Vol. 43, No. 5
March 5, 1974

Wieserll also contends that the haemolymph
protein compositions in a given species are affected
by its ecological position. According to him, the
relative haemocyanin content of the haemolymph
tends to become more stable as the species
acquires more terrestrial habitat. However, this
hypothesis needs further verification.
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MORPHOGENESIS IN STEM-CALLUS TISSUE OF CITRUS GRANDIS IN LONG-TERM
CULTURES—A BIOCHEMICAL ANALYSIS

H. C. CHATURVEDI, A. R. CHOWDHURY anp G. C. MITRA
Tissue Culiure Laboratory, National Botanic Gardens, Lucknow

ABSTRACT

Stem-callus tissue of C. grendis, in long-term cultures, differentiated into two types of
tissues : type-A, which was compact-nodular and slow growing and type-B, which was friable

spongy and fast growing,

In a medium containing 0:25 mg/1 BAP 4 0-1 mg/l1 NAA

4+ 300 mg/1 ME, the type-A tissue produced numerous shoot-buds and shoots, whereas the
type-B tissue did not, The two types of tissues also differed in respect of their nitrogen, protein,

free amino acid and sugar contents.

INTRODUCTION

HERE are several reports1-3 of the gradual loss

of the regenerative capacity of plant callus
tissues grown in vitro for a long time. Some
workerst-T have studied the changing cytological
conditions in the tissue during its prolonged culture
and the correlated loss of its regemerative capacity.
However, " since callus tissue of wvaried ploidy
including haploidy are known 1o differentiate
organs and plantletsS-19) and those with abnormal
polyploid chromosome numbers, to form abnormal
shoots6, 1t appears that besides cytological altera-
tions, some biochemical changes in the tissue during
its prolonged culture may also be involved in the
phenomenon of the loss of its morphogenetic
potentialitly, It seems that the latter aspect has
not bheen studied so far, though some analyses of
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free amino acids in in vifro-grown tissues have
been madell-12, In the present investigation.
certain biochemical changes in long-term culture
have been studied with a view to find out any
coitelation between the metabolic changes in the
tissue and the loss of its regenerative capacity.

EXPERIMENTAL PROCEDURE

Composition (in mg/t) of MS medium. a variant
of Murashige and Skoog’s medium’®, where it
differed  from the ler, was: 150 NH,/NQO,,
1500 KNO,, 400 CaCl,. 150 KH.PO,, 360 MgSO,.
THLO, 10 thiamme-HCL 2:5 pyridoxine-HCY, 2.8
nicotinic acid, 0.1 folic acid. 0-t riboflavin, 0-1
biotin, § ascorbic acid, 50,000 sucrose and 7000
agar,  Stertlization  procedure and  other  cultoral
condilions were as reported eartice¥s, Stea-callus
tissue of C, grandis wius maiataimed in MS mediunt
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supplemented  with  0-25mg/l Linetin = (Kn),
0-5mg/l e-naphthalencacetic acid (NAA) and
0-25 mg/l 2. 4-dichlorophenoxyacetic  acid (2, 4-D)
~MS-1 medium~—for 2} years and later in the same
wedim buy devord of Kp~-hS~1g medium.

For organogenesis, the callus-tisste was cultured
in MS-1p medwum having half the concentrations
of thiamine-HCI, pyridovine-HCl and nicotinic acid,
than present in MS medium and supplements of
0-23 mg/1  6-benzylaminopurine (BAP), 0-1mg/l
NAA and 500 mg/l malt extract (RIE).

The calius tissue was analysed for quantifative
determination of its mtrogen, protein, free amino
acid and sugar contents. The nitrogen percentage
of the callus tissue was determined by using modi-
fied Kjeldahl method®#-16 and the protein percent-
age was oObtained by multiplying the former by
6-25. The quanftitative determination of free amino

-

Fios. 1-4. Cultures of Citrus grandis. Faig. 1.
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acids of the callus tissue was made by paper
chromatography following the procedure reported
elsewherel?. The spgar content of the callus
tissue was estimated after the method of Dubols
et all8

EXPERIMENTAL RESULTYS

Stem-callos tissve of C. grandis was compact-
nodalat and greenish-white in colour—named as
Type-A tissue (Fig. 1). After its repeated sub-
culturing for 2-2% vears in MS-1 medium, the
Type-A tissue in certain cultures produced a friable-
spongy tissue of pale-white colour. The friable-
spongy fissue was isolated and grown in separate
cultures and named as Type-R tissue (Fig. 2). The
Type-B tissue showed profuse growth in MS-la
medinm, which was far greater than that of the
Type-A tisspe in the same medium (Table I).

