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The sable (Martes zibellina) and the pine marten (Martes martes) are closely-
related but distinct species. In their sympatric zone, they breed and produce 
hybrids called “kidases”. Kidases have intermediate phenotypes, with traits 
distinguishing them from both the sable and pine marten. However, very little is 
known about the genetic background and level of admixture of these species in 
the hybridization area. Only low resolution methods such as STRtyping or 
mtDNA-based approaches were previously used to study these problem. 

The usual bottleneck in conservation genomics is the generation of a reference 
genome of suitable quality. The current standard even in conservation biology is 
chromosome level assembly. Yet no such assembly has been published for any of 
the species of the Guloninae lineage; only two highly fragmented draft 
assemblies based on obsolete jumping library approach are available for the 
wolverine (Gulo gulo) and the sable. In this study, we present the first de novo 
chromosome length assemblies for the sable and the pine marten, and a primary 
comparison of the two species.  

 

The reference genome assemblies for the sable and the pine marten were 
generated using linked read (10X) and HiC-sequencing. Additional individuals 
from the sympatric zone were resequenced with a ~30x coverage on the Illumina 
platform. Initial annotation included identification of repetitive elements, 
prediction of both protein-coding and ncRNA genes, and localization of the 
pseudoautosomal region (PAR) on the X chromosome. A custom script 
implementing coverage-based approach was written for PAR detection. The 
genomes of the two species were compared using whole genome alignment. 

 

Chromosomal length assemblies of sable and pine marten genomes closed a 
white spot in the genomics of Guloninae lineage. Assemblies of such type 
greatly simplify analysis and visualization of genetic diversity and help in 
solving other problems in conservation genomics. Our efforts now are directed 
at elucidating the genetic background of hybridization between different marten 
species, and we have already made the first step in this direction by analysing 
kidas-like individuals from the zone of sympatry.  

 

BUSCO-based assessment 
also indicated high 
completeness of the 
obtained sequences, with 
95,56% complete BUSCOs 
in each assembly (Table 2). 
Venn diagrams were drawn 
based on the results 
(Figure 1). 
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Martes 
Martes 

Pine marten HiC 38 2.4 25.2 144638580 7 

Martes 
zibellina 

Sable HiC 38 2.4 25.1 143641668 7 

We generated high-quality chromosome-length reference genome assemblies 
for M. zibellina and M. martes. Both assemblies have approximately the same 
length of 2.4 Gbp and a high N50: 143 Mbp and 144 Mbp for the sable and the 
pine marten, respectively (Table 1). Moreover, the number of chromosomal 
scaffolds in the assemblies corresponds to the haploid number of chromosomes 
for both species (1n=19). 

 

Potential kidas-like individuals were resequenced with a 30x coverage. 
Preliminary analysis of 23-mer distributions extracted from the corresponding 
reads indicated the presence of at least one candidate F1 hybrid (Figure 2).  

PAR length was the same for all individuals, including the reference ones. The 
coordinates of the pseudoautosomal region were assessed with a precision of 5 
kbp. However, the orientation of the X chromosome is different in the sable and 
the pine marten assemblies. In the sable assembly, PAR is located in the 
beginning (0.145 Mbp – 6.675 Mbp) of the X chromosome C-scaffold, while in 
the pine marten assembly, it is located on the opposite end (118.000 Mbp – 
124.585 Mbp). Whole genome alignment of genome assemblies indicated 
opposite orientation of several other C-scaffolds (Figure 3).  

Table 1. M. martes and M. zibellina genome assemblies used in this study. 
* Assembly type: HiC - chromosome-level assembly. 

BUSCO status M. martes M. zibellina 

Complete 3922 3922 

Complete and single-copy  3895 3901 

Complete and duplicated  27 21 

Fragmented 95 101 

Missing 87 81 

Total 4104 4104 
Table 2. Results of assessing the quality of genomic 
assemblies by conservative orthologs (BUSCOs) 

Figure 1. Venn diagrams of overlapping of different BUSCO categories  
for chromosome assemblies of sable and pine marten 

Figure 2.  23-mers distributions for potential kidases and sable sample 

Figure 1.  Coverage of the X chromosome of M. zibellina and M. martes assemblies 
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