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Summary

The objective of this study was to determine the variation in the number and size of nucleolar organizer
regions (NOR) in the chinchilla karyotype. The study was performed with 12 standard chinchillas of two
different lines. NORs were visualized on chromosome preparations by Ag-NOR silver staining. Four NOR size
classes (I-IV) were determined on the basis of the results obtained, ranging from 0.070 (class I) to 0.229 (class
IV). The mean NOR size was 0.144 pm? (SD = 0.031 um?) and fell within class IT (from 0.101 to 0.150 pm?).
Differences in the relative silver deposit area between the NOR-bearing pair of chromosomes were significant
for 3 animals (P <0.01) and for 1 animal (P < 0.05). The mean number of NORs in the animals ranged from 1.4
to 2.0 (SD = 0.00-0.55). It was lower for chinchillas from central Poland (1.53 £ 0.50) compared to those from
southern Poland (1.68 + 0.48), with no significant differences (P > 0.05). The variation observed in the NOR
size and number in the chinchilla karyotype indicates the occurrence of NOR polymorphism in the population.
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The chinchilla belongs to the order Rodentia (family
Chinchillidae, genus Chinchilla) and comes from
South America, living freely in the Andes mountain
range (15,31, 32). Owing to the high value of their fur,
chinchillas were almost exterminated in their natural
habitat, which is why the small chinchillas living in
the wild are now strictly protected (6, 15). This species
has been covered by a conservation program through
genetic resources cryobanking (37), while the breed-
ing of chinchillas for fur production and as pets also
protects the species.

A diploid chromosome number of 2n = 64 was found
in the somatic cells of farmed chinchillas (12, 19, 20).
First reports on the karyotype structure in chinchillas
indicate that it consists of 62 autosomes, including 38
metacentric, 20 submetacentric, and 4 subtelocentric
(12). Kuchta-Gladysz et al. (20), using the position of
centromeres as an evaluation criterion, observed that
the karyotype of Ch. lanigera shows little morphologi-
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cal variation. It consists exclusively of 59 metacentric
and 5 submetacentric chromosomes. In addition, they
showed the sites 0f 45S rDNA and telomeric sequences
(TTAGGG), in the chinchilla genome and determined
the G-banding pattern for this species. The X chromo-
some is the largest metacentric chromosome in the
karyotype and represents a duplicate-type X chromo-
some, while the Y chromosome is one of the small-
est chromosomes in the chinchilla karyotype and is
a submetacentric type (12, 14, 20). What is more, silver
nitrate staining (Ag-NOR) demonstrated the presence
of two active nucleolar organizer regions (NOR) within
the first pair of metacentric autosomes (18).

For over a decade, scientists have focused their
research on cell ultrastructure, including the nucleolus
of the NOR (nucleolar organizer region). Nucleolar
organizer regions are parts of chromosomes that con-
tain rRNA coding genes (5.8S, 18S, 28S). Based on
these genes, nucleoli can form during interphase (34).
Nucleolar organizer regions can show polymorphism in
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the same way as constitutive heterochromatin regions
(26). The polymorphic forms of NOR and of C-bands
in chromosomes generally serve as chromosomal
markers. Such molecular markers are currently used for
mapping the genes controlling economically important
traits and for gene linkage analysis. Determination
of these markers in the karyotype of a species is an
important component of describing the physical map of
the genome (1, 16). It is also believed that the number
and size of NORs is a marker of cell proliferative
activity and provides important information about
cell kinetics, which is associated with its sensitivity
to different factors, including environmental pollution
or oncological therapies (39). The number and size of
NORs reflects cellular activity, which is manifested by
protein synthesis intensity. The nucleoli themselves
are some of the least stable cell organelles, whose
morphology and ultrastructure vary according to the
species, type of the cell, degree of its differentiation,
and cell cycle, responding quickly to different physi-
ological and pathological conditions. The occurrence
of NORs and changes in their expression have been
investigated over the years also in breeding animals.
The experiments focused mainly on the economically
important traits of those species. Numerous such stud-
ies have been performed in horses (35), cattle (17), pigs
(16), and goats (2).

