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CHANGES IN HISTONES/DNA RATIO IN SCUTELLUM NUCLEI
DURING AGEING OF TRITICUM DURUM CARYOPSES

AM. INNOCENTI and M.B. BITONTI

Department of Ecology, University of Calabria, Cosenza, Italy.

SUMMARY — Columnar epithelium and parenchyma cells of the scutellum of
Triticum durum caryopses show different quiescence models: while epithelium cells
display a DNA content per nucleus of 2C, the parenchyma cells undergo poli-
ploidization. Furthermore, in old seeds, the distribution of the histones/DNA ratio
shifts much more in parenchyma cells than in columnar epithelium cells. It may
thus be concluded that different tissues of the same organ (scutellum) are affected
in a different way by damaging effect of ageing factors.

INTRODUCTION

When the aged seeds fail to germinate they loose some metabolic
functions (GaLLEscHI and FLoris 1978) but they are still able to perform
certain synthetic processes (BARKER and Bray 1972; SeN ef al. 1975). There-
fore, during storage, not all the seed tissues are affected by the damaging
effect of ageing in the same way. Also in Triticum durum seeds which had
just lost their viability, INNoCENTI and FrLoris (1979) provided evidence
for the persistence, in the embryo first node and in the scutellum, of DNA,
RNA and protein synthetic activity, similar to that of young embryos. On the
contrary, other embryo areas as shoot and root apexes, leaf primordia and
coleoptiles reduced or lost their metabolic activity as soon as the seeds fail
to germinate.

The study of the localization of the last activity in the embryo of aged
non-germinating seeds raises some questions regarding the nuclear changes
produced in different tissues of seeds subjected to prolonged storage.

As the histones/DNA ratio changes during ageing and appears to be
higher in root meristematic nuclei of old caryopses (INNOCENTI and BITONTI
1979) our purpose in the present work is to decide whether similar changes
in histones/DNA ratio take place also in scutellum nuclei of aged seeds.
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MATERIALS AND METHODS

Caryopses of Triticum durum cv. Cappelli, harvested in 1971 and in 1977
and stored in glass containers under laboratory conditions were used in 1978. At
this time the old seeds from crop 1971 just lost their germination ability. The
young seeds of the 1977 harvest, with 95% germination, were utilized as control.

The caryopses were fixed in 10% neutral formalin, and the excised embryos
washed overnight. Some embryos embedded in wax were sectioned at 15 pm and
mounted, in sequence, on glass slides. Sections on slides were hydrolysed in 1IN
HCI at 60° C for 20 minutes, stained with Schiff’s reagent, and mounted in Canada
balsam. In other samples one scutellum was separated from an old embryo and
another from a young embryo. The ephitelial layer covering the scutellum surface
was kept apart from the parenchyma cells beneath the epithelium.

a) Columnar epithelium cells from young and old embryos were squashed
separately on one and same slide.

b) Parenchyma cells from young and old embryos were squashed separately
on one and same slide.

Trials a) and b) were repeated three times.

The squashes were stained with the Feulgen method, substituting 1IN tri-
chloroacetic acid (TCA) for 1IN hydrochloric acid (HCl) in both the hydrolysis
(20 minutes) and the Schiff reagent, respectively. After three passages in SO,
water and dehydration, the slides were mounted in Canada balsam. Measurements
of DNA content in individual nuclei were carried out with a microscope photometer
Zeiss 01, following the procedure of McLEIsH and SUNDERLAND (1961). The nuclei
scanned for Feulgen-DNA were thereafter scanned for alkaline fast-green stainable
histones after restaining the slides according to the method of ALFERT and GESCH-
wIND (1953) as modified by BLocH and GopMaN (1954). The double measurements
of DNA and histones in the same nuclei were made possible by locating the indi-
vidual nuclei in microphotographs. Nuclei were measured at 565 nm for Feulgen
and at 635 nm for fast-green determinations.

RESULTS

Within the mature caryopsis of Triticum durum the embryo is appressed
to the endosperm by its cotyledon, the scutellum. Longitudinal sections of
the embryo show that a single cell layer epithelium covers the scutellum over
its entire surface. The cells of this tissue appear elongated and contain small
nuclei. Beneath the epithelium, irregularly shaped parenchyma cells with
large nuclei are present (diagram in Fig. 1).

DNA.— The relative amount of DNA per nucleus as estimated by Feul-
gen cytophotometry demonstrates that the cells of scutellum epithelium have
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only 2C (Gi) nuclei (Fig. 2) while in parenchyma cells, the DNA content
varies among the cytological zones: showing 2C; 4C; 8C and 16C nuclei
(Fig. 2). It is worth noting that the amount of DNA per cell was significantly

Lok
RS
Yo

Q. :b
00!
ISR

? P

'6

ce

pc

Fig. 1. — Longitudinal section through a
Triticumm durum embryo showing the tissues
of the scutellum. c.e.=columnar epithelium;
p.c. = parenchyma cells.

higher in the inner zone of scutellum just close to the embryo axis, while it
was lower close to the epithelium layer, as shown in the diagram of Fig. 1.

