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Effect of antibiotic sensitivity on different cultured
tissues and its significance in genetic transformation of
cabbage Brassica oleracea
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ABSTRACT

Successful plant transformation requires highly efficient regeneration protocol and suitable selection system. In this
regard, the effect of kanamycin and cefotaxime was studied on cultured hypocotyl, cotyledon, leaf and petiole tissues
of cabbage to look at the suitability of kanamycin resistance as a selectable marker and cefotaxime in controlling
excessive bacterial growth during genetic transformation studies. Kanamycin sensitivity (0-60 mgL"') was checked
by fresh weight of the explants (leaf and petiole) which was measured at the interval of 7 days till 35 days. Explants
showed decrease in fresh weight as concentration of the kanamycin increased resulting in full or partial inhibi-
tion of shoot regeneration. A negative correlation was observed between the concentration of kanamycin and fresh
weight of the explants at different intervals of time. Effect of different concentrations of cefotaxime (0-500 mgL')
was studied on the regeneration potential in cotyledon and hypocotyl explants of cabbage and found no much effect
of cefotaxime on regeneration potential. Effect of different concentrations of cefotaxime and kanamycin (50 mgL™")
was studied on the growth of agrobacterial cells and regeneration potential of cotyledon and hypocotyl tissues after
cocultivation. In both the explants, growth of agrobacterial cells were controlled at concentration of 400 mgL™ cefo-
taxime and maximum per cent shoot regeneration in cotyledon (35.55 %) and hypocotyl (48.15 %) was obtained on
the best MS shoot regeneration medium supplemented with 400 mgL ' cefotaxime.The results indicate that kanamycin
and cefotaxime act as an effective selective agents during genetic transformation studies.
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INTRODUCTION

Brassica oleracea is an extremely diverse species of
nutritionally rich and economically important vegetable
crops including cabbage, cauliflower, broccoli, Kohlrabi
and kale. Brassica oleracea L. var. capitata (Cabbage) is
one of the most important vegetable in India, as India
is next only to China in area and production of vegeta-
bles and occupies prime position in production of cab-
bage (FAQ). It is cultivated in 0.245M ha with the total
production of 5.167 M mt and average productivity of
22.9mt/ha (NCPAH India, 2012). But quality and quan-
tity of cabbage produce is challenged by many biotic
and abiotic stresses including infestation of insects and
pest. The major pest affecting cabbage production is the
diamondback moth (Putella xylostella) (Jin et al., 2000).
Total yield loss of cabbage in India due to infestation
of insect and pest is about 16.87-58.83% (Dhandapani
et al., 2003). Massive quantities of synthetic insecti-
cides are used, giving rise to major concerns about food
and nutritional security and environmental pollution in
addition to the high chemical and labor costs. Modern
biotechnological tools could be of much significance to
alleviate the negative effects of chemicals and synthetic
pesticides. Application of plant genetic engineering
using transgenic technology expressing foreign genes
(insect resistant gene) could be an important aspect of
integrated pest management. Two requirements for suc-
cessful transformation are the ability to introduce desir-
able genes into the genome and the capacity to regen-
erate plants from the transformed cells (Kanwar and
Kumar, 2011). As a preliminary step in efficient genetic
transformation experiments involving the antibiotic sen-
sitivity experiment (kanamycin resistance as a selectable
marker and cefotaxime in controlling excessive bacterial
growth).Genes encoding antibiotic resistance and her-
bicide tolerance are widely employed asselective mark-
ers to identify the rare transformed explants (de Vetten
et al., 2003; Miki & McHugh, 2004; Kumar and Srivas-
tava, 2016a). Selective agent concentration to be used in
gene transfer should beoptimized prior to transforma-
tion to determine agent effective on shoot and rootre-
generation and to determine lethal dose for each agent.
The continued presence of Agrobacterium interferes with
the growth, development,and rooting rates; and even it
causes the necrosis of transformed explants (Tang et al.,
2004). Moreover, elimination of Agrobacterium from
transformants is a prerequisite inpreventing the possi-
bility of gene release when these plants are transferred
to soil (Barrett etal., 1997). Bacterial presence on puta-
tive transgenics may also result in false positivesduring
molecular analyses. Most commonly used antibiotics
for elimination of variousstrains of Agrobacterium are
carbenicillin, cefotaxime and timentin (Nauerby et al.,
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1997; Kumar and Srivastava, 2016b). The purpose of this
study was to check the toxic level of kanamycin and
cefotaxime on various explants of cabbage.

