Wing membrane biopsies for bat cytogenetics: finding of 2n=54 in Irish Rhinolophus hipposideros (Rhinolophidae, Chiroptera, Mammalia) supports two geographically separated chromosomal variants in Europe
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Abstract

In Europe, two different diploid chromosome numbers, 2n=54 and 2n=56, have been reported in the lesser horseshoe bat (Rhinolophus hipposideros). The eastern form with 2n=56 extends from the Czech Republic to Greece. To date, specimens with 54 chromosomes have been reported only from Spain and Germany. This study expands the distributional area of the western variant to Ireland. Strikingly, this distribution of European chromosomal variants is in contrast to the available molecular data that indicate little genetic differentiation of R. hipposideros populations spanning north-western to central Europe (Dool et al., 2013). Further, we have developed an optimized protocol for establishing fibroblast cell cultures, suitable for karyotype analyses, from 3 mm wing membrane biopsies. This is a useful tool for cytogenetic studies of endangered bat species, as this non-lethal sampling method imposes only minimum stress to the animal without lasting adverse effects and is routinely used to sample tissue probes for molecular genetic studies in bats. 
Introduction

Three karyotypic variants have been reported for R. hipposideros, the smallest horseshoe bat species found in Europe. The highest chromosomal number, 2n=58, was found in populations from Asia Minor and the Middle East (Arslan and Zima, 2014; Qumsieh et al., 1986), whereas specimens living in the south-eastern parts of Europe and the Caucasus show a 2n=56 (Capanna and Manfredi Romanini, 1971; Belcheva et al., 1990; Fattajev, 1978 fide Zima et al. 1992; Hanak et al., 2001; Volleth et al., 2013; Zima, 1982). An even lower chromosomal number, 2n=54, was reported from Spain and one location in Germany (Puerma et al., 2008; Volleth et al., 2013). However, other populations in Central and Western Europe have not been studied karyologically, partly due to the massive population number decrease in R. hipposideros in the past, which has resulted in their extinction in large areas of Central and Western Europe (Bontadina et al., 2008). Although in the last 2 decades some of the extant colonies showed a slight recovery in population numbers, the lesser horseshoe bat is presently among the most critically endangered bat species of Central Europe (Hutson et al., 2001). A recent comprehensive population genetic study of European, North African and Middle-Eastern R. hipposideros, based on multiple genetic markers, showed no clear distinction between eastern and western European populations (Dool et al., 2013), in contrast to available cytogenetic data.
As an endangered species, individuals of R. hipposideros should not be sacrificed for scientific purposes, except under extraordinary conditions. For the previous cytogenetic study, carcasses of R. hipposideros juveniles found in maternity colonies were used (Volleth et al., 2013). Here, we used 3 mm wing membrane biopsies sampled from live bats. Wing biopsy punches are routinely taken in bat population studies with individuals showing little adverse effects (Puechmaille et al., 2011; Dool et al., 2013). For the biopsy punch the quantity of skin collected is tiny compared to the total surface of the wing (less than 1%) and thus has no impact on flight (Mitchell-Jones and McLeish, 2004).
In the present paper we describe the karyotype of Irish R. hipposideros specimens and provide a detailed protocol that enables the growth of sufficient number of fibroblasts for cytogenetic studies from small wing membrane biopsies, taken from living, wild individuals.
Material & Methods

