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Introduction 

Ultimate goal of QTL research  
QTL                                            QTN 
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Goal 

The goal of this study was to verify in silico 
candidate gene selection with SNP 
genotyping and association study 
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Material 

Green-legged 
partidgelike (Zk) 
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White Leghorn 
(WL) 

 native chicken 
breed 
 closed 
population 
unselected 
 FACT: resistant  
to harsh 
environment  

 

QQ 

 commercial 
breed 
 selected towards 
high egg 
production 
ASSUMPTION: 
less resistant to 
harsh 
environment 

qq 



Experimental population 
F0 :       Zk     x     WL 
 
 
F1 : (Zk x WL) x (Zk x WL) 
 
 
F2 : 500 individuals 
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Phenotypic traits 
Immune responses 

 
 
 

 
 

EAAP, Nantes, 25 - 30 August, 2013 

Primary antibody 
response towards keyhole 
lypmhet heamocyanin 
(KLH) 

Antibody response towards 
lipotechoic acid (LTA) 

Antibody response towards 
lipopolisaccharide (LPS) 

adaptive innate 



Methods: candidate genes 
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In silico analysis of positional and biological 
candidate genes in QTL regions was performed 
using: 



Methods: SNP selection 
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Ensembl, Biomart tool 

iCom, quality check on 
myillumina.com 



Methods: Illumina SNP genotyping  

Custom SNP assay 
Golden gate genotyping  
Genome studio – 

scoring  
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Methods: Association - statistical models 

Additive effects – two models 
Mixed model 

 
 
The CAR score 
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y = X*b+ Z*g + e* 

XyPPω 2
1−=



Results: Candidate genes 
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605  Candidate genes on QTL regions 
located on three chromosomes : 
GGA9, GGA14, GGA18 

GGA14 (LTA, KLH) - 14 genes  
GGA9 (LPS) - 8 genes 
GGA18 (LPS) - 7 genes 
 



Results: SNP markers 
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All together 2023 SNP markers:  
1339 on GGA14  
392 on GGA9  
297 on GGA18 

  

384  SNP  markers 

http://www.ensembl.org/
http://www.ensembl.org/


Results: SNP genotyping 
 40 SNPs removed from the set due to technical 

failure  
 132 SNPs removed based on the MAF criterion  
 1 SNP removed based on the Call Rate  
211 SNPs used in association analysis 
Average MAF:  
0.17 (all SNPs) 
0.27 (selected SNPs) 

Average Call Rate:   
97.52% (all SNPs) 
97.80% (selected SNPs) 
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Results – mixed model  
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GGA9 GGA14/                       GGA14             GGA18 

LPS KLH/                               LTA LPS 

EPHB1 
PROCR 
ST6GAL1 

 
 
 

GPC1  

GPC1  

CARD11  
IL9R  
MAPK8IP3  
PDGFA 
PRCKB 
 
           IL9R  
                               MAP2K3  
                           MAPK8IP3  
                                 PRCKB 
PGP  
  

CRLF3  
FOXJ1  
 
FOXJ1  
ITGB4  
JMJD6  
 
ITGB4   
UNCBD 



Results – CAR score 
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GGA9 GGA14 /                         GGA14 GGA18 

LPS KLH/                                   LTA LPS 

 
EPHB1 
KLHL6  
ST6GAL1 
 
EPHB1  
GPC1 
KLHL6  
PROCR  
SOX14 
 
KLHL6  
  

IL9R  
 MAPK8IP3  
PGP  
PRCKB  
TRAF7 
 
                              TNFRSF13B  
                                 MAPK8IP3  
                                      CARD11  
                                            IL9R  
 
IL9R  
MAPK8IP3  
PRCKB  
SOCS1  

CRLF3  
 
FOXJ1  
ITGB4  
JMJD6  
MAP2K4  
UNCBD 
 
ITGB4  
 



Conclusions 

Custom SNP assay was very informative 
Candidate genes selected in silico were 

successfully validated by SNP association 
Both statistical models applied to the data 

set show association with selected candidate 
genes 
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Future plans 
Analysis for dominant and epistatic effects for 

selected genes 
Validation study in vitro – chicken lymphocytes 

LPS/LTA/KLH stimulation – analysis of the effect 
at the mRNA and protein level- preliminary results 
at the poster  
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