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Introduction

• 2nd most important aquaculture spp in terms of global production (7.4%)

• Commercial and farmed Nile tilapia strains derived from GIFT

• Despite having large full-sib families- non-additive genetic effects have 
been ignored in commercial structures

• Huge difference in profit between breeding programs that utilise non-
additive vs. additive genetic effects
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Experimental design
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Experimental design…..
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Experimental design…..
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• Observations:
2524 (1318 A x B & 1206 B x A)

• Fs-family: 
55 (Avg: 16.3)



Experimental design…..
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Modification to the regular commercial Nile tilapia aquaculture practices 

Regular Modifications

Hierarchical mating Factorial design with reciprocal cross

maternal effects in factorial crosses 
are free from effects other than 

maternal



Experimental design…..
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Modification to the regular commercial Nile tilapia aquaculture practices 

Regular Modifications

Hierarchical mating Factorial design with reciprocal cross

Natural mating and mouth 
brooding

Artificial breeding

Confounds fs-family 
and maternal effects



Experimental design…..
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Modification to the regular commercial Nile tilapia aquaculture practices 

Regular Modifications

Hierarchical mating Factorial design with reciprocal cross

Natural mating and mouth 
brooding

Artificial breeding (stripping the eggs and 
milt directly from the genital papilla and 
fertilizing them artificially in the mixing 
containers)

Confounds tank, fs-family 
and maternal effects



Statistical model

10

y = Xb + Z1a + Z2d +Z3m+ e

ADM Model

BD BL 
BT 
BWH 
FW 
FY



Statistical model

• h2 = σ2
A / σ2

P, d
2 = σ2

D / σ2
P, m

2= σ2
M / σ2

P. 

• A, AM,AD models

• LRT - goodness of fit 

11

Var

𝑎
𝑑
𝑚
𝑒

=

𝑨𝜎𝐴
2 0 0 0

0 𝑫𝜎𝐷
2 0 0

0 0 𝑰𝜎𝑀
2 0

0 0 0 𝑰𝜎𝐸
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y = Xb + Z1a + Z2d +Z3m+ e

ADM Model

BD BL 
BT 
BWH 
FW 
FY

Reciprocal cross
batch

day of harvest / 
day of filleting 

filleter

A- Numerator reln

matrix- pedigree

D- matrix of coefficients of fraternity

R package ‘nadiv’(Wolak, 2012)



Results: Goodness of fit

• BL and FY - no evidence of maternal and dominance effects

• BT and FW - evidence of maternal effects 

• BWH and BD - significant maternal and dominance effects
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Estimates of heritabilities….
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• Simple model
high h2

• Inclusion of dominance
↓h2

• Maternal effect
↓ h2 considerably



Genomics

• Phenotypes and genotypes from 1119 individuals in 74 full-sib 
families (average of 15.1 offspring per family)

• SNP filtration: 
1. PolyHighResolution

(formation of 3 clusters with good resolution)

2. NoMinorHom
(formation of two clusters with no samples of one homozygous genotype) → 74% SNPs 

3. MAF ≥ 0.05 → 68.3%
• Individual homozygosity was calculated as the proportion of homozygous loci per individual 

as a measure of directional dominance 
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Comparison with pedigree approach

• Data used in genomic study: a subset of pedigree data, 
with some evidence of non-randomness in the sampling 
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The selected individuals were coded as 1 and the non-selected individuals were coded as 0



