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CYTOPHOTOMETRIC ANALYSES AND IN VITRO CULTURE TEST
IN THE EMBRYO FIRST NODE OF OLD TRITICUM DURUM
CARYOPSES *

A. M. INNOCENTI, M. B. BITONTT and A. BENNICI **

Department of Ecology, University of Calabria, Cosenza, and ** Institute of Genetics, University
of Pisa, Pisa, Italy.

SUMMARY — The nuclei of the first node embryo of Triticum durum show the
same amount of histone bound to DNA in young and in aged seeds in line with earlier
findings of remaining metabolic activity. Furthermore the explants of the first node
from the old seeds analyzed, ate still able to generate calli and plantlets and might be
usefull to recover embryos from aged seeds.

INTRODUCTION

During storage not all the embryo areas of Triticum durum seeds
response with the same sensitivity against the damaging effects of ageing.
Namely, in the embryo of old non-germinating seeds the first node cells retain
a DNA, RNA and protein synthetic activity similar to that found in young
viable seeds, whereas the cells in the root apex reduce ot loose their metabolic
activity as soon as the seeds fail to germinate (INNOCENTI and Froris 1979).

Since meristematic root nuclei alone in Triticum durum caryopses had a
higher amount of fast-green stainable histones in aged than in young embryos
(INNocCENTI and Brrontr 1979) the loss of the metabolic activity might be
related, in some way, to the inactivation of the chromatin by the nuclear
histones. '

As the cells of the first node in the aged seeds of T. durum still show a
marked synthetic activity (INNOCENTT and Froris 1979) it seems of interest
to verify in this embryo area:

1) if the fast-green stainable histones increase with ageing;
2) if the explants of aged seeds are able to grow in iz vitro culture.

* This work has been supported by a research contract CN.R. n. 78.01383.
** Present address: Institute of Botany, University of Genova, Genova, Italy.
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MATERIAL AND METHODS

Young (ctop 1979) and old (crop 1977) caryopses of Triticum durum cv.
Cappelli stored at room temperature were used. Previously the germination rate of
young and old seeds was determined on a lot of 100 seeds of each crop; the result
was 1009 and 3% respectively.

A) Cytophotometric analyses: seven old and seven young dry caryopses were
fixed in 109 neutral formalin and washed overnight. One portion of the embtyo
first nodes from old and one from young caryopses were excised under a dissecting
microscope and squashed separately on one single slide in 45% acetic acid. The
root apices from the utilized embryos were squashed as control. The squashes were
stained by the Feulgen method, replacing 1 mol. dm= trichloracetic acid (TCA)
for 1 mol dm~3 hidrochloric acid (HC1), and mounted in Canada balsam. Measure-
ments of DNA content in individual nuclei were catried out with a microscope pho-
tometer Zeiss 01, at 565 nm (McLEisH and SUNDERLAND 1961). The nuclei were
thereafter stained with fast-green FCF (at pH 8.1) and scanned for histones at
635 nm (ALFeErRT and GEscuwinp 1953; Brocu and Gobpman 1954; PirLiLer
1977); for each sample at least 100 nuclei were analyzed. The double measurement
of DNA and histones in the same nuclei was made possible by locating the individual
nuclei in microphotographs.

B) In vitro culture: Dry caryopses were sutface sterilized by immersion into
0.5% mercuric chloride solution for 3 minutes. After three washes in sterile
deionized water, the seeds were sown on water imbibed filter paper in sterilized
Petri dishes and stoted in the dark at 25° C for 20 h. The embryos were excised in
a sterile roo munder dissecting microscope and the first node zones were separated
and transplanted to flasks (5-6 per flask) containing 0.03 dm~* of agar-solidified
Smith’s medium supplemented with (mg. dm™) casein hydrolysate 1000, inositol
100 and naphtalene acetic acid (NAA) (MASCARENHAS et al. 1975; BENNICT and
D’Amato 1978). The cultures were incubated in the growth room under continuous
illumination of 2500 lux delivered by daylight fluorescent tubes.

RESULTS AND CONCLUSIONS

The cytophotometric analyses clearly demonstrate that the distribution
of histone/DNA ratios in the embtyo first node nuclei is practically the same
in young (crop 1979) and in old (crop 1977) seeds (Fig. 1 A). Though some

TABLE 1 — Callus formation and regenerated plantlets from the first node of « durum » wheat
embryos in young seeds (crop 1979) and in old seeds (crop 1977: two experiments).

number of . regenerated
crop explants calli % plantlets 9%
1979 56 85.7 29
1977 a 148 50 6.7

1977 b 58 55 69
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authors demonstrated that, with the loss of viability in aged embryos, DNA
lesions occur (CHEAH and OsBORNE 1978), we found in the nuclei of the
first node (which are all in the presynthetic phase of the mitotic cycle, Gi, 2C)
DNA values per nucleus are rather homogeneous (mean DNA value: 0.19 =
0.02; standard error 109). Thus, the fast-green measuraments show a
distribution very much like the one shown in Fig. 1A. The variability within
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Fig. 1. — Frequency distribution of histone/
DNA ratios in young (crop 1979) and old
(crop 1977) caryopses of T. durum. In the
first node nuclei (Fig. 1A) and in the 2C
meristematic root nuclei (Fig. 1B). Broken-
line histogram: young seeds; unbroken line
histogram: old non-germinating seeds.
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Histone/DNA

each distribution probably depends on the moment of the Gi phase at the
time of seed ripening (GURLEY ef al. 1974).

