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Summary 37 

Hereditary nasal parakeratosis (HNPK) described in the Labrador Retriever breed is a 38 

monogenic autosomal recessive disorder that causes crusts and fissures on the nasal planum 39 

of otherwise healthy dogs. Our group previously showed that this genodermatosis may be 40 

caused by a missense variant located in the SUV39H2 gene encoding a histone 3 lysine 9 41 

methyltransferase, a chromatin modifying enzyme with a potential role in keratinocyte 42 

differentiation. In the present study, we investigated a litter of Greyhounds, in which six out of 43 

eight puppies were affected with parakeratotic lesions restricted to the nasal planum. Clinically 44 

and histologically, the lesions were comparable to HNPK in Labrador Retrievers. Whole 45 

genome sequencing of one affected Greyhound revealed a 4 bp deletion at the 5’-end of 46 

intron 4 of the SUV39H2 gene that was absent in 188 control dog and three wolf genomes. 47 

The variant was predicted to disrupt the 5’-splice site with subsequent loss of SUV39H2 48 

function. The six affected puppies were homozygous for the variant, while the two non-affected 49 

littermates were heterozygous. Genotyping of a larger cohort of Greyhounds revealed that the 50 

variant is segregating in the breed and that this breed might benefit from genetic testing to 51 

avoid carrier x carrier matings. 52 

 53 

 54 

Keywords: skin, whole genome sequencing, dog, Canis lupus familiaris, keratinocyte, 55 

differentiation, genodermatosis, HNPK, epigenetics, chromatin  56 
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The epidermis, the outermost layer of the skin, undergoes a continuous process of self-renewal 57 

throughout lifetime. Keratinocytes migrate from the basal layer to the stratum corneum, as they 58 

differentiate. Terminally differentiated keratinocytes are present as corneocytes without nuclei 59 

and organelles that form the tightly sealing outermost layer of the epidermis before being 60 

sloughed from the skin surface (Candi et al. 2005; Fuchs et al 2007). The terminal 61 

differentiation of keratinocytes is tightly controlled and there is increasing evidence that 62 

epigenetic processes play an important role in keratinocyte differentiation (Botchkarev et al. 63 

2012). Variants in genes encoding structural components, cell cycle regulators and adhesion 64 

molecules involved in this process can lead to heritable skin diseases, so called 65 

genodermatoses. 66 

Our group previously identified the SUV39H2:XM_535179.5:c.972T>G [p.(Asn324Lys)] 67 

missense variant to be causative for hereditary nasal parakeratosis (HNPK) in Labrador 68 

Retrievers (Jagannathan et al. 2013). This monogenic autosomal recessive skin disorder leads 69 

to crusts and fissuring of the nasal planum and has so far only been described in the Labrador 70 

Retriever breed (Pagé et al. 2003; Peters et al. 2003). SUV39H2 encodes the “suppressor of 71 

variegation 3-9 homolog 2 (Drosophila)”, a histone 3 lysine 9 (H3K9) methyltransferase which 72 

mediates chromatin silencing (O’Carroll et al. 2000; Jenuwein & Allis 2001; Peters et al. 2001). 73 

The SUV39H2 missense variant detected in Labrador Retriever HNPK affects the catalytic site 74 

and abolishes enzyme function (Schuhmacher et al. 2015). Loss of SUV39H2 function may 75 

result in delayed terminal keratinocyte differentiation, which seems a plausible 76 

pathomechanism to explain the HNPK phenotype in Labrador Retrievers (Jagannathan et al. 77 

2013). 78 

In the present study, we investigated a Greyhound litter with eight puppies. Six puppies were 79 

affected with nasal parakeratosis to varying degrees of severity (Figure 1). Only the nasal 80 

planum was affected, the dogs’ other skin appeared normal. Topical treatment with zinc cream 81 

led to improvement of the lesions in one case but not in others. Clinically and histologically, 82 

the lesions were comparable to the changes observed in Labrador Retrievers with HNPK. The 83 

parents were not affected and genetic testing of the mother revealed that she was not a carrier 84 
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for the SUV39H2:c.972T>G variant causing HNPK in Labrador Retrievers (Orivet Genetics, 85 

Australia). Based on these data, we hypothesized that a novel genetic variant, inherited in a 86 

monogenic autosomal recessive mode, was responsible for the nasal parakeratosis in the 87 

investigated Greyhounds. We isolated DNA from EDTA blood from all eight puppies and 88 

submitted them for genotyping on the canine illumina HD 220 k SNP chip (Neogen/GeneSeek). 89 

