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Summary

Catfish production is the largest aquaculture segment in the US and recent research has been
conducted to improve production efficiency. Since 2006 selection for improved growth and
carcass yield of channel catfish has been conducted at the WARU based on traditional BLUP
evaluations. With the availability of genomic information for catfish in early 2017, the first
objective of this study was to investigate the feasibility of using genomic selection in US
catfish. The second objective was to identify major SNP associated with harvest weight and
residual carcass weight. Phenotypes were available for harvest weight (n=27,160) and
residual carcass weight (n=6020), and the number of fish in the pedigree was 36,365. After
quality control, genotypes on 54,837 SNPs were available for 2911 fish. Genomic and
pedigree predictions were calculated in a 5-fold cross validation approach, using single-trait
models. Single-step genomic BLUP (ssGBLUP) was the method of choice for genomic
predictions. Ability to predict breeding values was calculated as the correlation between
adjusted phenotypes based on complete data and EBV or genomic EBV (GEBV) for each one
of the folds. Bias was assessed as the regression coefficient (b1) of adjusted phenotype on
(G)EBV. For the association study, the GEBV were backsolved to SNP effects and the
percentage of variance explained by each SNP was calculated as SNP effect squared.
Predictive ability for both traits increased 8 points when genomic information was used,
compared to traditional evaluations. Genomic information also helped to reduce bias,
especially for residual carcass weight (b1=0.97). The proportion of variance explained by
windows of 20 SNP was at maximum 2.2% for harvest weight and 3.3% for residual carcass
weight. Both traits appear to be polygenic with no major SNP. Using genomic information is
beneficial in catfish selection because of higher predictive abilities and it also allows
estimation of the Mendelian sampling, allowing the identification of genetically superior
individuals within families, which is not possible with only pedigree information.
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Introduction

Catfish farming is the largest aquaculture segment in the US, accounting for approximately
50% of the food-fish production (Vilsack and Reilly, 2014). The US catfish industry is mainly
based on Channel catfish (Ictalurus punctatus) and the hybrid between the channel and blue
catfish (Ictalurus furcatus). To provide a centralized source of research and development for
U.S. catfish production, the USDA-ARS Warmwater Aquaculture Research Unit (WARU),
was established in Stoneville, MS. As its main mission, the WARU has conducted a channel
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catfish breeding program since 2006, primarily selecting fish for growth and carcass yield.
Traditional evaluation using pedigree-based BLUP has been applied since the

beginning of the breeding program at WARU. Recently, some animals were genotyped with
the objective of implementing genomic evaluation. The use of dense markers as an extra
source of information to estimate breeding values became a reality in several livestock species
because of the potential increase in accuracy (Meuwissen, et al., 2001). Another advantage of
genomic selection that is particularly important to aquaculture breeding is the ability to
exploit within-family genetic variation for animals that do not have records (Daetwyler, et al.,
2007).

One of the methods available for genomic evaluation is the single-step genomic BLUP
(ssGBLUP). This method combines phenotypes, pedigree, and genotypes; potentially, it gives
more accurate and less biased genomic EBV (GEBV) than multistep methods (Legarra et al.,
2014). In ssGBLUP, the relationship matrix is a combination of pedigree and genomic
relationships (Aguilar et al., 2010; Christensen, et al., 2010), therefore information on all
animals can be used in the evaluation.

The first objective of this study was to investigate the feasibility of implementing
genomic evaluation in US channel catfish by using ssGBLUP. The second objective was to
determine the presence of potential regions in the genome containing SNP with major effects
on harvest weight and residual carcass weight.

Material and methods

Datasets from the USDA-ARS Warmwater Aquaculture Research Unit (WARU) were
available for this study. Harvest and carcass weights were recorded from 2008 to 2015, and
27,160 and 6,020 records were available for these traits, respectively. Pedigree information
was available for 36,365 animals and, after quality control, the final genotype data included
2,911 animals each genotyped at 54,837 SNP loci.

A 5-fold cross validation was performed by splitting the genotyped animals with
records randomly into 5 groups. Phenotypes for each group were removed from the data, one
at a time, to estimate breeding values. Analysis for residual carcass weight used carcass
weight after adjustment to a common whole fish weight, which was fit as a covariable in the
model. Single-trait models were used for harvest weight and residual carcass weight. For
harvest weight, the model included the year-sex-pond interaction as a fixed effect, age as a
covariable nested within sex, and random additive genetic, common environmental and
residual effects. For residual carcass weight, the model included the year-sex-pond interaction
as a fixed effect, weight as a covariable nested within the year-sex interaction, and random
additive genetic, common environmental and residual effects.

A total of 969 processed fish were genotyped; therefore, we investigated the value of
genotyping fish with carcass records (slaughtered fish) in the estimation of breeding values.
Carcass phenotypes for the 969 genotyped animals were removed at the same time and the
(G)EBV for residual carcass weight were estimated again. The validation proceeded as
described above but with one validation group.

Traditional BLUP and ssGBLUP analyses were performed using the BLUPF90 family
of programs (Misztal et al., 2016). In the ssGBLUP, the inverse of the pedigree relationship
matrix A-1 is replaced by H-1 (Aguilar et al., 2010):
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where G-1 is the inverse of the genomic relationship matrix and A22
-1 is the pedigree

relationship matrix for genotyped animals.
Ability to predict performance (correlation between (G)EBV and adjusted phenotypes)

was used to compare traditional and genomic models. Additionally, the regression coefficient
(b1) of adjusted phenotype on (G)EBV was used as a measure of bias. Regression coefficient
equal to 1 means (G)EBV is unbiased, whereas value lower than 1 indicate that (G)EBV has a
larger scale than adjusted phenotype and is inflated.