MATERIAL AND METHODS

MEDIUM PREPARATION

MS salts (macro and micro salts) and vitamins supple-
mented with 100mgL"' meso-inositol, 3.0 % sucrose and
0.8 % agar-agar for solidification of media were used
as basal medium. The selective media for kanamycin
and cefotaxime sensitivity experiment was prepared by
adding kanamycin (kanamac, Macleods Laboratory Pvt.
Ltd., Mumbai, India) and cefotaxime into pre-sterilized
molten MS regeneration medium (best shoot regenera-
tion medium) of cabbage cv. Pride of India, under asep-
tic conditions by filter sterilization through 0.22pm pore
size, Whatman® membrane filter. Different concentra-
tions (0, 10, 20, 30, 40, 50 and 60mgL") of kanamycin
was added into the medium to study the effect of anti-
biotic on the relative growth of cultured explants/tissues
(leaf and petiole) of cabbage. Different concentrations
(100, 200, 300, 400 and 500mgL") of cefotaxime were
added into the medium to study the effect of antibiotic
on the regeneration potential of cotyledon and hypoco-
tyl explants.Different concentrations (0, 100, 200, 300,
400, 500mgL") of cefotaxime with 50mgL™!' kanamycin
were added into the medium to study the effect of anti-
biotics on the growth of agrobacterial cells and regen-
eration potential of cotyledon and hypocotyl explants.

INOCULATION OF EXPLANTS ON
SELECTIVE MEDIA

The leaf and petiole explants were excised from glass-
house grown 20-25 days old seedlingsof cabbage, surface
sterilized by 0.1% of mercuric chloride for 3 mins followed
by 3-4 washing with double distilled water and cut into
small pieces and weighed on an electronic balance under
aseptic conditions in the laminar flow cabinet. The initial
fresh weight of the explants was recorded. The explants
were cultured on the normal regeneration medium as
control and on the selective regeneration medium con-
taining different concentrations of kanamycin

The cotyledon and hypocotyl explants were excised
from asepticallygrown seedlings (seven to nine days
old), cut into small pieces and cultured on selective
shoot regeneration medium (MS medium + 2.0mgL-
'Kn + 0.50mgL'NAA) for cotyledon explants and (MS
medium + 1.5mgL"'Kn + 0.25mgL' IAA) for hypocotyl
explants containing different concentrations of cefotax-
ime, cefotaxime with 50mgL™ kanamycin. The growth
and differentiation of the explants were recorded.
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FIGURE 1. (a) The detailed diagram of binary vector pBin AR-1Aa containing crylAa (insect resistance) gene
along with npt-II (kanamycin resistance) gene for selection in both bacteria and plant. (b) Schematic diagram
of gene construct: T-DNA of pBinAR-1Aa containing transcriptional fusion of CaMV 35S promoter with the
coding region of crylAa gene and NOS promoter with the coding region of npt-II gene.

MORPHOLOGICAL OBSERVATIONS AND
MEASUREMENT OF RELATIVE GROWTH OF
CULTURED TISSUES

Morphological changes were observed in leaf and peti-
ole explants from O to 35 days in culture. Fresh weight
of both the explants (leaf and petiole) was measured at
the interval of 7 days, from 0 day to 35 days in culture.
Relative growth at 7 days interval was calculated on the
normal as well as on the selective media.Morphologi-
cal changes were observed in these tissues/explants at
interval of seven days till shoot regeneration in culture.
The effect of cefotaxime and kanamycin on the growth
of agrobacterial cells and plant cells were recorded till
shoot regeneration.

