
Research Journal of Agriculture and Biological Sciences, 4(4): 327-330, 2008

© 2008, INSInet Publication

Corresponding Author: Khalid Mahmood Khawar, Department of Field Crops, Faculty of Agriculture, University of Ankara,
06110, Diskapi, Ankara, Turkey. 
Email: kmkhawar@gmail.com 
Tel: 00903125961540 Fax no. 00903123182666.

327

In vitro adventitious shoot proliferation of Isatis aucheri BOISS. 
(Turkish Woad) from petiole explants

Khalid Mahmood Khawar, Ciðdem Alev Ozel, Asiye Ulug, Ilknur Sur, 1 2 2 2

Emine Kýzýlates, Fatos Uzuntas, Orhan Arslan2 3

 

Department of Field Crops, Faculty of Agriculture, University of Ankara, 06110, 1

Diskapi, Ankara, Turkey.

Department of Biology Education, Faculty of Education, Gazi University, Teknikokullar, 2

Ankara, Turkey.,Departyment of  biology, Harran University, Sanliurfa, Turkey.

Abstract: Isatis aucheri  Boiss is an important endemic dye plant that grows widely in various parts of

Anatolian Turkey. The study reports adventitious shoot regeneration from petiole explants excised from

in vitro grown seedlings of the plant. The best shoot regeneration was recdorded on MS medium

containing 0.5 mg/l BAP-0.5 mg/l NAA. The regenerated shoots were rooted on MS medium after pulse

treatment with 100 mg/l IBA.  About 40% of the regenerated plants could be succesfully acclimatized and

established under greenhouse conditions.
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INTRODUCTION

Turkey with an area of 779, 452 km  has the2

richest flora among any country of Europe, North

Africa and the Middle East. Of 11014 plant species[1]

found in Turkey, nearly one in every three plants is

endemic . Isatis aucheri BOISS. (Turkish Woad),[2]

genus Isatis family Brassicaceae is an endemic plant

that grows widely in Central, Southern and Eastern

Anatolia at height of 960-2000 m above sea level . It[3]

has about 50 species that grow in range of climatic and

soil conditions through out the world.  

The leaves of I. aucheri are widely used to obtain

dye for Turkish carpet industry. Extractions from

various woad species especially I. tinctoria were widely

used as the Old World blue dye in the 17 &18th th

century in Western Europe. It is identified as potent

inhibitor of prostaglandin and leukotriene . Isatis spp.[4]

contains glucobrassicin  with high potential to treat[5]

cancer. Isatis indigotica Fort. (Chinese woad), is also

used to treat mumps, painful swollen throat and

infectious hepatitis, headache and fever in traditional

Chinheese medicine since centuries .[6 ,7]

I. aucheri has strong root system and good canopy

that can also aid to prevent soil erosion by providing

good soil cover. It grows like a green bush during first

year and flowers during 2  year. Usually the farmersnd

harvest the leaves of plants several times during first

year to obtain dye of superior quality.. During second

year, the plant is mainly evaluated for seeds, as the

dye contents of leaves reduce during 2  year. nd

The plant has not been exploited extensively. It is

cross pollinated plant and may express a variety of

phenotypes, which may differ for morphological and

phytochemical characteristics.

The main objective of the study was to develop a

methodology for rapid improvement and propagation

through tissue culture for use in breeding programs.

MATERIALS AND METHODS

Plant M aterial: Dried capsules of I. aucheri were

collected from the Erciyes mountains in between

Kahramanmaraº and Kayseri provinces of Turkey

during 2006 and were surface sterilized using 30%

commercial bleach (Ace Turkey; containing 5-6%

NaOCl) containing 1 ml of Tween 20 per 100 ml of

liquid for 5 min. Therefore the seeds were rinsed 3 X

3 min. with sterile distilled water. The seeds were

hairy in nature and hard seed coat. However, they were

not difficult to germinate on MS . [8]

Isolation of Explants and Culture Conditions: The

petiole segments were isolated from 4-5 old I. aucheri

seedlings and were cultured on MS medium or MS

medium containing 0.5, 1  mg/l BAP -  0.5, 1, 2 mg/l

NAA (Table 1) in Petri dishes (100 x 10 mm);

supplemented with 2% sucrose and 0.7% agar (Sigma
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Table 1: Effects of different concentrations of BAP-NAA on shoot regeneration from petiole explants of Isatis aucheri

Treatments

-------------------------------------- Frequency (%) of shoot regeneration M ean number of shoots per explant M ean shoot length (cm)

BAP (mg/l) NAA (mg/l)

