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Figure 3- a) Callus induction rate, b) Callus initiation rate, c) Callus regeneration rate
and d) shoot generation from regenerated callus on different concentrations of NAA and
BAP in Lepidium draba explants. The letters on columns are based on Duncan test
(p=<0.05).
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Figure 4- Callus induction and callus regeneration in Lepidium draba on different
concentrations of NAA and BAP, a&b) Callus induction in stem explants, c) Callus

induction in cotyledon, d) Callus regeneration.
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Figure 5- Shoot regeneration on different concentrations of NAA and BAP and
regenerated plantlet of Lepidium draba. a) Direct shoot regeneration, b) Elongation, c)
Plant in peat moss, d) Adapted plant to environment.

b el Ol S 5 Viene 5,5 slge 5 ool GlaediS eSOl
.(Magyar-tabori et al., 2010) . 5 ol AL ST ST P RUVEE T RPN EE
Ll Gl Glosle g, 2l G LS e OS5 plal ol el
BAP 52,4-D alS sla0se 5o bav s . 5llS Han et ) aS o o0 alS Cos) 4 anly
a8 W ke s e ) S 2SS K s s asy @l 2011
55 Co i s Ble gld S sy, e 5 035 D slize olS OF iS4 bl
o3 cole VT 5 e SO6 (gh 5 Lles Gl U5 ool odis jaseds s 4 O
Gole slacis b oaas oS by, S5t o 55 S e L alisls el

¢y



R R RN

8
Z
(\¥40 Ol Lo ) $o5WS 659 5SS g dlows
FA0 Slali ¥ o)lad A o,98) (55,9088 (65 32 4

S T S S S S S S S S S S S S S S S S S S S S S S S S s T S e

5 iS5 e Jal amis gl cele )
S0 ol 35 G e IS Gl SO
3 ps w53 Gllas (GO0 ) baddped &S ol
oS Mg e g d ciS Sl eoler
JEB) Laged K05 05 5 g oS o
s «(1985) Gasper et al. I _:,58 b .(
ol 5 das e Ll 1 slaesT TAA c s
S gl (oS
Byd e S A 5 @ISOl

U.Z..MS 9 d)lx.? ﬁ:x.?

BAP, 24D Uyespn 5o 5l il -
Gl sy A ol ola KBS S e
Gald Gled Loawglie o ol Ol 4l
g s a3 24D g5l sla ks
Al dtes 21550 bogas wle S csis
Sl 5o Ul eld els e sllS 2i s
B s 35k Ls g BAP (g9l U o oS
55 1) Wk gad S 5 oo JS 0t edalie
AL OTJsb 53 sl 5 S, Shp Jous
Gop 33 5> I8 IS0k Ol s

6)_,3 OJ‘QQ J.> (J‘ &n}‘ o\,‘f J.> BAP K] 2,4'D CJ}L&.}'A ‘suw J.> &‘jw_’)\s —-\ Jﬁ

e S50 (0 gldy, celai

Figure 6- Callus induction in Lepidium draba on different concentrations of 2,4-D and
BAP. a) In 16 h photoperiod, b) In darkness.
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Table2- Analysis of Effect of explants and growth regulators 2,4-D and BAP on traits in

first test.

MS
S Q 3 _
_5 & = ¢ @9_,8&— 2ot S.0V
ge L s ST G 3 =6
= & & =% o 5% %
= = - S -
382515.000" 46.000 5.000" 2.099 Light
91400.000 12.001 .000 27.000 2,4-D
26437.000 2.000” .000 1.000 BAP
77826.000 1.000 .000 .000 Explant
1962.073" .000 .000 .000 2,4-D * BAP
4835.000" 085 077 .000 BAP * Explant
19309.000" 1.000” .000 074" Light * BAP
21156.000 .000 .000 .000 2,4-D * Explant
54015.000 6.000" .000 .000 Light * 2,4-D
56281.000 .000" .000" .000" Light * Explant
1080.000 .000 .000 .000 2,4-D * BAP * Explant
1396.000 .000 .000 .000 Light * D * BAP
4661.000° .000 .000 .000 Light * BAP * Explant
19116.000" .000 .000 .000 Light * 2,4-D * Explant
1139.000° 000 .000 .000 Light * 2,4-D * BAP *
Explant

¢o

s fe Lo ;5 0 ch..a BERE:



i

R R R

S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S s

(\Y"ﬂo b\:—.w.\s Y OJLQ*: A on.:) ‘SJJJL:'S ‘Sjﬁj}ss‘*gd?ﬁn

20 4
il
4

a
d:

