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In Vitro Manipulation of 2,4-D for Callus Induction
and its Subsequent Regeneration in Selected Wheat
and Rice Cultivars

Hamid Rashid & Azra Qurausha *

ABSTRACT

In tissuc culture studies 2.4-
Dicholorophenoxy acetic acid is exten-
sively utilized both for callus induction
and its regeneration, the optimum
doses however, vary from cultivar to
cultivar and from species to species. In
rice, the cultivars studied were IR-6
and KS-282. It has been noted that
embryogenic callus induction was pos-
sible when 2.4-Dicholorophenoxy
acctic acid was utilized at low levels
(0.5 mg 1 and 1 mg'lj in combination
with Benzvlamino purine (BAP).
Wheat cultivars Pak-81, Lyp-73 and
Pavon-76 require relatively higher
doses ot 2.4-Dicholorophenoxy acetic
acid (2-dmg!/ D) singly for embryogenic
calli.

INTRODUCTION

An important factor controlling

the maorphogenctic responses of

growth regulators is the availability
and non-availability of auxins in the
cells and tissues. In lact, the most
refevant breakthrough in the develop-
ment of plant tissue culture lechniques
was the discovery of morphogenetic
activities of auxins, particularly those
of the native and synthetic auxins and
cytekinins. Auxing are thought 1o con-
trol the following procedures (a) api-
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cal dominiance (b) cell elongation in
roots and shoots (¢) induction of ad-
ventitious root formation {(d) enhance-
ment of respiration rate (¢) induction
of disorgamized growth at higher con-
centration () inhibition of embryo
formation in cell suspension culture
(g} mitotic irregulantics in long term
cultures (h) delay in senescence uc-
tivitics of the cells. The auxins most
commonly used in a tissuc culture syx-
tem are Indole acetic acid (1A,
Naphthalene accetic acid {(NAA} and

TAs |

NAA : /K [
i o
IS '

Fiz-1 Ie major auxims used 1noplant nssue
cublure: TAA (Rative aovan), NAA and 24-D)
{(synthenic ausrns ).

2,4-Dicholorophenoxy acetic acic
[Fig-1] (Jacobsen 1953).

In tissue culture studies auxins
particularly 2.4-D is widely used for
catlus induction which has great sig
nificance Tor crop improvement
Within a callus it is always possible L
distinguish severat distinet eell popula



tions attributable to penetic and/or
epigenetic changes. A gencral view ol
callus proliferation was presented by
Yeoman (1971). Hill (1967} pointed
out the nced for wounding explant tis-
sue, after which cell divisions proceed.
Not alt cells in the explant divide and
mainly those in the outer layers of tis-
sues contribute to the developing cal-
lus. Cell division activities is
de-pen-dent on growth regulator con-
centration, as wcll as the source of ¢x-
plant material.

The objective of this study was to
explore the effect of 2,4-D in selected
rice and wheat cultivars for callus in-
itiation, maintenance and regenera-
tion in long term cultures for the
retrieval of useful mutants.

MATERIALS & METHODS

Rice varicties selected for this
study were TR-6 and KS-282 and wheat
varictics utilized were Lyp-73; Pak-81
and Pavon-76. In cither case the sceds
were washed thoroughly with running
tap water. Rice seeds were dchulled
and steritized with chlorox bleach for
15 minutes, followed by three sub-
scquent rinsings with autaclaved dis-
tilled water under aseptic conditions.
The wheat sceds on the other hand
were dipped intact in a commercial
detergent zip. Excess delergent was
rcmaoved by thorough washing in tap
walter followed by several rinses in dis-
tilicd water. The material was then
sterilized first with a quick washing
with 70% cthanol followed by a twenty
minute sterilization with chlorox
bleach containing 5.25% sodium
hypochlorite. Excessive bleach was

washed with sterile distilicd water
under aseptic conditions at least live
times successively for filteen minutes
cach.

The rice cultures were inoculated
on modificd MS media supplemented
with sucrose, ycast extract, casein
hydrolysate and varying concentri-
tions of 2.4-D, NAA and kinetin with
0.89% agar. The wheat cultures were
inoculated on modificd MS medium
supplemented with 3.0% sucrose,
0.8% agar and varying concentrations
of growth regulators. The pH of the
medium was adjusted to 5.8 prior to
avtoclaving. The media was
autoclaved at 15 psi lor 20 minutes.

The cultures were incubalted both
in dark and light and the photoperiod
was adjusted for 16 hours/ day with a
light intensity corresponding to 1500
fux.

RESULTS & DISCUSSION

Rice: There are reports that 2,4-D
concentrations in the medium are
necessary for the induction of callus
from dilferent explant sources in rice
cultivars. In our study, calli started in-
itiating after onc weeck of culture in
[R-6 on media with 2,4-D concentra-
tions al the rate of 0.5, 1.0 and 2.0
mg/1 [Fig-2]. Slightly high concentra-
tions of 2,4-D (2 mg/1) increasced cal-
lus formation which was short lived.
Media with 2,4-D (1-2 mg/ 1) and BAP
1-2 mg/| showed maximum calli with
shoot primardia. Percentage of callus
formation in all combinations ranged
between 89.1% (2.0 mg/i 2.4-D and
1.0 mg/1 BAP and 57.8% (0.5 mg/l
2.4-D). Apparcntly BAP had no sig-
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aificant clfect on callus induction. b
improved callus size and determined
1s type, whether non-regenerative or
otherwisce.

