BA |TDZ| MJ |ABA| SA |GA3| BD_ME | BD_YE DIFCO_YE

Besal medium Vitamins Phytohormone Extracts

components ..
Elicitors

Figure 5-8 Effects of treatment of various compounds and extracts on cell growth rate and
swertiamarin production. Blue bar graph shows cell growth rate, and red marker shows swertiamarin
content. Error bars indicate standard error (SE).

KH:POLKP). ZnSO, * TH,O (ZS). CuSOs * SH,0 (CS). KuSOs (KS) I3 WP H&Hlz oD
B ENDEEMIASY (Table 5-1) TH V| AIFEIZISUNT WP BHL S i 2 FRE T2 =
LD TN HEREIEA A R LA E LTI AIReER H 5 L B2, b a2 HWas,
JOFEFERIZ § B2 170 < . swertiamarin FEE HIREE L7270 o 77,

FER S IZFEE L 72 naphthylacetic acid (NAA) . Indole-3-butyric acid (IBA). Indole-3-acetic
acid (IAA) . dichlorophenoxyacetic acid (2,4-D) . kinetin (KIN) , benzyl adenine (BA) . thidiazuron

(TDZ). abcisinic acid (ABA). salicylic acid (SA). gibberellin3 (GA3). methyl jasmonate
(M) DREPHRLE AZENTIEL, NAA, KIN, BA OFRBRX CHETRHIGIEA B S 216
B3R B AL, Z D HIT NAA WUEEERBRX T swertiamarin 235E4E L, DO EAEIT 0.234
+0.017 mg/g DW 72572, ZAUTRIMEMIROEE (LF), X (SM), & RT), f& (FL) %

NENEHT 2 &, 37, 60, 9.0, 44%\2FH%43 5 (Figure 5-9),
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tents (mg/gDW)
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()]
|

ijamrin con
—

Swert

LF ST RT FL

Organs of S. japonica

Figure 5-9 Comparison of swertiamarin contents among the organs of S. japonica. Error bars
indicate standard error (SE).

ascorbic acid (AA) CEFHIFFIZE £ 5 B Z I D thiamine HCI (TM) . pyridoxine HCI

(PD). glycine (Gly). nicotinic acid (NA). myo-Inositol (mI) OFMFEIEFHEIZ %32 2T
P HAVT, swertiamarin FEAE HIEHE L 720 o 72,

—fRIIES WO X —Th o, BERHEHY) (BD_YE, DIFCO_YE) X°Z3fil
% (BD_ME) (23 TIE, 1 mg/ml DR (BD_YE) #RRIX CERZE | Z Al E5E)
P X 3U7223, swertiamarin [3PEA S 72 o 72,
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573, &5

oAV R REFELET DR ROMNLZ BIIZ, 1/8 BS N5K6 ZOMfuEE %% %
VT, 24 FEEOICAYCHEHOT ) 22— FIZONWT AT V== T LinE 2 A,
AlEl, FHREED NAA 78 swertiamarin FEAEZAE L7z (Figure 5-8), & D& A BT RIMEMAR
D (LF), £ (SM), R RT), /& (FL) ZhEhn&ttigd 5L, 3.7, 6.0, 9.0, 44 %
IZHY L7 (Figure 5-9), ZHVET, NAA R EDOA—F VU HHIT®E 2 A U R ROEAS
FHET 2 Z LB TEY (Hedhili eral. 2007) . & 512, A1E, NAA [ THIH5E A P
LTWeZ b, AR 2 EEAIEE L0 TIER <, miRED NAA A h L
A & 7o TR OARTEN YL L7272, FlfE2s B & ZBH1H9 5 72912 swertiamrin Z FEAE L
ORI T,
it\ 553 TR~72 X 91T, KHPO4, ZnSOy4 + TH,0. CuSO4 * SHO. KuSO4 13 WP 55
ﬂﬁc:@&é\ihé%&ﬁiﬁ (Table 5-1) TH V., Zi bR Il FE A FHE LT
HREME S E 2 DIV, ARl 2D 4 DOBEESERE A SR T2 T2 A I s
ﬁﬁ“ ’E”*i.%mb:ott « ZIUG AR CIIHE A HET A RIT RV EFE X HILD,
SHIZ, —MRITIAL Jﬂu\%héi) VE—ThbH, BRI (BD YE, DIFCO YE)
2BV TIE, 1 mg/ml OFERHHY) (BD YE) BRXIZIVNT, B ISHaEFEA BHE X
FU7=73 swertiamarin 1XEE S0y T2, 2D Z D BT U ORREDIRIZBUNT,
swertiamarin 23pEICR UCREAT D K 5 2 TR CldZenZ L VvRg sz, 514,
T 7 TROBEENE SIS S UYEE & a2 R (25 2 B O SO B ¢ 72
5,
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58. F£&0

ARl BT OAIRRRERS IS R A MENLT D72 DI, FARRFHIZR R, 7R VE oA
WESAE 2 it U7, 7o, AREEERECS, B IR 25 MilabEsiE<> bellidifolin diglycoside
BHRICHZ DEEP LN L, EOREE, FEARRGHIT 1/8 (AR L7z BS H5ih, i)
RILE T 10° MNAA, 10° MKIN, B3 3 % sucrose & U5 SeE A i & R IR C st
FFATRETH D Z EMRH LT 0 ' 7 U ONIEREE SR 2 9D THEN. LTz, S DIZ,
oAU R REEATLERROMENLAZ BHAZ, 1/8 B5 N5K6 SR OMifafkER %% H
WTC, 24 OGO O ) & 2 — S RIZDOWT AT Y == T LTc & 2 A AR
EHRE D NAA 73 swertiamarin PEAEZ{E L7z (Figure 5-8), FicRELET S ROMNLI T B 7
U BIZIBWTHIO T Th HI1ED, swertiamarin & PEET AEEEREZH LN LD H)H T
DEETH D,
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6. MRS —Hr o —lckdEa sl NA NESRGRIE OB

6.1. RNA-seq
6.1.1. HAY

IR, HREB AR L, SRR G 2 8Is F A2 O NI T 2 FEE LTE
N R T DR — 7 o —F W3 o 5, ARl VA & AER TIEIARER
ZDHEaA ) RA RPEETDHZ LG, ZOMER TR AT 52 & T,
oAU R FEGRICEG T 2B TR 60T 5 L35 % | de novo RNA-seq 1T 72,

6.1.2. MEFE ik
6.12.1. RNA fiiHt

BHRERER U T- VA EARER (0=2) 24 70 mg 1Y & ¥ . QIAGEN RNeasy Plant Mini Kit
Z T RNA ZfiH U7=, filid L 72 RNA 13% 4% 41 Nanodrop & Bioanalyzer (Agilent RNA
6000 Nano Assay, Agilent Technology, Inc.) T RNA 2 & i 2 st L7z,