15 A

Sl

90 7
B0 A
70 A
a0 A
50 A
40
30 +
20 A
10 A

4

S sy 7 R Rl

Mg )

T R S S S S T T T T T T S S S S T T T T T S S S S S S T T T T S S S S S S S T T T T T T S S S S S S S S S T T T S S S S S S S0 S S S S

mlah By

B0 a a
70 A
a0
50 A
40 ~
30 A
20 A
10
[

Boslagd Bp
il

4.y

el o llE sy

A g )

07 4
0/e -
/5 -
0/4 -
0/3 A
02 -
01 -

b u gl gy oeelas

s ¥

(.> 3 U“'J‘“S JS bj‘g QSJ\.;» (C cu.aj.“S &‘jj\g MJJ (s.J c@‘juﬂﬁ\s MJQ (J‘ - VJ@
.BAP; 24D wjline slachile ;3 Kol ol ilises slakigein, 53 IS LS, F 5 oSl

Al o e 53 0 el 53 S35 D ga3l o IKE 55,5 By
Figure 7- a) Callus induction rate, b) Callus regeneration rate, c) Callus weight and d)

Callus growth rate on different concentrations of 2,4-D and BAP in Lepidium draba
explants. The letters on columns are based on Duncan test (p<0.05).

A e Ske Y5 24D 2) s b 3 L
Ao e S e Yol s L L 5 BAP
) Jols @b 4wy Lol ey BAP
wioy s le gl S s aw DS
(b asia BAP 524D il £ s
e Sk /0 s Gl e cele V1 L
55 BAP ) s 0 S ke Y5 24D 2 s
Cgr Sl WS gl S, cuslas
s ol 1S L sl lin e S
tox 1 o8 055 et WS n oDl

ol B S e nie bl leg

.

2 mon Sy Slie i o 5L

53 A edaline Sliisy ey cele VN L
slasles S1 s Ll eS8 dsys sl ol
5o Yo blay Sy pin poedddlesl
055 e bl il gl e D]
o chleys s Sp wseips o3 s
A2 e S ke Y5 24D 1 s e S s
gz o 8 Ay F 5 i 5 BAP
24- ) 5 p S ke N Lo/e Chle sy et
S5 e s BAP 23 55 0 S LY, D

Y Q.E.L&«_)J 9 4..:%_) 4—"}"’-’;’.) BE uﬂjﬂs &‘)Jb

TR TR

LS



,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.............

\"‘\O “.}‘)K.Q.h K] 6)‘.6—0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ve
%)

S S S S S S S S S S 0 3 0 A0 T T S S S S A S S S S S S S S . S S 0 0 0 0 0 S0 00 .

P 2ph oy Bl 5 gld S L sai )
3 Pl del e s (S ase ) b sl
CnS a8 el g AL B s 50 (63055l 5
oS 53 &S L oS eslinal aly;y dpein
eien 2153k Lo )s Sils aly ) & sai 55 S
TSI o PR P N L
BB I8 5 5 el 2550 <l S
Loas ol QLS 3L S basee o 1) g5
«(2012) Ghotbzadeh Kermani et al. o
Syl calae
Bl oS ek gai ) Sl 4 a5 L
Il e wls, ClSle ehsa oSl
SL il Ssep e sbasled 5o LgSa VL
Llosls 0L Oyespn BB Jald Lo s
o osEen ok ShB ol 5l Ol
Ok sla iy 53 Sl olS w0 0 Jlasl OISl

Do e Bl ClS w4 3l

Mgy I8 Gk 5 gl xS
b bl syls gleadle LB Coenl GLLS 6l
ERET TSI N TN IV EPT RS
L sty 255 sl Sk b Ol G
bl Ol (e SlaS 5 L e
Dixon et al., 1996; Debnath et al., ) ...’
Il s alS sl il Jl- ol L (2006
Ospodlm g SCZS ag 5 wlS @ O]
wy o wsl slacdple A ke Jol
3ols 3,08
il o p 3 Jool i el
55 sl Sl Cal S 5l ua dds 5o
ShaS el zp il Slis i S Ol Cgr
53,8 eslanal Ble 5 gl S 4 dpadp, CiS
(55 s S e 5l elS IS S
2 Bl 5 pled S dpain, SES e
el ol S A5 sl olS

CiS e 1550 slaazalS 55 g 55 sl (6l

@l:.o

Abbasi B, Saxena PK, Murch SJ, Liu CZ (2007). Echinacea biotechnology: Challenges and
opportunities. In Vitro Cellular & Developmental Biology - Plant 43: 481-492.

