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1 Abstract 

Thyroid hormones are known to be important in several processes in 

chicken, such as growth, metabolism and reproductive system. In 

previous studies the thyroid stimulating hormone receptor (TSHR)-gene 

has been identified as a target for a selective sweep in commercial breeds 

of chicken such as broiler and White Leghorn. The evolution of 

domesticated species can be split into three periods. The first is the 

natural selection in their natural habitat, the second the beginning of the 

domestication process, when humans started to tame and breed the wild 

animals and the third is when animals were bred for commercial interests 

such as egg laying properties and meat production in chicken. Landraces, 

which are domesticated but not commercially bred races, are a great 

resource for identifying during which period a specific gene, which 

differs between wild type and commercial bred breeds, were selected. In 

this study Swedish landrace chickens were used in order to analyze the 

importance of a mutation in the TSHR-gene in the domestication process. 

The results of this study gave that all, except two individuals from the 

Bohuslän-Dals svarthöna were homozygous for the mutation known from 

commercial breeds. The two individuals from Bohuslän-Dals svarthöna 

were both heterozygous for the mutation. These results suggest that the 

TSHR mutation is important for the domestication process and were 

already more or less fixed at the commencement of commercial breeding. 

The mutation is thought to be dominant and to have an inhibitory impact 

on the TSHR activity. This might result in hypothyroidism which would 

make alterations in the reproductive system. This is plausible because the 

constant availability of food in captivity makes the seasonal reproductive 

system no longer critical for survival of progeny.  

 

2 Introduction 

2.1 Domestication 

One of the greatest challenges in the science of biology is to understand 

how variations in genes can cause different phenotypic properties in 

different individuals (Andersson & George, 2004). The desire for this 

knowledge grows with each new discovery of genetic variations and their 

effects on the individual. If the mechanisms are known, treatments of 

genetic dysfunctions could be developed. Domesticated species are great 

tools in the search for the causes of phenotypic diversity because they 

have been strongly selected for specific properties for centuries 

(Andersson & George, 2004). Hence, their genome consists of several 
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mutations that affect phenotypic traits preferred by humans. Some of 

these traits, such as coat color, have simple monogenic basis, meaning 

they are only based on one or a few genes (Andersson & George, 2004). 

Other traits, such as growth, fertility and behavior, however, are based on 

complex genetic diversity (Andersson & George, 2004), meaning that 

several genes contribute to the vast variation of phenotypic traits 

observed.  

2.1.1 Domestication of Chicken 

Chicken is a good example of a species that has undergone strong 

selection during domestication (Tixier-Boichard et al., 2011). The 

evolution of domesticated animals, such as chicken, can be split into three 

different periods (Tixier-Boichard et al., 2011). The first is the natural 

selection acting on the species depending on properties that are beneficial 

for the survival in their natural habitat. Individuals carrying traits that 

were beneficial for the survival or for the reproduction would propagate 

more successfully and their genes would naturally become more common 

in the population. Eventually the whole population would carry those 

benefitting genes. The natural selection drives the evolution of species 

depending on their natural environment.  The second period the evolution 

of domestic animals is when the domestication process began. In chicken, 

the third period began only 100 years ago, when chickens were bred with 

commercial interests in mind, such as meat production and egg laying 

properties (Tixier-Boichard et al., 2011; Havenstein et al., 2003). This 

breeding led to the development of breeds such as Broiler and White 

Leghorn.   

The domestication process (the second period of Tixier-Boichards et al.’s 

periods) can be seen as three different parts (Price, 1997). The first is the 

artificial selection of species, where humans began to tame and breed 

(intentionally or unintentionally) the animals for properties that were 

preferred by the humans. The second part is when the animals began to 

adapt to the conditions in captivity (Price, 1997). The third is the 

relaxation of selection for starvation and predation (Jensen, 2006). The 

domestication for chicken started approximately 8000 years ago in India 

(Tixier-Boichard et al., 2011; Havenstein et al., 2003. The chickens with 

the most preferable traits, probably such as reactivity against humans, 

were likely mated and their progeny would in most cases also have these 

favored traits (Campler et al., 2009). Chickens that were less fearful 

toward humans would cope with captivity better and therefore also be 

more suitable for that type of habitat (Campler et al., 2009). The humans 

protected the chickens against predators and also provided them 

constantly with food.  
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This domestication process would eventually generate a specific 

