ANNALES
UNIVERSITATIS MARIAE CURIE-SKEODOWSKA
LUBLIN - POLONIA

VOL. XXIX (4) SECTIO EE 2011

'Departament of Animal Cytogenetics and Molecular Genetics, National Institute of Animal
Production, Krakowska 1, 32-083 Balice/Krakow,
e-mail: bezech@izoo.krakow.pl
“Department of Pig Breeding and Production Technology, University of Life Sciences in Lublin,
Akademicka 13, 20-950 Lublin,
e-mail: marek.babicz@up.lublin.pl

BARBARA DANIELAK-CZECH', BARBARA REJDUCH!',
MAREK BABICZ?

Cytomolecular assay of size nucleolar organizer regions (NORs)
polymorphism in Pietrain pigs
Cytomolekularna analiza polimorfizmu wielkos$ci regionéw jaderkotworczych
(NORs) u $win rasy pietrain

Summary. The aim of this study was to identify and classify the size variants of nucleolar orga-
nizing regions (NORs) as markers useful for genetic characteristics of Pietrain breed pigs. On the
basis of cytomolecular analysis carried out by silver staining (Ag-I) and fluorescence in situ hy-
bridization (FISH) techniques, four size variants of rDNA-FISH-signals and Ag-NORs silver
deposits were classified. Results of cytomolecular assay of size NORs polymorphism can be used
in inter-breed or inter-species comparative surveys and studies of evolutionary relationships in
Suidae family.
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INTRODUCTION

Investigation of chromosome distribution of repeated sequences like ribosomal DNA
is a key for evolutional cytogenetics concerning wild animals or detection of aneuploidy
and chromosomal polymorphisms in farm animals. In domestic pigs, IDNA sequences
are organized into two distinct gene classes. The 5.8S, 18S and 28S ribosomal RNA
genes are localized as tandemly repeated clusters at the secondary constrictions of chro-
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mosomes 8. and 10., called nucleolar organizer regions (NORs). The locations of rRNA
gene clusters revealed by fluorescence in situ hybridization technique (FISH) with hu-
man rDNA probe correspond with the positions of silver stained NORs. Both fluorescent
signals and silver deposits on NOR-bearing chromosomes demonstrate a clear size di-
versity resulting from number variation of repeated rDNA sequences and different level
of their transcriptional activity. This phenomenon meets the criteria of polymorphism,
and polymorphic NORs may be considered as chromosome markers (a special category
of genetic markers). Size polymorphism of NORs (examined mainly by silver staining
and only sporadically by FISH) has been reported in numerous pig breeds and hybrid
lines in the world, including populations bred in Poland (Polish Landrace, Polish Large
White, Hampshire, Duroc, Pietrain, Pulawska, Zlotnicka Spotted, 990 and 890 hybrid
line) [Miyake ef al. 1988; Mellink et al. 1991, 1994, 1996, Solinas-Toldo et al. 1992,
Switonski i Pietrzak 1992, Lomholt et al. 1995, Switoniski et al. 1997a, b, Stota 1998,
Danielak-Czech et al. 1999, 2006, 2009].

The aim of this study was double cytomolecular identification and classification of
NORs size variants in order to apply them as a chromosome markers for genetic charac-
teristic of Pietrain breed.

MATERIAL AND METHODS

A cytogenetic analysis based on the FISH and Ag-I techniques was performed in
population of 16 Pietrain pigs from individual farm. Studies were carried out on meta-
phase chromosomes obtained after routine lymphocyte cultures in vitro.

Evaluation of silver deposits obtained by Ag-I technique was accomplished by the
computer image analysis system-MultiScan 6.08 (Poland). The Ag-NORs polymorphism
was expressed in the relative value of silver deposits calculated from a ratio of the silver
deposit area to the whole chromosome-bearing NOR area. Values of the Ag-NORs
relative area were classified into four categories (I: 0.101-0.200; II: 0.201-0.300;
III: 0.301-0.400; IV: 0.401-0.500 for chromosome pair 10 and I: 0.051-0.100;
11: 0.101-0.150; II1: 0.151-0.200; IV: 0.201-0.250 for pair 8).

