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ABSTRACT

The aim of this study is to identify QTL associated with levels of natural antibodies in

two population of laying hens. One experimental (H/L) F2 population originates from a cross

(ISA Warren) between two divergently selected lines for either high (H line) or low (L line)

primary  antibody response  to  sheep  red  blood cells  (SRBC) at  5  weeks  of  age.  Another

experimental  (F/P)  F2  population  was  created  from a  cross  of  laying  hens  differing  for

behavioral  traits.  For  the  genotypic  analysis,  in  both  populations,  Genome Scan has  been

performed using 174 microsatellite markers, equally distributed over the chicken genome. Total

antibody titers  to lipopolisacharide (LPS) and lipoteicholic acid (LTA) were determined by

ELISA. LPS and LTA represent “homotopes” antigenic determinants of gram negative and

gram positive bacteria. Paternal half-sib and line-cross analysis models were used to detect QTL

involved in response to these two homotopes. There seem little overlap in QTL between two

population and both homotopes. 
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INTRODUCTION

Immune defense consist of “innate” and “adaptive” immunity. Innate immunity is
represented by various natural barriers such as skin, physiological factors such as pH,
temperature, oxygene tension, lysozyme and complement and phagocytic cells. The “specific”
parts of the innate immune system are formed by natural antibodies (NAb) which are present in
non-immunized individuals. NAbs do not require induction of B-cells by on purpose antigenic
challenge or mitogenic stimulation. NAb have low binding affinity and a broad specificity
repertoire [1, 2]. In mammals, NAb are mainly of the IgM isotype, however, also IgA and IgG
have been reported [3, 4] and are probably involved in early clearance of foreign material. The
amount of NAbs increases with the age of the individual. The level of NAbs may be enhanced
by either polyclonal stimulation by exogenous microbes by initiating responses of auto-reactive
B cells or correspond with the secretion of naturally occurring auto – reactive B cell clones.
NAbs probably enhance processes of antigen uptake and antigen presentation via dendrites or B
cells. It is very likely that NAbs are present in chickens [5]. To date, chicken antibodies binding
ovarian antigens [6] and MHC class IV were reported [7,8]. 

Lipoteichoic acid (LTA) and lipopolysaccharide (LPS) act as homotopes. Homotopes
are microbial stimulators of the innate immune system. LTA is shared by gram positive
bacteria, whereas LPS is shared by gram negative bacteria. Specific cellular and humoral
immune responses depend on the previous activation of the innate immune system. The crucial
role of homotopes is polarization of the specific immune system. Homotopes bind to Toll – like
receptors (TLR’s), receptors of Heat-shock proteins (HsP), complement component C3-
receptors, and Fcγ - receptors on phagocytes and Natural Killer cells which act as pattern
recognition receptors (PRR). In general, PRR are expressed on cells of the innate immune
system that first encounter pathogens during infection. In mammals, homotopes upon binding to
PRR induce expression of different cytokines such as tumor necrosis factor (TNF) - α, IL-6, IL-
12, IL-15 and type 1 interferons by Antigen Presenting Cells (APC). LPS induce IL-10 release,
and enhance expression of ICAM-1, CD119 (γ- interferon receptor) and MHC molecules on
epithelial cells [11], whereas LTA induce the release of other cytokines like TNF-α, IL-2, IL-
1β, IL-6, IL-12, IL-18, and enhance antibody responses to parentally administered antigen [10,
11, 12, 13]. In general, LPS acts through binding to TLR4 and inducing the release of IL1 or
INFγ and is associated with TH1 type of inflammatory responses. Whereas LTA acts through
binding to TLR2 and induces the release of IL4, IL13 stimulating TH2 type of antibody
responses. 
The innate immunity is thought to be the initiator of the specific immune response, the current
research was focused on the innate/adaptive immunity relation by addressing following
questions:
1. Can QTL for Nabs level be detected????
2. when QTL are detected, do they differ for different homotopes and at different age ? 
To answer these question an experiment was set up in which three points were taken into
consideration: 1. Ab responses were measured to two different homotopes (LTA and LPS),
which are known to stimulate different pathway of adaptive immune responses and to which
high levels of antibody levels are present in chickens [9] 2. Two unrelated chicken populations
with different genetic background: one selected for specific antibody responses (H/L
population) the second selected for production traits (FP population) were used 3. Abs responses
were measured at different ages to establish the age influence on the level of Nabs.  

