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Summary
Silver stained interphasic Nucleolus Organizer Regions (AgNOR) of embryonic tissues at two early 
stages from different selected lines of Japanese Quail has been examined with the help of a computer 
assisted image processing system. The following interphasic AgNOR parameters indicating a high or 
low transcriptional activity of the rDNA were measured, number and area of AgNOR (mean and total 
area of all AgNOR per nucleus). The results showed a significant (P< .001) decrease of the number and 
size of the interphasic AgNOR per nucleus at the later stage of early embryonic development. 
Embryonic tissues of individuals from lines with a high egg weight and relative high yolk weight showed 
within both stages of development a significant higher number and total area of AgNOR per nucleus 
than those from lines selected for high body weight and relative low yolk weight. Concerning the reason 
for these differences between the lines, further molecular biological studies are necessary, e.g. the 
analysis of the rRNA gene copy number. The chromosomes containing active metaphasic AgNORs 
belong to the so-called "microchromosomes". The average number was 5.07 (±0.26) and no significant 
differences between the stages of early embryonic development were determined (P>.05).

Introduction
A nucleolus organizer region (NOR) is a specific part of a chromosome, where the main rRNA genes 
(18S and 28S rRNA) are localized. The nucleolus develops as the result of the activity of these 
ribosomal genes. Silver staining methods mark the active NORs of chromosomes in metaphase cells and 
stain in interphase nuclei mainly the fibrillar centers of the nucleoli, which are the sites of rRNA 
transcription. These silver stained parts of chromosomes and nucleoli are called argyrophilic nucleolus 
organizer regions (AgNOR), i.e. the term "AgNOR" is used by many authors for both stages of the 
cell cycle. To take into consideration these different stages of the cell cycle, the expressions 
"chromosomal or metaphasic AgNOR" and "interphasic AgNOR" are used in this paper. In any case the 
argyrophilic materials are acidic non-histone proteins (Howell et al., 1975; Goodpasture and Bloom, 
1975), which have different functions, e.g. transcriptional and processing enzymes (Schwarzacher and 
Wachtler, 1983). Although the specific functions of these various NOR-proteins are largely unknown, it 
is recognized, that the stainability of the proteins is a marker of the rDNA transcriptional activity and 
the rDNA transcriptional potential (Fakan and Hemandez-Verdun, 1986). Since mitotic activity and cell 
differentiation influence the morphology and function of the nucleoli and its components, a change in 
the activity of the rRNA genes between different stages of early embryonic development of Japanese 
Quail is expected, which could be demonstrated by examining numerical and morphological parameters 
of interphasic and chromosomal AgNOR.
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Materials and Methods
Four lines of Japanese Quail (Coturnix coturnix jap), selected for different achievements (Tab.l), were 
used to examine the rRNA genes at different stages of early embryonic development. A minimum of 32 
eggs per line (12 to analyse interphasic AgNOR and 20 to count the metaphasic AgNOR) were 
incubated for either two or four days. The preparation of embryonic tissues was performed according to 
Fechheimer el ah (1970). The method by Howell and Black (1980) was used for AgNOR staining.

Table 1. Selected Lines of Japanese Quail

Line Criterion of selection Generations of selection
6 high egg weight 36
9 high body weight 35

12/1 rel. high yolk weight 23
12/2 rel. low yolk weight 23

Analysis o f interphasic AgNOR: About 30 cell nuclei per embryo were measured by means of the 
digital image processing system 1MAGE/C MICRO. The following numerical and morphological 
parameters were evaluated: number o f AgNOR per nucleus, mean area o f AgNOR, and total area o f all 
AgNOR per nucleus.
Analysis o f chromosomal AgNOR: A minimum of 10 metaphase chromosome spreads per embryo 
(average: 20 spreads) were analysed by counting the number of chromosomes with active nucleolus 
organizer regions.
All parameters of the interphasic and chromosomal AgNOR were not normally distributed. The 
nonparametric test by Mann and Whitney was used to determine the statistical differences and their 
significance levels.

