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\ Abstract
Project Code : PDF/41/2543

Project Title : Hairy root culture of Plumbago indica L. for secondary metabolite production

Investigator  : Ms. Sermsiri Chanprame

Dept. of Horticulture, Fac. Of Agriculture Kamphaeng Saen, Kasetsart Univ.
Kamphaeng Saen campus, Nakhon Pathom.

E-mail Address : agrsrcéioku.ac.th

Project Period : July 1, 2000 — June 30, 2002 (extended to July 30, 2003)

Plumbago indica L. is one of the important Thai medicinal plants. Root of this plant have
been extensively used in folk medicine. Commercial plantation of P. indica stili not so attractive due
to it's long planting duration. Roofs collecting from forest habitat in high quantity year round may
lead to the endanger of this specie. The conservation criterias can be devided into 2 ways, firstly,
encourage commercial plantation in which micropropagation can plays role in the adequate quantity
propagule production. The /n vitro production of secondary metabolite from root culture is the
second criteria. Thus, in this research, high efficiency procedures for P. indica micropagation and /in
vitro production of plumbagin, the main secondary metabolite in £. indica, from hairy root culture
were aimed.

The micropropagation results demonstrated that up to 201 shootlets can be regenerated
from a single axicillary bud when culture in MS medium supplemented with 3 mg/l BA. The
developed multiple shoots can be fully developed into normal shoots when cultured on MS+1 mg/l
BA and can be rooted in MS medium prior to ex vitro transplanting.

For hairy root culture, it was revealed that Agrobacterium rhizogenes 'ATCC 13332 can
effectively induced hairy root in £. indica. The hairy root, then, can be cultured in which the best
conditions for root growth were liquid B5 medium in dark condition. However, the highest plumbagin
content of hairy root culture was obtained from solid BS medium in dark condition. The plumbagin
content in hairy root, however, revealed the lower quantity compared to the root collected from plant
grown in nature. Nonetheless, hairy root still be of the interest due to its as turnover rate of every
month compared to the natural grown plant of 3 years harvested. The high potential of using
elicitors for over production in hairy root culture is also one of the techniques that, in theory, can

effectively employed. These ideas will be targeted for future research of hairy root culture for
secondary metabolite production.

Keyword : Plumbago. Indica L., micropropagation, hairy root culture, plumbagin
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o

' v | Y &
@adas Iiinuugaeunhdn 11.1 saasdaiudiunsmiiu

-] F  of o xd = 4 r J’ clv
HBﬂQ'lﬂW'H".‘IJﬁf]a Plumbago llﬁ']ﬂﬁuﬂﬁﬂﬂﬂaﬁﬂﬁuﬂﬂWU')'l a'mﬁmwl:l.ammmﬁa

ar - - " :Y A (o] = =3 ]
wardmhliiiagenld  lasmsmnsdsluamsifissmugumsdadiulalelalefivuas

PONTUTUAUITANIITNIUAN 1 1HU  Atta-Alla Ut van Staden (1997) vassanuda

Yucea aloifolia L. WNWIL\§ENWUT) §058I1M15 half-strength MS #i@a BA anududu 17.8
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lulasiuary v uuges 5.2 saavasnnwistdgutumay 10 dUe  dumsiiesinwu

11 @EUUFAIDIMIS half-strength Y38 half-strength MS dnnsagmiildifiasinle

Castillo and Jordan (19897) lévn@goeuas Minthostachys andina (Brett.) NWWIT

-3:' J - v A ' ar
EEIUUFATDIMIS MS Tdin BA anadudu 4.44 lulasluans sauiv Naa 0.05 lalasly
a1s wun avnsaimilvifiessalad

Koroch et al. (1997) wdudiudaigoonuasdanay Hedeoma multiflorum  NIWWIE

Aﬂ" CI Py hd A ) 1 IJ » »

(BFUAUUFATDIMIT half-strength MS MGN BA ANMNTUAN 9 wulianududu 22.2 ly
o« L =Y 1 qu =4 nl -:J

lasluand MSuasaadefudsmdsuinigs

1 "J - . . -
Fracaro and Echeverrigaray (2001) WU wWaueuafded Cunifa galioides NILWIZ

J c:l o L4 \d ar - v o=, -
@HIUUFATIMIS MS il BA anududu 8.8 lulasluad awnsedmihMifauaald
FUIUNIN

. . v d oo
Abrie and van Staden (2001) WIMIEDAUALONTWNUEN Afoe polyphylla MHaNNNTS
4 & 2 a v
LWW:LNEG‘IUNE\?G\?B'\H'\‘S MS n1umuu1ma N']LW']:LaEI‘JUquGlﬁEJ']H"ﬁ MS il BA @)uLaN
Ju 1 dadaniudedas wun awsomibiviicoaalad

- e o el | - . v
VINITUITEEN 1 'nnaﬂmuaduwtﬂuwmﬂaqmuwauwwuwmaamua:mmmaq

= = o« o e, vV a o = P ¢ o
RAHUALWIIULAINIWIELDENLU BLED LWE)'Uﬂ'l.l'ﬂ“Lﬂﬂtlaﬂ’iﬂu’)uuﬁﬂYI'ilt}J'lJ?:T.EI'UHé']'H‘SUﬂ’]‘i

nandurugdiviumslgnayawduenatiunsen

AIIWIZLR BT EBAINANIINAAAS plumbagin

ghd wer aWeT (2542) ANEIMSESINEIS plumbagin VINTINWILLRHIUDIGU

- 1 A - 1 -y -y t:’
RAHAULWAILMAIUISTTIWUN $ Y} am’luaauﬂaqmmgalwaqumuasmmuatwawﬂmmﬂﬂu

= . . Ju L) * oo d4 -
amw‘iumgmimq T WU g(ﬂﬁﬂ‘bﬂu'ﬂ“l.ﬂﬂﬂﬂﬂﬂi!ﬂﬂa doeomms BS ?’uﬁu NAaA 1

- - - 1 - 1] ar . . < <, - . - al - o = »
HAIANINNDaNT 37UNY kinetin 0.1 UIAININAARS LIJE)LI’]N'l']tﬂ‘i"]:ﬁ“'iﬂ'iu’lmﬂ'l‘iﬁﬁﬂﬂjﬁ
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plumbagin  WUTY FINWIZLLAUIDYAWEIUITNITONEATIT plumbagin Taunansiatwae
DBUIAUALWEILN

= oo oS

¥ o ar B - LY )
N3dd (2543) lavinmsuSudaagasanmstnatiumsai  plumbagin  TUINLWIE
< P~ | - ¥ d a
Weewayawdanes  lesuddasuuwdasduanihetaner (NH,),S0, lugniamis B5 M
o oy ar 1 = . s . . =, o, s \J = ' dl = pv
NAA 1 Haaniuaaaas IUNU kinetin 0.1 UIANTUOHBAAT WU mmmumma‘giﬂ‘sa 1

Wadldud uaz(NH,),S0, 2 w1 MlATINWIzla89a 5985 plumbagin LA3INATINNOWISLEEN
RANINEIN

Heble er al. (1974) @nwuszessrsmuaumadandulaugionicadants
(R3YVBUYAF UAaTMIHERENS plumbagin W P. zeylanica Wuil (Badiil pigment Ruaazy 3
Boaluswsieu 2,4-D 2 fiadnSudedas 1Wa1s plumbagin atilussauiiadininea100
nhwinaa

Crouch et al. (1990) ﬁﬂ'lu'znmﬁﬁ'luaf}a Drosera u‘nﬁvﬂ»ﬂuqm‘sa‘mw 1/5-strength
MS (1962) ﬁtﬁmfwmaﬁma 30 N3UAMBANS PINAU NAA usr BA eundudueeq ifasn
iliianswannbusaauarsin 3awuly D. natalensis Msldgasamis 1/5-strength MS
(1962) Mdanhonaglasa 30 nFucadng 9mAU NAA 0.025 dadniudsdns way BA 0.1
fadnueadns Wunan 60-80 u wwannlUluees  drumsidgesems 1/5-strength
MS (1962) Moy NAA 0.1 fiadnTuepdns ua: BA 0.125 fHadndudados Guna) 80-
100 Ju sWannhhilusin 1y D. capensis 15gns0M15 1/5-strength MS (1962) AAdiuih
Maglasd 30 N3NEDANS TINAU NAA 0.1 HadnSunadas uaz BA 0.1 dadnsudodas (Ju
i 60-80 Tu asWannluilluene waz 1/5-swength MS (1962) iy NAA 0.1 fiadndu
fadns war BA 0.0125 Hadnsueadas (Wuian 80-100 W aswanwldidusin  le
JiaTeWUSNENs plumbagin Wunfnluana Drosera va 2 oiin Maosluanw in vitro uay

B . o 1o . [y . Y < <
in vivo TMUSinaans plumbagin deandhasnadaldnnsinuasizluana Plumbago @p P.

auriculata Lam.
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Nahalka et al. (1996) YNMSANWY chemiosmotic FINTUMISIATUULRTMSTASTNTT
plumbagin %8¢ Drosophylium lusitanicum Link. l@&m3tWIzlEoaumadain laanaiuyaesnidn
ﬁtgaq'luqmmm‘i MS (1962) Riiin IBA 1 iadniudndns uat NAA 0.5 Hadniuaadas
W a AL cell suspension lugasevisival B5 (1968) idiu NAA 2 fiadniude
395 uar veaglasd 20 niu@adas wdNni cell suspension WWIzIABlUgRTOIMNIIVAD
B5 Wile PH wazUSwanimaglasadn q Ay tiemstinu3naas plumbagin - Wuh

e ¥ &+ a et P o [
mslsiianaglasd 10 nIusadas Nial pH 3.5 §ININRNUSTHIUEIT plumbagin laanga
matieuazn1ilduszlomizeg hairy root luntsudaarsmdani

N30 hairy root luid

hairy root (Wulsadssfioniisiielufzruge Jdanwaztunndasiiiuminiie
g L o =~ - . = LR A = pu
IMINVINAUNY  1otAnnnEauuai3a A. rhizogenes NUNINLENFAUNHUTNUNTUIOUNE
(de Cleene and de Lay, 1981) uwuafiBswiiatiifluwuadierfiounsuau aglunad
. - s L= d o o ar Ao, s .
Rhizobiaceae a1Aaagludiu Zianuduwuslnadaiu A. wmefaciens

TGIEIH"JL!.].VIQJ: hairy root Q:LﬁﬂﬁUﬁ'ﬁW‘Jﬂ'lULgﬂ\'le (dicotyledon) Ackermann (1977) l&
NaaaniNED  A. rhizogenes M7 infect ﬁuﬁwgu%«ﬂuﬁﬂmﬁvﬂq@: wu MLIA® hairy root
Fuld  9INMIIAIRFOY host range BaNlsAluTENUAITIIBYBY de Cleene and de Lay
(1981) Wud) A. rhizogenes aeWug TR7 LidansoFmitliiAa hairy root lutizluides

o P | = a Vel . = o vt
WWen 16 lianmaday udluwslu@sedinadavduiu 202 vila (i@ hairy root l6de 37

#ila  Mugnier (1988) lavhmsdnmlanld A. rhizogenes M1aWug A4 wui sunsoi
TiAa hairy root Tuzluesdld 40 wiie  walufvludoadobidie hairy root LHUAU
uanNnwiievasisudadeitadedu q Safiuasamsinubitie hairy root 13U §1HWUIUDI
wuAviSe WuleRINTIENIUYDY de Cleene and de Lay (1981) lévin A. rhizogenes TIHWUS
TR7 wdMil¥ifie hairy root lu Atropa belladonna w@liUssauanudisa

e Mugnier
(1988) lavnsdnenlasld A. rhizogenes SENUg A4 wuh @nsedniId@ie hairy root

TeluRnrlia@enfiu 29nnI135718971U289 Toivonen and Rosenqvist (1995) lagnirlvifia hairy
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root lu Glycyrrhiza glabra lasld A. rhizogenes 3 awﬁ'uff 2 A4 LBA/9402 uar C58C18
wWuh  @ewud C58C18 Failu mannopine type 1¥Namsiia hairy root 8@ msi3uoas
Kittipongpatana et al. (1998) ladmilWifi® hairy root WU Solanum aviculare Forst. lagly A.
rhizogenes 4 #8WUg A A4 ATCC11325 ATCC43057 wuaz ATCC15834 Wull dewug
ATCC15834 war A4 Buflu agropine type #MiWiA@ hairy root lé@ninaawug
ATCC11325 waz ATCC43057 @ Cho et al. (2000) WUl ild infect 130 A. rhizogenes
AEWug K599 #a0u cucumopine type PUTIAIIN binary vectors WUfTuduzasludo
(cotyledon) 2a3fIMPFne  asedniIiAe hairy root I@athafiusednsmw uananiims

o, . YR | » ar = & « 1 o . v o . v &
\i® hairy root Sapzdssfusiinvaniialy TaswuimsEnmilvibe hairy roor Tulilifiauda

a P A < . = .
U'N‘duﬂﬂzlﬂﬂ?luﬂﬂu'ﬁ'l\'lﬂ‘lﬂ LUBANTININEITWIN phenolic compound WIDDNINIAELGAN U

c:’ L4 A < [ .=
RNnTEMWIINADNEY q NITHAUAY (Mugnier, 1988)

ShWTEDY hairy root avidnBUEMIESUNATNUAnaInTInUndvaluda  fims
La“%mvtﬁu‘l_.m'lmamﬁmﬁﬂummsn'lumum-smuc-]umswsmumu‘l‘.muazmﬁmumu“fm'lmmn

AT nUné (Flores and Filner,1985) fimsuanisfuszeasnludSinafinn  wasiine
ramsdgeaanniliwivey  wia@sIny hairy root S leu@sduTInUNG
war dinsrumsaausvadFudsitunnmly TmﬂwU'i"lmmsngma'lm'i'lﬂt?;ma"w
ouleeruUn@ (Srivastava, 1998) NNANSNABIUBY Tanaka er al. (1985) lagmivlvitia

hairy root TusnazdauaIvnsuas Brassica napus L. WU hairy root mm-snmmm{lﬂlﬁm
v o v o o P w -
dugan s ldatdundudsnusodnd

uanNATHIWYT hairy root SadnsoWanludung (regeneration) Busnle

t9u
Tuseaumsideany Tepfer (1984) wuh

hairy root 83gNgu war Convovulus arvensis
aansagmbiietdudulalaauazannsotnmi hairy root wasussanliiiaduaulassinu
somatic embryogenesis Iﬁ’ﬁﬂﬁ")ﬂ Nakamura et al. (1988) wum hairy root 98 Nicotiana
tabaccum var. Samsun 'VII.ﬂGW’m A. rhizogenes H’lﬂwuﬁ A4 mmsmnmLﬂumu'lﬂ"luammmﬁi
MS (1962) vﬂ.uum‘smueﬁsmu«mm‘sm‘smmﬂm Tanaka et al. (1995) @M ISOFMINLY
WagaaIUINUINANA hairy root ¥aq Vmca minor %\uﬂﬂfﬂﬂ A. rhizogenes ﬂ’lﬂwuﬁ pRi
1724 Tastde9 hairy root lugasams Ms Mén BA 2.2 lulesluand aunsodmi e
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paaldU3unmain  Ohara ef al. (2000) WU hairy root MAanluwes Crotalaria juncea
FUAPIN  A. rhizogenes @ovug A13  annsaaduduldlugasems hati-ms Al
madussauaumsasadula auiuldi hairy root @unsaiminlitiedulddzilunad
damsuSulaawudealy Jaiuleifudelditsusantiudeglaliininmmaafinaula
AN A. rhizogenes MINTuuarwematiwatanwiuzImnssunliluiueadndu A.

