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Summary
Previously we have shown accurate genomic predictions for BCWD resistance in rainbow trout.
In this study, we compared the accuracy of genomic estimated breeding values (GEBVs) in the
same commercial rainbow trout breeding population using 45K, 10K, 3K, 1K, 500, 300, 200 and
70 QTL-flanking SNP panels, with the aim of evaluating the effects of low-density SNP panels
on predictions accuracy. The GEBVs were estimated using the Bayesian variable selection model
BayesB, single-step GBLUP (ssGBBLUP) and weighted ssGBLUP (wssGBLUP). The accuracy
of GEBVs remained high despite the reductions in SNP density, and even with 500 SNPs it was
much higher than the pedigree-based prediction (0.50 – 0.56 vs. 0.36). In addition, the prediction
accuracy with the 70 QTL-flanking SNPs (0.65-0.72) was similar to the 45K SNP panel (0.65 –
0.71). We also detected high extent of long-range LD in this population, which likely contributed
to the good accuracy of the GEBVs generated using low-density SNP panels. These results
suggest that lower-cost low-density SNP panels can be successfully used for implementing
genomic selection for BCWD resistance in rainbow trout aquaculture.
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Introduction
Bacterial cold water disease (BCWD) causes significant mortality and economic losses in
salmonid aquaculture (Nematollahi et al., 2003, Barnes & Brown, 2011). Previously, we have
found that BCWD resistance is a moderately heritable trait that responds to selective breeding
(Leeds et al., 2010), and identified several moderate-large effect quantitative trait loci (QTL) for
BCWD resistance in the odd- and even-year rainbow trout breeding populations of the USDA
National Center for Cool and Cold water Aquaculture (NCCCWA) (Liu et al., 2015, Palti et al.,
2015, Vallejo et al., 2014, Wiens et al., 2013). Although those QTL can be evaluated for
identifying positional candidate genes following fine-mapping, the complex genetic architecture
of BCWD resistance and high genetic variability we revealed in past studies (Vallejo et al., 2014,
Leeds et al., 2010, Palti et al., 2015) led us to hypothesize and lately prove that genomic
selection (GS) is an efficient strategy for improving genetic resistance against BCWD in rainbow
trout aquaculture (Vallejo et al., 2017).

In this study, we evaluated the impact of reducing the SNPs panel density on the
accuracy of the genomic predictions. We also explored whether the already reported high
accuracy of genomic predictions for BCWD resistance when using relatively small training
populations and lower-density SNP panels was enabled by the postulated occurrence of long-
range LD in salmonid populations (Vallejo et al., 2017, Odegard et al., 2014, Moen et al., 2008).
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The main objectives of this study were to (1) assess the accuracy of genomic predictions for
BCWD resistance in rainbow trout with reduced-density SNP panels; (2) assess the impact of
QTL on the accuracy of genomic predictions by using a panel of only 70 QTL-flanking SNPs vs.
excluding two chromosomes with large-effect BCWD resistance QTL from the whole-genome
panel; and (3) compare the performance of GS models when using low-density SNP panels.

Material and Methods
The rainbow trout rearing and BCWD challenge, the phenotyping approach, and the validation
for comparing genomic models were performed following procedures previously described in
Vallejo et al. (2017). The BCWD resistance phenotype (STATUS) was recorded as a categorical
trait, with two categories: 1 = the fish died during the 21 days post challenge evaluation period;
and 2 = the fish was alive on day 21 post-challenge.

The fish sampled from the TLUM population were genotyped using the Rainbow Trout
Axiom 57K SNP array (Affymetrix) as previously described (Vallejo et al., 2017). Of the 57K
SNPs on the array, ~45K SNPs passed the genotyping calling QC in this population (aka 45K
SNP panel). Several reduced-density SNP panels were tested to evaluate the usefulness of lower
genome-coverage for genomic predictions for BCWD resistance. The reduced-density SNP
panels were developed by sub-sampling SNPs with genome-wide distribution from the 45K
panel. We evaluated 10 panels: 45K, 10K, 3K, 1K, 500, 300, 200 and 70 QTL-flanking SNPs,
and also 36K and 500 SNPs representing the trout genome without the Omy8 and Omy25
chromosomes. The 70 QTL-flanking SNP panel included SNPs that were recently identified
through GWAS in this trout population (Vallejo et al., submitted). The largest-effect QTL
detected in that GWAS were located on Omy8 and 25, and here we assessed the impact of
excluding those QTL on the accuracy of genomic predictions.

The SNP genotype data from the phenotyped training fish were used to train the
prediction model and estimate marker effects using the Bayesian variable selection model
BayesB implemented in the software GENSEL (Fernando & Garrick, 2009). The SNP genotype
data from training fish and pedigree information on all fish were used to estimate GEBV for the
testing sample fish (full-sibs of training fish that were not disease challenged) using two
methods: (i) single-step genomic BLUP (ssGBLUP) (Aguilar et al., 2010, Christensen & Lund,
2010); and (ii) weighted ssGBLUP (wssGBLUP) (Wang et al., 2012). The predictive ability of
genomic predictions was calculated as the correlation between the mid-parent EBV or GEBV
and the mean progeny performance (MPP) for each full-sib family as previously described
(Vallejo et al., 2017). The bias of EBV or GEBV prediction was estimated as the regression
coefficient of performance MPP on predicted mid-parent EBV or GEBV.