6.122. R —r o —HDF 477 ) —DIE

HIVA « REFRDEY T NZEH, 1.2 ug D2 RNA LV, TruSeq RNA Sample Prep
Kitv2 (llumina) ZMWT, 857 #77—fSN LT, <7 K (PE) OTA
77V —EE LT, BEORRIZIT AMPure XP (A63880, Xv 7~ ) % WHREIS
|21 PrimeScript Reverse Transcriptase (2680A, TaKaRa) % . KitAese LTC9% V= /L7 L
— h & —/L (HSS9641 & MSB-1001, /A A7 v F) &2 Lz, 1ERLZT A
77 U —I{%, Nanodrop, Bioanalyzer (DNA-1000), &5 PCR (KAPA Library Quantification Kits
for lllumina sequencing platform, AAY = %7 ¢ 7 AR Eth) ZHOWTER L, SERE
23 10nM 12725 X 91224 10 mM Tris-HC1 (pHS.5) & 0.1% Tween 20 OIRATATL CHv
WU, 10 FTORGLTHITHZ A 77U —8 Lz,

6.123. Wi —Ar o
KR FT 7 ) aP—% o Z—D HiSeq 1000 (illumina 1) TH1HI 100 bp D7 =
R O RBEH 2 ft A B - 7=,
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6.1.2.4. denovo 7> 7/, Differential expression (DE) analysis &7 /7 —3 3

WIS — 7 =% F 2B s FAiT OSREBR ™~ v — % Figure 6-1 (2777

1. de novo assembly 2. Differential expression (DE) analysis
Millions of short reads Millions of short reads
re-processin re-processing (Trimmomatic
DDBJl pre-p & BTCl P p. g.( )
assembling (Trinity, 200 h) mapping (bowtie)

filter
(Galaxy, > 0.5 kb)

BTCl Count estimation (RSEM)

Assembled contigs Reads aligned to contigs

Table of counts
) l Normalization (TMM)
iMac

Differential expression test (edgeR)

BTC ;. Functional analysis (Trinotate)

Annotation - - List of DE gene
Functional analysis

(Trinotate)

3. Annotation
Figure 6-1 Experimental flow of NGS

WA S — 2 o — TRt - T A1 E, £ HADNA 7 —4 /37 (DDBJ) ®
fi#thir3A 7*Z A >~ (DDBJ Read Annotation Pipeline) | CIESE Y — ROFRZE, 35 KO8 Trinity
717 A (Ver. R20130225) 12X D denovo 72 TN adTo72, f4bizar T 4 7D
2B, 500bp LLED T ¢ FERBEEER T (DEGs) OEEEDT-HIZH\ =, DE fi#
Mz, Yo7Vl ) — K2 &2, Trimmomatic 7' 2 7 A (Ver. 0.30) TIEAE Y
— RBLOT ¥ 77 —f%&FRE L, bowtie 71277 ATHIE L (mapping) . J/VAB X
UMRNERZIEITREL Lf:ifﬁ:%@%z%w v hL (RSEM), FEHREOZEZLHE LI,
EHUBIZIE TMM 73U X 0% MEIZIZ edgeR 7’0 7T A &EZNEHW, 2Dk,
Trinotate (Ver. R20131110) %] Lﬁ% SN T AT DT )T a k{107,
DE fiftfrB L O7 ) 57—y a VNI ARE A AT 7 /) v P—k ¥ — (BTC) FTA P Linux
~ > (DELL T7500, Cent OS 5.9, Xeon 2.13GHz 4 core, 128G memory) I & OVFT@HFFE==HT
HD iMac (Apple, Mid 2011) ZZH-ENH =,
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6.12.5. Blas2GO |2 L AT /T — 3

Trinity \Z X > Tde novo 727N LTmaT 4 TIBAREIRE DIVAZNZEILTEL
FEBLEZ R LB a 2 O, 208N AT I BEELSIZZ#:L L | Blast2GO (Ver. 0.3)
% W THIAT L 7=, Blast2GO (233 T, Blastp D3 1A X+ X7 (12.01.2015) OFT —H X
—A&IJCIT X JBESNET ) T —a L, BinFA Yy hr Y — (Gene Ontology, GO)
ORI DWW TR ENTCBIE FIZ DWW TE L DT,

6.1.2.6. Mapman & KEGG (2 X 2~ ~ 7 OIERK

Mapman (Ver.3.5.1R2) & KEGG (http://www.genome. jp/kegg/) @Y 7 h 7 = 712X~ T
BoNIERERSZT 27— L, R~y 72 ERk LT,
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6.1.3. fiti -

6.13.1. Wi —4r s

TR —Ar o —TCREA T A 2 T2 o 7V LT fE A2 LA T Table 6-1 1Zx L
7~

Table 6-1 Summary of assembly

Read #

Read (processed) #
Contig (genes) #
Contig (transcripts) #
Total contig size (bp)

227,196,729
225,876,908 (99.42%)
118,027

247,042

313,232,812

Maximum contig size (bp) 16,075

N50 contig size (bp) 2,247

GC content (%) 39.22

Elapsed time 199:58:45
Contig (genes, > 500 bp) # 46,028 (39.0%)
Contig (transcripts, > 500 bp) # 151,667 (61.4%)

de novo 78T NHT T ST LD Trinity 13, BT (gene) &F ZbEREINDH

BT REY) (T A Y 7 4 —272 8, transcript) D 2 DOBERIZIEESWNTa T 0 V7 HRE
AL, ENETUDNWTE L DT, B LYV OEE, 500bp LLEORSDa T 4
21 46,028 fH, T A V7 +—AITBNOTIE, 151,667 @b -7-,
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6.13.2. FEZLH) (DE) fi#HT L Trinotate (2L DT /T —3 3

WIZ, v B 7k, IR THRBIEZ AL L T, %#8ltt (FC: Fold Change) %
BH L, BERENDDNE 9 E LT, Figure 62 137 A V7 4 —L DT —H % edgeR
THBZEHE) (DE) M L7427~ 7,

MA plot Volcano plot
o / S -
o o _|
o 4 /.- T °
&) @ ¥
L 2 o
g ° 1% > &
. \ s T8
\' c o |
o | ‘-..\
i ik o ' .
| | | | | | | | | | |
4 6 8 10 12 14 -10 -5 0 5 10
logCounts logFC

Figure 6-2 MA plot (left) and Volcano plot (right) indicated by differential expression (DE)
analysis. In MA plot (left), X-axis shows expression level (logCounts) and Y-axis shows ratio of
expression level (logFC). In Volcano plot (right), X-axis shows ratio of expression level (logFC),
and Y-axis shows negative value of false discovery rate (-1*log10 (FDR)).

MA plot |3 X il %Bi& (logCounts) . Y fililZ¥EHiL (ogFC) % &V, SHBEFEMDFE
HaE BB O DA RA Z ENTE D, VA ERER T L TV HBEFIZEWVLT,
R OHEBUZEN D D513 logFC 10.5 (K 1500 f75) OB T, LRI logCounts 9

(#7500 Counts) TV, FEILEA logCounts 6~9 (60~500 Counts) T DL FIZHRBUNT
VBB A R R B o T,

Volcano plot I% X #liZFELL (logFC) . Y IZHEHIZR NS L S 2~ AR REOA

(-1*logl0 (FDR)) % & »7=fli% & 0 | FEHEAHEHICHEERZTH 50 E R L TIN5,
WL Z R TEIEFIEE, BRIV, BOVBHL AT T8 FCE L THE
FETRFEINN S RO HIVTZ,

WIT, TIVA EARERENEIRERANZREL LB R 2BV T, BBLE - B & —
v ICICBEIBR 7 T A X —I TR LT=, Figure 6-3 (ZIXT A Y 7 4 —LD T T AKX —45H7E
AR LT, 61T, 20%DE ST OV T 7 FAX T35 LT,

68



Color Key

T
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Rt1.isoforms.results
Rt2.isoforms.results

Ca1.isoforms.results
Ca2.isoforms.results

Figure 6-3 Relationships between hierarchical clustering and the value of gene expression
indicated by Trinotate. Red zone indicates that difference level of expression is higher, beside green

zone shows that it is lower.