Abd Elaleem KG, Modawi RS, Khalafalla MM (2009). Effect of plant growth regulators on
callus induction and plant regeneration in tuber segment culture of potato (Solanum
tuberosum L.) cultivar Diamant. African Journal of Biotechnology 8: 2529-2534.

Akbas F, Isikalan C, Namli S (2009). Callus induction and plant regeneration from different
explants of Actinidia deliciosa. Applied Biochemistry Biotechnology158: 470-475.

Awale S, Lu J, Kalauni SK, Kurashima Y, Tezuka Y, Kadota S, Esumi H (2006).
Identification of arctigenin as an antitumor agent having the ability to eliminate the
tolerance of cancer cells to nutrient starvation. Cancer Research 66: 1751-1757.

Azizi M, Omidbeigi R (2002). The investigation of Hypericum perforatum L. in the in vitro
condition in production of hypericin and other secondary metabolites. Pajouhesh and
Sazandegi Journal 40: 15-45 (In Farsi).

Ball PW (1993). Cardaria. Page 402 in T. G. Tutin, N. A.Burges, A. O. Chater, J. R.
Edmondson, V. H. Heywood, D.M. Moore, D. H. Valentine, S. M. Walters, and D. A.

1


http://link.springer.com/journal/11627

4

S S T S S S S S S S S S S S S S S S S S S S S S S S S S A S S

S S T S S S S S S S S S S S S S S S S S S S S S S S S S A S S

Webb,eds. Flora Europaea, 2nd ed voI PsHotaceae to Platanaceae Cambrldge
University Press, Cambridge, UK.

Bano R, Haroon khan M, Sherkhan R, Rashid H, Swati ZA (2010). Development of an
Efficient Regeneration Protocol for Three Genotypes of Brassica juncea. Pakistan
Journal of Botany 42: 963-969.

Beena MR, Martin KP (2003). In vitro propagation of the rare medicinal plant Ceropegia
candelabrum L. through somatic embryogenesis. In Vitro Cellular & Developmental
Biology - Plant 39: 510-513.

Bhaskaran S, Smith RH (1990). Regeneration in cereal tissue culture: A review. Crop Science
30: 1329-1336.

Bones AM, Rossiter JT (2006). The enzymic and chemically induced decomposition of
glucosinolates. Phytochemistry 67: 1053-1067.

Chehreghani AK, Malayeri B (2007). Removal of Heavy Metals by Native Accumulator
Plants. International Journal of Agricalture and Biology 9: 462-465.

Cheraghi A, Lorestani B, Yousefi N (2011). Introduction of Hyperaccumulator Plants with
Phytoremediation Potential of a Lead-Zinc Mine in Iran.World Academy of Science,
Engineering and Technology 77: 163-168.

Debnath M, Malik CP, Bisen PS (2006). Micropropagation: a tool for the production of high
quality plant —based medicines. Current Pharmaceutical Biotechnology 7: 33-49.

Del Carmen Martinez-Ballesta M, Moreno DA, Carvajal M (2013). The physiological
importance of glucosinolates on plant response to abiotic stress in Brassica.
International journal of molecular science 14: 11607-11625.

Dixon RA, Gonzales RA (1996). Plant cell culture: a practica approach. IRL press, Oxford,
UK.

Dunwell JM (1976). A comparative study of environmental and developmental factors which
influence embryo induction and growth in cultured anthers of Nicotiana tabacum.
Environmental and Experimental Botany 16: 109-118.

Fahey JW, Xavier H, Dolan PM, Kensler TW, Scholtus I, Stephenson K, Talalay P,
Lozniewsk A (2002).Sulforaphane inhibits extracellular,intracellular,and antibiotic-
resistant strains of Helicobacter pylori and prevents benzo[a]pyreneinduced stomach
tumors.Medical sciences 99: 7610-7615.

Farsi M, Zolala J (2003). Introduction to Plant Biotechnology, 392, Ferdowsi University of
Mashhad publication, Iran, 495 pp.

Gasper Z, Penel C, Castillo FJ, Greppin H (1985). A two step control of basic and acidic
peroxidases and its significance for growth and development. Physiologia Plantarum
64: 418-423.

