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Nucleoli are the product of nucleolus organizing region activity (NOR) of specific
chromosomes. Their basic function is to synthetise ribosomal RNA precursors and promote
the maturation and assemblage of preribosomal RNP molecules. Information on
rRNA-coding gene activity can be provided by the analysis of the number and size of nucleoli
in the prophase of the first meiotic division. Themorphology and ultrastructure of a nucleolus
depends, among others, on the species and cell growth cycle as well as the physiological and
pathological state of an organism. The purpose of this research was to determine the number
and size of nucleoli in the spermatocytes of the domestic chicken and the Japanese quail.
Diverse numbers and sizes of nucleoli in the cells of the analysed birds were observed. 1-4
nucleoli were identified in chicken cells (1.91"0.63 on average) and 1-2 in quail cells
(1.13"0.33 on average). For the total of 957 nucleoli observed in Gallus cells, 329 were
classified as large and 628 as small. In Coturnix cells, 563 nucleoli were identified (66 large
and 497 small ones). An analysis of the numbers and sizes of nucleoli can be performed at the
cytogenetic level and serve as an alternative source of information on rRNA encoding gene
and nucleolus organising region (NOR) activities.
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The nucleolus is the largest and best known
functional constituent of the cell nucleus. It is
formed by original products of ribosomal RNA
genes contained in the nucleolar organiser, related
proteins and various enzymes, including RNA po-
lymerase, RNA methylase and RNA endonuclease
(OLSON et al. 2002; HERNANDEZ-VERDUN 2006).
The nucleolus is the site of synthesis and matura-
tion of ribosomal RNA (rRNA) molecules. The
molecules also bond with proteins in the nucleo-
lus. rRNA genes are situated in particular chromo-
somes, in nucleolar organizer regions (NORs) that
participate in the formation of nucleoli (DEREZINI
et al. 2005; LAM et al. 2005; PRIETO & MCSTAY
2005). Nucleoli are present in the nuclei of almost
all eukaryotic cells since they contain elementary
metabolic genes, with the exception of spermato-
zoa and mature avian erythrocytes (RAŠKA et al.
2004, 2006).

The weight of nucleoli is higher than that of the
nucleoplasm in which the nucleoli are suspended.

On account of its distinctive density, compact
structure and low water content (10%) the nucleo-
lus is an organelle that can be readily distin-
guished. Due to its characteristics, following cell
nucleus fragmentation, the nucleolus remains in-
tact in a saline solution even after the destruction
of most nuclear structures, thereby allowing its
isolation through centrifugation. The isolated nu-
cleolus is identical to the one present in the nucleus
of a living cell, and even retains its transcriptional
activity in some cases (OLSON 2002; HERNAN-
DEZ-VERDUN 2006; RAŠKA et al. 2006).

The number of nucleoli in a cell nucleus is deter-
mined by the number of active nucleolar organiser
regions (NORs). It may be equal to the number of
those NOR-chromosomes. Yet, normally, it is
lower. This can be explained either by the fusion of
nucleoli in the interphase nucleus or the suppres-
sion of activity of certain rDNA loci (OLSON et al.
2002; RAŠKA et al. 2006).



The size of nucleoli in vertebrates ranges from 5
to 10Fm. It varies depending on the cellular demand
for ribosomes. Cells which do not intensively syn-
thesise proteins, e.g. skeletal muscle cells, have
small nucleoli, whereas e.g. liver cells, which are
characterised by an elevated level of protein syn-
thesis, have larger nucleoli (SHAW & JORDAN
1995). Nucleolar morphology and ultrastructure
varies according to the species, cell type, differen-
tiation degree and cell cycle. Young cells have
smooth nucleoli. As the body grows older, the
shape of the nucleolus becomes irregular. The nu-
cleolus also changes in response to various physio-
logical and pathological conditions (RAŠKA et al.
2004; LAM et al. 2005; ANDRASZEK et al. 2010).