FISH experiments were performed using biotynylated human 5.2kb Bg/ II-EcoRI
18S+28S rDNA probe [Pinkel ef al. 1986; Wachtler et al. 1986]. FITC-detected NORs
were analyzed in DAPI counterstained chromosomes with fluorescence microscope
equipped with the computer-assisted image analysis system LUCIA-FISH (Laboratory Imag-
ing Ltd, Prague, Czech Republic). The tDNA FISH-signal variants were classified, propor-
tionally to the size and intensity, as: 1 — small and weak, and 2, 3, 4 — large and strong.

RESULTS AND DISCUSSION

FISH and silver staining confirmed the location of rRNA genes in 8pl1 and 10pl1
chromosome regions of Pietrain pigs and revealed size and number polymorphism of
NORs in the studied pigs. The detailed results of size variants evaluation are shown in
Table 1.
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Table 1. The rDNA-FISH signals and Ag-NORs size variants on 10. and 8. chromosome
in Pietrain pigs
Tabela 1. Warianty wielkosci sygnalow rDNA-FISH i Ag-NORs na chromosomach 10. i 8.
u §win rasy pietrain

Animals S.ize Vari‘ants - FISH S.ize Vari.ants - Ag-NORs
Zwierzeta Warianty wielkosci — FISH Warianty wielkosci — Ag-NORs
10:10:8:8 10:10:8:8

1. 2 1 3 2 0.212/11 0.177/1 0.170111 -
2. 3 2 3 2 0.320/111 | 0.219/11 | 0.160/111 0.150/11
3. 3 1 3 2 0.375/111 0.126/1 0.166/111 0.102/11
4. 2 1 3 1 0.202/11 0.130/1 0.170/111 -
5. 3 1 4 4 0.360/111 0.125/1 0.246/1V 0.237/1V
6. 2 2 3 3 0.250/11 0.220/11 0.190/1I1 | 0.185/111
7. 4 1 2 1 0.460/1V 0.110/1 0.0.102/11 -
8. 4 1 3 1 0.465/1V 0.181/1 0.190/111 -
9. 3 1 3 3 0.340/111 0.136/1 0.197/11 0.179/111
10. 3 1 4 2 0.319/111 0.1451 0.220/1V 0.133/11
11. 3 1 4 3 0.303/I11 0.126/1 0.215/IV | 0.191/11
12. 3 2 4 2 0.325/11 | 0.260/11 0.222/1IV 0.098/1
13. 3 2 4 3 0.328/1I1 | 0.214/11 0.205/1V | 0.189/111
14. 3 2 4 4 0.360/1I1 | 0.281/11 0.216/IV | 0.180/I1I
15. 3 3 4 1 0.379/111 | 0.350/1I1 | 0.210/1V -
16. 2 1 3 3 0.255/11 0.182/1 0.140/111 0.129/11