The aim of our study was to determine
the individual and population variation of
nucleolar organizer regions (NOR) in the
farm chinchilla karyotype.

Material and methods

The experiment was conducted on 25 stan-
dard farm chinchillas originating from south-
ern and central Poland. The animals were kept
in standard cages. They were fed a mixture
of TMR in the form of granules plus hay.
The group of experimental animals were the
same age (9 months). Owing to a low mitotic
index, 12 individuals were selected for further
cytogenetic analysis (6 females and 6 males).
A total of 120 preparations were analyzed.
Fifty complete, well-spread and well-stained
metaphase plates (Ag-NOR) were chosen for
each animal. Tests were conducted on bone
marrow isolated postmortem from the femur,
which was collected from 12 animals after
slaughter for skinning.

Chromosome preparations from bone
marrow cells were made by the method of
Tjio and Whang (36). The number and sites
of NORs were identified by the classic silver
staining (Ag-NOR) method (13). Photo-
graphic documentation was made from pho-
tomicrographs taken with a Nikon Eclipse
801 microscope coupled with a Nikon Digital
Sight DS-U1 digital camera. Image analysis
software (MultiScan Base 6.08, MultiScan,
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Poland) was used to measure the ratio of the silver deposit
area to the whole chromosome-bearing NOR area in um?.
Each measurement was repeated twice.

The effects of homolog types and the region were exam-
ined using an SAS package (27). The differences between
NOR areas were analyzed by the t-Student test. The differ-
ences between the number of NORs were analyzed using
the nonparametric Wilcoxon-Mann-Whitney test. The dif-
ferences were analyzed at P <0.05 and P <0.01. Addition-
ally, the NOR area was analyzed for both homolog types
separately for each animal.

Results and discussion

Two active nucleolar organizer regions (NORs) were
detected on the shorter arms of the first and longest
autosomes (1p). The mean relative values for the NOR
area in the chromosomes were divided into four size
classes on the basis of the results obtained (Tab. 1). The
different NOR size variants are shown in Fig. 1. The
mean NOR size was 0.144 um? (SD=0.031 um?) and
fell within class II (from 0.101 to 0.150 pm?).

The characteristics of the analyzed population in
terms of the size and number of NOR silver deposits
are presented in Tab. 2. Differences in the relative
area of silver deposits between the NOR-bearing pair
of chromosomes were significant for animals H2, H7,

Fig. 1. Four NOR size classes in the chinchilla karyotype: a) class I: from
0.050 to 0.100 pm?; b) class II: from 0.101 to 0.150 pm?; ¢) class III: from
0.151 to 0.200 pm?; d) class IV: from 0.201 to 0.250 pm?. Arrows indicate
NOR chromosomes. Scale bar = 10 pm
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and H11 (P <0.01), and for animal H10 (P <0.05). In
the remaining animals, one of the homologs was also
greater on average than the other, but the differences
were not significant (P> 0.05). These results are indica-
tive of marked differences in the transcription level of
NOR areas in these animals. The variation in the size
and number of NORs in the chinchilla karyotype may
suggest that the population is genetically predisposed
to NOR size polymorphism, but this should be evalu-
ated in terms of generations and for a greater number
of'animals. The mean number of NORs in the animals
studied here ranged from 1.4 to 2.0 (SD = 0.00-0.55).
In two animals (H1 and H4), the number of NORs
showed no variation and equaled 1.