Ghasemi BJ, Karlov GI, Ahmadikhah A (2007). Effects of genotype, explant type and
nutrient medium components on canola (Brassica napus L.) shoot in vitro
organogenesis. African Journal of Biotechnology 6: 861-867.

Ghotbzadeh Kermani S, Pourseyedi Sh, Mohamadi GhA, Moieni A, Baghizadeh A (2012).
Regeneration of White top (Cardaria draba L.) using Tissue Culture. Journal of
Agricultural Biotechnology 7: 133-154 (In Farsi).

Guo DP, Zhu ZJ, Hu XX, Zheng SJ (2005). Effect of cytokinins on shoot regeneration from
cotyledon and leaf segment of stem Mustard (Brassica juncea var. tsatsai). Plant Cell,
Tissue and Organ Culture 83: 123-127.

Han Y, Jin X, Wu F, Zhang G (2011). Genotypic differences in callus induction and plant
regeneration from mature embryos of barley (Hordeum vulgare L.). Journal of
Zhejiang University Science 12: 399-407.

¢A


http://link.springer.com/journal/11627
http://link.springer.com/journal/11627
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1399-3054/issues
http://www.zju.edu.cn/jzus/
http://www.zju.edu.cn/jzus/

4

S S T S S S S S S S S S S S S S S S S S S S S S S S S S A S S

////////////////////////////////////////////////////////////////////////////////

He WT Hou SW Wang CY (2006) Callus |nduct|on and hlgh frequency plant regeneratlon
from hypocotyls and cotyledon explants of Arctium lappa L. In Vitro Cellular &
Developmental Biology - Plant 42: 411-414.

Ivarson E, Ahlman A, Li X, Zhu LH (2013). Development of an efficient regeneration and
transformation method for the new potential oilseed crop Lepidium campestre. BMC
Plant Biology 13: 115-123.

Jacobs J (2007).Ecology and Management of Whitetop. Montana Invasive Species Technical

Notes.

Jain RK, Chowdhury JB, Sharma DR, Friedt W (1988). Genotypic and media effects on plant
regeneration from cotyledon explant cultures of some Brassica species. Plant
Cell, Tissue and Organ Culture 14: 197-206.

Jalas J, Suominen J, Lampinen R (1996). Atlas Florae Europaeae - Distribution of vascular
plants in Europe. Cruciferae (Ricotia to Raphanus). Helsinki University Printing
House, Helsinki, Finland 11: 310 pp.

Kayser O, Quax WJ (2007). Medicinal Plant Biotechnology, Wiley-Vch Verlag GmbH & Co.

Kahrizi D, Salmanian A, Zebarjadi AR (2010). Effect of cultivar and density of cultured
cotyledons on shoot regeneration in rapeseed (Brassica napus L.). Journal of
Agriculture Biotechnology 9: 1-6 (In Farsi).

Khawar KM, Saryhan E, Sevimay C, Cocu S, et al. (2005). Adventitious shoot regeneration
and micropropagation of Plantago lanceolata L. Periodicum Biologorum 107: 113-
116.

Koie M, Rechinger RH (1954-55). Beitragz urF loraS uidwest-Irans. 11.D ansk.B ot. A rkiv.
15,1.

Kokate CK (2006). Medicinal plant biotechnology, CBS publisher and distributors.

Magyar-Tabori K, Dobranszki J, Teixeira DA, Silva JA, et al. (2010). The role of cytokinins
in shoot organogenesis in apple. Plant Cell, Tissue and Organ Culture 101: 251-267.

Mahmood I, Razzaq A, Khan ZUD, Hafez 1A, Kaleem S (2012). Evaluation of tissue culture
responses of promising Wheat (Triticum aestivum L.) cultivars and development of
efficient regeneration system. Pakistan Journal of Botany 44: 277-284.

Mohlenbrock RH(2013). Vascular Fiora of Illinois. Southern Illinois University
Press.Brassicaceae-Mustard Family. pp 172.

Mojab F, Kamalinejad M, Ghaderi N, Vahidipour HR (2003). Phytochemical screening of
some species of Iranian plants. Iranian Journal of Pharmaceutical Research 2: 77-82.

Murashige T, Skoog F (1962). A revised medium for rapid growth of and bioassays with

tobacco tissue cultures. Physiologia Plantarum 15: 473-479.

Neibaur I, Gallo M, Altpeter F (2008). The effect of auxin type and cytokinin concentration
on callus induction and plant regeneration frequency from immature inflorescence
segments of seashore paspalum (Paspalum vaginatum Swartz). In Vitro Cellular &
Developmental Biology - Plant 44: 480-486.