MATERIAL AND METHODS
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The first population was the H/L F2 population that originated from a cross (ISA
Warren, medium heavy layers) between two divergently selected lines for either high (H line)
or low (L line) primary antibody response to SRBC. Selection was based on the individual
antibody titer at 5 d after primary intramuscular immunization with SRBC at 37 d of age [16].
Reciprocal crosses with birds from the 18th generation were made to generate F1 animals. From
the F1 generation, an intercross was made to produce 672 individuals in 6 hatches of the F2

experimental population. 
The second population was the feather pecking (FP) F2 population which was created

from a cross between two commercial lines of layers as described by Buitenhuis et al. [17]. In
brief, reciprocal crosses were made to create F1 animals. Seven half-sib families were created to
obtain 630 F2 female animals. The F2 chicks were hatched in 5 hatches at 2 wk intervals. 
For both populations all birds were housed in brooder cages with free access to water and feed
(152 g/kg CP and 2,817 kcal/kg ME). Birds were not beak-trimmed and each individual bird
was marked with a wing-band. All birds were vaccinated against Marek’s disease, infectious
bronchitis, and infectious bursal disease at hatch, and 2 and 15 d of age, respectively. 

Phenotyping of the F2 H/L and FP Populations.

The Ab levels of LPS and LTA in serum from all the birds were determined by ELISA
at 5 wks and 18 wks of age for H/L population and 38 wks of age for FP population. Briefly, 96
well plates were coated with 4 μg/mL of LPS or 10 μg/mL LTA. After subsequent washing
with tap water, 0.05% Tween, the plates were incubated with serial dilution of serum. Binding
of Ab to LPS and LTA antigen was detected using 1:20,000 diluted rabbit anti-chicken IgGH+L

coupled to peroxidase. After washing, tetramethylbenzidine and 0.05% H2O2 were added and
incubated for 10 minutes at room temperature. The reaction was stopped with 2.5N H2SO4 .
Extinctions were measured with Multiscan at wavelength of 450 nm. Titers were expressed as
the log2 values of the highest dilution giving a positive reaction. 

Genotyping of the F2 H/L and FP Populations. 

Genomic DNA was isolated using the Gentra Generation Capture Plate Kit from the
whole blood according to the Capture Plate™ Kit protocol (Gentra Systems, Minneapolis,
USA). In total, 208 microsatellite markers were chosen for both populations. For the analysis,
only the informative markers for each population were chosen: 170 for H/L population and 180
microsatellite markers for FP population. The genotyping procedure was as  already described
by Siwek et al. [14, 15].  All genotypes were checked twice. Finally the data was checked for
non-Mendelian inheritance using the CRI-Map [18]. All together, 718 animals from generations
F0 (28 individuals), F1 (18 individuals) , and F2 (672 individuals) of H/L population, and 689
from generations F0 (24 individuals), F1 (35 individuals) and F2 (630 individuals) of FP
population were genotyped. 

QTL analysis
To estimate the heritabilities for LPS and LTA and their genetic correlations, uni- and

bi- variate analyses were performed using an animal model and the ASREML software package
[19]. For these analyses the following mixed model was used:
Y = Xβ + Zµ + e
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where Y is a vector of observations, X is the design matrix for the fixed effects, β is the vector
of fixed effects, Z is the design matrix for random effects, u is the random effects with var(u) =
Aσa

2  , and e is the residual with var (e) = Iσe
2 . The fixed effects for the H/L population are:

hatch and sex, and hatch for the FP population. 

Statistical analysis. 
The analyses were performed separately for both experimental populations.

Prior to the QTL analysis, phenotypic data were adjusted for the systematic: hatch (for FP
population) or hatch and sex (for H/L population) effects using the PROC GLM Procedure [20].
For the FP population:  Yij = µ + Hi + eij 

For the H/L population: Yijk = µ + Hi + Sj + eijk

Where Yij or Yijk is the phenotypic value, µ is the grand mean, Hi  is the effect of the ith hatch (i
= 1, 2,.... , 5 for FP population, and i = 1, 2,.... , 6 for the H/L population, respectively); Sj is the
sex effect of jth individual; and eij or eijk represents residual effects. The hatch is referred to a
group of individuals hatched at one time. 
Regression interval mapping was used for QTL detection. Two different genetic models were
used: 1) paternal half-sib analysis [21, 22] and 2) line-cross analysis model [23]. In the paternal
half-sib model no assumptions are made concerning the allele frequencies in the founder lines
and number of QTL alleles. The F2 animals are treated as number of unrelated half-sib families
using the model:
Yij= mi + bipij + eij

where Yij  is the trait score of individual j, originating from sire i; mi is the average effect for
half-sib family i; bi is the substitution effect for a putative QTL; pij is the conditional probability
for individual j of inheriting the first paternal allele, and eij is the residual effect. 
In the line-cross model, the power of QTL detection depends on the degree of fixation of QTL
alleles for the trait of interest in the founder lines. In this model the alternative alleles at the
QTL are traced back to the founder lines. At every centi Morgan across the genome the
following model is fitted:
Yj = m + axaj + dxdj + ej

where Yj  is the adjusted trait score of animal j, m is the population mean, a and d are the
estimated additive and dominant effect of a putative QTL at the given location, xaj is the
conditional probability of animal j carrying both alleles from the same line, xdj is the conditional
probability of being heterozygous at given location, and ej is the residual error. 
 

