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Centre of Advanced Study, Department of Botany, University of Calcutta, Calcutta-700 019, India

SUMMARY - The callus culture of Crepis tectorum L. were initiated from leaf
explants and maintained on MS medium containing 4 mg/1 of each of 2,4-D, NAA,
IAA and IBA separately. A control set was maintained on MS basal medium without
any auxin. Among the four auxins, 2,4-D and NAA were more potent for callusing
while IAA and IBA for rhizogenesis. Cytological analysis of callus upto 80 days of
culture revealed a decrease in the frequency of diploid mitoses and the appearance of
hyperdiploid cells at the initial phase in presence of each auxin. Hypodiploid cells
though in low frequency were noted in presence of 2,4-D during 40 days of culture. In
absence of somatic endopolyploidy in source plant, anaphasic abnormalities and
endoreduplication in vitro have been suggested to be the factors causing chromosome
instability. The auxins induced different morphological responses but similar cytological changes.

INTRODUCTION

Variation in number and structure of chromosome is well documented
under in vitro condition (SACRISTAN 1971; BAYUSS 1980; MURATA and ORTON
1984; SENGUPTA et al. 1986). Besides other factors, the externally supplied
growth hormones are often causally related to this phenomena (D'AMATO
1978; BAYUSS 1980; }HA and RoY 1982; KAR and SEN 1985). The present
investigation has been undertaken to evaluate the effects of different auxins on
morphological and cytological behaviour in cultured tissues of Crepis tectorum
L. This species was chosen as the species of Crepis with low chromosome
number have been shown to contain no somatic endopolyploidy (SINGH 1974;
D'AMATO 1977). As such it was deemed to be an ideal material to demonstrate
the effect of hormones under in vitro conditions.
MATERIAL AND METHODS

Aseptically grown one month old regenerated plants of Crepis tectorum L. were
used as experimental material (unpublished). From 2-2.5 em. long leaves, 1 em. pieces
were cut and inoculated in MS medium (1962) supplemented with different auxins in
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five sets: Set 1 (MS + no auxin); Set 2 (MS + 2,4-D 4 mg/1); Set 3 (MS + NAA 4
mg/1); Set 4 (MS + IAA 4 mg/1) and Set 5 (MS + IBA 4 mg/1). Set 1 was used as
control. Ten replicates of each set were maintained. The media were solidified with
0.5% agar and adjusted to pH 5.6-5.8 before autoclaving at 15lb/sq. inch. pressure for
15 minutes. The cultures were incubated at 22 ± 1° C with 55-60% relative humidity
under cool, white fluorescent light providing 2000 lux at the level of culture with 16
hour day length.
For determination of chromosome number, the calli after 4-5 days of subculturing were cut into small bits, fixed in 1:3 acetic ethanol overnight followed by a change
in 45% acetic acid for 10-15 minutes and stained with 2% aceta-orcein: N.HCl (9:1)
mixture.
In situ quantitative measurement of DNA was made through single wavelength
method from 4C nuclei at metaphase and resting phase in leaf explants following
standard Feulgen staining techniques (McLEISH and SUNDERLAND 1961). For each
observation, measurements from at least 50 nuclei were taken in a Reichert Zetopan
with microphotometer and the average DNA with S.E. were calculated in arbitrary
units. These values were transferred to C values by taking as standard root apex
prophases of control plants.

OBSERVATIONS

Morphological response of the explant - Proliferation of leaf segments
started in each set within 4 days of incubation. Within 20 days the different
morphological responses in different sets were noted. The sets 2 and 3 induced
callusing (Fig. 1) whereas sets 4 and 5 were more successful in rhizogenesis than
callusing. The rate of callus growth was high in NAA containing medium than
the 2,4-D containing one after 30 days of culture (Table 1). Control set showed
the emergence of cluster of 4-5 small leaves from swelled base, apex and midrib
along with callusing.
Cytologs of source plant- In the leaf-tip, 99% cells were diploid with 8
chromosomes and 1% cells showed 12 and 16 chromosomes (Fig. 2). The
normal karyotype of source plant can be categorised as one pair of chromosome
with secondary constriction (A), one pair with submedian constriction (B) and
two pairs of comparatively small acrocentric chromosomes (C).
The leaf explant was found to comprise of cells whose nuclear DNA
content was distributed in one peak corresponding to the 2C (G 1) DNA
content. No cell with intermediate DNA values could be recorded.
Cytologs of cultured cells.