In 4 out of 12 animals studied (H1, H3, HS and
H9), the NOR-bearing pair of chromosomes had silver
deposits of the same size class (Tab. 2). In the popula-

Tab. 1. Categories of NOR area size and percentages of animals in each category

1 0.050 0.100 0 25
] 0.101 0.150 33 58
] 0.151 0.200 42
IV 0.201 0.250 25
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tion, analyzed in terms of the mean relative NOR size
area, 17% of the animals belonged to class I, 33%
to class II, 42% to class III, and only 8% to class IV
(Tab. 1). Most of the chromosomes analyzed (45%)
were of class II, 25% of class III, 17% of class IV, and
only 13% of class I.

Table 3 presents differences in the areas of silver
deposits on the chromosomes of chinchillas coming
from two regions of Poland. In animals from central
Poland, the silver deposit area on both homologs
(0.170 and 0.131 pm?) was greater than in animals
from southern Poland (0.150 and 0.114 pm?), with no
significant differences in the NOR size (P> 0.05). The
mean number of NORs in the chinchillas from central
Poland (1.53 + 0.50) was lower than in the animals
from southern Poland (1.68 + 0.48), and there were no
significant differences (P > 0.05) in the mean number
of silver deposits between the chin-
chillas from the two regions.

The nucleolar organizer region is
a chromosomal segment in which

17 rDNA loops contain rRNA genes
33 responsible for the production and
1 function of ribosomal units in mam-
) mals. The NOR is associated with

nucleolus formation (21). NOR genes

Tab. 2. Characteristics (means and standard deviations — SD) of silver deposits (NOR) in 12 chinchillas

H1. 0.228 0.063 | 0.214 0.059
H2. 0.164** 0.011 ] 0.076** 0.014
H3. 0.112 0.017 I 0.103 0.023
H4. 0.165 0.027 ]| 0.143 0.031
H5. 0.169 0.029 ] 0.152 0.025
H6. 0.161 0.026 ] 0.146 0.027
H7. 0.229** 0.035 \'} 0.108** 0.040
H8. 0.107 0.029 ] 0.090 0.025
H9. 0.137 0.020 Il 0.122 0.025
H10. 0.202* 0.035 \'} 0.149* 0.050
H11. 0.127** 0.026 I 0.070** 0.027
H12. 0.157 0.039 ] 0.132 0.030
Total 0.163 0.030 ] 0.125 0.031

) 0.221 0.061 '} 2.00 0.00
| 0.120 0.013 Il 1.40 0.55
Il 0.108 0.020 Il 1.60 0.52
Il 0.154 0.029 I} 1.00 0.00
] 0.161 0.027 ] Uollt/ 0.38
Il 0.154 0.027 ] 1.43 0.53
I 0.169 0.038 ]l 1.60 0.52
| 0.099 0.027 | 1.86 0.36
Il 0.130 0.023 Il 1.58 0.51
Il 0.176 0.043 ] 2.00 0.00
| 0.099 0.027 | 1.63 0.52
Il 0.145 0.035 Il 1.60 0.55
Il 0.144 0.031 Il 1.57 0.50

Explanations: P I — from 0.050 to 0.100, II — from 0.101 to 0.150, III — from 0.151 to 0.200 and IV — from 0.201 to 0.250 um?;
* — values within the animal (in one row) differ at P < 0.05; ** — values within the animal (in one row) differ at P <0.01

Tab. 3. Mean and standard deviations (SD) of silver deposits (NOR), by region

Central Poland 0.170 0.030
South Poland 4 0.150 0.029
Total 12 0.163 0.030

0.131 0.031 1.53 0.50
0.114 0.033 1.68 0.48
0.125 0.031 1.57 0.50
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are generally located in the secondary constriction
of the chromosome, which is why it is commonly
identified by detecting the constriction visible during
mitosis on metaphase chromosomes in the form of
a constricted region of lower electron density. In the
animal karyotype, the NOR is usually detected by
ammoniacal silver staining (Ag-NOR technique).
This method is used to detect sites on chromosomes
that only contain active NOR regions as well as spe-
cific acidic chromatin proteins associated with rRNA
genes (21, 39). Staining results in black silver deposits
located near the chromatids (34). An alternative method
to determine NORs in the genome is fluorescence in
situ hybridization (FISH). Studies on different species
show that Ag-NOR staining sites correspond to ribo-
some gene sites identified by FISH (26). In the present
study, NOR variation in the chinchilla karyotype was
analyzed by the Ag-NOR technique.