Significance  thresholds  were  determined  empirically  by  permutation  [24]  1).
chromosome wide which take into account multiple testing on the specific chromosome; 2).
suggestive  linkage:  one false  positive is  expected  in a  genome scan and 3). genome-wide
significant where 5% risk of false positive is assumed in a genome scan [25]. Data permutation,
with at least 10,000 replicates, was used to determine the empirical  distribution of the test
statistic under the null hypothesis of no QTL associated with the chromosome under study.

RESULTS AND DISCUSSION
Half – sib analysis model.

H/L Population 

For the antibody response to LPS at 5 wks of age a suggestive QTL was detected on GGA8
(38cM). For the antibody response to LPS at 18 wks of age a suggestive QTL was detected on
GGA3 (106cM). 
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For the antibody response to LTA at 5 wks of age a suggestive QTL was detected on GGA3
(66cM). A suggestive QTL on GGA10 (56cM) was detected for the antibody response to LTA
at 18 wks of age. 

FP Population 

Two suggestive QTL were detected for the antibody response to LPS at 38 wks of age. A first
QTL was detected on GGA8 (42cM). A second QTL was detected on GGA18 (17cM). 
Two QTL were detected for the antibody response to LTA at 38 wks of age. A significant QTL
was detected on GGA3 (276cM). A suggestive QTL was detected on GGA14 (1cM).

Line – cross analysis model 

H/L Population 

Two suggestive QTL were detected for antibody response to LPS at 5 wks of age. A suggestive
QTL was detected on GGA4 (194cM). The second suggestive QTL was detected on GGA12
(76cM). Four QTL were detected for antibody response to LPS at 18 wks of age. A significant
QTL was detected on GGA1 (184cM).  Three suggestive QTL were detected. A first QTL was
detected on GGA4 (207cM), the second QTL was detected on GGA7 (77cM), the third QTL
was detected on GGA18 (47cM). 
For the antibody response to LTA at 5 wks of age, two suggestive QTL were detected. The first
QTL was detected on GGA2 (193 cM), a second QTL was detected on GGA3 (184 cM).  
A suggestive QTL was detected for antibody response to LTA at 18 wks of age on GGA2 (184
cM). 

 

FP Population 

A suggestive QTL was detected on GGA27 ( 25 cM) for the antibody response to LPS at 38
wks of age. For the antibody response to LTA at 38 wks of age two QTL were detected. A
significant QTL was detected on GGA14 (51 cM). A suggestive QTL was detected on GGA7
(78 cM). 

In conclusion we suggest that immune responses to both homotopes are under different
genetic control. Both populations described in this study were specifically set up for QTL
mapping of traits other than Nabs. In this study the pedigree structure is not optimal for the
estimation of genetic parameters due to the limited number of animals. This will result in a large
standard error on the estimates. Nevertheless, the results presented here give an indication that
there is a genetic effect on the regulation of Nabs.  In general, the majority of detected QTL are
different . Firstly, the QTL are different for the two homotopes LPS and LTA which means the
known different nature of LTA and LPS. The suggested different immunomodulatory features
of LPS and LTA in opposite directions were already confirmed [32] in the founder lines of
current H/L population. Secondly, QTL identified for both homotopes differ at both ages. The
exception is a QTL on GGA2 for LTA level which is shared  at 5 wks and 18 wks of age what
this suggests that some genes related to the immune response/ immune regulation at both ages
are located on GGA2.  The results of QTL analysis, both models, suggest that line cross
analysis model is more powerful in H/L population compared to FP cross. Higher number of
QTL under the line cross analysis model was detected for H/L population, compared to FP
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cross. This result indicates that selection for specific antibody response (SRBC) influence non
specific antibody response (Nabs). 

This study on the genetic architecture of NAbs in chicken has provided evidence that the
NAb level in chicken has a genetic component and different QTL were detected.

The presented QTL are the first step in the identification of the underlying genes
controlling the immune responses in chicken.
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