Results and Discussion
1. Interphasic AgNOR
Figure 1 a shows the argyrophilic Nucleolus Organizer Regions of a cell nucleus.
Number o f AgNOR per nucleus: The differences in the mean number of AgNOR between two- (7.80) 
and four-day (6.27) old embryonic tissues were highly significant (P< .001) and were confirmed also 
within lines (Tab.2). A higher number of fibrillar centers in the nucleoli points to a higher level of 
transcriptional activity (Schwarzacher and Wachtler, 1983; Fakan and Hemandez-Verdun, 1986). The 
differences between the lines were the same in both stages of development. Embryonic tissues of 
individuals from lines with a high egg weight (6) and relative high yolk weight (12/1) showed a 
significant higher number of AgNOR per nucleus than those from the two other lines (P< .001 two days 
and P< .05 four days of incubation, respectively).
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Fig. 1: a) Nucleus with dark interphasic AgNORs

b) Metaphase spread with chromosomal AgNORs

Mean area o f AgNOR: The mean AgNOR area per AgNOR showed highly significant differences 
(P< 001) between two- and four-day old embryonic tissues (Tab.2) Schwarzacher and Wachtler (1983) 
considered an increase of these fibrillar centers with a high level of activity of the cell and its ribosomal 
genes. In the present results there were no differences between the lines within the stages of embryonic 
development (P> .05).

Xable 2. Numerical and morphological parameters of interphasic AgNOR

2 days :

Lines
4 d a y s :

Lines
Parameter 6 9 12/1 12/2 6 9 12/1 12/2
Number per nucleus 8 19 7.36 8.32 7.32 6.62 6.15 6.43 5.87
Mean area (pm2) 0.49 0.51 0.48 0.49 0.41 0.39 0.39 0.39
Total area per nucleus 
(pm2)

3.87 3.64 3.86 3.49 2.69 2.37 2.48 2.26

Tofal area o f  AgNOR per nucleus: The higher number of AgNOR per nucleus and the enlargement of 
the mean area per silver stained dot influenced in the same way the total area of AgNOR per nucleus, so 
that the higher activity of the rDNA in two-day old embryonic tissues is more prominent. Hofgaertner el 
al (1979) established the close relationship between the intensity of silver staining and the rate of RNA 
synthesis in cultures of human fibroblasts. The differences between the lines within both stages of
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embryonic development (Tab.2) may be caused by the positive correlation between the total area of 
AgNOR and the number of AgNOR per nucleus (r= .58 two-day and r= .56 four-day old embryonic 
tissues, respectively), i.e. the lines 6 and 12/1 showed a significant larger total area of AgNOR per 
nucleus than the lines 9 and 12/2 (P< .05 two days and P< .001 four days of incubation, respectively). 
Delany et al. (1991) showed that in chicken a polymorphic-nucleoli phenotype may be caused by 
rRNA gene copy number differences. Further molecular biological studies are necessary to determine 
whether such a unlike gene copy number in lines of Japanese Quail could be the reason for different 
morphological parameters of AgNOR.

2. Chromosomal AgNOR
Silver stained nucleolus organizer regions (AgNOR) of a metaphase spread are shown as black dots in 
Figure lb The chromosomes containing active rRNA genes belong to the so-called 
"microchromosomes". In spite of the large number of microchromosomes only a few have active NORs. 
A maximum of 8 NOR-bearing chromosomes were observed and the average number was 5.07 (+ .26). 
About 96 % of all spreads had 4 to 6 AgNORs. Comparable data from other authors on the number of 
active NORs are rare and partly contrary (Funaki et al, 1975 localized 10 chromosomes; Knibielher et 
al., 1977 4 pairs; Sasaki and Nishida, 1981 3 pairs of microchromosomes; cited by Rocha et al., 1988). 
No significant differences between the stages of early embryonic development were determined (P>,05). 
Analogue results were found by Mikelsaar and Schwarzacher (1978) in human fibroblasts and 
lymphocytes. In contrast to the parameters of the nucleoli and the interphasic AgNORs the analysis of 
the chromosomal AgNORs seems to be unfit for determining differences in the activity of rRNA genes 
in various tissues.
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