
  INTRODUCTION 

  Feather pecking (FP) is a behavior in which a bird 
pecks at the feathers of another bird. It is considered 
to be an indicator of a welfare problem in the bird 
that develops the behavior (Weeks and Nicol, 2006). 
Feather pecking behavior is frequently categorized into 
subtypes: the gentle type in which the performer pecks 
at the plumage without removal of feathers and severe 
FP in which the pecking is more vigorous and usu-
ally feathers are pulled out (Keeling, 1995). The actual 
pulling of feathers is painful and can result in feather 
damage and wounded birds (Gentle and Hunter, 1991). 
Feather pecking is therefore regarded as a major wel-
fare problem for the recipient birds. 
  Despite extensive research on FP, the underlying 

causes are not yet understood. Several studies have 

shown that FP is a redirected pecking behavior related 
to birds’ motivation to forage (e.g., Blokhuis, 1986; Hu-
ber-Eicher and Wechsler, 1998; Klein et al., 2000; Dix-
on et al., 2008), although others have proposed links to 
dustbathing behavior (Vestergaard et al., 1993). There 
is no doubt, however, that nutrition is an important 
component. Laying hens seem to adjust their eating 
time to the energy level of the feed and a lower en-
ergy density can consequently decrease the amount of 
FP (Elwinger, 1981; van Krimpen et al., 2008, 2009), 
whereas a low mineral content seems to increase the 
problem (Hughes and Duncan, 1972). Higher protein 
and amino acid levels, on the other hand, have been 
shown to have a beneficial effect on pecking behavior 
and plumage condition (Ambrosen and Petersen, 1997). 
Also, feather eating has been shown to be associated 
with FP (e.g., McKeegan and Savory, 1999). Harlander-
Matauschek et al. (2006) showed that ingesting feathers 
increases the speed of feed passage and that a dietary 
effect of eating feathers might exist that could influ-
ence the development of FP. Feeding behavior and ap-
petite are modulated by the hypothalamus via periph-
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  ABSTRACT   Feather pecking (FP) is a welfare and 
economic problem in the egg production sector. Beak 
trimming, the current method used to reduce FP, is 
also criticized. The present study used gene expression 
to explore the biological mechanisms underlying this 
behavior, which could lead to a greater understand-
ing of the cause and a tool to mitigate the problem. 
White Leghorn hens performing and receiving FP, as 
well as neutral control birds, were identified on a com-
mercial farm. Hypothalamic RNA from 11 peckers, 10 
victims, and 10 controls was hybridized onto GeneChip 
Chicken Genome Arrays (Affymetrix Inc., Santa Clara, 
CA) to compare gene expression profiles in the different 
groups. Eleven transcripts corresponding to 10 genes 
differed significantly between the 3 groups (adjusted P
< 0.05). Eight of these transcripts differed in the peck-

ers compared with the controls, 1 was upregulated in 
the victims compared with the controls, and 6 differed 
significantly in the peckers compared with the victims. 
Additionally, 5 transcripts showed a trend (adjusted P
< 0.1) to differ in the pecker–victim comparison. Some 
of the products of the differently expressed genes are 
involved in disorders, such as intestinal inflammation 
and insulin resistance, which fit well with the previ-
ously proposed hypothesis that FP is an abnormal for-
aging behavior. Other findings may also support the 
proposal that FP is linked to immune mechanisms and 
may serve as an animal model for obsessive compulsive 
disorder in humans. In conclusion, this study provides 
a gene list that may be useful in further research on the 
mechanisms behind FP. 
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eral signals about energy and nutrient status (Richards 
and Proszkowiec-Weglarz, 2007). The hypothalamus is 
therefore a potentially important part of the brain to 
investigate with regard to the control of FP behavior.
Regardless of strong environmental influences on the 

behavior, FP is performed by only a restricted num-
ber of individuals (Keeling, 1995), thus suggesting that 
differences on an individual level contribute to the 
development of the behavior. Physiological and neu-
robiological influences on FP have been proposed in 
several studies. Differences between high and low FP 
animals in adrenocortical reactivity and hypothalamus-
pituitary-adrenal axis reactivity (Korte et al., 1997; van 
Hierden et al., 2002) as well as alterations in serotoner-
gic and dopaminergic systems (Kjaer et al., 2004; van 
Hierden et al., 2004) are suggested to be associated 
with the behavior.
Strain differences in the amount of performed FP 

