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Introduction

It’s all about performance Keel bone fractures

Garant R., et al., 2022

 In at least 90% of hens in the 
end of lay

 Affected by strain and age:
- Older > Younger
- Red line > White line

 Housing system: 
- Caged > Aviary systems 

Baker S. L. et al., 2020



Aims
Genetics

To investigate genetic architecture 
and find markers that contribute to 
genetic variance in bone qualities 
in White Leghorn laying hens

Welfare

Address welfare impacts 

Economic

Contribute to slowing economic 
issues



M&M: Workflow

Population

 The later 
generation of 
White Leghorn 
laying hens 

 n = 987

1

Phenotyping

 n = 32
chemical 
composition 
traits

 n = 12 strength 
traits

2

Genotyping

 50 K Illumina 
SNP array

 17 K effective 
SNPs

 MAF > 0.01
 Call rate > 

95%

3

GBLUP

 Blupf90 
programs

 Fixed effect: 
block with 
cages

 Model 1: not 
adjusted for BW

 Model 2: 
adjusted for BW

4

GWAS

 Plink/GCTA
 Thresholds:

- Bonferroni
- Suggestive

 Model 1: not 
adjusted for BW

 Model 2: adjusted 
for BW

 Gene annotation

5



Cortex & medulla 
content (Dunn et al. 2021)

Pic from: George Harsh et al 2020

Martin Johnsson et al 2022

Strength parameters 

Breaking strain

Stiffness

Radiographic density

Chemical composition parameters 

Humerus

Tibia

Radiographic density 
(RD)

Keel



Results: Heritability – Bone strength parameters

Trait Model 1: 
Heritability (SE)

Model 1: 
Heritability (SE)

Tibia x-ray density 25 0.41 (0.05) 0.42 (0.05)
Tibia x-ray density 48 0.29 (0.04) 0.41 (0.05)
Tibia x-ray density 70 0.45 (0.05) 0.53 (0.05)
Tibia x-ray density 100 0.25 (0.05) 0.26 (0.04)
Tibia breaking strain 0.22 (0.05) 0.28 (0.05)
Tibia stiffness 0.16 (0.04) 0.21 (0.04)
Tibia density 0.27 (0.05) 0.33 (0.05)
Cortical mean diameter 0.17 (0.04) 0.16 (0.04)
Cortical mean thickness 0.07 (0.04) 0.07 (0.04)
Hum density 0.11 (0.04) 0.09 (0.04)
Hum breaking strain 0.24 (0.05) 0.28 (0.05)
Hum bone score 0.18 (0.05) 0.18 (0.05)
Hum stiffness 0.23 (0.05) 0.29 (0.05)
Keel RD 0.01 (0.05) 0.05 (0.05)Dunn et al. (2021)



Infrared spectrometry (FTIR)

Thermogravimetry (TGA)

Results: Heritability – Bone chemical composition

Trait Model 1: Heritability (SE) Genetic correlation
Cortical PO4/AmideI 0.08 (0.001) -0.99 (0.0)
Cortical MinCO3870 0.003 (0) 0.99 (0.0)
Cortical MinCO31415 0.03 (0.03) 0.7 (0.86) 
Cortical CO3/AmideI 0.01 (0.001) -0.99 (0.08)
Cortical CO3 1450/1415 0.03 (0.03) -0.09 (0.64)
Cortical CO3870/CO31415 0.01 (0.00) -0.99 (0.0) 
Cortical crystallinity index 0.04 (0.03) 0.14 (0.68) 
Cortical collagen maturity 0.02 (0.03) -0.76 (0.98)
Cortical lipids 0.06 (0.04) -0.1 (0.96) 
Cortical sulfates 0.06 (0.04) -0.18 (0.43) 
Cortical AmideII/AmideI 0.06 (0.04) -0.23 (0.51) 
Medullary PO4/AmideI 0.04 (0.03) -0.35 (0.45) 
Medullary MinCO3870 0.03 (0.02) 0.04 (0.76) 
Medullary MinCO31415 0.03 (0.03) 0.59 (0.68) 
Medullary CO3/AmideI 0.01  (0) -0.99 (0.57)
Medullary CO3 1450/1415 0.03 (0.03) -0.46 (0.97)
Medullary CO3870/CO314151 0.05 (0.03) -0.04 (0.41)
Medullary crystallinity index 0.01 (0.00) 0.99 (0.0) 
Medullary collagen maturity 0.05 (0.03) 0.56 (0.58) 
Medullary lipids 0.01 (0.02) -0.44 (2.24) 
Medullary sulfates 0.08 (0.04) -0.11 (0.3) 
Medullary AmideII/AmideI 0.04 (0.03) 0.38 (0.46) 

Trait Heritability 
(SE)

Genetic 
correlation

Cortical water 0.02 (0.03) 0.17 (0.54)

Cortical organic 0.11 (0.04) -0.1 (0.18) 

Cortical carbonate 0.03 (0.03) -0.05 (0.47) 

Cortical mineral 0.12 (0.04) 0.09 (0.18)

Medullary water 0.01 (0.01) 0.92 (0.68)

Medullary organic 0.25 (0.05) -0.72 (0.08)

Medullary carbonate 0.06 (0.03) -0.02 (0.28) 

Medullary mineral 0.26 (0.04) 0.71 (0.08) 

Cortex

Medulla
0.19 using pedigree data 

(Dunn. et al., 2021) 



Results: Bone chemical composition properties - Medulla

TGA TGA

FTIR
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Results: Bone chemical composition properties: Medulla

Gene annotation
 Top significant SNP within 5 genes

 ALG5 - involved in regulation of cell 
functions in the bone marrow micro-
environment (Li et al., 2015).

 SMAD9 - plays a role in the bone 
morphogenetic protein signaling 
pathway (Tsukamoto et al., 2014) 

Chr 1: 173.5-173.6 Mb
Organic% Mineral% Min_CO31415



Results: Bone strength properties: Tibia and Humerus



Results: Bone strength properties - Humerus

Model 1: not adjusted for body weight

h2 = 0.24 (0.05) h2 = 0.23 (0.05) h2 = 0.07 (0.04)

Genetic correlation with BW
~ 0.38Model 2: adjusted for body weight

h2 = 0.27 (0.05) h2 = 0.29 (0.05) h2 = 0.07 (0.04)

Chromosome 20, position (Mb)



Results: Bone strength properties - Humerus



Results: Bone strength properties- Humerus
Model 1: not adjusted for body weight



1
• Keel density heritability was was close to 0, implying that another approach is needed to phenotype the 

trait - WE ARE WORKING ON IT!

2
• Medullary organic and mineral contents were the most heritable traits (0.25) and highly correlated with 

tibia density.

3
• We detected suggestive SNPs that contribute to genetic variance with the strongest effect in medullary 

mineral and organic contents.

4
• We highlighted a set of markers that significantly influence humeral bone strength and cortical thickness.
• Those are located within the previously identified QTLs on Chr20 for bone strength and body weigh.

Conclusions
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