“domesticated phenotype”, seen in all domesticated animal species 

(Jensen, 2006). Traits of this domesticated phenotype include behavioral 

changes such as reduced fear response, increased sociability and reduced 

anti-predator response. Changes in appearance such as altered fur and 

plumage colors, body size and growth are usually traits that come with 

domestication of species. Neurological changes in endocrine responses, 

reproductive cycles and earlier sexual maturity is also associated with 

domestication (Jensen, 2006). These changes are in most cases not 

surprising because animals in captivity are provided food and protection 

against weather and predator at all times (Schültz et al., 2001).  

The mutations responsible for the specific beneficial traits would 

eventually become fixed, meaning that the mutation is present in all 

individuals in a population. The variation in the region, in which the fixed 

mutation is present, will also decrease. The elimination of standing 

variation in regions linked to a recently fixed beneficial mutation is 

known as a “selective sweep” (Nielsen et al., 2005).  

In a study by Rubin et al. (2010) the genetic diversity of red jungle fowl 

(wild type), Broiler (for meat production) and egg layer chicken (such as 

White Leghorn) was analyzed in order to detect genes that might be 

important for domestication traits. Using massive parallel sequencing, 

where they could analyze regions from several different individuals at the 

same time, they searched the complete genome of the breeds for selective 

sweeps. One of the most striking selective sweeps surrounded the gene 

for thyroid stimulating hormone receptor (TSHR), which was almost 

completely fixed. Out of 271 analyzed domestic chickens, both 

commercial and landraces, only seven were heterozygous for the 

selective sweep haplotype (the genes inherited from one of the two 

chromosome pairs), while 264 were homozygous. Such a degree of 

fixation was not seen in any of the other detected selective sweeps. After 

these results they searched for a candidate mutation (a chosen mutation to 

study that is thought to be important) which might have been the target 

for the selection. They found a non-conservative amino acid substitution 

(one amino acid gets exchanged by another), in this case glycine to 

arginine at residue 558 (counted from the N-terminal of the protein) that 

was suggested as a candidate mutation. This amino acid substitution is 

created by a change in the DNA sequence from a guanine (G) to an 

adenosine (A). This is the most likely mutation in the gene to create a 

difference in phenotypic traits between the different breeds of chicken, 

because glycine at this position in the protein is highly conserved in all 

known vertebrates (Rubin et al., 2010). The mutation on this residue is 
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also believed to affect the active site of the protein and therefore also 

disturb ligand interaction (Rubin et al., 2010). 

2.2 The role of TSHR in Chicken 

Thyroid stimulating hormones (TSHs) are very important for the thyroid 

gland activities, such as hormone release and gland growth (McNabb, 

2007; Grommen et al., 2008). These activities are mediated by the 

interaction of TSHs and TSHRs (McNabb, 2007; Grommen et al., 2008). 

The TSHR-gene consists of 2283 base pairs, which encodes for a seven 

transmembrane G-coupled glycoprotein of 761 amino acids (Grommen et 

al., 2008). The gene was originally thought to consist of 10 exons and is 

located on chromosome five (Tixier-Boichard et al., 2011; Grommen et 

al., 2008; Sylvia et al., 2008). However, findings in a study made by 

Grommen et al. (2008), where they were analyzing different splice 

variants (variation in the protein depending on the compositions of the 

exons) of TSHR, suggest that the gene instead contains 13 exons. 

The interactions between TSH and TSHR stimulate the thyroid gland to 

release thyroid hormones, such as T3 and T4 (Grommen et al., 2008; 

McNabb, 2007). These hormones are important regulators of metabolism, 

growth and even seasonal breeding (McNabb, 2007). T3 mostly regulates 

metabolic activities, while T4 primarily is a prohormone which regulates 

other hormone production (McNabb, 2007). Thyroid hormones control 

growth in chicken in an indirect manner. They decrease growth hormone 

secretion (GH) of the pituitary gland, which stimulates the secretion of 

insulin-like growth factors, by negative feedback (Cogburn et al., 2000). 