have been identified, which suggests a genetic compo-
nent to the behavior (Hughes and Duncan, 1972; Klein 
et al., 2000; Hocking et al., 2001; Kjaer and Sorensen, 
2002). This was later confirmed by selection studies in 
which successful selection for and against FP was per-
formed (Kjaer and Sorensen, 2001). Heritabilities for 
different measures of FP have been estimated mostly 
as low or moderate (Kjaer and Sorensen, 1997; Kjaer 
et al., 2001; Su et al., 2005). Studies also show that a 
positive correlation exists between performing severe 
FP and immune response (Buitenhuis et al., 2004) as 
well as between pecking behavior and activity in an 
open-field test (Rodenburg et al., 2004).
Two studies on QTL and the performance of FP have 

been performed, resulting in 1 significant and 4 puta-
tive QTL (Buitenhuis et al., 2003; Jensen et al., 2005). 
The study by Jensen et al. (2005) also showed that 
FP is phenotypically linked to other behavioral traits 
(activity in an open-field test, novel object test, and a 
restraint test) as well as to nonbehavioral traits (early 
sexual maturation, fast growth, weak bones, and high 
fat accumulation in males). Biscarini et al. (2010) per-
formed an across-line SNP association study for genetic 
effects on feather damage in 9 genetic lines. Fifty-seven 
single SNP were suggested to be associated with per-
forming the behavior and 11 with receiving. Genes in-
volved in the serotonergic system as well as the immune 
system were among those associated with performing 
pecks.
Knowledge about genomic differences may give a tool 

to reduce the problem of injurious behavior in commer-
cial lines of birds through selection and can potentially 
be used to learn more about the causal mechanisms. 
Quantitative trait loci studies identify polymorphisms 
in the DNA associated with the behavior whereas gene 
expression studies aim to find differences in the tran-
scriptome. The latter is much more dynamic because it 
is highly influenced by environmental effects. The ex-
pression of a specific gene can therefore be affected by 
both genetic and environmental differences. Labouriau 
et al. (2009) compared whole-brain gene expression in 

high and moderate feather peckers from a high FP se-
lection line. In that study, 456 genes were found to be 
differently expressed in birds showing high amounts of 
FP compared with birds performing moderate amounts 
of FP, but no obvious biological pathway was apparent. 
In a more recent study, Hughes and Buitenhuis (2010) 
found that several transcripts in a high FP popula-
tion showed reduced variance in expression compared 
with control and low FP populations. No significant 
differences in expression were found between the popu-
lations, but 37 transcripts showed negative skewness in 
the control population and correlations between expres-
sion score and gentle or severe FP. The authors hypoth-
esized that these genes are candidate genes for the ma-
jor targets of selection favoring high FP. Transcripts for 
which the expression score was associated with severe 
FP, but without the negative skewness in the control 
population, were suggested to be genes whose expres-
sion differences are associated with severe FP but that 
have not been directly influenced by selection. Among 
these genes were several with roles in nervous system 
development and suppression of the immune system.
The link between the immune system and FP pro-

posed in the studies by Biscarini et al. (2010) and 
Hughes and Buitenhuis (2010) are interesting because 
earlier results indicated that a genetic correlation exists 
between severe FP and primary antibody response to 
keyhole limpet hemocyanin (Buitenhuis et al., 2004). 
Moreover, Parmentier et al. (2009) found that stimulat-
ing the humoral immune response led to more feather 
damage. Immune mechanisms have also been suggested 
to be implicated in some human neuropsychiatric dis-
orders such as obsessive compulsive disorder (OCD) 
and attention-deficit hyperactivity disorder syndromes 
(e.g., da Rocha et al., 2008; Pelsser et al., 2009). Feath-
er pecking has been suggested to be a hyperactivity 
disorder (Kjaer, 2009) as well as a potential model for 
human OCD (van Hierden et al., 2004).
The present study focused on hypothalamic genome-

wide expression in pecker, victim, and control birds. 
The aim was to identify genes and biological pathways 
involved in the mechanisms underlying FP in laying 
hens and thereby increase knowledge on the causation 
and so how to reduce this problem behavior.