Trinotate CiEnFDIRELZ T /7 — F L, NER TEWEHELZ R LB, LA
TEVVIEBLEZ R LT a1 (Figure 6-4) 38 XU A Y 7 4 — A (Figure 6-5) 2% & 72,
Bonl-ar T 4 7 a8 LUV THIER L7ZEG, 500 bp LEOEEDa T 4 1%
46,028 iV . EDH HD 791 HOBE T 4 FLL EORBLBEDER ST, TDH B,
N6 HIFNER TRV EZ R L JEY 375 HOBIE I VA TERWRHHEZ R~ LT,
ZNEI, RERTIL 295 ., VA TIL 193 [EOBEIE T OREREN T /) 7 — h &iz,

— 5.7 A V7 4—2I (Figure 6-5) IZBWTIE, 500 bp L EDE D37 ¢ 713 151,667
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EHY . 2D 5 HO 482 HDBIA AT 4 U EORREOENH -T2, TDHH, 251 #
IIRER TEWEEHEZ R L, 7D 231 HOBGEHIINVATEWEREZ R~ LT, £
Fh, RERTIX 169 &, BV AT 151 HOBISAFDEREN T ) T — k Eni=,

DE analysis; gene
791

Fold change
H<4 E>4

Specific

H annotated
Root ==

" not annotated

® annotated
Callus ==

~ not annotated

Figure 6-4 Proportion of tissue-specific expressed genes and annotation among the genes
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DE analysis; isoform
482
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H<4 E>4

Specific

m annotated

Root =
% not annotated

M annotated
Callus ==

" not annotated

Figure 6-5 Proportion of tissue-specific expressed isoforms and annotation among the isoforms

7T AR =TI IR ERERICBIT IO Z — R L TW D EIEFTHT B
THEY ., FHCRILNEN Y T A F—ZOWTE &7, Figure 6-6 138G F LU
THBLEDBARERIZIBUNT 500900 fEENT T AKX —%7R L, Table 6-2 (IZFED Y T A K —
BT DB OT )T a UREREE L DT,

Subcluster 10
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Figure 6-6  Gene expression pattern in Subcluster 10
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Table 6-2  Genes functionally annotated by Blastx and value of fold change (Root/Callus) in
Subcluster 10

Subcluster Gene number Fold change (Root/Callus) BLASTX
10 comp80530_c0 871.3 No hit
10 comp80911 c0 558.6 Proline-rich protein 4

comp80530_c0. comp80911_c0 @ 2 FliA e bHBILLA &< | NERFFA DEsT L LT
subcluster 10 {ZJ& L7275, comp80530 cO DFEREIIARINTZ ~ 7=,

Figure 6-7 (X7 4 ¥V 7 4 — LB W TEBULBAERIZIBOTH 140~900 fFEV7 T A
Z—%mR L\ Table 6:3 (22D T AL —II/T DB DT /) 7T — a UfiRke £ LT,

<
<
~
= i =
T o +
€ £
X X o -
o o
= =
(oY) (oY}
(=2 — o
8 ° o
el o o _
(9] [0} |
I o
2 2
f= c
o 9 4 @
o o
<
|
Y 4
© |
I
T T T T T T T T
[} [} [} [} |2} |2} |2} |2}
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Figure 6-7 Isoform expression pattern in Subcluster 10 and 11
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Table 6-3 Isoforms functionally annotated by Blastx and value of fold change (Root/Callus) in
subcluster 10 and 11

Subcluster Isoform number Fold change (Root/Callus) BLASTX
10 comp80530_c0_seql 871.2 No hit
10 comp80911 c0 seql 558.6 Proline-rich protein 4
10 comp78137 cl seq2l 509.7 No hit
11 comp37449 c0 seql 202.4 Probable non-specific lipid-transfer protein AKCS9
11 comp76345_c0_seql 144.5 Secologanin synthase

comp80530 cO seql., comp80911 cO seql. comp78137 cl seq21. comp37449 cO seql.
comp76345 ¢l _seql @ 5 FlED i b E\VVVEBLLLA R L, RERREA O#{s 7 & LT subcluster
10 & 11 [ZB L7225, comp80530 c0 seql & comp78137 cl seq2l DEEREIFARENTE >72,
comp76345_cl_seql |& = 7 = DBAREUSIZEE-F % Secologanin synthase (SLS) &7/ 7
— b SN, ZOROFEHERT OBAIEIS T O—o & Lz,
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6.1.3.3. Blast2GO |2 L5 &5 4> huv— (GO) 4%

RERE IINVATENEIZ R LB 127 2 BESNCER L, v aA X T X))
FF OB FAHNCFEDSNTT /T — a v LTERER, AW 320 o 5 5 73.6 % 7 GO
2L - THRERTT STz, ENE N0 TH%RE  (Figure 6-8A) . #lfE#HK (Figure 6-8B), ZE
W7 et A (Figure 6-8C) (Z/03E L., T OEIS A LTz,

Sy TREREIZ BN TS (20.89 %) . T —BTHM: (18.76 %) . X 7 L AT FiEA (16.20 %) .
ARAHRIZ RN T, 77 AF R 2587 %), 77 A= A7 L (2089 %), A b
—/b (13.52%) (BT DBa 1 EHHEMEZ RT 7 X 2 BRESINE < bz, E. £
PR a R RO, MR (1062%) . A B LAIGE (9.68 %), FEAEM
R HRT 2058 (1.34 %) (BT 2851 EFEEMEZ R Lo, Aiiasrbic B 53 %8
5F & LT290 Y%esmHas iz, “IRRENZEG5-T 2 BIn 372 < | 1.64 %3S
77
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Figure 6-8 Gene Ontology classification of genes specifically in adventitious root and callus.
Categories for molecular function (A), cellular component (B) and biological process (C).
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6.1.3.4. Mapman & KEGG |2 L 5~ 7 OIERL

7 )7 — h SNTCEARFAZ DWW TR L T 572912, Mapman <° KEGG FORE
ZRIALT, R~y 7 B ORI DWW TR ZERL L7z, Mapman [Tt 7V Hi5%
MOES T a A XFAFERL LADET, 7/ 7—varl, KEZF Y7 hrx

TTH D,
Figure 6-9 [ZIZ &AM 2R Uiz, mA X AF EHRED & 5 18 713 RGN RS-
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Figure 6-9 Overview of metabolism made by Mapman. Blue zone indicates that difference level of
expression is higher, beside red zone shows that it is lower. Red square highlights secondary

metabolism.
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Figure 6-10 Secondary metabolism map made by Mapman. Blue zone indicates that difference

level of expression is higher, beside red zone shows that it is lower.
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X 5| Trinotate THAAT L CIIALLNHV | 527 T A YV 7 4+ —2% root TEWVEHAZ R L
722718 & A TEWIEBLZ 7R LTz 256 OB 125717 T, KEGG ZHW T~ >~
ZAER LTz, Figure 6-11 IR L7 K 912, NER TREWIEELZ R LB 280 TH,
taA VU A FEGRICEET 281137 /77— STz,