A genome wide association study (GWAS) was performed to identify regions of the
genome containing SNP with a major effect. Weighted ssGBLUP (WssGBLUP) implemented
in postGSf90 from the BLUPF90 family of programs was used for GWAS (Wang et al.,
2012). SNP variances were calculated as SNP effects squared for windows of 20 adjacent
SNP.

Results and discussion

Predictive ability and b1 are presented in Table 1 for harvest weight and residual carcass
weight. Using genomic information through ssGBLUP improved the ability to predict fish
performance. For both traits, predictive ability increased by 8 points which represents an
increase of 28% for harvest weight and 32% for residual carcass weight. In addition, genomic
information helped to bring GEBV closer to the scale of adjusted phenotypes, indicating the
bias was reduced. The regression coefficients for EBV and GEBV were 0.88 and 0.92 for
harvest weight, and 0.81 and 0.97 for residual carcass weight.

Other studies with fish species such as Atlantic salmon (Odegard et al., 2014; Tsai et
al., 2015 and Bangera et al., 2017) and Rainbow trout (Vallejo et al., 2017) also demonstrated
increase in predictive ability and accuracy of GEBV compared to EBV. The greatest
percentage of increase in predictive ability in our study was for residual carcass weight which
had almost 5-fold fewer records than harvest weight. Garcia-Ruiz et al. (2016) evaluated
genetic trends in US dairy after the adoption of genomic selection and showed the greatest
increase in genetic gain was for reproduction traits that usually had less phenotypic
information.

Among the 2,911 genotyped fish, only 969 had carcass weight recorded because
selection candidates could not be processed. We mimicked the situation where genotyped fish
had no phenotypes in the data, attempting to avoid genotyping processed fish. When
phenotypes for genotyped fish were removed, predictive ability of EBV decreased from 0.25
to 0.22, and of GEBV from 0.33 to 0.24. The decrease in predictive ability for EBV (0.03)
demonstrates the value of 969 phenotypes connected to pedigrees for this trait, whereas the
decrease in predictive ability for GEBV (0.09) demonstrates that genomic information has a
bigger impact in linking relationships to phenotypes. This is because with genomic data, all
genotyped animals are somehow related by state (identity by state). Using genomic
information, Lourenco et al. (2015) showed a 1 point increase in predictive ability for calving
ease in American Angus and related it to the small number of genotyped animals with
difficult calving.

Although the predictive ability of GEBV (0.24) was higher than EBV (0.22),
removing all phenotypes for genotyped animals caused a significant drop in the predictive
ability of GEBV. Therefore, genotyping animals that have records for carcass traits
(slaughtered animals) is important to obtain greater advantage of genomic selection.

Overall, the use of marker information improved the calculation of relationships
between the animals and estimation of Mendelian sampling, promoting an increase in
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predictive ability, and also allowed for the use of within-family variation which is important
in aquaculture breeding schemes.

Manhattan plots for harvest weight and residual carcass weight are presented in
Figures 1 and 2, respectively. The proportion of variance explained by each marker was low,
up to 2.2% for harvest weight and up to 3.1% for residual carcass weight. Both traits
presented a polygenic architecture with individual SNPs explaining very small proportions of
the genetic variance, which favors genomic selection instead of selection for few markers
(marker assisted selection) or use of different weights for SNP (e.g., Bayesian alphabet or
WssGBLUP). In fact, the use of WssGBLUP resulted in lower predictive ability compared to
regular ssGBLUP (results not shown).

Table 1. Average predictive ability and bias for BLUP and ssGBLUP for harvest weight and
residual carcass weight.

Trait
BLUP ssGBLUP

Predictive ability Bias (b1) Predictive ability Bias (b1)
Harvest weight 10.29 0.02 0.88 0.06 0.37 0.01 0.92 0.05

Residual carcass weight 0.25 0.03 0.81 0.10 0.33 0.03 0.97 0.10

Residual carcass weight
without phenotypes for
all genotyped animals

0.22 0.03 0.76 0.08 0.24 0.03 0.87 0.12

1Average and standard error

Figure 1. Manhattan plot for harvest weight, with variance explained by windows of 20
adjacent SNPs
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Figure 2. Manhattan plot for residual carcass weight, with variance explained by windows of
20 adjacent SNPs.

Tsai et al. (2015) also found no evidence of major SNP or QTL when studying growth
traits (weight and length) in Atlantic salmon. In another study with Atlantic salmon, Correa et
al. (2015) found 5 SNP associated with disease resistance but those explained only a small
proportion of the total variation.

Conclusion

Harvest weight and carcass weight are polygenic traits, indicating the need for using all
markers available for evaluation purposes, instead of just a few. Genomic information is
beneficial in channel catfish breeding because it provides a greater ability to predict future
performance and also permits the estimation of Mendelian sampling to identify individuals
within families, which is not possible with only pedigree information. It is important to
genotype processed fish to obtain a greater advantage in genomic selection. When the traits
are difficult to measure and few records are available, the genomic information combined
with phenotypes may have more impact on evaluations.
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