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Chromosomal fragility is thought to be involved in etiology chromosome aberrations and
karyotype evolution and fragile X underlay severe clinical pathology in mammals. The most studied
fragile site, observed in cells exposed to mutagens/clastogens such as aphidicolin or folate-deficient
conditions, is human FRAXA (co-expressed in Xq27.3 locus with trinicleotide CGG repeat expansion of
FRM1 gene) associated with hereditary defects and reproductive dysfunction. In view of that clinical
effects of such phenomenon in farm animals are not enough explained we performed cytomolecular
analysis of spontaneous and in vitro induced chromosome X instability in sheep with reproductive
problems. The studies in subfertile ewes resulted in pointing out chromosome Xq31, Xq33 and Xq22
regions as especially predisposed to structural defects. The latter, OAR Xq22 region comprising fragment
of FRM1 gene, with fluorescence in situ labeled, trinucleotide CGG repeats was revealed to be the most
unstable in infertile ewes. The results obtained suggest that fertility impairment in sheep may be a
consequence of chromosome X fragility in regions comprising loci determining reproductive traits.
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Chromosomal fragility is considered to play a role in karyotype evolution, chromosomal
rearrangements and disease etiology related to productive and reproductive efficiency of farm
animals. Thus, extensive studies have been undertaken on the fragile sites (FS) (nonrandom
chromosomal breaks/gaps) in several Bovidae species regarding different methods of induction, and
their clinical and biological significance (Riggs and Renne, 2009). In result, bovine chromosome
fragility (mainly chromosome X), induced by exposure to aphidicolin (APC — DNA polymerase
inhibitor) or 5-fluorodeoxyuridine (FudR — folate synthesis antagonist) were revealed to be
associated with pathologies (baldy calf syndrome, dwarfizm) and fertility impairment (repeat
breeders, long calving interval, abortions) (Uchida et al., 1986; Llambi and Postiglioni, 1997,
Rincén et al., 1997; Stota et al., 2000; Danielak-Czech and Stota, 2002; Stota and Danielak-Czech,
2002). Moreover, as with fragile X in humans, some latest studies in Bovids attempt to link this
phenomenon with structurally unstable chromosome X /oci containing tandem repeated sequences,
e.g. trinucleotide CGG repeats of the FRM gene, which were mapped to BTA Xp13 and OAR/CHI
Xq22 regions (Danielak-Czech and .Stota, 2006; Stota et al., 2007a, b; Kaczor et al., 2009). In
sheep, both autosomal and chromosome X-specific fragile sites have been studied sporadically till
now, and their clinical effects still remain to be determined (Cribiu et al., 1991; Matejka et al.,
1995; Danielak-Czech and Stota, 2002, 2004; Stota and Danielak-Czech, 2002; Ahmad et al.,
2008).

The aim of the present study was to evaluate spontaneous as well as APC- and folate-
dependent chromosome X fragility in subfertile ewes, with special emphasis on OAR Xq22 region
comprising fragment of FRM1 gene, with fluorescence in situ labeled, trinucleotide CGG repeats.

Materials and methods

Animals: Cytogenetic evaluation was performed in population of 24 exterior normal, 2—5
years ewes of the old native Polish Heath sheep, taking into account individual reproductive
efficiency. The experimental group (n=12) included infertile ewes owing to ineffective matings
(100 % in two years) and the control group (n=12) was composed of ewes having normal
reproductive performance.



Chromosome preparation: Sheep metaphase chromosome slides were prepared following
classical cytogenetic protocols of lymphocyte culture (both untreated and exposed to 0,4 uM APC
or 0,1 uM FudR 24 h before harvesting) and banding techniques (GTG, QFQ/DAPI). Karyotypes
were arranged according to the sheep international karyotype standards (Di Berardino et al., 1990,
2001). IN situ PCR and detection: The GCTCAGCTCGGTTTCGGTTTCACTTCCCGT (forward)
and AGCCCCGCACTTCCACCACCAGCTCCTCCA (reverse) primers flanking CGG repeats of
the 5’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. 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).

Statistical analysis: The results were estimated using analysis of variance, Chi square test.