Sioonsh Comphene
0] O

| MONOTERPENOID BIOSYNTHESIS | E———
biosynthesis

|

Gerangl-FP
b
Q O O O - Terpineol
fe

+)-(R)-
nene

_

: ¢
SwPnene (- Seendo- Seb
(acFpene ()f-Finene {heda.  ebinene
I

|

I

10-Oxogeranial © 14511

o] O
Iridodial Q 8-Oxolinalool {+)-(S)-Carvone

|
|
|
|
|
|
|
|
¥

Liraonene and pinens degradation

T

10-Deoxy-

—*Q geniposidic acid O o
| (+)-Menthofiran  (+)-Isorenthore
|
o 4,5-Dikyelro-S,5-dirmethyl.4-(3-
%iﬁ“ms"’“ oxobu )fmn»2(3H)-nnyle}\e}(:mnata
¥ O (4R,75)-T-Isopropyl-
Incole allalid Aspeghm O Menthol (4 Neomenthol  Lotaiorsoi e
iosynthesis

00902 3/13/14
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Figure 6-11 Monoterpenoid biosynthesis map made by KEGG. Green highlight shows annotated
genes.
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Flo, RERTEHBEL TV DLBIETFOLN, Zx=Ar7a/N) A RRRKE T T8/
A REGBHRRIE D —S>OEAGHRKICE ST 286 LTT /7 — h &z (Figure
6-12,6-13), &7 U OREHIIIAIIT bellidifolin diglycoside Z AT 243, 4 b
X7 == 7 a4 BREEZN L TEBREIND Z 20D, ZRLEE NS REILL
TV EZEZXDBND, £, BT U REMIETIZT 78 ) A REEAT D Z EnEiE
SNTEBY, 77K A4 FEGRICES T 2B RN/ Z LD, AEIRT
H 7 TR A REpEAE L T D AfREMIVR ST,

I PHENYLPROPANOID BIOSYNTHESIS |

Phg | N1,N5,N10- I_;_ll,NS N10- l’I“rliPanﬂg“D- Fl,Ns,Nm,m Nl N5-
yh]mne i raaroyi- ncaffeoyl- -
B msynﬂ'wsls _____ v o !;‘r‘imm b spemmmyel spe:mjdiny; spenidine Wi smapuyl spenidine
; »O-{11413 ] O 11413} »O 211~
|
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Figure 6-12  Phenylpropanoid biosynthesis map made by KEGG. Green highlight shows annotated

genes.

79



FLAVONOID BIOSYNTHESIS
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Figure 6-13  Flavonoid biosynthesis map made by KEGG. Green highlight shows annotated genes.

6.1.4. 5%

ARl KRS —F o —TH N R L RERTHBE L TV RNA OELYIZHiAE-> 72
LA BN arT 4 VB LUV THE LTZSE, 500bp LEOE S DT
+4 71246028 &V . 2D 5 HD 191 HOBIETFIT 4 LA EORBEDERH T2, £ D
95, 416 EIFARER TRANE L. 2V 375 [HOBIE TV A TRENE -T2, £
I, AERTIZ 295 . AV AT 193 OB ST DOMRENR T / 77— 37z (Figure
6-4), —J5. TA Y7+ —LIZBWTIE, 500 bp LLEOEED a7 ¢ 715 151,667 fE &
D, ZD5HD 482 DB 4 5L LORBEOENH T, £DH 5, 251 HIFA
EARCTRBNE < . 720 231 HOBE IV A TRENE DT, FNFN, RERT
1% 169 i, BV ATIX 151 {HOBIE T OREEEN T 27— k Sz (Figure 6-5), F8HLEE 4
oL EH DB FIERIROK 1% TH Y, 1ZE A EDBGFITH VA ERERTHm LT
WD ZEPH BN o T, RBRITHEIZIR 55, BEUZEZDOH > T-BmiE. b
KRN G-T 2B FRZ N B BID,

INETEU 7V BOEWIZEBVOTiE, RNA-seq Zfi#tT L7=Bilix7a <. AR T
BICH D, BTV EUTHkED Gentiana macrophylla 1% 500 bp LA EDIE(AT-% 23,287 {5
TEY ., AIEONETE~7- (Hua et al 2014) . OFEMIZIWNTIX, 2227 Y (Lotus
corniculatus) 13 45,698 (& (Wang et al. 2013) . 71 > L > 7R 7 (Camptotheca acuminate) 13 30,358
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& (Sunetal 2011) &, AREEEAFZESIOBITIHRAIZNNED 12572, ZNHOFEIEET
REFEDIAR S RNA ZhH U CTHEHZ O TV D203, AWFED L 5 I8 % -V T
+EDRBUVWMERB GO, Fo, SRIIIIVA ERTERZ I L TWA 728, FEHLk
DAEV RAG T OFFREE RN HETH Y . 2 S OBILL BB s ORSRERHT 3 TH
HEEZLND,

Trinonate |2 &L > C7 /7 —v a » SNZEEFIZBWT, NERTEFRILL TV 48R
“f-IZ Proline rich protein 73 1 {f )27 > 7= (Table 6-2) , Proline rich protein | ZHHEEED A RRIZ
BEREL T % (Showalter 1993) Z &2 B, ANERDFFUIT D, MSHELLIZ B X6
. MERRERAISEE T THDL I EIVRR SN, OB RIS T 72X -8
T ORERHM OB TR E D 1 HH Y, OB Z — 2 %13 Z L5, Proline rich
protein O X 9 7eAlEEEERRIC RO D BIR - CH D LB E N, ZDOX 5z, ARV
MEWR IV A & ARTERR ETERED IR D b D2 572720, /il Bib 5B E IR BN
SHENTWD EPRSH, SBRIITEEED D Z & T, RERDCICHERET 55T H
DR D ATREMED 8 B

RERTRRINCHEILL, EaA U FA FEARICEET 2861 LT 281 &
LTCSLS S 1 fHlZo0 > 72, G. macrophylla (233> T, SLS 13 30 fE 27> T\ 505, Fl
MMRDENII CHBREIZENH D E D D Oiam I STV (Hua ef al. 2014), AW
ZEICBNT S, SLS IEFERRE DR TR > TV D728, 5D SLS ASERBEI A/
FANZHI SV THERE L T D T E DR Sz, AR TIEED 5 5 1 Eod SLS % /o
. ZOBGBFIEINERFEIEEL TS EEZ LD,

EHIZ, YA XFRAFOERE S &1 Blast2GO (2 & B (s FHERED /3% (Figure 6-8)
SO~ 7 A& 4B 95 Mapman  (Figure 6-9, 6-10) <=°KEGG (Figure 6-11 ~13) &\ o7z
V7 R =T BRI LTI LA, 1.64 %D T 3 BERCAIS IR 545 2 &
DGR o T, 7 TR A4 RROT7 == 7 ua N ) A RAEGKRRIKICES 59 5851
BN TRILL TWD Z EAVRIBE S NT=, S 512, Blas2GO d GO fifricisunv, £
W) 7 ot ARSI NTBIE T DOE S BRA RV AREICEE L TR, ZhoBE T
I HARRES R TR 9~ DR R0, IRE R EORBRRRICL 2 b D & TRIND -0,
fOfEY) & OILEIECEERIRE & TN OBIG TORB Y — Offfi a5 Z LT, i
MO EDBR @  BIS T VRFETE 5 L HIfFC& 5,
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6.2. RT-PCR (2 X 2 & &R B EAFNT