Callt from all these combinations
were transferred to regeneration
medium which was MS supplemented
with sucrose 10 gil, cascin hydro
[ysate and veast extract 3¢/ 1 with
Kinctin S mg I BAP 2mps [ and NAA
(L1 mgs 1 Maximun regeneriation was
ohserved in combimation with 2.4-12
5 me'l and BAP Img L Visible

shoots appearcd within one week of

transler [Fig-3].

It can be extracted from our study
that 2,4-ID and a cyvtokinin, BAP, were
cssential for callus induction in sced
derived calli from [R-6. Brar et al.,
{E9%6) aiso reported that the presence
of i eviokinin cither BAP or kinetin
was essential in promoting plant
repenceration from cultured cells.

Fro-d Mulsiree shwl Bormat on s e e v

vatlus e K =7

In KS-282 initiation ol catius was
ehserved dlier 323 dovs oo modibed
My oMurashize & Skoog 190l
Moedium containing casein hydro-
fysate, yeust eatract at the rate of 2y |
with varving concentrations ol 24 1D
0510 an 2.0 my ©alone or m com-
bination with BAP at the rate of 1 and
20 mp L Callus induction fregqueney
inerensaed with ercased levels of 200
P2 Bonsyl siminopyrine had no oajo
cltfect on calblus induction but 1t

Fovoured stenificant mcrense m callux

sstze and the ratio of embrvogenmie calli

to non-embryogenic callr,

Wheat: Usine 3 celtivars of whemt
Pak-81. Lyp-75 and Pison-76, the ot-
feet of 24403 was tested for callus e
duction both in durk and hght. Callus
initnition swas observed after one week
of cultere 1 all the vancties tested
irrespective of the light or dark period.
[Fig .



Fig-d: l:mbryogenic callus tormation in Lyp.73,

Lowcer coneentration of 2,4-D (1.5
mg D) fatled to induce callus. Callus
formation at higher concentrations of
2.4-D was varicty specilic. The amount
and size ol callus varied from varicty
to varicty, In Pavon-76, callus was ob-
served on media containing 2,4-ID at
the rate of 2 mg/1 in dark. High con-
centrations ot 24-D ic. Tmg/ 1 had an
adverse effect. Callus induction fre-
quency in light was less in all the com-
binations. In Lyp-73, 3mg/! 2,4-D
produced good callus induction in
light with less difference in the callus
induction frequency at 3 and 1mg/|
24-D. In darkness there was a sig-
niticant decrease in caltus induction in
all combinations, In Pak-81, cullus in-
duction frequency was high at Tmg/ !
24-Dindark. At the ratc of 2ing/ 1 and

3mg/1 2,4-D, very slight dilterence in.

callus induction frequency was ob-
scrved in light and dark. The frequen-
cy of good callus induction was noted
lo be highest in Pavon-76, {ollowed by

Lyp-73 and Pak-81. The lrequency of

embryogenic callus was less during the
first passage, however, during sub-

scquent passages, its frequency in-
creased substantiolly, These results
were in accordance with the work
reported by Mackinnon ct al. (1987).

The performance of callus after
subculturing was studicd using dJif-
ferent media combinations. When the
calli of Pavon-76 were subcultured on
media with 2Zmyg/t 2,4-D good
proliferation of tssues was noted.
Whoen the concentration of 2,4-D was
lowered from 3mg/l to 0.5mg/
prolileration was profuse. At elevated
levels of 2,4-D e, Tmg/ 1L prolileration
decreased and embryold hke strue-
lures were clearly visible thereby in-
dicating that such levels could initiate
differentiation. For Lyp-73 the op-
timum concentration ol 2.4-D {or
good callus formation was 3mg/ 1 Pak-
81 could be very well maintained on
media supplemented with Imgi | 2,4-
D. The calli appeared regencrative
wilh a good proliferation. Nabors ¢t al.
(1985) reported non-ermibryopenic cal-
lus not Lo be regencrable. In this study
also when the non-cmbryogenic calbus
was transferred o the regencration
mcdium only shight difterentiation was
observed. The presence of [AA with
BAP Smg/l in the regencration
medium dirccted multiple shoot tor-
mation (Fig-3),

Fuy & Regeneraton fionn embryogsme callas e Lyp J3
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CONCLUSION

[n tissue culture studies enrich-
ment of the culture medium with 2.4-
D creates o genomic Bux causing
dedifferentiation of the tissues put in
culture. Foliowing redifferentiation
uselul variations could be generated.
Most ol these variations are heritable
and contribute o the widening of the
gene. In this study this potential has
been fully exploited in both rice and

wheat which are important cereals of

Pakisian,
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