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ABSTRACT

Psoralea corylifolia linn. (Fabaceae) is an impantaherbaceous medicinal plant. The plant is wethwn for its
different medicinal properties. Various parts ofupl including roots and seeds are source of valeaikaloids
which have pharmaceutical importance. Three exglamére compared to determine an efficient regei@rat
method for propagation of Psoralea corylifolia. iEint and rapid in vitro seed germination has bestablished
using B basal medium with 0.7% agar. Good regeneration alasined from 5 day old cotyledone node explant as
compared to hypocotyls and cotyledone. 6-Benzylgmiine (BAP) at 2.5 uM was found optimal for npléi
shoot induction. Kanamycin at concentration of 3jy/locaused complete bleaching of the non-transfdrefeots.
This concentration was found optimal for the sétectof green putative shoots transformed by Agrtdram
tumefaciens. Indole-3-butyric acid (IBA) at 5.0 pMs found optimal for for induction of roots appiroately in
80% of cultures. The transformation was observedctly GUS staining of the explants. Transient Ga¢8vity
was detected after co-cultivation with Agrobactaeritumifaciens (EHA 105) carrying binary vector pCBiM 2301
which contained uid A gene as scorable marker foiSGxpression and npt Il as selectable marker éoraknycin
resistance. Transient GUS blue staining was obskimwetransformed explants while non-transformed dimt
revealed any staining. Present study will help topagate the medicinal plant for industrial herbattraction of
valuable pharmaceutical substances to be usedfferdnt diseases. This study will also help to ateedurther
research on regeneration, transformation and haggt induction of this medicinal plant.

Keywords: Psoralea corylifolia,medicinal plant, regeneration, cotyledone no&lgrobacterium tumifacien&GUS
expression

INTRODUCTION

Psoralea corylifolialinn. (Fabaceae) is a rare medicinal plant whiclistributed throughout the tropical and sub-
tropical regions of the worldPsoraleagenus contains approximately 120 species whichdesteibuted in South
Africa, North America and Australia. It is also peat in Asia, South America, North America and Medanean
region [1]. Among thePsoraleaplants known worldwidePsoralea corylifoliais native to India. In many parts of
India, it is cultivated as medicinal plant. Seedd aoots of this plant have been used successigiinst several
diseases. This endangered plant is well knownt$omiedicinal properties in Chinese and Indian foikl medicine
[2]. It has been assigned as aphrodisiac, laxatiwggtic, anthelmintic, and diaphoretic in febrdenditions [2].
Seeds extract have been shown to display antili@caetivity againsStaphylococcus aurey8]. Different valuable
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compounds including furanocoumarin, glycoside Igsoralen, iospsoralen, psoralidin, isopsoralidsmvachinin
and monoterpenoid phenols etc. are foundsaralea corylifolig[4].

The conventional method for propagation Rdoralea corylifoliais through seed germination. But this is not
adequate because of hard seed coat which requiegggtment and short period of seed viability. Doehese
drawbacks, there is a great need for micro-propagalf this plant along with genetic stock conséinma Tissue
culture offers an alternate method for rapid miittadion of desirable clones. Earlier studies diéstt regeneration
of Psoralea corylifoliabu somatic embryogenesis and hypocotyls explaijtsR@cently, regeneration and micro-
propagation ofPsoralea corylifoliahas been reported [5]. In this study, authors ttegodirect regeneration from
hypocotyls explants. In regeneration of any plt,regeneration efficiency has been found to deépengenotype,
type of explant, media composition and culture émubk. In spite of earlier studies, more efficientd rapidin
vitro propagation techniques are required for the geriginsformation and conservation of this medicipiaht.
The present study describes an efficient methoddgeneration and propagation of fAgoralea corylifolia.An
efficient seed germination protocol based on ac&htment has been performed followed by comparisbn
regeneration from three different explants i.e.dogiyl, cotyledon and cotyledonary node has besorieed in this
study. Further, genetic transformation of the adgnary node explant (producing higher number afthg shoots)
was attempted usinfgrobacterium tumifaciersndAgrobacterium rhizogenes