MATERIALS AND METHODS

Birds and Behavioral Observations

The birds in this study were selected from a commer-
cial poultry farm in Sweden housing Lohmann Select-
ed Leghorns in furnished cages. The birds used in the 
present study were all from the same building housing 
40,320 hens in 5,040 cages. Each cage contained 8 to 10 
birds and was provided with a nest box, perches, and 
dust bath as well as ad libitum provision of feed and 
water. The study was performed when the birds were 
between 41 and 49 wk of age.
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Behavioral observations were carried out to select 
matched batches consisting of a pecker, victim, and 
control bird. The cages in which the observations were 
performed were selected by estimating the birds’ plum-
age condition from outside the cage. Cages housing 
hens with poor plumage condition were selected as po-
tential FP cages and cages in which all birds had good 
plumage were selected as potential control cages. All 
birds in the FP cages were marked with leg rings for 
individual identification and the number of performed 
and received severe pecks (forceful pecks often involv-
ing feathers being pulled out and the victim reacting 
by, for example, vocalizing, turning around, or running 
away) were recorded for each individual. Gentle feather 
pecks were not recorded. In this first observation peri-
od, the birds were observed until a pecker and a victim 
could be identified (0.5–2.5 h). If a pecker and a victim 
could not be clearly identified after these observations, 
the cage was excluded and a new potential FP cage and 
corresponding control cage were selected and observed. 
The data collected during this observation were used 
only to identify the candidate peckers and victims and 
thus were not included in any data analysis.
Once identified, the pecker and victim as well as 2 

randomly selected control birds from the neighboring 
control cage were marked on the head with color (red 
or green balanced between the different animal cate-
gories) for further individual behavioral observations. 
Originally, it was intended to select control birds from 
the FP cage. The reason for selecting the control from 
an adjacent cage was the difficulty in finding birds that 
were not involved in the pecking behavior in the FP 
cage. After being habituated to the observer for 30 min, 
the identified pecker, victim, and control birds were 
observed in their home cages for 30 min. This was then 
repeated 3 times. These 4 observations were evenly dis-
tributed over 2 d so that the birds were observed 1 h 
before noon on one day and 1 h in the afternoon on the 
other day. The observations during these 2 h were then 
used to estimate the frequency of severe feather pecks 
performed or received by the specific individuals. To 
be classified as a pecker and further selected for tissue 
sampling the bird should have been observed perform-
ing severe FP in both observations. The criteria for the 
victims were to receive severe FP and have a plumage 
with clear signs of pecking damage. Control birds that 
performed or received any severe FP were rejected af-
ter the last observation step. In total, 209 birds were 
marked and observed.

Feather Scoring, Tissue Sampling,  
and RNA Isolation

Thirty-four birds in 11 matched batches consisting 
of 1 pecker and 1 victim from the pecker cage as well 
as 1 control from the adjacent control cage (1 batch 
contained 2 peckers) were selected for tissue collection. 
Two to 5 d after the behavioral observations, the select-

ed birds were taken from the home cage to an adjacent 
room where they were feather scored on the back and 
tail using a 4-point photographic scale where 1 is naked 
and 4 is fully feathered (Tauson et al., 2005). The birds 
were killed by injecting pentobarbitals in the wing vein 
followed by an injection into the abdomen when neces-
sary (2 victims, 2 controls). To reduce the effects of 
handling, the order in which the birds were taken from 
the cages was balanced between the different animal 
categories within a batch and the procedures preced-
ing the killing were standardized and performed by the 
same 2 persons. All birds were killed between 0845 and 
1135 h and at most 2 batches of birds were killed on 
the same day.
The brains were removed and the hypothalamus was 

dissected according to Lindqvist et al. (2007) and im-
mediately flash frozen in liquid nitrogen, transported 
on dry ice, and stored at −80°C until RNA isolation. 
Total RNA was isolated from the frozen hypothalamus 
using RNeasy Lipid Tissue Mini kit (Qiagen, Valencia, 
CA) according to the manufacturer’s instructions. Con-
centration and quality of the RNA was controlled mea-
suring 260/280 and 230/260 ratios using a NanoDrop 
ND-1000 Spectrophotometer (NanoDrop Technologies, 
Wilmington, DE) and RNA integrity number using 
Agilent 2100 Bioanalyzer system (Agilent Technologies 
Inc., Palo Alto, CA).