R o L= ar L) . . ]
tumefaciens \Uasnnlainmsdnwluszauluwnaundiin A, rhizogenes udz A. tumefaciens 1
ANNAAHARIAUNIN

AaLlanISLA® hairy root

A. rhizogenes YnIA® hairy root luiy lasiinalnadretumsipalse crown gall 39
(HNNNENUNGAD A. tumefaciens Fudaneansiivzhanuinaiheunausauasyinsiodu
PINEaFEotn UG genome 2BIRY FafinsnudufiuAerfunalnmsiie hairy root tdu
Chilton et al. (1982) WuMSLAA hairy root Tasda A. rhizogenes \Wunamnnsasiiu
uNdIUPAa T-DNA (Transfer-DNA) anwanaiazuinlvai@e Root inducing plasmid (Ri-
plasmid) 177§ genome pavRglaglaien DNA ntiiot@a hairy toot 2BUATEN  AURAIN
A. rhizogenes awﬁ’uﬁ: 8196 11lU¥i1 DNA hybridization AU DNA 910 Ri-plasmid 27849 A.
rhizogenes @8WUg 8196 Wull #iNM53UAZ8Y DNA 390 Ri-plasmid AUUNEIUYEY DNA
YD1 hairy root Uan9H DNA 270 Ri-plasmid 51EJL§‘111]E)Q114 genome YDIWY  Willmitzer et
al. (1982) wuh ifle¥iinsusn RNA niitaiile hairy root 2a9diunSauazus@emadaia
N A. rhizogenes @oWug 15834 udiadn DNA logld RNA fusnldiiduuwtiuuy udnb
TuUviv hybridize iy DNA 370 Ri-plasmid %89 A. rhizogenes S18WUS 15834 WUNISIUYDY
DNA vadaatuiu lusin@dlu hairy root fimsadaslungy opine FuiluauWuszonse
oziily  astunguiliflumsaliofasiwuldonlufizung  siewvasanslungs opine Awad
as’w%ua:-é‘fuag:ﬁ'umﬂﬁ’uﬁ:ﬂmuumﬁ("s’uﬁtﬂmnqnﬁﬁ uarasUsuan opine fnaansowule
Tu crown gall tumor 13UA sl opine BiaAuandIfURUAAADIN hairy root dWM5U&1S
opine ﬁ'wu’lu hairy root ﬁtﬁﬂiﬂﬂ A. rhizogenes wualenilu 4 nq’u'ﬁa agropine mannopine
cucumopine Wd¥ mikimopine (Savka et al., 1990; Kanokwaree, 1997) ﬂﬁﬂﬁ’uiﬁa%}\laﬁ‘i
agropine lAun @1BWUS A4 15834 ATCC11325 uar ATCC13332 MWuFAaIEs
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mannopine l@WA dWWUE 8196 TR7 uar TR101 (Jueu (Petit et al., 1983) wasagwus
ﬁﬂSVNEﬁ‘i cucumonpine IGTLLdHWf_Iﬁ'uﬁ: K599 (Judu (Savka et al., 1990) @19 opine 'ﬁ'maé
Araaiutianfiuamseas  Agrobacterium  wwnzfuuwnailisiamsuauuarlulasaures
Agrobacterium (Ellis and Murphy, 1981, q‘%u'n's', 2543) m'iméwﬁa%qguiﬂﬁguﬂaqtﬁaﬁ
BH5:MI1 T-DNA faiUNIATINGDOUTS opine W4 hairy root 3x@p¥i Iy hairy root Uasaize
Agrobacterium fau (Ellis and Murphy, 1981) A. rhizogenes ﬁwﬁ’uq’ﬁa%q opine ANTUG
Auil T-DNA uan@nnu  laa@aswugasii agropine i T-DNA 2 diusgusnannulu Ri-
plasmid @8 T, -DNA (T-DNA left) T,-DNA (T-DNA right) lu T _-DNA Taiwuiud
homologous Au T, -DNA weN Ti-plasmid WYoN A. tumefaciens Weltu T.-DNA wuﬁu'ﬁ
homologous AU T.,-DNA 283 Ti-plasmid 3 @unus loun ms gene @0 trptophan
monooxygenase UAs indoleacetamide hydrolase Y'I’WIﬁ"l#Lﬁ'a’]ﬁa\lﬁ’Uﬂ'ﬁﬁ'\nﬂ‘i’lzﬁ auxin @7u
u tnr @@ isopenteny! tranferase lﬂulaul‘dﬁﬁﬁﬁﬂﬁ’lﬁﬁ%\l isopentenyl adenosine wasdu
ags ﬁWHﬁTﬁﬁ'\nﬂ‘i’wﬁ agropine (Huffman et al., 1984; Jouanin, 1984; Gelvin, 1990) 30
TI891UBAN Vilaine and Casse—Delbart (1987) wuil T, -DNA Uar T,-DNA iiddszaanulu
MsFMIIWRAA hairy root usifiaza T_-DNA w3a T,-DNA atwlaathaniia  wuii vlw
hairy root 19530yl lai@wiAaas &aft levinmsAnmilasdauuas Ri-plasmid 283 A. rhizogenes
fEWUE A4 30 wild type F9iNa T,-DNA waz T,-DNA I¥nanodiu Ri-plasmid Hiliawis
T,-DNA #ia T.-DNA atwlaatwnily  udniundnilliife hairy root lu Nicotiana
tabacum War L. esculatum WuNlU N. tabacum Ha hairy root 16Lﬁa1€ﬁﬁﬂﬁui Ad ﬁﬁ'mww:
T,-DNA ¥ hairy root Aasaladuarlififamamasyfiuiuey waz Lﬁa'lﬁ’maﬁ'ua: A4 D
fwwir T,-DNA WU hairy root tisladaznnndaliiios wasiimaasnldliud dwmsu
Tu L. esculatum (fin hairy root léties aldmewus A4 Admwiz T,-DNA wasdlaldae
Wui A4 fifllawiz T,-DNA WU hairy root e larnniuaziaSnlad édumﬂﬁuﬁ:ﬁa%q
mannopine WAL cucumopine 2wl T-DNA (W89 1 uw (Gelvin, 1990) ﬁ’lﬂﬁ’uﬁ:ﬁﬂ‘%}\l

. =t Py & =
mannopine ¥ T-DNA % homologous AU T-DNA 284 Ti-plasmid (U A. tumefaciens (WeN 1
- ] < = - «“ a:w
FUMUY @D BU man MIVUINFUATIEW mannopine (Lahners et al., 1984)

MstAdauely T-DNA 90 Ri-plasmid @ genome vasWd  dfinalnwduideidums

waousIy T-DNA 970 Ti-plasmid é genome YAIWY losiituu3OIn virulence region  (vir
. I PR -
region) ZFVMUMWES T-DNA v ldluaadiy
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msudavaanyadfiulu vir region gANTEAulasaIswIn phenolic compound AATULEIALA
UHATBINY (Stachel et al., 1986) lagarsinariivinIWBuuies vir region tAe transcription 19
vir enzyme Tuvimiinduadsunisiedoud s T-DNA 390 Ri w38 Ti-plasmid 11J§ genome WY
1@ vir enzyme TuvihmhAvioa right uar left border sequence a3 T-DNA Fafirue
Uszann 24-25 bp wariidauiuaiiu inverted repeat (Slightom,1986; Jouanin et al., 1987;
kanokwaree,1997) Tﬂﬂf“i’uﬁ right border nau ﬁn‘:'u right uaz left border sequence utuan
MruAazaull® T-DNA uagu recognition site §1M3U vir enzyme 8neau %qu‘%nmﬁ’agj
55W319 left UAZ right border 789 T-DNA :iHURMMUAMITUATIEWET opine wasdaiifiuf
fuuamsasnsasluuiswanasanduusslalalafiuse  WuwmaliimadinildTududinan
Tiinsdndviamadinarliiionuiasss T-DNA AUy genome vaswiy  fiowials
Wiy a9 INAI5LAR deletion sevinnmsunsanly 3INTIBIUYEN Jouanin et al. (1987)
1651a s DNA AUBANINUASE line BDY hairy root MARINED A. rhizogenes aawug
A4 DONWY 3 WiAAD Nicotiana plumbaginifolia N. tabacum Wat Brassica napus WU T, -
DNA luvizm 3 5ila fianueIAeui eI 8 T,-DNA fuiaeeiu uanandl David
et al., 1988 HaHufumIETFY WU T-DNA 229udax hairy root line INUATANAULAH?
AUMAAIIN A. rhizogenes MuWug 8196 Hnunalivniu Fudunsiudunenumises T-
DNA fihlUimnaliwivau  wassfienasfsimiu host Saliienanselfifludrivueainu
& T-DNA ldidufiu  uananiisnnuge T-DNA Aunluasidwnuliviueu  wu e
NUMSIFEDY Jouanin et al. (1987) TMIANY 3 #iia MA@  hairy root Tﬂﬂ'lﬁr'gamaﬁ'uti
A4 WU hairy root @BWUGHN 1 28X N. plumbaginifolia & T_-DNA 917U 1-2 40 uaz
T-DNA $1u2u 0-1 %@ dIunad N. abacum §l T_-DNA 117U 3 3@ uaz T,-DNA §1u2u
1 %% udr B. napus i T,-DNA $7uu 3-4 %0 uar T,-DNA 371uu 1-4 YA Ambros et al.
(1986) wui T-DNA lifidumisiisasunsnfiutivauly genome waafiy Tawldvimsdnen
@UMiva T-DNA vulaslulunnag hairy root @8WUEHIN 7 BB Crepis capillaris MARTIN
A. rhizogenes @UWUS 8169 las73 In situ hybridization wu lifiduminaanunsnitanz
WTNYaN T-DNA vulasluluuney hairy root uastianunsowuliis T-DNA 1 1A uu
Taslululalaslulmmiiinie T-DNA 2 g0 uulaslulunenewislumadidmiunis T-
DNA 3 1a vulaslulanwiaudsriudndls
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NISUAGIaaNyaIGUNRNNIIWLIGTA hairy root

ASUENIBDNY T URITANNEEURBNISAA hairy root 5 4 GIUNUNAE rol A rol B
rol C uaz rol D Fedimunaussuin 0.65 1.05 0.85 uas 1.25 kb eua U (Taylor et al.,
1958) laodume 4 dinmsuaessanieanusuustluasdnitliifio hairy root @afu (Spena
et al., 1987) warfafiuanadnumuryae transformed plant HLAGRIN hairy root andie Toans
Anwmad Schmulling et al. (1988) lu transformed plant ¥BIEIFUAAAIN hairy root AQNFN
vilay A, rhizogenes  BTNMIINAUBEIBY rol A rol B War rol C  wUUGNTY AU WU
transformed plant fihawizdu rol A Tudisuswnldsuadas  gesnassdisuazaaniiaua
'hmj%u seed capsule 'lvmﬁu wazy 58«1511 d7U  transformed plant ﬁﬁmww:ﬁu rol B '].Ufl‘é'l.!
aEsuulas aanEnaa seed capsule 130 araaUNdsUoBaY warUda9du  ransformed plant

da - i d
NUYIEU rol A rol B uwax rol C 'lua:ugﬂswu]aauuﬂaﬂﬂmn ManN WAt seed capsule \an
uIn uar Uanadu

msusasnanzoviulu T, -DNA i A. rhizogenes wuh  ffufifvuamsadin
gasluuRtinITastumsdaanzioandu @0 Bu s (Falu homologous AU T, -DNA
209 A. twmefaciens) Wiaanlu 2 @uvuy da fu mms 1 vaminduesisvieula
tryptophan monooxygenase ﬁwwﬁwﬁ;m?{au tryptophan Uy indole- 3-acetamide (Thomashow
et al., 1986) wazfiu tms 2 code "S;Qﬁ‘uﬂﬂzﬁt.au'l‘aﬁ amidohydrolase ﬁﬂﬂﬁWﬁLUgﬂu
indole- 3-acetamide W indole-3-acetic acid (Schroder et al., 1984; Thomashow et al.,
1984)  upnNNifHBY tmr Fedueneviaulad isopentenyl transferase MMIAEIN
isopentenyl adenosine Fatuaswinlelalafiudndrs fudieq e limei

UNITIRZULAU
- a1 0 - o o
lalawaidsaluavsnliduasamvaunisidadule

aauud USAYRIMI¥INsay T-DNA 90 Agrobacterium WHNs8a Hu vir  uas
. L] Ed J a bl
nght uar left border sequence 28N T-DNA WadITUAEIHUNAIIVMUANISTETINETS opine \lax
-y A ] z Ly -« 1 1 )
gosluuiznadnvlu T-DNA u Lifimialumsdadis T-DNA wsatwla
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ASIWIZEBALTBLEA hairy root (NaHAGIIINABNH
a T 4 . R » v . ar . o
39859y (2535) 1@ hairy root veNAuUna @ lwamaan (Datura metel Linn.) #
- i “ s - - -
WiAIN  A. rhizogenes @IBWUT A4 8196 R1000 uar 15834 luamwisaafaltnandaas
L] » b > -t 4 ﬂ“
atropine WU lanafuudululasanaWud A4 8196 waz R1000 tilautn hairy root ¥ UALN
[ P J . - v < ' -
lugasaimsen q dalildgaslun wWudd hairy root @ansoidgladuazmiaGininnuné
-l r b4 - . ‘' o -
(N8ANHIAT growth index WENUIMUNEGUEN hairy root WU mssnylugnsaimadaudas
- 1] L t L 1 - ::’ -
B5 finTiaasaaudas MS Uszuitn 2 10 uazENwuil transformed plant (ROAUNIIA  hairy
» ] J ol W » &’ < J - W — '3
root 1@ U@ transformed plant Nlafanvmuziadu lultuadu wazRdgHuin MsAaTIzm
US04 atropine 1u hairy root l@#38 HPLC WuT U3nieu atropine 14 hairy root 3 @eWus
A, - brd « o« 4 J ar -

MAaIn A. rhizogenes @wWUF A4 uar R1000 Hiddwaandu  lasfivSuugege 0.49
P, : o > P v v > . -l -
Wasilgudaanimvunury  uat 0.56 Wasiuazaniimunuiy auaau wazianSsuiau
U3utu  aopine TuTINUN@ WU hairy root  JUFN atropine ganlumnun@vssanm 2

] ¥ . o} an, N . ] . = o o
M ua=zwWwu hairy root ma‘sq;'lunuﬂmﬁ‘imm atropine 4N hairy root ntasm1u‘nmtﬂ~1

Yoshikawa and Furuya (1987) lavims@inwuSyiaiuaamaaad@ain hairy root 79
lau (Panax ginseng) %'«?;m'luijmmm‘i MS (1962) ) wluduaadluu wui hairy root
gaald@u3aldiinm udiivSinuuaamasyd saponin Uaz ginsenosides IR IUTINUNG
1.78 i udila@nansluu IBA uaz kinetin avluswsisezdiislimsnda  wazUSunw
UBAAIADEH YA hairy root ‘g_iqgum"uﬁu 2.02 uar 2.80 M auE R

R - . - ar - -
Robin et al. {1987) ANEINISLAY selective agent twaﬂmaanawwuﬁ: hairy root 984
da ; Al .
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2713 B5 WMIMMSR302a9 hairy root anad  udlinadinanisndndisiueamaasduay hairy

- > . - . . . . ﬂ: J’ =~
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. <

Christen et al. (1989) @nwiSaunausamassdnwuly hairy root Datura candida #
= «n 4 P ] ” :'
Bealuamiaval MS (1962) 218 1 W@BY  Wud1 3 scopolamine 0.57 tasiiudaanii
MINUWS Waz hyoscyamine 0.11 Wafifusdsanihwinuty Jannnilusinung
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8402 Wuh @nsaudamslungy antraquinones panIle wazilavnmsdnwinazaatlade
dn 9 Tumswandse wun dledsdlugasans Ms (1962) Mdwmiheaglase s
wWafifud uastRus9BIMS Eu’’ 3s28nsedumsaea1s antraquinones 1dtRndy
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2. ﬂ1§11wllﬁ.]1ﬁlﬁ_ﬁ_haimmoj
2.1 NVsiA3uaBe A. rhizogenes S1EWHS ATCC13332

1.1.1 msiaanuueade (tubidity) 10ams sweak (H0 A. rhizogenes udos@IeWug
MUUFATOMISUEY YEB uldl single colony NN single colony fhaxdnsluams
waagas YEB lauidmfiaamnil 28 ssmwades widsanu® 280 souaauii luta
szuza 2 @ 72 Al udnbhandeen  optical  density (0.D.)  lagldiadas
spectrophotometer  AAMNENIAAY 650 Wil udnEsun WA ldME Rz
@8N5 infect WY éqm'nﬂmhqmsm‘%mﬁag’lusza: log phase Flumsufidasdaly awly

= al » J » - i A
']ﬁﬂ'\'Ll"JE\.IL‘]a'l‘luﬂ"ﬁl.W'lzlaﬂQTﬂﬂaNEN’Q']ﬂﬂ‘l 0.D. mﬂ‘ﬂﬁﬂﬂﬂﬂ

2.2 113 infect NBAIDLBD A. rhizogenes

ﬁm"utamgatwﬁqumﬁtwwzrgﬂﬂummsgm MS (1962) ﬁﬁm’mq\:ag"lu'ti‘n 4-6
wuduas  3EmilWiAe hairy root lasiwlia A. rhizogenes ﬁtgm'lummsmmgmi YEB
Pamuvail 28 sernsaBud Mwdidionnnd 280 soURaIIR BestEzM 12 Halue W
A infect UMAIGUYBAINNIWEWA TosuuddSmsinnauna 2 38n1s aail

oyt o - o o o s [} 4 [ 3 1 =4 v . -
/A1 damdunizun 26G1/2 rnumssEidauaiinasazaimds udnhluunsuud

-~ - qw.v W J -: A - LY T » ot
Aulrayatwiuemauaten 4 Mnlautull e litiouiauns 20 vaunanadu (An
wiUasuan Kanokwaree, 1997)

-

GIJ - = 1 s J . ] -4 b - L J -
ov_2 mummmmnmum‘smLiauﬁ"m‘m‘imuumﬁu'lmﬂumnﬂ'nﬂ'izmm 1 [WUALHNAT N

z - E=Y L) - o
dwihdaddnes 10 lulasies veeaswuSnasasneusa (aaudaduein Cho et al.,
2000)

NAWINMINIG infect MIBITANTANG Hana1IUAA tTweTuﬁﬁml.ﬁrm'lugm‘smmsuﬁq
- - Y v
MS (1962) Wgun)il 2512 asmwalded  aMuluENSEII 28 pmol/m®/s BINUES

o ] - [~ -t o »
16 tlaeaiu (Wuszazaa 4 Yu NnuuealugesaIvns Ms (1962) ﬁtﬁumﬂﬁ'ﬁ"mx
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. [ LY ar | | [] s o
cefotaxime AMUWNLY 1 NINGdAT  usztlRauamslviinn 2 M Wune 5 Fuenv
o . e A .