Both nucleoli and nucleolar organiser regions
have chemical affinity for heavy metals and can be
identified through staining with silver nitrate in a
protective colloidal solution of formalin or gela-
tine (HOWELL & BLACK 1980). Silver staining in-
duces the appearance of yellow-brown chromo-
somes with black silver deposits corresponding to
the location of nucleolar organiser regions or the
appearance of dark chromatin-bound nucleoli. The
silver staining technique is a popular method for
detecting specific acidic, strongly argentophile and
non-histone protein complexes associated with
rRNA genes. These proteins have been designated
as Ag-NOR, due to their affinity for Ag+ ions and
their temporary association with NORs in chromo-
somes. AgNOR proteins include: nucleolin, B23 pro-
tein, class I RNA polymerase subunits and UBF
(upstream binding factor). UBF is a binding agent
for an rRNA promotor. It facilitates the commence-
ment of rDNA transcription (OLSON et al. 2002;
OSPINA & MATERA 2002; RAŠKA et al. 2004).

Since nucleolar organiser regions (NORs) determine
the structure of nucleoli, an alternative source of
information on the activity of avian rRNA-encoding
genes can be found by an analysis of the numbers
and sizes of nucleoli in the prophase of the first meiotic
division. Throughout the prophase, nucleoli are not
degraded. As opposed to mitotic NORs, they are
large structures (ANDRASZEK & SMALEC 2007;
ANDRASZEK et al. 2009a; ANDRASZEK et al. 2010).

Gallus gallus domesticus is a model organism
for application in biomedical and evolutionary assays,
as well as in comparative genomics. The karyo-
type of Gallus domesticus is the only standardised
pattern of avian chromosomes which serves as a
point of reference in research on other bird species
(LADJALI-MOHAMMEDI et al. 1999; SCHMID et al.
2000, 2005; GUTTENBACH et al. 2003) and mam-
mals (BURT et al. 1999). Moreover, the genome of
Gallus domesticus is the only mapped avian ge-
nome. It is regarded as a model in comparative
genomics (ICGSC 2004; MASABANDA 2004).
Coturnix coturnix japonica is also more and more

often used as a model organism for experiments.
However, a high diploid number and the presence
of microchromosomes in the avian karyotype con-
siderably limit the possibilities of cytogenetic analy-
ses.

Meiotic chromosomes, which are unfortunately
only sporadically used in cytodiagnostics, provide
valuable information on bird karyotypes (ANDRA-
SZEK & SMALEC 2007; ANDRASZEK & SMALEC
2008; ANDRASZEK et al. 2008; ANDRASZEK et al.
2009a, b).

The purpose of the present study was to analyse
the number and sizes of nucleoli in spermatocytes
of Gallus gallus domesticus and Coturnix coturnix
japonica.

Material and Methods

The study was carried out according to the guide-
lines of the III Ethical Committee in Warszawa
(No.36/2011andNo37/2011fromthe22June2011).

Meiotic chromosomes were isolated from the
testes of 30-week-old Japanese quail (Coturnix ja-
ponica) males and 64-week-old Polbar (Gallus do-
mesticus) males. Each species was represented by
10 birds. The animals came from terminated flocks
that belonged to the Department of Biological Ba-
sis of Animal Production at University of Life Sci-
ences in Lublin. Birds of both species were still in
the reproductive age. Meiotic chromosomes were
isolated using the POLLOCK & FECHHEIMER method
(1978). The nucleoli were identified using the
method of nucleolar organiser region staining in
mitotic chromosomes (HOWELL & BLACK 1980).
A 50% AgNO3 solution and a colloidal gelatine so-
lution were applied on the 1-week-old prepara-
tions. The preparations were covered with a cover
glass and incubated for 15-20 minutes at 60°C, in
complete humidity. After the preparations turned
brown in colour, the chemical reaction was inter-
rupted and the preparations were rinsed several
times with distilled water.

Ready preparations were analysed with an
OLYMPUS BX 50 microscope, using the Multis-
can system. For each animal, 50 plates with chro-
mosomes in the first stage of the meiotic prophase
were analysed. The number and size of nucleoli in
the cell were identified and the mean and standard
error calculated.

