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ABSTRACT

Cytokinin affects the requirement for auxin of a strain of tobacco
callus (Nicotiana tabacum) which is cytokinin-autotrophic when grown
on Murashige and Skoog medium with 11.4 jAM of indole-3-acetic acid
but requires cytokinin 6-(3-methyl-2-butenylamino)purine (PAde) when
grown on the same medium with <3 iLM indole-3-acetic acid. As the
exogenous concentration of cytokinin (irAde) is increased, the concen-

tration of indole-3-acetic acid required for growth is decreased. A second
effect of cytokinin, observed sporadically in cultures with 2.5 jaM or 5 FlM
PEAde, is the transformation of some of the callus pieces to auxin-
autotrophic growth. Stains, both calus-forming and bud-forming tis-
sues, that arise in this manner are not permanently altered in their auxin
requirement because subcultures on medium without cytokinin still re-

quire exogenous auxin.

In vitro reponses of tobacco callus tissue (Nicotiana tabacum
cv. Wisconsin No. 38) to cytokinin can be divided into those
caused by low concentrations, i.e. the minimum requirement for
growth (10), and those dependent on much higher cytokinin
levels, i.e. induction of organ formation (11) and the require-
ment for growth on medium lacking thiamine (1, 2, 7). This
paper describes two distinct effects of cytokinin (6-13-methyl-2-
butenylamino]purine, i6Ade)2 on the auxin requirement of a

cytokinin-autotrophic tobacco callus strain. One of these effects
is a decreased requirement for exogenous auxin by callus grown
on medium with c 1 MM i6Ade. The other effect is a transforma-
tion of callus pieces to auxin-autotrophic tissue when grown on

medium with > 1 ,M i6Ade. This transformation occurs sporadi-
cally among replicates and results in morphologically different
strains.

MATERIALS AND METHODS

The origin and maintenance of stock cultures of cytokinin-
autotrophic tobacco callus on RM 1965 medium containing 11.4
Mm IAA have been described (3, 6). The IAA, obtained from
Sigma Chemical Company, and the i6Ade, synthesized by N. J.
Leonard and S. M. Hecht, were added prior to autoclaving.
Fresh weight yields were determined after specified growth pe-

riods.

RESULTS

Requirement for Exogenous IAA. On medium devoid of
cytokinin, the tissue required 3 AM IAA to grow, and the

'This work was supported by National Science Foundation Research
Grant BMS72-02226-A03 to F. Skoog, University of Wisconsin.

2 Abbreviation: i0Ade: 6-(3-methyl-2-butenylamino)purine.
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optimum yield was reached with about 12 Mm IAA (Fig. 1). The
auxin requirement was markedly influenced by exogenous cyto-
kinin (i6Ade). As shown in Figure 2, if6Ade concentrations c2.5
/uM enabled cytokinin-autotrophic tissue to grow on medium
supplemented with <3 um IAA. With 0.5 AM i6Ade, growth
occurred in the presence of 0.2 AM IAA; with 1 MM i6Ade,
growth occurred in the presence of 0.03 A.M IAA; and with 2.5
tLM i6Ade, growth was obtained on medium containing as little
as 0.005 AM IAA. Tissue pieces planted on media devoid of
auxin generally did not grow. Therefore, the effect of the applied
cytokinin concentrations, apparently, was to enable more effi-
cient utilization of the exogenous auxin.

Transformation to Auxin-autotrophic Growth. In response to
2.5 Mm and 5 'aM i6Ade, a small percentage of the tissue pieces
grew in the absence of added IAA (Table I). Two strains of
tissue that arose in this manner (designated I and II in Table I)
were subcultured for 15 bimonthly passages on medium without
IAA but containing 5 AM i6Ade. Table II shows that auxin-
autotrophic growth was not due to an irreversible transformation
because even after extended subculturing on high cytokinin
medium, tissue pieces transferred to a medium lacking both
auxin and cytokinin failed to grow. On high i6Ade medium,
strain I cultures routinely formed compact callus which gave rise
to slow growing shoot axes, but cultures of strain II grew as a

loose, glistening white callus. Growth in response to high i6Ade
concentrations on medium lacking auxin, therefore, can occur in
undifferentiated callus and need not be a consequence of organ-

ogenesis.

