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ABSTRACT

The shoot tip, hypocotyls and cotyledons from the In vitro generated seedlings served as explant source for direct
organogenesis in the present study. The influence on In vitro growth response and regeneration potentials of the
shoot tip, hypocotyls, and cotyledons of safflower were evaluated on MS medium supplemented with different
cytokines viz., TDZ/BAP/Kn and NAA (0.5-3.0 mg/l and 0.25-1.0 mg/l) evaluated. Among the different explants, the
maximum mean shoot induction was recorded from shoot tip while cotyledons recorded minimum shoots induction.
A protocol for large scale production of plantlets from shoot tip explant was standardized on MS medium
supplemented with 1.5 mg/l TDZ and 0.5 NAA mg/l and 2.0mg/l BAP and 0.25 mg/l NAA. The In vitro derived
microshoots from different explants were induced root initials on MS half strength medium supplemented with a
range of 0.1 to 0.5mg/l NAA. The rooting response was maximum at 0.5 mg/I NAA supplemented medium. Complete
rooting was observed within 45 days of culture. The rooted plantlets were subjected to an acclimatization process.

Keywords.: Carthamus tinctorius, safflower, thidiazuron, micropropagation.

Abbreviations: |AA = Indole-3-acetic acid; IBA = Indole-3-butyric acid; BAP = 6-Benzyl amino purine; 2, 4-D = 2, 4-
dichlorophenoxy acetic acid; TDZ = Thidiazuron; NAA: naphthalene acetic acid; Kn: kinetin; SE: Sandard Error; MS medium
= Murasighe and Skoog medium

INTRODUCTION

Tissue culture is an effective way to offers quizhkd efficient methods to exploit crop or mediciqdants
meaningfully to meet the measuring demands of grgygiopulation, industries and it also helps to wtmany basic
aspects of cell development and differentiation A3lvances in plant tissue culture and other inriowat in
biotechnology have provided opportunities to plargeders for creating a wide range of useful genatiiability
and increased the precision and efficiency of sielg@esirable genotypes. In particullryvitro methods are being
used progressively more as an adjunct to traditioreeeding method for genetic improvement of cri@is

Safflower,Carthamus tinctoriusL., is a member of the family Asteraceae and is @inhe humanity’s oldest crops
and it is known as ‘kusum’ in India. It is cultieat mainly for its edible oil and it has high oilntent (35%) with
high amount of linoleic acid, which attributes theerapeutic value safflower seed oil [3]. It haghgrown as a
minor crop with world seed production of arounda&h tons/yrand India is the major producer in tharlev[4].
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Safflower has 4000yrs history which has been usedhie several purpose such as coloring the cositl, food
and also flavoring the food [5h ayurveda suggests that the leaves are laxapgetizer and diuretic also useful in
urorrhea and ophthalmopathy[6, Hafflower has several ethnomedicinal claims andymavestigators has been
investigated for its potential activity such asidminor, sedative [8]antimicrobial, anthelmintic [9, 1QJanti-
inflammatory and analgesic effects [11] antihypgegmic effects [12], hepatoprotective, antioxidardperties [13]
and wound healing activity [14]n India there are more than thirty varieties afflewer being cultivating, of
which, three common varieties in Karnataka are genil, Annigeri-2 and Annigeri-300. The variety igeri-2

of Carthamus tinctoriusL. was developed in AICRP (All India Co-ordinatededRarch Project, Safflower),
Agriculture Research Station, Annigeri, Gadag distf15]. Literature review indicated that there are vatieta
differences in terms of callusing and regenerapotentialities of safflower and such a study haet been
undertaken in the commonly cultivated variety ofika@aka, Annigeri-2. Therefore, in this presentgrdpcused on
the rapid production protocol for the micro-propéama of C tinctorius L., var Annigeri-2 andto understand the
influence of different cytokinins on direct shoegeneration from the different explantsQzrthamus tinctoriusL.
Var Annigeri-2.

MATERIALSAND METHODS

Plant material

Healthy seeds of tinctorius L., var Annigeri-2 seeds were collected from Allim&€oordinated Research Project
(Safflower), Agricultural Research Station, Annigebadag (D), Karnataka. Fresh seeds were usedise the
seedlings under sterile conditions. Seeds weres@aged for 2-3 hours and the seeds that settlech desre
selected for inoculation. Seeds were washed undering tap water and then treated with 0.1% (V/gueous
solution of Tween-20 for 10 min to remove dust joies and followed by bavistiB{ostadt India Ltd, Mumbai) to
remove fungal contaminants. Finally, the seeds weashed thoroughly for several times with doublstiled
water. All the required sterilized materials weransferred to the laminar air flow cabinet. Seedsewthen
immersed in 70% ethanol for 1 min and surface tsiied with an aqueous solution of 0.1% HgCI2 fomdin. The
disinfectant was removed by rinsing the seeds auttoclaved distilled water for 5 to 6 times. Thha seeds were
inoculated on pre-sterilized media with an appraterconcentration of phytohormones.

