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Abstract

The American mink (Neovison vison) is a semiaquatic mustelid native to North America. It is an impor-
tant animal for the fur industry. Although many efforts have been made to locate genes influencing fur 
quality and color, the lack of a reference genome impedes the search. American mink has the smallest 
chromosome number among studied Carnivora species. Genomic information about American mink 
is also vital to understand the evolution of Carnivora. Hence a reference genome of mink will facili-
tate genetic improvement of economic traits and will increase our knowledge about the evolution of 
Carnivora.

Here we present the draft genome sequence of American mink. In our study, a male inbred pearl mink 
was sequenced by Illumina paired-end and mate pair sequencing. The reads were assembled, which lead 
to 22,419 scaffolds with an N50 (shortest sequence length at 50% of the genome) of 646,304 bp. The as-
sembly constituted 2.4G plus gaps, representing 90% of the estimated genome size. Repeat annotation 
showed that repeat sequences constitute about 25% of the mink genome. The biggest repeat family was 
a family of LINEs similar to LINEs found in the dog and ferret genomes. Gene annotation of our draft 
genome indicated our draft genome contains 87% of 1:1 Vertebrata genes (63.5% complete single copy 
genes, 0.5% duplicated genes and 22% fragment genes). We were able to map on the draft genome all 
the well-studied genes which are thought to be involved in the coat quality and coat color phenotypes.

Our draft genome has great potential to facilitate genomic research towards improved breeding for 
high fur quality and will strengthen our understanding of Carnivora evolution.
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Introduction

The American mink (Neovison vison) is a semiaquatic species that belongs to the Carnivora family. 
American mink is the only species in the genus Neovison. With the release of genome sequences of dog 
(Lindblad-Toh, Kerstin et al. 2005), cat (Pontius et al. 2007) and ferret (Peng et al. 2014), the genome 
sequence of American mink will therefore provide additional valuable information into the evolution 
of Carnivora.

For decades the fur industry has used American mink as the major source of fur. The mink fur is an 
important industry in China, Denmark and Canada etc. (Hansen 2014). As a result, the improvement 
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in fur quality using genetic markers is a focus of mink breeding research. Since 1996, researchers began 
to develop SSR markers for mink (O’Connell et al. 1996, Fleming et al. 1999, Hansen and Jacobsen 
1999, Vincent et al. 2003, Anistoroaei et al. 2006). A linkage map for these markers was released in 
2007 (Anistoroaei et al. 2007). Subsequently, two updated versions of the linkage map were also released 
adding new SSR markers (Anistoroaei et al. 2009, Anistoroaei et al. 2012). Next-generation sequencing 
(NGS) techniques are also used to generate markers for mink. Using Restriction site-Associated DNA 
(RAD), 1,256 single nucleotide polymorphism (SNP) markers were identified (Thirstrup et al. 2013).

Fur quality is among the most economically important traits in mink production. Therefore, finding 
genes affecting fur quality is vital for the industry. There was limited effort to identify the QTL for 
fur quality (Thirstrup et al. 2014). A BAC library was constructed and some homology genes for fur 
quality and color from other mammalian species were analyzed (Anistoroaei et al. 2011). The tran-
scriptome of mink was also published, and some color genes were studied using transcriptome data 
(Christensen and Anistoroaei 2014). But the absence of a mink reference genome hinders the creation 
of high density maker panels for genotyping mink in order to map genes for economically important 
traits. Therefore the objective of this study was to construct a mink genome assembly.

Materials and Methods

Genomic data generation and genome assemble
A male pearl American mink (Neovison vison) individual from Aarhus University’s mink farm was used 
to generate the genomic sequence. The chosen one is from one of the inbred line. The spleen tissue was 
used to extract DNA. Extraction of DNA and sequence generation was performed by Aros (http://aros-
ab.com/). In order to use the Allpaths-lg pipeline(Butler et al. 2008), we designed one overlap pair-end 
library (165bp, 100PE) and two long insert mate-pair libraries (3k and 5k,100PE). The total data were 
163.2 Gb for pair-end sequence and 184.3 Gb mate-pair sequence. All the data were analyzed using 
Allpaths-lg to construct the genome assembly.

Down-stream analysis
In order to capture the species-specific repeat sequence from mink, we performed do novo prediction 
before running RepeatMasker (Smit et al. 1996). We used RepeatExplorer (Novák et al. 2013) and 
RepeatModler (Smit and Hubley 2010) with the default parameters to analyze the repeat sequence of 
mink. For the RepeatExplorer results, we analyzed all the clusters to remove those belonging to non-re-
peat sequence by blasting(Johnson et al. 2008) the contigs against NR (Pruitt et al. 2007) database. 
Finally, we combined results from these two sources and constructed a mink-specific repeat database 
and used this repeat database to annotate the repeat sequence of the genome. We used BUSCO (Simão 
et al. 2015) to assess the quality of the genome assembly and help annotation.

