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A SYSTEM TO STUDY THE

EFFECT OF CYTOKININS IN VITRO IN SHOOT BUD FORMATION

B. M. JOHRI anp K. K. NAG
Department of Botany, University of Delhi, Delhi-7 (Indig)

YTOKININS promote the formation of shoot
buds in many plant tissues cultured in
vitro.l However, a few buds also develop in such
cultures even in the absence of cytokinins, i.e.,
in the controls.?2 In the present communica-
tion we report the regulation of the differentia-
tion of shoot buds by cytokinins from 1the
epidermal cells of mature endosperm of Taxil-
lus vestitus. This tissue does not form shoot
buds either under natural conditions, or In
cultures in the absence of a cytokinin.
Ripe fruits of T. wvestitus (Loranthaces:)
were washed with a detergent, surface sterilized

ndosperm endesperm,-'
| half

shoot bud |

with 90% ethyl alcohol, and the ‘seeds’ (endo-
sperm <4 embryo ; there is no testa) (Fig. 1)
excised aseptically, The mature endosperm
(which encloses the embryo except at the radi-
cular end) comprises about 20-22 layers of
parenchymatous cells, containing starch or
starch and tannin, surrounded by the small,
densely cytoplasmic epidermal cells (Fig, 4).
Like the endosperm of any other angiosperm,
it lacks vascular elements,

The seed was cut longitudinally and after
removing the embryo the endosperm-halves
(Fig. 2) were implanted in two positions: cut
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FIGS. 1-6. Organogencsis in endusperm cultures of Taxillus vestitus. Fig. 1, Mature endosperm (entire)

with embryo intact, X 6-1.

half with the cut surface exposed : stage of implantation, X 6-1.

Fig. 2. Same cut longitudinally and embryo removed, showing only one endosperm-

Fig. 3. 10-week-old culture of endosperm-half

with cut surface in contact with the medium ~ WM + kinetin (10 ppm). there were as many s 18 shoot huds

around the periphery, (A);

only 2 small buds developed in the endosperm-half with cut surface away from the

medium (on the epidermal side, B), x 11-4. Fig. 4. A portion of endosperm in section showing epldermis
and inner cells ; stage of implantation, X 100°8. Fig. b. Transection of an endosperm-half as in I*ig. 3A,

showing shoot buds developed on the periphery, X 1416,
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surface in direct contact with the nutrient
medium, and cut surface away from ihe
medium. The seed was also cut transversely
into 3 or 4 pieces and only the pieces of endo-
1perm were implanted with one of the cut sur-
faces in contact with the medium. Modified
[without indoleacetic acid (IAA)] Whiis's
agar (0:8%) medium? containing 2:-0% sucrose
(WM) served as the control. Supplements
used either individually or in different combi.-
naticns, Included IAA, indolebutyric
(IBA), naphthaleneacetic acid (NAA), 2, 4-
dichlorophenoxyacetic acid (2, 4-D), 2,4, 5-
trichlorophenoxyacetic acid (2,4, 5-T), ad¢nine,
and some substituted aminopurines : 6-benzyl-
aminopurine, 6-benzylamino-9- (2-tetrahydro-
pyranyl) -purine, 3-(v, v-dimethylallylamino) -
purine, 6- (7, y-dimethylallylamino) -purine, 6-
furfurylamincpurine (kinetin), 6-furfuryl-
amino-8-azapurine, 6-isoamylaminopurine, and
6-methylaminopurine, For each treatment 24
cultures were maintained at 25 +3°C and
55 *+ 5% relative humidity under diffuse day-
light (10-15 ft-c). Each experiment was repeated
thrice.

On WM alone, the endosperm proliferated
only slightly at the cut end and the callus was
highly cphemeral. Callusing was somewhat
better on WM contalning an auxin (2 X 10-° M):
IAA, IBA, NAA, 2,4-D or 2,4,5-T. However,
none of these media induced the formation of
choot buds,

When longitudinally or transversely cut
pieces of endasperm were grown on WM sup-
plemented with a cvtokinin, after 3 to 4 weeks
choot buds dzveleped along the cut surfaces in
contact with the medium (Fig, 3A). Anato-
mical studies cshowed that repeated division of
epidermal cells, near the injured portion, was
followed by the differentiation of buds and
vascular tissues (Fig. 5, later stage). Cyto-
logical preparations of the developing shoot

buds showed a normal triploid condition
(3n=27). The position of the explant
on the medium had a remarkable In-

fluence on the differentiation of buds. Endo-
sperm pieces with the cut surface in contact
with the medium enlarged appreciably and
produced as many as 123 shoot buds, while only
2 buds developed when the cut surface wes
away from the medium and the growth of
explant remained arrested (Fig. 3 A, B).