Results

Silver nitrate staining enabled the identification
of nucleoli in both bird species that constituted the
experimental material. The presence of nucleoli
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was unambiguously identified, regardless of the
prophase stage or staining intensity. The surface of
individual nucleoli was not measured because the
cells collected for analysis from each bird were
typical of different stages of prophase of the first
meiotic division. Nucleoli in early prophase were
larger than the nucleoli in subsequent stages of
prophase and if they had been classified as small in
the cells at the beginning of prophase, in the cells
in subsequent prophase stages they would have
been classified as large. However, both large and
small nucleoli were always observed in the ana-
lysed cells, regardless of the prophase stage.

Analysis of the number and sizes of nucleoli in
Coturnix cells

Variable numbers of nucleoli were observed
both in particular animals and among birds. In par-
ticular individuals, the number of nucleoli ranged
from 1 to 2 (Fig. 1) – 1.13 per cell, on average. For
the total of 500 analysed cells, 437 had one nucleo-
lus, while in 63 there were two nucleoli.

The analysis also involved the determination of
the sizes of nucleoli in particular cells. In each ani-
mal different nucleolar sizes were observed. The
nucleoli were classified as large or small (Fig. 2).
Small nucleoli predominated in the cells of each
male. For the total of 563 nucleoli, 66 were classi-
fied as large and 497 as small. Detailed results of
the analysis of the numbers and sizes of nucleoli in
Coturnix cells are presented in Table 1.

Analysis of the number and sizes of nucleoli in
Gallus cells

Variable numbers of nucleoli were observed in
the cells of the cocks. Variability was observed
both in the cells of particular birds and among indi-
viduals. In particular birds, the number of nucleoli
ranged from 1 to 4 (Fig. 3) – 1.91 per cell, on aver-
age. For the total of 500 cells, 114 cells were found
to have one nucleolus, 322 – two nucleoli, 57 –
three and 7 – four. Gallus cells were also analysed
for the sizes of the nucleoli which were classified
as large or small (Fig. 4). For the total of 957 nucle-
oli, 329 were classified as large and the remaining
628 as small. Detailed results of the analysis of the
numbers and sizes of nucleoli in Gallus cells are
presented in Table 2.

Discussion

Different numbers and sizes of nucleoli can be
identified in the cells of the same animal. Such
variability can also be species-specific. In the ex-
periments performed as part of the present study of

quail, 1-2 nucleoli were observed, whereas 1-4 nu-
cleoli were found in the chicken cells. In both spe-
cies the nucleoli varied in size. This variability is
assumed to stem from the species-specific number
of nucleolar organiser regions and the activity of
rRNA-encoding genes.

The number of nucleoli in a well-formed nucleus
is equal to or lower than the number of NORs, due
to the fusion of adjacent nucleoli (RAŠKA et al.
2006) or the association of satellite chromosomes
with an active NOR (ANDRASZEK et al. 2009a).
Moreover, genes located in different NOR-
chromosomes participate in the formation of one
nucleolus. This was confirmed in studies of other
animal species. In cattle and goats, the NOR
number attains a maximum of 10 (DI BERARDINO
et al. 2001). The numbers of nucleoli in spermato-
cytes are as follows: 1 in cattle (ANDRASZEK &
SMALEC 2011 – unpublished results) and 2 in
goats (out of which one is always more promi-
nently stained) (ANDRASZEK et al. 2009a). The
number of active NORs in horses is at most 6
(BOWLING et al. 1997) and these animals have one
nucleolus (ANDRASZEK et al. 2010). The domestic
goose has maximally four nucleolar organising re-
gions (APITZ et al. 1995), while the number of nu-
cleoli ranges from 1 to 4. The nucleoli are of
different size (ANDRASZEK & SMALEC 2007).