Results and discussion

The results of cytogenetic evaluation carried out in the experimental and control groups of
ewes are given in Table 1, which includes the mean total frequency (%) of spontaneous and induced
breaks/gaps in karyotype and separately in the pair of X chromosomes, calculated for each group

and compared statistically between groups.
Table 1

Frequency of spontaneous and induced breaks/gaps in groups of ewes studied

Spontaneous breaks/gaps APC — sensitive breaks/gaps Folate — sensitive breaks/gaps
Total % SD | X chromosome %| Total % SD |X chromosome %| Total % SD |X chromosome %
2,83+2,40 1,58 32,17*+11,09 13,21% 8,98+4,20 4,25%
1,50+1,56 1,08 22,01+8,0 8,15 6,024+2,99 2,58

Note: e — the experimental group; ¢ — the control group; * — P<0,05.
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As shown in Table 1, the total frequencies of APC-sensitive breaks/gaps in the groups
studied exceeded of folate—sensitive damages. Generally, fragile sites in X chromosomes occurred
with frequency above 1 % within groups, but percentages of X-specific lesions were significantly
higher (P<0,05) in the experimental group comparing to the control one. The frequencies of
breaks/gaps at excessively damaged Xq31, Xq22 and Xq33 regions, given in Table 2 and presented
in Figure 1, differed on the statistically significant (P<0,05) or highly significant (P<<0,01) level

between groups.
Table 2
Frequency of APC- and FudR-induced breaks/gaps at excessively
damaged chromosome X regions in groups of ewes studied

Chromosome X region (description) Breaks / gaps (%) — experimental | Breaks / gaps (%) — control
group group
q31 (APC — sensitive) 5,33*+2,29 3,24+2,01
q22 (APC — sensitive) 9,01**+715 5,15+2,23
g33 (Folate — sensitive) 5,45%£2,38 3,12+1,96

Note:* — P<0,05; ** — P<<0,01
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Fig 1. Highly expressive fragile sites in infertile ewes: OAR Xq31, Xq33 (upper) and OAR Xq22 (below), the latter
comprising fragment of FRM1 gene, with fluorescence in situ labeled, trinucleotide CGG repeats

The present studies showed APC- and folate-dependent X chromosome fragility in sheep,
especially distinct in the group of ewes repeating ineffective matings. The Xq31land Xq33 bands
have been proved to be the extremely expressive fragile sites in infertile ewes of the old native
Polish Heath sheep. The results obtained confirmed our previous studies in this breed,
supplemented by observations of 5-AZA/BrdU-sensitive fragility intensified distinctly in Xq32/33
regions of subfertile ewes (Stota and Danielak-Czech, 2002; Danielak-Czech and Stota, 2002,
2004). Interestingly, the sheep Xq31-33 chromosome segment (including mentioned above
Xq32/33) is known to demonstrate synteny conservation and segment homology with the fragile
cattle Xq26-31chromosome fragment, observable in some cases in the repeat breeding cows
(Tannuzzi and Di Meo, 1995; Prakash et. al., 1997).

Our findings have proven that adequate sheep/cattle unstable chromosome regions represent
common fragile sites preserved in Bovidae species, which may accelerate revealing of candidate
genes for fertility impairment associated to chromosomal fragility in this family. For example, the
trophinin gene (TRO) responsible for bovine embryo implantation, which has been mapped to
fragile Xq25-33 region conserved in Bovids, can be supposed to affect sheep reproduction (Asai et
al., 2004). Alike, the excessive fragility of OAR Xq22 region with trinucleotide CGG repeats of
FRM1 gene, homologous to bovine/caprine and human syntenic chromosomal segments (BTA
Xp13/CHI Xq22 and HSA Xq27.3, respectively) may implicate parallel effects on fertility in these
species (Danielak-Czech and .Stota, 2006; Stota et al., 2007a, b; Wittenberger et al., 2007; Usdin,
2008; Kaczor et al., 2009). In view of CGG repeat expansion followed by Xq27,3 fragile site
expression concomitant ovarian insufficiency in humans, we can assume similar molecular
background of sheep reproductive dysfunction in the form of repeating ineffective matings.

On the basis of results obtained it is possible to conclude that fertility problems in sheep
may result from structural fragility of chromosome X regions with /oci determining reproductive
traits. Nevertheless, these findings can be applied in further comparative cytomolecular studies in
order to ascertain relationships between chromosome X instability and phenotypic effects in other
farm animals.
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HUTOMOJEKYJAPHUI AHAJII3 HECTIMKOCTI X-XPOMOCOMM
Y OBEIIb CXPEIHIEHUX ITOPIJ

