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Causes 

• Dams 

• Overfishing 

• Pollution 

 

Atlantic salmon  (Salmo salar)  

 

• Important decrease in number of catches 

(diminution of 85% approx.) 

Decline in salmon Iberian populations 
 

Number of captures accumulated among the main Spanish rivers per year 

(1949 – 2011) 

Conservation 

programs to recover 

the populations 



 Sex determination is important for conservation 

programs and aquaculture. 

 
 

 

 Sex associated genetic markers Early sex identification  

 Balanced sex ratio or mono-sex production (salmon     ) 

 

Sex Determination (SD) 

Sex-determining master genes are the main genetic switches 

controlling the gonadal sex differentiation cascade leading to the 

development of ovaries or testes 

• Fish species: high genetic variation for SD 

Background 



Sex Determination: Salmonids 

 Phenotypic sex determined by a genetic male 

heterogametic system. 

 

 Atlantic salmon lacks morphologically different 

sexual chromosomes.  

 

 Previous studies: identified sex chromosomes by 

genetic mapping and FISH (probes with sex-linked 

markers) 

 
 

Background 



Sex Determining Loci in salmonids: previous studies 

Eisbrenner et al. 2013 

• Tasmanian Atlantic salmon (Canadian origins) 

•  Three SD loci on chromosomes: Ssa02, Ssa03 and Ssa06. 

• All males have sdY gene within the 3 SD loci 

Artieri et al 2006 

• European Atlantic salmon (Norway):  SD locus on 

the long arm of chromosome 2 (Ssa02) 

Yano et al 2012 

 Sex master gene in Rainbow trout, sdY 

 sdY linked to the SD locus in most salmonids: in SD locus 

of Atlantic salmon. 

Background 



• Atlantic salmon genome is complex 

and highly repetitive 

• Spain is the South distribution limit of the  

 species in Europe 

• Small populations. High genetic pressures. 

• Stemming regions from salmon-

specific whole-genome duplication 

Davidson 2013 

Background 



SNPs genotyping array 

Genotyping array: Atlantic salmon 

 

 

96 samples / array 

220K SNPs/sample 

GWAS analysis 

Genome Wide Association Studies 

 

Evaluates the association 

between each genetic SNP 

marker with a phenotype in a 

pool of many individuals. 



SNPs genotyping array 

Objective 

Investigate potential association between SNPs and sex in Atlantic salmon 

Spanish population using genome-wide association approaches (GWAS) 
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Genotyping Atlantic salmon (220K SNPs array) 

Samples 

 
• 16 individuals/river  96 individuals in total  

 

•  6 rivers 

 

Methods SEX GWAS 

Miño 

Ulla 

Eo 

Bidasoa 

Sella 

Urumea 



Filtering data 

Samples QC 

 DQC (dish quality control) 
measure of the interference between 

foreground and background signal 

distribution  

 

 

 

 

 Call rate 
% of DNA samples whose genotype is 

successfully measured 

 

DQC ≥ 0.82 

 

Call rate ≥ 0.98 

 



Filtering data 

MAF 

Minor allele frecuency  
Excluding those SNP with a very low allele 

frequence 

 

 

HWE 

Hardy-Weinberg Equilibrium 
Deviation from HWE can indicate genotyping errors 

Small p-values indicate some HW disequilibrium 

MAF < 0.05 

 

HWE < 1· 10-5 

 

Number of SNPs after filtering: 161486 



Results 

Analysis results  

• Interesting SNP p-values trend at chromosome 2 

Logistic regression approach (sex=binary trait) 

• Making corrections analysis each chromosome 

indepently:  

 reveled 8 significant SNPs at chromosome 2 

Chromosomes 

• SNP positions chromosome 2 (5 different regions): 

66004200 
3545430 

3568542 

4728514 

4775226 

29247973 

29258867 
30835350 

Package GenABEL 



Conclusion and Future work 

• Determinate the exact location of the regions found:  

- Do they overlap previous described regions? 

- Do they contain the sdY gene?  

 Spanish Atlantic salmon population seems to have SD locus located 

on the chromosome 2, as previously detected in other populations 

• Improve statistical power: 

- Increasing the sample size 

- Pruning by linkage disequilibrium: decrease the number of SNPs: lower 

threshold for multitest correction 

Next step 
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Samples sex ratio 

Sex Ratio: Experiment samples 

River 
Number of 

Females 

Number of 

Males 

Miño 10 6 

Ulla 11 5 

Eo 15 1 

Sella 13 3 

Bidasoa 13 3 

Urumea 7 9 

TOTAL 69 (72%) 27 (28%) 