RESULTS

KANAMYCIN SENSITIVITY IN LEAF AND
PETIOLE TISSUES OF CABBAGE

The leaf and petiole explants were excised from in vivo
grown seedlings, surface sterilized and cut into small

uniform pieces. Fresh weight of these explants were
measured under Laminar air hood with proper aseptical
conditions and then inoculated on MS selective shoot
regeneration medium having different concentrations of
kanamycin (0, 10, 20, 30, 40, 50 and 60 mgL™")

The explants in control medium i.e. MS shoot regen-
eration medium without kanamycin were very healthy
and showed appropriate growth on this medium. But, on
the selective media at concentration as low as 10mgL™!
kanamycin, the colour of explant/tissue had changed to
pale greenish yellow. In control experiment, adventitious
shoot bud regeneration was observed after 30-35 days in
culture, whereas no shoot regeneration or shoot bud for-
mation was observed even after 5 weeks in leaf explants
but in petiole explants little callusing at the initial stage
but later on it turned into brownish black was recorded
on culture in MS selective medium containing 10mgL™"
kanamycin. A gradual decline in fresh weight of leaf
explants were recorded with increased concentration of
kanamycin (10 to 60mgL™") from 7-35 days. The maxi-
mum decline in fresh weight was observed at 50mgL™"
kanamycin in leaf explants, whereas in case of control
(MS regeneration medium without kanamycin) there was a
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Table 1. Effect of different concentrations of kanamycin on the relative growth (fresh weight) of leaf explants of
cabbage (Brassica oleracea L. var. capitata cv. Pride of India) on MS Basal full strength + 1.5 mg/l BAP+ 0.50mg/1

NAA.
Average fresh weight of leaf explants/callus of cabbage (mg)

S. No. | Days Kanamycin concentrations (mg/1)

0 10 20 30 40 50 60
1. 0 45.00+0.58 42.00+0.00 50.00+1.15 43.00+0.29 27.30+0.61 31.00+1.15 30.00+1.15
2. 7 95.00+0.58 87.20+0.12 92.00+1.15 81.00+0.29 62.40+0.61 51.00+1.15 45.00+1.15
3. 14 130.00+1.73 | 118.20+0.12 | 120.50+1.15 | 105.00+0.00 | 81.40+0.61 63.00+1.44 | 54.00+0.58
4. 21 201.00+1.73 177.2+0.69 171.00+2.52 150.00+0.00 105.7+0.61 76.00+1.44 64.00+0.58
5. 28 299.00+1.15 263.20+£0.69 | 252.50+1.53 220.00+0.00 125.70+0.61 85.00+1.44 70.00+0.58
6. 35 448.00+1.15 388.20+0.69 | 350.50+1.53 289.00+0.00 131.20+0.61 81.50+1.44 65.00+0.58
,,, 1.434
SE+ 1.014

maximum increase in fresh weight of explants (Table 1 and
2) (Fig. 2A-F).

Statistical analysis of the recorded data showed that
there was a significant difference between fresh weights
of all six treatments of kanamycin concentrations (0
to 60 mgL"'). Negative coefficient of correlation was
observed between different concentrations of kanamy-
cin and fresh weight of explants/tissue. It indicates that
kanamycin has an inhibitory effect on the growth of
cultured tissues as it is a potent inhibitor of protein syn-
thesis.(Fig.1 (A-F))

EFFECT OF CEFOTAXIME ON SHOOT
REGENERATION FROM COTYLEDON AND
HYPOCOTYL EXPLANTS

In cotyledon explants, the maximum per cent (88%)
shoot regeneration with average number of shoots (2.66)
were obtained on MS shoot regeneration medium with
300 mgL! cefotaxime. With the increase in the concen-
trations of cefotaxime, percent shoot regeneration was
same till 300 mgL"' cefotaxime but increased at 300
mgL! cefotaxime then the percent shoot regeneration

