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Comparative hybridizations in situ for identification
heterosomes in aoudadAmmotraguslervia)

Poréwnawcze hybrydyzacie situ do identyfikacji heterosomoéw
owcy grzywiastefAmmotragus lervia)

Summary. Genetic conservation on the level of genes fromtesyic groups enables the use of
molecular probes obtained from one species of daitwadetect homologous DNA segments in
different species. The aim of this study was tafig heterosomes in aoudadnimotragus ler-

via) by comparative hybridizatioris situ technique (Zog~ISH) with commercial bovine hetero-
somes painting probes. The results obtained shaligtitict yellow-green signals in big acrocen-
tric chromosomes X and strong red fluorescenceatsgin small metacentric chromosomes Y in
all aoudad metaphase plates. The experiments owdithe high degree of genetic conservation
of heterosome synteny groups in the species (cattte aoudad) belonging Bovidae family,
which makes it possible to use bovine, heterologaxschromosomes painting probes in interspe-
cies comparative, phylogenetic and evolutionargisti
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INTRODUCTION

Interspecies comparative analyses of the genonegebamed on the phenomenon of
the genetic conservatism. This concerns groupmkéd or syntenic genes that are often
in the same relationships even in taxonomicallyadis specie§Rejduchet al. 2010Db,
Danielak-Czechet al. 2010, Kozubska-Soboéska and Rejduci?008, Kozubska-
Sobochskaet al. 2012, 2013], microsatellites and nucleotide saqes of genes coding
the same products in different species [Rejdethal. 2004, 2010a, Kozubska-



2 A KOZUBSKA-SOBOCNSKA, B. DANIELAK-CZECH, M. BABICZ, A. BAK, K. KRUCZEK

Sobochskaet al. 2007a, 2009a] and chromosome banding patternsytanet al. 1995,
Bonnetet al. 2001, Stoteet al. 2001, Chiet al. 2005, Kozubska-Sobaiskaet al. 2006,
2007b,Ohet al. 2011].

Conservation nature of some chromosomes makessilgde to application a number
of molecular probes, obtained by microdissectionvhble chromosomes or their frag-
ments as well as chromosome sorting in one speiasimals, for FISH chromosome
painting in another species [Chowdhatyl. 1996, Goldammeet al. 1996, Huangt al.
2005, Kozubska-Sobaiskaet al. 2005, 2012, 2013].

This study was designed to use two commercial wowmiolecular probes (ID Labs)
specific to the heterosomes to identify sex chramtes in aoudadMmnmotragus lervia)
and establish genetic conservation of heterosomtesy groups in species 8bvidae
family.

MATERIAL AND METHODS

Metaphase chromosome spreads (150 cells) of thmedads (two females and one
male originating from Krakow’s ZOO) were obtainedrh peripheral blood lymphocyte
culture (pokeweed mitogen stimulated), accordinght standard protocol and routine
kariotype analysis.

In this paper we present identification of sex chosomes in aoudad by Zoo-FISH
technique with two commercial bovine probes (ID $jatBovine IDetect" Chr X Point
Probe GREEN and Bovine IDet&¢tChr Y Point Probe RED (Cambio Ltd., Cam-
bridge, UK). Interspeciem situ hybridizations were performed according the matwfa
ture’s procedure. Hybridization signals were obsdrunder an Axio Imager.D2 (Zeiss)
fluorescent microscope equipped with Axio Visionmputer-assisted image analysis
system.

RESULTS

Cytogenetic evaluation of aoudad studied revealetinal 58,XY kariotype con-
sisted of 28 pairs of autosomes (one pair of lorggacentric chromosomes and 27
pairs of acrocentrics) and the pair of heterosofftesy acrocentric X chromosom and
small submetacentric Y chromosome) (Fig. 1A, 1B).

The cross-species hybridizations (Zoo-FISH techeigwith the use of bovine mi-
crodissected whole chromosome painting probes (WQRBsented in Figure 1C show
distinct yellow-green fluorescence signal corresfeshto long acrocentric X hetero-
somes and strong red fluorescence signal idengifgmall submetacentric chromosomes
Y in all aoudad metaphase plates.

The results confirmed indirectly homology betwe@vibhe sex chromosomes in the
different ruminant species 8ovidae (sheep -Ovis aries, goat —Capra hircus, aoudad —
Ammotragus lervia), and Cervidae family (fallow deer —Dama dama and goral —
Nemor haedus caudatus) from the subordeRuminantia.
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Fig 1. Giemsa stained metaphase chromosomes o&dpog#, XY (A), 58,XX (B). Inter-species in situ
hybridization (Zoo-FISH technique) (C) — yellow-gresignal identifies long acrocentric heterosom X,
red fluorescence signal labels small submetaceciiomosome Y
Rys. 1. Chromosomy metafazowe barwione barwnikieemSy: 58,XY (A), 58,XX (B). M¢gdzygatunkowe
hybrydyzacje in situ (technika zoo-FISH) (C}éto-zielony sygnat identyfikuje dtugi akrocentrygz
heterosom X, czerwony sygnat fluorescencyjny znakogty metacentryczny chromosom Y
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DISCUSSION

The aoudad Ammotragus lervia) is characterised by a mixture of sheep and goat
features, probably is the living representativeaaheep and goat ancestor [Geist 1971].
The cytomolecular comparative studies in fRaminantia showed chromosome band
homology of cattle, sheep, goats, aoudad, watealoes (from theBovdae) as well as
fallow deer, goral and red deer (from @Bervidae) [lannuzzi and Di Meo 1995, Sto&h
al. 2001, Kozubska-Sobawskaet al. 2006, 2007a, Okt al. 2011].