WWanNIIMLYe A. rhizogenes

YWIMIMAaaIAEINUNUMINARBILUY completely randomized design (CRD)
YmsmaasavInuiudas 2 91 91az 30 Gu

mstufinamameaatlesnSaufisumsanuuansdneasdimdsyaadosiFudmsiia  hairy

root TagiuIN LB URT LA hairy root

3. DIIMNILLBE hairy root

WAz hairy root lHDTMISULATEMIWIIANANGI ) Lﬁ’a'lﬁ’ld’gm'sa‘m‘ﬁuazamw
Oz gaonTan UM inaes hairy root leenil hairy root ffdadEe A
rhizogenes 8BAMNAUAY (HaINTB 1) WmingaBusu 0.1 n¥n  souudmlusmisudua:
FNIEIMISLMST MS  half-strength MS B5 wax half-strength B5 Tuagamwiiiuaading (e

wWuusUsEnm 28 pmol/m’/s ¥NUEN 16 Faliaaaiu)
waded Wussssian 1 1Hau

éd A o,
wazniia nauvni 2512 avmn
I TNAEDILATTNUNUMSNABBILUY 4 x 2 x 2 factorial in CRD
o’ d - "
Uavu9 1 Aa 21W1SanTe N 4 gas
ar A -
Jadan 2 @0 amwWoIMSUZHUaTaIMISIAE)
o o - o d
Jeuh 3 Ae dmwiiuaIuaznin
YnmsnaaassinunInuiudas 20 136
dudnuanmsneaales  (USsufisunamsiaiuuan hairy root FILARIIN A. rhizogenes i@

- P 1 as = 1 » ar
WBeatugesamsuazdnziuandniu lasmsuBsudsudiads growth index 2UWMIIN
aauasiiminuiilagldgaséduim da
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UIMUNLHNBBY hairy root Fresh growth index (FGI)

1l

final fresh weight — initial fresh weight

initial fresh weight

UMMUNEAYDN hairy root Dry growth index (DGI)

final dry weight — initial dry weight
initial dry weight

4. NIFIANHUII0MES plumbagin
4.1 MSANAUENEIT plumbagin (AHUUAININ B, 2543)
. o ' & d e o - o
4.1.1 héetdiadanaunanmgil 50 avdngaded (Uune 3

-4 A » - <d - n.l =9 -y ar L]
4.1.2 uatiatdaurdlasdapuaniiuige 500 Hadnsy ldavlu flask 2ue
Y - oy c‘; - st - = AH 8 =y o L 4Dy BN
50 fiaddns NNUULHNAINaTA8BUANINT (polar solvent) A LUVIUBA WU 20 Haddns
wanitldigianaanuEisau 150 savdaud Wuvad 12 Hlus

o . 4 v ¥ 4 AJA:I » 4 o«
4.1.3 e 4.1.2 Aldnnsasmanszasnsaauuasd 1 Alvuneduriugud
a o < v - & . d
na 125 dadwas srledsasanaladimasssutady TINTUEINIINUY water bath 1
. - o v - Qs
gl 60 avansadsd twalitamusaszinaaanauvue Tdna 2 Ju

- A A ar a £ =g =
4.1.4 1 crude Nldanta 4.1.3 wazaamaavnazansillasdesudmey
. - o v ,
1 400 lulasdas udrgamsazanafiazanelauinsasday syringe filter WuadUrUGUE

o o N <l o &,
nan 13 daduas 2uag 0.45 lulaswas Tdaslu vial 7 insert vial i lusziva
U

4.1.5 1 crade 79 4.1.4 wazaemsdiarasilos@oudmessy 3 uu
& 4 L] - 1 J ) £-9 -
100 lulasdas Arumsnsasunds daufasinlUdwmnsiseedas HPLC



4.2 NITIAIITHUINIUTTIT plumbagin @I85 HPLC (High performance
liquid chromatography)

=, o < . ]
4.2.1 ssuudlFlumsiwned (859, 2543) Biinuaamdas Agillent Ju

1100 wiinuaanadny Agilent Zorbax SB-C18 Stable bond ® Analytical 4.6 Ja3aas
DX250 Haddns (5 lulasiag) Serial number USCL 011275 made in U.S.A
gAMrzaanstasassruuddaray daninmsiva 1 Haddnsaound
NNTVINMSIATIZVHE Detection @ANFuLa 270 nluues

Temperature 25-30 a3 LHALTYA

Flow rate 1 Nadansaau i

=i o e = L [ o [
4.2.2 mMseIsnds  Nuzsavazesiingsruudiaiarais daeniuns
nsanaunnyila o9l

4.2.2.1 Wnau (nauliluhiu 3 ) uas nsnesddia 40 wasitud ms

nsoalaslEnIzmunsas cellulose dmiunsannvuaFurIugUinan 47 dafias vuag
0.45 lulasuas

4.2.2.2 wmuaa 60 Wesigud nsavlealdnszenunsss teplon dmsu
nsavihunauuguanan 47 Hadms 2ua3 0.45 Lulasuns

4:‘ = ' = oy - ar
sarananlgluszuuieszy (solvent system) 938N NINBLBHA LIMIUDa ludadEIu
40 : 60 WaslBud

- - as N - = - o4
4.2.3 ASSUIUMTIOTIEY  @Saudaa1sa0t s e lasaidudaa s
4 »w ar 1] :’ LY oar 1] ‘Jd
uaa 100asFud amudsEITaTaIEGIREN 2 T TTSuadseliataRaarneSag
- o
10 lulasdas sevuaSasnsuNa

MsUuiinua ¥USINMETS plumbagin MINAMWNTUBD plumbagin HEuItildan

dUNIT liner regression equation 989 plumbagin standard ttﬂzfi’lﬁ’uﬁ'lﬁf ﬂ‘i’lﬂﬁl'lﬁ'-a’mﬂ'l‘i
It a2l
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d3uans plumbagin YI8NAIIN hairy root mam’luqmmmsmq o T 1

- o ~ . - ™
ﬂﬂ'\Wﬂ'\?‘l’\'ﬂlﬁiltﬂ:t“ﬂ'] wardnwWniuduasniia IJ'\I.\J%'UUI.YIUUHU'SWTILLHQU‘“N'U']GI“N

- - . I - ) . [ a
a-]q 3-4 ﬂ 11111111?)1[11111146']\!6151113’60 AIUIVIULN é’]lnanﬂlllwquau QQ“?G\UF\S'LISN
] - v al o A -
UWREITIAYVILDAIINAUNLWICLREILUDLHD “ua—]q 2-3 10U

-l . -
doyunuasivasiIaminiilae

- o
daUNMMINIINAIAY

vanlfudmswannwugisuazinalulagiziniw MATTINYEIU AMUZINYAT
UM INNFBNEASAand Intiwamuninay fantauanigu

~on Ky 4 o s
'n"aqﬂgumm‘smmamuﬂvmuaﬂuua:wuq'm‘m's'm autimaluladfizmwinuns
wwVingavineasdand Inmaadiuwiuay Saniauasdgu

LA MMINIINAID

IEVTHADUNGHNAN W.A. 2543 DUl QUINY W.¢. 25486



27

HANITNADY
1. psunzdsaiiaBaifan)seenawug
1.1 prsEmi iesaa

P W . o - .
RnmMsAnmgasammsnmnzaslumsimhayamdwenlvitiagasdruauun
° dv cl = ar LY ] v
Ta8ieeaaLarMZINNIWIELREIUUTATIINT MS AN BA aNu@Nduae 1 wul) BA
a v v v ey P W . Vo o v
nn‘i::ﬂuwnumu‘uua‘m'ﬁﬂn‘izqu'lwuud'mw'aﬂ*n\'l organogenic callus 10é@ Toe callus Alaw
or ar = <A ] :’ & ) 1) JJ A Al o oy ar 1
anwazeadwiuda  HEdsnlwherameziuwiuiungy 39 BA anududu 4 TadnSuds
o ar . v o Vel o as  of - pu ) s [
das  dmbhlvifia callus ladnge uweadanlaninmngesamvisimadavansawannludly
goeunannld  udgesild BA anudiudu 3 fiadniudadas sunsoFfminli callus (e
[y o o . a4 o a > N Py
gaalasniga  lesiidhuiusesmdsidienndudiuGudumean  89.50 #BA WAXIINTU
o v . " v dF s
duBNeuMIN 201.62 gondptudiuiy  drumsacuasernldslugasaimis Ms Hli
- = P l;‘ ] 1 v i - Adw
W@uasavaumaduiule fududsezliadn callus wdsziollugsaniidnwasanysal

. - o ' & o o
20 ine lasineaagigauien 1.4 gansdadudiuWeyIue (9NN 1 uaz MwWA 2 uas 3)

ﬁ" L] ar A - d L] P ) ﬁ:‘ lh'
AANSNaaaNtnUT  UadenynadaulMNansneaadfiuandamaasd lossudiusy

» F=] » 1 o ‘J = J’ é v"’ - » r- ] ¥ » []
sullnastiesnealdungaeNiindu  Fnsladudiuainlvuadinndudivzaamsanosg
= s o :n' r-w-9 J - ar - o, - ar 1
fvedagdumaadd wazdliannsantdRsaasdsarumsisadule Aa stAuzas BA wuh
HaNuuana NI NaEdfuiY  TudiuzaatadusIus e I NBUEIUNTULAZANMNENTUTEY BA

= v [ 4 J 1 PR ar o o W ] s = =
ﬂ'l'?.i‘WU’n Nﬂ'f“»lu.ﬂﬂﬂ_l\iaﬂ‘\quuﬂﬂ']ﬂmunq\'laﬂﬂﬂjﬂlﬁUﬂu (MM 1 Uar MTNAIANUINT

1)
a o - a o ool o
1.2 n"iﬁﬂ“q‘l"ﬂﬁﬂ“ﬂlu‘lt\]uﬁu"auusm

nnmsnaaasimhliitiagaean calius Fawui msld BA amandadu 3 fiadnsuda
. > - | + A v ] ar I [ ar
das  Tiwaedwnuwnnige  wiseanlainna@nuazbisuysai¥lddauiuasdronnadai
- . & d o o v ! -
WiageamdaiuIIWIRERlUgaTaIMs MS Ay BA Aflanudndudiasde 1 uas 2



28

o oo, | o - P TV v v & ar pu | B
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d E=d 3 £ : 1 A‘ b Ad 1 =
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= LA callus
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| - - o e & ar - -
AN 2 MSRSRAUTNYNEBANWAITU EIRININLANRIAYALNIIGT (Plumbago
P 5 o o “ o e 1 =
indica L.) AlaNMStwIstdeauugasainis Ms fitdin BA 3 fiadnsudadas an
= o o ' -
@EIUUFATDIMNS MS Adin BA amudududn q Wuna 2 @eau

BA ﬁ'lﬂ']ﬂﬂﬂﬂﬂﬂuuuifﬁ AN UL DN Fruaulu
(un.s/a.) (zvaen) (g4.)
0 Ob Ob Ob
1 23.8a 1.088a 3.984a
2 7.2b 1.026a 3.672a
P-value 0.0001 0.0001 0.0001
C.V. 54.99 14.99 11.10

» ﬂl pu | . L at B P at & [ ¥-] J - o =
ﬁ'\ti}aﬂﬂﬂ'lﬂUﬂ'JElGl']'r]ﬂH‘il.Hl.lEl‘Nﬂ'utl'utl.‘u'l\'ih'l luuﬂ‘J'lullﬂﬂﬂ”l\lﬂ'l\‘lﬁﬂﬁ Tﬂﬂﬂ'l‘ilﬂ‘itl'u
P ] o Y- | N -
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IJ 1 A s - v o J
NN 3 WaaIgNTaIMITEN ) damstmih e snnmnoaaluaniwiwiziamyas
= o & P
(IAYILWIIUGN (Plumbago indica L.) \flatwizidsaunu 3 diau
gaseIms Py anuem Umindaus Uvinuvies
J A ¥ AJ 1 ¥ AJ 1 b
TINRFY  IRFYGITIN INRAdedu  Inwmdudanu
(on.) "D (n.)
Half-strength MS 12.0a 2.37b 0.464a 0.0741a
MS 3.40b 7.218a 0.119b 0.0180b
MS+NAA 0.5 un/a ND ND ND ND
MS+NAA 1 un/a ND ND ND ND
MS+NAA 1.5 uasqa ND ND ND ND
MS+NAA 2 un/a ND ND ND ND
Pr>F! 0.3303 0.0901 0.0082 0.0033

- 1 o e e »
Y msifSsufisuduadufmeds T-test NNTYIRWITFATIIMS Half-strength MS

wazgnsaanis MsS

: . o - : aa v d z v 2
ND = Limnsoluiindayauaritanzvameaddlailiamin nnswmfunszaniiaatuemuinu

SaHRA UasdA callus Fumumezidudausini
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MS+BA O fiadnSusadns MS+BA 1 #adn3u6adns MS+BA 2 liaaniuaaans

MS+BA 3 Hadnsuaadas MS+BA 4 JadnsNaaaas

. o oda K J
NN 2 ANHALUBIYAAERAYIWIILAITIIANAMSIzEsIMEan lugasaims MS 7
- ' -l e
(@3 BA aNuiutude 9 Waay 4 Wau
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MS+BA 0 Nadniuaaaas MS+BA 1 HadnsufDang MS+BA 2 fadn5uaadnsg

MS+BA 3 #adnsudains MS+BA 4 fladansudaans

- a - o - ”
NN 3 aﬂﬂﬁlz‘ﬂﬂﬂﬂaﬁlﬁﬂ%aI.Wa\'lLW’NTIlﬂﬂmﬂﬂ'lﬁl“'\:lgﬂﬂﬂ'\ﬁ"l\ﬂ.ugﬂ'iﬂ'l“'ﬁ MS ﬁ
- v W « - -
AN BA @ UBHIUATN l.uaa'lq 4 L1nau
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MS+BA 2 1a8nINAD8AS

L4 -r - Jﬂ
ANHAEMIWRNNYBIEEAN AN  callus  NHBaOTUIAENINNISINAL
: J - » oy - b 1] -
W@eauugasoMs MS Aildu BA amaaiudu 3 Nadniudsdas IR ENUUEAT
2msene q Wutan 2 @au



MS+NAA 1.5 Badnsuaatns MS+NAA 2 Naansuaaansg

d - - = L J :
Mnfl 5 SnvauzmsiiaTnyaduInyaniiualugasaimsen q Nldsny 3 @au
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2. P13EDI LA hairy_root
2.1 METHNED A. rhizogenes FIBWUG ATCC13332

J - 1 aln.r »* J’ ] ar <4 ’
Wud 0.D. Maleainszgznialumsiimen 9 funndsunsiiwuin szes
J -— - 11 d" ..I
naPEaimsedadulauuy log phase aglurnvaimawizidsuiunal 10-20 1l
o ' o Y w ' & v = o o & o
(mwA 6) agnlshenu Nndayaninanmaneastiidanldsreznandsudan 12 H1l 39

A - -r L] L - J =% - | ] » »
davdeluszozdand v nuwadsaudalasdd colony count WU fianudinduzas
o 1.5 x 10"? waddaiadans audnu

0.4
0.35 ]
0.3
0.25
0.2
0.15
0.1
0.05
4] T T T

0.D. 650 (wnluns)

I

1 L] T T 1

0 10 20 30 40 50 60 70 80

aan ()

. &
MW 6 MsI3auauds A. rhizogenes EBWUF ATCC13332 TuaIMstmaIgas YEB (ae
) il v IJ 4 a4
f’lqmugu 28 sedwalded uazwgNANNGITaY 280 sauaaU

2.2 N7 infect WOGIENTUB A. rhizogenes 1IWUG ATCC13332
PIAMINAIVIOURAUUEIRY 2 IF ua? infect lagld@o A. rhizogenes

o~ o ’ ooy v o ot - o P A I . o

Wug ATCC13332 wud AEnsliduunnaziimsnieifidadiliudduiniia hairy root s
1 ] T o, o J

67 uaz 65 Wasidusd FLiuaneyeadd (aean 4)



| o e § woa ) . w - & . o
MINN 4 Mgt Aa hairy root UUATOULIAHILWHILLEN lasze A. rhizogenes d1UWUD
ATCC13332 TagiEmsmueuna 2 58 Wuna 4 ddev

a

LY
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35msvuie 9 1 711 2
=)
a )

LLEd HR oHR HR HR % 1na8 9HR
n3naIuiia 18 60 29 73 67
wnaeediu 20 67 19 63 65
Pr>F 0.3126"

