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Abstract
Although sex assignment is essential to study biology and ecology of a given animal, in Xenarthra there is still no standardized assay for gender genetic identification. Here, we evaluate the potential of two nuclear fragments [SRY (~180pb) and Zinc finger (~400pb) genes] for sex identification of specimens who have lost their morphological characteristics because of road-kills. DNA samples from seven Xenarthra species were amplified and sequenced for one or both segments. Finally, we performed a case study using tissue samples from road-kill carcasses, which supported the suitability of our markers for poor-quality DNA. The method proved to be efficient for different types of samples and may be especially useful for studies using road-killed and hunted animals. 
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Introduction
Molecular sexing has become a useful tool in the advent of noninvasive methods for obtaining DNA (Chaves, Graeff, Lion, Oliveira, & Eizirik, 2012; Prithiviraj & Melnick, 2001; Saranholi, Chávez-Congrains, & Galetti, 2017; Shaw, Wilson, & White, 2003), for both conservation (Griffiths & Tiwari, 1993) and forensic (Kobayashi et al., 1988) purposes. In parallel, roads have become an important threat for terrestrial fauna, especially medium to large sized mammals (Forman & Alexander, 1998; Schwartz, Shilling, & Perkins, 2020), and molecular tools are often the only way for sex identification of road-kills (Miotto, Cervini, Begotti, & Galetti Jr., 2012; Saranholi, Chávez-Congrains, & Galetti, 2017). Short nuclear DNA sequences exclusively present in the Y or in both X and Y chromosomes have been used for molecular sex identification in mammals (Cotts et al., 2019; Martinelli et al., 2010; Murata & Masuda, 1996; Prithiviraj & Melnick, 2001; Takami, Yoshida, Yoshida, & Kojima, 1998). Although species of Xenarthra are a quite frequent taxonomic group among road-kills (Ascensão, Yogui, Alves, Medici, & Desbiez, 2019; Ferreguetti et al., 2020; Zimbres et al., 2013) there is still no standardized molecular assay for sex identification of the superorder.
In mammals, the SRY gene is present exclusively on the Y chromosome (Di Fiore, 2005; Takami et al., 1998) and, therefore, its PCR amplification has been widely used for the identification of males (Murata & Masuda, 1996; Statham, Turner, & Reilly, 2007). It is expected that females will not show PCR product for this gene. However, the absence of amplification is not always indicative of females, as false negatives can occur (Joshi, De, & Goyal, 2019; Pagès et al., 2009). To prevent an error based on false negative, often other mitochondrial or nuclear genes are co-amplified with the SRY sequence (Kamimura, Nishiyama, Ookytsu, Goto, & Hamana, 1997; Palsbøll, Vader, Bakke, & El-Gewely, 1992), as for instance a portion of the Zinc finger (Zf) gene, present in both X and Y chromosomes (Page et al., 1987). Males can be identified either by a small deletion in the Y chromosome, which includes a region encoding zinc finger domains (Page et al., 1987) or single nucleotide polymorphisms. This zinc finger protein gene is thought to be present in all eutherian mammals and in most cases this region shows single nucleotide polymorphisms between the X and Y chromosomes, characterizing the Zfx and Zfy genes, respectively (Call et al., 1990; Williams, Breck, & Baker, 2004). In Bradypus, for instance, a polymorphism between the Zfx and Zfy sequences allowed the use of Restriction Fragment Length Polymorphism (PCR-RFLP) for sex identification (Martinelli et al., 2010). 
In the present, the main goal was to investigate the performance of the PCR amplification of both SRY and Zinc finger genes for molecular sex identification of road-kill carcasses of three neotropical Xenarthra species. Additionally, we explored the presence of polymorphic sites between the Zfx and Zfy among seven Xenarthra species.
Material and methods
A total of 601 tissue samples of road-killed individuals belonging to three different Xenarthra species (271 giant anteaters, Myrmecophaga tridactyla; 220 southern anteaters, Tamandua tetradactyla and 110 yellow armadillos, Euphractus sexcinctus) were analyzed. These samples were collected during road-kill surveys in four Brazilian roads (BR-163/BR267; BR-262 and MS-040), carried out by the Anteaters and Highways project (www.giantanteater.org), from April 2013 to March 2014 and February 2017 to January 2018. The gender of some individuals was identified by animal necropsy and was used as control to evaluate the success of the molecular sexing methodology. 
Tissue samples were conserved in absolute ethyl alcohol and stored in a freezer at -20°C. Total DNA was extracted using the phenol-chloroform method (Sambrook, Fritsch, & Maniatis, 1989). The DNA concentration was measured using NanoVue Plus (Biochrom) and all DNA samples were standardized to 30 ng/µl. The DNA quality was also checked by electrophoresis on 1% agarose gel stained with Gel Red ™ (Biotium, Hayward, CA, USA). 
We identified robust primers in the literature based on their success in sexing across different mammal groups (Bento et al., 2019; Martinelli et al., 2010; Takami et al., 1998). We used a multiplex polymerase chain reaction (multiplex PCR) to amplify simultaneously the sex-determining region Y (SRY) using the primer pair described in Fain & LeMay (1995) and the Zinc finger gene using a universal primer pair (P1-5EZ and P2-3EZ) reported by Aasen & Medrano (1990). This latter gene has been widely used as PCR control (DeCandia, Gaughran, Caragiulo, & Amato, 2016; Fischbach et al., 2008) since it shows homology between the mammalian X (Zfx) and Y (Zfy) chromosomes, providing amplification for both sexes. PCR reactions for all samples were performed using 1x Taq buffer, 1 mM MgCl2, 0.25 mM of each dNTPs, 0.5 uM of each primer, 0.5 units (U) Taq Polymerase (Invitrogen Platinum Taq DNA Polymerase, Carlsbad, CA, USA), 0.5 uM of BSA and 30 ng genomic DNA to a 12μl final volume. The amplification program consisted of an initial denaturation at 94° C for 3 min; 35 cycles of denaturation at 94° C for 45 s, annealing at 60° C for 45 s, and extension at 72° C for 1 min; and an additional final extension at 72° C for 10 min. Resulting products were visualized in a 3% agarose gel stained with GelRed ™ and visualized on an ultraviolet transilluminator. Product sizes were determined by using the 1-Kb Plus DNA molecular weight ladder (Invitrogen), and the number of bands expected by gender; only one band for females corresponding to Zfx/Zfx, and three bands for males, two of them when Zfx and Zfy show different sizes, and a third one corresponding to SRY. Males can only show two bands, corresponding to Zf and SRY, when Zfx and Zfy have the same size. We included negative and positive controls in all independent PCR. For increasing confidence in the results, each sample was twice independently amplified when identified as a male and three times when they were sexed as females. The flowchart of PCR reactions is shown in Figure 1. 