Stem-callus tissue Type-A (X 0-59). Fig. 2. Stem-

callus tissue Type-B (¢ 1-11). Fig. 3. Differentiorion of shoots from siem -callus tissue Type-A

(% 1-18),

Fig. 4. A tissue-regenerated plant In potied soil (X 0-60).
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TABLE 1

Comparative growtl in vitro of two types of stem-callus tissues of C. grandis in MS-la medium

E—

| - Wt, of ‘Growth of explant* - }
tnoculum* s : —— s - - —
Sterm-callus 10 days 20 days 30 days
tissue — -~ * - ——
Fr.wt. Drywt. Fr.wt Dry wt.  Fr.wt.  Drywt.  Fr.wt.  Dry.wt,
(gm) (mg) (gm) (mg) (gm) (mg) (gm) (mg)
Type-A 0.4 6016 0-4 63- 86 0:-6 7784 0-8 12572
Type-B 0-5 19 0-95 41 43 196+ 63 9-9 537-5
* Average of S replicate cultures,
In MS—7p medium, 2 10 2%-year-old Type-A TaBLE {1
253“3 P}':?dlijcei a('i larlge ;u]}li’:r E’f tgreerl‘:_ sho;at- Quantitative analysis of two types of stem-callus
uds which a eveloped 1n shoots (Fig. 3). tissue of C. grandis for their nitrogen, protein,

It took about 60 days for shoot-buds to be visible
on the callus surface and in the following 30 to
40 days they developed into shoots. Roots were
not pmduc?d by the_ differentiating callus cultures, Chemical constituents
However, i1solated tissue-regenerated shoots could Type-A Type-B
easilly be rooted in a different medium and were — B

made to develop as complete plants in potted soil

(Fig. 4)., On the contrary, the Type-B tissue did 1. Nitrogen 1-337 9, 0-59549,
not form any shoot-buds 1in the same medium,

free amino acid* and sugar* contents

—
=i — & -
w

Stem-callus tissye

though it became a bit less friable. Also, roots 2+ FProtein 8-356 3, 3-722 %,
were not produced by the Type-B tissue. Same

results were obtained by repeating the eXxperiment / L-Alanine 16- 6 9.6

f 1 times. *

ot severa L-Arginine 18-7 16-4

Stem-callus tissue : Type-A and Type-B not only
showed differences in their morphology, growth L-Asparagine  45-8  10-7
rate and morphogenic potentiality, but also in o
their biochemical make-up in respect of nitrogen, L-Aspartic acid 32:0  12-0
protein, free amino acid and sugar contents, as Glycine 382 14-7
presented 1n Table 1II. Concentrations of the
chemical constituents assayed, viz., nitrogen, protein, 3 Amino acids/

L-Glutamic acid 42-0 .o

free amino ac_ids and sugars were consjiderably l?ss \L-Pmline 16+ 0 3
in Type-B tissue than in Type-A tissue, With
respect to fre¢ amino acid content of the two types L-Serine 20-5 .-
of tissues, tf}ey_ differ?d not only | quant'itatively, [-Threonine 36.0 $. 07
but also qualitatively, ie., fewer amino acids were
present in the Type-B tissue, In all, 11 amino L-Tryptophane J31-6  14-1
;u.d&. were preshemiﬁm Type-A t]SS'ue, thereas c:n]y L-Tyrosine (1.7 -

in the Type-B tissue, L-Glutamic acid, L-proline,
[-serine and L-tyrosine were not present in the \
Type-B  tissue,  Asparagine, L-glutamic acid and ,
glycine were the prominent amino acids in the D-Glucose 1980 62 3
Type-A tissue, whercas L-arginine, glycine and L- 1 -
tr)-'gfﬂphanc in the T}’DE'B tissue. Amﬂng"-t the A, :')'ngdl'.‘i {:“!LILI'U\C 249 SU-4
common amino acids present in both types of Eriuctose R1:0 319. 0
tissues, the decrease n their concentrations in the
Type-B tissue with respect to Type-A  Lissue wis U PGP UGS
most pronounced with L-asparagine, followed by [.- * Quantity in pg'1o0 mg frowt of callus tissoe

threonine, L-aspartic acid, glycine, L-tryptophane, data bused on three chironutogtaphs of cach sample,
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L-alanimne and L-arginine. Amongst sugars, D- Project No. A7-CR-286. We thank the Scientist-

glucose was the most prominent in both the types
of tissues, followed by sucrose and fructose.