Microarray Hybridization

Because samples from 1 batch were destroyed, RNA 
from the hypothalamus of 31 birds (11 peckers, 10 vic-
tims, and 10 controls) in 10 batches was used. The 
GeneChip Expression Analysis technical manual (revi-
sion 5, Affymetrix Inc., Santa Clara, CA) was followed 
when preparing fragmented and biotin labeled cRNA 
from 2 µg of total RNA. The cRNA was then hybrid-
ized to Affymetrix GeneChip Chicken Genome Array 
(representing 32,773 transcripts corresponding to more 
than 28,000 genes; Affymetrix Inc., Santa Clara, CA) 
for 16 h at 45°C and rotated at 60 rpm. The arrays were 
washed and stained using the Fluidics Station 450 (Af-
fymetrix Inc.) and scanned using a GeneChip Scanner 
3000 7G 8 (Affymetrix Inc.).

Data Analysis

Because neither behavior nor plumage scores were 
normally distributed, a Mann-Whitney U-test in Mini-
tab statistical software (Minitab Inc., State College, 
PA) was used for analyzing pairwise differences be-
tween bird categories. Control birds by definition did 
not perform or receive any severe FP and were there-
fore not included in the analysis of behavior.
The gene expression data were analyzed in statistical 

computing language R (http://www.r-project.org) us-
ing packages available from the Bioconductor project 
(www.bioconductor.org). The raw data were normal-

1147GENE EXPRESSION IN FEATHER PECKING CHICKENS



ized using the robust multiarray average method, first 
suggested by Li and Wong (2001). An empirical Bayes 
moderated t-test was applied using the “linear models 
for microarray data” package with the default settings 
to search for differentially expressed genes between the 
groups (Smyth, 2004). Three comparisons were made: 
peckers versus controls, peckers versus victims, and vic-
tims versus controls. To control for the problem with 
multiple testing, the P-values were adjusted according 
to the method by Benjamini and Hochberg (1995).

RESULTS

Among the 34 selected birds, the peckers performed 
more severe FP (W = 210.0, where W is the test value 
used by Minitab when performing a Mann-Whitney 
analysis; P < 0.001) than the victims, whereas the vic-
tims received more pecks than the peckers (W = 93.5, 
P = 0.02; Table 1). The individual peckers performed 
between 0.57 and 3.08 severe pecks/min and the victims 
received between 0.03 and 0.6 pecks/min. The control 
birds had a better feather score on both the back and 
tail than peckers (back: W = 116.5, P = 0.04; tail: W = 
118.5, P = 0.03) and victims (back: W = 66, P < 0.001; 
tail: W = 66, P < 0.001) and the peckers had a better 

score than the victims (back: W = 209, P < 0.01; tail: 
W = 201, P < 0.01; Table 1).
All RNA samples used for the microarrays had a 

260/280 ratio above 2.0 and 260/230 above 1.9. The 
RNA integrity number values were all 8 or greater. The 
hybridization of hypothalamic cRNA to Affymetrix 
GeneChip Chicken Genome Array identified 8 differ-
ently expressed transcripts (adjusted P < 0.05) in the 
peckers–control comparison, 1 in the victims–controls 
comparison, and 6 in peckers–victims comparison. Ad-
ditionally, 5 transcripts tended to be differently ex-
pressed in peckers compared with victims (adjusted P 
< 0.1). Because 4 of these 20 transcripts were differ-
ently expressed in 2 comparisons, the gene list consists 
of 16 unique transcripts (P < 0.05 and P < 0.1) listed 
in Table 2. Out of the 4 transcripts that were differ-
ently expressed in 2 comparisons, 3 were differently ex-
pressed in the peckers–victims and the peckers–controls 
comparisons. The last of these 4 transcripts differed in 
the victims–controls and pecker–control comparisons.
A single gene was differently expressed in victims 

compared with controls and the same gene was upregu-
lated in the peckers compared with the controls. This 
implies that it is possible to compare pecker or victim 
birds with control birds despite the fact that control 