(a) Chromosome number - A high frequency of diploid mitoses were
observed along with different hyperdiploid cells in sets 2, 3, 4 and 5 within 5
days of incubation. The control set was, however, predominantly diploid with a

CALLUS CULTURE OF CREPIS TECTORUM

223

Fig. 1. - Callus culture initiated from leaf segments on Set 1.
Fig. 2. - Normal diploid karyotype of the source plant.
Fig. 3. - Normal diploid karyotype of cultured cell.
Fig. 4. - A haploid karyotype {a) and a subdiploid karyotype showing fusion of two chromosomes in
cultured cells in Set 2 {b).
Fig. 5. - A subdiploid cell with 6 chromosomes showing absence of one A and one C type
chromosomes.
Fig. 6. - A subdiploid cell showing 7 chromosomes.
Fig. 7. - A cell showing sticky bridge at anaphase.
Fig. 8. - A binucleate cell with asynchronous division.
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Showing different responses of primary explant on different media sets.
Type of response appearing in (%)
explant within

Experimental Composition of
medium (mgfl)
Set No.
4 days

20 days

30 days

Set 1

MS +no auxin

sw (10%),
LE (20%)

Set 2

MS + 2,4-D (4)

Sw (80%)+

c+ (4%)
Cluster of 4-5 small
leaves emerged from
swelled leaf explants
(80%)
sw++, c++
c (60%)+ + +

Set 3

MS + NAA (4)

Sw (70%)+ +

sw+ + +' c+ +

c (80%)++++
Rh+ + + (80%),
c+ (5%)
Rh (60%), c+ + (8%)

Set 4

MS + IAA (4)

Sw (40%)+,
Rh (60%)+

Rh++, c+

Set 5

MS + IBA (4)

Sw (60%)+,
Rh (20%)+

Rh++,c+

Sw =Swelling of explant; C =Callusing; LE =Elongation of leaf explants; Rh = Rhizogenesis; + to
+ + + + weak to vigorous response.

very few 4n cells (Table 2). The sets containing 2,4-D, NAA and IBA showed
an increase in the frequency of diploid mitoses during later phases. The set 4
containing IAA did not show any such increase. The cells with hypodiploid
numbers as 4, 6 and 7 were observed in low frequency with 2,4-D in 40 days of
culture (Figs. 3, 4 & 6).
Regenerated roots on sets 4 and 5 were 80% diploid and 20% mixoploid.
(b) Chromosome structure - The diploid cells (100%) showed normal
karyotype. The cell with 6 chromosomes showed an absence of one A and one
C type of chromosomes. Cell with 7 chromosomes showed fusion of two
chromosomes. Triploid (5%) and tetraploid cells (8%) showed small submedian
or acrocentric chromosomes.
(c) Nuclear processes during callus culture - Within 5 days of explantation
upto 80 days of culture fragmentation of chromosomes, disorientation of
spindle, binucleate cell with asynchronous division, sticky bridge and fusion of
chromosomes were observed in low frequencies (Figs. 7 & 8).
DISCUSSION

Since all the cultural conditions in the present study were otherwise
identical in different sets except auxins, the difference in response of the
explants may be considered as entirely due to difference in hormones. The
different auxins induced the general pattern of response in culture- 2,4-D and

Set 5
MS+IBA (4)

Set 4
MS+IAA (4)

Set 3
MS+NAA (4)

Set 2
MS+2,4-D (4)

Set 1
MS+no auxin

(mg/1)

Set No. with
composition
of medium

60
no callusing

40
80

24
(Root-tips)

