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Identification of genes determining the expression of economically important traits of plants and
animals is a main research focus in agricultural genomics. Most of these traits are characterized
by a wide variability of the expression of genes at certain loci called quantitative trait loci (QTL).
Characterization of the chromosomal regions carrying QTL can be applied in marker-assisted
selection (MAS) to improve breeding efficiency. Molecular linkage maps in combination with
powerful statistical methods facilitate the genetic dissection of complex traits, and the chicken is
ideally suited for this task due to a relatively short life cycle and large number of progeny. Two major
approaches are employed in understanding the genomic architecture of economically important
traits: QTL mapping and, more recently, functional genomics.
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QTL: growth, meat quality, meat productivity
To elucidate QTL that affect growth, the genome-wide scans with microsatellite
markers have been employed. E.g. van Kaam et al. [1999a] performed a whole-genome
scan for QTL affecting growth and feed efficiency in chickens and detected four QTL
*Supported by the MSHE grant 311 32 34 36
**Corresponding author: alexei_sazanov@mail.ru

307

A. Sazanov et al.

on Gallus gallus autosomes (GGA1, GGA2, GGA4, GGA23) that exceeded the
thresholds of significance. The same research group has carried out a whole-genome
scan in chicken for QTL affecting carcass traits [van Kaam et al. 1999b]. Two QTL
were shown to be located on GGA1 and GGA2. These results were confirmed and
refined using Bayesian analysis [van Kaam et al. 2002]. Tatsuda and Fujinaka [2002]
detected a QTL affecting body weight closely aligned with those reported using a
reference population derived from a cross of a Satsumadori (slow-growing, lightweight Japanese native breed used for meat production) sire and a White Plymouth
Rock (early maturing, heavy weight broiler) dam. Two QTL affecting body weight at
13 and 16 weeks were mapped at 220 cM on GGA1 and 60 cM on GGA2. The closest
QTL markers were LEI0071 on GGA1 and LMU0013 and MCW0184 on GGA2.
QTL for body weight at 3, 6 and 9 weeks of age were investigated by Sewalem et al.
[2002] using a broiler × layer crossbred. A QTL on GGA13 affected body weight at
all three ages and QTL significant at the genome-wide level that affected body weight
at two ages were found on chromosomes 1, 2, 4, 7 and 8. QTL for meat production
and quality in a commercial population of broilers were identified by de Koning et al.
[2004]. Using genotypes for 52 microsatellite loci spanning regions of nine chicken
chromosomes and a half-sib analyses with a multiple QTL model, linkage between
these nine regions and growth, carcass traits and feed intake was established. QTL
affecting fatness in chicken were investigated and mapped by Ikeobi et al. [2002] in
an F2 population developed by crossing a broiler line with a layer line. Using withinfamily regression analyses of 102 microsatellite loci in 27 linkage groups the QTL for
abdominal fat weight were identified on chromosomes 3, 7, 15 and 28, for abdominal
fat weight adjusted for carcass weight on chromosomes 1, 5, 7, and 28, for skin and
subcutaneous fat on chromosomes 3, 7, and 13, for skin fat weight adjusted for carcass
weight on chromosomes 3 and 28 and for skin fat weight adjusted for abdominal fat
weight on chromosomes 5, 7 and 15. Significant positive and negative QTL alleles
occurred in both lines.
Several QTLs affecting fatness in broilers were detected by Jennen et al. [2004]
using two genetically different outcross broiler dam lines originating from the White
Plymouth Rock breed. Genetic architecture of growth and body composition was
investigated in reference chicken populations obtained by crossing one modern broiler
male from a commercial broiler breeder male line with females from two unrelated
highly inbred lines [Deeb and Lamont 2003]. Traditionally selected phenotypic traits
in broilers were suggested to be controlled by a large number of genes with small
epistatic effects, while fitness-related traits could be determined by a lower number of
genes with major effects.
After simultaneous mapping epistatic QTL in a chicken F2 intercross, clusters
of QTL pairs with similar genetic effects on growth were found by Carlborg et al.
[2004]. They used simultaneous mapping of interacting QTL pairs to study growth
traits. Such an approach increased the number of detected QTL by 30%. The genetic
variance of growth was significantly influenced by epistasis, the largest impact being
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on early growth (before week 6 of age). Because early growth was shown to be
associated with a discrete set of interacting loci involved in it, these results provided
further insight into different genetic regulations in early and late growth of chicken
found in other studies.
QTL: productivity and quality of eggs
Genome-wide scans of QTL for egg quality and productivity have been achieved
using reference populations, while a border line between two egg layer lines was used
in the study by Tuiskula-Haavisto et al. [2002]. The authors determined 14 genomewide significant and six suggestive QTL located in chromosomes 2, 3, 4, 5, 8, and Z.
The most interesting area was found on GGA4, with QTL for body weight, egg weight
and feed intake. A related investigation was conducted by Wardęcka et al. [2002] to
determine the influence of genotypes of the Rhode Island Red (RIR) and Green-legged