DiscuUssIoN AND CONCLUSION

During prelonged culturing, the plant tissues are
Anown to undergo many kinds of changes and not
infrequently new strains have been obtained dif-
fering in one or more such characteristics as
texture, compactness, colour, growth rate, growth
requirements, and morphogenetic potentiality. To
vite a few examples : in cultutes of carrot. strains
with compact type of growth resulted from highly
friable parent strain!®, callus stramns of Tricho-
ccreus differed in growth rates and texture?o,
whereas those of Melilotus and Opuntia calli in
piementation®l.  Similarly, 1n the present case,
during prolonged cultures of stem-callus tissue of
C. grandis, a2 new type of tissue named Type-B,
which was friable-spongy, pale-whifte and fast grow-
ing, resulted from parent Type-A tissue characterized
by being compact-nodular, greenish-white and slow

growing.

In contrast with the situation obtained in long-
term cultures of pea root-calius, where the calius
strain of hard texture and reduced growth rate,
onginated from friable and comparatively fast
orowing parent tissue, lost the organogenetic capa-
citys the friable and fast growing type of citrus
tissue, i.e., Type-B derived from compact-nodular
and slow growing tissue, did not form organs.
This tissue (Type-B) lacking regenerative potentiality
not only had strikingly Jess concentrations of free
amino acids. nitrogen, protein and sugars than that
found in the potentially differentiating tissue, i.e.,
Type-A, but also lacked certain amino acids altogether,
viz.,, L-glutamic acid, L-proline, L-serine and L-
tyrosine. Thus in the present case, the loss of
regenerative potentiality seems to be linked with
fast growth and certain concurrent changes in the
biochemical composition of the tissue.

ACKNOWLEDGEMENT

The research reported here was financed in part
by USDA Grant No. FG-In-375, under PL-480

in-Charge, National Botanic Gardens, Lucknow, for
the facilities provided.

bl

1. Gauthetet, R, J.. C.R. Acud. Sct,
270.

Kher. A. E. and Smith, H. H., Brookhaven
Svmp. Biol., 1954, 6, 58,

3. Murashige, T. and Nakano, R., Anier. J. Bot.,
1965, 52, 8109,

4. Toirey, . G., Cell Organism and Milieu,
D. Rudnic, Ed., Ronald Press, New York,
1959, p. 189.

1948, 226,

FD

S. — Physiol. Plant,, 1967, 20, 265.
6. Fox, ). E, Ibid, 1963, 16, 793,
7. Mur, W, H., Proc. Intern. Conf. Pl. Tissue

Cult., McCutchan Publ. Corp., Berk., Calif.,
1965, p. 485.

8. Murashige, T. and Nakano, R., J. Herediry,
1966, 57, 115.

9. Nishi, T. and Mitsuoka, S., Jap. J. Genel.,
1969, 44, 341.

10. Nitsch, J. P. and Nitsch, C., Science, 1969,
163, 85.

11. Steward, ¥, C., Bidwell, R. . S. and Yemm,
F. W., J. Expt. Bor.,, 1958, 9, 11.

12, Collins, R. P. and Wetherell, D. F.,, Phyton,
1970, 27, 169,

13.  Murashige. T. and Skoog, F., Physiol. Plant.,
1962, 15, 473.

14. Mitra, G. C. and Chaturvedi, H. C., Bull.
Torrey Bot, Club, 1972, 99, 184.

5. Bradstreet, R. B., Chem. Rev., 1940, 27, 331.

16, Shave. J. W., fud. Eng. Chem., Anal. Ed.,
1942, 14, 914.

17. Chowdhury, A. R. and Mitra, G. C., Sci. & Cult.,
1973, 39, 277.

18. Dubois. M.. Gilles, K. A., Hemilton, J. K.,
Rebers, R. A. and Smith, F., Anal. Chem.,

1956, 28, 350.

19. Blakely, L. M. and Steward, F. C.. Anier. J.
Botr,, 1964, 51, 809,

20. Steinbart, C. E., Science, 1962, 137, 545.

21, Nickell, L. G, and Tulecke, W., Bot. Gaz.,
1959, 120, 245.