Thyroid hormone concentrations in blood plasma are decreased during 

the early reproductive period of the spring and summer and rises after 

some time of egg lying, when the birds have become accustomed to the 

difference in day length (McNabb, 2007). This phenomenon to be able to 

detect and adapt to changes in day length is called photoperiodism (Ono 

et al., 2009). The changes in day length control the amount of secreted 

thyroid hormones and might lead to the seasonal reproductive system 

seen in wild birds (McNabb, 2007). This system ensures maximal 

survival of the birds and their progeny which are hatching during spring 

and summer, when the greatest amount of food is available (Ono et al., 

2009).   

2.3 Landraces 

In the study by Rubin et al (2010), only chicken from the third and last 

period of domestication were included in the analysis. This means that 

the mutation in the TSHR-gene could also have been selected for meat 

and egg production. By analyzing the genetic properties of landraces the 
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period of the selection can be dated to either before or after the third and 

the most recent period of domestication (Yamasaki et al., 2005). 

Landraces are genetically separated from other more commercially 

improved breeds because they have been locally isolated for a long period 

of time. Hence, landraces have undergone different selection and 

developed specific qualities (Yamasaki et al., 2005). By analyzing and 

comparing the genome of commercial breeds, which have undergone 

strong selection in for commercial interests, with landraces, the 

importance of specific genes during the different parts of domestication 

can be determined (Yamasaki et al., 2005). If the landraces and the 

commercial breeds share the same trait, the mutation is more likely to 

contribute to the domestic properties. However, if the landraces do not 

share the same trait, the mutation is more likely to reflect the interests of 

production (Yamasaki et al., 2005).   

2.4 History of Swedish Chicken Landraces 

The first domesticated chickens arrived to Sweden about 2000 years ago 

(Svenska Lanthönsklubben, 2013). Different local aspects and demands 

selected these chickens to become more adapted to the respective area. 

Hence, different breeds of domesticated chickens evolved (Svenska 

Lanthönsklubben, 2013). During the late 19
th

 century more commercially 

selected breeds were brought to Sweden and began to replace the locally 

adapted landrace chickens. The landraces were almost completely lost, 

but during the 1980:s some of the breeds were rediscovered and 

protected. An independent organization, named Swedish society of old 

native poultry (Svenska Lanthönsklubben, 2013) was founded in 1986 

and began working towards the preservation of the Swedish landraces of 

poultry, including chickens. In Sweden there are currently 11 different 

landraces of chickens, nine of which have been analyzed in this study. 

These are Hedemorahöna, Gotlandshöna, Bohuslän-Dals svarthöna, 

Skånsk blommehöna, Ölandshöna, Åsbohöna, Öländsk dvärghöna, 

Kindahöna and Orusthöna. The current location of the breeds can be seen 

in Figure 1. 

2.4.1 History of Hedemorahöna 

Hedemorahöna is located north of central Sweden in the province of 

Dalarna in the vicinity of Hedemora (Svenska Lanthönsklubben, 2013). 

They have been present as long as the inhabitants can remember and were 

often used as gifts in weddings. Currently the breed can be found in the 

village Trollbo (Svenska Lanthönsklubben, 2013).  
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2.4.2 History of Gotlandshöna 

This breed was discovered in 1980 in the village Fårösund on the island 

Fårö north east of Gotland.  

2.4.3 History of Bohuslän-Dals svarthöna 

The ancestors of this breed are thought to have been brought to either 

Norway or Sweden by sailors, during the beginning of 20
th

 century. There 

has been foreign literature describing chickens with the same traits as this 

breed. The breed differs from the other breeds not just because they have 

a black plumage but also because they have dark meat and intestines 

(Dorshorst et al., 2011). In an article by Dorshorst et al. (2011) this dark 

property is described as dependant on the fibromelanosis-gene, which is 

present in the genome of the Bohuslän-Dals svarthöna. Today they are 

located near the border of Norway in the western part of Sweden.  

2.4.4 History of Skånsk blommehöna 

Skånsk blommehöna was discovered in the villages Vomb, Tofta and 

Esarp in the southern part of Sweden in the province of Skåne (Svenska 

lanthönsklubben, 2013).    

2.4.5 History of Ölandshöna 

This breed was very common on the island of Öland before the import of 

commercial breeds. Today a very small population is left in the village of 

Kåtorp on the island of Öland in the eastern part of Sweden (figure 1).     