MATERIALS AND METHODS

Plant material, bacterial strain and vector
Fresh seeds d?soralea corylifoliawere procured from Department of seed technologyu@hary Charan Singh
Haryana Agriculture University, Hissar. The disadme tumefacienstrain EHA105 harboring a binary vector
pCAMBIA2301, which contains @-glucuronidase (GUS) geneiA) and a neomycin phosphotransferase gene
(nptll) both driven by cauliflower mosaic virus (CaM\BS8 promoter was used for transformation (Fig. He T
uidA gene contains an intron in its coding region ngwre that the observed GUS activity occurs inpiaat cell
and is not due to presence of residugitobacteriuncells

Mos poly s

— 2.1 kb —= —— 3.2kb —

Frindlll

Fig. 1. Schematic representation of the T-DNA (5.Bb) of pPCAMBIA2301 containing the uidA genes anchptll genes (not drawn to scale).

2.2. Seed germination, Explants preparation and Pt regeneration

2.2.1. Selection of germination medium

Healthy and uniform seeds were treated with comatsd sulphuric acid for 40-45 minutes and wash&dtiénes
with distilled water to completely remove the tracé acid. Seeds were surface sterilized for 2 temin 70% (v/v)
alcohol followed by treatment with aqueous mercatitoride (0.1%, w/v) for 5-10 minutes. Seeds ween rinsed
with sterilized distilled water (4-5 times). Theesls were cultured on different basal medium MSBgI,7], MSBs,

and water (each media supplemented with 3% suenodd.7% agar) at 25°C under 16 hours photopefictad-

white fluorescent light for germination. Seeds walso allowed to germinate in 250 ml flask conta@nb0-100 ml
of autoclaved distilled water at 25+2°C in an aabghaker at 200 rpm.

Explants for plant regeneration
The entire cotyledons, hypocotyls and cotyledorraogles excides frorm vitro raised 5 day old seedlings were
compared for plant regeneration. All explants wexeised with sterilized fine surgical blade.

Optimization of 6-benzylaminopurine (BAP) concentrdion

All explants were cultured in MS basal media supmeted with various concentrations of BAP (0.5-1j0M) to
find its optimal concentration for multiple shoetgeneration. The explants were cultured for 4 wegkscultures
were maintained at 25+2°C under 16 hour photopesfazbol white fluorescent light of 80 pETs” intensity.
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Optimization of indole-3-butyric acid (IBA) concentration

After 4 weeks, individual shoots (2-3 cm) were erd from the base and cultured on MS basal medium
supplemented with different concentrations of IEA5(5.0 M) with sucrose (2%, w/v) for root indactiin culture
tubes (25 x 150 mm). All cultures were maintainediascribed in section optimization of BAP concation.

Acclimatization of rooted shoots

The rooted shoots were removed from the culturettdses and roots were washed extensively but yevith
distilled water. The plantlets were then transfén® the plastic pots containing a mixture of sednd and cow
dung manure (1:1:1). The pots initially were codemgith polythene bags to insure high humidity ambuhe
plantlets during first few days. Plantlets were evatl after every 3 days. Subsequently, humidity vealsiced
gradually by removing the polythene bags for vagytime interval before transferring the plantsad.s

Optimization of Kanamycin concentration for selecton of transformed shoots

An optimal concentration of kanamycin was for sttet of transformed shoots by culturing the nom$farmed
(control) explants. The explants were cultured boo$ regeneration medium (MS + 2.5 uM BAP) suppleted
with different concentrations of kanamycin (25, 3® mg/l). The cultures were transferred to the esdresh
medium containing same level antibiotic after tweeks. The explants were cultured for 4 weeks andedcfor
frequency of regeneration.

Agrobacterium tumefaciens mediated genetic transformation

The Agrobacterium tumefaciendEHA 105) was grown in YEM medium containing rifpimin (10 mg/l) and
kanamycin (50 mg/l) for 12 hours at 27°C. The baateculture was harvested and resuspended in M8iame
supplemented with 2.5 uM BAP and 20 mM acetosynirego

The cotyledonary nodes were excised fiamitro raised 5 day old seedling with help of steriliz#dde in laminar
flow. The explants were gently stabbed 4-5 time$ wisterilized fine needle and immersed in baatatispension
at 25°C for 25 min with occasional shaking. Thelarts were co-cultured in petridishes lined withefi paper
moistened with MS medium containing 2.5 puM BAP. tRar, the explants were washed with sterilizedilltidt

water, dried and then cultured on solid MS medigpemented with IBA and cefotaxime (500 mg/l). Troeted

shoots were removed and transferrred t plastic gotiescribed earlier in manuscript.