Tissue samples (muscle, ear, hair, and skin) of other three Xenarthra species, nine-banded armadillo (Dasypus novencinctus), giant armadillo (Priodontes maximus), and southern naked-tailed armadillo (Cabassous unicinctus), previously collected by the Anteaters and Highways project, and brown-throated sloth (Bradypus variegatus) collected in the Rio Largo municipality (AL) were added to verify polymorphisms between Zfx and Zfy. One to four specimens (males and females) of each species were analyzed. All tissue samples (Appendix S1) were deposited in Coleção de Amostras Biológicas do Laboratório de Biodiversidade Molecular e Conservação, Departamento de Genética e Evolução/UFSCar (SISGEN CED2669). 
The sex of all individuals analyzed was previously known to confirm the molecular sex identification obtained. Each obtained sequence was compared to the databases of the National Center of Biotechnology Information (NCBI), using the Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) to confirm the fidelity of the primers. 
Using the plugin “find the heterozygotes” implemented in the Geneious software (Kearse et al., 2012), we identify double peaks with 70% of peak similarity in the electropherograms of each sequence analyzed. The Zfx and Zfy sequences obtained with heterozygote sites were deposited in the GenBank, and those sites are identified as degenerated bases (Appendix S2). The restriction sites on the X or Y fragment, and the enzymes which can only cut one of them, were selected for each species using the “find restriction sites” in the Geneious software (Kearse et al., 2012). 
The biological sampling authorization was obtained through Biodiversity Authorization and Information System – SISBIO, number 53798-4. The research was approved by Ethic Committee on the Use of Animals, Universidade Federal de São Carlos (CEUA/UFSCar) according to protocol 1584280817. The genetic resource access was registered under SisGen A9F8717.
Results 
Both SRY and Zinc finger genes were successfully amplified in multiplex PCR of M. tridactyla, T. tetradactyla and E. sexcinctus, and produced fragments from ~180 pb and ~400 pb, respectively. In addition, the amplification of the Zinc finger gene for all species (totaling seven Xenarthra species) showed no fragment length differences between Zfx and Zfy and produced a single band (~400 bp) in both sexes when observed an agarose gel.
From a total of 601 road-kill tissue samples tested, we were able to identify the gender of 522 individuals of the three species, with a success rate of about 87 % (Table 1). On the other hand, the PCR amplification of the Zinc finger gene was effective in the all seven Xenarthra species evaluated and produced fragment between 360 pb to 400 pb. The Zfx and Zfy fragments were determined and compared within and between species (Appendix S2). Double peaks observed only in the electropherograms of males, in sequenced fragments, of most species, enable us to recognize the Zfy sequence by the heterozygote sites. Subsequently, we identify Zfy exclusive restriction sites for Bradypus variegatus and Cabassous unicinctus and Zfx exclusive restriction sites for Tamandua tetradactyla and Dasypus novemcinctus (Table 2). No polymorphism between the Zfx and Zfy fragments were notably observed in M. tridactyla, P. maximus and E. sexcinctus. 
Discussion
Our results showed that multiplex PCR amplification with Zinc finger and SRY genes using DNA from road-kill carcasses can successfully be used for sex identification of giant anteater, southern anteater and yellow armadillo (Table 1). The success in molecular sexing using both Zinc finger and SRY genes was expected since the primers tested here was also successfully used in molecular sexing of other Xenarthra species, such as Bradypus torquatus and Choloepus didactylus (Murata et al., 1996; Martinelli et al., 2010) and other phylogenetically distant mammals, such as whales and wolves (Rutledge et al., 2010; Wade et al., 2011). We were also able to carry out the sex identification of biological samples with poor quality such as road-kill carcasses, representing a wide number of genera within Xenarthra.
Most road-kill samples collected here provided low DNA quantity due to prolonged exposure to environmental conditions, resulting in a very poor quality of the tissue samples and degradation of the DNA extracted. This fact reinforces the applicability of this method which is able to identify the individual sex from the carcasses showing a low quantity and degraded DNA, which could also be in part responsible for the lack of sex identification in some analyzed samples.
The PCR amplification of the Zinc finger gene region showed four of the seven studied species exhibiting nucleotide polymorphisms between Zfx and Zfy. Males of these four species were readily distinguishable from females, suggesting the use of restriction enzymes by PCR-RFLP method for molecular sex identification (Table 2), as previously reported for other species (Martinelli et al., 2010; Dallas et al., 2000). Furthermore, the Zinc finger gene amplification resulted in an easy and quick way for identification of restriction sites useful for PCR-RFLP for discriminating the Zfx and Zfy homologous fragments within Xenarthra. 
In contrast, the absence of polymorphisms in the amplified region of the Zinc finger gene in M. tridactyla, P. maximus and E. sexcinctus species indicates high intra-species conservation of these fragments, impairing the use of restriction enzymes and PCR-RFLP in these species. Only using the multiplex PCR described here we were able to carry out the sex identification in M. tridactyla, P. maximus and E. sexcinctus, where the SRY was used as a male marker and Zinc finger as a positive control.
In summary, the approach used here was able to accomplish the sex identification of biological samples of poor quality often resulting in degraded DNA, as road-kill carcasses, using a wide number of genera within Xenarthra.
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Table 1. Total number of carcasses with molecular sex identification, using SRY and Zinc finger genes in three Xenarthra species