17 P » = ) -
mMsuSauiouaiadeasds T-test

NS = lduanaanagad

. 4 - o e . - > ] - o+ >
HR = 37U IUBUNINN® hairy root FUIUBUEIUINOU 30 Bu

IR RS

A:J o, . o L o,
HINN_7 MFNA hairy root VUATIOULIAWALWRILLGY

UGBTI
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UNIGIuLBN NIANIIH

J . .4 v , . A & o
mMuh 8 M3ITMIIAAA hairy root vudduIauawiual laudis A. rhizogenes anavug

1

ATCC13332 Tagdgmsvuieuna 2 35 tHunan 4 ddaw
- .
3. DITIMITIAEY hairy root

3.1 WANIIWIEIAYY hairy root IAAIINTD A. rhizogenes A1UWUS ATCC13332

4

INMSANHIMIWIZEALY hairy root MAANNES A. rhizogenes MuWusg
ATCC13332 Mageluanmsuiauazamisinaigns B5 half-strength B5 MS uat half-
strength MS  TuamwWiiiuaauazing udniwmie Fresh Growth Index (FGI) uaz Dry

Growth Index (DGI) wu @®39IM15 BS Tugmwavisimaiuasfiie 1Wé) Fresh Growth

- - - b A
Index (FGI) uar Dry Growth Index (DGI) ﬂ?’lqm Ao 3.94 uar 1.89 auaau (o an
11)

d“ J 1 L
uamnm‘:r hairy root #taﬂ\ﬂugﬂ‘iﬂ"lﬂ'ﬁ UATANWALIH ISR IO 1] @500
- - g d a .
v hairy root LAANTS regeneration o Temagaluanwniuasiians regeneration w
#- - -l - . 1 v oy v ] .l o oo 1[ -
vaa uamm u.a::'luamwnuanmmimnam-i regeneration OLEUNY WAUDUNIIUVIHUTILN
- . g P ry -4 P o oo
UL RV PO uaztﬂamﬂaﬂnuﬁmamﬁ'\ﬂmtam'luamw'r'ﬂuum dnsanddaguidugannil
- L ] v ar -~ . -t [ - LY v a] ] . o
ddenldwuiu drusnunczpadui regeneration AVAIANWATAD anHAUzOUNMLlBUAUUNG



, v oo Py o w v & - & o w
uRuNAulaneuzidsuastundu faddasdu luvinsauazdwlunszan weavlutu
J - Y - r 1] »
wasnnhaiinanimaeigilbivivey Hudy

Watmilaneinadanniedosin 1 do FATDIMT MWD IMNTUDIUGE
W wazamwiiuduaziia Duieladonud 1 wuh Uadunangnsenmisda BS half-
strength B5 MS half-strength MS uaz Uafsamwaivisuinuazivad 1Wen Fresh Growth
Index (FGI) Ua¥ Dry Growth Index (DGI) fianuuananiuatwitsddyatwimaada
drugnwiiiudsuazniialwe Fresh Growth Index (FGI) HANNUANENAUBLNTVBE A
BENENNNENG daudn Dry Growth Index (DGI) 874 UGN NAUBHNAUSTIAUNIITDG
uazl.ﬁa’uﬁﬁ:ﬁi‘mﬁwahu‘izuiwgmmmsﬁuamwmm‘suﬁqua:maﬂﬁ'ﬁh Fresh Growth
Index (FGI) uaz Dry Growth Index (DGI) fianuuananiuntwivsddnaiamada

- - L] 4 -~ J - CJ e L) =4
BNBWATIN IV INFEAIDIMINUAN WA UEIUBSNTIA IYA Fresh Growth Index (FGI) fianu

UANANNUBENIUBAAYDENINNNADG d3uAY Dry Growth Index (DGI) lifianuuandn

AUYNARA BNSWaTINSEINAMNEIMISUTLAIBAR UMW Lauas AT 1WA Fresh
Growth Index (FGI) uaz Dry Growth Index (DGI) fanuuaneafuatnituddasaia
MRAGA uasdndwatiuszvin 3 Uednfa gasomaiuamwaImsuiauazivad WATAMWA
fiusuasfilalWe@ Fresh Growth Index (FGI) wat Dry Growth Index (DGI) ia1uuan@a
ﬁuaéwﬁﬁ'adwé’ma:ini‘}qmaﬁﬁ (mﬂqﬁ 5 & 11 uaz Mwi 9)
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J 1] A
| TN 8 ANRAGYDI Fresh Growth Index (FGI) uas Dry Growth Index (DGI) 9@ hairy
o o o o« g
root MAAINED A. rhizogenes MeWug ATCC13332 dsslugasanns BS
half-strength B5 MS wav half-strength MS (Junian 1 iau

Fresh Growth Dry Growth
dasoms Index (FGI) Index (DGI)
FGIETSD DGIESD
BS5 3.53a 1.70a
half-strength B5 3.31b 1.50b
MS 3.22¢ 1.34c
half-strength MS 3.21c¢ 1.37d
Pr> F 0.0001 0.0001

¥ - e we - e - [ LA au 1 - o 3 = » -~ acd
Fnmaunmnua’anmvanusmuaunu‘lul.m‘mq 1uun1’mumnm1~mwﬂnm Tﬂﬂﬂ'ﬁllﬁﬂ‘ul“ElUﬂ'll.QaE!ﬂ'Jﬂ"Jﬁ

Duncan’ s New Multiple Range Test

MTHA 6 @NRATVDI Fresh Growth Index (FGI) W@t Dry Growth Index (DGI) 284 hairy
3 ar J .:2’ =1
root ﬁtﬁﬂiﬂﬂlia A. rhizogenes ﬂ‘lﬂwu{f ATCC13332 ALas luamwaImisuiia

wazivad Wutian 1 (au

Fresh Growth Dry Growth
FNINBINS Index (FGI) Index (DGI)
FGITSD DGIESD
VNSUB 3.26b 1.38b
aIMITIvan 3.37a 1.51a
Pr> F 0.0001 0.0001

] - d, v w - a P v [ 1 "t ' qu 1-[:‘ = ] d v oo
ﬂ'ltﬂa!l“n‘lﬂ‘uﬁ‘)ﬂm’lanﬂ‘ilﬂuauﬂu‘luuu?ﬁq HHUANHUANATNINNTNA LAgNISLUIBUMNMSUAILRTEAILIS

Duncan’ s New Multiple Range Test



41

o ' pe|
MW 7 AUNAYYDN Fresh Growth Index (FGI) was Dry Growth Index (DGI) 284 hairy
o o nﬂv - ar s cl cr =i
root MANIINED A. rhizogenes S18WUS ATCC13332 Massludanwiiiuas
= P <
warnie (Juna 1 @au

Fresh Growth Dry Growth
anmwiilusauaziia Index (FGI) Index (DGI)
FGIXSD DGIt+SD
waa 3.29b 1.47b
e 3.34a 1.49a
P> F 0.0011 0.0273

L) J d - et - e ar z v ol L o dD, = 1 J » sy d
mmaanmnud’mmmnu‘imi'iaumﬂuumm lusienuuan@anaans lesmsuSsuisuanismeis
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MINN 8 ANUAIEYDI Fresh Growth Index (FGI) waz Dry Growth Index (DGI) 484 hairy
o a i Y o &
root MANNNED A, rhizogenes §HWUS ATCC13332 Miaslugasaimisuas
ganwavisudavazivad (tlusat 1 Wau

dNIWDINS Fresh Growth Dry Growth
gosaIns Index (FGI) Index (DGI)
FGIESD DGIESD
B5 BIMISUEN 3.35b17.637¢ 1.59b3:9.550¢ "
2N 3.70a+3.061e” 1.83a1+8.750¢ "
half-strength B5  27M15U%9 3.29bcd*1.050¢” 1.46d+1.083¢™
MU 3.33bc*+1.815¢" 1.54c*1.269¢"
MS GRPREITLE 3.20de13.620e7° 1.32f ¥2.601e™”
2IMAVaD 3.24cdet4.444¢”° 1.43de*2.720e"
half-strength MS BIVITUYN 3.18e+9.577¢" 1.30f +1.989¢™"
IV 3.24cdet3.582¢7° 1.39¢+3.640e™
Pr> F 0.0001 0.0001

. . e e - w A ™ ] oo <4 ) e mas
ﬁ‘"ﬂgﬂ'ﬂﬂ-lﬂ\]ﬂjﬂﬂjaﬂﬁ‘il“ Nﬂuﬂu.l.ull.u‘)mq 1“”?\11““9\“9‘1‘3”1\13“5\ Tﬂﬂﬂ15uﬁﬂuLﬂﬂUﬂ'\lﬂaﬂﬂ‘]fJ-ﬁlﬁ
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MNIN 9 PIRJBYBDN Fresh Growth Index (FGI) waz Dry Growth Index (DGI) 484 hairy

e & , ar oS &

root MINAINYB A. rhizogenes §18WUg ATCC13332 Midualugasaivmisuas
dq Aﬂ =y

gnmwniiugauaznie Wura) 1 §ay

Fresh Growth Dry Growth
gnsINS Fnwiiusasile Index (FGI) Index (DGI)
FGItSD DGIESD
B5 Uae 3.42b1+8.136e7" 1.70at+1.039¢™"
i 3.63a13.654¢” 1.72at1.875¢"
half-strength B5 e 3.31c¢*1.873e™" 1.49b+8.568¢ "
iio 3.30cd*9.849e° 1.51b%1.540e '
MS LWe 3.21cdt+4.238¢7° 1.38c*4.661e™”
1o 3.23cdt4.662¢7 1.37c¢*£7.575¢™°
half-strength MS (e 3.20d%5.739¢ " 1.33c+3.082¢™°
iin 3.22¢dt9.119¢™ 1.35c+6.715¢7°
Pr> F 0.0001 0.2851

' ar W . o — ar P v e ' o = ' d v me
ﬂ'llﬂfilﬂ‘ﬁﬁ'lﬂUGYJEJG\‘ZIElﬂH‘iLﬁNE)uﬂ‘u‘l.uuu‘]GN 1HIJF1‘]'1Nl.WlﬂG'I'NYﬂ\1ﬂﬂGI Iﬂﬂﬂ'l‘il.ﬂ“ﬂi'ﬂumﬂ'l_lﬂ’lmaﬂﬂ']f_l’)ﬁ
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o .
MTHNN 10 ANRA8YDN Fresh Growth Index (FGI) way Dry Growth Index (DGI) 284 hairy

root MAAIINLAD A. rhizogenes IBWUT ATCC13332 NMiBsaluamwaivia
le “a =
utauazaazamwidiuaaziie Wuna 1 deu

Fresh Growth Dry Growth

FNNBINS apwniusaziie Index (FGI) Index (DGI)
FGItSD DGItSD
2IMISUB wa 3.28b%+1.139¢ ™" 1.46b+1.572¢”
BIMITUBI fia 3.23b1+6.697¢ ° 1.37¢t1.054¢™
MUV ua 3.29b1+1.620e " 1.49b+1.637¢ "
2IMItvan e 3.46a+3.188¢ " 1.60at+1.993¢™"
Pr> F 0.0001 0.0001

1 1] - <4 1] d > o
AMRaEP I AuURIBSI S NHs o ufuluuwgs Lidmuuaneameadd leonswlisuisuauadomend
Duncan’ s New Multiple Range Test



< ' <
MIIN 11 OIIURBYYDN Fresh Growth Index (FGI) uaz Dry Growth Index (DGI) 281 hairy
< a & . o o
root NAANNLLB A. rhizogenes TaWUg ATCC13332 fidsslugnsams
‘!‘q Aﬂ b
FMWBIMISUELBUNE) wazamwiiudnasida Wuna 1 dau

Fresh Growth Index Dry Growth
FN50IVS ANIWDINS apwi (FGI) Index (DGI)
udwuaziio FGI+SD DGI+SD

BIMU ua 3.39bct8.017¢° 1.64ct1.098¢™"

iin 3.32cdet5.888¢2  1.54d+4.522¢7°

BS AUIINAD U 3.46b16.773e7° 1.76b*+5.109e7°

i 3.94at+2.532¢7" 1.89at5.941¢”

GRRRHIG wa 3.27deft2.421e” 1.42¢%3.163¢”

fin 3.22¢f+3.433¢>  1.36f+1.457¢7

half-strength BS ™oy 1stman ua 3.36cdt1.067¢”  1.55d+7.086¢7°
iio 3.38bc+6.168¢ 2  1.66c+3.927¢
a1WISU e 3.21f+4.668¢ 1.34fg+1.776¢7

i 3.19f+1.969¢7° 1.30g+1.877¢°

MS 2IVINA) TEX 3.22¢f+3.945¢ %  1.42¢+2.314¢”°

g 3.26deft4.040e”  1.44¢12.763¢7

2IMISUTN ua 3.19f+1.088¢™ 1.30g+1.796¢™

e 3.18f+3.302¢™° 1.29g1+2.150e7°

half-swength MS ™y isiman ua 3.22¢f+6.915¢°  1.36fF1.185¢™
iiq 3.25ef+1.179¢"  1.42¢+2.360e7°

Pr>F 0.0001 0.0001

T . o [) - ol . < » -
MRAsTMAuse s nuswmilaumdluinegs Lbifianuuandniaia lnenmsnFeunsudindodieds
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AT IMITUGTANIWNLWITLEYN

v o o &

ARaudeN Dry Growth Index (DGI) 98N hairy root WiA@INNLTE A. rhizogenes

mawuq’ ATCC13332 mam’lugmmms FMWOIVISUINUASIV RIS TN WA
J- [ -

udnasnide unan 1 wwau

gas B5 a1msudia Afiua 9 = gas B5 amsuda hile

gas B5 aamsivad Riuaa 10 = g3 B5 avmsivan e

@®3 half-strength B5 gamsudia ﬁ‘ﬁum 11 = @65 half-strength BS aymsudie Aiie
§93 half-strength B5 2IM15vad Auds 12 = gas half-strength B5 svnswmad Aiiie
gns MS asude Ailuas 13 = gas MS 2Imsuda Aiie

g93 MS 2IMI5Ma7 Niua 14 = gas MS aymaval fdio

g3 half-strength MS 21w13uds Al 15 = §a3 half-strength MS avisudia fifia

- =l e
@35 half-strength MS 81M151¥a2 Piiuas 16 = ga35 half-strength MS 21¥3(Val NG



gavamis MS g@39IMI7 half-strength MS

L = o pu
mwh 10 msdgdulames hairy root MasalugnioIms aMWaIsuBauasamwiAsiuag
Wuoar 1 (Fau

47



a9 MS gasIns half-strength MS

= a = ) od
mui 11 nsdanduleuas hairy root fdsalugasan
a1 @eu

= o
wI1s dA TN mmsuﬁq UATdENINNUG
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dosaIni1s MS ga98IM5 half-strength MS

= o oa R o o
NN 12 MRSy ulewad hairy root AEElUgNTaIMT FAIWIMISINATUB TN W]

wdiduran 1 oy
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daspIvs MS gatainig half-strength MS

¥ o
MWA 13 n593adulausd hairy root MAIUFATEINT EMWIMNTNIIUATIMWNHA

[ =
WwWutian 1 thau
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- o
4. 11NN USHIUFTIT_plumbagin
4.1 U@ calibration curve 83 plumbagin standard reference

A9 calibration curve YBIFITAGBIMDATIEHUSIN AU T AU
it esnnasi liainsowdsuazasiuildnmnildanmsiwsey HPLC 1
wWudsina plumbagin 1ﬂ"l‘uﬁijﬂ (mwﬁ 15) WdM chromatogram Y8 plumbagin standard
reference ddnAaMududuaglugin 500-0.98 lulasninda s500lulnasdas fiaruiilansv
(mmﬁ 12) Halw calibration curve ¥4 plumbagin standard reference WasHidumMs linear
regression @8 y = 90.81331x+82.61311 (r = 0.99997) lag y #a aruildnsv (maa
W) uas x A9 AANNWTNTUYEY plumbagin (Iulasnduda 500 lulasias) uavIai
plumbagin standard reference pENPAa 14.043 U 'i"llﬂ’rmt!’nﬂalu 270 W ULNNS

ars .v v - P =

sniudlanuRuilansw waztiawasmsilannmsitanzy HPLC Avzaninse

v w . . . . [OR)
nudeeanudaduyas plumbagin FazihlumUSana plumbagin lasaly



- - R P v oW ¥ ar =
AITNN 12  WanITIATIEH plumbagin standard reference NANUANTUG q Ty A1853
ol -
HPLC MéuegnIfau 270 wluiuns