Hairy root induction with Agrobacterium rhizogenes

Genetic transformation of Psoralea corylifolia with wild Agrobacterium rhizogenes

Agrobacterium rhizogenesas inoculated and harvested as describeddoobacterium tumefacien$he explants
(cotyledonary nodes) were submerged in bacterigbexision for 25 min at 25°C under constant shaKirg
explants were co-cultured in petridishes as desdrifor Agrobacterium tumefaciensAfter 3 days incubation
explants were washed and cultured on MS anch&dia containing cefotaxime (500 mg/l) for haioy induction.

Genetic transformation of Psoralea corylifolia with pCAMBIA harboring Agrobacterium rhizogenes
Compettent cells ofAgrobacterium rhizogenewere prepared by Caf(20 mM) method. The DNA vector
pCAMBIA 2301 was extracted fromgrobacterium tumefacienand transformed igrobacterium rhizogenes
using standard transformation protocol. Thereafteg explants (cotyledonary nodes) were incubatéth w
Agrobacterium rhizogendsarboring pCAMBIA and wild type Ri plasmid for 25immat 25+2°C. The explants were
co-cultured for 3 days and shifted to MS andri2dium containing cefotaxime (500 mg/l) for haiopt induction.

Enzyme assay

The GUS activity in tissues was determined by loistonical assay as described by Jefferson (198%. Th
transformed and non-transformed explants were irageet in freshly prepared X-gluc (5-bromo-4-chlofimx@olyl-
B-glucuronidase) solution and incubated overnigh3#C. The staining solution was removed and explarere
washed with ethanol. The explants were examine@mumitcroscope.

Statistical analysis
The cultures were observed regularly and resulte eealyzed for variance and standard error tesensure the
accuracy of the experiments.
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RESULTS AND DISCUSSION

Seed germination

Seed germination in plants is a critical perioded®ining further perpetuation of the species iruradthabitat [8].
Seeds oPsoralea corylifolishave hard seed coat and also have short viap#itypd which generally results in poor
germination. Conventionallyf. corylifolia is propagated by seed germination but the convealtionethod of
propagation oP. corylifoliathrough seeds is not adequate and efficient, alsse=ed pretreatment because of hard
seed coat [9]. Therefore, seeds were subjecteitbtreatment. Results are predicted in Table hoAgst the
different media used for germination of seeds, wsataked seeds showed highest percentage (85%jrofrgation.
Water soaked method was followed by iBedium which gave 36% germination. Other methesksd for seed
germination were found non-efficient.

Table 1: Germination of seeds oP. corylifolia on different medium

. Number of seeds Seeds Germination Percentage of seed
Sr. No. Medium used ) . A
per treatment germinated period (days) germination
1 Wateraga 25 6 5-6 day: 22
2 MS Basal 25 6 4-5 days 22
3 BsBasal 25 9 3-5 days 36
4 MS salts + Isvitamins— Basa 25 2 5-7 day: 8
5 Water soaked seeds 100 85 3-4 days 85

Plant regeneration {n vitro) through multiple shoot formation

Cotyledonary node

The explant could not regenerate any shoot on M&llmaedium even after prolonged culture. Howewedjteon of
BAP to MS media induced a variable amount of cadiuhe basal cut end of the explant followed Wfedéntiation
of multiple shoots from nodal region with in 28 dagf culture. Increase in concentration of BAP uptd uM
increased the number and length of the shoots.héuincrease in BAP concentration resulted in cesgd
frequency of shoot regeneration (Table 2). Althquglhest percentage of regeneration of was oldaivith 0.5
UM with an average length of 1.3 cm but the averagaber of length per explant was very low. BAR & uM
found optimal for multiple shoot regeneration (Te). The presence of BAP was found an essentralition for
multiple shoot induction. Plant regeneration thitowgtyledonary node has been shown in Fig. 2. &aréports
also described that BAP induced multiple shoot megation from cotyledonary node explant of lequifi€s11].