Statistical analysis
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Var

𝑎
𝑑
𝑚
𝑒

=

𝐴𝜎𝐴
2 0 0 0

0 𝐷𝜎𝐷
2 0 0

0 0 𝐼𝜎𝑀
2 0

0 0 0 𝐼𝜎𝐸
2

y = Xb + Z1a + Z2d +Z3m+ e

ADM model- Pedigree

y = Xβ +hb + Z1a + Z2d + Z3eaa + Z4m+ e

ADME model- Genomics

A, AM,AD models A, AM,AD, ADE, ADME, ADM, AME, AE models

Var

𝑎
𝑑
𝑒𝑎𝑎
𝑚
𝑒

=

𝑮𝜎𝐴
2 0 0 0 0

0 𝑫𝜎𝐷
2 0 0 0

0 0 𝑘(𝑮#𝑮)𝜎𝐸𝑎𝑎
2 0 0

0 0 0 𝑰𝜎𝑀
2 0

0 0 0 0 𝑰𝜎𝐸
2

# is the hadamard product- element by element multiplication



hd= 

−
2𝑝𝐴𝐵 𝑝𝐵𝐵

𝑝𝐴𝐴+𝑝𝐵𝐵−(𝑝𝐴𝐴−𝑝𝐵𝐵)2

4𝑝𝐴𝐴 𝑝𝐵𝐵

𝑝𝐴𝐴+𝑝𝐵𝐵−(𝑝𝐴𝐴−𝑝𝐵𝐵)2

−
2𝑝𝐴𝐴 𝑝𝐴𝐵

𝑝𝐴𝐴+𝑝𝐵𝐵−(𝑝𝐴𝐴−𝑝𝐵𝐵)2

for genotypes ቐ
𝐴𝐴
𝐴𝐵
𝐵𝐵

Construction of RMs
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NOIA approach 

relaxes the assumption of HWE

D = 
𝐻𝑑𝐻𝑑

′

𝑡𝑟(𝐻𝑑𝐻𝑑
′ )/𝑛

Hd contains dominance coefficients (hd)
G = 

𝑍𝑍′

2∗σ𝑖=1
𝑚 𝑝𝑖 1−𝑝𝑖

Z is the centered (−2𝑝𝑖) matrix, 𝑝𝑖 is the 
allele frequency of the second allele

𝑘 𝑮#𝑮 , k= 
1

𝑡𝑟(𝑮 # 𝑮 Τ) 𝑛

Vitezica ZG, Legarra A, Toro MA, Varona L. Orthogonal Estimates of Variances for Additive, Dominance, and Epistatic Effects in Populations. Genetics. 2017;206:1297–307.



Results

Genomics

no evidence of maternal 
and non-additive genetic 
effects

BT and FY 

evidence of maternal 
effects 

BL and FW

significant maternal and 
non-additive genetic effects

BD and BWH

18

1. Genetic Architecture



Results

Genomics Pedigree

no evidence of maternal 
and non-additive genetic 
effects

BT and FY BL and FY 

evidence of maternal 
effects 

BL and FW BT and FW 

significant maternal and 
non-additive genetic effects

BD and BWH BD and BWH
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1. Genetic Architecture
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• simple A model - higher σ2
A & h2 across all the traits

• Genomic: addn of Dominance – no effect to σ2
A , 

but Epistasis ↓ σ2
A

• Maternal effect ↓ h2 considerably

• BT and FY: no effects

Decomposition of variance components
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BD BWH BL FW BT FY

b -3.27**
(1.19)

-371**
(137)

-7.57*
(2.95)

-156**
(56)

-7.08
(5.05)

-6.90
(4.93)

D 0.37 0.91 0.34 1.08 0.17 0.21

Unit cm g cm g mm %

Inbreeding depression
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regression coeff on 
individual homozygosity

% decrease in the trait value per 1% increase 
in the individual homozygosity due to 
inbreeding depression



Conclusions

• The estimates of the additive by additive epistatic ratio (P<0.05) was 
found to be 0.15 and 0.17 in the current breeding population using 
genomic data.

• maternal variance (P<0.05) for BD, BWH, BL and FW explaining 
approximately 10% of the observed phenotypic variance.

• negative effects of inbreeding, with 1.1%, 0.9%, 0.4% and 0.3% 
decrease in the trait value with 1% increase in the individual 
homozygosity for FW, BWH, BD and BL, respectively. 
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