For assessing linkage disequilibrium (LD) between SNPs in the 10K panel, the non-
random association between two markers was quantified as the squared Pearson correlation
coefficient (r2) between those markers (Hill and Robertson, 1968), estimated using preGSf90
(Aguilar et al., 2014). In this study, we defined values of r2 ≥ 0.25 as strong LD which is a useful
level of LD for mapping (Ardlie et al., 2002, Bohmanova et al., 2010).

Results and Discussion
The 45K SNP panel had the most accurate genomic predictions (0.71) for BCWD resistance
followed by the 10K SNP panel (0.65-0.67) when using BayesB (Table 1). Conversely, when
using ssGBLUP and wssGBLUP, the 70 QTL-flanking SNP panel had the most accurate
genomic predictions (0.72) followed by the 45K (0.65-0.68) and 10K (0.64-0.65) SNP panels.
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These results might be explained because the accuracy of predictions was mostly due to LD
between the SNP and QTL when using 70 QTL-flanking SNPs. In addition, the IBS-based
BayesB model requires a sufficiently high marker density to capture LD and pedigree
information, consequently the accuracy of prediction of BayesB was more negatively affected
than ssGBLUP and wssGBLUP because BayesB cannot effectively extract relationship
information with only 70 QTL-flanking SNPs. In addition, the lower predictive ability may be
because 20% of the 70 SNP were not in the model (Table 1; mixture parameter Pi = 0.20). In
contrast, although ssGBLUP and wssGBLUP use the IBS-based relationship matrix (G), they
also use directly the pedigree information through the relationship matrix A and, consequently,
their accuracy of prediction is less negatively affected with only the 70 QTL-flanking SNPs.

The accuracy of genomic predictions decreased with SNP density reduction from 45K to
200 SNP for all the genomic models. However, the accuracy of genomic predictions with 200
(0.47-0.51), 300 (0.49-0.51) and 500 (0.50-0.56) SNP were still better than those estimated with
the pedigree-based model. Remarkably, the accuracy of genomic prediction decreased only
moderately with SNP density reduction from 45K (0.65-0.71) to 10K SNP (0.64-0.67). Similar
results to our findings were reported with farmed Atlantic salmon populations (Odegard et al.,
2014, Bangera et al., 2017, Correa et al., 2017), which led them to hypothesize that the better
than expected accuracy of genomic predictions using low-density SNP panels was due to the
occurrence of high levels of admixture-induced long-range LD in the studied populations.

In this study, we also show that there is a high extent of long-range LD in the studied
rainbow trout population (Figure 1), which likely contributed to the observed high accuracy
GEBVs using low-density SNP panels. With the 10K SNP panel, the level of strong LD (i.e., r2

≥ 0.25) spanned over 5 Mb on 25 out of the 29 rainbow trout chromosomes, and the level of
strong LD still extended over 3 Mb on the remaining four chromosomes (Omy20, 26, 28 and
29).

The accuracy of genomic predictions using 45K SNPs (0.65-0.71) was reduced when the
Omy8 and Omy25 SNPs were not included in the panel (0.52-0.62). A greater reduction was
observed when using 500 SNP (0.50-0.56) without Omy8 and Omy25 SNPs (0.25-0.48). The
chief finding here is that with a dense SNP panel providing good genome coverage, even
without the major QTL found on Omy8 and 25, we can still generate fairly accurate genomic
predictions. However, with low density SNP panels, it is very important to include the SNPs that
are near the QTL. On the other hand, with only 70 SNPs that are near the major QTL for BCWD
resistance in this population, the accuracy was as high as with 45K SNP. Thus, the fact that we
can predict animal GEBVs with high accuracy by genotyping fish with as low as either 500 SNP
distributed evenly on all the chromosomes or 70 QTL-flanking SNPs, will likely have a great
impact on further reducing the genotyping costs and enabling the implementation of genome-
enabled selection for BCWD resistance in rainbow trout aquaculture.

Conclusion
The accuracy of genomic predictions only decreased moderately with reductions in SNP density,
and strikingly we observed that the accuracy obtained with a panel of 500 SNPs is noticeably
higher than the accuracy of the pedigree-based prediction. Altogether, these results suggest that
lower-cost low-density SNP panels can be successfully used for implementing genomic selection
for BCWD resistance in rainbow trout aquaculture.
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Table 1. Accuracy of predicted GEBVs for BCWD resistance with reduced SNP panels.

SNP density1
BayesB ssGBLUP wssGBLUP

Pi2 Accuracy Bias Accuracy Bias Accuracy Bias

45,195 0.97 0.71 1.01 0.65 0.88 0.68 0.68

10,000 0.90 0.67 1.26 0.64 0.87 0.65 0.67

3,000 0.80 0.66 1.65 0.61 0.87 0.58 0.66

1,000 0.57 0.57 1.97 0.57 0.90 0.55 0.64

500 0.40 0.50 1.88 0.56 0.97 0.55 0.73

300 0.55 0.49 1.79 0.49 0.99 0.51 0.79

200 0.50 0.49 2.33 0.47 1.05 0.51 0.89

70 QTL-SNP 0.20 0.65 1.14 0.72 0.89 0.72 0.86

36,9061 0.96 0.62 1.45 0.52 0.89 0.57 0.71

5001 0.40 0.25 3.88 0.48 1.06 0.42 0.69

1This analysis did not include SNPs from chromosomes Omy8 and 25.
2The BayesB method uses a mixture parameter Pi that specifies the proportion of loci with zero effect.

Figure 1. Decay of linkage disequilibrium with physical distance estimated for the rainbow trout
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chromosomes using a panel of 10K SNPs.
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