Partrigenous (GLP) breeds on egg production and egg quality traits based on analysis
of 23 microsatellite markers. Significant effects were demonstrated for 16 traits.
Marker loci detected by QTL mapping can serve as multiple entry points into the
physical BAC-contig map and sequence of the chicken genome. E.g. two QTL from
the mentioned study were selected for FISH mapping using microsatellite-specific
large-insert clones [Sazanov et al. 2005]. This strategy helps to specify genes that
might underlie QTL and is known as QTL positional cloning. Genetic mapping of
QTL affecting egg production, egg traits and body weight in F2 White Leghorn × RIR
intercross chickens was done by Sasaki et al. [2004] using 123 microsatellite markers.
They assigned 96 markers to 25 autosomal linkage groups and 13 markers to the Z
chromosome, including eight previously unmapped markers. Significant QTL were
discovered for body weight on chromosomes 4 and 27, egg weight on GGA4, the egg
short length on GGA4 and egg shell redness on GGA11. A significant QTL for age at
first egg was found on GGAZ. Overall, 6-19% of the phenotypic variation in the F2
population may be explained by these QTL.
QTL: shell thickness
The results of the whole genome scan for detection and localization of QTL
affecting egg quality traits were described by Tuiskula-Haavisto et al. [2002]. At 1%
genome-wise signiﬁcance level 14 chromosomal areas affecting egg quality, while at
5% level only 6 suggestive QTL were found. Another whole genome scan was done
in Green-legged Partridgenous (GLP) chickens, a native Polish breed maintained as
a conservative ﬂock, and in a highly productive stock of Rhode Island Red (RIR)
– Wardęcka et al. [2002, 2003]. The signiﬁcant effect of the genotype (GLP-GLP,
RIR-RIR, and GLP-RIR) was found for 16 traits: age at sexual maturity, body weight
on week 20 and 33, feed intake on week 33, total individual egg production, egg
weight on week 53, egg speciﬁc gravity on week 33, Haugh units on week 53, yolk
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weight on week 33, albumen weight on week 33 and 53, shell weight on week 33 and
53, shell thickness on week 33 and 53 and shell colour on week 33 of life [Wardęcka
et al. 2003].
The eggshell is a highly ordered structure resulting from the deposition of calcium
carbonate concomitantly with an organic matrix upon the eggshell membranes.
Mineralization takes place in an acellular uterine ﬂuid, which contains the ionic and
matrix precursors of the eggshell [Gautron et al. 2001]. It is formed in the uterine (shell
gland) region of the oviduct in an acellular milieu that is supersaturated with respect
to Ca and bicarbonate and contains a variety of proteins that vary in concentration
during the sequential process of shell formation [Gautron et al. 2001]. Formation of
eggshell microstructure underlay complex regulations imposed by the resident egg
[Lavelin et al. 2000]. Signiﬁcant chicken age and environment effects were found for
shell thickness [Edmond et al. 2005]. Shell thickness at week 53 of lay age (ST53)
was mapped on GGA4 very close to MCW0114 [Wardęcka et al. 2002, 2003].
Nine chicken genomic bacterial artiﬁcial chromosome clones containing the
MCW0114 were mapped to GGA4q11-12 using ﬂuorescence in situ hybridization
[Sazanov et al. 2005]. Below the expression proﬁling of 12 positional candidates
for QTL affecting ST53 investigated by realtime PCR in the lower part of chicken
oviducts with a forming eggshell in GLP and RIR is reported.
The PCR with 20 target sequence primers using cDNA prepared from the
oviduct tissue samples as templates resulted in getting 12 fragments of expected
size. The mRNA expression of these 12 target sequences was measured by real-time
quantitative reverse transcription PCR (Tab. 1). No signiﬁcant expression differences
between the group with high shell thickness (STH) and low shell thickness (STL)
and no signiﬁcant correlation of expression level with shell thickness on week 53
of a layer life (ST53) were detected in RIR (Tab. 1). Thus, genetic heterogeneity of
factors affecting shell thickness is expected to be less in RIR than in the conserved
GLP chickens, which has been kept without selection for many generations. In GLP,
the CR523443 was downregulated with ratio of means 0.49 (P ≤ 0.01) in STL relative
to STH (Tab. 1). Expression of the gene in question occurred to be signiﬁcantly
correlated (0.85, P ≤ 0.01) with shell thickness. These data suggested CR523443 as a
potential candidate gene for QTL ST53 in chicken. The 2,102 bp CR523443 sequence
(Gallus gallus ﬁnished cDNA, clone ChEST985k21) was primarily found in mRNA
extracted from adult muscle and then was identified in brain, cartilage, female genital,
and head (http://www.ncbi.nlm.nih.gov/UniGene). A BLAST search did not show any
significant homology to other vertebrate sequences. Recapitulating, relatively little is
known about the genes that are involved in the formation of eggshell in birds.
In the present study, real-time PCR was used to identify genes affecting ST53
based on their position close to the microsatellite loci linked to the QTL. Positional
approach was successfully applied in genetic dissection and searching for candidate
genes for QTL in different species [Glazier et al. 2002]. Optimization of shell
thickness has economical importance because it reduces transportation losses. Finding
310

QTL in chicken: a look back and forward

Table 1. Expression profiling of candidate EST and correlation between shell thickness on week 53 of
age and expression level of positional candidates
GeneBank
accession no.