FISH signals were consistently observed in four NOR sites, whereas silver deposits
were often visible on three chromosomes only — two in pair 10. and one 8. Maximum
differences in relative quantities of rDNA in all NOR-bearing chromosomes were esti-
mated at about x 4 (range 1 to 4) within animals. Correspondingly, Ag-NORs measured
variants were classified into size categories (I- IV) ranging from 0.110 (I) to 0.465 (IV)
for chromosome pair 10, and 0.098 (I) to 0.246 (IV) for pair 8 (Tab. 1). The size diver-
sity of rDNA signals and Ag-NORs was distinct enough to classify adequately into four
size variants, comparable to the scale presented by Mellink et al. [1994], Stota [1998]
and Danielak-Czech et al. [1999]. In one case only NORs in both chromosome pairs
were ascertained to be expressed almost evenly and classified by the same size catego-
ries (the animal no 2) (Tab. 1, Fig. 1a, b). In remaining animals under study, the FISH
signals and Ag-deposits on chromosome 8. were regularly classified as higher size vari-
ant values than on chromosome 10., what could be well exemplified by the most mor-
phologically distinct and great NORs areas on both chromosome 8 in the pig no 5 (Tab.
1, Fig. 1c). As known from published data, some cases of unusually large NORs on
chromosome 8 were found in previous studies in Pietrain and Yorkshire pigs as well as
in the primitive Asiatic Meishan and Polish indigenous Ztotnicka Spotted breeds. On the
other hand, the results of NORs variation assays for the majority of Landrace popula-
tions currently bred in Europe pointed out the tendency to occurrence of prominent nu-
cleolar organizing regions on chromosome 10., suggesting a dominant role of this chro-
mosome in the production of ribosomal RNA [Mellink et al. 1994, Switonski and Pietr-
zak 1992, Switonski i in. 1997a, b, Stota 1998, Danielak-Czech et al. 1999, 2006, 2009].
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Fig. 1. Size polymorphism of NORs in metaphase chromosomes of Pietrain pigs: NORs after
fluorescent in situ hybridization with the 18S + 28S rDNA probe in the pig no 2. Arrows show fluores-
cent signals (rDNA-FISH) on chromosome of 10. and 8. pair, classified as size variants: 3" and 2
Ryec. 1. Polimorfizm wielkosci NORs w chromosomach metafazowych $win rasy pietrain: NORs po flu-
orescencyjnej hybrydyzacji in situ z sonda 18S + 28S rDNA u $wini nr 2. Strzatki wskazuja sygnaly fluore-
scencyjne (rDNA-FISH) na chromosomach 10. i 8. pary, sklasyfikowane jako warianty wielkosci 371 2"
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Fig. 2. Size polymorphism of NORs in metaphase chromosomes of Pietrain pigs: NORs after
silver staining in the pig no 2. Arrows show silver deposits (Ag-NORs) on chromosomes 10. and
8. pair, classified as size variants: Il and II
Ryec. 2. Polimorfizm wielko$ci NORs w chromosomach metafazowych $§win rasy pietrain: NORs
po barwieniu srebrowym u $wini no 2. Strzatki wskazuja depozyty srebrowe (Ag-NORs) na chro-
mosomach 10. i 8. pary, sklasyfikowane jako warianty wielko$ci: II i IT
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Fig. 3. Size polymorphism of NORs in metaphase chromosomes of Pietrain pigs: NORs after
fluorescent in situ hybridization with the 18S+ 28S rDNA probe in the pig no 5. Arrows show
fluorescence signals (rDNA-FISH) on chromosome 10. pair, classified as size variants:
(3+/1+) and 8. pair valued as variants: (4+/4+)

Ryc. 3. Polimorfizm wielko$ci NORs w chromosomach metafazowych §win rasy pietrain: NORs
po fluorescencyjnej hybrydyzacji in situ z sonda 18S + 28S rDNA u $wini no 5 Strzatki wskazuja
sygnaly fluorescencyjne (rDNA-FISH) na chromosomach 10. pary, sklasyfikowane jako warianty
wielkosci: (3+/1+) i 8. pary, okreslone jako warianty: (4+/4+)

On the whole, our findings are in agreement with the hypothesis that size polymor-
phism of rDNA signals and active Ag-NORs corresponds to the length variation of the
tandemly repeated DNA sequences generated by unequal crossing-over due to an incor-
rect meiotic pairing of homologous chromosomes [Harding et al. 1992].

CONCLUSIONS

1. Chromosome markers in the form of nucleolar organizing regions — the rDNA-
-FISH signals and Ag-NORs size variants classified in the presented study supplement
genetic characteristics of Pietrain breed pigs, which had been earlier drawn up on the
basis of centromeric hetrochromatin markers.

2. The results of cytomolecular assay of NORs polymorphism can be applied for
studies on differentiation of pig breeds as well as estimation of genetic distance or evolu-
tionary relationships in domestic pigs or between domestic and wild pigs.
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Streszczenie. Celem badan byta identyfikacja i klasyfikacja wariantow wielkosci regionow jader-
kotworczych (NORs) jako markerow genetycznych przydatnych do charakterystyki §win rasy
pietrain. Na podstawie cytomolekularnej analizy przeprowadzonej technikami barwienia srebro-
wego (Ag-I) i fluorescencyjnej hybrydyzacji in situ (FISH) sklasyfikowano cztery warianty wiel-
kosci sygnatow rDNA-FISH oraz depozytow srebrowych Ag-NORs. Wyniki cytomolekularnej
oceny polimorfizmu wielko$ci NORs moga zosta¢ wykorzystane w mig¢dzyrasowych lub migdzygatun-
kowych analizach porownawczych oraz badaniach zwiazkow ewolucyjnych w rodzinie Suidae.

Stowa kluczowe: $winie, chromosomy, regiony jaderkotworcze (NORs), markery genetyczne,
technika FISH
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