The number and position of NORs on chromosomes
is a species-specific trait that ranges widely from
2 (e.g. nutria) to 56 (degu) and bears no relation to
the diploid chromosome number of 2n (4, 26). The
Ag-NOR detection of NORs on chromosomes in all
the animals under study revealed the presence of one
pair of metacentric autosomes (NOR chromosomes).
The organizer regions were located on the p arm of
chromosomes, which is consistent with the findings
of Kuchta-Gtadysz et al. (20), but contrasts with the
results of Hong et al. (12).

Studies on different Mammalia species have dem-
onstrated that the number of silver-staining NOR areas
may vary within a species. In humans, it can vary from
5 to 10, with clear individual, breed and population dif-
ferences (9). Experiments with dogs showed that in the
canine genome NORs are most often active on chromo-
some pairs 8, 7, 6,9, 12, and 10 (the order is based on
the degree of transcriptional activity), and least often
on pairs 5 and 11 (25). Similar individual differences
in the number of rDNA in NOR chromosomes were
also observed in pigs (23), mice (33), rats (3), the
Cavidae tamily (11), cattle (30), the Cervidae tamily
(10), and horses (40). The population polymorphism
of NORs was found in rabbits (22) and in humans
(24). In the present study, we observed individual and
population variation in the size of signals on NOR
chromosomes, and the results obtained indicate the
presence of intrapopulation and intraindividual NOR
size polymorphism. It should be noted that individual
or group differences in the NOR size detected in the
species analyzed did not concern the sex of the animals
(28). Likewise in our study, performed on 6 females
and 6 males, we observed no statistically significant
sex-related differences in the number or size of NORs.

To date, NOR size classes in the chinchilla have
not been determined. Nor has the polymorphism
been investigated in this species. In the present study,
we determined 4 NOR size classes in the chinchilla
karyotype based on the differences in silver signals.
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Similar studies were conducted on pigs (29), horses
(17), and cattle (30). The studies cited below deter-
mined that the NOR size polymorphism was due to
the varying lengths of the tandem repeats of DNA
sequences, resulting from asymmetrical crossing-over
caused by abnormal homologous chromosome pair-
ing during meiosis. The NOR size variants that we
determined were used as genetic markers useful for
linkage analysis, breed characterization, the mapping
of genes that control productive traits, determination
of genetic distances, and the analysis of evolutionary
relationships (7).

In all the animals studied here, one chromosome
of the NOR-bearing pair was greater than the other,
and the differences were statistically significant. The
variable length linked to the variable size of NOR
bands may result from differences in the length of the
secondary constriction, which causes the chromosome
with longer secondary constriction to produce more
intensive silver signals compared to its homolog (41).
This, in turn, causes variation in the transcriptional
activity, which induces differences in the number of
rRNA gene copies, visible after the detection of silver
signals. A similar phenomenon was observed in rabbits,
in which NOR activity showed significant differences
between meat breeds and pelt breeds (26).

When analyzing the effect of the NOR size on the
development of the chick embryo, Delany and Bloom
(8) found a very small NOR size on the homologs,
which was associated with embryo mortality. The defi-
ciency of active rRNA genes disrupts the expression
of genes during embryogenesis. A similar relationship
was described in humans (35). In addition, Ag-NOR
expression in humans was found to be related to the
incidence of cancer. Nucleolar regions were reported
as prognostic factors for pathological changes in many
cancers, including those of the lungs, urinary bladder,
prostate, colon, and lymphoid system (5, 39).

NOR regions are used as an experimental model
for understanding the relationships between the chro-
mosomal structure and the regulation and activity of
rRNA genes in Eucaryota.
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