0,5 0,5 100,000 a 16,750 a 1,057 a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0,5 1 60,000 e 4,417 e ,910 c

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0,5 2 58,333 e 7,167 d ,990 ab

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 0,5 83,333 c 8,277 c ,947 bc

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 1 91,667 b 10,540 b ,667 d

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 2 75,000 d 7,553 cd ,343 e

M S (control) 0.00 0.00 0.00

M ean values followed by the same letter in a column are not significantly different at 5% level using Duncan’

agar type A) before autoclaving at 121 C, 118 kPa foro

20 min and incubated at 24 ± 2 °C in cool white

fluorescent light provided by Philips  day light®

fluorescent tubes (20, 000 lux) with 16-h light

photoperiod.  

Regenerated  shoots  on MS medium containing

0.5 mg/l BAP-0.5 mg/l NAA were rooted on 0.25 mg/l

IBA, 0.25 mg/l NAA, 0.25 mg/l IBA+ 0.25 mg/l NAA

or  pulse treated with 100 mg/l IBA for 5 minutes and

then cultured on MS medium  without plant growth

regulators supplemented with 20 g/l sucrose. These

were also incubated under light intensity of 20 000 lux

at 24 ± 2 °C and 16-h light photoperiod in Magenta®

GA7 vessels. The pH of each medium was adjusted to

5.6–5.8 with 1N KOH or 1N HCl before autoclaving.

Rooted plantlets were transferred to sterile soil mix

containing sand, clay and organic matter (1:1:1)

contained in pots and were incubated in growth rooms

at 24 ± 2 °C at 90% humidity for 7 days and then

transferred to ambient conditions of temperature with

gradual reduction of humidity to 40%. These were

watered as and when required to maintain proper

turgor.

Statistical Analysis: Scoring was done after 6 weeks

of culture in each case. All treatments were replicated

3 times and contained 4 explants in adventitious shoot

regeneration and rooting experiments and were repeated

twice (3 replications x 4 explants x 2 repeats= 24

explants). One way ANOVA was performed using

SPSS 15 for Windows computer software. Post hoc test

were performed using Duncan’s new multiple range

test. Data given in percentages were subjected to

arcsine (ÖX) transformation  before statistical analysis.[9]

RESULTS AND DISCUSSION

Results: No callus formation was recorded on the
petiole explant. However, after 3-4 days of culture the

explants swelled before shoot regeneration from shoot

meristems. These continued to grow and developed in

to healthy shoots. 
The petiole explant showed variable frequency of

shoot regeneration on the growing media containing
different concentrations of BAP-NAA. However, the

best shoot regeneration in respective groups was
achieved only on MS medium containing 0.5 mg/l

BAP-0.5mg/l NAA or 1mg/l BAP-1 mg/l NAA .i.e.
ratio of BAP to NAA was equal. All other

combinations of BAP-NAA affected shoot regeneration
negatively. No shoot regeneration was recorded on MS

medium with out plant growth regulators.
The shoot regeneration per explant varied between

4.41 -16.75. Maximum number of 16.75 shoots per
explant was recorded on MS medium containing 0.5

mg/l BAP-0.5mg/l NAA (Fig. 1). It was followed by
significantly reduced 10.54 shoots per explant on MS

medium containing 1 mg/l BAP-1 mg/l NAA. All other
combinations of BAP-NAA resulted in further decrease

in the number of shoots per explant. 
The shoot length had range of 0.34 -1.05 cm. The

maximum shoot length was recorded on shoots
regenerated on MS medium containing 0.5 mg/l BAP-

0.5 mg/l NAA. The results also showed that
irrespective of the concentration of BAP in the

regeneration medium, increased concentrations of 1 or
2 mg/l NAA in the regeneration medium resulted in

sharp reduction in the shoot length. 
The longest shoots obtained on MS medium

containing 0.5 mg/l BAP-0.5 mg/l NAA were easily
rooted by pulse treating the regenerating shoots with

100mg/l IBA (Fig. 2). They were incubated on MS
medium with 20 g/l sucrose at light intensity of 20 000

lux at 24 ± 2 °C and 16-h light photoperiod in
Magenta  GA7 vessels. However only 50% of the®

developing plant could be rooted and were transferred
to soil mix placed in pots under the greenhouse

conditions (Fig. 3). The survival percentage of plantlets
as recorded after 6 weeks of transfer to the pots was

40%. These plants were phenotypically normal and
showed no abnormality in their morphology.
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Fig. 1: Adventitous shoot regeneration on M S

medium containing 0.5 mg/l BAP-0.5mg/l

NAA (Bar= 2 cm)

Fig. 2: Rooting of shoots of I. aucheri shoots on MS

medium after pulse treatment with 100 mg/l

IBA (Bar =  1 cm).