Media and explant preparation

In the present investigation, MS media [16] wasduse basal nutrient medium for direct organogen&sibowing
are the hormone supplements used either singlynocombination for then vitro seed germination, direct
organogenesis and for rooting of microshoots. $emd germination, Basal Medium (MS) and Basal Madiu
0.1mg/l 2, 4-D/0.5 mg/l Kn. The media for directganogenesis was supplemented with cytokines viz.,
TDZ/BAP/Kn (0.5, 1.0, 1.5, 2.0, 2.5 or 3.0 mg/l)daauxins such as NAA/IAA/IBA (0.25, 0.5, orl.0 mg/The
media were prepared by pippeting out appropriatames of macro, micronutrients, vitamins, aminodagiand
iron source. The carbon source, sucrose was addbé solution at the concentration of 3% and mauto desired
volume with sterilized double distilled water. Tild of the medium was adjusted between 5.6 -5.8dulng 0.1N
HCI or 0.1N NaOH prior to homogenization of the roed when necessary. The media were gelled with 008%
homogenized bacteriological grade Agar-agar. Aftemogenization, about 15 - 20 ml of molten mediwas
dispensed into each culture tube of 25 x 150 mmedsion and 50 ml of media was dispensed into culbattles
and conical flasks of 250 ml capacity. The tubes the conical flasks were plugged with non-adsatrbetton and
the culture bottles were closed with screw capsie Tulture media were steam sterilized in the davecat 15
Ibs/in2 at a temperature of 1210 C for 15-20 mifor explant preparation, th@& vitro germinated 10days old
seedlings were used to prepare explants viz. simdtypocotyls, and cotyledon as a source for apoopagation
studies. All the explants were excised and inoedlatseptically on to the media fortified with drffat
concentrations and combinations of cytokines anihalas mentioned above.

Culture conditions

Inoculated explants were maintained at 25 + 20Zhrs of photoperiod with a light intensity of 20& (Philips
cool-white fluorescent tubes, India) and 65 to 7@%ative humidity. Sub-culturing was done at theeivals of
twenty days. Visual observations of the culturesewecorded on the basis of the percentage ofresltshowing
response in terms of proliferation and the numlbeegenerants per culture.

Rooting and acclimatization of in-vitro plantlets

For root inductionn vitro grown, 45-50 days old microshoots were asepticatisised and transferred to full/half
strength media (MS) supplemented with various eatrations of IBA, NAA and IAA (0.1, 0.3, 0.5 &@.mg/l).
Plantlets with well-grown roots were removed frohe tculture tubes/bottles and roots were washedsitilled
water and the plants were transferred to pots aontasterilized mixture of vermicompost, sand awil in 1:1:1
ratio. The regenerants were hardened for 2-3 weaéekbke culture condition by covering with a thinrfoeated
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transparent polythene bag to maintain humidity aede watered with 1/10th strength of MS basal saltition.
After 2-3 weeks of incubation, the polythene bagsrevremoved and the plants were exposed to a hatura
environment at greenhouse.

Statistical analysis
The results were expressed as mean = SE. Stdtiatiedysis was performed with one-way analysis afiance
(ANOVA) followed by Turkey’s post-test. P<0.01 wesnsidered as statistically significant.

RESULTSAND DISCUSSION

In vitro seed ger mination

The seeds were inoculated on MS media supplemeamtadwo different combinations of auxins and cyitoks.
Even though the germination was observed in both lihsal and hormone supplemented media maximum
germination frequency (>95%) was noticed in Kn (@g8.) and 2, 4-D (0.1mg/l.). Therefore, for thetien
subsequent explants sourteyitro germination was carried out utilizing this combiaat The explants viz. shoot
tip hypocotyls and cotyledon were taken from 10daysseedlings for further studies.

In the present study, direct organogenesis waat@it using TDZ and NAA /IAA/ IBA, BAP and NAA /IAAIBA
and Kn and NAA /IAA/ IBA hormones at various contrations, utilizing different explants viz shoopsi
hypocotyl and cotyledon. The direct organogenesisdéncy was however optimized in only two hormonal
augmented media i.e. TDZ + NAA (Table 1) and BARAA (Table 2) and the results for two parameters vi
regeneration percentage per explant and multipdetshwere evaluated.

