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Based on FAO figis dataset (accessed 2017)  
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AC C UMUL ATING BE NE FITS BY 
SELECTION  

• By selective breeding we 
accumulate benefits  
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• Origin :  

• Gift Project 1988-1997 (5 Generations of 
selection) 

• RIA 1 1997-2004 (4 Generations of 
selection) 

• Nicanor 2004-2009 (3 Generations of 
selection) 

 

• To create the base population fry from 
Nicanor were introduced to Miami in 2010 

 

BASE  POPUL ATION -  
SPRI NG GENETICS  
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G1B1 G2B1 G3B1 G4B1 G5B1 G6B1 G7B1 

Base population 

142 fam 144 fam 162 fam 144 fam 144 fam 142 fam 144 fam 

2012 2013 2014 2015 2016 2017 2018 

FAMI LY PRODUCTION  
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FAMILY BASED BREEDING PROGRAMS  

Test for diferent traits 
Select candidates based on the 
performance of their relatives 



FAMI LY PRODUCTION  

1 couple per tank.          
Natural mating 

Collect eggs 

Incubation 

Transfer to nursery 

Separate rearing 
units 

Rear until pit-tagging 
Photos : Hideyoshi Segovia 
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Photos: Hideyoshi Segovia 

Tagging 
Tissue sampling 
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Growth Disease ch-test 



• High mortality 

 

• Low growth 

DI SEASES  
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Figure and fotos from the fish site: https://thefishsite.com 

TLV 



11 From Sheehan et al  2009, Streptococcosis in tilapia: A more complex 
problem than expected? 

STREPTOCOCCUS 
DI STRIBUTION  
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From Sheehan et al  2009, Streptococcosis in tilapia: A more complex problem than expected? 



STREPTOCOCCUS 
I MPORTANCE  

• “Streptococcus agalactiae and Streptococcus iniae appear 
to be the principal agents of streptococcosis in tilapia.” 

 

• “Streptococcus agalactiae have distinct clusters (Biotypes)” 

 

• “Immunity to S. agalactiae is biotype-specific” 

 

13 From Sheehan et al  2009, Streptococcosis in tilapia: A more complex problem than expected? 



Generation Method Fish/fam Weight(g) 

G3B1 S. iniae (cohab) 10 179 

G3B1 S. iniae 10 180 

G4B1 S. agalactiae 15 179 

G4B1 S. Iniae 20 29 

G5B1 S. agalactiae 20 65 

G6B1 S. iniae 25 - 

G6B1 S. agalactiae 20 - 

Agalactiae Biotype 2 used. 

STREP.  C H - TESTS  
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Cumulative mortality all generations 

DATA F ROM ALL 
GENERATIONS  
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GE NETIC PARAMETERS  

Gen Trait h²  ±   SE  c²  ±   SE  

3 
Survival S. iniae  

(G3, G4) 

0.41 ±  0.13 0.01 ±  0.05 

4 0.53 ±  0.12 0.03 ±  0.04 

All 0.49 ±  0.08 0.02 ±  0.02 

4 
Survival S. agalactiae 

(G4,G5) 

0.36 ±  0.11 0.01 ±  0.04 

5 0.12 ±  0.04 0.02 ±  0.02 

All 0.16 ±  0.03 0.05 ±  0.01 



ASSORTATIVE MATING 
GROUPS S.  iniae 
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ASSORTATIVE MATING 
GROUPS S.  a galactiae  
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FAMI LY BASED BRE EDING 
PROGRAMS  

Test for diferent traits 
Select candidates based on the 
performance of their relatives 



BREEDING PROGRAMS USING 
GENOMIC INFORMATION  

Test for diferent traits 
+ 

Genotypes 

Marker effects are calculated 

Individual genetic values are 
calculated for the candidates 
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• 2686 Fish (20/family) were individually 
inoculated with S. iniae via IP 

• Mortalities recorded for 21 days post 
infection 

• High variation in mean family survival 

 

 

C HALLENGE TE ST  
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• 1912 Fish (15/family) were individually 
inoculated with S. iniae via IM 

• Mortalities recorded for 34 days post 
infection 

• High variation in mean family survival 

 

 

S.  a ga lactiae S.  inia e  



• S. inea mortalities mostly 

happened on day one and two, 

almost flatening at day 12 

• S. agalactiae mortalities started on 

day 3 and occured on a longer 

period of time than S. inea  

• Mortality curves similar to previous 

years 

• Flin clips of all fish in Ch-test 

preserved in 95% ethanol and 

stored at -20°C 

C HALLENTE TE ST  
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TRAINING DATA  

24 

  S. iniae S. agalactiae 

Number of families 39 45 

Total number of samples 321 414 

Mean individuals/family 8.5 9.2 

Mean survival (sd) 0.52 (0.5) 0.33 (0.47) 



DATA PROC ESING  
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GWAS STATISTICAL 
MODEL  
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𝑦 = 𝜇 +  𝑋𝑏 + 𝑍𝑎 + 𝑒 
Where: 
- 𝑦: the vector of phenotypic records 
- 𝜇: the overall mean 
- 𝑏: unknown random allele substitution effect of the evaluated 

SNP 
- 𝑎: random additive genetic effect 𝑎~𝑁 0, 𝐴𝜎𝑎

2  and A is the 
additive relationship matrix 

Significance of SNP was tested as LRT (likelihood ratio test 
statistics) comparing the model without fitting the current SNP. 
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MARKER E F F ECTS  

Id of the SNP 𝜎𝑝
2 𝜎𝑆𝑁𝑃

2  𝜎𝑎
2 

Genetic 

variance of 

the SNP* 

TN-QTL-SI-1 0.292 0.234 0.068 0.07 

TN-QTL-SI-2 0.294 0.259 0.077 0.12 

TN-QTL-SI-3 0.297 0.271 0.080 0.12 

*Genetic variance explained by a SNP was estimated as 𝜎𝑆𝑁𝑃
2 = 2𝑝𝑞𝑎2where p and q are allele 

frequencies and 𝑎 the estimated allele substitution effect. 
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T N- QTL- SI-1  
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T N- QTL- SI-2 
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T N- QTL- SI-3 
 



• In our study, no areas of significant effect were found for survival to 

S. agalactiae 

• Given results from current and previous studies, it is likely that 

survival to S. agalactiae is a poligenic trait 

• In order to perform whitin family selection, the implementation of 

genomic selection for this disease, further research on the method 

more suitable according to the genetic architecture of the trait 

C ONC LUSIONS  
S.  AGAL ACTIAE  
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• An area of significant effect were found for survival to S. iniae in the 

studied population where a clear peak in one single area of the 

genome is observed 

• Average family survival by haplotype showed that parents with 

favorable alleles produce families with higher average survival than 

parents homozygote to unfavorable allele 

• Implementation of marker assisted selection to produce families 

with higher survival to the disease is possible using the identified 

markers. 

C ONC LUSIONS  
S.  inia e 
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