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Based on in situ PCR technique with primers flanking CGG repeats located in the 5’'UTR
region of the human FRM1 mRNA, the trinucleotide repeats of the FRM1 gene have been mapped
to the structurally unstable X chromosome regions of cattle — BTA Xp13, sheep — OAR Xq22,
goats — CHI Xq22 and pigs — Xq26. The experiment confirmed homology of regulatory sequences
in CGG region of FRMI gene and conservation of the corresponding unstable X chromosome
regions in mammals. These results can be applied in comparative evolutionary studies and make it
possible to ascertain the relationships between region-specific X chromosome instability and
phenotypic effects in farm animals.
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Hypervariable tandem repeat tracts of different sequence, number and locations are a
ubiquitous feature of mammalian genomes however their evolution and functional properties need
interspecies comparative studies. In humans, long, highly polymorphic repeats are associated with
genetic disorders affecting many biological processes. While unstable repeats in the coding
sequence can result in toxic proteins, noncoding repeats can have significant effects on chromosome
fragility, gene silencing, transcription, translation or splicing modulation and cell architecture
(Usdin, 2008). For example, the CGG repeat expansion of the 5’UTR region of human FRM1 gene,
followed by Xq27.3 fragile site expression, leads to severe phenotypic changes including
neurodegeneration and ovarian insufficiency (fragile X syndrome) (Pearson et al., 2005; Hagerman,
2006; Wittenberger et al., 2007). Although homologous CGG region of this gene was identified in
genomes of several farm animals, its chromosomal location has not been assigned as yet (Deelen et.
al, 1994).

The aim of this study was cytogenetic localization of the unstable CGG tandem repeats of
the human FRM1 gene in domestic Bovids and pig karyotypes.

Materials and methods

Chromosome preparation: Cattle, sheep, goat and pig metaphase chromosome slides were
prepared following classical cytogenetic protocols of lymphocyte culture and banding techniques
(GTG, QFQ). Karyotypes were arranged according to the international karyotype standards of the
species under study (Gustavsson, 1988; Di Berardino et al, 2001).

IN situ PCR: The primers GCTCAGCTCGGTTTCGGTTTCACTTCCCGT (forward) and
AGCCCCGCACTTCCACCACCAGCTCCTCCA (reverse) flanking CGG repeats of the 5S’UTR
region of human FRM1 gene (0.3830 kb) (GDB: 187391; c/f) (Fu et al., 1991) were used for in situ
PCR and biotin-16 dUTP labeling (Troyer et al., 1994) of the homologous sequence directly on
microscopic slides with metaphase chromosome spreads (in MJR PTC-100 thermocycler with metal



heating block for glass slides). The reaction was carried out according to the thermal profile: 1
cycle: 94 °C — 3 min, 65 °C — 1 min, 72 °C — 1 min; 30 cycles: 94 °C — 1 min, 65 °C — 1 min,
72 °C — 1 min.

Detection: The amplified and labeled gene fragment was detected by avidin-conjugated
FITC, and hybridization signals were analyzed with fluorescence microscope equipped with the
computer-assisted image analysis system LUCIA-FISH (Laboratory Imaging Ltd, Prague, Czech
Republic).

Results and discussion

Based on combined in situ PCR method and GTG/QFQ banding techniques the CGG repeats
containing fragment of the human FRMI gene was mapped to unstable X chromosome regions of
the domestic Bovids under study — BTA Xp13, OAR Xq22 and CHI Xq22 (cattle, sheep and goats,
respectively) and pigs — SSC Xq26 (Fig. 1 and 2).The results obtained supported the preliminary
cytogenetic mapping of bovid X chromosome (FISH, in situ PCR) which revealed homologies and
divergences between the subfamilies Bovinae and Caprinae, suggesting transposition of common
chromosome X segments during their karyotypic evolution (Iannuzzi et al., 2000; Stota et al.,
2007). Additionally, performed comparative interspecies analysis including Bovids and pigs proved
previous predictions about conservation of the FRMI gene locus and equivalent unstable X
chromosome regions in more distantly related mammals (Deelen et al., 1994; Danielak-Czech and

Stota, 2006; Madsen et al., 2007); Stota et al., 2007).
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Figure 1. Unstable chromosome regions and corresponding FITC signals specific to the CGG tandem repeats
of the human FRM1 gene Unstable chromosome regions and corresponding on GTG/QFQ banded X chromosomes of
domestic Bovids: cattle — BTA Xp13 (left); sheep — OAR Xq22 (middle); goats — CHI Xq22 (right).



Figure 2. Unstable chromosome regions and corresponding FITC signals specific to the CGG tandem repeats
of the human FRM1 gene (shown by arrows) on GTG/QFQ banded X chromosomes of Bovids and pigs: cattle — BTA
Xp13 (left); sheep — OAR Xq22 (middle); pigs — SSC Xq22 (right).