Animals
Two male and two female individuals of R. hipposideros were captured on the 28th July 2015 at a summer roost in a disused dwelling at National Grid Reference: V705 890 within the townland of Treangarriv, near Lough Caragh, Killorglin, Co. Kerry, under the National Parks and Wildlife Service Licence (no. C110/2014). Animals were safely released back in the roost immediately after sampling. Two wing membrane biopsies (3 mm diameter) were collected per individual using a sterile biopsy punch (Stiefel Laboratories). The biopsies were stored at 4oC in the culture medium (Dulbecco’s MEM high glucose with stabilized glutamine, Biochrom/Merck, 20% FBS, Gibco) supplemented with 1 % antibiotics mix (Penicillin-Streptomycin-Fungizone, Lonza BioWhittaker™) and 50 µg/ml gentamicin (Lonza BioWhittaker™), and delivered to the lab within 2 days.
Preparation of primary cell cultures
The biopsies were transferred into a 30 mm cell culture treated Petri-dish and cut into very fine fragments in a minimal volume of the medium. Subsequently, the tissue was digested in a filter sterilized 0.1% collagenase type II (Gibco) solution in culture medium for 12h at 370C in a 5 % CO2 incubator. Collagenase solution was removed with a pipette and 2 ml of culture medium with 1% of Penicillin-Streptomycin-Fungizone was added. The samples remained undisturbed in the incubator for one week. When the first fibroblasts growth was visible, half of the medium was replaced with culture medium with 0.2% Penicillin-Streptomycin. To enhance the growth of the cultures, the culture medium was supplemented with 20 % Amniogrow plus (modified alpha-MEM with FCS, hormones, growth factors, L-glutamine and gentamycin; Cytogen, Wetzlar, Germany). The first passage of the culture was possible after approximately three weeks. A reduced trypsin/EDTA concentration (a 3:1 dilution of the originally 0.05%/0.02% solution in Hank´s BSS w/o calcium, magnesium) was used for passaging. The fibroblasts stayed in good condition for another two weeks.
Chromosome preparations
Metaphase spreads preparation, GTG- and CBG-banding, and fluorescence in situ hybridization (FISH) with Myotis myotis probes MMY3/4 and MMY7 were performed according to Volleth et al. (2013). A minimum of 7 G-banded karyograms were analyzed for each specimen. In order to localize the sites of nucleolus organizer regions (NORs) quinacrine banding (QFQ) followed by silver staining was performed according to Volleth (1987).
Results
A satisfactory number of metaphase plates were generated from three of the four specimens, two males and one female. In each case, the diploid chromosome number was 54 and the number of autosomal arms (FNa) was 62. The karyotype of R. hipposideros from Ireland is composed of 5 bi-armed (pairs 1 to 4 and 25) and 21 acrocentric autosomal pairs, a submetacentric X and a submetacentric Y chromosome. A GTG-banded karyogram is shown in fig. 1. Analysis of the GTG-banding pattern showed no differences to that of the 2n=54 R. hipposideros population from eastern Germany, described earlier (Volleth et al., 2013). To ascertain if the bi-armed chromosomal pair that distinguishes the 2n=54 from the 2n=56 variant is indeed the same in German and Irish populations, FISH with probes from the vespertilionid bat Myotis myotis was performed. This experiment showed that the short arm of pair 2 is indeed homologous to Myotis chromosome MMY7 and the long arm to MMY3/4, as in German specimens.
CBG-positive heterochromatin was found on the centromeres and the long arm of the Y chromosome. In one specimen, the centromeric heterochromatin on one homolog of pair 15 (homologous to MMY19) was slightly enlarged compared to other centromeres (fig. 2).
Silver staining revealed the presence of active nucleolus organizer regions (NORs) close to the centromeres of pair 16 (homologous to MMY21) and 17 (homolog of MMY7i). Metaphase plates with active NORs on all four homologs, however, were rarely found (fig. 3). The mean number of NORs per pair and cell is given in tab. 1 for the three specimens studied.
Discussion
In this study the biological material for cytogenetic analyses was collected in the form of wing membrane biopsies – a non-lethal and relatively non-invasive sampling method. Collecting wing biopsies with a sterile biopsy punch minimizes the risk of infection, processing time and stress to the bat. The resulting hole heals within three weeks without impairment to flight or reproductive success (Kerth et al., 2000; Mitchell-Jones and McLeish, 2004; Worthington Wilmer and Barratt 1996). Wing biopsies were previously used by Dool et al. (2013) for analysis of genetic markers in populations of R. hipposideros across Europe. In this report, we expand the applicability of this sampling method to cytogenetic studies. Wing biopsies were successfully used to establish fibroblast culture, therefore enabling karyotypic analyses without lasting adverse effect on the animals. The material used for cell culture, however, differs largely from other sources as for example regular skin biopsies of mammals. The wing membrane of bats is formed by a double thickness of skin and a central hypodermis containing collagen fibrils, elastic fibres and fibroblasts (Holbrook and Odland, 1978). Successful cultures can only be obtained when the embedded cells are released from skin and hypodermis. For this aim a prolonged incubation time of the biopsies in collagenase was applied. Three of the four samples yielded sufficient cell growth to enable karyotype analysis including different banding methods. 
The cytogenetic analysis of Irish specimens of the lesser horseshoe bat R. hipposideros revealed no differences to their conspecifics living in Germany. Both populations belong to the 2n=54 karyotypic variant. Therefore, the range of the presumed “Western European karyotypic variant” (Volleth et al., 2013) was extended from Germany and Spain to Ireland. Hence, from a cytogenetic point of view, the distributional area of the lesser horseshoe bat is clearly divided into three regions. The highest diploid number, 2n=58, is found in the eastern part of the range, Asia Minor and the Middle East (records for Turkey, Iran, Syria: Arslan and Zima, 2014; Jordan: Qumsieh et al., 1986). The Bosphorus strait separates this variant from the 2n=56 chromosomal variant which was found in Bulgaria, Greece, Italy, Slovakia and the Czech Republic (Capanna and Manfredi Romanini, 1971; Belcheva et al., 1990; Hanak et al., 2001; Volleth et al., 2013; Zima, 1982). The area of the third variant with 2n=54 ranges from Western Europe (Spain: Puerma et al., 2008; Ireland: this work) to eastern Germany (Volleth et al., 2013). 
However, this clear karyological picture is in contrast to morphological observations and other molecular data. Within its large distributional area from Europe to North Africa and the Middle East, R. hipposideros shows high morphological diversity in terms of body size, cranial features and pelage coloration which resulted in the proposal of a minimum of two (Palmeirim, 1990) to up to seven subspecies (Koopman, 1994). Contrasting results were also revealed by a recent in-depth analysis of genetic structure of R. hipposideros across an overwhelming extent of its distributional range (Dool et al., 2013). Geographic structuring, suggested by the analysis of 1630-bp fragment of mtDNA in 373 individuals, distinguished a large group from the east of the range (East Clade), numerous distinct groups located across the Mediterranean, including populations from southern Iberia and Morocco (“Ibero-Maghreb clade”), Crete, northern Iberia, Tunisia, the Balkans, southern Italy, Malta and a large group comprising populations that span north-western to central Europe (“West clade”), which includes Ireland, Britain, France, Austria, Slovenia, Slovakia, Czech Republic, Sardinia, North Italy, Greece, Bulgaria and Kosovo. The “West Clade” showed little genetic differentiation and lacked further geographical structuring. Similarly, microsatellite data from 164 individuals revealed a substantial level of differentiation between Spanish and Western European populations, but not within the “West Clade” itself (Dool et al., 2013). 
This is in contrast to the cytogenetic results which clearly show the presence of both chromosomal variants within the “West Clade”. The 2n=54 variant was recorded from Ireland (this work) and Germany (Volleth et al., 2013) and the 2n=56 variant from Bulgaria, the Czech Republic, Slovakia, Italy and Greece (Belcheva, 1990; Capanna and Manfredi Romanini, 1971; Volleth et al., 2013; Zima, 1982). 
The nuclear intron data suggested an ancient colonization of Europe by R. hipposideros pre-dating the Quaternary ice ages from the Middle East / Asia Minor (Dool et al., 2013). Therefore a karyotype with 2n=58 as found in R. hipposideros specimens from Turkey, Syria, Iran and Jordan (Arslan and Zima, 2014; Qumsieh et al., 1986) is probably the ancestral one. This view is supported by cytogenetic data of 14 hitherto studied Rhinolophus species of the Afro-Palaearctic clade, which all possess karyotypes with 2n=58 (reviewed in Zima et al., 1992). Recently, on the basis of a nuclear dataset with 6 introns, R. hipposideros was shown to represent the basal branch of the Afro-Palaearctic clade (Dool et al., 2016) which is in contrast to the former view, based on mtDNA sequences, that it is sister to the trifoliatus clade (Guillén Servent et al., 2003). 
Potentially a Robertsonian fusion between two acrocentric chromosomes could have resulted in the 2n=56 variant. Molecular data do not contradict the hypothesis of a post-glacial expansion of the 2n=56 variant from a Balkan refugium to Central Europe (Slovakia, Czech Republic; Dool et al, 2013). The history of the 2n=54 variant, however, remains unsolved. The “Ibero-Maghreb clade” which includes southern parts of Spain where specimens with a 2n=54 have been found (Puerma et al., 2008) differs according to the multi-locus study from the “West clade” (Dool et al., 2013). Therefore, the karyotype data based hypothesis of a colonization of West Europe (Ireland) and Central Europe (Germany) from an Iberian glacial refugium is not supported by multi-locus molecular data.
However, it must be taken into account that the number of specimens studied karyologically, i.e. 9 with a 2n=54 and 14 with a 2n=56, is too small to exclude hypotheses of (i) an existing population level Robertsonian fusion polymorphism or (ii) a hybrid zone between the chromosomal variants, which both would imply the presence of specimens showing a 2n=55. The method of wing biopsy culture presented here opens an option to study a larger number of specimens and could possibly help to solve the enigma of the chromosomal variants in the lesser horseshoe bat.
Conclusions