Table 2. Effect of different concentrations of kanamycin on the relative growth (fresh weight) of petiole explants of
cabbage (Brassica oleracea L. var. capitata cv. Pride of India) On MS Basal Full Strength + 2.0mg/1 Kn + 0.25mg/1

NAA.
Average fresh weight of leaf explants/callus of cabbage (mg)

S. No. | Days Kanamycin concentrations (mg/1)

0 10 20 30 40 50 60
1 0 5.66+0.41 5.00+0.29 5.60+0.00 5.40+0.12 5.00+0.58 5.80+0.23 5.20+0.12
2 7 17.17+0.41 11.00+0.29 14.20+0.00 12.46+0.12 11.32+0.58 7.92+0.23 6.68+0.12
3. 14 52.67+0.41 39.10£0.29 | 32.8740.20 | 23.36+0.12 | 19.32+0.58 | 14.62+0.23 | 11.28+0.12
4. 21 125.50+0.87 | 103.70£0.29 | 92.30+0.21 65.2640.12 | 41.1240.58 | 22.62+0.23 | 16.28+0.12
5 28 215.5040.87 | 158.90+0.22 | 126.00+0.21 | 80.36+0.12 | 50.69+0.79 | 24.82+0.23 | 16.08+0.12
6 35 366.40+0.87 | 257.50+0.22 | 188.00+0.21 | 110.10+0.12 | 58.32+0.58 | 24.52+0.23 | 14.98+0.12
D, 0.5396
SE+ 0.3816
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FIGURE 2. (a) Petiole explants cultured on selective medium (MS basal + 2.0mg/l Kn
+ 0.25mg/l NAA + 50mg/l Kanamycin) at day O in culture. (b) Petiole explants show-
ing shoot initiation on selective medium (MS basal + 2.0mg/l Kn + 0.25mg/l NAA +
10mg/1 Kanamycin) at 35 days of culturing. (c) Petiole explants turned brown (dead)
on selective medium (MS basal + 2.0mg/l Kn + 0.25mg/l NAA + 50mg/l Kanamycin)
at 35 days of culturing. (d) Leaf explants cultured on selective medium (MS basal
+ 1.50mg/l BAP + 0.50mg/l NAA + 50mg/l Kanamycin)at day O in culture. (e) Leaf
explants showing callus initiation on selective medium (MS basal + 1.50mg/l BAP +
0.50mg/l NAA + 10mg/l Kanamycin) at 21 days of culturing. (f) Leaf explants turned
brown (dead) on selective medium (MS basal + 1.50mg/l BAP + 0.50mg/l NAA +

50mg/1 Kanamycin) at 35 days of culturing.

Table 3. Effect of different concentrations of cefotaxime on the relative growth of cotyledon explants of
cabbage (Brassica oleracea L. var. capitata cv.Pride of India) (without co-cultivation)

. . Average number of shoots | Percent shoot
Sr. No. Cefotaxime concentration .
regenerated per explants | regeneration

1 MS basal medium + 2.0mg/l Kn + 0.5mg/l NAA +0 mg/1 2.597 84.44(66.87)
2 MS basal medium + 2.0mg/l Kn + 0.5mg/l NAA +100 mg/1 2.460 84.44(66.87)
3 MS basal medium + 2.0mg/l Kn + 0.5mg/l NAA +200 mg|/1 2.579 84.44(66.87)
4 MS basal medium + 2.0mg/l Kn + 0.5mg/l NAA +300 mg/l 2.666 88.88(70.73)
5 MS basal medium + 2.0mg/l Kn + 0.5mg/l NAA +400 mg|/1 2.423 80.00(63.44)
6 MS basal medium + 2.0mg/l Kn + 0.5mg/l NAA +500 mg/1 2.597 84.44(66.87)
,,. 0.156 5.66(3.435)

SE+ 0.078 2.59(1.632)
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Table 4. Effect of different concentrations of cefotaxime on the relative growth of hypocotyl explants of cabbage
(Brassica oleracea L. var. capitata cv. Pride of India) (without co-cultivation)

. . Average number of shoots | Percent shoot
Sr. No. | Cefotaxime concentration .
regenerated per explants regeneration

