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Summary.  The nuclear  D N A  content  of  rye leaf  cells 
was cytophotometr ical ly  determined.  At  the com- 
mencement  of  differentiat ion nuclei  in rye leaves re- 
main  s tanding at G1 phase. With  further differentiat ion 
a remarkable  d iminut ion  of  nuclear  D N A  content 
occurs in diploid cells. The  largest number  of  cells 
showing a loss of  nuclear D N A  content were found in the 
top of  the leaf. The age o f  the leaf  and the extent of  
d iminut ion  in nuclear  D N A  content  are correlated.  
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Introduction 

In spite of  mult iple  efforts, no one has been successful 
so far in cereals in obta in ing complete ly  fertile plants 
from isolated protoplasts  (Thomas  et al. 1979). Most 
researches derive the protoplasts  from the mesophyl l  
cells of  young leaves. 

In rye we found that such young leaves showed a 
d iminut ion  of  nuclear  D N A  content.  We explain the 
failure of  experiments  to produce complete  plants from 
isolated protoplasts  by the phenomenon  o f  nuclear  
D N A  loss. In the following communica t ion  we will 
show the first results o f  these D N A  measurements .  

Materials and Methods  

Diploid rye (Secale cereale L.), variety 'Somro' was used. The 
plants were cultivated at 20 ~ during October/November in 
the greenhouse. The DNA content of nuclei from rye leaves 
was cytophotometrically determined. The measurements were 
undertaken in three regions of the leaf: base, middle and top. 
We determined firstly the nuclear DNA content in the three 
regions of the same leaf and secondly the nuclear DNA 

* Dedicated to Professor Dr. J. Straub in honour of his 70th 
birthday 

content in the same region of leaves of different age. In the first 
group of investigations nuclei of the youngest leaves of three 
different young plants were measured. These leaves were, with 
regard to length, in a similar developmental stage. We used 
the first leaf (length of 14.0 cm) of the first plant, the third leaf 
(length of 21.0cm) of the second plant and the fifth leaf 
(length of 15.5 cm) of the third plant. The second group of 
measurements concerned nuclei of the second, third, fourth and 
fifth leaf of plant older than the three just mentioned. These 
four leaves, of a different age, where harvested at the same 
time - when the sixth leaf had obtained a length of 8 cm. We 
used small pieces of the leaves which were depleted of the 
epidermis. 

For determining the 2C level of the concerned rye variety 
we measured the telophase nuclei of root tips. Moreover, for 
controlling comparisons, we determined also the DNA content 
of Vicia faba root tip telophases. The material of the root tips 
was cultivated as described by Hesemann and Nenninger 
(1974) and Hesemann (1980). The root tips were not pre- 
treated with colchicine. Fixation, Feulgen staining and produc- 
tion of slides were described by H esemann (1980). 

The DNA measurements were effected by a scanning 
photometer (UMSP I of Carl Zeiss, Oberkochen). The data 
obtained from this instrument are the same as that from an 
earlier publication (Hesemann 1980). Every slide contained on 
the one side nuclei of the rye leaves and on the other side 
nuclei of Vicia faba root tips. In this manner we could 
measure the DNA content of both nuclear types of the same 
staining series. We measured 30-50 nuclei from every region 
of the rye leaves, 30 telophases in meristematic rye root tip 
cells and 10-20 telophases in meristematic Viciafaba root tip 
cells. All the DNA values are given in arbitrary units (AU). 

Results and Discussion 

We found in all D N A  measurements  of  the leaf  cells 
that the nuclear  D N A  content did  not  exceed the 2C 
level (2 = 51.56 +2.34). Evidently the cells of  the leaves 
came to a standstill  in the G1 phase during the 
transit ion from the meris temat ic  to the differentiated 
state. 