U10548
CR390814
CR523443
NM_001031126
XM_420350
XM_420354
NM_205361
NM_205295
XM_420356
XM_420357
XM_420359
XM_420360

Gene/homology

Chicken lysosome-associated
membrane glycoprotein
LAMP-2c (LAMP-2)
Chicken finished cDNA,
clone ChEST974b18
Chicken finished cDNA,
clone ChEST985k21
Chicken mitogen-activated
protein kinase 4 (MAP4K4)
Homology to hypothetical
protein FLJ10178
Homology to
2610030H06Rik protein
Chicken Mel-1c melatonin
receptor
Chicken HMG2a
Homology to myotubularinrelated protein 1 isoform 1
Homology to myotubularin
Homology to hypothetical
protein LOC91966
Homology to family with
sequence similarity 11,
member A (FAM11A)

RIR
correlation
ratio of
of ST and EST
means
expression

GlP
correlation
ratio of
of ST and EST
means
expression

1.12

-0.04

0.80

0.26

1.31

-0.14

0.75

0.26

1.34

-0.25

0.49**

0.85**

1.49

-0.18

0.85

0.28

1.10

-0.47

1.20

0.31

0.74

0.38

0.70

0.41

1.10

-0.13

1.42

-0.07

1.35

-0.40

1.39

-0.11

0.76

0.14

0.96

0.35

0.70

0.17

0.99

0.06

1.34

0.36

1.24

-0.05

1.30

-0.26

0.72

0.28

**P≤0.01.
RIR − Rhode Island Red; GlP − Green-legged Partridgenous; STL − low shell thickness; STH − high
shell thickness.

the candidate gene for ST53 provides a tool for searching for QTL, which could be
applied in marker-assisted selection. A skeptical opinion about utilizing microsatellite
information for selection on egg quality and shell features was, however, expressed
by Boruszewska et al. [2009].
QTL: disease resistance
Immune response and disease resistance can be improved by selection. Heritability
of these quantitative traits is low to moderate, and thus they may respond more
efficiently to marker-assisted than to conventional selection [Yonash et al. 2001]. As
an alternative to vaccination control, increased genetic resistance to Marek’s disease
(MD) represents an attractive solution for lowering disease outbreaks. Genetic
mapping of QTL affecting susceptibility to MD virus-induced tumors was conducted
by Vallejo et al. [1998] who for the first time reported the mapping of non-major
histocompatibility complex QTL involved in MD susceptibility in chickens. Two
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significant and two suggestive MD QTL were detected in four chromosomal regions,
explaining 11-23% of the phenotypic, or 32-68% of the genetic MD variation.
A genome-wide scan using 119 microsatellite loci allowed Zhu et al. [2003] to
map QTLs associated with resistance to avian coccidiosis to GGA1. QTL associated
with immune response to SRBC, Newcastle disease virus and E. coli, and with
survival were investigated by Yonash et al. [2001]. Three markers were shown to be
significantly related to these traits. Besides its own economic importance, the chicken
can be considered as a model object for human diseases, e.g. for genetic susceptibility
to form-deprivation myopia [Dodgson and Romanov 2004].
QTL: behaviour
Several QTL affecting feather pecking (a major problem in large group housing
systems) and stress response in laying hens were detected by Buitenhuis et al. [2003].
Using genotypes at 180 microsatellite loci, one significant QTL for severe feather
pecking was detected in GGA2, and suggestive QTL for gentle feather pecking in
GGA1, GGA2, and GGA10. A genome-wide scan using 104 microsatellite markers
was conducted to identify QTL affecting foraging behaviour and social motivation
in F2 birds from a White Leghorn × Red Junglefowl intercross [Schutz et al. 2002].
Significant QTL were found for preference of free food without social stimuli and
low contra-freeloading in GGA27 and GGA7, respectively. Interestingly, the location
of QTL coincided with known QTL for growth rate and body weight. QTL studies in
the chicken have rapidly expanded, and a specialized chicken QTL database has been
established (NAGRP, http://www.animalgenome. org/QTLdb/chicken.html). With the
availability of dense genetic linkage maps, QTL studies are becoming more feasible
in other poultry species.
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