2.4.6 History of Åsbohöna 

This breed is located in the northern part of the southern province Skåne 

in the villages Esborrarp and Linneröd. The breed was very common at 

the border of Skåne and the province Småland in the old days.   

2.4.7 History of Öländsk dvärghöna 

Öländsk dvärghöna is believed to originate from old dvärghöns, which 

are thought to be the oldest breed of Swedish landraces. They are thought 

to have been brought to Sweden from England. Today the breed is 

located at the villages Petgärde and Asklunda on the island of Öland. 
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Figure 1. The current locations of the different Swedish landrace chickens. 
The breeds are locally separated from another and in most cases only exist in 
a few villages.    

2.4.8 History of Kindahöna 

Kindahöna is a local breed located south of the central part of Sweden in 

the province of Östergötland. The population today was bought from a 

man in Västra Eneby.  

2.4.9 History of Orusthöna 

Orusthöna is located on the island Orust in the western part of Sweden.      

2.5 Aim and Hypothesis 

The phenotypic properties of the mutation on TSHR are still unknown, as 

well as the period when the selection took place. By analyzing the 

genome of the landraces the answer of which period would be clearer and 

thereby the importance of the mutation on the TSHR-gene could be 

analyzed. Whether the mutation is important for the domestication 

process or the commercial interests would be answered. With this 
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knowledge further studies could be made in order to pursue the search of 

phenotypic variations.  

The aim of this study is to examine the genetic composition of the 

candidate mutation in TSHR-gene in Swedish landraces in order to 

identify if the mutation has been selected during domestication or during 

breeding for meat and egg production. The most likely scenario is that all 

landraces are homozygous for the mutation and that it has been selected 

for domestication, due to the many of the properties that differ between 

domesticated and wild chicken are regulated by TSH. 

 

3 Material & Methods 

3.1 Blood Samples from Swedish Landraces  

In order to sequence and analyze the mutation of the Swedish landraces 

15 samples of blood, from nine out of the 11 different Swedish landraces, 

were used for DNA extraction. Six of the breeds had samples from two 

individuals, while three of the breeds only had a sample from a single 

individual. Samples were obtained from the breeds Hedemorahöna, 

Gotlandshöna, Bohusläns-Dals svarhöna, Skånsk blommehöna, 

Ölandshöna, Åsbohöna, Öländsk dvärghöna, Kindahöna and Orusthöna 

by Anna Johansson, SLU (Swedish University of Agricultural Sciences), 

during 2011. The breeds with single samples were Åsbohöna, Kindahöna 

and Orusthöna. The blood samples were taken from pure populations. 

That is, the population has only been bred within the breed and no other 

genetic diversity, from breeding with other races, is assumed to be 

present.  

3.2 DNA Extraction 

Using a salt extraction protocol the DNA from the different blood 

samples was extracted. In total 30 samples were used, two copies of each 

blood sample. 25 μl of blood was first mixed in a tube with 100 μl of 

buffer (A) containing: 0.32 M sucrose, 1 mM Tris-HCl at a pH of 7.5, 5 

mM MgCl2 and 1 % Triton X-100. The blood cells were lysed by several 

inversions of the tube. The nuclei of the cells were then separated by 

centrifugation at 3000 rpm for 10 minutes in 4 ° C. The supernatant was 

then poured off and the pellet was resuspended in 100 μl buffer A. This 

step was repeated three times until the liquid was clear. After the last run 

the supernatant was poured off and the pellet was resuspended in 450 μl 
of buffer (B) containing: 400 mM NaCl, 2 mM EDTA at a pH of 8.0 and 

10 mM Tris-HCl at a pH of 8.0. Another buffer (C), containing 5 % SDS 
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and 2 mg/ml proteinase K, was added drop wise to the resuspended nuclei 

solution. The samples were incubated over night at 50 ° C. During this 

step the nuclei were lysed and the DNA was made available. The 

following day 35 μl of fully saturated NaCl (approximately 6 M) was 

added to the samples which were shaken vigorously for 15 seconds. The 

samples were then centrifuged at 3000 rpm for 15 min at 4 ° C in order to 

separate the DNA dissolved in the supernatant from the nuclei residues. 