Restime (min) Level Amount Area Amt/area
14.043 1 0.98 106.08289 9.20563¢ "
2 1.95 204.38295 9.55559¢
3 3.91 398.91736 9.79213¢”
4 7.81 795.78149 9.81739¢ "
5 15.62 1560.44617 1.00132¢™
6 31.25 3073.58545 1.01673¢
7 62.50 5918.30664 1.05605¢ ™"
8 125.00 1.15204e" 1.08503e¢ ™"
9 250.00 2.26311¢" 1.10468¢°
10 500.00 4.55343¢" 1.09807¢""

o 200 400
Amountippm] __

mjﬁlf]l_l& calibration curve 924 plumbagin standard reference
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4.2 HANTHATILWUSHIUATS plumbagin 1y hairy root AtinvInEa A,
rhizogenes 8MBWUS ATCC13332 61838 HPLC

a - . : J Y
NNMsANEIMIUATIHUTIIUNS plumbagin Tu hairy root AtwziResluges
- ¥ i dw Aﬂ!
IMITUATANIWUWINABNGN ] WUT gA5ams BS Esasgluamwaimsuliauaziiia v
. =f < v 1 o 4 s e
USuouds plumbagin annfdada 121.27 lulasndudanduranbminuda (aswn 19)

devmsianzvuaneadanniadodn 9 da gasams amwemsudauoas
WA uRsEMWATLRILAANe Sudetaduinea 9 wuh Uai289da 591588 BS5 half-
strength BS MS half-strength MS uaztadsaninaimisudauaziviad Iadefiivanasiia
WUSineuas plumbagin SanuuananfustniTddyai i ais wazdndwain
IENINFATIMNIAUIMWDINITUBIULAENG? 'E‘m%wa‘hm:u‘hqqmmm‘sﬁuamwﬁﬁum
wasiifia Bndwanusswinamwamsuitasmanfudanmwiiiuasuasifialiusnams
plumbagin ﬁm‘mumnvinﬁ'uazmﬁﬁﬂd*nﬁtyaai‘m"iqmqaﬁﬁ uazdndwasiusznin 3 Ul
TviuSanaias plumbagin ﬂﬂ‘nuu.mnv-hqﬁ'uatiuﬂﬁ'aﬁﬁtyasi‘nﬁ'qmqaﬁﬁ (51 13 @4 19
uaz mwi 16)

mnﬁagao'fqna"mﬂ'aLﬂ%’ﬂmﬁﬂumsmmgﬂq hairy root tRBIANUTINMMTRSY
\Wulazas hairy root AUU3aNE1S plumbagin AlaraelugnsamsuazaNININARBNGAN 1
WU A52INIS BS dmw mm‘imam?;m'luﬂﬂm 1v@1 Fresh Growth Index (FGI) uaz Dry
Growth Index (DGI) 994 hairy root omaﬂ weliUSuans plumbagin 1WER 61.23
Lulasniudaniuzaniminuws Luamﬂunuammms Bs amwanmsuudsaluiiie W
USuuas plumbagin  121.27 Iu‘{ﬂsnsumansuummuunum uwe 1WA Fresh Growth Index
(FGI) uas Dry Growth Index (DGI) #@3 hairy root (WeN 3.32 uas 1.54 MudIeU
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J € A J -r - -:v
MINA 13 ARAEEaUSHINE 1T plumbagin NENAAIN hairy root MANIINETS A.
. Y o
rhizogenes @UWUF ATCC13332 MiAualugasamis B5 half-stength BS
MS uaz half-strength MS (luiat 1 (fsu

gnsams USauas plumbagin
(lulasnSusaninvanimiunuma)

B5 47.05a
half-strength B5 36.82b
MS 8.27d
half-strength MS 28.68c
P> F 0.0001

h) ol ad e W - e Tt <& 1 e ’ - ] < b g
mmaﬂ'nmnuv'hﬂﬂ‘aanu'imﬁauﬂu'luumm e NUUANENTREDR Tﬂﬂﬂ']‘iL'LEEIUlﬁﬂUﬁ'l wauay
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o . o4 . da &
MITHA 14 AuRdsaad5uina1s plumbagin HENAIIN hairy root MNANINLTD A.
- o =
rhizogenes §18WUS ATCC13332 MAEUEMWEIMNIIUNUAZIN]

Wuniar 1 Wavu

anwawnis U3u1tuans plumbagin
(1uTﬂ-sﬂ%'udan%’uﬂBQJ1wﬁnLLﬁ'q)
MUY 34.46a
2IVISIVA) 25.65b
P> E 0.0003

P ol ] = »
fRasnmAumIsRIs nEsmbpuiuluwinas LilAaNNUANANIRANA TaamsuiFoufinudimasaie
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J ] l!: Loy . -J ar N :: = J
MTNN 15 AIAFsaUINIUTIS plumbagin NAANIIN hairy root AiANMTa A.
) o o I . o o
rhizogenes @aWug ATCC13332 Mdaludgmwisiusauasiiia
tua 1 1oy

J = = :
aMWniudIuazile USutuans plumbagin

(lulasniudaniuzanihminuiia)

TGN 3.97b
quo 56.44a
P> F 0.0001

. . W W o e - - & » ot 1 -y~ <l ] o w
ﬂ'ltﬂgtlﬂn'lﬂl.lﬂ'lﬂﬁ']aﬂ\:ﬁ muaunu'luu.mm luuﬂ‘nmmnmqmq ane TﬂﬂﬂW‘iLlﬁﬂUlﬂﬂUﬂ'ﬂﬂﬂﬂﬂ'}ﬂ
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o - oA e . o &
BITHN 16  ANAABYNUTNIUEIT plumbagin AXAAIN hairy root MAGINGS A,

. d -
rhizogenes MUWUZ ATCC13332 fitdealugasomisuazamwarmsuda
uazvad ua 1 Hau

gRT0IMS dmwaimy USuruas plumbagin
(Lulasn3udaniuzanitminuda)

b -2

B5 IMITUY 62.09a1+6.835¢
2IMIUNal 32.00a%+3.375¢°
half-strength BS 2IMITUDS 36.58a1+3.691¢™”
DIMISIUAN 37.06a1+3.865¢7°
(= -4

MS DIMITIUDN 7.46a1t3.711e
2IMITINAY 9.07at7.045¢7°
half-strength MS 2IMIsuia 31.70at3.302¢7°
2IMI5IYan 25.66a12.626¢ "

.0001
Pr> F 0

] - - =4 v S w
fuadsfimAumesdmsnysmiiounulunm Lifianauandwmadd Teomsuuudfiouduadsdn

38 Duncan’ s New Multiple Range Test

56



] ' - Y . - o Py
MTHN 17 AnassvaUsSuiaas plumbagin NENAINN hairy root IL{A@INLTD A.

. ~ o o o =
rhizogenes #BWUE ATCC13332 Midealugasamisuazanwiiiusuaziiiie
Wuar 1 dau

gaIo IS AN WRTULERILALTR U3uwds plumbagin
(ulasnSuaanSuzaniviinuda)

B5 wa 2.84ct1.162¢™"

i@ 91.25at3.470e™

half - strength B5 ua 4.92cF+1.529¢7°
3o 68.71b%1.192¢7°

MS wa 5.08c+2.431e”

o) 11.46c*+4.299¢7°

half - strength MS wan 3.02c*1.201e™"
e 54.34b16.970e°

P> F 0.0001

) - = 3 =
AT MALsEe s nwImisufulunem Liflanuuandramiadd laemsufisuifivuanadoms
35 Duncan’ s New Multipie Range Test



o ' ) Lod . o a
817NN 18 A uadsvaaUsuiuas plumbagin ndanaan hairy root hlﬂﬂiﬂﬂl%a A.

. e o &
rhizogenes BWUE ATCC13332 MEmluanmomsuiwuasivaiuazanmmn
o) o ox -
niusuarniie Wuoa 1 @au

Jﬂ -
AN IMS GRRV TGRSR USuIuas plumbagin
(laTasn3udanTuzaniminuva)
Dmsui GE 4.87b12.010¢7°
-1 - -2
INIIUT uA 64.05a1+4.368¢
IMIsIVad W 3.07b+3.467¢™*
2IMISIMA7 ne 48.83212.242¢7°

» . W W - & - [ -~ ™ ] - o ' kW
fuadshmiudmssmanesmdsunulunues liamuuandemeadd TleomsuSsuiisudieiadiy
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-] ' - - ™ . o a &
MTIN 19 oadvuaadsSuuais plumbagin NENAIN hairy root NLAGIINLTD A,

. -~ o
rhizogenes §UWUG ATCC13332 Mdealugnsmims smwovisuiauazivad
A- ‘J‘ .|
waraMwWNudarnie wWuna 1 W@ou

Jﬂ o .
gnsoIMS ANMWOIMS dNIWAN USuauas plumbagin

wiauazivad  usdaziia  (lulasnSudansuvanimiinune)

215U U 2.91d+1.414¢°°
9 121.27a+2.701¢"°

BS 2IMI5LVan W 2.784d+1.485e ¢

10 61.23b15.657¢"°

aIsudia Uas 6.25d+2.121e™"°

[ 66.91b+2.019¢ 7"

helf - strength B5 NN G 3.60dt1.414¢"
i 70.51b+2.319¢ ™"

DIVITUDY U 7.19d+9.192¢°

i 7.74d*+3.111e”"

MS ISV wal 2.98d*+2.121¢°
o 15.17d+3.960¢ ™

2IMISUIN Waa 3.13d1+3.536¢™"
3o 60.27b+2.192¢7°

helf - strength MS 2IVSIVAD wa 2.92d%+1.000°°
iio 48.40ct+1.414¢™"

oo 0.0001

- - 3 - W
AR LR TR0 NIl punuluwnae lilanuuanannnana TaumsulSouiisuanaioey
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plumbagin (lulasn3udaniuzaniminui)

140

1204

100

80+

60
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204

9 10 11 12 13 14 15 16

= =3
ijﬂ‘ii)'lﬂ'l?ltﬂ:ﬂﬂ‘lﬂﬂt“‘l:lﬂﬂq

! | a o o . g o &
DOIWN 16 ewmdenpad3uaaTs plumbagin NANAHIANN hairy root NLNANNLTD A.

. a o
rhizogenes ﬁ'lﬂwuﬁ: ATCC13332 mam'lugmmms ﬂﬂ‘lWB'\W')‘iLLﬁ\!Llatlﬂﬂ’J

o o4 = -
wazaMwWRNuauasnila uoa 1 Wau

gas B5 amnsuda Hituas

]

o
i‘!ﬂ‘a’ BS 971M5unan nuuan

o
§@3 half-strength B5 asufa nilua

Aﬂ
d99 half-strength B5 a7v13tval naual

N b W N =
n

ol o
9T MS o1msudia Alluas
=l
6 = A7 MS 2 avad NG

o -
7 = §M3 half-strength MS 815Ut Adluas

ol
8 = a3 half-strength MS 21¥15L(Ma2 NUUER

9 = gas B5 svnsuda Aifle

10 = g3 B5 eamatman fiia

11 = ga3 half-strength B5 awnsudi Aifia

12 = gu97 half-strength B5 amvswman i
13 = 803 MS emsuda Hile

14 = gas MS avnsvan Afla

15 = g3 half-strength MS 271v5uds fiia

16 = ga3 half-strength MS 215van #iia
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4.2 wansufSoutiauifSaads plumbagin HENAIN hairy root HLAOINED A.
rhizogenes maﬁuﬁ: ATCC13332 pusnasinmauazsindndntiean
MsIIsEsNttaLda

a P = o o
HANSILASIEWUSHIUETS plumbagin NANAIINTINGIINIG WazsInUndn
- J J ‘J P ar v . :’ ar ¥ -J
Wannmsiwsdediafiads 238.72 uas 62.78 lulasnsuaaniuzeaaimunuie wazdla
- - o as P . ’ | = <
WU NUSBURBUNAY hairy root NLAEUENTOMITAN 1 Auwnziagaluanwannisudauas
i e A0 v o s o) Pu vlul o
WaY wazamwiiuawarNie NiMuSuInues plumbagin 3anidge Nlauaasliluansn
] F L VRPN . ] . ‘J = J
19 WU $IN5SINDTIH MUIHIuas plumbagin 310N hairy root NLAOAINLTD A,
hd aj o =3 = al nal =3 dv
rhizogenes TEHWUS ATCC13332 uaztlainnulFaumsunuaindn@ntieonnmstwiziass
P | ' ad a g 4 A Ve . w '
Wats wuh inuUn@indiennmsmwizidsuiiain (WUSHIMES plumbagin Woan

= o & o s ar -
hairy root iLN®IINLYD A. rhizogenes THUWUD ATCC13332 @19 19N 20

mijstZQ_mmﬂ%ﬂumﬂuﬂsmmm‘i plumbagin NANMINN hairy root NLAANNLTD A.
rhizogenes ﬁ'lth‘Uﬁ: ATCC13332 NINEN NUINNSTINTIAUATIIN

- o g &
UnAMAaITnMatwIsLastualea

Ussianean USuntudns plumbagin
Calasnsudaniuyaniiminuya)
) = g ny :
hairy root "LNAAINLAD A. rhizogenes 121.27
d§EuWug ATCC13332
TINEIINYG 238.72

ad a & d
sindnantiasnIStwITLagaLiaee 62.78
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plumbagin (lulasniudaniuvaniminuty)

- Py
gm‘sa‘lwﬁuaxamwmmztam

N of e N o o
mnﬁjl Msd3sutisuU3uaids plumbagin NANAIIN hairy root MAnnEs A.
o < u - .
rhizogenes @aWUS ATCC13332 NNINNHEA AUNNIINTITHEIAUIEIIN
e | <3
Unfintwiziasa

1 = hairy root MARYINGE A. rhizogenes EWUE ATCC13332
2 = INNNGITUMF

- -
3 = inUndRwIAEY
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F2190lMan1Naaag

1. mswatﬁmtﬁatﬁatﬁanﬁumﬂﬁuﬁ:

NnmInaassmgasamsimnzanlumsinieayamwduaslimmsafiasonle
Usueuun T.G\Uﬂﬁ%ﬂﬁ’lﬂ‘ﬂi)iﬂ‘lﬂ’ﬂﬂLLﬁzﬂ‘l'&T’l%N’]lW‘\ngﬂiuugﬂ‘ia'\ﬂ’l‘iﬁhxl 1 wuh e
TUAIUYBIMEDAUATMTININIINZIE I UUIMITIAS MS iy BA anududu 3 Aadniude
ans  wseliuSinasasunniigavaiaraiiasin dadismsmuaumsiaiudulalungs
raslvlolefiuausanssduasiiauaandagmimsadnmdne weniin  callus  wipunule
TosBuduzanineshitiinngeaiinnuasnie calus lddanhiuduzeimeen Matise
Fudureimoaaiianiwaveinzan (apical bud dominance) BUANMNHIYBIITAIVANI
Wigdulalunguaandu Fadaavniiamsuansaaldasnnmsisiudiureiminild
daeeaesanluudr  Feadhaes mmsma‘%tytﬁuim‘ld’ﬁuavmmsnﬁ'nﬁ‘l'lﬁl,ﬁﬂﬂamlﬁ'ﬂ“‘smm
3N mammmutamuummsmmumsmuaun‘mﬂ‘smmu‘lm‘lunau'l‘ﬂm'l,ﬂuu (smqum
2540) mnuamﬂwuﬁaﬂﬂaaqnumﬂmwm Rout et al. (1999a was b) 'an’n Luam?ju
dWTheas P, zeylanica WNWIHAEIUUTATEIMNS MS flaidn BA azlitia callus &
gM387M15 MS TLéin BA mwmﬁuﬁu 0.5-1 fiaansudadns mansoimihlitiasanld uaz
mammmam'luﬂmmms MS T@n BA anuidutu 4.44 uay 8.88 lulasluard annsasn
IWAA callus 18 T8 mued Budimir and Vujicie (1992) wuh BA shansadnminlv
tN® adventitious bud 'lmmu'mmﬂmﬂ'dumuﬁuGmmﬂumznwm Picea omorika Uaz3INy
PuBN Fracaro and Echeverrigaray (2001) Wy lovhonteas Cunila galioides 1nidaaty

dnsoavs MS YII.GIN BA ANMUITNTUY 8.8 uaaﬂ‘iumaams HaNISUANEaANUIUNIN

agnlsfiorunmsmeasawud ﬂmmm‘m‘lwmmuﬂaﬂmaﬂmaﬂuu'lmzjaomu
noadEnliauusel  Sluguednaies 2-3 lu saailuuady ’ci‘mmstwnvaaawuam
8IS MS ﬁtﬁ:x BA @uduty 1 w30 2 Hadniuaadns m’lmﬂamnauusmuavumwma
BN NINNTY uoﬁ‘ﬁﬂmsumﬂaam’lﬁa‘nmuuaﬂ uavmnmsnﬂamuwmw m-naawuehtjm'
HAUATMTNUUFATEIMIT MS F&u BA mannh 3 Hadndudadng av'lﬁﬂam'lmin'lu
ﬂuusmuavmsm‘smmﬂmaﬂm maamﬂamnumsnmaamm Whiley and Saranah (1985) #
wui Wadsedauugasenns MS Aty BA m‘mmuﬂuwaw"m'lwaamm’mmmmums
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- - ] < -t [y & a