Fig. 2: Plant regeneration (n vitro) through multiple shoot formation from cotyledonary node explants. A, Explant at time of culture; B,
Multiple shoots regeneration from cotyledonary nodeon MS +BAP (2.5 uM) and kanamycin (35 mg/l) witicefotaxime (500 mg/l); C,
Green putative transformed shoots on rooting mediunfMS+ IBA) containing cefotaxime; D, Entire regeneated plantlets; E,
Regenerated plants transferred to pot
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Table 2: Effect of different concentrations of BAPon direct multiple shoot regeneration from cotyledmary node explants ofP. corylifolia

. Average number of Average length (cm) of
BAP c?n,\c;gntratlon re F;?mrecrzrt]ifgf:u?tfure shoots per explant shoots per explant

H 9 9 (meanzS.E.) (meanzS.E.)

0.0 Nil Nil Nil

0.5 75 1.0£0.64 1.3+0.57

1.0 71 1.2+0.38 1.5+0.50

2.k 53 5.0+0.3¢ 2.5+0.2:

5.0 40 2.3+0.68 1.1+0.60

10.0 31 2.0+1.01 0.8+0.04

Hypocotyl

The hypocotyl segment around 0.7 cm in length wadsed from 5 day old seedling and cultured in ightr
position. The explant showed shoot generation onn8ium supplemented with different concentratibBaP

(Table 3). BAP at 2.5 pM resulted in good regenenapercentage (Table 3). Further increase in Bafcentration
did not affect the percentage of regeneration. #atiiof BAP to medium induced multiple shoot regatien from
non-meristemic hypocotyl explants Bf corylifolia. The percentage of regeneration was found loweoeagpared
to cotyledonary node. Therefore, it is concludeat totyledonary node is a better explant for reggien of P.

corylifolia.

Table 3: Effect of different concentrations of BAPon direct multiple shoot regeneration from hypocotyexplants ofP. corylifolia

BAP Percentage of Average number of Average length (cm) of
concentration regenerating shoots per explant shoots per explant
(uM) culture: (meantS.E (meanzS.E
0.C Nil Nil Nil
1.0 30 1.0+0.33 0.7+0.24
25 49 3.2+0.59 1.7+0.58
5.0 40 2.0£0.94 1.1+0.62

Cotyledon explant
The cotyledon explants cultured on MS basal mediitad to develop any shoot even after six weeksulfure.

The explants cultured on MS supplemented with BARted in swelling of of the explants followed ballas
formation at the embedded proximal ends within £kge Differentiation of multiple shoot buds was etved from
the callus only on 2.5 uM BAP (Table 4). Other camications resulted in caulogenesis. The percentdge
regeneration was quite low as compared to regeaerdtom cotyledonary node and hypocotyl. Maximal
regeneration efficiency and percentage was obtaiittdcotyledonary node. Therefore, cotyledonargenexplant
was selected for further studies.

Table 4: Effect of different concentrations of BAPon direct multiple shoot regeneration from cotyleda explants ofP. corylifolia

BAP Percentage of Average number of Average length (cm) of
concentration regenerating shoots per explant shoots per explant
(LM) cultures (meanzS.E.) (meanzS.E.)
0.0 Nil Nil Nil
1.0 10* 1.0+0.33 0.7+0.24
25 22* 3.2+0.59 1.7+0.58
5.0 40 2.0+0.94 1.1+0.62

*Callus formation only.

Rooting of in vitro regenerated shoots and their acclimatization

The regenerated transformed shoots from cotylegonade were transferred MS basal medium contaitiz#y
with 2% sucrose. The shoots developed thick anddmed roots on IBA containing medium with in 15 slaf
culture. IBA at 5.0 uM was found to be optimal foducing roots in 80% of the cultures (Figure 1heTrooted
shoots were transferred to pots and covered wiltyetioylene bags. The humidity was gradually reduzgdhaking
holes in the bags. All the regenerated plants sdom@mal morphological characteristics. Eighty peetcof
plantlets survived and showed normal growth after fveeks of transplantation.
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Selection of Kanamycin for the putative tranformant

The cotyledonary node explants excised from 5 ddyseedlings were on MS basal medium containing BAB
puM) and different concentration of kanamycin (0, 35, 50 mg/l). Kanamycin at concentration highent 25 mg/|
caused drastic reduction in shoot regeneration [€T&8h Kanamycin at higher concentrations causetptete
inhibition of shoot regeneration (Table 5). Kanamyat 35 mg/l did not impair the shoot regenerathmut

completely bleached the shoots regenerated fromdhedransformed (control) explants. Kanamycin asn found
effective in recovery of transformants in a numbklegume crops lik€icer arietinum[12] V. radiata[13] andV.

mungo[10].