DISCUSSION

The strain of tobacco callus, designated as cytokinin-auto-
trophic, synthesizes sufficient cytokinin for its growth provided
that the IAA concentration is .3 AM. The experiments demon-
strate that in the presence of '!3 AM IAA concentrations,
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FIG. 1. Auxin requirement of cytokinin-autotrophic callus in the

absence of exogenous i6Ade. Results of two independent experiments.

Each point represents average fresh weight in five flasks; 20 ml of
medium and three tissue pieces/flask. Growth period: 40 days.
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FIG. 2. Effect of i6Ade concentration on the auxin requirement of
cytokinin-autotrophic callus. A: no cytokinin; 0: 0.5 MM i6Ade; El: 1 jmMi6Ade; 0: 2.5 AM i6Ade. Growth period: 40 days.

Table I. Transformation of Tobacco Callus Tissue
to Auxin-Auto trophy by i6Ade

Each flask contained one tissue piece, 10 mg
per piece. Growth period was 40 days.

i6Ade Fresh weight No. of flasks
('M) (g/flask)

0 less than 0.05 49
0.05 - 0.15

0.1 less than 0.05 49
0.05 - 0.15

0.5 less than 0.05 48
).05 - 0.15 2

2.5 less than 0.05 43
0.05 - 0.15 5

0.27 1
1.27 1

5.0 less than 0.05 31
0.05 - 0.15 12

0.16 1 (I)
0.54 1 (II)
0.91 1
1.40 1
1.51 1
1.93 1
2.00 1

Table IT. Auxin and Cytokinin Requirements of Transformed Auxin-
Autotrophic Tobacco Callus Strains

Growth period was 40 days.

Added Growth Factors (>M)

IAA i6Ade IAA i6Ade IAA i6Ade IAA i6Ade

0 0 11.4 0 11.4 5 0 5

Strain (g per flask)

I 0.04 ± 0.01 1.20 ± 0.13 6.77 ± 0.50 6.35 ± 0.35

II 0.02 ± 0.02 9.08 ± 0.08 7.23 ± 0.54 6.65 ± 0.23

has been observed with the so-called "normal" tobacco callus
strain (see especially Fig. 3 of ref. 9).
Witham (15) has shown that high concentrations of the auxin

2,4-D permit growth of soybean callus on medium lacking cyto-
kinin, suggesting that 2,4-D acts as a cytokinin, as well, at these
levels. In view of the present results and assuming that soybean
callus normally produces cytokinin at rates less than adequate
for growth on the specified medium with 28 ,UM IAA (8), it is
possible that high auxin concentrations, particularly of metabol-
ically more stable auxins such as 2,4-D, might permit growth to
occur in the absence of exogenous cytokinin.

Transformation to auxin-autotrophic growth occurs sporadi-
cally among tissue pieces cultured on 2.5 AM and 5 paM i6Ade
and therefore must depend on some property not shared by all
cells of the cytokinin-autotrophic stock cultures. Jordan (4, 5)
and Syono and Furuya (13) have described strains of tobacco
tissue that also can be subcultured through repeated passages on
media with high cytokinin concentrations and no auxin. In all of
these cases and in this report, the presence of a growing shoot
axis was not essential nor did the effect involve a "mutational,"
i.e. a permanently acquired, change in the tissue's ability to
synthesize auxin. Jordan (5), on the basis of bioassays estimated
an IAA concentration of approximately 2 x 10-3 Amol/kg of
tissue in his cultures. Syono and Furuya (13) have provided
rigorous chemical proof that IAA was one of the auxins pro-
duced in tobacco callus cultured on high cytokinin medium.

Auxin-autotrophic growth of tobacco callus can be induced by
short term, 2-week, treatment with auxin (14). This transforma-
tion is also shown to be reversible in that a single, 6-week
passage on medium with auxin restores the auxin requirement.
The clear distinction between two effects of cytokinin on the

auxin requirement of tobacco callus tissue suggests that cytoki-
nins are acting at more than one cellular site. In studies utilizing
cytokinin-dependent tobacco callus, Linsmaier-Bednar and
Skoog (7) found that much higher concentrations of cytokinin
were required for growth in the absence of thiamine than in its
presence. The finding that certain substituted pyrrolo(2,3-d)
pyrimidines inhibit i6Ade-induced growth of tobacco callus but
enhance the effect of high i6Ade concentrations in promoting
bud formation similarly has been considered in terms of cytoki-
nin action at more than one site (12).