62.1. HAY
5122 TEaA VU FA FEGRKIZES T2 EEXRE LTIZEEFIZoOWT, BT Ui
WHADBEMLE . BB\ oA Y KA FEAICEDO D Sl CEls &L
L, BaA U RA REANRY — 2 LB REOBRMEZA LGNNI 22 L2 HE
L7
6.2.2. MEFE ik
6.2.2.1. MBI OB
6.1 THFH A7z Trinotate DT/ 7 —3 3 VSR D 5 SLS & Cytochrome P450, WRKY %

F—U— & LT, BIaFafR Lic, NERTEEROBSF S L IS OR
BinF 2 miisa s & LTk Lz,
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6.22.2. T PCR | X 2RI EAMHT

RNeasy Plant Mini Kit (7 7°2) ZHWT, B2 7 VEMIROSENL, 3, X, B, {E
(LF. SM. RT, FL & %Eft ;n=3) EHWNVALAEMR (CA, cRT &FHKid ;n=2). IHIT
45128\ TEaA U RA RFEAE Y — AZZEN A O laiREm e % L U NAA AP
fid, IBA ALEEfIE, MEALEEHIIE (NAA, IBA, Con &G0 ; n=3) DOAFF9 RERX O ERD
5 RNA Zfhi L7z,

55172 RNA % iTaq™ Universal SYBR Green One-Step Kit (BIO RAD) % VT &
PCR (Zfli L, CtfEz®H L=, BREE 1T 5.122 CHRESNIER T8 fliE L, &8
n¥% Sj~&m4 Lz (Table 6-4), 2> ha—Lt LT, NTAX—E L T EInFD
GAPDH D (2012 FELFHS0) & HW =, 77 A ~—I% Primer3 (version 3.0.0) % H
WCEREF L7, Figure 6-14 [ZIIF BB FIZBIT 7 74 v~ — D L R &R LTz,

FEHBROBEHITITA ACt ¥ A VN, LF1 @ SjSLS-1 OFHEL 1 & LIS ORxI%
BiELt (relative expression ratio) Z & H L7z,

¥ A ACtE
ACt LF1 — Ct Target geneiLFl'Ct House keeping gene LF1

ACt sample — Ct Target gene _sample -Ct House keeping gene sample
A(ACt)=ACt gample - ACt L1

Relative expression ratio = 274V

LFl D& —%  FNEIG T ORI LT Sample 13 2 2 CORE DI B 277,

Table 6-4 Name and isoform Number each of gene selected from NGS analysis

Name Isoform number BLASTX

SjSLS-1 comp76345 c0 seql Secologanin synthase

SjSLS-2 comp35343 c0 seql Secologanin synthase

SjSLS-3 comp42434 cl seql Secologanin synthase

SjP450-1 comp75001 c0 seql Cytochrome P450 71D10

SjP450-2 comp37625 c0 seql Cytochrome P450 71D8

SjP450-3 comp89878 c0 seql Cytochrome P450 77A2
SJWRKY-1  comp77477 c0 seql Probable WRKY transcription factor 71
SJWRKY-1  comp29696 c0 seql Probable WRKY transcription factor
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>Secologanin synthase (& = v 77 = A hkilEHR)
>comp76345 c0 seq2 (SjSLS-1)
SjSLS1_F2-->
--//--CATTGGATCCAAACTGTGGCTGCATTGTGAGGATAGTGAAAGGACTATGAGCAT >420
<--S3SLS1_R2
ATGATGGAGAGACATCCCAAGTGAATCGTTGCAGAAGCATTGTGAGTCCCAATT--//-- >1955

>comp35343 c0 seql (SjSLS-2)
SjSLS2_F2-->
--//--TTCGCTAAATCTCTCTGGCTTGAACTCTCTCGCATCAGCTCCCCATATACTTTC >120

ATCGTGGTGCAGCATGATGACTGGCAAGAAAATTTGAATCCCAGCAGGTAGAGTTTTATT >180

CCCCAGAGTGGTATCTTCATGAATCATCCGCTCCAGTATTGCTCCGGGTG--//-->758
<--SjSLS2_R2

>comp42434 cl seql (SjSLS-3)

--//--CACCATGACACTGCTATATGGGGTGAAGATGCGATGGAGTTCAACCCAGAGCGA >1440

S§SLS3_F1-->
TTTGCAGAGGGAGTCACGAAAGCAACTAAGAGCCAAGGCGCATTTTTCCCCTTCAGTTTA >1500
GGTCCAAGAATGTGCATTGGCCAAAATTTTGCTATGCTTGAAGCAAAGATGGCAATGGCC >1560

<--SjSLS3_R1
TTAGTTCTTCGACGCTTCTCATTTACCCTTTCACCATCCTATGTCCATGCGCCT--//-->1959
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>Cytochrome P450 71D10
>comp75001 c0 seql (SjP450-1)

SjP4501_F
--//--AATTAATGTCATGGGTTTTCATAACATCTTTTGCAGCTTCGGCTGAGGAAACAA >1680
2-->
CAAGATTGAATACTTCACCTAATTGAATGCGCATAAGGGGTCCGTGTTTTTCAGCTAATC >1740

<-- SjP4501_R2
CTTTCATGGTTTTGTGTGGAAGAGAGCCAGCAAGTGCAAGCTGGTGAAGGTTGCCAAGAA >1800

GAGGCAGTCTCCATGGCCCAGGGGGAAATTTGCCGCCGGTTGAA--//-->1962

>Cytochrome P450 71D8
>comp37625 c0 seql (SjP450-2)

S3iP4502_F2-->
--//--GTTATTACCATTCGGTTCGGGAAGAAGGATTTGCCCAGGAATTGCATTTGGTTT >240
AGCAAATGTACAGCTGCCTTTAGCTCTATTGCTCTATCACTTTGATTGGAAACTCCCTGG >300

<-- SjP4502_R2
AAGCATGAAACCAGAAGATATTGACATGACCGAAGCCTTTGGAGCAACAAGCCCGCTCGT >360

TAACGACCTTTGTTTGGTTCCCACTTTA--//--AACTTGGGTTGTGGTTAGCCATTGGG >900
GAAGTTTTGCAGTTATCGTTGAGTTACTGCCTTCATGTAGTGGGGATAACCGTCGTGCAA >960
TTGTCATGCCT--//-->1737

>Cytochrome P450 77A2
>comp89878 c0 seql (SjP450-3)

--//--TCTCATCAACTTTCTTCTCGCCGACAACGCTTGCAATCTCCTCGTACA--//-- >780

TATCCGTCCCGCCGTTCAGAAACTCCGACAACAGCGTAACGAGCTCGGCATTAGTCGGCG >840
SjP4503_F2-->
~~//--TGCTAAAAAAAGCATACCGGGCATTTCTCAGAACCCAGACCGCTCCATCGTTTT >1200
<-- SjP4503_R2
CCGCAGCTTCATTTTTCAGCTTCACAATTAATTTATCCATGGCGATTTCTCTTGCCTTTT >1260
—-//-->2020
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>WRKY transcriptional factor
>comp77477 c2 seql (SjWRKY-1)
SjWRKY1_F1-->
--//--TATAGCTGGAATGTTGCATCCCATGTTTACTACTACTCCAAATTCTAACTTTCT >240
<-- SjWRKY1_R1
TCCTCCTCCTCATGAACTCTTTGTTCAAATGCCACATCTTTACGGCAGCCATGCCGGTAG >300