PeszmowMme

HecriiikicTh XpOMOCOMU TTOB’I3YIOTh 3 BIAXUJICHHSM XPOMOCOMH Ta €BOJIIOIIEI0 KaplOTHILY,
TaKOXX HecTiiika X-XpoMocoMma JIeKUTh B OCHOBI CKJIaJHHX KIIHIYHMX MATOJOTIH Yy CCaBIiB.
Haii0inpm HECTINKOI0 YacTHHOIO KIITHHH, BPA3JIMBOI 10 MYTarcHIB/KIACTOTEHIB TaKHX SK
amigikomH Ta Qonar-gediuutHi ymoBu, ne FRAXA y miogunu, mo BupaxaeTbes y Xq27.3
po3MimieHHi pa3om 3 TpuHikieotuoM CGG moBTopHUM nommpeHHsM reHy FRM 1, 1ie moB’s3aHo 3
CMaJIKOBUMH BaJaMH Ta PENPOAYKTUBHOIO JUC]YHKIIIEIO. 3 Oy Ha Te, 110 el KIHIYHUHA edekT
JAHOTO (PEHOMEHY Y C.-T. TBapWH HEIOCTATHHO BUBYCHUH MM IMPEICTABHIN IIUTOMOJICKYJISIPHHNA
aHaJli3 CIIOHTAHHOI CTUMYJISILII XPOMOCOMHM in Vitro y OBeIb 3 MpoOjiieMaMH BiATBOpEHHS. Y
pe3yabpTaTi AOCHIKEHb Ha BIBIISIX CXPEIICHHWX IMOPiJ BHU3HAYWIM, IO IUISHKH XpomocoM Xq31,
Xq33 ta Xq22 0cobnrBO CXWIIBHI 10 CTPYKTYypHUX nopymieHb. Y il OAR Xq22, Bxintoyaroun
¢dparment rera FRM 1, no3nadenuit in situ ¢hayopecieHIliero, BUIBICHO MOBTOPH TPUHYKJICOTHITY
CGG, saxmii € myxe CcTaOiIPHUM Yy HEIIIOHUX oOBelb. OpjepxaHi pe3yJdbTaTH CBiAYaTh, IO
ocJIabJIeHHS TUTITHOCTI Y OBEIlb MOXKE OyTH HACIIJKOM HECTIHKOCTI X-XpOMOCOMHM y MIJITHKaX, SIKi
BKJIFOYAIOTh YACTHHKH, IO BU3HAYAIOTh BiJITBOPIOBANIbHY 3aTHICTb.

b. Jlanenax-Yex, B. Kauop, M. [llapan

[UTOMOJEKYJISAPHUN AHAJIN3 HEYCTOMYUBOCTH
X-XPOMOCOMBI Y OBEIl CKPEHIEHHBIX ITOPO/1

AHHoOTaAanu4a

HeycToiunBOCTE XpOMOCOMBI CBSI3BIBAIOT C OTKJIOHEHHEM XPOMOCOMBI M 3BOJIIOLHEH
KapuoOTHUIla, TaKXe HeycTOWyuBasg X-XpOMOCOMa JIEKUT B OCHOBE CIOXKHBIX KIMHUYECKUX
MaToJIorTuil y Milekonurtammux. Hanbosnee HEyCTOMYMBOW YacThIO KJIETKH, YyBCTBUTEIHLHOM K
MyTareHam/KJIacTOTeHaM TaKWX KaK anuauKoivH U (onar-gedunutHeie ycnoBus, 310 FRAXA y
YeJI0BeKa, YTO BbIpaxaercs B X(q27.3 pa3melnieHnd BMecte ¢ TpuHykieotuioM CGG moBTOpHBIM
pactipoctpanenuem TreHa FRMI1, »3To cBsi3aHO C HacleICTBEHHbIMM HEJOCTaTKaMU U
penpoayKTUBHOU auchyHKIue. BBUay TOro, 4to 3TOT KIMHUYECKHH d(PekT qaHHoro ¢peHomeHa
B C.-I. JKMBOTHBIX HEIOCTAaTOYHO M3y4Y€H, Mbl TNPEJICTABWIA LUTOMOJIEKYJIIPHBIN aHaINU3
CIIOHTAHHOM CTUMYJISILIMM XPOMOCOMBI in Vitro y oBell ¢ npoOiemMamMu pa3MHOXeHHs. B pesynbrare
HCCIIEIOBAaHUM Ha OBLIAX CKPELICHHBIX MOPOJ ONpPEAEINIM, YTO y4acTku XxpomocoM Xq31, Xq33 u
X(q22 0coOeHHO CKIOHHBI K CTPYKTypHBIM HapymieHusiM. B ydactke OAR Xq22, Brimodas
¢parment rena FRMI1, o0o3HadeHHBIH in situ  ¢uyopecueHIel, BBIABICHBI TOBTOPHI
tpuHukKiIeoTHaa CGG, KOTOPBIA SABISETCA OYEHb CTAOMIIBHBIM y OectuioaHbIX oBell. [lomyueHHbIC
pe3yIbTaThl CBUIETENBCTBYIOT, YTO OCIA0JIEHUE TIOJJOTBOPHOCTH Y OBEIl MOKET OBITH CIIEICTBUEM
HEYCTOMYMBOCTH X-XpOMOCOMBI B YYacTKaX, KOTOpbI€ BKJIOYAIOT YacCTHIIbl, YTO OMPEAEIsIOT
BOCIIPOU3BOAMTEIBHYIO CIIOCOOHOCTb.
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