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Abstract 
 

We tested the cross-species application of the Coho salmon SNP array on two 
populations of Chum salmon from South Korea. Of the 203,077 SNPs, 1,838 (~1%) only 
represented common SNPs between the two populations. Diversity analysis showed 
salmon in the ND region formed a narrow cluster, whereas salmon in the TW region 
formed another cluster more widely distributed than the ND cluster. It seems obvious 
that the cross-species application of a SNP array can be limited in terms of the available 
SNPs for most studies such as breeding purposes and target gene identifications, but 
still worth trying for local population studies. 

 

Introduction 
 

Single nucleotide polymorphism (SNP) arrays 
containing hundreds of thousands of SNPs are 
commonly used in genetic studies of model species. 
However, in non-model organisms, the discovery of 
useful SNPs can be time- consuming and 
methodologically complex (Fountain et al., 2021). 
Relatively few arrays have been developed for non-
model species because of the high costs associated with 
their development. Therefore, once a SNP chip is 
developed for one species, it is often adapted and 
applied to closely related species; this is known as the 
cross-species application of SNP arrays. By leveraging 
existing SNP arrays, researchers can overcome the 

challenge of developing high-cost arrays specific to each 
non-model species (Miller et al., 2012).   Several 
commercially available SNP arrays for major model 
species such as Coho and Atlantic salmon species have 
been published (Thermo or other citations), but not 
much information available for the applicability of the 
published arrays for the genomic studies of a different 
species. Both Coho and Chum salmon are pacific salmon 
species and it is worth trying to investigate the 
applicability of a SNP array from Coho salmon to a 
closely related Chum salmon species. 

Chum salmon (Oncorhynchus keta) has a wide 
geographic distribution ranging from the Arctic to 
California in North America and from Siberia to Japan 
and Korea in East Asia (Salo 1991). The Republic of Korea 
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is situated in the southernmost part of the Chum salmon 
migration range (Kim et al., 2007; Kwon et al., 2014), and 
Chum salmon are known to spawn in rivers, including 
the Bukcheon and Namdaecheon streams in Gangwon-
do, Osipcheon in Samcheok, Taehwagang in Ulsan, 
during the fall season (October- November) each year 
(Kwon et al., 2014). While the release of young Chum 
salmon for a restocking program has been carried out 
annually in each region's rivers, the rate of salmon 
return has been less than 1% since the 2000s (Kim et al., 
2007). It is helpful to distinguish between salmon 
populations and acquire a comprehensive 
understanding of their biological characteristics to 
improve the recovery rate of the released salmon 
resources and to effectively manage them in marine 
ecosystems. 

The aim of this study was to investigate the cross-
species applicability of a Coho salmon chip and to get 
more insights into the genetic differences between two 
Chum salmon populations, Chum salmon from 
Namdaecheon, where the largest natural salmon 
hatching takes place in Korea, and Chum salmon from 
Taehwagang, using a 200 K SNP array designed for Coho 
salmon. We assessed the potential of cross-species 
applications for genetic diversity analysis using a SNP 
array from closely related species. 

Materials and Methods 
 

We collected a total of 96 tissue samples of Chum 
salmon, 48 samples from the Namdaecheon Stream 
(ND) and another 48 samples from Taehwagang (TW) 
respectively in South Korea (Figure 1), and Genomic DNA 
was extracted using the DNeasy® 96 Blood and Tissue Kit 
(QIAGEN, Valencia, CA, USA), following the 
manufacturer's standard protocols. The DNA quality was 
confirmed using electrophoresis on a 1% agarose gel and 
quantified using a NanoDrop spectrophotometer.   

Coho salmon (O. kisutch) from Thermo Fisher 
(Product #550862). Genotyping was performed using a 
commercially available Coho salmon chip. 

An Affymetrix GeneTitan Multi-Channel 
Instrument was used for staining, washing, and scanning 
the array signals, following the manufacturer's protocol. 
Genotype calls were conducted using Axiom Analysis 
Suite software v3.1 (Thermo Scientific), as 
recommended by the Axiom Analysis user guide. QC of 
genotyping was performed using PLINK v1.09 and 
assessed separately for each population (Barria et al., 
2018). All subsequent analyses were performed using 
the common SNPs in both populations after QC. 

PCA and admixture analyses on the genotyping 
data from the 96 individuals were conducted using R 

 

Figure 1. Location of the sampling area. 
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v1.09 (Alexander et al., 2009; Jombart 2008), and the 
resulting first- and second-component values were 
plotted on a 2-D scatterplot.   

 

Results 
 

Genotype analysis was performed using a 200 K 
Coho salmon SNP array. Of the 203,077 SNPs, 112,976 
SNPs were selected based on the categories 
recommended by Thermo Fisher (PolyHighResolution, 
NoMinorHomozygous, and MonoHighResolution). 
Subsequently, we filtered out the selected SNPs with a 
missing genotyping rate > 0.05, SNP missing rate > 0.05, 
and Minor Allele Frequency (MAF) < 0.05. We confirmed 
1,838 (~1%) SNPs that all 96 samples met the genotyping 
criteria, and 111,138 (99%) SNPs were excluded. 
(Table 1). And we utilized a total of 1,838 SNPs that were 
commonly identified for subsequent analysis.    

