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Summary

A small number of exonic single nucleotide polymorphisms (SNPs) have so far been
characterized in black mink populations. Blood and spleen transcriptomes of four full-sib black
mink from each of three families were used to identify SNPs and further test their
polymorphisms using Kompetitive allele specific PCR genotyping (KASP). The number of
heterozygous variants obtained from aligning the reads of the combined 24 blood and spleen
transcriptome files with mink and ferret genomes were 17,502 and 94,853, respectively. One
putative heterozygous SNP in each of six immune system genes (TLR2, TLR3, TLR4, TLR7, TLR9
and TGF-β1) was tested by KASP. All were polymorphic in a sample of 233 black mink. The
results suggested that a large number of exonic SNPs can be generated even from
transcriptomes of a small group of related black mink.
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Introduction

The province of Nova Scotia (NS) is the largest producer of mink pelts in Canada, and
black mink constitute the major color type raised in this province. The black farmed mink in NS
are related to a single litter born in the 1960s in this province carrying the dominant Jet Back
allele that makes mink fur and skin very dark (Mullen, 1991). Continued selection for fur
quality and other economically important traits has resulted in reduced genetic variability in
black mink in NS. A small number of SNPs have been detected in a few genes which have been
studied to date, including interlukin-6 (Donkor, 2007), leptin (Arju, 2010) and prolactin (Vardy,
2002). In Europe, Larsen et al. (2012) identified 111 polymorphic SNPs in 12 mink from four color
types (Mahogany, Sapphire, Black, and wild-type) using the Illumina Canine BeadChip, and
additional SNPs were developed by Restriction site Associated DNA (RAD) sequencing (Thirstrup
et al., 2014), which were used to show that genetic variability was also low in farmed and feral
American mink in Europe (Thirstrup et al., 2015). A large number of exonic SNPs are needed for
association studies and development of molecular markers for various traits. The objective of
this study was to identify polymorphic exonic SNPs in blood and spleen transcriptomes of 12
related black mink generated in an expression study by next generation sequencing, and to
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validate polymorphisms in six immune system genes (TLR2, TLR3, TLR4, TLR7, TLR9 and TGF-β1)
in a population of black mink.

Materials and Methods

Blood and spleen samples were collected immediately following euthanasia from four
full-sib black male American mink (Neovison vison) from each of three families in a gene
expression study. Blood was collected by heart puncture into PAXgene Blood RNA tubes
(Qiagen) and spleen samples were aseptically harvested into tubes containing RNAlater®
(Qiagen). Libraries were prepared from total RNA using the Illumina TruSeqTMRNA kit, and were
sequenced using HiScanSQ platform, producing 100 bp reads from each end. The raw RNA-Seq
data were cleaned using Cutadapt V1.4.2 in a two-step, paired-end reads process (Martin,
2011).  The ends of reads with PHRED quality scores of less than 20 were trimmed, multiplex
nucleotides and paired-end oligo sequences, as provided in the Illumina documentation, were
removed, and finally reads with less than 20 nucleotides after adapter removal were dropped.
Quality of the cleaned reads was checked by FastQC software
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Ferret mRNA reference
sequences were downloaded from the NCBI
(https://www.ncbi.nlm.nih.gov/nuccore/?term=mustela+putorius+furo). The ferret genome
was used because it is the closest species to mink with a well-developed genome sequence.
Mink mRNA sequences were downloaded from the UniProtKB at Universal Protein Resource
(http://www.uniprot.org/taxonomy/452646). In order to use the downloaded reference FASTA
files with the Tuxedo suite of genomic software, an in-house program was developed in C to
replace the long descriptor lines with a short unique identifier and to remove any blank lines.

TopHat2 v2.0.9, which uses the high-throughput short read aligner Bowtie2, both part of
the Tuxedo suite (http://ccb.jhu.edu/software/tophat/downloads/), was used to map the
cleaned reads to the reference genomes. The software was run using default parameters, except
(i) maximum number of read mismatches and read-edit-distance were set at 10 nucleotides
(default value = 2), increasing the chance of mapped reads to the ferret genome, and (ii) the
mate-inner-distance averages and standard deviation were determined using Picard Tools
CollectInsertSizeMetrics on a subset of 10,000 cleaned reads
(https://broadinstitute.github.io/picard/command-line-overview.html).   Percentage of reads
which were mapped to each genome was calculated from the total number of mapped reads
generated by the software. Variants and the likelihood of possible genotypes were identified by
FreeBayes v1.1.0 (https://github.com/ekg/freebayes) using the combined 24 BAM files of the
blood and spleen with each reference genome. The vcffilter command from vcflib software
(https://github.com/vcflib/vcflib) was used to remove SNPs with a genotype quality less than 20
from the resulting vcf files.  Because the objective was to identify only those loci which were
variable in the 12 mink, the Linux grep command was used to remove variants which were
homozygous in the mink reads. One putative heterozygous SNP in each of the six immune
system genes: toll-like receptor-2 (TLR2), TLR3, TLR4, TLR7, TLR9 and transforming growth factor
beta-1 (TGF-β1), were selected for validation. Putative SNPs in TLR2 and TLR3 genes were
detected when reads were aligned to both mink and ferret genomes, whereas TGFB1, TLR7 and

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.ncbi.nlm.nih.gov/nuccore/?term=mustela+putorius+furo
http://www.uniprot.org/taxonomy/452646
https://broadinstitute.github.io/picard/command-line-overview.html
https://broadinstitute.github.io/picard/command-line-overview.html
https://broadinstitute.github.io/picard/command-line-overview.html
https://broadinstitute.github.io/picard/command-line-overview.html
https://broadinstitute.github.io/picard/command-line-overview.html
https://github.com/ekg/freebayes
https://github.com/vcflib/vcflib


TLR9 were detected only using reads aligned with the mink genome and TLR4 was detected only
using reads aligned with the ferret genome. Consensus sequences of the six genes in the
transcriptomes were compared with the corresponding ferret genes using BLAST to find the
location of the SNPs relative to exon-intron junctions.