The supernatant containing the DNA was poured into another tube. 1 ml 

of 95 % ethanol at room temperature was added to the supernatant and 

was mixed thoroughly. The DNA was transferred to a new tube with 100 

μl miliQ water using a pipette-tip. The DNA concentration and the purity 

of the DNA-solution were measured using a nanodrop. The DNA 

solutions were diluted 1:20 with miliQ water, except one of the samples 

which was diluted to 5:20 as it contained less DNA, giving a final DNA 

concentration of between 35 ng/μl and 90 ng/μl.    

3.3 PCR 

PCR was run in reactions containing 16.9 μl MiliQ water, 2.5 μl 

DreamTaq 10X buffer, 2.5 μl dNTP Mix (2 mM), 1 μl 5 μM forward 

primer (ATCATGCTATAGAGTGGCAGACAG), 1 μl 5 μM reverse 

primer (TCGATGTCGTTTCAGTCGTAGAC), 0.5 μl 0.75 U DreamTaq 

DNA polymerase and 1 μl template DNA, with a concentration of 

between 35 ng/μl and 90 ng/μl, in each sample. For each run of PCR two 

NTCs (non template controls) were included, in which water used instead 

of DNA.  

Touchdown PCR was run, in an S100 thermal Cycler PCR, as follows: 

First step of the program is the initial denaturation of DNA at 95 ° C for 3 

minutes. The second step is another denaturation at 95 ° C for 30 

seconds. The third step is the annealing of primers to DNA for 30 

seconds at 63 ° C in the first cycle. The annealing temperature then 

decreased with one degree per cycle to 53 ° C and the following cycles 

were at kept a temperature of 53 ° C. The fourth step is extension of the 

DNA fragment between the primers at 72 ° C for 30 seconds. The fifth 

and the last step is the final extension at 72 ° C for 15 minutes. Steps two 

through four were repeated for 40 cycles.   

3.4 Gel electrophoresis 

A gel electrophoreses was conducted to control if the given PCR-product 

contained DNA of the correct length or if it was contaminated. First the 

gel was prepared by mixing 1.5 grams of agarose with 100 ml TBE 

solution. After the mix cooled down 2 μl of SYBR safe stain was added. 

5 μl of PCR-product and loading dye was loaded onto the gel.  
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3.5 Pyrosequencing 

Pyrosequencing is a method used to sequence DNA by chemiluminescent 

enzymatic reactions. 24 samples (Table 1) from the original 30 were 

analyzed. At least two samples from each breed were analyzed. During 

the PCR single stranded DNA is produced with a specific primer that also 

adds a biotin tail. The pyrosequencing was made according to the user 

manual of Qiagen PyroMark Q24. The first step was the purification of 

the PCR product which was run with 2 μl Beads sample, containing 

streptavidin coated Sepharose beads, 40 μl binding buffer, 18 μl MiliQ 

water and 20 μl PCR-product for each sample. The biotinylated PCR-

products were captured by the streptavidin coated Sepharose beads after 

agitation of the solutions for 10 minutes at 1400 rpm. After the binding of 

the beads and the single stranded DNA-molecules the purification module 

was carried out in a Qiagen Vaccum Workstation (figure 2). The beads 

with the bound PCR-products got captured in filter probes through 

vacuum for 15 seconds. The beads and the PCR-products were then 

transferred to the first step of the purification module, 70 % ethanol for 5 

seconds. The second step was the denaturation solution for 5 seconds and 

then through the third step, wash buffer for 10 seconds. The beads and the 

PCR-products were then transferred to another PCR-plate with 24 wells 

and 25 μl 0.3 M primer solution in each well. 

 

Table 1: The different test numbers of the respective individuals 
from the different landraces.  
Landrace Test number * Land breed Test number 

Hedemorahöna 
(individual 1) 

1a  & 8b Ölandshöna    
(individual 1) 

1b & 5c 

Hedemorahöna 
(individual 2) 

2a Ölandshöna    
(individual 2) 

2b 

Gotlandshöna 
(individual 1) 

3a & 1c Åsbohöna 3b & 6c 

Gotlandshöna 
(individual 2) 

4a Öländsk dvärghöna 
(individual 1) 

4b 

Bohuslän-Dals 
svarthöna       
(individual 1) 

5a & 2c Öländsk dvärghöna 
(individual 2) 