1 MS basal medium+ 1.5mg/l Kn + 0.25mg/l IAA +0 mg/1 2.460 90.73(73.47)

2 MS basal medium+ 1.5mg/l Kn + 0.25mg/l IAA +100 mg/l 2.393 87.03(69.59)

3 MS basal medium+ 1.5mg/l Kn + 0.25mg/l IAA +200 mg/1 2.460 87.03(69.59)

4 MS basal medium+ 1.5mg/l Kn + 0.25mg/1 IAA +300 mg/1 2.367 81.49(64.56)

5 MS basal medium+ 1.5mg/l Kn + 0.25mg/l IAA +400 mg/1 2.466 87.03(69.59)

6 MS basal medium+ 1.5mg/l Kn + 0.25mg/l IAA +500 mg/1 2.533 87.03(69.59)
D, ,. 0.086 6.589(4.091)

SEx+ 0.039 3.024(1.915)

decreased. All the observations were recorded after 45
days of inoculation of explants. Whereas, in case of
hypocotyl explants, very interesting and different shoot
regeneration was observed on the same medium on dif-

ferent segments of hypocotyl explants. The maximum
per cent (90.73%) shoot regeneration with average num-
ber of shoots (2.460) were obtained on MS shoot regen-
eration medium with 0 mgL™! cefotaxime. Percent shoot

FIGURE 2(Continued). (g) Cotyledon explants showing callus initia-
tion on selective medium (MS basal + 2.0mg/l Kn + 0.50mg/l NAA +
500mg/1 Cefotaxime) after 13 days of culturing. (h) Shoot elongation
from cotyledon explants on selective medium (MS basal + 2.0mg/1 Kn
+ 0.50mg/l NAA + 500mg/l Cefotaxime) after 45 days of culturing.
(i) Hypocotyl explants showing shoot initiation on selective medium
(MS basal + 1.5mg/l Kn + 0.25mg/l IAA + 500mg/1 Cefotaxime) after
22 days of culturing. (j) Shoot elongation from hypocotyl explants on
selective medium (MS basal + 1.5mg/l Kn + 0.25mg/l1 [AA + 500mg]/1
Cefotaxime) after 50 days of culturing.
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Table 5. Effect of various concentrations of cefotaxime and kanamycin (50 mg/1) on the regeneration potential of
cotyledon explants in cabbage (Brassica oleracea L. var. capitata cv. Pride of India)(after co-cultivation)
. . Average number of | Per cent shoot
S. no. Cefotaxime concentration .
shoots per explants | regeneration
1. MS basal medium + 2mg/1 Kn+ 0.50mg/l NAA + 50mg/l Kanamycin +0 mg|/1 0.000 0.00 (0.00)
2. MS basal medium + 2mg/l Kn+ 0.50mg/l NAA + 50mg/l Kanamycin +100 mg/l | 0.000 0.00 (0.00)
3. MS basal medium + 2mg/l Kn+ 0.50mg/l NAA + 50mg/l Kanamycin +200 mg/l | 0.000 0.00 (0.00)
4, MS basal medium + 2mg/1 Kn+ 0.50mg/l NAA + 50mg/l Kanamycin +300 mg/l | 0.400 16.66(19.16)
5. MS basal medium + 2mg/l Kn+ 0.50mg/l NAA + 50mg/l Kanamycin +400 mg/l | 2.930 35.55(36.59)
6. MS basal medium + 2mg/1 Kn+ 0.50mg/l NAA + 50mg/l Kanamycin +500 mg/l | 1.35 22.22(28.07)
D, 0330  3.140(1.998)
SE+ 0.1502.024(1.347)

regeneration decreased in medium supplemented with
300 mgL! cefotaxime whereas remain constant at 100,
200, 400 and 500 mgL! cefotaxime but maximum aver-
age number of shoots (2.466) were observed in medium
supplemented with 400mgL! cefotaxime(Table 3 and 4¢&
Fig. 1(G-J))