Histones/DNA ratio. — In order to have a general picture of the
phenomenon we have given in Figs. 3 and 4 the distributions of the histones
over DNA ratio for the total data collected in the three different trials. It is
easily seen that these distributions show a shift between young and old seeds
which is more evident in the parenchyma then in the columnar epithelium
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cells. Actually by evaluating the Student’s # for each trial (see Table 1) it
may be shown that the difference between the averages of the histones ovet
DNA ratios for young and old seeds are significant at the 1% CL in all the
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Fig. 2. — DNA amount of individual nuclei of parenchyma cells of the Triticum durum scutel-

lum (broken line histograms )and of columnar epithelium cells (whole-drawn line histograms).
Ordinate: percentage of nuclei; abscissa: DNA amount in arbitrary units as estimated by
Feulgen cytophotometry.

three cases for the parenchyma cells and only in one case (case C) for the
columnar epithelium cells.

A much more quantitative view of this phenomenon may be given by
defining an ageing parameter

Ap = O—Y

‘/0.02 + o-yZ

where O and Y are the average histones over DNA ratios for the old (O)
and young (Y) seeds respectively, and o, and oy are the standard errors of
the corresponding distributions. It is clear that such a parameter represents
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an absolute measure of the shifts in the distributions since these shifts are
opportunely normalized to the spreads of the distributions. Note however
that the Ap definition is identical to the usual definition of Student’s ¢, when
the numbers of old and young nuclei are equal. The values calculated for
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Fig. 3. — Frequency of histones/DNA ratio in columnar epithelium nuclei of young caryopses

of Triticun durum, crop 1977 (whole-drawn line histograms), and of old caryopses of Triticum
durum, crop 1971 (broken line histograms).

this ageing parameter Ap, are given in the last column of Table 1 where it
may be seen that this parameter is much greater for the trials relative to the
parenchyma than for the trials relative to the epithelium cells, thus indicating
that the parenchyma cells are more sensitive to the ageing factors than the
epithelium cells.

DISCUSSION

The epithelium and parenchyma cells of the scutellum of Triticum durum
show quite different characters both morphologically (Esau 1977) and physio-
logically (Nomura, KoNo and Akazawa 1969).
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Fig. 4. — Frequency of histones/DNA ratio in parenchyma nuclei of scutellum of young

caryopses of Triticum durum, crop 1977 (whole-drawn line histograms), and of old caryopses
of Triticum durum, crop 1971 (broken line histograms).

Our cytophotomettic analyses demonstrate that also cytological differ-
ences occut between these tissues. Thus epithelium cells show only 2C
nuclei (in Gi period) while parenchyma cells undergo polyploidization. The
higher values are close to the embryo axis, in line with D’AMATO’s data in
plant cotyledons (1952).

Comparing the two scutellum tissues epithelium and parenchyma in
young versus old seeds, we see clearly that the ratio histones/DNA varies
in different ways: in both tissues, the ratio is higher in old than in young
cells, and this difference is much more pronounced in the parenchyma tissue.

Since during seed storage the histones/DNA ratio of meristematic
tissues, which lose their metabolic activity (INNOCENTI and FrLoris 1979)
appears higher than in young seeds (INNOCENTI and BiTonTI 1979), it seems
worthy of note that the scutellum tissues of aged non-germinating seeds show
a metabolic activity similar to that of young seeds (INNocCENTI and FLORIS
1979). Besides, if we analyze the histones/DNA ratio in epithelium cells
of the scutellum in young and old seeds we see that the ratio does not change
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much with time. Instead in the nuclei of parenchyma cells a clear shift was
found in the ratio distribution of the old seeds.

At this point we might conclude that the ageing process acts in a
different way not only between single embryo zones (INNOCENTI and FLORIS
1979) but even between tissues of the same organ (epithelium and paren-
chyma of scutellum).

Apparently it is sufficient that only few tissues lose their metabolic
activity (GALLEscHI and Froris 1978; InnocenTr and Froris 1979) to
bring the life functions of the whole organism in jeopardy.

Acknowledgements. — The authors are grateful to Dr. P. VELTRI for the assistance
and criticism of the statistical treatment of data. They also acknowledge the efficient technical
help of Miss V. Ferraro, Miss I. Ianrorno and Miss T. DE Luca.

REFERENCES

Avrrert N. and Gescuwinp 1.1., 1953. — A selective staining method for the basic proteins
of cell nuclei. Proc. Natl. Acad. US.A,, 29: 991-999.

Barker G.R. and Bray CM., 1972. — Nucleic acid synthesis in germinating seeds. Symp.
Biol. Hung.,, 13: 61-68.

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

Esau K., 1977. — Anatomy of seed plants. Wiley G. and Sons, New York.

Gavrrescur L. and Froris C., 1978. — Metabolism of ageing seeds: Glutamic Acid Decarbox-
ylase and Succinic Semialdebyde Debydrogenase activity of aged wheat embryos. Biochem.
Physiol. Planzen, 173: 160-166.

InnocENTT AM. and Froris C., 1979. — Metabolic activity distribution in the embryo of
naturally aged seeds of durum wheat. Biochem. Physiol. Pflanzen, 174: 404-410.
INNoceENTT AM. and Brrontt MB., 1979. — Histones/DNA ratio in young and old root

meristems of Triticum durum caryopses. Caryologia, 32: 441-448.

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

Nomura T., Kono Y. and Axazawa T., 1969. — Enzymic mechanism of starch breakdown
in germinating rice seeds. I1. Scutellum as the site of sucrose synthesis. Plant Physiol.,
44: 765-769.

SEn S., Payne P.I. and Ossorne D.J., 1975. — Early RNA synthesis during the germination
of rye embryos and the relationship to early protein syntbesis. Biochem. J., 148: 381-387.

Received 15 December 1980; revision accepted 26 March 1981