Table 5: Effect of different concentrations of kananycin on shoot regeneration from cotyledonary nodexplants ofP. corylifolia

Culture medium  BAP concentration (UM) Kanamycin@amtration (mg/l) Percentage explants regeneréteots

MS 25 Nil 66
MS 25 25 71
MS 25 35 67
MS 2.5 >5C 2C

Genetic transformation with Agrobacterium tumefaciens

The cotyledonary node explant excised from 5 dal sdedling were transferred to selection mediurar afo-
culture with Agrobacterium tumefacien8dS medium with BAP (2.5 uM), kanamycin (35 mg/l)dacefotaxime
(500 mg/l) was used for selection of green putatisasformed shoots. The frequency of recoveryreég putative
transformed shoots was very low due to inefficiiamgeting of the transgene into the explants. Atnaewounding
treatment of explants at the nodal region prichtsr inoculation in Agro-suspension was carrietitolenhance the
frequency of transformants. Pre-wounding treatmergssential because it release phenolic inducekgob vir
genes, disrupt tissue organization such tleahovoshoot induction can occur near wounded surfacestimiilate
host DNA replication for T-DNA integration. Out 6D cotyledonary node explants inoculated witirobacterium
tumefaciens45 green shoots were recovered on selection medinmong these, 36 shoots formed roots on rooting
medium. Though, hypocotyl and cotyledon explantsrewalso studied for genetic transfomaryion but the
cotyledonary node explant was found most susceptiior Agrobacterium tumefaciensnediated genetic
transformation. Cotyledonary node has also beewrtep adventitious explant faBolanum lycopersicuni.
regeneration [14].

GUS activity

The transformation was quantified directly by ihéeg the GUS blue staining in the explants. Tramsi@US
activity was observed in cotyledonary node aftercatbure with Agrobacterium tumefaciendEHA 105). The
explants treated witAgrobacterium rhizogenesontaining wild type Ri-plasmid and binary vect@AMBIA 2301

that harborediid A gene as a scorable marker with an intron icdtding region for GUS expression amgt Il gene
as selectable marker for kanamycin. After 3 daysm€ulture, the explants were washed and immarséeshly

prepared X-gluc. (5-bromo-4-chloro-3-indoBdglucuronidase) solution and incubated overnigitaio37°C. The
explants were decolorized using ethanol. TrangBdS expression was observed in transformed expl&ngsire

2A). The non-transformed (control) explants did stebw any blue colour when stained with X-gluc (F&2B).

f

A

Figure 2: (A) Non-transformed cotyledonary node exfant without GUS expression, (B) Cotyledonary nodéreated with Agrobacterium
tumefaciens showing transient GUS expression
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In Indian system, about 1500 medicinal plants Hzeen identified, out of which 500 species are ngasted in the
preparation of drugs [15]Psoralea corylifolia is also among the important medicinal plants. Theliss on
regeneration and transformation witAgrobacterium tumefaciendas provided an important insight for
micropropagation of this plant. Regeneration of amant plants may be a constraint for genetic esggimg of
plants [16]. Therefore, attempt has been made ¥eldp the efficient regeneration of a important gl plant
and its genetic engineering.

CONCLUSION

The present study has shoimrvitro regeneration from various expalntsReforaleacorylifolia. An efficientin vitro
regeneration protocol fd?soraleahas been developed. The seed germination efficiaasygreatly enhanced when
soaked with water. The shoot regeneration fromledgnary node was found efficient and can be etgioto
multiply this endangered medicinal properties. 8jraotyledonary node gave maximal number of shaiogs5 uM
BAP, therefore, it is best explant for propagatioh Psoralea corylifolia. Rapid and reproduciblén vitro
regeneration protocol has been established fromaybolld cotyledonary noe explants. BAP (2.5 uM) v@snd
effective for shoot induction while IBA (5.0 uM) wefound optimal for root induction. Kanamycin at 8%/l
caused complete bleaching of the non-transferredtsh This concentration was found optimal for sibe of
green putative shoots transformed witirobacterium tumefaciensPresent study will provide important insight for
furrther reseacrh on conservation of this importaritendangered medicinal plant.
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