5b 

Bohuslän-Dals 
svarthöna       
(individual 2) 

6a & 3c Kindahöna  6b & 7c 

Skånsk blommehöna    
(individual 1) 

7a & 4c Orusthöna 7b & 8c 

Skånsk blommehöna    
(individual 2) 

8a   

 
*Test numbers refers to the compilation in figure 8  
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The purified PCR-products were then put on a heating plate for 2 min at 

80 ° C to allow the primers attach to the PCR-products once the solutions 

were cooled down. A cartridge of the sequencing solutions was prepared 

with 120 μl enzyme, 120 μl substrate, 57 μl of adenine (A), 54 μl of 

cytosine (C), 60 μl of guanine (G) and 60 μl of thymine (T).  

The solutions were put in the Qiagen PyroMark Q24. The Qiagen 

PyroMark Q24 adds the nucleotides in a specific order and when a 

nucleotide is complementary to the PCR-product a reaction occurs. The 

nucleotide is attached to the PCR-product by DNA-polymerase releasing 

pyrophosphate (PPi) (Figure 4). The enzyme ATP sulfurylase then 

converts PPi to ATP in the presence of the substrate adenosine 

5´phosphosulfate. ATP drives the conversion of luciferin to oxyluciferin 

by luciferase which creates a visible light that is proportional to the 

amount of ATP (Figure 5). The light is then registered by a charged 

couple devises (CCD). When two of the same nucleotide are present after 

each other a greater light will be generated due to a greater amount of PPi 

released from the nucleotide incorporation. By analyzing the amount of 

light the DNA sequence can be inferred.     

 

 

 

Figure 4. Reaction with PCR-product (DNA)n and a complementary 
nucleotide (dNTP). Picture from Pyromark Q24 user manual. 
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Figure 5. The generation of light through ATP. Picture from Pyromark Q24 
user manual. 

 

4 Results 

4.1 PCR and gel electrophoresis 

DNA of high quality was obtained from the blood samples used for 

extraction, and the fragment surrounding the candidate mutation of TSHR 

was successfully amplified (figure 6).  

 

Figure 6: The gel electrophoreses in UV-light shows the DNA content in the 
different PCR-samples. The size marker is farthest to the left and the NTC are 
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farthest to the right marked with a red square. The NTC does not contain any 
amplified PCR product which is shown by the lack of bands.   

4.2 Pyrosequencing  

Of the 30 successfully amplified PCR fragments 24 were used for 

pyrosequencing (Table 1). 

The results of the genetic analysis of the mutation in the different samples 

are summarized in figure 7. The colors represent the quality of the results; 

blue represents passed, yellow represents nearly passed and red 

represents failed. Most of the red samples can, however, still give some 

information. Often when a sample ends up red it is because the DNA 

concentration of the PCR product is too low for any clear results, but as 

seen in figure 7 some of the red samples still produce a result. It can also 

be seen in figure 8a where there is a peek at nucleotide A, even though 

the result is marked as red. The differences between the results are in the 

amount of light that is generated seen on the y-axis. The amount of 

generated light is proportional to the concentration of PCR-product, as 

seen from the reactions in figure 4 and 5. 

Of the samples used for pyrosequencing 19 resulted in a sequence of 

sufficient quality for analysis, and sequence data were obtained from all 

individuals analyzed. All breeds, except the two individuals from 

Bohuslän-Dals svarthöna, were shown to be homozygous for the mutated 

allele (A) (figure 8a). Both individuals from the breed Bohuslän-Dals 

svarthöna were, instead, heterozygous, meaning they carried both the 

mutated and the wild type allele (figure 8b).   

 

 

Figure 7. Summary of genetic diversity of the mutation of the different 
landraces. A/A indicates homozygosity for the mutated allele, and A/G 
heterozygosity for both the mutated and wild type allele. The number 1-8 and 
A-C are referring to the test numbers of the landraces seen in table 1.   
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Figure 8.Results from pyrosequencing from a) sample 4c (Ölandshöna 
individual 1), which is homozygous for the mutated allele (A) and b) sample 
6a (Bohuslän-Dals svarthöna individual 2), which is heterozygous for the A- 
and G-alleles. 