Table 1. Direct shoot regeneration frequency from different seedling explants of Carthamustinctorius, Annigeri-2 on MS medium
supplemented with different concentration of TDZ & NAA

re';h?g:(ﬂg'r\ﬁg/l) Shoot tip Hypocotyl Cotyledon
558 5§ - 5§
TDZ NAA ggg 5B _gg i Eg 5%
nec Z3 o c Z 0o S c Z 09
=8 2 28 2 28 2
o o v o 2 » o 2
0.5 0.25 45 4.30+£0.75 30.1 3.60 +0.75 17)7 $.805
0.5 0.5 26.5 2.40+0.19 24.3 1.70+0.09 18]6 +.60L6
0.5 1.0
1.0 0.25 77.7 6.40+0.11 33.6 3.10 £1.09 18|1 6%.0.00
1.0 0.5 50.9 4.40 +1.86 51.1 3.30+0.11 50]0 4£Dp41
1.0 1.0 47.7 3.30+0.24 44.8] 3.36 + 0.26 37.82 029.24
15 0.25 68.4 4.46 +0.68 70.22 4.60 £ 0.68 66|18 803.0.39
1.5 0.5 100 12.70 £ 1.09** 88.9 6.30 +0.73 79.6 705 0.36*
15 1.0 95.2 8.10 +0.82* 96.9 9.10 + 0.39** 33.3 4.60 + 0.68**
2.0 0.25 50.0 5.40 +0.75 70.5 6.80 + 0.65* 316 104t 0.26*
2.0 0.5 66.7 6.80 +0.93* 58.4 4.30+1.75 27.4 .22+ 0.30
2.0 1.0 60.6 5.80 +0.68* 100 9.90 + 1.07* 25.4 (1460.28
2.5 0.25 44.6 5.00 + 0.50 42.7 3.25+0.18 33|12 502.0.23
25 0.5 33.3 2.70 £ 0.58 33.3 2.50 + 0.55 654 5801
2.5 1.0 60.3 4.80 + 0.63 38.9 2.60+1.01 40)7 29081
3.0 0.25 27.1 2.10 +0.57 22.7 1.90 +0.76 43|13 053.0.39
3.0 0.5 38.1 2.60 + 0.69 29.4 2.06+ 0.27 14]1 0068
3.0 1.0 43.7 3.73+0.45 32.33 2.06 +0.20 4214 3.8071
F- Value 1570,92 1149 423
Df 17,162 17,162 17,162

Each value represents mean+SE of 10 observations. The *P value<0.05 was considered statistically significant
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Table 2. Direct shoot regeneration frequency from different seedling explants of Carthamustinctorius, Annigeri-2 on MS medium
supplemented with different concentration of BAP & NAA

Plant growth regulators (mg/l) Shoot tip Hypocotyl Cotyledon
B S = RS = S c =
58 53 2% 53 24 5 8
S ¢ Z 0 52 Z0 5 e Z 0
28 2 =) 2 2y 2
(2] n n o n n o (%2]
0.5 0.25 43 2.90+0.75 30.7 2.10+0.75 187 *+.005
0.5 0.5 26.5 1.80+£0.19 33.3 2.40 +0.09 11|16 30019
0.5 1.0
1.0 0.25 57.7 3.45+0.15 22.7 1.40 £0.09 27(7 2.80M0
1.0 0.5 65.9 4.40+0.18 61.4 3.90+0.11 487 3.8004
1.0 1.0 42.27 2.30+0.23 46.3| 2.70 £ 0.86 667 4,024
1.5 0.25 38.4 1.90+0.14 27.3 1.80 £ 0.68 66(8 4.003
15 0.5 70 5.60+0.14* 67.9 4.30 £0.73* 78.6 6.60.23**
1.5 1.0 66.2 4.10+£0.17 68.6) 4.70 + 0.93* 538 36068
2.0 0.25 95.6 7.60+0.54** 84.5 6.80 + 0.65** 41.4 .83+ 0.26*
2.0 0.5 100 8.20+0.88** 98.4 7.90 +0.75** 27.4 1#0.03
2.0 1.0 60.6 4.40+0.52 53.6 3.70 +0.37 255 1.6062
25 0.25 44.6 3.10+0.32 45.1 3.55+0.18 33|2 2,603
2.5 0.5 33.3 2.70+0.59 48 2.30 +0.55 554 3.824 0
25 1.0 53.3 4.20+1.11 27.3 1.75+1.01 15(7 1.00B4
3.0 0.25 17.1 1.60+0.47 19.9 1.30£0.76 22{3 2,039
3.0 0.5 28.1 1.90+0.18 36.9 2.80+0.92 4215 3.0068
3.0 1.0 13.0 1.20+0.13 17.5 1.60 £ 1.00 12)4 1.0874
F- Value 773 644 410
Df 17,162 17,162 17,162

Each value represents mean+SE of 10 observations. The * P value<0.05 was considered statistically significant.