Results and discussion

Sequencing and assembly
A whole genome sequencing (WGS) strategy was used to sequence and assemble a male brown Ameri-
can mink. A total of 163.2 Gb of next-generation Illumina paired-end reads was generated by sequenc-
ing genome shotgun libraries of 165 bp insert size. 184.3 Gb of mate-paired reads were also generated 
with 3 kb and 5 kb insert size library. The total sequence covered 128.7 fold of the estimated 2.7 Gb 
genome. All the sequencing reads were assembled by Allpaths-lg (Gnerre et al. 2011), which yielded 
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a 2.43 Gb assemble plus gaps (Table 1). The draft genome consisted of 22,419 scaffolds with N50 of 
646,304 bp and largest scaffold was 4.7 Mb.

Down-stream analysis
In order to construct the species-specific repeat library for mink, we used the RepeatModler (Smit and 
Hubley 2010) and RepeatExplorer (Novák et al. 2013) software to analyze repeat families, and then 
used RepeatMasker (Smit et al. 1996) to annotate the genome. Our result showed that 25% of the 
mink genome was repeat sequence. American mink is thereby a low-repetitive genome, compared to 
human and dog (Lindblad-Toh, K. et al. 2005). The dominant repeat sequence was a family of LINEs 
similar to LINEs found in the dog and ferret genomes (Peng et al. 2014). SINE families were the sec-
ond largest type of repeat sequence in the mink genome. The detailed composition of different families 
is listed in Table 1. We found three species-specific satellite repeats of mink, which were not reported 
in the dog and ferret genomes. However, they only covered 0.13% of the genome (Table 1).

To help the annotation of the genome and also to assess the quality of the assembly, we used BUSCO 
(Simão et al. 2015) to analyze the completeness of the Vertebrata single-copy orthologs. The result 

Table 1. The repeat sequence of mink
							     
Families	 Numbers	 Length	 Percentage							     
SINEs	 993,357	 163,046,403 bp	 6.71 %
LINEs	 555,858	 296,246,162 bp	 12.19 %
LTR elements	 213,839	 71,725,044 bp	 2.95 %
DNA elements	 18,265	 32,396,996 bp	 1.33 %
Small RNA	 919,752	 155,347,649 bp	 6.39 %
Satellites	 6,402	 3,167,324 bp	 0.13 %
Simple repeats	 729,614	 28,893,422 bp	 1.19 %
Low complexity	 134,873	 6,823,683 bp	 0.28 %
Unclassified	 7,651	 860,216 bp	 0.04 %
Total			   24.82 %						               

Table 2. The candidate fur quality and color genes
							                
Gene	 Location	 Gap	 Gene	 Location	 Gap							               
FGF5	 scaffold2417	 780bp	 MC2R	 scaffold7389	 NA
PMEL	 scaffold1856	 746bp	 KITL	 scaffold978	 2057
MLPH	 scaffold4345	 NA	 KIT	 scaffold1621	 4084
TYRP1	 scaffold4069	 1354bp	 LYST	 scaffold910	 3048
MC1R	 scaffold1073	 NA	 RSPO2	 scaffold178	 3378
KRT71	 scaffold819	 NA	 HLADRB1	 scaffold4491	 3098
MITF	 scaffold53	 NA	 AGRP	 scaffold68	 NA
ASIP	 scaffold1740	 NA	 Atoh-1	 scaffold810	 NA
DEFB103	 scaffold1496	 NA	 ITGB1	 scaffold1078	 NA
DEFB1	 scaffold1496	 592	 TMIE	 scaffold213	 120
MC3R	 scaffold1804	 NA	 SLC24A5	 scaffold449	 NA
TYR	 scaffold4579	 140							               
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showed that 87% of 1:1 Vertebrata genes (63.5% complete single copy genes, 0.5% duplicated genes 
and 22% fragment genes) were present in our assembly. Subsequently, we also mapped on the genome 
all the well-studied genes which are thought to be involved in coat quality and coat color phenotypes; 
results are listed in Table 2. Our result capture complete sequence of half of these genes, which com-
plements data from previous research (Anistoroaei et al. 2011).

Conclusion

We used NGS technology to generate whole genome sequencing data. The data was used to assemble 
a reference genome of mink. Our results showed that the assembly is a high quality draft genome. Re-
peat annotation shows that mink has a low-repetitive genome. Our gene annotation will facilitate the 
fur quality genes identification. And the SNP calling using reference will provide enough markers to 
build the high density linkage map and show the great potential in genomic breeding, QTL mapping 
and GWAS analysis.
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