Polymorphisms of the selected SNPs were tested in a sample of 233 black mink from one
farm in NS by the Kompetitive Allele Specific PCR genotyping (KASP). Information on the SNPs
and their 50 bp flanking sequences were sent to LGC genomics
(http://www.lgcgroup.com/services/genotyping/#.WalrwtzQ-Uk) for genotyping. Genomic DNA
was extracted using the high-salt procedure of Miller et al. (1988), its quality was assessed by
gel electrophoresis and the concentration was measured by a spectrophotometer (ND-1000,
NanoDrop Technologies Inc.®, Wilmington, DE, USA) in triplicate. DNA samples were shipped in
96-well PCR plates on dry ice at a minimum concentration of 5ng/µL.

Results and Discussion

Total number of reads were 1,008,653,162 (ranging from 59,724,832 to 174,917,804 for

the 12 mink) in the spleen and 819,437,070 (ranging from 13,424,556 to 176,230,240) in blood,

and 93% and 92% of spleen and blood reads were retained after cleaning by Cutadapt.

Percentages of the cleaned spleen reads which aligned with the mink and ferret genomes were

14.3 and 75.6, respectively. The corresponding values for the blood were 9.9 and 61.1. The

small proportion of reads which were aligned to the mink genome was the result of the limited

number of genes available in the mink reference genome (16,111), and was the reason for using

the ferret genome for detecting variants. The number of variants which were heterozygous in

the mink reads obtained from aligning the combined 24 blood and spleen data sets with the

mink and ferret genomes were 17,502 and 94,853, respectively. Again, the small number of

heterozygous variants which were identified using the mink genome was because of the small

number of genes characterized in the mink reference genome. Of the total heterozygous

variants detected (SNPs, indels, multiple nucleotide polymorphisms (MNPs) and complex

variants) 74.6% and 67.8% were putative SNPs using mink and ferret reference genomes,

respectively. Of the heterozygous variants identified using the mink reference genome, only

1.8% did not have the reference allele whereas the estimate was 13.5% for the ferret reference

genome. These estimates were logical based on the natural genetic differences between mink

and ferret. Allowing a large number of mismatches (10) generated some false mapping to the

ferret genome which requires verification of the resulting variants.

Table 1. Polymorphic SNPs on the exons of six immune system genes in black mink with 50 bp
flanking sequences1.

Gene Sequence
TGF- β1

TLR2

CTCCACAGAGAAGAACTGCTGCGTGCGGCAGCTTTATATTGACTTCCG [T/C]
AAGGATCTGGGCTGGAAGTGGATCCACGAGCCCAAGGGTTACCACGCCAA
AGAAATAAGTTGAAGACCCTACCAGATGCTTCCTTCTTACCCATGTTACA [C/T]
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TLR3

TLR4

TLR7

TLR9

GTCTTGAGAATCAGCAGAAATACAATAAGTACTTTCACTAAGGAGCAACT
TTTGGACTAAAGCACACAAATCTCACCTTGCTTGATCTTTCCCACAACAA [C/T]
TTAAAAGTGATTGAGAACGATTCCCTGGCTTGGCTGCCACATCTAGAACA
GTAGCAGTTTTGGTGTATAAGTTCTATTTCCACCTGATGCTTCTTGCTGG [T/C]
TGCAAA AAGTACAGCAGAGGCGAAAGCACCTATGATGCCTTCGTTATCTA
TTAGACATCTCGGAAAATTCCCTGACTTACTTGCCTTCTGAAGTTTTCGA [T/C]
GGCATGCCTCCAAATCTGAAGACCCTCTCCTTGGTCAAAAATGGGCTCAA
CTGCGGCGTCTCAACCTGAAGTGGAACTGCCCCCCGGCCGGCCTCAGCCC [C/T]
ATGCACTTCCCCTGTCACATGACCATCGAGCCCAACACCTTCCTGGCCGT

1Only 48 bp was available 5’ to the SNP in TGF- β1

Frequencies of the major allele in the sample of 233 black mink were 0.813, 0.670,
0.915, 0.726, 0.531 and 0.544 in TLR2, TLR3, TLR4, TLR7, TLR9 and TGF-β1, respectively. The
corresponding estimates of observed heterozygosity were 0.30, 0.46, 0.17, 0.22, 0.50 and 0.52.
The sequences flanking the SNPs in the six genes are shown in Table 1. These sequences can be
used with various genotyping methods to test their relationships with health and disease
resistance in black mink. KASP was used for genotyping because it is a low-cost genotyping
technology. The only limitation of this method is that the sequence of 50 bps flanking the SNP
must be known, which may not always be possible when exonic SNPs are located close to exon-
intron junctions.
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