The period required for the initiation of
choot buds, number of buds preduced on each
exp'ant, and shepe and size of buds varied
from cytokinin to cyfokinin and iis concef-
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tration. At 10 p.p.m, of kinetin cent per cent
culiures showea snoot buds after 6 weeks,
while at & ppm, 9 weeks were required.
There was practically no response with
adenine, 3- (v, v-dimethylallylamino) -purine
and 6-methylaminopurine; with 6-benzyl-
amino-9- (2-tetrahydropyranyl) -purine irregular
swellings (not well-organized shcot buds) were
noticed along the cut surface ; but progre:ssive
response was observed in inducing shoot buds
with 6-furfurylamince-8-azapurine, 6-1soamyl-
aminopurine, 6-furfurylaminopurine, 6-benzyl-
aminopurine and 6- (v, v-dimethylallylamino) -
purine (Fig. 7).

Injury to the explant resulted in the pro-
mction of shoot bud differentiation on media
containing cytokinins, Majority of shoot buds
were confined to the injured portions which
were in direct contact with the medium; a
few shoot buds were also formed around the
injured surface even if they were not in direct
contact with the medium. However, injury
alone did not replace the effect of & cytokinin,

When the entire endosperm with the enclosed
embrvo was implanted, bud initiation was
delayed by about 5 weeks, and the number of
cultures showing sheoot buds also diminished
(by about 60% at 10 p.p.m. of kinetin ; Fig. 6).
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Fi1G. 8, Effect of kinetin on shoot bad formation
from matare endosperm. Curve with dotted line
represents the percentage of cultures with shoot lmds
in 6G-week-old cultures, endcsperm-half was implanted
with the cat surface in contact with the mediain; solid line
represents the shoot buds differentiated 9 weeks after cultu-
ring the entire endosperm with embryo intact.

Furthermiore, there were only about 3 buds
per culture in contrast to 13 when only endo-

¢perm-half was cultured.

Addition of an auxin to WM containing a
cytokinin had an inhibitory effect on bud for-

mation : NAA, 2, 4-D and 2, 4,5-T (2 X 10° M)
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inhibited bud formation completely ; IBA and findings in T. wvestitus is the first report in
JAA reduced the number of cultures showing which shoot buds do not differentiate in the
shoot buds as well as the number of buds controls, i.e, in the absence of eytokinins.

developing on each explant, In this species Grateful thanks are acknowledged to Dr. A. S.
we have succeeded in chemically controlling Rao (Shillong), Miss Usha Kaul and Mr. S.
the formation of shoot and haustorium from Chandra (University of Delhl) for providing
endosperm (to be published later). the fruits of 7T. vestitus, to Dr, N. J. Leonard
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Fi1G. 7. Effect of some substituted aminopurines {and adenine®) at 2 107°M on shoot bud formation
from endosperm-half implanted with cut surface in contact with the medivm, in 8-week-old cultares.

Epidermal cells of some angiosperms, both in  (Illinois) for kindly supplying some substituted
vivo and in vitro, have been reported to form aminopurines, and to Dr. M. M. Johri, Dr. S, S.
buds,? and embryoids.56 In these instances Bhojwani and Mr. P. S. Srivastava for valuable
attention has not been drawn either to the suggestions. One of us (K. K N.) is thankfu!
specific sites of bud formation, or to a specific to the University Grants Commission, New
chemical leading to this phenomenon. Cyto- Delhi, for the award of a research fellowship,
kinins enhance the differentiation of shoot buds and to the University of Ranchi (Bihar) for
in g number of plant tissues cultured asepti- granting study-leave.
cally. Recently, Paulet (1965)7 showed a specta- _ "
cular enhancement of the buds in tobacco tissue 1, Sahai Srivastava, B. 1., /w?. Rev. Cylol., 1967, 22,
culture (approximately 300 buds with 1mg./1 349, |
of kinetin against 32 without kinetin in 2 Millet, C. O, dwn. Rev. Pramt Physicl., 1901, 12,
Nicotiana suaveolens). However, as mentioned Ranga;wam}u N. S., Phytomorphology, 1961, 11, 109
by Miller (1961),%2 in all those tissues in which Crooks, . M., Ret, Ga:z., 1933, 95, 209,
the cytokinins promoted the formation of shoot Konar, R, N. and Nataraja, K., Zytomorphoiogy .,
buds, a few buds also developed in the con- Ka:c? 6511{ ls.g‘r': 31?’::p. Col. Gens. Kd, Unrv, Tokve, 1968,
trols, i.e., without the presence of exogenous ' a1 ' ' '
cytokinins, As far as we know, the present

18, 191.
Paulet, P., KRev. Gen, Bot., 1965, 72, 697,
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