Wigdvinsaseaalisuysel WafisuiumswisSmuugnsams MS My BA anwud
e <= t > '

fufdgaan Herlisaafiauysaluduinaeessantonnd

madslulsanalnadnfumsmnadsuiadermsiugiaayamdueaniuuies

fiofiudnanlangaiuihliduimiweladney - 9neddssas 5981 wasemz (2543)
wud  dlahBudiumsaauaza T NYaaInRANEIABIEINUNEATEMNS MS TidiN BA
atdm lvinaiani Adsvugasemnsidn BA enudiudu 1 findnTuaedas iy
NAA anuindu 0.2 fiadniudedns  winnmuddedndnwuihlidinussegigeiiis
27.7 wonraBudiufininiu wazdlawin rboflavin 1 Hodnfudadns AlsamWisy 40.9
paadudIuAY ﬂaﬁa’huﬁﬂaaﬂém’mﬁaaLﬁatﬁﬂuﬁmw’ﬁﬂﬁ HEZTINTIENUYEN LA IGE
amssu (2543) Farrwaui l.uammmmaqwmuamaqummmmuuammms MS mmu
BA amndutu 2 fiadnfudadns sunseimiliiie callus louazlvizaata 256 yandatu
dufr  FauFesaansor idesaaladus LilafimsdnmmsWannuaseaasiudansdn
e nnyawanidelmindatla safumsmeasssiavinamesanihnieu  callus il
uam‘nu’mLﬁnmnmﬂf{Lﬁmmnmt'h\'lﬁt%rmuuqmmmsﬁ'lﬁ’ﬂaﬂﬁﬁqmﬁa gnsems MS @
AN BA aNUDNTY 3 AadnNINGDART me'fmu'u'au.a:m"mgamummigmﬁﬁ BA AN
Fudraa Fawuh  aunsoimihiseawenniuduianysel uazﬁmin%nuuﬁu‘[mﬁﬁuugm
8715 MS  Mléin BA enututu 1 dadniudedag uaguilalidnnidatuSadasdminly
yaAIAIUBDASIN

f\nnn‘mnﬂammammmwmm.,aunmmm-dnm'lnLﬂmﬂn'lm Fawuir eananu
mmm'uaqa'ﬁamsmm'i half-strength MS finayibanndiven FABMINAADIAN BT
uwu’ls'\'lummmﬂuw\wu tamuamaqm‘: (Rout et al., 1999a) War Yucca aloifolia (Atta;
alla and van Staden 1997) uamnnuﬂqaamﬂamnummwﬂm Skirvin and Chu (1979) W
VNuaaYDN Rosa hybrida L. ﬂwn..l.ammmﬂm'luam-smms half-strength MS muu".rr-avn'lu
mumiﬂauqumsmitymuTm'lunauaanﬁunmmimmm'lumﬂ*ﬂn'lﬂ6\ nmsneasaile
uﬁuumﬂusvwnqms‘nmaammqmmuamammmmm‘luamaw'ﬁ half-strength MS AU
MS wumh gnsams MS m'lmnm'mnuanum.,mmvaunum'smaaﬂﬂan'luﬁ'ﬁumﬂmn
M1 namds HanwaETINiiEm 27U UHIIUN '.uﬂnttﬂuq’lummunwammumﬁ'\'lﬁ'm-sﬁw
mMaNudzeIn ua::ﬁmanﬂg;nm'lmm uavﬂuwﬂuﬁanm wanMninmMIFunadawu
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a' 4” = ar o~ = 1 A’
dugaanwizidslugasemis Ms afidnvaczauysoiuaclufiddandunhmsmnzd sy

Q‘; ; A -] b = A a > Vv
050715 half-smength  MS  maliodisunnairldSudSinuavsidundavinlvladun
auysal

dmiugaaiidaiuugasems  MS My NAA anududu 0.5 1 1.5 uay 2
fiadn3udadas wud e callus dmuaziidnvardnivinalauduussianninudesi
PAAFUNON Mmbiliausaeandanluamwsssumnale Fedonadsaiunudfevas
AU uar §nIsIm (2543) (Y IMINIISIAEN UGNV MS  TAN NAA enwudy
fu 0.5 1 war 1.5 Hadniuapans wide cals Fmilusrnalug Guiinnenssninan
callus anvardrouuazfuluiidues dvulidesdadule dauadEn

2. mﬂ‘imiﬂﬁlﬁmjmmm

3 ar s el 1 A
IINMSOZENED A. rhizogenes @rawus ATCC13332 laamsine O.D. i 650 W
> oo » & 4 o & g ' oo
Tuses @@anldstoznandoaion 12 il lumsnassaieiiissnn  afludwwys

é 1] J qv <4 -3 -~
a0 10-20 $lue Fudugnfdeinisedudulouwuu log phase

m35milWiA® hairy root TasmsynuiaunauudIeu 2 35 wariiiaynmauTaudiou
Emsvhuaunalagmdianenanadaerliuaf bivandaneaid UWAINAISTIUNAWUD
mM3n3adpiinacldiuan hairy root dadumInnlE NN tummﬂmsﬂﬁmmﬂuﬂnﬂwmm
NeunaniunasIuwazna uardnde A. rhizogenes ST ST AN LATINN WaTiaE
'lt's'lumsﬂanmauumaawﬁ fausoas LG'lxl'luammemuwmLﬂmmﬂmaww:mumuu
muaamaawmtaummimﬂaauzna T-DNA 30 Ri-plasmid 11Ja‘ genome W lad (sudn,
2530)

SDJElﬂlﬂ_Lf;ﬂiji[y_mj

lun']-ilw—lzlgﬂq halry root ﬁ;ﬁﬂﬂﬂﬂtﬁﬂ A. rhfZOgeneS Tﬂﬂﬂ‘li‘“qﬂ“ Fresh Growth
Index (FGI) uax Dry Growth Index (DGI) Lﬁ'a'lﬁn‘s'mﬁazjmmm‘mazamwmmaansm 9
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Ju v - . J Jd =, +» J v -
NiiNadamMIR3nudy hairy root FgasemsnilgfiunlFifee hairy root Awuldvasda g3
211715 MS uar gasanid BS (van der Heijden et al.,1994; Yamanaka et al., 1996 and

- . L] 1 J b »
Kittipongpatana et al., 1998)  Wldhgasmatinduvanlumsfnowm Teamngesamsls

1ol b 1 & J = «d B
SIMBIMITINMNFATOIVIT MS uaiisinamavanad i Fannsanddsuisuldnmueny
WNIUTNDaDUYBITINGN 1 Atl (9T, 2535)

ANMUTHTUYDIDDDUYBIEINAMIINGN (mM)
gasanvs
Kkt | N2t | ca®t | mg?t | nm,t | NO, | HpPO. | I | SO/
MS 20.04 - 2.99 | 1.50 | 20.61 | 39.40 | 1.25 | 5.98 | 1.54
half-strength | 10.02 - 1.49 | 0.75 | 10.30 | 19.70 | 0.62 | 2.99 | 0.75
MS
B5 25.00 | 1.10 | 1.00 | 1.00 | 2.00 | 25.00 | 1.10 | 2.00 | 2.00
half-strength | 12.50 | 0.55 | 0.50 | 0.50 | 1.00 | 12.50 | 0.55 | 1.00 | 1.00
B5

WU AISL9308a9 hairy root Turhedamin 2 umswmmmmsnmum‘mumnmﬂmmau
rd@Jawi# 1 Teawuin  hairy root Winyladigauugasanms B5 AMWETINSIMAIUAETNA
e Fresh Growth Index (FGI) uaz Dry Growth Index (DGI) Whfiu 3.94 uar 1.89 oy
AU uS MU gesems BS half-strength B5 half-strength MS Uaz MS Gaaniaaiy
wminn  Ansdsstuamwermsmmfidusaesiiia 1 Fresh Growth Index (FGI) uax
Dry Growth Index (DGI) mnmwmww:mam‘luamwmmsu.zlmuumuavnum (onsni 11)
atiiasn gn997M15 BS SIS UA NN ITNTUY DNEDOUBDITTY K" 370 39 W hairy root
fimadgyladind daugesamts half-strength 'lvnﬂ‘rsw-smuaﬂn'na'mummmnuﬂ‘%mm
m‘mmmmzlmaaauuaqmmmwﬁuaaaqmm’lwmswsmﬂm hairy root aAay BITAAAREINY
MRSV (2535) WU hairy root U3 Datura metel Linn. mu‘ﬁnwity'lmmnaﬂ'lu
IMSAOUYaeges BS daulugnsnImis half-stength Tmswsgiasni
al., 1998 Wyl 519504284 hairy root Y83 Solanum aviculare Forst. UUBWM5ENSs BS @A

Kittipongpatana el
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Dry Growth Index (DGI) 983 hairy root #ANgA58IM5 MS dIUg032IM15 half-strength W
#1 Fresh Growth Index (FGI) uat Dry Growth Index (DGI) ANBING half-strength MS uwax
B5 uazanmwamswaniuan il haiy  root  ldFuuSinasqaimsldvaeuas
sl anany (Gaaawg, 2541) 39 hairy root fnmainladnhanmwemsuds  daiuds
higasamsuazamMweImsuiauasmaIiAuUeNENRENEM ARG duanwiield
AS193YBY hairy root HNTIMLEEIT1899I0 hairy root ﬁ’tﬁfg'lﬁﬁag:v.té".luamﬂamm‘%fg'lu
dNTDIMITEN 1 -’B‘qmnuamwﬂaaqzjmmmsﬁuamwﬁﬁuamazﬁﬁmmﬂfh Dry Growth
Index (DGD) luilanuuanaNAUNINEAH @M1 Fresh Growth Index (FGI) #01Nuanan

v ol aa Py - - ¥ ' o -
DENINNFIR  wandtnuuamisuiiwazsvan i hiiuanuuendnsswinmswdaluni
44 A 1
usuasnAalataiaunii

J’v ] AJ J = 1 =
UBNAINUEIWUIY  hairy root 'nLaﬂquuzjm‘immma:amwmcnaaucm'] dEaLnam

» -, [ ok =
callus WASIAAMS regeneration (uduld Tasgnsanmis Ms sudaiu callus lddianatiiaan

MnivsinaenuEuTuradeeuyessn NH, g Feflutlada vl W hairy root tAatilu
callus la Usznaufu hairy root uﬂuéwsummmvuaanﬁu'lmama tms 1 uae tms 2
(Jouanin, 1984 and Gelvin, 1990) Toufluiladas iy hairy root Uiy callus 1 ¥ai
l.am'luamwn'lumumsmumumsmsmmu‘h Taslaiinnuddores 3985mi (2535) wun
Lﬁ‘r‘.ll'lf\l'\ 1881 hairy root ¥a3 Datura metel Linn. UUTAIDINIT MS dasedmitly halry root
nanaiy callus 16 Wazli®MN1T regeneration Judule §iadav99 Tepfer, 1984 mmm-in
189uan hairy root nay Nicotiana sp. Noda et al. (1987) la@uan hairy root ¥a
Armoracia lapathifolia uasuiwuey Yu Mei et al. (2001) wun lesuan hair'y root
D3 Alhagi pseudoalhagi Toasnwmzauile Wluuwazdraulnd UASEUUINTNMSUA NG

finamaliuduau pssuusimidng

ml"(ﬂ# hairy root du1satinnNTS regeneration lﬁldﬂiﬂ1ﬂ Wupaniiu rol A rol B
waz rol C 'h; TL-DNA ﬂtuauﬁ’ﬁi’fﬁu‘lé”hLﬂuz‘u’a'lﬁlﬂ‘%ﬂwmm-sﬁw A. rthizogenes nldlu
mM3UudssWuimManugisnsawnzuanan T- DNA 910 Ri plasmid suilurweihii
i luldiduidieniu T-DNA 210 Ti plasmid 2839 A. tumefacience U®) wadnlasudiulmi
dalUfiu T-DNA 184 A. rhizogenes faillamalie regeneration Wuduld (Schmulling,

1988 and Tepfer, 1990)
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4. MPILANISHUTHIAUFT plumbagin

NNNANSHATIEHUTIN AT plumbagin Ty hairy root fAeNEa A. rhizogenes
eWug ATCC13332 Mwsdnslugasems wasamwiwzdowie q wuh amw
2N WUS M3 plumbagin ganhitiualuyngasemsuazamwanmsuiauazivan
ilaannn enzyme i‘nhag’luns:mum‘sﬁaﬁ?nﬂﬂ:ﬁﬂmm'i plumbagin 31501 UlAG
Tuamwihifiuganiainannssvaumsiduenslisunsodeldduidafiredlunsauiy
MSAUATIEWLEL WIpAuAULTIYas hairy root Fawuual hairy root EANIN A. rhizogenes
MENUSAEINU  UABAIN explants AuazdunIatauisINNuMaRdmfuifatumsiio

. . & w - . - ' as o . -:l'l '
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n3¥NINIAIRA hairy root vouenymwdaunalaely Agrobacterium rhizogenes “K599”
Hairy Root Induction in Plumbago indica L.via Agrobacterium rhizogenes “K599”

& < o A o A s
gmasal 5inslson’ wisuda asduw uaz a3uA3 Sundulsy'

ABSTRACT

Plumbago indica L. is one of the important medicinal plant of Thailand. At present, there is a few
plantation, thus, the produce are still collected from the forest which may lead to be the endanger species. The
high potential procedure to conserve this plant species is to produce plumbagin ,the main secondary metabolite,
in vitro. Hairy root culture is among the in vitro culture techniques which have been extensively employed for
production of the secondary metabolite produced and accumulated in root part. This experiment is aimed to test
the wounding techniques for the infection of P. indica with A rhizogenes ‘K599, Punch stem with G262 needle
(20 punches/stem) or cut stem lengthwise (3 positions per stem each of 1 cm length) were done prior to 4 days
co-cultivated with Agrobacterium (which have been cultured 12 hours in YEB at 28°C) . After co-cultivation
period, explant were transferred onto MS + 1 g/l cefotaxime for 4 weeks. The percentage of hairy root induced
explants demonstrated non-significant difference between those 2 techniques. However, it is noticeable that stem
cut method yield higher number of hairy root induced per explant.
Keywords: Plumbago indica L., Agrobacterium rhizogenes, hairy root

unAate

WAYUWRAUAL (Plumbago indica L.) sy s tuthuvodnofidifyriianis ‘lumqmﬂ
185 inumindudvmasuuuiidfey m‘nﬂﬂnmsanaauqﬂmusmmnﬂmmf]umu‘mmn =R
uwmﬂmiﬁiywuqua..mwans~nuwaunﬁmuwaqﬂﬂﬂ Samsnmueyinddauuamuiidu ) 1éde
MR OATBIED hairy root ué’wnuﬂwnammmﬂunn SaléiimisAnuunatianis§mh¥ifa hairy root
Tauns infect 5‘101%8 A. rhizogenes muwuﬁ K599 TﬂULﬁUQL‘HBQIHDTH‘IS YEB 1unal 12 ‘b’JTuQ ﬂQiuHmJ
28 parmugaFue ud2iw infect Tavvinnaunafiddu 2 3370 ms°l*m~uuq¢1mtmﬂmnﬂmmma 20 (Ha
Aoy uazmisniadiduaiuuuiny 1 o, 3 HUIABAY ué")umummuﬂummsqﬂs Ms dunal 4 Ju
mnuuﬁ'wmmuq‘lummsqm MS RlfY cefotaxime 1 N./8. U 4 dda iRed1faive 4. rhizogenes nud
MsFMiT¥iAn hairy root s 2 35A135M3179 hairy root 1ndY 55 uay 45 WesiFud Ay B liunnag
funnada udaninnisdunanuiinisniaz IUTuIa hairy root ABALINIANTINSUNIR AL

A1

WAYMNDUIAY  (Plumbago indica L.) lﬂuwvﬁuu'lwswumuum'lnmqﬁmtyvunwumghuﬁ
Plumbaginaceae 'lmJi~mﬂ'lno‘l%fr‘mumﬂmi‘.lumuﬂ's-'nmﬂu9115wﬂnuumu-umu'nmﬂtg 1ol
uwuﬂs-mmau ¥201¥s1eamufanusugu ufdeadu nsx qumistiosemis  1Wudu Suans, 2539)
msoanqnﬁntrmty“lumﬂumwmumﬂa plumbagin mwumfmogmn’lumuuaqsm fiswanidgnily
msﬁ'ml'faﬂ nusiiiSo uardad squaduduadusd 1 (Krishnaswamy % Purushothaman, 1980) ilegiuil
ms'qam'us1nn0nmmnﬂﬂuunumqq uaaﬂs-'mﬂ'lnmﬁummumn m“iuomﬂnawmﬂmsqtywu{'lé"'q
naseuny Sauuanieiifiv111&de nszidoaiiede hairy root FuRAIINNS infect vouFouuniiSe

[} -

M ITRYTIN Aazinens amVingdoineaImiend furanoy unsdgu 73140

1 - - o
mnivunfangnumiond acsundyaiend umiineidouitae 11wnd npane 10400



124 0vi¥mi¥iie hairy root ypA9AYANBUAY i 33 9UUA 4-5 (iAW) 03p01AN-9aI1AY 2545

- o
1INIMAAINHAT

Agrobacterium rhizogenes (Tepfer, 1984) ué’wnuﬂﬂasNmsm\unn‘iuﬁmmm 2ifoe Fanaidnafivszay
mmmxm“luw‘wmu‘ruﬂmu !.L‘WQ‘W‘)UFHQ (Pan, 1989) Gentiana sp. (Momcilovic LiazAa(E, 1997) EJU1»115ﬂ

A uu@\auusnﬂmﬂnaummﬁusﬂumi‘muﬂmﬂﬂ hairy root 9D Tﬁm'smmﬂuwmwa"imﬁm
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Hairy Root Induction and Culture of Plumbago indica L.
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Khampaeng Saen, Nakom Pathom 73140, Thailand. (onodie@hotmail.com)

. ?Department of Pharmaceutical Botany, Faculty of Pharmacy, Mahidol Uiniversity,
Bangkok 10400, Thailand.

