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Non-invasive predictions of pigment and fat levels in whole salmon
were achieved using visible and near infrared spectroscopy.

Diseases and meat quality are of high importance to aquaculture producers, processors and
consumers. However, both disease resistance and meat quality traits are complex to understand and
measure, costly to evaluate and slow to improve using current methods of selective breeding.

A study by the authors funded by the Norwegian Research Council developed and utilized emerging
technologies and methods in fish selective-breeding programs to improve the sustainability and
profitability of aquaculture. It demonstrated that spectroscopy, gene expression profiling and genomic
selection could be used to improve meat quality and disease resistance traits.

Fat, pigmentation measurements

Technology to effectively measure meat quality traits, particularly in live breeding candidates and
during growth, has been limited. Successful non-invasive predictions of pigment and fat levels in whole
salmon were demonstrated using visible and near infrared (VIS/NIR) spectroscopy. This method
provides the ability to study how these traits vary genetically during growth and how to utilize this
variation for more cost-efficient and market-adapted production.

The SalmoBreed breeding company provided 150 full- and half-sib families of Atlantic salmon for the
authors’ study. Weight, fillet fat and pigmentation were measured repeatedly by VIS/NIR during one year
in the sea (Fig. 1).
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Fig. 1: Fish weight, pigment and fat content through the year.

Weight showed generally high heritabilities of 0.28 to 0.59. Genetic correlations between repeated

measures varied from 0.36 to 0.94 (Table 1). Fillet fat was generally highly correlated with growth and

showed highest values in spring. Heritabilities estimated for fillet fat varied between 0.27 and 0.42,
while genetic correlations between repeated measures varied between 0.67 and 0.73 (Table 2).

Kolstad, Genetic (above diagonal) and phenotypic (below
diagonal), Table 1

Show| 10 v|entries Search
Sept. 2007 Feb. 2008 April 2008 Sept. 2008
Sept. 2007 0.27 (0.04) 0.73(0.17) 0.69 (0.08) 0.67 (0.12)
Feb. 2008 1 0.39 (0.17) 0.97 (0.05) 0.25(0.24)
April 2008 1 0.73 (0.05) 0.42 (0.06) 0.73 (0.09)
Sept. 2008 1 0.27 (0.15) 0.34 (0.06) 0.30 (0.07)
Showing 1 to 4 of 4 entries 1

Table 1. Genetic (above diagonal) and phenotypic (below diagonal) correlations between repeated measures of
fat in live fish by near infrared spectroscopy. Heritabilities on the diagonal (standard error).
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Kolstad, Genetic (above diagonal) and phenotypic (below
diagonal), Table 2

Show| 10 v|entries Search

Sept. 2007 Feb. 2008 April 2008 Sept. 2008

Sept. 2007 0.13(0.03) N.C. 0.61(0.13) 0.62 (0.16)
Feb. 2008 1 0.08 (0.11) 0.92 (0.51) N.C.
April 2008 1 0.18 (0.08) 0.21 (0.05) 0.61(0.16)
Sept. 2008 1 N.C. 0.04 (0.05) 0.22 (0.06)
Showing 1 to 4 of 4 entries 1

Table 2. Genetic (above diagonal) and phenotypic (below diagonal) correlations between repeated measures of
pigmentation in live fish by visible spectroscopy. Heritabilities on the diagonal (standard error).

Pigmentation showed lowest values at slaughter and was highest during winter. Despite lower
predictive ability for pigmentation, significant heritabilities were estimated, and relatively high
correlations of about 0.6 were estimated between repeated measures. Visible spectroscopy may thus
be used in selection for increased pigmentation. Weight, fat content and pigmentation were moderate
to highly correlated at slaughter (Table 3).

Kolstad, Genetic (above diagonal) and phenotypic (below
diagonal), Table 3

Show| 10 v|entries Search
Slaughter Weight (g) Fillet fat(%) Pigment
Weight 1 0.75 (0.08) 0.47 (0.16)
Fillet fat 0.72 (0.06) 1 0.51(0.19)
Pigment 0.11 (0.06) 0.09 (0.06) 1
Showing 1 to 3 of 3 entries 1

Table 3. Genetic (above diagonal) and phenotypic (below diagonal) correlations between fat, pigmentation and
weight at slaughter (standard error).
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Consequently, non-invasive measures of pigmentation and fat provide possibilities for a more efficient
genetic selection by utilizing within-family variation and more targeted management.

The results indicated that VIS spectroscopy can be used to select for higher pigmentation and that the
non-invasive measurement of pigmentation and fat provides possibilities for more rapid genetic
improvement and reduced costs. Early measurements using spectroscopy can predict fat levels at
slaughter. Genetic correlations between fat measurements were high, but changes in fat deposition can
to some extent be done early in the growth phase without affecting the end product.

Gene expression profiling, genomic selection

In other work by the authors, an oligo-nucleotide microarray chip was designed and used to explore
important underlying gene expression changes that influence texture and other quality traits. Significant
correlations were found between the expression of certain genes and texture. A number of genes were
differentially expressed in soft and firm muscle tissue, many coding for mitochondrial proteins.

The authors have also developed statistical means for using gene expression profiles with selective
breeding for improved disease resistance. There are thousands of genes behind a trait, while only a few
animals are normally tested due to costs. By chance, many gene expression combinations will correlate
with the trait in the small data set.

The aim for this study was to develop experimental and statistical means to utilize whole genome
expression profiles as a tool for selectively breeding animals with a generally better level of disease
resistance. By this, the authors could detect which genes contribute most to predict disease resistance,
how many genes to include in the prediction and how to weigh each gene's expression data in the
prediction equation.

A test of the method using a breast cancer data set showed a moderate correlation between estimated
and actual phenotype, and demonstrated that this quantitative estimate of phenotype could be used to
rank animals for disease resistance. However, trials to determine whether differential expression of
genes in vitro before and after infection could be used to predict disease resistance of living breeding
candidates have been unsuccessful so far. Resistance to viruses, bacteria and parasites were found to
be largely determined by systemic responses.

Gene expression analyses with quantitative polymerase chain reaction predict phenotypes, but only
when differences are large. Simulation models have been developed and used to evaluate the cost
benefits of the new techniques. Based on the simulation model, selection for disease resistance based
on a combination of the challenge test with gene expression profiling was profitable, providing the cost
of individual gene expression testing was less than 280 euros ($380). Tools such as microarray
analysis are greatly improving our understanding of the underlying genetic mechanisms of disease
resistance.

(Editor’s Note: This article was originally published in the March/April 2011 print edition of the Global
Aquaculture Advocate.)
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