CGATGGCGGTGGTGCCACGGGTGGTAGCTCTATGTATCATCAACAAAATCTAACACATCA >360

TGAGCAGCAGATGCAGTTTCCGGAT--//-->692

>comp29696 c0 seql (SjWRKY-2)

~-//--TGATGAAAAGTCGAAAACACGATGGTCTTCTTGCAAGAAACTCTCAGTAAAGTT >420
SWRKY2_F2-->

GATGTGATTATAAGTAGAAGGGTATTCATAATCAGCCATAGAAGAACTAAACCCCATATG >480

<--SjWRKY2_R2

CCCACCACCATAAGCTCCTG--//-->784
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Figure 6-14  Primer positions of SjSLS-1 to 3, SjP450-1 to 3 and S§WRKY-1, 2. F indicates
forword primer, beside R shows reverse primer. Each base sequences of gene were showed as blue.

Primers used in RT-PCR were showed as red.
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6.2.3. FE 5
6.2.3.1. fEMiE(n OB

6.1 T2 L 51z, FELAE L, NER TREEIITHEBLL T\ 5 SLS 13 1 fHD AT
botz, BT VO RMEICE ST 5B E X VE THEN W=, SLS & LT
BEL CWAIEIE T Blast ORERTIET /T —3 a VRO h-o T2 RS B 2 b
72 &>, SLS 23)&7 5 Cytochrome P450 &5 1% % —/"~ k& L C Trinotate (233U T
ML, L= (Table6-5),

Table 6-5 Cytochrome P450 expressed specifically in adventitious root

Subcluster Isoform number Fold change (Root/Callus) BLASTX
4 comp75001 c0 seql 15.9 Cytochrome P450 71D10
4 comp89878 c0_seql 12.9 Cytochrome P450 77A2
1 comp37625 c0 seql 4.2 Cytochrome P450 71D8

Cytochrome P450 {5 2B T DI FI1ET A Y 74— KBV T R2AH Y, TDHH
D 3ENT AR A ROAGHICEAG T DB FIEo7, WIS ANERIZIBUNTH 5~
20 fEEREE A T IRA T Cho 727200, B34 U RA REARICES LT 2 rast:
W% L&z iigls & L,

B2, SLS DESE AT 5 Z & 3 E STV D WRKY HEEFREIA 7258 L7z
LA, BT LVUZEBWT HEOBE TR ARERTE I L TND Z ERbioTz
(Table 6-6) , NEIRIZIWTHI S im < FHLL TWDHEIE T Th o727, SLS D5 %
L, B4 U RA REARICEE L CWDAMREMN S 5 & & 2 fitfiiis 1 & Lz,

Table 6-6 WRKY transcription factor expressed specifically in adventitious root

Subcluster Gene number Fold change (Root/Callus) BLASTX
6 comp77477 c2 4.4 Probable WRKY transcription factor 71
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Flo. VA ERERICBWDTREEDZZDN 72D HH R\ RS Z2+5-5 SLS %

2 ff, WRKY % 1 R L. &t 3 HoEs+2 £ & D7 (Table 6-7),

Table 6-7 SLS and WRKY selected as control

Isoform Number BLASTX
comp35343 c0 seql Secologanin synthase
comp42434 cl seql Secologanin synthase
comp29696 c0 seql Probable WRKY transcription factor

6.2.3.2. Secologanin synthase & P450 i&1{x 1 DI ELEMRAT

tav = AGICEE ST 2B T2 FFET H72DIT, swertiamarin DPEA/ N F — 2 L
SjSLS-1~3 Difn -7 B & % Ll L 7=, Figure 6-15 (21 SjSLS-1~3 D& 3B ELZ R L,
AR TR ORBLEDZE A G LT,
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Figure 6-15 Comparison of relative expression ratio among SjSLS-1, SjSLS-2 and SjSLS-3. Blue
bar graph shows relative expression ratio, and red marker shows swertiamarin content.

DB, SJSLS-1 b m W VREHLEA R L, FHIEEMIC B O TRV E
Zes LTz, AT SJSLS-1~3 DEFENDBARFIZIIT DIEBL/ N Z — o 27 BRIX ] T L
7= (Figure 6-16),
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Figure 6-16 Comparison of relative expression ratio of SjSLS-1, SjSLS-2 and SjSLS-3 among LF,
ST, RT, FL, CA, cRT, NAA, IBA and Con

SiSLS-1 ORBLEIIIERY TE< . CA LV RT OFEBENENZ LD, WA —
T —IZ K BHBEE) (DE) fTORTMEEZMER L., S HIT swertiamarin JEA/ X Z —
E—E L7z, Lol MlERREREEERIZHIT D, NAA L IBA, Con iBRX OFEBL/ & —
IX swertiamarin FEAE/ N X — 2 & L7go T2, RKEMEMIARIZIUWTIXRT & FLIZEBWT
B RACRE LT,

SjSLS-2 |35 CHERH M VB R A 7~ 3o, ZOFBLIF — 1L CA & cRT,
SRR R W T ILOFBRXIZ BT b swertiamarin EAE/RZ — 2 LT —F Lo T-,
TR B TRV VIS BR B AR 8 OO, swertiamarin FEA/ S — L & — 8§ DA )3
RO b,

SjSLS-3 [N BN TOT N RIMEMIR L S WBLELZ R LTz, 72, NAA ML
FEXIZRWT L EWEEHLE A 7R L, swertiamarin FE/E/ N7 — 2 & —Er9 DA H i
7o CA & cRT IZBWTITEN R oTe, RIEMIKRIZENTS, BEZ— )0
swertiamarin A=/ X% — L OfHA] S AL L 72,

90



WIT, SLS & PHEINAEEFLSNCE 2 = ASKICB 5T A8 F2HET 5
72812, swertiamarin DFEA/ N K — > & SjP450-1~3 D s 388 &% bl L 7=, Figure 6-17
IZ1% SjP450-1~3 DBIE FRBLELZ R~ L, B FHOBEREDEZ i LT,
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Figure 6-17 Comparison of relative expression ratio among SjP450-1, SjP450-2 and SjP450-3
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SiP450 s F1E 1~3 2 TOBG TN T, KKEDIR & BB CRILEICRE L
ZEDTRO BT, SjP450-3 | MBS RIZB W TR bEWBLELZ R LT,

SjP450-1 SjP450-2

X107
e
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Figure 6-18 Comparison of relative expression ratio of SjP450-1, SjP450-2 and SjP450-3 among
LF, ST, RT, FL, CA, cRT, NAA, IBA and Con.