Table 1. Frequency of performed or received severe feather pecks (mean ± SE) and feather score1 for 
peckers (n = 12), victims (n = 11), and controls (n = 11) that were selected for microarrays 

Group
Performed  

pecks (n/min)
Received  

pecks (n/min)
Feather  
score back

Feather  
score tail

Peckers 1.16 ± 0.24a 0.09 ± 0.07a 3.42 ± 0.19a 2.75 ± 0.13a

Victims 0.01 ± 0.003b 0.26 ± 0.05b 1.18 ± 0.12b 1.55 ± 0.16b

Controls 0 0 3.93 ± 0.09c 3.18 ± 0.12c

a–cMeans with different superscripts within a column differ significantly (P < 0.05).
1Four-point scale: 1 = naked, 4 = fully feathered.

Table 2. Gene description and log fold changes (LogFC) for the different expressed genes in the comparisons of peckers (P), victims 
(V), and controls (C)1 

Probe set
Gene or  
transcript Description

LogFC

P vs. C V vs. C P vs. V

GgaAffx.11659.1.S1_at SRI Sorcin 0.90** 0.03 0.87**
Gga.4109.1.S2_at ABCB1 ATP-binding cassette, subfamily B (MDR/TAP), member 1 −1.97** −0.12 −1.86**
Gga.4109.1.S1_at ABCB1 ATP-binding cassette, subfamily B (MDR/TAP), member 1 −1.43** −0.10 −1.32*
GgaAffx.5144.2.S1_at LOC770119 Hypothetical protein LOC770119 −0.51** −0.15 −0.36
Gga.15807.1.S1_at Unknown Finished cDNA, clone ChEST333m20 −0.67** −0.15 −0.52
Gga.11554.1.S1_at LOC420998 Hypothetical LOC420998 −0.31* −0.30 −0.01
Gga.12614.2.S1_s_at TNFSF15 Tumor necrosis factor (ligand) superfamily, member 15 0.42* 0.13 0.29
GgaAffx.12217.1.S1_at GTF2H5 General transcription factor IIH, polypeptide 5 0.64** 0.64** −0.006
GgaAffx.244.1.S1_x_at Unknown Unknown −0.12 0.14 −0.26*
GgaAffx.23313.1.S1_at PLD5 Phospholipase D family, member 5 0.18 −0.11 0.29*
GgaAffx.25795.1.S1_s_at COMP Cartilage oligomeric matrix protein −0.28 0.20 −0.48*
Gga.1147.1.S1_at MAPK8 Mitogen-activated protein kinase 8 0.09 −0.21 0.31†
Gga.930.1.S1_at AKT2 V-akt murine thymoma viral oncogene homolog 2 −0.16 0.14 −0.30†
GgaAffx.24490.2.S1_at Unknown Unknown 0.04 −0.18 0.21†
GgaAffx.9194.1.S1_at LAG3 Lymphocyte-activation gene 3 −0.04 0.21 −0.24†
GgaAffx.21242.1.S1_at Unknown Finished cDNA, clone ChEST883g17 −0.11 0.07 −0.17†

1The fold change is a measure of the ratio between the phenotypes indicating the difference in expression level. A positive log fold change indicates 
that the transcript is upregulated in the bird category written first (e.g., upregulated in P in the P vs. C comparison) and vice versa.

*P < 0.05; **P < 0.01; †P < 0.1.
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birds came from adjacent cages. It further suggests 
that the pecker–victim comparison may be useful in 
identifying potential causal mechanisms behind FP in 
pecker birds. The results from the literature search and 
possible links between the genes and phenotypes are 
illustrated in Figure 1.