Discussion: I. aucheri is a member of family

Brassicacea, many members of which have been

propagated previously under in vitro conditions using

different explants; however, successful induction of

somatic embryogenesis and adventitious shoot

regeneration has been described for I. indigotica

only . These protocols have combined cytokinins[10 ,11 ,12]

and auxins for tissue culture of woad. When the

medium was supplemented with equal concentrations of

BAP-NAA (0.5 mg/l BAP-0.5 mg/l NAA or 1 mg/l

BAP-1 mg/l NAA) in their respective groups, it

resulted in the highest number of shoots per explant.

However, this trend was not reflected in shoot length.

Where, maximum shoot length  was  recorded  on  MS

medium  containing  0.5 mg/l BAP-0.5 mg/l NAA or

1 mg/l BAP-0.5 mg/l 

Fig. 3: Establishment of I. aucheri plants under
greenhouse conditions (Bar =3 cm).

NAA. Higher concentrations of NAA with any

concentration  of  BAP  had  inhibitory  effect on
shoot length. 

Non pulse treated shoots couldn’t be rooted.
However, pulse treatment with IBA was very favorable

and resulted in vigorous adventitious roots on the
shoots.

It was not felt necessary to use any basal medium
other than MS medium in the regeneration experiments

in line with the findings of Peng and W ang , Zhang[10]

et al. . They were successful to obtain the highest[11 ,12]

shoot regeneration from cotyledon and hypocotyl
segments of tetraploid Isatis indigotica on MS medium

containing benzyladenine and naphthaleneacetic acid.
They obtained lower shoot regeneration on Gamborg’s

(GB5) and White medium. This result is also supported
by Peng and Wang , who found that MS medium was[10]

appropriate for callus and shoot induction from
hypocotyl explants of diploid I. indigotica.

It was necessary to create necessary stimulus for

adventitious shoot regeneration by adding different

concentrations of plant growth regulators in the

regeneration medium as no shoot regeneration was

recorded on MS medium without plant growth

regulators. Plant growth regulators and their

combinations significantly influenced shoot regeneration

from petiole segments of I. aucheri. Although, shoot

regeneration showed variability, the highest number of

shoots per explant was recorded on MS medium

containing 0.5 mg/l BAP- 0.5 mg/l NAA. BAP and

NAA  has previously been used by Zhang et al.[11 ,12]

for  promotion  of  adventitious shoot regeneration

from cotyledon and hypocotyl explants of I. indigotica.

They found that when the concentration of BAP in the

medium was raised to 22.2 ìM, shoot regeneration

from hypocotyls declined significantly, no matter what
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concentration of NAA was present in the medium. A

combination of 8.9 ìM BAP and 2.7 ìM NAA was

found to be the best for promoting shoot regeneration

with the regeneration frequency of 92 %. Contrarily,

our study showed that addition of 2.0 mg/l NAA to

MS medium containing 0.5 or 1 mg/l BAP resulted in

reduction of adventitious shoots per explant on petiole

and leaf explants. The results are not in agreement with

Zhang et al. ; who found that the plant regeneration[11]

frequency reached above 90 % when the explants were

cultured under 12-h photoperiod.  

Rooting could be easily obtained by pulse treating

shoots with 100mg/l IBA followed by culture on MS

medium without any difficulty. However no roots were

recorded on non pulse treated media. Contrarily, Zhang

et al. , reported that it was necessary to transfer in[11]

vitro regenerated I. indigotica shoots to half strength

MS medium supplemented with 0.1 mg dm  IBA for-3

rooting.  Whereas, Zhang et al.  and Peng and[12]

Wang,  used NAA to root shoots regenerated from[10]

cotyledon and hypocotyl explants of diploid I.

indigotica. The variation in results might be due to

different species used in these experiments.

The rooted shoots (plants) could be adapted easily

under growth chamber conditions. All time from

regeneration to rooting and acclimatization took 18-19

weeks. The plants propagated by tissue culture did not

show any visual morphological abnormality compared

to the original plants. The work described above is the

result of the first successful tissue culture report of   I.

aucheri, a traditional Turkish dye plant and paves a

way towards Agrobacterium  mediated genetic

transformation of the plant.  

Abbreviations: BAP-6 Benzylaminopurine, NAA: á

naphthalene acetic acid, IBA: Indole 3 butyric acid.
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