80

48

53

40

5

56

5

58

80

50

80

54

40

40

40

no callusing
85

80
5

50

42

40

5

34

Total
metaphases
studied

5

Days
in culture

52±0.98

36±0.62

34±1.01
(60.71)
33±0.91
(62.66)
16±1.10
(66.66)

30±0.34
(60.00)
46±0.54
(85.18)
41±0.92
(7o.68)

52±0.54
(61.17)
32±0.75
(80.00)
40±0.65
(80.00)

30::!::0.94
(88.25)
33±0.86
(78.57)

(%)

No. of cells
with 8 (2n)
chromosomes

2±0.82
4±0.98
1±1.15

4±1.01
12±1.00
2± 1.10
8±0.91
3±0.95
2± 1.10
5± 1.09

-

-

-

9±0.34

2±0.86

-

2±0.98

9±0.45

2±0.98

-

2±0.91

6±0.09

-

-

2±0.36

12±0.06

1±0.02

-

3n (12)

4±1.05

8±0.16

5±1.00

-

-

-

-

<2n (4,6,7) >2n (9,10,11)

2±1.19
1±1.13

-

2±1.02

2±1.01

1±0.09

4±0.98

-

-

-

-

-

3 ::l:: 1.10

4±0.86

2::!::0.98

2±0.08

5 ±0.12

3±0.35

4±0.24

4n (16)

-

-

-

>3n (13,14)

No. of cells with hypo- or hyperdiploid
chromosomes (chromosome number)

1 ± 1.14

4±0.97

3±0.72

8±0.03

9±0.03

2±0.95

2± 1.00

8±0.12

>4n (17-24)

TABLE 2 - Showing frequency of diploid, hypodiploid and hyperdiploid cells in «Crepis tectorum» callus culture grown on different media sets for 80 days.
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NAA stimulated callusing while IAA and IBA induced rhizogenesis following
low callusing (THORPE 1982; HussEY 1983). The emergence of small leaves
from leaf explants on unsupplemented MS basal medium is noteworthy. Such
adventitious regeneration directly on organ explant has previously been reported in other plant species (HussEY 1975).
The previous reports on the effect of auxin on chromosome complement
in vitro do not give a simple picture but, indeed, are often contradictory as
there has been both positive as well as negative evidences of 2,4-D inducing
chromosomal instabilities in vitro (BAYUSS 1975; SINGH and HARVEY 1975;
D'AMATO 1978). In the present investigation it is noticeable that all the four
auxins exhibited a similar picture of chromosome instabilities in C. tectorum
callus culture. Nuclear abnormalities were observed in cultures grown on all the
sets as well. This data along with the previous contradictory reports is indicative of the fact that the mechanism by which chromosomal changes occur in
vitro might be independent of the nature of auxin.
The somatic endopolyploidy of the explant is also regarded a source for
chromosome instability in culture (BAYUSS 1980). The leaf-tip cells of the
source plant was predominantly diploid and showed no endoreduplication as in
other species of Crepis (SINGH 1974; D'AMATO 1977). In such species, chromosome endoreduplication may occur in vitro and cause chromosome instabilities
(BENNICI et al. 1968; SINGH 1974) as supported also by present observation of
occurrence of 4n, 6n and 8n cells in different sets within five days of incubation. The auxins, in general, are known to stimulate DNA synthesis and DNA
polymerase activity followed by mitosis and to exert a significant effect on the
DNA content of the cell nuclei under in vitro (NAGL 1978, 1985). Such a
process might generally lead to the introduction of hyperdiploid cells in
culture. The origin of hypodiploid cells have been evidenced by fusion as well
as elimination of chromosome in the present study. Tripolar mitosis (1:2:1),
somatic reduction and homologous segregation also result in the hypodiploid
cells in vitro in other species (HusKINS and CHENG 1950; PERA 1970). The
karyotypic alteration might be caused by break and fusion of chromosome
evidenced in culture. It is interesting to note that in culture, the four auxins
induced different morphological responses but similar cytological changes.
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