SjP450-1 DIEBEITEERY) T <. REEMIRTIZIZ E A ERBLL TWVeho 72y,
TN RIEMEDOIR TR VB EZ R D 572, CA LV cRT IZBWTEVVIEH
AT 2 END, BHAE) (DE) MTOBRIMELZMER L, S 5T swertiamarin PEAZ/ X4
—r & —EH L7, RT & RT TEVVEELEZ R LT, LU, HIRREERERICEKIT D,
NAA & IBA. Con iRBRIXDFEHL/ X — 1% swertiamarin fEAEH — L —F L7gho7-

(Figure 6-18).,

SjP450-2 [T RIFEDNA CTEWVRBLEZ 7R L, £ OFBL/ ¥ — 3 swertiamarin A/ ¥
—e—E LT, BEEYTIZEAERI L5572 DD, CA LV cRT IZEBWTEW
HHEZ T 2 EnD, BUAE) (DE) MTORBIMEZMEE L., S 5IZ swertiamarin PEAE
WA= b= LT, UL, MlfBEEERICH1T 5, NAA & IBA, Con iakBRIX DIEHL
XA — 1T swertiamarin FEANZ — 2 E—E Lo T,
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SjP450-3 DFEBLEI LMIURERE R TE <. NAA EXIZHE W TREWREHLEZ R L,
swertiamarin A/ NF — E —F L7z, CA & cRT TIXFEAERBF Lo 7-, F7-. K
SREEMIRIZ BV TIHE VIS BLE A 7R L swertiamarin pEAZ /% — > & OBURNEIZERS B e
Moz,
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6.2.3.3. HREIHERF WRKY O3S BT

tan = AGRKICE ST % SLS Bin T OSEHREIR - Ch D, WRKY 5RO
SEEIE A fRNT L 7=, Figure 6-19 (21X SfWRKY-1 & SjWRKY-1 DiEfnFFEH & & swertiamarin
PEAE A — L DRI AR LT,

8 40
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c c
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c d
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Figure 6-19 Comparison of relative expression ratio between SJWRKY-1 and SjWRKY-2

6.2.3.2 Tulk~7z SjSLS & SjP450 DE{FFEHL & g3 5 L ARWEBLEZ R TH DD, K
SREEMIA & B 7123\ C, SfWRKY DFEEL/ S — 13 swertiamarin FEAE/ S Z — 2 &
WIILHEERI L7, UL, FLIZBW T X W IRWEHEZ R LT,
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6.2.4. 5%

WA — 2 P — DTSR B R GA AT H B ST 9 FEIC DWW C RT-PCR 12X D
FEE PCR 217V, B 7 VHEMIAOSENL, $E, 2%, B, /£ (LF. SM. RT, FL) &
FIVAEARTERR (CA, cRT), I HITA5IZEBNTEIA U NA REANREZ—ZENRRD
T IR AR R L NAA ALFRAIG, TBA QUELHIRG, MEQUELHIR (NAA. IBA, Con)
DEFH ) BRI CB W TE B FORBEEEZ R LT, TNETEIA U KA ROEERK
Z S DB n AN EIRNZ BT 2 I IE 2 o 72y, 2ok 97, ¥Ex RS FTo
FEERZED, BaA U A MEAERRIE &, UL BB, SMIZERE & OBIFRMEN
WS 2 2 E N AIREIC 0 D, £ 2 C. AT TRl L7z SjSLS-1~-3, SjP450-1~-3 &t =
AU A FAEBREEREE & ORRMEIZOWTET LV EIESRT 5 (Figure 6-20),

SjWRKY-1 | S]WRKY-2

Plant
o)
OH
X
0
OGlc * 0OGlc | H 0Glc
loganin secologanm swertiamarin
Culture :
SjWRKY-1 | SjWRKY-2 NAA

Figure 6-20 Summary of effects of tissue and hormone regulator on differential gene expression in
the predicted secoiridoid biosynthesis

97, SJSLS-1 [ FHlafREREFE RIZI\Tld swertiamarin PEAE /N5 — 2 & FEHL &7 — 93
—EL7ehoTolzod, BEFEMEicBWTiEEaA U R4 REGKRIZESG LT\ btE 2
HiLd, LinL, REMIRIZIHBDNTIIR LML TRREMICHELL TBY ., SHITRERT
BWEBEZ T LD, FRIRIZBWTEaA U KA RAEGHEIZESS LTV 5 AlEetk:
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MBEZHILD, SISLS-2 [ZE DX THIBT 25—, RIKEDIRIZ I\ THARRRF 2 M
1F72<, FEERIZBWOTH WLV A EARNERB CORBEIEN 20 o7, £, Ak
R R TlX NAA BECHBEEOHIN LR L7 2 L n, [EFIIEHT 5
DN, MRS 2 & 9 o Tl e B2 65, 512, SjSLS-3 TR
WRSCEEEMI BV TREL I H — b swertiamarin pEE/ XX — U IN—8¢ 5 Z b,
SiSLS-3 Rt aA U RA REGKICE VG L TnD Z ENR R Sz, £72 SjSLS-1
L LT, SJSLS-3 [T RIARFEMNRDIROARER Tl U CTREND 72N Enh | RICE
UWNTIE SJSLS-1 23FRFRAICHEEL L. HEARN CTIIHERE S 1T S D 2 L AVRIB STz,

tan = UBOARRIL, P4S0 BIAT-HERE L C, = AT VONIKGREES 77
r B D, KEE(LIZ LV swertiamarin WNERESILD EE X BN TS (Jensen &
Schripsema, 2002) , JElZub <72 SiISLS 1X CYP72A 7 7 X U —IZJE T % P450 i&(n - CTH D03,
AlalEER L7z SjP450-1~-3 1% SLS a1 & 13 R 72 A RS 2> &b, Eau =
VPO ESRICEE 535 P450 BT TidRn bt EZ, T AVEIER LTZ, SjP450-1
~3 [ IRINEIIR L B3 CORBL R H — N 72 0 | SjPA50-2 X RIREWIIAR, SjP450-1 &
SjP450-3 IFEFEM TENE UM FEBL L Tz, SjP450-1 [ RT & ¢RT THHLEDmL 2D
BHRRH5 b, RIKFFOBIE T THD EBZ DD, SjP450-2 DFEBLZ — 0%
swertiamarin pEAE/NZ — 2 & —E L7278, HEIAN TlE swertiamarin A RUZ RS G- LTy
DT ENTRE STz, —J7, SjP450-3 DFEELEIT NAA LB L 7= fflafiis g Rz C
i < | swertiamarin FEA/NZ — & —E LT, £ D72 HIRREER R ITI8V Tl SjP450-3
NI & LT swertiamarin ZEARRICEEH- L TWA Z E PRS-,

Catharanthus roseus <C5i-27>>7- CrWRKY1 1Z SLS i@{aF+DOFREARET L, £ TOIIH
DALEHGHERNN Z & 23 S CUvD  (Suttipanta ef al. 2011),, SjSLS & SjP450 D iEfs-F 51
&l 5 ERBLEIT D NS OO RN & B 712380 T, SJWRKY DOFEEHL
INH— % swertiamarin PEAE NS — 2 LWL EEBI L= Z E0vD ., SLS B n - OREIH
fie U CTHERE L TV D RTREMENS B X Bbivd, F72, FL IZBWTIE SWRKY DFEELE) VD
IRIno T2 Enh | WRKY DA OGRS 7-HMB) & . hOssE & 13587 2 REiEE D 177E)
TRIE X Tz,

I HIZRT & oRT TiHdLmE L T, OE & IR R DB EFELL T (Figure
6-17,19), &> 7 VU O TiZ swertiamarin L Y /KFEFHEAEfE L 7= gentiopicroside 732 < & %
NTEH, EHIIZFFRULSAFELE L THWLND 7 T 7 3R Cld swertiamarin KXV 4
% < @ gentiopicroside ZFEAT 5 Z & N HE ST\ D (Sziics ef al. 2002), Z D X 9 ITHE
WIWENTT, RIIMLOENL L1372 Tt aA U KA MeEWZEEAT BRI TE
0. BipoTtAGRREBETFNFEE LTHRBLL TS Z EICERT L B 265,