Comparison of GTG-banded, haploid sets of sheep=(84) and aoudad chromo-
somes (2n = 58) revealed complete chromosome hgyaiothe karyotypes of both
species and indicated that centric fusions of autes led to evolutionary rearrange-
ments [Stotaet al. 2001]. The pair of metacentric chromosomes of tedad is fully
homologous with the first pair of metacentric sheepmosomes. According to Staha
al. [2001], there is a significant homology of alluglad chromosomes with sheep chro-
mosomes or sheep chromosome p and g arms was etbseurthermore, the X chromo-
some of the aoudad, also homologous with acroceRtrchromosome of sheep, tise
third chromosome in aoudad karyotype, based ofetiggh.

Next comparison between G-banding patterns onecattid fallow deer chromo-
somes, [Kozubska-Sobaskaet al. 2007b] and earlier described comparisons of fallow
deer and sheep [Kozubska-Soliskaet al. 2006] as well as fallow deer and goat [Ko-
zubska-Soboéskaet al. 2007a], confirmed chromosome homology in Bowidae fam-
ily described by lannuzzi and Di Meo [1995].

In studies on heterosomes conservatidruiminantia mostinterspecies hybridizations
were based on bovine probes generally [Kozubska@imdka et al. 2003, 2005, 2009b,
2012, 2013, Kozubska-Sobaska and Rejduch 2008]. The example of using a piroine
Bos indicus (obtained from microdissected of Ypl2 fragmentjdientification of a com-
plementary sequence in the X-Y bivalent at metaphasBos taurus and performing com-
parative hybridization (using the Yql12.1-12.6 prafi#ained fromBos indicus) of the
appropriate segment on the q arm of the Y heteresarBos taurus [Goldammeret al.
1996]. A probe specific for the Yp12 fragment we®aused to identify the Y chromosome
in metaphase plates and spermatozoa [Ré&vagl. 2000]. Moreover, bovine painting
probes applied in FISH techniqgue made it possibléetermine the frequency of early-
dissociation of sex bhivalent in rams [Kozubska-Siskaet al. 2009 b].

The high conservation of sex chromosomeBavidae is evidenced by hybridization
signals obtained by Révay al. [2002] for bull spermatozoa, following the applion
of probes (using FISH) obtained by heterosomerspuf the yak Bos grunniens).

The study presented in this paper confirmed usefa#i of hetrosomes-specific bo-
vine molecular probes for identification of sex @mosomes in aoudad\ihimotragus
lervia).

Cytomolecular comparative studies enable chromosoragkers to be identified
even in species representing different families,easmplified by the pairs of
homologous chromosomes identified in cattle, shgepts, aoudad @ovidae and fal-
low deer, goral o€ervidae [Stotaat al. 2001,.Kozubska-Sobawikaet al. 2007 a, 2012,
2013]. These analogies could be used in evolutjoeardies as well as for diagnosing
chromosomal changes in wild-living species whosg/dgpes are less known than
the karyotypes of farm animals.
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CONCLUSIONS

The experiments carried out revealed genetic cuasen of heterosome synteny
groups in species dovidae family, which make it possible to apply of bovine hetero-
somes probes in cytogenetic diagnostics.
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Streszczenie.Konserwatyzm genetyczny na poziomie genow z gmyagesicznych umaiwia
wykorzystanie sond molekularnych otrzymanych didnggo gatunku zwiegk do identyfikacii
homologicznych fragmentéw DNA innych gatunkéw. Celbada byta identyfikacja heteroso-
moéw arui @mmotragus lervia) przy wykorzystaniu techniki poréwnawczych hybrgdyji in situ
(zoo-FISH) z komercyjnymi bydtymi sondami malagymi heterosomy. Uzyskane wyniki ujaw-
nity wyrazne zétto-zielone sygnaly w diych akrocentrycznych chromosomach X i mocne czer-
wone sygnaly fluorescencyjne na matych metacemmaiz heterosomach Y we wszystkich piyt-
kach chromosoméw metafazowych arui. Eksperymentwipodzity wysoki stopié konserwaty-
Zmu genetycznego grup syntenicznych heterosoméatungéw naleacych do rodzinyBovidae
(bydto i arui), costwarza meliwos¢ wykorzystania bydicych, heterologicznych sond majeych
chromosomy pici w midzygatunkowych badaniach poréwnawczych, filogermtych i ewolu-
cyjnych.

Stowa kluczowe:arui (Ammotragus lervia), synteniczny konserwatyzm genetyczny, chromosomy
ptci, bydkce sondy malace heterosomy, technika zoo-FISH