Among the two combinations investigated TDZ and Nids yielded better regeneration results when cozdp@
BAP and NAA indicating its efficacy in direct orgagenesis. In the TDZ + NAA plant growth regulator
combinations, the shoot tip has recorded highe3®%d) shoot regeneration at 1.5 mg/l and 0.5mglbéedd by
1.5mg/l and 1.0mg/l. Maximum multiple shoots (12YM9 and 8.10+0.82) was also recorded at the same
concentrations. In regard to hypocotyls, the highegeneration potential (100%) and multiple sh@®0x1.07)
was noted at 2.0 mg/l and 1.0 mg/I followed by %@ 9.10+ 0.39 at 1.5mg/l and 1.0mg/l. Whereatyledon has
shown maximum regeneration tendency for both thiarpaters (79.6% and 5.70 + 0.36) at 1.5 mg/l aBchi/l. It
is evident from the results that among the thre@aans, shoot tip has proved to be an ideal matéaradirect
organogenesis by virtue of its higher regeneratoalency and also in the formation of multiple dedollowed by
hypocotyl and cotyledon (Figure 1). It is interagtito note that the higher concentrations of TDA.55 mg/l)
studied failed to elicit a favourable responsestowot induction and it results in the formatiorvivfified and watery
shoots from all the explants.

Similarly, in the BAP + NAA supplemented media gfeoot tip has shown maximum shoot regeneratiomgiate
(100%) and the number of shoots per explant (8.88)0at 2.0 g/l and 0.5mg/| followed by 95.6% an@0#0.54

respectively at 2.0 mg/l and 0.25 mg/l. Furthermdrgpocotyl and cotyledon have exhibited maximunoath
regeneration and multiple shoots (98.4 and 78.6%90Q +0.75 and 6.60 + 0.73) respectively at 2.0l sugd 0.5mg/!

and 1.5mg/l and 0.5mg/l. Similar to TDZ and NAA daomations, the shoot tip has expressed better ezgéon

abilities for both the parameters evaluated (Figyre

Many investigators reported the use of TDZ+NAA camalion for induction of adventitious shoots infeaker but
constitutes the successful attempt of achievingtshegeneration from all seedling explants of théidn safflower
cultivar, Annigere-2 using these growth regulatofie interaction of explant vs. growth regulatorswaund
significant in the earlier investigations on saffler tissue culture. Despite the high frequencyhmfog regeneration
from leaves, cotyledon and hypocotyl, root sectiprgluced only callus on medium supplemented widld fNAA

[17, 18]. Radhika et al.(2006) [19], reported highguency shoot regeneration in CV HUS-305 on MSlioma
supplemented with TDZ and NAA. They have also rgggbdifferential performance of regeneration ofetént
explants in different varieties viz. manjira, A-Inda HUS-305 on all media with the exception of media
supplemented with TDZ+NAA.
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Figure.1 Direct organogenesis from different explants. a) Shoot induction from shoot tip explant on a medium, b) Shoot induction from
hypocotyls explant on a medium, ¢) Shoot induction from cotyledon explant on a medium, d) Regener ated shoot showing rhizogenesis
and e) Hardened plantlet regenerated from different explants

It is evident from the comparison of the resultattamong the three explants, shoot tip provedeta Isuitable
material for direct organogenesis mode of multgtiien for safflower Annigeri-2 variety. Further,has shown the
higher mean values for both shoot regenerationuérgy and multiple shoots in both the hormonal doatibns
which might be due to the fact that tissues fromesargans are more disposed to rapid cell divigham others
[20]. Similar observation of differential performancevafrious explants in terms maximum shoot regererand
multiple shoots per explant in safflower was mageSeorge & Rao (1982) [21] , Tejovathi& Anwar (18922],
Prasad et al. (1991) [23], Orlikowska& Dyer (1998j], Sujatha&Suganya (1996) [24], Nikam&Shitol&©@b) [3],
Sujatha& Dinesh (2007) [25] and Dilek et al. (20083] utilizing different varieties of safflower$he importance
of choosing the ideal explant for the successftdldishment ofin vitro culture has been emphasized by Gamborg
et al. (1974) and Torres &Carlisi (1986) [26, 2They have showed that the expressions of totipgtatsn vary
with the physiological state of the explant derifiexin the same plant.