The results of  the nuclear  D N A  determinat ions  in 
the three regions of  one leaf  are presented first. In the 
first leaf  the nuclear  D N A  content  in the base region 
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Figs. 1-4. Frequency distribution and mean values of the nuclear DNA content in different regions of the leaf of Secale cereale 
(S. c.): a--base, b =middle, c=top of the leaf. l a - c  1. leaf, 1. staining series, 1. series of slides. 2a -e  1. leaf, 1. staining series, 2. se- 
ries of slides. 3a -e  3. leaf, 2. staining series. 4a -c  5. leaf, 3. staining series. For comparison the DNA mean values of root tip 
telophases of Viciafaba (V. f.). Abscissa: DNA in arbitrary units (AU), ordinate: number of nuclei 
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Figs. 5 and 6. Frequency distribution and mean values of the 
nuclear DNA content in 4 leaves of different age: a=second, 
b=third, c=forth, d=fifth leaf. 5a -d  base of the leaf, 
4. staining series. 6a -d  top of the leaf, 5. staining series. (The 
rest of the data is the same as in Fig. 1-4) 

corresponded with the 2C level (Fig. 1, 2). In the 
middle region of this leaf we found two different types 
of nuclear values. The first type corresponded to the 2C 
level. The DNA value of the second type was placed 
below the 2C level. The largest number of nuclei with 
reduced DNA content were contained in the top of the 
leaf. The measurements were extended to the third and 
fifth leaf. In these leaves also we found the largest 
number of cells with reduced DNA content in the top 
of the leaves (Fig. 3, 4). It is very important for the 
correct and critical examination of the frequency distri- 
bution of the nuclear DNA values in the different leaf 
regions that the reader bears in mind that the random 
sample of the measured nuclei has a very limited scale. 
Therefore, the frequency distribution gives only infor- 
mation about the borders of the highest and lowest 
analyzed DNA values; the frequency distribution 
cannot give information about the real frequency of the 
different classes of DNA values in the leaf regions. 

Secondly we present the results of  the nuclear 
measurements in one region of the second, third, fourth 
and fifth leaf (Fig. 5, 6). These four leaves had a dif- 
ferent age and belonged to the same plant. The data of  
the second series confirmed the results of the first 
series: the nuclear DNA content decreased in the 
course of an early beginning differentiation in the leaf 
tissue of rye plants. In this second series we found a 
correlation between age of the leaf and extent of dimi- 
nution in nuclear DNA content. 

The presented results demonstrate firstly, that the 
differentiating cells in rye leaves remain standing at GI 
phase. The second result is more important: the course 
of the early beginning differentiation of rye leaves is 
not combined with the appearance of endocycles. In 
the process of differentiation a remarkable loss of 
nuclear DNA occurs already at a diploid level. The 
results of the nuclear DNA determinations in three 
regions of one leaf show that the maximal loss of 
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nuclear D N A  is 14.66%. The results o f  the nuclear 
measurements in one region of  four leaves of  different 
ages demonstrate that the maximal loss o f  nuclear 
D N A  in the base region is 14.69%, in the top region 
9.86%. The causes which effect these diminutions o f  
nuclear D NA content in rye leaf cells are still un- 
known. We favour the following interpretation: the 
diminished D N A  values are caused by loss of  chro- 
mosome pieces. A great portion could be heterochro- 
matic material, if we especially take into account the 
results of  Roupakias and Kaltsikes (1977) about the 
loss oftelomeric rye heterochromatin in Triticale. 

A few test measurements o f  the nuclear DNA con- 
tent were already made in leaves o f  barley. The D N A  
content of  the nuclei is also diminished below the 2C 
level in this crop. We speak for the hypothesis supplied 
by the preliminary investigations in barley, that these 
diminutions of  the nuclear D N A  content occur also in 
the other crops, which are cultivated in Central Europe. 
I f  this assumption is applicable to all crop species, then 
the diminution phenomene is very important  in all 
cultivation experiments with isolated protoplasts of  
crop leaves. 

Further investigations are being performed in rye 
and also in other crops as barley or wheat. In these 
investigations we include in addition to nuclear DNA 
measurements other cytochemically determinable char- 
acters of  the leaf cells. 
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