Acknowledgments-I thank F. Skoog for advice and assistance in the preparation of this
manuscript. Synthetic i6Ade, prepared by S. M. Hecht, was kindly furnished by N. J. Leonard,
School of Chemical Sciences, University of Illinois, Urbana, Illinois.

LITERATURE CITED

1. DIGBY, J. AND F. SKOOG. 1966. Cytokinin activation of thiamine biosynthesis in tobacco
callus cultures. Plant Physiol. 41: 647-652.

2. DRAVNIEKS, D. E., F. SKOOG, AND R. H. BURRIS. 1969. Cytokinin activation of de novo
thiamine biosynthesis in tobacco callus cultures. Plant Physiol. 44: 866-870.

3. EtNsEr, J. W. AND F. SKOOG. 1973. Biosynthesis of cytokinins in cytokinin-autotrophic
tobacco callus. Proc. Nat. Acad. Sci. U. S. A. 70: 658-660.

4. JORDAN, W. R. 1971. The effects of cytokinins on auxin and growth in tobacco tissue
cultures and in oat seedlings, and a search for an auxin-transfer RNA complex. Ph.D.
thesis. University of Wisconsin, Madison.

5. JORDAN, W. R. AND F. SKOOG. 1971. Effects of cytokinins on growth and auxin in
coleoptiles of derooted Avena seedlings. Plant Physiol. 48: 97-99.

6. LINSMAIER, E. M. AND F. SKOOG. 1965. Organic growth factor requirements of tobacco
tissue cultures. Physiol Plant. 18: 100-127.

7. LINSMAIER-BEDNAR, E. M. AND F. SKOOG. 1967. Thiamine requirement in relation to
cytokinin in "normal" and "mutant" strains of tobacco callus. Planta 72: 146-154.

8. MILLER, C. 0. 1965. Evidence for the natural occurrence of zeatin and derivatives:
compounds from maize which promote cell division. Proc. Nat. Acad. Sci. U. S. A. 54:
1052-1058.

9. ScHmrrz, R. Y., F. SKOOG, S. M. HECHT, AND N. J. LEONARD. 1972. Comparison of zeatin
indoleacetate with zeatin and indoleacetic acid in the tobacco bioassay. Plant Physiol. 50:
114-116.

10. SKOOG, F. AND D. J. ARMSTRONG. 1970. Cytokinins. Annu. Rev. Plant Physiol. 21: 359-
384.

11. SKOOG, F. AND C. 0. MILLER. 1957. Chemical regulation of growth and organ formation in

46 EINSET

growth is cytokinin-dependent and, in fact, increased concentra-
tions of exogenous i6Ade are needed for growth when the IAA
concentrations are decreased. This mutual interdependence be-
tween cytokinin and auxin concentrations and requirements also



CYTOKININ-AUXIN INTERDEPENDENCE

plant tissues cultured n vitro. Symp. Soc. Exp. Biol. 15: 118-131.
12. SKOOG, F., R. Y. SCHM]TZ, S. M. HECHT, AND R. B. FRYE. 1975. Anticytokinin activity of

substituted pyrrolo(2,3-d)pyrimidines. Proc. Nat. Acad. Sci. U. S. A. 72: 3508-3512.
13. SYONO, K. AND T. FURUYA. 1972. Effects of cytokinins on the auxin requirement and auxin

content of tobacco calluses. Plant Cell Physiol. 13: 843-856.

47

14. SYONO, K. AND T. FURUYA. 1974. Induction of auxin-nonrequiring tobacco calluses and its
reversal by treatments with auxins. Plant Cell Physiol. 15: 7-17.

15. WrrHAn, F. H. .1968. Effects of 2,4-dichlorophenoxyacetic acid on the cytokinin require-
ment of soybean cotyledon and tobacco stem pith callus tissues. Plant Physiol. 43: 1455-
1457.

Plant Physiol. Vol. 59, 1977