Irish R. hipposideros exhibit a 2n=54 karyotype, further supporting two geographically separated chromosomal variants in Europe. In this study, we demonstrated that non-lethal sampling, in form of small wing membrane biopsies, can be used not only for molecular (Dool et al., 2013), but also for cytogenetic analyses, which is especially important in the case of protected and threatened species. We predict that in the future a combination of both molecular and cytogenetic approaches will generate valuable data informing R. hipposideros conservation management strategies.  
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Figure Legends

Fig. 1

GTG-banded karyotype of an Irish male R. hipposideros, 2n=54 variant. Arrows point to the location of NORs on pair 16 and 17. The asterisk indicates the homolog of pair 15 with amplification of centromeric heterochromatin, see also fig. 2. 

Fig. 2

CBG-banded metaphase plate of the male R. hipposideros specimen shown in fig.1. The arrow points to the homolog of pair 15 with amplification of centromeric heterochromatin, the arrowhead to the second homolog. Submetacentric X and Y chromosomes are also indicated.

Fig. 3

Silver-stained metaphase plate where both homologs of pairs 16 and 17 present active NORs. Homologs were identified by quinacrine staining prior to silver staining.
Table 1
Mean values of NORs per pair and cell in the three R. hipposideros specimens studied

N: number of metaphase plates analysed.
	specimen
	N
	pair 16
	pair 17

	1
	12
	1.83
	1.00

	2
	20
	1.90
	1.07

	3
	16
	1.06
	1.75
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