The experiments reported in this paper confirmed strong sequence homology of CGG
tandem repeats in the 5’UTR region of FRM1 gene in numerous mammalian species. The presence
of such trinucleotide repeat loci like FRMI in farm animals’ genomes with tract lengths similar to
that present in humans support future exploration of the Bovids or pigs as natural animal models to
study tandem repeat variability and function. In conclusion, the results obtained can be applied in
further comparative evolutionary studies and make it possible to ascertain the relationships between
tandem repeat loci mutability or region-specific X chromosome instability and phenotypic effects in
farm animals.

Summary

Applying in situ PCR method and GTG/QFQ banding techniques the location of CGG
repeats containing fragment of the human FRMI gene was assigned to unstable X chromosome
regions of cattle — BTA Xp13, sheep — OAR Xq22, goats — CHI Xq22 and pigs — SSC Xq26.
The results obtained confirmed homology and conservation of CGG regulatory sequence in the
5’UTR of FRM1 gene in mammals, which can be a basis for further comparative and evolutionary
studies.

Streszczenie

Stosujac metod¢ in situ PCR oraz techniki prazkowe GTG/QFQ okreslono lokalizacje
fragmentu ludzkiego genu FRMI zawierajacego powtorzenia CGG w niestabilnych regionach
chromosomu X bydta — BTA Xp13, owiec — OAR Xq22, ko6z — CHI Xq22 i $win — SSC Xq26.
Uzyskane wyniki potwierdzity homologi¢ i konserwatyzm sekwencji regulatorowej CGG w
regionie 5’UTR genu FRMI u ssakow, co moze stanowi¢ podstawe dalszych badan
poréwnawczych i ewolucyjnych.
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HMOPIBHAUIBHA KAPTOT'PA®IS HECTIMKHUX CGG TAHJAEMIB JIOJICHKOI'O
I'EHA FRM1 Y CIZIbCBKOI'OCIIOJAPCBKHUX TBAPHUH

PeszwowmMme

3a texnikoto PCR in situ 3 nepsunHuM pranrom nosropens CGG, po3TaioBaHux y AUISHIT
5’UTR mroncekoro FRM1 mRNA, tpunykneotuani noBropeHHs reHa FRM1 mpoekryBanucs Ha
CTPYKTYpHO HECTIHKI AUISHKA X XpOMOCOMH Benukoi poratoi xymobu — BTA Xpl3, BiBumi —
OAR Xq22, xo3u — CHI Xq22 i cBuHi — Xq26. EkcrepuMeHT NiATBEpPIUB TOMOJIOTIIO
perynspuux nocuigoBHoctet B CGG ninsgHii reHa FRM1 1 30epeskeHHsl BIAMOBITHUX HECTIMKUX
ainssHOK X XpomMocomH 'y ccaBmiB. Lli pe3ynbTaTH MOKHA 3acTOCYBaTH Yy TOPIBHSUTBHUX
€BOJIIOLIIMHUX JOCTIPKEHHAX Ta JAal0Th MOXJIHMBICTH MEPEBIPUTH HASBHICTH B3a€MO3B’SI3KIB MIiXK
HecTaOuTbHICTIO X XpPOMOCOMHM Yy TI€BHUX JUISHKAaX Ta (EHOTHITHUMH HACTiIKaMH Y
CLIIbCHKOTOCTIOAAPCHKHUX TBAPUH.

V. Kauop, b. /[lanensk-Yex, M. Illapan

CPABHUTEJIbHAS KAPTOTPA®UA HEYCTOMYUBBIX CGG TAHJIEMOB
YEJIOBEYECKOI'O TEHA FRM1 Y CEJIbCbKOXO3MCTBEHHbBIX )KUBOTHBIX

ABHoTanusga

ITo texuuke PCR in situ ¢ mepBuunbiM ¢uranrom noBropeHnii CGG, pacnojoXeHHBIX B
yuactke 5’UTR uenoBeueckoro FRM1 mRNA, nosropenuss Tpunykineorngau reHa FRMI
MIPOEKTUPOBAIUCh HA CTPYKTYPHO HEYCTOMYMBBIE y4aCTKM X XPOMOCOMBI KPYIHOI'O POraToro
ckota — BTA Xpl3, oBusl — OAR Xq22, ko3s1 — CHI Xq22 u cBuHbM — Xq26. DKCIEPUMEHT
MOATBEPAUIT TOMOJIOTHIO PeryJisipHbIX mocienoBarenbHocTeit B CGG yuactky rena FRMI u
COXPAHEHHE COOTBETCTBYIOIINUX HEYCTOWYMBBIX Y4aCTKOB X XPOMOCOMBI Y MIJIEKONUTAIOLIMUX. JTU
pe3ynbTaThl MOXXKHO NPUMEHUTh B CPaBHUTENIBHBIX HBOJIIOLMOHHBIX MHCCIENOBAHUSX U JAIOT
BO3MOXHOCTb HPOBEPUTh HAIWYHE B3aUMOCBA3EH MEXIy HECTaOMIBHOCTBIO X XPOMOCOMBI B
OTIPEICICHHBIX YYaCTKaX U ()EHOTHITHUMH TTOCIIEACTBUSMH Y CEITbCKOXO035IIICTBEHHBIX KUBOTHBIX.
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