Nouri J, Lorestani B,Yousefi N, Khorasani N, Hasani N, Seif A, Cheraghi FM (2011).
Phytorimediation potential of native plantsgrown in the vicinity of Ahangaran lead-
zinc mine (Hamedan, Iran).Environ Earth Science 62: 639-644.

Poizerova H, Greplova M, Frcek J (2011).In vitro multiplication of Lepidium meyenii
Walp.Journal of Applied Botany and Food Quality 48: 1-5.

Powell EE, Hill GA, Juurlink BHJ, Carrier DJ (2005a). Glucoraphanin extraction from
Cardaria draba: Part 1.Optimization of batch extraction. Journal of Chemical
Technology and Biotechnology 80: 985-991.

Powell EE, Hill GA, Juurlink BHJ, Carrier DJ (2005b). Glucoraphanin extraction from
Cardaria draba: Part 2.Countercurrent extraction, bioactivity and toxicity testing.
Journal of Chemical Technology and Biotechnology 80: 992-997.

€9


http://link.springer.com/journal/11627
http://link.springer.com/journal/11627
http://hrcak.srce.hr/ojs/index.php/periodicum_biologorum
http://www.pakbs.org/pjbot/pjhtmls/contents.html
http://ijpr.sbmu.ac.ir/
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1399-3054/issues
http://link.springer.com/journal/11627
http://link.springer.com/journal/11627

..........................................................................................................................

Saenouk P (2011) Callus lnductlon and plant regeneratlon from Ieaf explant of
Cornukaempferia aurantiflora Mood & Larsen. Pakistan Journal of Botany 43:2415-
2418.

Sama AE, Hughes HG, Abbas MS, Shahba MA (2012). An Efficient In Vitro Propagation
Protocol of Cocoyam [Xanthosoma sagittifolium (L) Schott]. The Scientific World
Journal Article 10 pp.

Tripathi L, Tripathi JN (2003). Role of biotechnology in medicinal plants. Tropical Journal
of Pharmaceutical Research 2: 243-253.

Westhof E (1999). Practical Statistics for Experimental Biologists. 2nd edition by Wardlaw
A.C. John Wiley & Sons, Chichester P. 255.

&&&\&\&\&\\


http://www.pakbs.org/pjbot/pjhtmls/PJB.html

\\\\\\\\\\\\\
—
“
s
o
154

[
©
G
56
o

..............................................................................................
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Abstract

Lepidium draba through the production of anti-cancer and anti-microbial compound,
sulforaphane, is considered a valuable medicinal plants.Therefore, optimization of in vitro
tissue culture to facilitate genetic transformation and improvement of traits in this plant is
important. This study was conducted, by cotyledon, stem and root explants in MS medium in
the form of two separate tests. Data were analyzed in a factorial experiment based on
completely randomized design. In the first experiment with different concentrations of growth
regulators NAA and BAP, the highest response rate, direct shoot regeneration rate and direct
shoot generation were related to root explants. The highest root production rate and root
generation were showed in cotyledons explants. 1 mgl™ BAP without NAA induced the
highest direct shoot generation in root explants. Cotyledons explants in 2 mgl* NAA and 0.5
mgl™ BAP produced the highest Root production rate and the highest root generation. Callus
induction rate and callus initiation of stem explants were more than others, but the callus
regeneration rate in three studied explants showed no significant difference. The highest shoot
generation from regenerated callus was observed in the cotyledons explants. The second
experiment with a combination of different concentrations of 2,4-D and BAP, under the
influence of two treatments darkness and 16h photoperiod was performed. The highest
investigated traits were in the 16h photoperiod. Cotyledons and stem explants were showed
the highest callus induction rate and leaf explants showed the greatest weight of callus; While
the highest callus regeneration rate and callus growth rate were obtained from the root
explants. From leaf explants, the highest callus weight was obtained from 0.5 mgl* 2,4-D
with 3 mgl™ BAP and the most growth rate of callus was obtained from 0.5 and 1 mgl™ 2,4-D
and 3 mgl™ BAP. Also the combination of 2 mgl™ 2,4-D with 2 mgl™ BAP and 3 mgl™ BAP,
produced the highest callus regeneration in root explants.
Key words: Callus induction, Direct shoot regeneration, Lepidium draba, Tissue culture
optimization.
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