Principal component analysis (PCA) and admixture 
analyses were performed to investigate the genetic 
relationships between the two populations. Based on 
the PCA results, the two populations were classified 
according to the first principal component (PC1), which 
explained approximately 10.6% of the genetic variation, 
and the second principal component (PC2), which 
explained approximately 7% of the variation (Figure 2a). 
The ND population showed a relatively clustered 
distribution of individuals, whereas the TW population 
showed a wide distribution range, with some 
overlapping individuals (Figure 2a). In the admixture 
analysis, the optimal number of clusters was 
determined to be two, and the membership coefficients 
for each cluster were calculated for all individuals. The 
ND population showed a clear structural difference, 
with a high membership coefficient (above 0.99) in 
Cluster 1, whereas the TW population showed 
membership coefficients of 0.28 and 0.72 in Clusters 1 
and 2, respectively (Figure 2b). 

  

Discussion  
 

SNPs are high-quality and convenient genotyping 
platforms for population genetic studies (Zhou et al., 
2021). Recently, a high-density 200 K SNP genotyping 
array was developed and validated in Coho salmon 
population (Messmer et al., 2018). However, a SNP array 
for Chum salmon used in this study has not yet been 

developed because developing a SNP array is time-
consuming, costly, and involves complicated data 
interpretation. Thus, applying commercial SNP arrays 
across closely related different species is a cost-effective 
and efficient approach for genotyping SNPs that 
requires minimal equipment and expertise (Miller et al., 
2012).   

Furthermore, cross-species application provides a 
potential method for rapid marker development if 
genomic resources for closely related relatives are 
available (Messmer et al., 2018). Based on studies 
conducted by Ogden et al. (2012) and Hoffman et al. 
(2013), which involved cross-species microarray analysis 
between distantly related species, such as oryx and 
modern domesticated bovines, Antarctic fur seals, and 
domestic dogs, it has been demonstrated that genetic 
analysis can be successfully conducted across such 
species. Considering the estimated genetic divergence 
of approximately seven million years between Coho and 
Chum salmon, our study further supports the feasibility 
of utilizing cross-species microarray analysis to 
investigate genetic variations between these two 
species. Therefore, this study was conducted using a 200 
K SNP genotyping array designed from Coho salmon, for 
Chum salmon populations which is evolutionarily similar 
to Coho salmon. 

Of the 203,077 SNPs analyzed in the 96 salmon 
individuals, 1,838 were filtered and used for subsequent 
analysis. It is likely that approximately 1% of the SNP loci 
were useful and analyzed. Compared with previous 
studies using cross-species microarray analysis, our 
findings demonstrated overall consistency with similar 
results. For example, Ogden et al. (2012) genotyped 
Scimitar-horned and Arabian oryx using the Illumina 
BovineSNP50 BeadChip and reported 148 and 149 
polymorphic SNPs (0.27%, 0.28%), respectively. 
Likewise, SNP genotyping in dromedary (Bertolini et al., 
2017) was performed using an Illumina Ovine SNP 600K 
BeadChip, which reported 14,179 SNPs (2.3%). 

In the first stage of quality control (QC), 112,976 
SNPs were selected based on the recommended 
categories. SNPs with a missing rate of less than 95% 
were removed; however, no SNPs were excluded. The 
final step of the QC process was to remove all SNPs with 
very low MAF. Filtering less than 95% of the MAF using 
the 112,976 SNP resulted in 1,838 high-quality SNPs for 
downstream analysis (111,138 SNPs excluded). All SNPs 

Table 1. Counts of selected samples and markers in this study.   

Description    No. of samples   No. of SNPs   

Total number of samples   96    
Samples with a missing genotyping rate >0.05   0    
Selected samples   96    
Total number of SNP      112,976 
SNP missing rate <0.05      0 
MAF (Minor Allele Frequency) <0.05      111,138 
Selected SNPs for analysis      1,838 
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passed the missing rate filter; however, a significant 
portion of the SNPs were filtered out based on the MAF 
criterion. This indicates that the filtered SNPs are 
specific to Coho salmon and are not present in Chum 
salmon, suggesting independent evolution or lineage-
specific mutations at these SNP positions.   

PCA and admixture analysis showed that the ND 
population formed a single narrow cluster with a 
uniform genetic structure. In contrast, the TW 
population showed no clear clusters and was widely 
dispersed, possibly due to the fact that Ulsan 
Taehwagang salmon has been affected by the restocking 
program. Since 2000, a small-scale release program has 
been underway in Taehwagang to enhance salmon 
resources, which involves the release of young salmon 
captured and produced in the Yangyang Namdaecheon 
stream (Kim et al., 2007). Therefore, some individuals 
appeared to share genetic variation with the ND 
population. 

In the present study, we assessed the cross-species 
application of SNP arrays and conducted a genetic 
diversity analysis of domestic salmon populations. By 
utilizing a SNP array that was genetically similar to Coho 
salmon, we observed the differentiation of the Chum 
salmon population. Here we present the results of 
population genetic analysis using a SNP array designed 
from a different species and this would be a good case 

study for researchers considering a cross-species 
application of SNP arrays. These results provide valuable 
data for biodiversity conservation and management of 
the Chum salmon population in Korea.   
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Figure 2. (a) Principal component analysis (PCA) and (b) Admixture analysis based on 1,838 SNPs. Color and sign code: red, 
populations from Namdaecheon Stream (ND); blue, populations from Taehwagang (TW). 
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