EFFECT OF CEFOTAXIME AND KANAMYCIN
(50MGL"") ON THE REGENERATION POTENTIAL
OF CABBAGE AFTER CO-CULTIVATION

The effect of varying concentrations of cefotaxime with
same concentrations of kanamycin was studied on the
regeneration efficiency and their capability to control
the overgrowth of agrobacterial cells after co-cultiva-
tion. At lower concentrations (0, 100, 200, 300 mgL™)
of cefotaxime showed overgrowth of agrobacterial cells
and at higher concentrations of cefotaxime, the agro-

bacterial cells growth was completely inhibited. Per cent
shoot regeneration (35.55%) and (48.15%) and average
number of shoots (2.93) and (1.770) per plant was found
maximum in 400mgL! cefotaxime with 50 mgL! kana-
mycin for cotyledon and hypocotyls explants respec-
tively. At lower concentrations of cefotaxime, all the
explants died due to uncontrolled growth of agrobacte-
rial cells. At the concentration of 300 mgL! cefotaxime
the density of agrobacterial cells started decreasing(Table
5 and 6).

DISCUSSION

Kanamycin resistance gene is most widely used selecta-
ble marker for plant cell transformation and sensitivity
of a particular species to kanamycin is a key element in
the development of any new transformation system in

Table 6. Effect of various concentrations of cefotaxime and kanamycin (50 mg/l) on the regeneration potential of
hypocotyl explants in cabbage (Brassica oleracea L. var. capitata cv. Pride of India) (after co-cultivation)
. . Average number of | Per cent shoot
S. No. | Cefotaxime concentration & .
shoots per explants | regeneration
1. MS basal medium + 1.5mg/l Kn + 0.25mg/l IAA+ 50mg/l Kanamycin+0 mg|/1 0.000 0.00 (0.00)
2. MS basal medium + 1.5mg/l Kn + 0.25mg/l IAA+ 50mg/l Kanamycin+100 mg/l | 0.000 0.00 (0.00)
3. MS basal medium + 1.5mg/l Kn + 0.25mg/l [AA+ 50mg/l Kanamycin+200 mg/l | 0.000 0.00 (0.00)
4. MS basal medium + 1.5mg/l Kn + 0.25mg/l IAA+ 50mg/l Kanamycin+300 mg/l | 0.700 20.33 (26.38)
5. MS basal medium + 1.5mg/l Kn + 0.25mg/l [AA+ 50mg/l Kanamycin+400 mg/l | 1.770 48.15(43.94)
6. MS basal medium + 1.5mg/l Kn + 0.25mg/l [AA+ 50mg/l Kanamycin+500 mg/l | 1.250 35.18(36.37)
,,, 0.410 4.510(3.098)
SE+ 0.190 2.740(1.701)
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which a kanamycin resistance gene will be employed.
The genetically engineered Agrobacterium strain which
we have used in the present study has two genes i.e.
cry IAa and npt-Il. Kanamycin sensitivity of cultured tis-
sue of leaf and petiole explants of cabbage had shown
similar results, i.e. both explants are highly sensitive to
kanamycin even as low as 10 mgL"' concentration of
kanamycin. The non-transformed tissues did not survive
on the selective medium containing Kanamycin during
transformation experiment. Srivastava (1997) reported
that cells which are not transformed get killed on selec-
tive media in such a manner that they become toxic to
adjacent transformed cells, resulting in inhibition of the
whole callus. Similar results were also reported by Eimert
and Siegemund (1992). The alternating culture and
repeated selection seem to be necessary for differentia-
tion of transformed shoots against the inhibitory effect
of kanamycin and elimination of escapes. The explants
in control medium were very healthy and showed appro-
priate growth on the medium, but on selective medium
at concentration as low as 20 mgL™' kanamycin, the
color of the explants/tissues had changed to greenish
yellow and finally turned brown after 35 days of culture
of broccoli (Pankaj et al., 2017).