According to other sources, the quail karyotype
has maximally four active nucleolar organiser re-
gions connected with one pair of macro- and one
pair of microchromosomes (MC NALLY 2004),
whereas maximally two active nucleolar organiser
regions have been identified in the hen karyotype
(SCHMID et al. 2005; DELANY et al. 2009).

The results of the present research show that the
maximum number of nucleoli in quail and chicken
is 2 and 4, respectively. In the case of quail, the rule
saying that the number of nucleoli is equal to or
lower than the number of active NORs was con-
firmed. On the other hand, the number of nucleoli
in the chicken cells exceeded the number of active
NORs identified for Gallus domesticus. The rea-
son for this difference may be trisomy in chickens
– associated with the 16th pair of chromosomes in
this case. More than two nucleoli were also ob-
served in chicken cells by Muscarella et al. (1985)
and DELANY et al. (1991). The authors confirmed
that a higher number of nucleoli may result from
the presence of trisomic or tetrasomic nuclei in the
cells of the analysed birds.

The variability in the number and sizes of nucleoli
in a cell, both individually and species-specifically,
are undoubtedly influenced by changes in the ac-
tivity of the nucleolar organiser regions.

Cytogenetic research conducted as part of proj-
ects intended to standardise the karyotypes of vari-
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Fig. 1. Variability of the number of nucleoli in Coturnix cells. The nucleoli are indicated with arrows.

Fig. 2. Variability of the sizes of nucleoli in Coturnix cells. The nucleoli are indicated with arrows.

Fig. 3. Variability of the number of nucleoli in Gallus cells. The nucleoli are indicated with arrows.

Fig. 4. Variability of the sizes of nucleoli in Gallus cells. The nucleoli are indicated with arrows.
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ous species of vertebrates have revealed that a
given species may be polymorphic as to the number
and sizes of nucleolar organiser regions. This vari-
ability may be breed-specific or individual-specific.
Furthermore, it can be affected by the usability
type, age and physiological condition of the organ-
ism (RAŠKA et al. 2006; ANDRASZEK et al. 2010).
Additionally, various studies of NOR activity in
different species have confirmed that the activity
is not uniform in all NOR-chromosomes. It is as-
sumed that the number of pigmented mitotic
NORs depends on the rDNA transcription activity.
It is assumed that it is those NORs in which tran-
scription will occur in the next cell cycle that be-
come pigmented. This is why not all the nucleolar

organiser regions are active at the moment of stain-
ing and not all potential NORs become pigmented
at the same time (OLSON 2004; RAŠKA et al. 2006).
Studies of the activity of nucleolar organiser re-
gions in humans showed that the highest activity is
that of the 21st pair of chromosomes (RAŠKA et al.
2006). Experiments performed on cattle revealed
the highest frequency in the third largest chromo-
some containing an active NOR and in the smallest
NOR-chromosome (DI BERARDINO et al. 2001).

In the metaphases of the same animal there is an
intercellular differentiation of NOR expression in
relation to the quantity, magnitude and intensity of
silver deposit staining. Homologous chromosomes
can be silver-stained in different ways. Meticulous

Table 1

Results of the analysis of nucleolar numbers and sizes in Coturnix cells

Animal Number
of cell

Number of cells
with a particular quantity

of nucleoli
Number

of nucleoli

Number
of nucleoli

per cell
x"SD

Size of nucleoli
in the cells

1 2 large small
1 50 48 2 52 1.04"0.20 9 43
2 50 46 4 54 1.08"0.27 6 48
3 50 46 4 54 1.08"0.27 9 45
4 50 46 4 54 1.08"0.27 8 46
5 50 36 14 64 1.28"0.45 8 56
6 50 46 4 54 1.08"0.27 4 50
7 50 46 4 54 1.08"0.27 5 49
8 50 42 8 58 1.16"0.37 6 52
9 50 41 9 59 1.18"0.39 6 53

10 50 40 10 60 1.20"0.40 5 55

Total 500 437
(88%)

63
(12%) 563 1.13"0.33

66
(12%)

497
(88%)