Plumbago indica L. is one of the important medicinal plants of Thailand. Plumbagin,
he main secondary metabolite in root of this plant is known for its pharmacological
properties. In order to obtain good quality of roots, plants must be grown for about 3
years. However, root culture has been reported to be another good source of
secondary metabolite production due to its ability to be controlled both in quantity
and quality. In this report, P. indica L. hairy root induction and culture were
elucidated for the purpose of in vitro production of plumbagin. The two stem
wounding methods, cut 1 cm lengthwise and punch with 26G ¥ needle, prior to
infected with wild type Agrobacterium rhizogenes strain K599 showed non-
significance in number of explants in which hairy root was produced (85 and 70%
respectively). The hairy roots were then cultured in both solid and liquid media of
MS, BS5, halffMS and half-B5 under the light (28 pmol/m%s, 16 hr) and dark
condition at 23 *C for one month. The results illustrated that all media tested show no
significant difference in hairy root fresh growth index (FGI) and dry growth index
(DGI). On the other hand, there were significantly difference in the combinatorial
treatments of media compositions and conditions and media composition and light
conditions. Among all media and culture conditions tested, the treatment using liquid
half-B medium culture under light condition yield the highest FGI and DGI.

Keywords: Agrobacterium rhizogenes, culture conditions, media compositions

_@ WOCMAP |l Chiang Mai, Thailand 2003 306



Hairy Root Induction and Culture of Plumbago indica L.
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Abstract

Plumbago indica L. is one of the important medicinal plants of Thailand. Plumbagin, the
main secondary metabolite in root of this plant is known for its pharmacological
properties. In order to obtain good quality of roots, plants must be grown for about 3
years. However, root cuiture has been reported to be another good source of secondary
metabolite production due to its ability to be controlled both in quantity and quality. In
this report, P. indica L. hairy root induction and culture were elucidated for the purpose
of in vitro production of plumbagin. The two stem wounding methods, cut 1 cm
lengthwise and punch with 26G ¥ needle, prior to infected with wild type Agrobacterium
rhizogenes strain K599 showed non- significance in number of explants in which hairy
root was produced (85 and 70% respectively). The hairy roots were then cultured in both
solid and liquid media of MS, B35, half-MS and half-B5 under the light (28pmol/m?/s, 16
hr) and dark conditions at 23 °C for one month. The results illustrated that all media tested
show no significant difference in hairy root fresh growth index (FGI) and dry growth
index (DGI1). On the other hand, there were significantly difference in the combinatorial
treatments of media compositions and conditions and media composition and light
conditions. Among all media and culture conditions tested, the treatment using liquid
half-BS medium cultured under light condition yielded the highest FGI and DGL

INTRODUCTION .

Plumbago indica L. is one of the important medicinal plants of Thailand.
Plumbagin, the main secondary metabolite in root of this plant is known for its
pharmacological properties. Some examples of the usefulness of this compound are
anticancer, antimicrobial, and antifertility (Dinda and Chel, 1992; Komaraiah et al,
2002). In order to obtain good quality of roots for medicinal purpose, plants must be
grown for about 3 years. However, root cuiture has been reported to be another goqd
source of secondary metabolite production due to its ability to be controlled both in
quantity and quality. ' )

Many studies have been reported on the secondary metabolites production by root
culture e.g. Uomori et al. (1974), Wang and Huang (1982) and Yamamoto and Kamura
(1997). Root culture obtained from the transformation with 4. rhizogenes, a Gram-
negative bacteria, in which so call “hairy root” have been intensively reported as an
alternative for several secondary metabolites production. The advantages of hairy root
culture are high capability of biomass production and high stable production of
biochemical compounds (Baiza et al., 1999). The successful results of secondary
metabolites production by hairy root culture have been repor_ted in many plant species
such as Datura stramonium (Baiza et al.,1998 and 1999; Sikuli and Demeyer, 1997; Arid
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et al.,1988), Lycopersicon peruvianum (Banerjee-Chattopadhyay et al., 1985), Solanum
aviculare (Kittipongpatana et al.,1998), Brugmansia candida (Pitta-Alvarez et al., 1999),
Hyssopus officinalis (Murakami et al., 1998) Vinca minor (Tanaka et al., 1995),
Glycyrrhiza glabra (Toivonen and Rosenqvist, 1995) Cassia obtusifollia (Gou et al.
1998) Panax ginseng (Yoshikawa and Furuya, 1987) and A4juga reptans ( Tanaka and
Matsumoto, 1993).

In this report, the establishment and culture methods of hairy root of P. indica L.

were reported as a part of the study toward the in vitro production of plumbagin via hairy
root culture.

MATERIALS AND METHODS
Hairry root induction

The in vitro plantlets of P. indica were used as explants for the transformation
with A. rhizogenes strain K599. Two wounding techniques, punch stem with G2s» needle
20 punchesstem) or cut stem lengthwise 3 positions per stem each of 1 cm length) were
done prior to infect with A. rhizogenes which have been cultured in liquid YEB media
for 12 hr at 28°C and cell density was 2.1x107 cells/ml). The co-cultivation period was 4
days in MS media at 28 mol/m?/s of 16 hr light, 2542°C. After co-cultivation, explants
were transferred onto MS media - 1 g/l cefotaxime for 4 weeks to eliminate the bacteria.

The CDR experimental design with 2 replications, each of 30 explants was employed in
this experiment.

Hairy root culture

The hairy root formed on the explants were excised and culture on MS basal media and
was then used as explants for medium and culture conditions testing experiment. In this
experiment, the initial 0.01 g FW of hairy root was subcultured into MS, half-MS, BS and
half BS medium. The culture conditions tested were, solid and liquid media and dark and
light (28 mol/m?/s,16 hr). The temperature of the culture room was maintained at
2542°C. The Fresh Growth Index (FGI) and Dry Growth Index (DGI) were determined in
one-month-old hairy root culture. The 4x2 factorial in CRD with 2 replications each of 10
explants was the experimental design for this study.

RESULTS AND DISCUSSION
Hairy root induction

The two wounding techniques employed in this experiment, punch stem with G26%

needle and cut stem lengthwise demonstrated the non-significant result of hairy root
induction. The percentages of the explants produced hairy root from these two wounding
methods were 85% and 70% respectively (Table 1). However, it was noticeable that the
number of hairy root per explant obtained from the cut stem method was higher compared
to the punch stem method (data not shown). The susceptibility 9f plant sp;cies to
infectious hairy root was reported intensively (de Cleene, 1981). Different strains may
result in different infectiousness. The strain DC-AR2 has been reported to be able to
infect Vinca minor (Tanaka et al., 1995) while the other strains such as ATCC 15834
(Murakami et al.,1998 and Sikuli and Demeyer, 1997) and LBA9402 (Pitta-Alvarez,
1999) were reported successfully infected in Hyssopus officinalis, Datura stramonium
and Brugmansia candida respectively. In this report, the result revealed the successful of
the infection and transformation of P. indica L. plant via A. rhizogenes strain K599.



Hairy root culture

The hairy root was cultured for one month on MS, half-MS, B5 and half BS
medium. The culture conditions tested were, solid and liquid media and dark and light
(28 molV/m?/s,16 hr). It was found that with regardless of treatment combination, there
were not significant different in FGI and DGI. On the other hand, there were significantly
difference in the combinatorial treatments of media formular and solidify/liquidfy media
and media formular and light/dark conditions. Among all media formular and culture
conditions tested, the treatment using liquid half-BS medium cultured under light
condition yielded the highest FGI and DGI (Table 2). Liquid culture had been reported to
be superior for hair root production in many plants species sush as Glycyrrhiza glabra
(Toivonen and Rosenqvist, 1995), Datura stramonium (Sikuli and Demeyer, 1997),
tobacco (Palazon et al., 1997), Hyssopus officinalis {(Murakami et al., 1998), Brugmansia
candida (Pitta-Alvarez and Giulietti, 1999). These conditions of culture can be used for
large scale production of P. indica L. hairy root.
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Tables

Table 1 Percentage of P. indica L. explants produced hairy root upon infection of
Agrobacterium rhizogenes strain K599.

Wounding method __% of explants produced hairy root Average (%)
Rep. | Rep.2

Stem cut 83.33 86.67 85.0 ns

Stem punched 63.33 76.67 69.99 ns

ns = non-significant

Table 2 Growth of P. indica L.hairy root in various culture media and culture conditions

Media Media Light Average of | Average of FGI' DGI*
conditions | conditions | total FW (g) | total DW (g)

solid light 0.060 0.009 4.95 3.30

dark 0.043 0.006 3.26 1.75

B5 liquid light 0.116 0.019 10.55 8.40
dark 0.153 0.022 14.3 10.0

solid light 0.072 0.010 6.19 3.90

dark 0.046 0.007 3.58 2.50

Half-B5 liquid light 0.174 0.031 16.4 14.50
dark 0.080 0.014 6.89 6.0
solid light 0.069 0.008 5.04 3.0
dark 0.058 0.008 5.89 3.0

MS liquid light 0.064 0.011 9.45 4.50
dark 0.100 0.017 8.10 7.50

solid light 0.060 0.009 5.84 3.50

dark 0.069 0.009 4.77 3.50

Half-MS$S liquid light 0.105 0.013 5.43 5.50
dark 0.091 0.016 9.01 7.0

'FGI = (final fresh weight-initial fresh weight)/ initial fresh weight
2DGI = (final dry weight-initial dry weight)/ initial dry weight
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High Efficiency System for Micropropagation of Plumbago indica L.
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Different explants of Plumbago indica L. were examined for micropropagation
efficiency. Apical and lateral bud were cultured in MS medium supplemented with 1-
3 mg/l BA. The results demonstrated that media containing 3 mg/l BA yield the
highest number of shoots, 89.50 and 201.62 shoots, respectively. Organogenesis
directly from leaf surface was achieved by culturing leaves on 1 - 4 mg/1 kinetin for
one month then transferring to MS medium containing 1- 4 mg/l BA. It was found
that the leaves cultured on MS media supplemented with 2 mg/1 kinetin then 4 mg/l
BA was the best for shoot production which yield 15.42 shoots per explant. MS
medium supplemented with 1 mg/l BA was suitable for shoot elongation of shoot
obtained from all treatments. The rooting media were also tested for root induction
and the results illustrated that MS or half strength MS media were appropriated for
used as rooting media. However, roots produced from both media showed
morphological different. Plantlets cultured in MS medium had less number of roots
but longer in size compared to the ones cultured in half strength MS medium which
roots are shot and hairy.

Keyword: organogenesis, plant growth regulators, medicinal plant
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Abstract

Different explants of Plumbago indica L. were examined for micropropagation
efficiency. Apical and lateral bud were cultured in MS medium supplemented with 1-3 mg/l BA.
The results demonstrated that media containing 3 mg/l BA yielded the highest number of shoots,
89.50 and 201.62 shoots, respectively. Organogenesis directly from leaf surface was achieved by
culturing leaves on 1 - 4 mg/1 kinetin for one month then transferring to MS medium containing 1-
4 mg/l BA. It was found that the leaves cultured on MS media supplemented with 2 mg/l kinetin
then 4 mg/l BA was the best for shoot production which yielded 15.4 shoots per explant. MS
medium supplemented with 1 mg/l BA was suitable for shoot elongation of shoot obtained from
all treatments. The rooting media were also tested for root induction and the results il lustrated that
MS or half strength MS media were appropriated for used as rooting media. However, roots
produced from both media showed morphological different. Plantlets cultured in MS medium had

less number of roots but longer in size compared to the ones cultured in half strength MS medium
which roots are shot and hairy.

INTRODUCTION

Plumbago indica L. belongs to family Plumbaginaceae. The roots of this
medicinal plant are the main source of plumbagin, which was reported for
pharmacological properties such as anticancer, antimicrobial antifertility and insecticide
(Krishnaswamy and Purushothaman, 1980; Komaraiah et al., 2002).

Cultivation of the plant for pharmaceutical propose is limited by lacking of
genetic diversity due to vegetative propagation habit of the plant. To improve genetic
background for breeding program, in vitro mutation is a method of choice. Few reports of
in vitro propagation of the plants in this genus have been reported so fgr. Rout et al.
(1999a and b) successfully multiply Plumbago zeylanica in vitro while Kumar and
Bhavanandan (1988) reported in vitro culture of P. rosea L. This experiment was
conducted to determine the suitable explants media and conditions for in vitro
propagation of P. indica L. The technique will be applied for plant multiplication and
breeding in the future.

MATERIALS AND MEDTHODS
Plant materials

Stems of field grown rose-colored leadwort (Plumbago indica L.) were collected.
After removing of the leave and washing the stems with tap water, the stems were cut
into small segments containing 4-5 nodes. Then they were submerged in the solution
containing of 0.25 g/l Streptomycin (M&H Manufacturing Co., LTD) and 1.5 g/
Benlate® (Dopont, Thailand Co., LTD) for 1 hr. The treated explants were then



transferred into 70% ethanol for 1 min and then into 20 and 15% Clorox® for 10 and 15
min, respectively. The explants were rinsed three times with sterile water and then were
culture on MS (1962) hormone-free medium to get new shoots.

Callus induction from apical and lateral bud

The emerged shoots were aseptically cut into small segments containing one
lateral or apical bud and were transferred onto MS basal medium supplemented with 0, 1,

2, 3 and 4 mg/l BA. The experimental design of 2X5 factorial in CRD with 10
replications was used for data analysis.

Shoot development and elongation
The callus and multiple shoots derived from callus induction medium were cut

into 2X2 cm/piece and then were transferred onto MS medium supplemented with 0, 1
and 2 mg/l BA for shoot development and elongation.

Organogenesis from leave

The 3™ to 5" leaf below the uppermost leaf from shoots grown on MS hormone-
free medium were aseptically cut and transferred onto MS medium supplemented with 0O,
1, 2, 3 and 4 mg/l kinetin for one month then they were transferred onto MS
supplemented with 0, 1, 2, 3 and 4 mg/l BA.

Root induction

The 1.5-2.0 cm height shoots with 3-4 leaves were transferred onto full strength
MS medium plus 0, 0.5, 1.0, 1.5 and 2 mg/l NAA and Y2 MS hormone-free medium.

All experiments, the cultures were incubated at 25+1°C with 55 pmol/m®/s light
intensity and 16 hr photoperiod. The explants were transferred onto fresh medium every
4 weeks interval.

RESULTS AND DISCUSSION
Cailus shoot induction from apical and lateral bud

All apical and lateral buds, which were cultured on MS medium supplemented
with difference concentrations of BA, produced similar calli which were compact-green
with brown segmental. When the concentrations of BA were increased, the callus
proliferation was increased as well. Concentration of BA that promote callus fon_nation
the most was 4 mg/l. The shoot initiation from those calli was also increased with the
increment of BA concentrations. However, calli derived from MS plus 3 mg/l BA
produced the highest number of small shoots. The average number of shoot initiated from
those calli derived from apical bud were 89.50 while 201.62 shoots were regenerated
from lateral bud derive-calli. In contrast, the average shoot length and leaf number were
decreased when the BA concentrations were increased (Table 1 and Fig 1 and 2). Lateral
bud explant processes more ability of shoot and callus production when compare to apical
bud explant. It was because of apical bud dominance. BA was reported to induce
adventitious bud from lateral bud of Picea omorika (Budimir and Vujicic, 1992) and
Cunila galioides (Fracaro and Echeverrigaray, 2001). Rout et al. (1999b) could only
induce shoots from lateral bud of P. zeylanica cultured on MS medium supplemented
with 0.5-1.0 mg/l BA. However, in this experiment, when the concentrations of BA were
increased the shoot length and leaf number were decreased. The same effect of BA on



shoot elongation and leaf development was reported by Whiley and  Saranah (1985)
when they cultured ginger on MS supplemented with high concentrations of BA.

To induce shoot development and elongation, the clumps of initiated shoots
derived from MS medium with 3 mg/l BA were cut into the same size and were
transferred onto MS medium supplemented with lower concentration of BA. It was found
that 1 mg/l BA was the most suitable concentration for shoot elongation and leaf
expansion. While MS hormone-free medium could not promote shoot development and

caused death of some shoots (Table 2 and Fig 3). It indicates that BA is essential for both
shoot induction and development of the genus Plumbago.

Organogenesis from leave

The leaves, both abaxial and ad axial, cultured on MS medium supplemented with
various concentrations of kinetin for one month. It was found that kinetin could not
induce organogenesis from these leaves. However, when they were transferred onto MS
plus various concentrations of BA, shoots development via organogenesis was found.
Most of the shoots were developed from the leaf surface of the abbatial side without
callus formation. It was shown that the leaves cultured on MS + 2 mg/l kinetin and then
were transferred onto MS + 4 mg/l was the best combination for shoot initiation from leaf
of Plumbago indica L. via organogenesis (Table 3 and Fig 4).