Only 35 mgL™' of kanamycin totally inhibit shoot dif-
ferentiation from co-cultivated thin cell layer explants
of Brassica napus (Charest et al., 1988), 20mgL! inhibits
shoot induction from stem segments (Pua et al., 1987)
and 50 mgL"' inhibits shoot regeneration of Brassica
oleracea (Bhalla and Smith, 1998; Dixit et al., 1998;
Bhattacharya et al., 2002; Sharma and Srivastava, 2003;
Singh and Srivastava, 2003; Cao et al., 2008; Deng-Xia
et al., 2011; Kumar and Srivastava, 2016b, Sharma and
Sirvastava 2017).Kang et al. (2002) reported that for cot-
yledon explants of Chinese cabbage, shoot induction was
not significantly affected by kanamycin at 1.0mgL"! but
the number of shoots formed was significantly reduced
at 2.0mgL™"! and no shoot were regenerated from any
explants at 6.0mgL" or higher and similar results were
obtained in case of hypocotyl explants. Paul et al. (2005)
reported that hypocotyl explants of cabbage showed
inhibition in growth on medium containing 20mgL"!
kanamycin. Bhalla and Smith (1998) also reported that
exposure of regenerated green shoots to a higher kana-
mycin concentration on medium containing low sucrose
was used to eliminate non-transformed shoots. Bhau
and Wakhlu (2001) reported callus of Coryphantha ele-
phantidens showed less or no inhibition in callus growth
at lower concentration of kanamycin whereas at higher
concentration (10, 15, 20 mgL') observed inhibited cal-
lus growth. In contrast some of the monocotyledons
indicate a high level of natural resistance to kanamy-
cin. More than 800mgL"is required to inhibit growth of
cell suspension cultures of several species of Graminae
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(Hauptman et al., 1988). Oz et al. (2009) used higher
concentration of kanamycin (200 mgL) for inhibition
of non-transformed tissues of chickpea. Kanwar and
Kumar (2011) used higher concentrations of kanamycin
(100 mgL™") for selection of transformed callus/ tissues of
Dianthus caryophyllus L.

The effect of different concentrations of cefotaxime
has been studied separately on the regeneration potential
of cabbage. In the present investigations, maximum per
cent shoot regeneration was obtained on the best shoot
regeneration medium with 300 mgL™! cefotaxime in coty-
ledon explants. It has been observed that the increase in
the concentration of cefotaxime showed no much effect
on regeneration potential.Cefotaxime has potential to
increase the growth, regeneration and embryogenesis
in vitro. Cefotaxime promoted growth and morphogen-
esis in callus cultures of wheat and barley (Mathias and
Boyd, 1986; Mathias and Mukasa, 1987). Yepes and Ald-
winekle (1994) evaluated the effect of antibiotics on mor-
phogenesis of apple. Similar studies were also carried out
by Humara et al. (1999) and they observed that 250 pg
ml! cefotaxime enhanced the shoot regeneration capac-
ity. Danilova and Dolgikh (2004) reported stimulatory
effect of the antibiotic cefotaxime on plant regeneration
in maize tissue culture which enhanced its morphogen-
esis. The highest increase in the number of regenerated
shoots was observed at the antibiotic concentration of
150 mgL'. Kaur et al. (2008) obtained enhanced in vitro
shoot multiplication and elongation in sugarcane used at
the rate of 250 and 500 mgL™' cefotaxime in the medium.
In hypocotyl explants, no increase in shoot regeneration
potential was observed on medium supplemented with dif-
ferent concentration of cefotaxime. Borrelli et al. (1999)
reported similar results that cefotaxime did not affect cal-
lus growth in durum wheat. Whereas, Ahmad et al. (2012)
observed that with the increase of cefotaxime concentra-
tion the transformation frequency was lowered and most
of the explants of Solanum tuberosum L. were dead.

CONCLUSION

Selection and identification of transformed cells and
tissues are vital steps of genetic transformation which
prove to be helpful in improving the selection and trans-
formation efficiency. This study thus reports an efficient
antibiotic selection protocol for Agrobacterium-medi-
ated cabbage transformation.
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