The SNP genotypes are publicly available at 90 

https://www.animalgenome.org/repository/pub/BERN2017.1102/. We used these genotype 91 

data and plink version 1.07 (Purcell et al. 2007) to search for extended regions of homozygosity 92 

with allele sharing ≥ 1 Mb present in all six cases. Markers located on the sex chromosomes 93 

were excluded. Using default settings, this resulted in 48 homozygous regions totalling 122 Mb 94 

or 5% of the canine genome. The largest homozygous segment spanned ~22 Mb, was located 95 

on chromosome 2 and harboured the SUV39H2 gene (Table S1). 96 

We prepared a PCR-free DNA library of an affected Greyhound, collected 2 x 150 bp reads on 97 

an illumina HiSeq 3000 instrument, and re-sequenced the genome at 37x coverage (ENA 98 

project accession PRJEB16012, sample accession SAMEA104125118). Variants were called 99 

with respect to the CanFam 3.1 reference genome assembly and compared to 188 control dog 100 

and three wolf genomes as described previously (Table S2; Bauer et al. 2017). We filtered for 101 

variants that were present in homozygous state in the affected Greyhound and absent in the 102 

control genomes, assuming that the causative variant was only present in the Greyhound 103 

breed. We detected 28 variants with high, moderate or low predicted impact on protein function 104 

(Table S3). Eight were located within a shared homozygous region in the cases including a 105 

splice site variant in the SUV39H2 gene, our primary functional candidate gene for nasal 106 

parakeratosis. This variant was a 4 bp deletion within the 5’-splice site of intron 4, 107 

XM_535179.6:c.996+3_996+6delAAGT or Chr2:21,731,812_21,731,815delACTT (CanFam 108 

3.1). 109 

The mutant sequence at the 5’-splice site retained the strictly conserved GT-dinucleotide at 110 

the first two bases of the intron. However, it differed in six out of nine nucleotides of the entire 111 

5’-splice site (Figure 2). To assess the likelihood of a splice defect, we analysed the frequency 112 
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of the wildtype and mutant sequence motifs in a compilation of 186,630 human 5’-splice sites 113 

(http://katahdin.mssm.edu/splice/viewsplicemotifgraphform.cgi?database=spliceNew; Sheth 114 

et al. 2006). The canine wildtype sequence AGTgtaagt was identical to the sequence of 288 115 

human 5’-splice sites, while the mutant sequence motif AGTgtgata did not occur in human 116 

5’-splice sites. A splice site prediction software also clearly recognized the wildtype sequence, 117 

but not the mutant sequence (http://www.fruitfly.org/seq_tools/splice.html; Reese et al. 1997). 118 

Thus, both in silico analyses suggested that the mutant 5’-splice site in Greyhounds with nasal 119 

parakeratosis is non-functional. 120 

As we did not have access to RNA from an affected dog, we experimentally assessed the 121 

functional consequence on splicing by an RNA-seq experiment on skin RNA from a 122 

heterozygous Greyhound in comparison to a homozygous wildtype Greyhound (project 123 

accession PRJEB21761, sample accessions SAMEA104393648 and SAMEA104393651). 124 

This experiment demonstrated retention of intron 4 in transcripts originating from the mutant 125 

allele in the heterozygous dog (Figure S1). 126 

We genotyped the eight puppies for this variant by Sanger sequencing and found a perfect 127 

association with the phenotype: The six affected puppies were homozygous for the deletion 128 

and the two non-affected littermates were both heterozygous carriers. We then genotyped a 129 

larger cohort of Greyhounds as well as 483 control dogs of different breeds for this variant 130 

(Table S4). As expected, the variant was absent from all tested breeds other than the 131 

Greyhounds. In our cohort of 420 Greyhounds, which were not closely related to the 132 

investigated litter, we did not detect any homozygous mutant dogs, but found eight additional 133 

heterozygous dogs. These data indicate a carrier frequency of roughly 2% in the Greyhound 134 

population. 135 

In light of the previous knowledge on the SUV39H2:c.972C>T variant in Labrador Retrievers 136 

with HNPK, we think that our data strongly suggest that SUV39H2:c.996+3_996+6delAAGT is 137 

the causative genetic variant underlying the observed nasal parakeratosis in Greyhounds. The 138 

Greyhound breed might benefit from genetic testing to avoid future carrier x carrier matings.  139 
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 197 
 198 
Figure 1. Nasal parakeratosis in two male Greyhounds of the same litter. Note the varying severity of the lesions 199 
affecting exclusively the nasal planum. The affected dogs did show any other clinical signs than the changes of the 200 
nose. 201 
 202 
 203 

 204 
 205 
Figure 2. Electropherograms showing the SUV39H2:c.996+3_996+6delAAGT variant and its impact on the splice 206 
donor motif. (A) Electropherograms showing the wildtype splice site in a control dog, a non-affected littermate with 207 
a wt/del genotype and an affected Greyhound homozygous for the deletion. The four nucleotides deleted in the 208 
mutant allele are shown in red in the wildtype sequence. (B) Wildtype and mutant allele compared to the consensus 209 
sequence for the human U2 GT-AG type 5’-splice sites (Sheth et al. 2006). Subscript numbers in the consensus 210 
sequence indicate the percentage of the respective conserved nucleotide in 183,682 investigated human 5’-splice 211 
site motifs of the U2 GT-AG type. Note that the wildtype sequence already deviates from the perfect consensus 212 
sequence at 3 of the 9 positions. The mutant sequence differs at 6 of the 9 nucleotides in the U1 spliceosomal RNA 213 
recognition site. The additional differences to the optimal consensus are highlighted in red. 214 
 215 

 216 
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