In tissue culture, the effect of cytokinins is maosticeable to stimulate cell division and contnabrphogenesis.
cytokinins in shoot culture media overcome apiaahthance and release lateral buds from dormanctok@yns
are very effective in promoting direct or indiresttoot initiation. They are used for adventitiousathformation
purpose in combination with auxins. Most oftenlyldmee between auxin and cytokinin normally gives thost
effective organogenesis [28]. The effect of cytaksnon tissue or organ cultures can vary accorttirthe particular
compound used. The type of culture, a variety ahpfrom which it was derived and whether the expia derived
from juvenile or mature tissues. In CorylusavellaBamg/l BA gave the best rate of shoot multiplicatfrom
juvenile explants, but 10 mg/l zeatin was requii@dhodal sections of plants in the adult phasé.[2Yequirement
for a particular cytokinin is sometimes noted foe induction of embryogenesis [3dJhe promotion of direct or
indirect adventitious shoot formation; for exampteljtures of Browallia viscose required iP for fingiation of
adventitious shoots whereas, kinetin, BA and zeatre ineffective [31]

A low concentration of auxin is often beneficial gonjunction with high levels of cytokinin when sito
multiplication is required, although in some casg®kinin alone is sufficient. It is important th@ose an auxin at a
concentration that will promote growth without imilig callus formation. Many investigators viz. Laf#979),
Bhojwani (1980), Paterson &Rost (1981) and Garlé&dolz(1981)[32-35] found cytokinins are very effige in
promoting direct or indirect shoot initiation. A aé range of cytokinins like Kinetin, BAP and TDZvieabeen
employed in shoot proliferation [34, 3d]he reason for effectiveness of the BAP and TDZ trein the ability to
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increase in the polyribosome content in the cells tb which the production of D-type cyclin (CycD&hich
stimulate the cell cycle progression [37-40]

The thidiazuron (TDZ) (N-phenyl-NL, 2, 3-thidiazol-5-ylurea), is a thiadiazole- stituted phenylurea and
reported possessing high cytokinin activity [45].sbme plants, it is proved to be more effectiantadenine-based
compounds (e.g. BAP) by 100 folds as in tobacclugdi2]and produced more shoots in azalea shdutres. It is
useful for inducing adventitious shoot regeneraog. in Rhododendron [43] and Malus[44]DZ can also be
highly effective for inducing axillary shoot fornian in shoot cultures e.g. in Rorippa[45];Linum [4®ulberry
[47];Hyoscyamusniger[48] and Mucunaprurieng49].Thidiazuron was also adopted for the micropropagatf
woody plants in the family Oleaceae[50]

The induction of rhizogenesis usually requires djustment in the levels of auxins and cytokininkiZRgenesis is
usually achieved by treatment with auxin alone.tha present investigation, rooting of the micro atkowas
transferred to half strength MS medium supplementgld a range of 0.1 to 0.5mg/l NAA, IAA and IBAThe
rooting response was 100% at 0.5 mg/l NAA supplagathalf strength MS medium. The roots emerged fiioen
basal nodes which were grew crookedly down wordispEmetrated into the media. Rooted shoots weresstully
acclimatized and established in the soil. The presesults on rhizogenesis in &m vitro generated shoots are
similar to the observations of Radika et al. (200®)] suggestindn vitro rooting behavior is identical in Annigeri-2
variety of safflower with other Indian cultivarsufther, Walia et al. (2005) [51] reported in thetindies that among
the three auxins viz. IBA, NAA and IAA, even thdudBA exhibited highest rhizogenic response followzy
NAA, the roots formed on NAA supplemented media evésund to be thick, elongated and with lateraltsoo
suggesting its benefit in rhizogenesis. Friedmanal.g1985)[52], suggested the auxin-induced root formation is
thought to require or induce the promotion of pafy@e synthesis.

Considering the crop, industrial and medicinal eadtdi safflower, micropropagation studies in diffgreultivars is
of paramount importance in many crop improvemenategies. The present study documents the repdheohigh-
frequency shoot regeneration from seedling explartssafflower, C. tinctorious var., Annigeri-2 byirekct
organogenesis mode.
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