Table 2

Results of the analysis of nucleolar numbers and sizes in Gallus cells

Animal Number
of cell

Number of cells
with a particular quantity of nucleoli Number

of nucleoli

Number
of nucleoli

per cell
x"SD

Size of nucleoli
in the cells

1 2 3 4 large small

1 50 13 35 2 - 89 1.78"0.51 25 64
2 50 9 31 9 1 102 1.55"0.67 28 74
3 50 7 39 3 1 98 1.96"0.53 41 57
4 50 12 31 5 2 97 1.94"0.71 22 75
5 50 8 34 6 2 102 2.04"0.67 44 58
6 50 7 27 15 1 110 2.20"0.70 49 61
7 50 12 34 4 - 92 1.84"0.55 34 58
8 50 20 26 4 - 84 1.68"0.62 23 61
9 50 13 34 3 - 90 1.80"0.53 31 59
10 50 13 31 6 - 93 1.86"0.61 32 61

Total 500 114
23%

322
65%

57
11%

7
1% 957 1.91"0.63

329
34%

628
66%
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experiments confirmed that a chromosome with a
longer secondary constriction was more promi-
nently stained, while its homologue was less vivid
or unpigmented. Differences in the sizes and number
of NORs at the cellular and individual level were
also observed in other animal species, such as: cat-
tle, horses, sheep, goats, rabbits, mink and hens
(ANDRASZEK & SMALEC 2007; ANDRASZEK et al.
2009). Moreover, research has shown that the sites
of visible NORs correspond with the sites of ribo-
somal genes identifiable with rDNA probes. Very
rarely can these sites be made visible with staining
techniques, as part of the rRNA gene copies is be-
low the sensitivity threshold of silver staining
(RAŠKA et al. 2006; DELANY et al. 2009).

Based on the results of the present study and in-
formation from secondary sources, it can be con-
cluded that the high variability of the numbers and
sizes of nucleoli is typical of avian cells. Yet, at the
present stage of knowledge this conclusion should
be considered hypothetical. The reasons for such
variability are unknown, nor is it understood
whether they are physiological, oviparity-related
or evolutionarily determined.

The nucleolus plays an essential role in mecha-
nisms associated with carcinogenesis, telomerase
function control and p53 protein stabilisation
(RYAN et al. 2001; RUBBI & MILNER 2003; HOF-
MANN et al. 2005). Nucleolar morphology is also
affected by epigenetic mechanisms at the level of
DNA methylation. rRNA-encoding genes are
present in two forms. Their “open” conformation
is transcriptionally active, whereas the “closed”
conformation is connected with the so-called tran-
scription breakdown. Entire NORs or only some
nucleolar organiser genes can be suppressed. This
is directly associated with ongoing age-related
methylation (GRUMMT & PIKAARD 2003). The
nucleolus is also increasingly more often used in
neoplasm diagnostics. Early studies by MONT-
GOMERY (1895) showed that fast-growing cells
have a higher number of nucleoli which are also
untypically large. Combined with AgNOR stain-
ing, this fact facilitates the diagnostics of exces-
sively proliferating cells. This is of particular
importance with throat tumours, breast cancer,
prostate cancer, cancer of the urinary system and
thyroid carcinoma (CAMARGO et al. 2005;
ROMAO-CORREA et al. 2005; MADEJ et al. 2006).

Although the fundamental function of the nu-
cleolus is to control ribosome biogenesis, an inter-
dependence has recently been identified between
nucleolar morphology and cellular aging pro-
cesses. Experiments on yeast cells confirmed that
damage to rRNA genes causes the disintegration
of nucleoli which itself is a symptom of aging. Pi-
lot studies of domestic horses, concerning the ef-
fect of age on nucleolar structures, confirmed the

age-related disintegration of nucleoli (ANDRASZEK
et al. 2010). This research will be supplemented
with analyses of rRNA gene expression and meth-
ylation in animals of different ages. Chicken and
quail are quickly maturing animals with a fast gen-
erational rotation. They can be readily used for cy-
togenetic experiments concerning aging processes
and age-related cellular structure alterations.
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