DISCUSSION

In this study, microarrays were used to characterize 
hypothalamic gene expression profiles in birds perform-
ing and receiving feather pecks and birds not involved 
in FP. Three comparisons (peckers vs. controls, victims 
vs. controls, and peckers vs. victims) gave a list with 
11 differently expressed transcripts and trends in 5 ad-
ditional transcripts in the pecker–victim comparison.
It was originally planned to use control birds from 

the FP cages to avoid confounding any environmental 
effects when comparing pecker and victim birds with 
controls but, as stated earlier, too few birds in FP cages 
were neither performers nor receivers of FP. However, 
only 1 transcript (corresponding to the gene GTF2H5, 
a general transcription factor) was differently expressed 
in the victims–controls comparison. Because the control 
birds were selected from a different environment (i.e., 
from a cage without a feather pecker) compared with 
the pecker and victim, this suggests that the differen-
tial expression of this gene was probably attributable 
to this difference in environment. The finding that only 
this single gene differed between the birds with the best 
and worst plumage condition could be of benefit when 
comparing peckers and victims. It is unlikely that dif-
ferences in gene expression between peckers and victims 

are associated with the better plumage condition of the 
peckers, which otherwise might have been expected.
In the remainder of this discussion, the functions of 

some of the differently expressed genes are presented, 
illustrated by Figure 1. The functions of the differently 
expressed transcripts were diverse and it is difficult to 
interpret whether the expression of a transcript is a 
cause or an effect of the behavior. Therefore, only those 
transcripts that earlier studies clearly indicate could be 
important for the biological mechanisms underlying FP 
will be further discussed. Earlier studies by Biscarini 
et al. (2010), Buitenhuis et al. (2004), Hughes and Bu-
itenhuis (2010), and Parmentier et al. (2009) suggested 
a link between performing FP and the immune system. 
It is therefore interesting that at least 3 of the tran-
scripts differently expressed in this study are known to 
be related to immune defense in mammals. The protein 
products of tumor necrosis factor (ligand) superfam-
ily, member 15 (TNFSF15) and lymphocyte-activation 
gene 3 (LAG3) are both known to have roles in modu-
lating immune responses (Triebel, 2003; Takimoto et 
al., 2005). The gene LAG3 was also the only transcript 
that differed both in this study and the one performed 
by Labouriau et al. (2009). Also, multidrug resistance 
protein 1 (encoded by ABCB1, the transcript with the 
largest expression difference in peckers compared with 
both victims and controls) has been suggested to be a 
possible immunomodulator. It is an efflux transporter 
present on the blood-brain barrier that can influence 
the extrusion of proinflammatory cytokines (Kooij et 
al., 2009). The protein product of another gene, mi-
togen-activated protein kinase 8 (MAPK8, also called 
JNK or JNK1), is known to play a role in immune re-
sponses because of its implications on T cell differentia-
tion and cytokine production (Dong et al., 1998; Con-
stant et al., 2000). The present study was performed on 
commercial lines in a production environment, whereas 
most of the other studies included birds from FP selec-
tion lines. It is therefore noteworthy that this study 
supports the earlier proposed link between FP and the 
immune system.
Two of the above-mentioned genes, TNFSF15 and 

ABCB1, are linked to inflammatory bowel disease 
(IBD), which is characterized by intestinal inflamma-
tion in both humans and mice (Panwala et al., 1998; 
Brant et al., 2003; Thiebaut et al., 2009). Crohn’s dis-
ease in humans is a variant of IBD and one in which 
osteoporosis is common in patients (Pigot et al., 1992). 
This is probably partly attributable to the poor absorp-
tion from the intestines and the reason why nutrient 
deficiencies of vitamin D (and, as a result, calcium), 
vitamin K, magnesium, protein, and trace elements are 
frequently reported. It is notable therefore that Jensen 
et al. (2005) found high FP to be correlated to low bone 
mineral content and weak bones (i.e., osteoporosis) in 
laying hens. This is interesting because deficiencies of 
different nutrients are believed to affect both eating 
behavior and the level of FP.