If we now compare these results with the data collected in the 2C (Gi)
meristematic root nuclei analyzed as control, in line with the results shown
in a previous paper (INNOCENTI and Brrontr 1979), it appears cleatly that:
i) in the young seeds the histone/DNA ratio in the root apex nuclei is lower
than in the first node nuclei (Fig. 1A and 1B); ii) in the old seeds, the histone/
DNA ratio increases significantly in the root apex nuclei while remains unchang-
ed in the first node nuclei (Fig. 1B). In accordance with our knowledge on the
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function of histones (HuaNG and BoNNER 1962; BiLLEN and HNiLicA 1964),
our results indicate that nuclei with the same DNA content (2C) show a
different portion of the chromatin repressed by the histones when considered
in different embryo areas of the resting seeds.

Furthermore, as the histone/DNA ratios distribution, during seed storage,
undergoes variations in the root nuclei but remains practically the same in
the first node nuclei, we may suggest that the quantity (Huane and BoNNER
1962; BerLOwTIZ 1965) and/or quality (SwirT 1964) of the proteins bound
to DNA might influence the ageing pattern of the single embryo areas.

-To better clarify the described differences let us now consider the ageing

o-Y :
parameter Ab = ——— (where O and Y are the average histones over
Vi 00‘+oy2

DNA ratios for the old (O) and young (Y) seeds respectively and 90 and
7y are the standard etrors of the corresponding distribution) as defined by
InNoceNTIT and Brrontr 1981. We have calculated that Ap = 0.53 in the
embryo first node while Ap = 11.33 in the root apex. This parameter gives
a quantitative view of the cytological changes produced in the nuclear compo-
nents during ageing, which are imperceptible in the embryo first node and
conspicuous in the root apex. Therefore in the first node the nuclei retain
their synthetic activity (INNocENTI and FLor1s 1979) and undergo the ageing
process slowly. Also the « in vitro » results support the assumption that the
first node cells in old seeds are still in good condition and able to perform
their metabolic activity. Namely, the iz vitro culture results demonstrate that:
after seven days of culture, whitish, friable calli were produced from the first
node explants and after fifteen days some shoots with or without roots were
observed. As shown in Table 1 the cells from old non-germinating seeds, were
still able to divide and generate, in good percentages (about 7% ) plantlets.
These results provide useful informations for the recovery of embryos from
aged seeds.

Acknowledgements. — The Authors are grateful to Mr. GENNAT and to Miss V. FErRrARO
for the efficient technical help.

REFERENCES

AvrrerT N. and Gescuwmnp 1. 1., 1953. — A selective staining method for the basic proteins
of cell nuclei. Proc. Natl. Acad. US.A., 29: 991.999.

Bennicr A. and D’Amato F., 1978. — In vitro regeneration of durum wbheat plants. 1. Chro-
mosome numbers of regenerated plantlets. Pflanzenzuchty, 81: 305-311.

BerLow1tz L., 1965. — Analysis of bistone in situ in developmentally inactivated chromatin. Proc.
Natl. Acad. US.A,, 54: 476-480.



Downloaded by [North Dakota State University] at 08:53 01 November 2014

CYTOPHOTOMETRIC ANALYSES IN TRITICUM DURUM CARYOPSES 87

BiLLen P. and Hniuica L. S., 1964. — In: The nucleobistones. Ed. Bonner J. and T’So P.,
San Francisco.

Brocu D. P. and Gooman G. C., 1954, — A microspectropbotometric study of DNA and basic
proteins of the nucleus in the mitotic cycle. J. Histochem. Cytochem., 2: 455.

Cuesn K. S. E. and Ossorng D. J., 1978. — DNA lesions occur with loss of viability in embryos
of ageing rye seed. Nature, 272: 593-599.

Guriey L. R., Warters R. A. and Tosey R. A,, 1974, — Cell cycle-specific changes in bistone
phosphory lation with cell proliferation and chromosome condensation. ]J. Cell Biol.,, 60:
356-364.

Huane R. C. and BonNER J., 1962. — Histone, a suppressor of chromosomal RNA synthesis.
Proc. Natl. Acad. US.A., 48: 1216-1222,

INNocENTI A. M. and Brront: M. B., 1979. — Histones/DNA ratio in young and old root
meristems of Triticum durum caryopses, Caryologia, 32: 441-448.

—, 1981. — Changes in bistones/DNA ratio in scutellum nuclei during ageing of Triticum durum
caryopses. Caryologia, 34: 179-186.

InnocenTI A, M. and Frowis C., 1979. — Metabolic activity distribution in the embryo of
naturally aged seeds of durum wheat. Biochem. Physiol. Pflanzen, 174: 404-410,

Mascarentas A, F., Patax M., Henore R. R, GHucaLE D. D. and JacannaTHAN V., 1975, —
Tissue cultures of maize, wheat, rice and sorghum. Part IV. Studies of organ differentiation
in tissue cultures of maize, wheat and rice. Indian J. Exp. Biol,, 13: 116-119.

McLersH J. and SunperLAND N., 1961, — Nucleic acid content and concentration in root cells
of bigher plants. Exp. Cell Res., 24: 541-554.

PiLer H., 1977. — Microscope photometry. Springer-Verlag, Berlin Heidelberg.

Swirr H., 1964. — In: The Nucleobistones. Ed. Bonner J. and T°So P., San Francisco.

Received 12 March 1982; revision accepted 25 October 1982