TV ADIRREIZ 72 D & TEOREIRCREAE L Qe IR & 2R L7\ MBI 8% <
HINTWAN, RIEDIATIL swertiamarin 23% < FEA SN TWAIZH b Hd, K
SR T L AR RV THREL L TOAEIE X, REEIR TIHEY V7
BEZ R Lz, ZOZEnb, A, SjSLS-3, SjP450-3 23Hifafsk#EL -2 C swertiamarin
EERICERE3 25 Z EDRBE I NN, RIMEDIRICE W I~ A T—REBIE T2 LB X
bivd, R —7 =2 W T HRER 23807 58RI, DAV REARERDOT —
2 & N7 DIZ, AT TIIEEED D L < IIRRFE OBE 218K L CWO D TREMEN &
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D SBREPIE TOMRNT 21T 5 Z & T, & 2 CTEITHBL T 5D SLS MEEEMIN Tl
ED X D T FH S — 2 B R T O KRB,
PLEX Y AIRREEE R RIS BV T, NAA LFEIZ X U swertiamarin ZE S RN EHE S U
7oK E LT, SjSLS-3, SjP450-3 DFBMEE L 122 & B bD, £o, N HEKR
T DOFEHLN SGWRKY-1, -2 D K 9 G Lo THI SN TV D Z & HRIBE I
=y Bt ToUVEGR UIZEIBRMAL LT, nh=oRokan b= 2% L, SHITNAA
RLER L, SjSLS-3, SjP450-3 DFEHLE T UEGk STt aA U A ROEA Y — %t
T 52 LT, BlarOWRELRETELEEZ D,
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63. E£&O

Alrl, gD TR —r o —%2 T, B 7 U IR ERERIZEBWT de novo
RNA-seq fi##T 21TV, SLS X° P450, WRKY #5GFRHIK 772 &t a4V R4 RAESRKIZE
5475 & PHRENDEIGFERHE Lz, o7 VRO SENL., B, X, R, B
A EARTER, AaSREEE R R LY NAA ALPEHINE, IBA ALPEHIfG, MELERiiEic SV T
RT-PCR |2 K D RBLEMT 2 DT, FORER, SjSLS-1~-3, SjP450-1~-3, SjWRKY-1,
2 DEET N IA Y KA REABIZED X D ITHEEEL TW D ET LV EEE LT, 5%,
FERRCEaA U FA RAEGHEICHE: 5 BRSO EEULD 2L HIBE 10 bIF bV D RESR
IR TERNE IR L TV Z E T, BaA Y P RAEAKICEET 28O
R TE D EEZTND,

98
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7. HAEE

AWFETIX, B 7V OFHD ZEIEEIR E U TR R EAEFE T 2 HIEE ML
HZERZARE LT, BT U OMRBESFRIEL ML L, BE5EWREA DRy O BB SR E
EiToTz, EHIC, NEREEZ L0 2ERIICT 572912 KODA OFHZ A% FUH
L7e, F7o, ABREETR R ICBIT A aA Y NA REASEZRE LTz, BRI, B
TP FE T B EN A 1A | S8 D HEE NI T D720, IR —7 v —I2 &
D7 VRO de novo RNA-seq fifT CHIIBIG F2RFE L, EORBIE Lk 75
BREME T ISR 2 a4 U RA REA Y = ORRIEEH LN LTz,

F7. BT OMBREEICBWOTLU IR LT Table 7-1 12, ZFALENORE FEIC X
HWEAPEDIRRIZOWT E L iz,

Table 7-1 Summarry of efficient culture systems of S. japonica

Materials Culture conditions Productivity Elicitors
Basal .
. Phytohormomes (uM)  Growth — Secondary metabolites KODA NAA
medium
NAA KIN Secoiridoid Xanthone Growth Growth SCCOIrld9ld_
production
Solid Callus WP 10 1 + - +
Adventitious root WP 10 1 + + + ++
Liquid  Callus 1/8 BS 10 1 ++ - + - - +
Adventitious root  1/8 WP 0.01 0.01 ++ + ++ ++++

[ A & AR RS 5 % I T LR ERER ORI R84 2 Hvic Lz
25, BEERWY) OYEFREIZ TGN L T 0 | FRIANERIL KODA 23 5 2 & THIGE
MEESILTZ, L, BV A ERERMEHFIZINT, HI5H & i sEA 2R3 SRS
LTHY, KODA [INERDHTHZEHET 5 —J7 FR 7 O bellidifolin diglycoside DPFEA= %
P L, EHREE D NAA [ SHIRERERS R RIZ B ClfaiEsi 2 BH5E 9% © O O, swertiamarin
DEEEZAR LT, A%, AW TR 7Y O WA 2 KEERET H121E, #l
eI HETE 2o (et 9~ 2 BEaR 4 CRIEEE L. T DRREE ARt D RSB ST 5 &
VIR DR AT LR WDHZ LT, EHTHEEZ LD,

F 72, KODA |Z L A5 O FARMEENEHN IAMFE THID TOWHETH 5, KODA
DOIARNEFNT Y AA T2 7 7 EORIARTHHE STV, KODA 13% < O TES
iR S A NEIEEEI Bl - s 2 EE 7=, B u 7 U SO BT RO B4 79
ZENTHEND, £DIOAHR, BAENTREDENG Y 7ig EORELEIRLE L
THWD L9 B bIEAT 2 2 & T, A O L ERIHECAEFEZR O R
HEACX 5 LIRSS,

EBIZ, AEIVA E ANERICIGEITE F D TRk % bellidifolin: diglycoside & MR
E LT, ZOLEWIX glucose & galactose 27 77U 22D 1 [LIZHEFD FEDBFERTZ A3,
ZIVE T galactose & H DX b UECBHADEREI T2 2D AMIE0D TOHETH
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D, PIALIEEEZET 5 2 E LMo T, MEEMOEREPEEEMIZIIB S &
FNTEY, B 7 VRO LA & L oMM S5,

FTo. RINEMARINEEART DR 2 ARSI PEAE L 22 W B HERRES R O 2 372
WTIALHLNTEY . ZOHERIIKREH LN THRYY, o7 UIiIZkBW i

AN UT=BRICE a2 A U A REEA LRV Y0 b OpEARRITHEEF ST,
taf U KA RigA N\ VBB, 0 hod7 =7l o IR E R 548
FRRIE 2 B3, 2D 2 DO FEEREHRITIFE CHEMENICIBO T hawE ki & 2 il
DRI STND Z EDIRBEND, AWFFEIZIBNT, &ﬁﬁ/~7/#~ e ae=r )
NA RGBS O ZED T, 51k, NERDOIMUIZEET 58s 1 & ORERMEZ
52 L, 2Bk ﬁof%ﬁfé&@Lﬁ%@fgﬁgﬁﬁﬂ+%ﬁﬁfé@ﬁk
wﬁigﬁ&%_omffw ALHEAOENNTTH T LT, 2 < OFEMMED OFMFREEIC
ICHTE, ARG ORELEFETFTEOHNICKRES BATE 5 B2 b5,
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