Root induction

The elongated shoots with 3-4 leaves were transferred onto full strength MS
medium plus 0, 0.5, 1.0, 1.5 and 2 mg/l NAA and !z MS hormone-free medium for root
induction. When the shoots were cultured on MS plus all concentrations of NAA, few
and short roots were induced in the company of callus formation at the basal of stem. In
MS hormone-free medium, big and long with few hairy roots were produced. On the
other hand, it was found that half-strength MS was able to promote root initiation,
elongation with a lot of hairy root without callus formation (Fig 5). The efficiency of
haif-strength MS hormone-free on root induction was reported in many plant species i.e.
Rosa hybrida (Skirvin and Chu, 1979), Plumbago zealanica (Rout et al., 1999a), Yucca
aloifolia (Atta-alla and van Staden, 1997).

CONCLUSIONS

Plumbago indica L. can be successfully propagated in vitro using apical and
lateral bud on MS medium plus 3 mg/l BA and leaf explant on MS medium plus 2 mg/]
kinetin and then on 4 mg/l BA. This opens the opportunity of using plant tissue culture
for plant improvement of this plant species. Plant improvement of this p_lant spec_ies i_s
not a routine because the plant is vegetative propagated and less genetic variation is
expected. By using mutagents with callus or other suitable explants, genetic variation and
desirable characters especially the plumbagin content can be improved.
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Tables

Table 1 Effect of explant and BA concentration on callus production and shoot initiation
of Plumbago indica L. cultured on MS basal medium.

Explant BA Callus Average Average | Average leaf
concentration | proliferation' | number of shoot number/shoot
(mg/) shoot length
(cm)
0 0.00 1.4%° 4.152 5.85
Apical 1.0 1.75 42.22% 0.66° 3.75
bud 2.0 1.80 68.90% 0.44% 3.23
3.0 1.87 89.50° 0.43% 3.31
4.0 2.00 73.67% 0.35°¢ 2.37
0 0.00 1.10° 4.29° 6.05
Lateral 1.0 2.35 66.10> 0.70° 3.79
bud 2.0 2.85 75.00™ 0.30° 3.68
3.0 3.20 201.60° 0.20° 3.23
4.0 3.33 179.60° 0.20° 2.94

'callus proliferation were scored as the following
0 = no callus production
I = little callus production (the size is not bigger than 2 cm in diameter)
2 = moderate callus production (the size is between 2-3 ¢m in diameter)
3 = high callus production (the size is bigger than 3 cm in diameter)
% the same letter indicates not significant different by Duncan’s New Multiple
Range Test

Table 2 Growth and development of Plumbago indica L. shoots initiated on MS + 3 mg/1
BA after transferring onto MS plus various concentrations of BA.

Concentration of Number of Length of shoot | Number of leaf
BA (mg/) elongated shoot {cm)
0 Ik o 0°
1.0 23.8% 1.09% 3.99*
2.0 7.2° 1.03* 3.67°

The same letter indicates not significant different by Duncan’s New Multiple

Range Test




Table 3 Effect of kinetin and BA concentrations on organogenesis from leave of
Plumbago indica L.

Concentration of Concentration of Average no.
Kinetin (mg/l) BA (mg/1) of shoot
0 0
1.0 0
0 2.0 0
3.0 1.2
4.0 1.8
0 0
1.0 0
1.0 2.0 4.4
3.0 5.8
4.0 6.8
0 0
1.0 10.4
2.0 2.0 8.0
3.0 12.2
4.0 15.4
0 0
1.0 1.6
3.0 2.0 6.2
3.0 6.4
4.0 7.0
0 0
1.0 1.0
4.0 20 3.8
3.0 3.0
4.0 3.0




a=0mg/l BA
b=1.0 mg/l BA
¢ =2.0 mg/l BA
d =3.0 mg/l BA
e=4.0 mg/l BA

Fig 1 Shoot initiation from apical bud derived-calli on MS medium plus different
concentrations of BA.

a=0mg/l BA
b=1.0mg/l BA
c=2.0 mg/l BA
d=3.0 mg/l BA
e=4.0 mg/l BA

Fig 2 Shoot initiation from lateral bud derived-calli on MS medium plus different
concentration of BA.



0 mg/l BA 1.0 mg/ BA 2.0 mg/l BA

Fig 3 Shoot development and elongation on MS medium supplemented with
various concentrations of BA

Fig 4 Organogenesis on the leaf surface of Plumbago indica L. cultured on MS +
2 mg/] kinetin for one month and then MS + 4 mg/l BA for one month.

Fig 5 Root induction on % MS and MS supplemented with various concentrations
of NAA. Y2 MS (a), MS hormone-free (b), 0.5 mg/l NAA (c), 1.0 mg/i
NAA (d), 1.5 mg/l NAA (e), 2.0 mg/l NAA ().
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The role of callus and cell suspension in secondary metabolite production has been
reported in many plant species. Plumbago indica L. is an important medicinal plant
of Thailand which roots of this plant is the main source of plumbagin, a
naphthoquinone derivative of commercial interest for pharmarcological properties. In
order to establish friable callus of P. indica L., five different in vitro explants, node,
internode, petiole, leaf blade and root were tested in meodified MS medium
supplemented with several types and concentration of auxins and cytokinins. All MS
medium in concerted with various auxins and cytokinins yielded small amount of
callus. On the other hand, among 22 media of MS salts + B5 vitamin tested, the best
media for friable callus production from internode explant was MS + 0.2 mg/l NAA +
0.2 mg/l 2-4,.D + 0.5 mg/ kinetin. However, this media is somehow induce root
formation in leaf explant. The media containing 0.2 mg/l NAA + 0.4 mg/12-4,D + 0.1
or 0.2 mg/l kinetin were among the best media composition for friable callus
induction. The MS media containing 0.2 mg/l NAA+ 0.4 mg/l 2-4,D + 0.1 mg/l
kinetin was then selected for further tested with in vitro petiole, node and root
explants. The results demonstrated that these explants could also be able to yield
friable callus in the selected medium. All callus obtained from each medium and
explants were then subjected to analysis for plumbagin accumulation. -

Keywords: plumbagin, in vitro, plant growth regulator
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Abstract

The role of callus and cell suspension in secondary metabolite production has
been reported in many plant species. Plumbago indica L. is an important medicinal plant
of Thailand which roots of this plant is the main source of plumbagin, a naphthoquinone
derivative of commercial interest for pharmacological properties. In order to establish
friable callus of Plumbago indica L., five different in vitro explants, node, internode,
petiole, leaf blade and root were tested in modified MS medium supplemented with
several types and concentrations of auxins and cytokinins. All MS medium in concerted
with various auxins and cytokinins yielded smalf amount of callus. On the other hand,
among 22 media of MS salts + BS vitamins tested, the best plant growth regulator
combinations for friable callus production from internode explants was 0.2 mg/l
NAA+H).2 mg/l 2,4-D+0.5 mg/ kinetin. However, this media is, some how, induce root
formation in leaf explants. The media containing 0.2 mg/l NAA+0.4 mg/l 2,4-D+0.10r 0.2
mg/l kinetin were among the best media composition for friable callus induction, while
the media containing BA higher than 0.2 mg/l yielded compact callus. The media
containing 0.2 mg/l NAA +0.4 mg/1 2,4-D + 0.1 mg/1 kinetin was then tested with petiole,
node and root explants and revealed the successful of friable callus induction. For
plumbagin analysis, the results demonstrated that high concentration of 2,4-D may limit
the plumbagin production. Comparison of BA and kinetin added to media, even though
kinetin yield more friable callus than those of BA contzining media but the calius
accumulated lower level of plumbagin.

INTRODUCTION .

Medicinal plants are gaining great interest in pharmaceutical industries for the
production of high value secondary compounds (Das and Rout, 2002; Rout et al., 2000).
Plumbago indica L. is a shrub belonging to the family Plumbaginaceae, whose roots are
the main source of plumbagin which is a naphthoquinone deriva_tive f’f con}mer_c_lal
interest for the pharmacological properties such as anticancer, antimicrobial, antlfe_mhty
and insecticide (Komaraiah et al., 2002). Plumbagin is also found in some species of
Droseraceae (Finnie and Stadent, 1993 ; Hook, 2001) and Ebenaceae (Evans ef al.,1999),
aswell.

A major limitation to the therapeutic use of plumbagin is of insufficient supply
from natural source and the need for several years to produce quality roots. Thus, many



studies have focused on the production of plumbagin using in vitre culture techniques that
offer an alternative method for the production of such pharmaceutically important
compounds (Nahélka er al.1996). Several researchers (Rout ef al., 1999; Komaraiah et
al., 2001) have reported the production of plumbagin from callus and cell suspension
cultures of Plumbago species. However, there are still problems in the production of
secondary metabolites by cell culture including the instability of cell lines, low yields,
.slow growth and low level of plumbagin production (Ramachandra Roa and Ravishankar,
2002). Many strategies have been adopted for increasing the accumulation of secondary
metabolite in the cultures such as supplementing nutrient media with various plant growth
regulators, biosynthesis inducers and culturing differentiated organ cuitures, including
transformed materials using bacteria; i.e. Agrobacterium rhizogenes and A. tumefaciens
(Yeoman and Yeoman, 1996). This work was undertaken to determine the suitable media
for inducing P. indica callus and in vitro production of plumbagin.

MATERIALS AND METHODS
Callus induction and cultures

In vitro cultured leave and internode explants of P. indica were placed on MS
media supplemented with 0.2 mg/l naphthaleneacetic acid (NAA), 0.2 mg/l 2,4 -
dichlorophenoxyacetic acid (2,4-D), 3 % sucrose and 0.7 % w/v agar for callus induction
(Choosakul, 2000). Cultures were maintained at 25 + 2°C under a light intensity of 28
4 mol/m?/s with 16/8 h light/dark cycle. Callus was then subcultured on to modified MS
medium supplemented with several types and concentrations of auxins and cytokinins.
The MS salts + BS vitamins supplemented with two concentrations of 2,4-D (0.1 and 0.4
mg/1), two types of cytokinins (BA or kinetin) each at six concentrations (0, 0.1, 0.2, 0.3,
0.4 and 0.5mg/1), and a constant amount of NAA (0.2 mg/l) were also tested. The
cultures were grown for four weeks under the culture conditions stated above. Fresh
weight (FW) and dry weight (DW) of callus were recorded. Each experiment was
replicated five times and the callus from all five replicates of the above treatment
combinations were subjected to lyophilization for 96 h at —50 ® C. for plumbagin
extraction and analysis. The suitable media were then selected and tested with 3 different
explants, petiole, node and root

Plumbagin extraction and analysis
Sample preparation

Freeze-dried callus tissues of P. indica were ground to powder using mortal and
pestle. Two hundred milligrams of powder from each treatment was extracted us_ing 8 ml
methanol in 50 ml Erlenmeyer flask placed on an orbital shaker at 100 rpm f(;or six hours.
The crude extracts were then filtered (Whatman no. 1) and evaporate at 60 ° C until dry.
Each sample was redisolved with 100 pl petroleum ether and analyzed by HPLC
(Choosakul, 2000).

HPLC analysis

Plumbagin content in samples was determined by HPLC using a Zorbax SB C_l 8
column (4.6x250 mm, 5 pum particie diameter) with the detection at 270 nm. The mobile
phase was 60 % methanol: 0.4 % acetic acid (60:40 v/v). The flow rate used was 1.0 ml
min" at 25 ° C. Each injection volume was 10 pl. Quantitative analysis of each sample



were compared with the peak area with standard plumbagin from the Sigma Chemical
Company, USA.

RESULTS AND DISCUSSION

In vitro leaf explants incubated on MS medium without growth regulators, or with
only NAA or BA did not produce callus. Roots were formed in medium supplemented
with NAA after 2 weeks. Callus induction was observed in leave explant cultured in MS
medium supplemented with 2,4-D alone, or with combinations of BA and NAA.
However, explants gave small amounts of compact and slow growing callus. Then for the
subsequent experiments, callus was initiated from leave and internodes explants using MS
salts + B5 vitamins supplemented with various concentrations of BA (0-0.5 mg/l) or
kinetin (0-0.5 mg/l) in combination with 2,4-D (0.2-0.4 mg/l) and a constant amount of
NAA (0.2 mg/l). The leaf explants enlarged and callus developed on the cut surface after
7-10 days of culture. The internode explants developed friable callus, which covered the
entire surface of the explant within 4 weeks. The callus was green at the beginning and
turn dark gray after 3-4 weeks. Similar to this reported, previous reported in cailus
cultures of Drosophyllum lusitanicum (Budzianowski et. al, 2002) and P. rosea (Satheesh
Kumar and Bhavanandan, 1988). Callus was established on several media could be
divided into two types: compact and friable callus. The friable callus from leaves were
obtained form on MS salts + B5 vitamins supplemented with 0.2 mg/l NAA and all
various concentrations of kinetin in combination with 2,4-D; or supplemented with 0.2
mg/l NAA+0.2 or 0.4 mg/l 2,4-D+0.1 mg/l BA. The highest callus fresh and dry weight
from leaf developed on MS salts + BS5 vitamins supplemented with 0.2 mg/l NAA+0.4
mg/l 2, 4-D+0.2 mg/l BA or 0.2 mg/l kinetin. However, the media containing 0.2mg/1
NAA+0.4 mg/ 2,4-D+0.2mg/l BA gave the compact callus. The media containing 0.2
mg/l NAA+0.4 mg/l 2,4-D+0.1 or 0.2 mg/l Kinetin were suitable for friable callus
induction and they can also be used for callus induction from another types of explants,
such as petiole, node and root which yield friable callus with the average FW/DW (g} of
0.286/0.03, 0.273/0.05 and 0.276/0.03 respectively. MS salts + B5 vitamins supplemented
with 0.2 mg/i NAA + 0.2 or 0.4 mg/l 2, 4-D+0.5 mg/l kinetin gave the high callus fresh
and dry weight from internode explants, and the best medium for friable callus inducing
from internode explants was MS salts + B5 vitamins supplemented with NAA (0.? mg/1)
+2,4-D (0.2 mg/1) + kinetin (0.5 mg/1). Some how, this media induced root formation and
gave compact callus in leaf explants, which is not suitable for cell suspension culture.
(Table 1 and Figure 1,2) . ]

Plumbagin production from the 4-week-old callus cultured on 22 dlf_'ferent nutrient
media was analyzed using HPLC. The chromatogram of standard plumbagin revealed the
retention time of approximately 13:49 min. The calibration curve of stand?rd plumbagin
showed linearity of the relationship from 0.001-10 mg/l and the_correlatlon coc.fﬁt..:lent
was 0.99993 (Figure 3,4). The result indicated that the accumulation qf .plumbagm in P.
indica L. callus might be effectively modified with auxin and cytokinin supplemented
into culture media. In this experiment, increasing of 2,4-D concentration from 0.2 to 0.4
mg/l was observed to decrease the production of plumbagin from both leaf ar.xd mternoc_ie
callus. The plant growth regulators concentration were repor_'tcd to be <_:ruc1al fa_ct_or in
secondary metabolites production. The type and concentration of auxin, cytolgmn or
auxin/cytokinin ratio alter dramatically both the growth and compound produce n P!ﬂﬂt
cell culture. 2,4-D has been shown to inhibit the production of secondary metabolites in a
large number of plants such as elimination of 2,4-D or replacement of 2,4-D by NAA or
indole acetic acid (IAA) has been shown to enhance the production of anthocyanins in



callus cultures of Populus sp. and Daucus carota (Rajendran et al. 1992). The plumbagin
content of callt obtained from both leaf and internode explants showed highly significant
variation due to the two levels of 2,4-D and the six levels of kinetin or BA supplemented
(Table 1). However, the high plumbagin contents tend to be obtained from 0.2 mg/l 2,4-D
and 0.4-0.5 mg /1 BA which were compact callus. In the case of using kinetin in
replacement of BA, the results illustrated the inconsistency of plumbagin production but
callus were more friable than the media containing BA (Figurel, 2).

CONCLUSIONS

The friable callus yielded from the media containing kinetin at the concentration
of 0.1-0.2 mg/l, while the higher concentration tested, the callus tended to be compact.
The concentration of BA higher than 0.1 mg/] also yielded compact callus. However, the
analysis of plumbagin production demonstrated that compact callus contained higher
plumbagin content than those of friable callus. The callus obtained from media contained

0.2 mg/l1 2,4-D also tended to yield higher plumbagin content than the one cultured in
higher concentration of 2,4-D.
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Fig. 2. Effects of kinetin and 2,4-D on growth of leaf and internode derived callus and
plumba
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Fig. 3. HPLC chromatogram of standard plumbagin (A, RT=13.476) and plumbagin
from callus extract(B, RT=13.507)
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Fig 4. Calibration curve of standard plumbagin by HPLC



	PDF4380041_01
	PDF4380041_02