Figure 1. Differently expressed genes (gray boxes) in peckers com-
pared with controls or victims in the present study that have pos-
sible associations with diseases or functions (black boxes) previously 
implicated in hypotheses about the biological mechanisms underlying 
feather pecking. IBD = inflammatory bowel disease; OCD = obses-
sive compulsive disorder; TNFSF15 = tumor necrosis factor (ligand) 
superfamily, member 15; ABCB1 = ATP-binding cassette, subfamily 
B (MDR/TAP), member 1; LAG3 = lymphocyte-activation gene 3; 
MAPK8 = mitogen-activated protein kinase 8; AKT2 = V-akt murine 
thymoma viral oncogene homolog 2.
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The second function linked to several of the differen-
tially expressed genes in this study is glucose homeo-
stasis. Two of the genes represented in this gene list, V-
akt murine thymoma viral oncogene homolog 2 (AKT2) 
and MAPK8, have roles in insulin resistance (Cho et 
al., 2001; Velloso et al., 2008) and both tended toward 
being differently regulated in peckers compared with 
victims. A recent study showed that a selective defi-
ciency of MAPK8 in the nervous system of mice affects 
body mass, energy expenditure, and feed intake and 
concluded that the hypothalamic-pituitary-thyroid axis 
is important for the influence of MAPK8 on metabo-
lism (Sabio et al., 2010). All of this is relevant given 
that FP has been suggested to be redirected foraging 
behavior.
Based mainly on the compulsive characteristics of FP 

and the alterations in the serotonergic system, FP in 
poultry has been suggested to be an animal model for 
OCD (van Hierden et al., 2004) as well as a model of 
hyperactivity disorder (Kjaer, 2009). Furthermore, im-
mune mechanisms have been implicated in the patho-
physiology of some types of OCD (e.g., da Rocha et 
al., 2008; Pelsser et al., 2009). The prevalence of OCD 
as well as panic, anxiety, and major depression seems 
to be higher in individuals with IBD (Walker et al., 
2008). Also, a possible link between disturbed glucose 
metabolism and depression has been discussed in sev-
eral studies (for a review see Hundal, 2007). Thus, the 
previously presented links among immune system, IBD, 
the regulation of insulin, and FP behavior in poultry 
may be in line with links among immune mechanisms, 
IBD, glucose metabolism, and phychiatric disorders in 
humans and thus support a similar underlying mecha-
nism for both FP and OCD.
Among the annotated genes, we only found 1 (LAG3) 

that was differently expressed in both this study and 
the one performed by Labouriau et al. (2009). None of 
the known protein coding transcripts listed in the SNP 
study by Biscarini et al. (2010) or the expression study 
by Hughes and Buitenhuis (2010) were in our gene list. 
Several reasons could account for the differences in the 
gene lists from the current study and the expression 
studies from Labouriau et al. (2009) and Hughes and 
Buitenhuis (2010). The main differences between the 
studies are the choice of the brain area (hypothalamus 
in the present study vs. whole brain in the previous 
studies), the criteria for the minimum number of pecks 
given to be classified as a pecker [0.57 in the present 
study vs. 0.08 in the study by Labouriau et al. (2009)], 
and the choice of animal material.
The advantage of using a smaller brain area, as in 

the present study, compared with whole brain is that 
the risk of diluting possible expression differences in 
the area of interest is decreased. On the other hand, 
when only a smaller part of the brain is analyzed, ex-
pression differences in other areas of the brain will be 
missed. Peckers in the studies differed in their rate of 
FP, which makes it complicated to compare the results 
because motivation underlying the behavior may differ 

between very high frequency and occasional peckers. As 
discussed earlier, different underlying motivations may 
exist between gentle and severe FP. Finally, regarding 
the choice of animal material, the present study used 
a commercially available White Leghorn whereas both 
Labouriau et al. (2009) and Hughes and Buitenhuis 
(2010) used a high FP selection line. Studies in which 
selection lines are used may be misleading. Even if indi-
viduals from the same line are selected and compared, 
selected lines may accidentally accumulate genetic dif-
ferences only indirectly or not at all related to FP. Nev-
ertheless, despite the differences between the studies 
highlighted here, all these studies report links between 
FP and immune mechanisms, which strengthens this 
proposed association.
In conclusion, this study presents a list of genes with 

different expression patterns in FP birds than in birds 
not performing FP. Knowing the functions of those 
genes and the pathways that they are involved in could 
be of use when further investigating the mechanisms 
underlying this abnormal behavior. Identifying the 
cause of FP is, in turn, the most promising route to-
ward reducing the problem. A large proportion of the 
differently regulated genes in this study are directly or 
indirectly associated with absorption of nutrients from 
the intestine, the regulation of glucose homeostasis, or 
immune mechanisms. These findings are noteworthy 
considering that decades of research have resulted in a 
general consensus that FP is linked to feeding motiva-
tion and recent studies suggest a link to the immune 
system.
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