	
	Male
	Female
	Unsuccess (%)
	Total

	M. tridactyla
	151
	82
	38 (14%)
	271

	T. tetradactyla
	128
	51
	41(18%)
	220

	E. sexcinctus
	62
	36
	12 (11%)
	110


Table 2. Restriction enzymes selected for digestion of Zinc finger region which can only cut one of alleles (Zfx or Zfy) for molecular sex identification. Restriction positions are numbered with reference to the 1st base of the sequenced fragment.

	 
	Restriction enzyme 
	Position of restriction site

	Bradypus variegatus
	BccI
	210

	Tamandua tetradactyla*
	Hpall,Mspl
	237

	Dasypus novemcinctus*
	Eco57I, Acul
	182

	Cabassous unicinctus
	Psti
	283


*Restriction enzymes for restriction digestion of Zfx

Figure 1: Flowchart showing the PCR reactions for molecular sex identification from road-kill carcasses using two nuclear gene markers (Zinc finger (Zfx and Zfy) and SRY).

[image: image1.jpg]Sex identification

SRYand ZR/Zfy
- 5 SRY(9) SRY(+) SRY()
Unidentified | 5 Male | 7/7,(+) Female | 7075
SRYand Zf/Zfy kY =9
Unidentified ;;;I;Z(j}‘).(,) = =
Male |srRy(+) | Unidentified |srRY(-) Probable SRYH) Female |SRY()
Male
SRY|
SRYand Zf/Zfy
SRE] SRY()
Unidentified |sry() Female Zf/Zfi (+)
Male |sry(+) | Unidentified |sry(-)

SRY

Unidentified |SRY()