 

5 Discussion 

5.1 The Importance of the TSHR Mutation for Domestication 

The results indicate that the mutation on residue 558 in the TSHR-protein 

is indeed important to the domestication of chickens. All breeds carried at 

least one copy of the mutated haplotype, and only one breed was 

heterozygous and also carried the wild type allele. This strongly indicates 

that a lot of the selection of the TSHR mutation took place before the 

commercial breeding began. Other findings also support that the TSHR 

mutation is important for the domestication process (the second part of 

the evolution of domestic species). In the study of Rubin et al. (2010) 271 

individuals of domesticated chickens were analyzed. Out of those only 

seven carried a wild type haplotype. This near complete fixation indicates 
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strong selection during domestication. A study by Frida Svermer (2011) 

shows behavioral changes between different crosses of red jungle fowl 

and White Leghorn, depending on their TSHR genotype. The individuals 

carrying the mutated version of the TSHR showed traits correlating with 

domestication, such as less fear towards a predator. 

Even though the importance of TSHR for domestication may be clear, the 

question of exactly what phenotypic trait it controls still remains. The 

function of TSHR and the activities generated by the interactions with 

TSH are many and a lot of them differ between red jungle fowl to 

domestic breeds. Growth, body size, behavior, endocrine responses and 

reproductive cycles are typical phenotypic differences between red jungle 

fowl and domestic breeds that could depend on the mutation on the 

TSHR-gene (Jensen, 2006; Rubin et al., 2010). 

The mutation of the TSHR-gene is located at a site that most likely would 

cause a change in the conformation of the active site of the protein and 

therefore disrupt ligand interaction (Rubin et al., 2010). In a study by 

Haas et al. (2011) different mutations in the TSHR-gene, including amino 

acid substitutions and their effect on the activity was analyzed. In all ten 

different mutations studied the activity of ligand binding decreased, 

giving less stimulatory response for thyroid production. The conclusion 

from these results was that the domestic mutation in the TSHR-gene in 

chickens is likely to lead to hypothyroidism (decreased amount of thyroid 

hormone concentration).  

The thyroid effect on growth usually works through an elevated thyroidal 

concentration (McNabb, 2007). This suggests that the domesticated 

mutation should not have an effect on size. Rubin et al. (2010) report 

several selective sweeps from broiler that overlap with genes known to be 

important for growth, appetite and metabolic regulation. This suggests 

that the selections for these traits occurred at other loci and are not 

dependent on the TSHR-gene, even though TSHR has a regulatory role in 

growth. Rubin et al. (2010) also state that is it most unlikely that the 

domestic allele of TSHR would give an advantage in increased metabolic 

activity and growth because the TSHR locus does not correlate to any of 

the 13
th

 growth loci known from a previous study where analysis of 

quantitative trait locus (QLT) differences between red jungle fowl and 

White Leghorn were made. Additionally, not all domestic breeds are 

bigger than the red jungle fowl. In this study Öländsk dvärghöna a race 

that is about the same size if not smaller than the red jungle fowl 

(Svenska lanthönsklubben, 2013) was included and showed to be 

homozygous for the mutation. This supports the hypothesis that the 

mutation in the TSHR-gene does not affect body size or growth.  
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A more likely function of the TSHR-mutation is a trait shared with all 

domestic chickens, namely the altered reproductive cycle (Jensen, 2006). 

It is known that the thyroid hormones play an important role in the 

secretion of the reproductive hormones luteinizing hormone (LH) and 

follicle stimulation hormone (FSH) (Ono et al., 2009). The secretion of 

LH and FSH is stimulated by an increased concentration of T3 via the 

conversion of T4 by type 2 iodothyronine deiodinase (DIO2) (Ono et al., 

2009). The secretion of DIO2 is stimulated by TSH via the receptor 

interaction. Changes in day length lead to changes in melatonin 

production which induces the increased amount of TSH (Ono, 2009; 

McNabb, 2007). The importance of a functional reproductive cycle is 

reduced in domesticated animals due to the constant availability of food 

in captivity. In the wild the reproductive cycle ensures food availability to 

the offspring, but as the amount of food hardly changes in captivity there 

is no preferable time of year for reproduction. 

Grommen et al. (2010) analyzed the expression of TSHR during 

hatching. The sensitivity to an increased amount of thyroid hormones, 

which occur right before hatching, does not seem to change during this 

increased amount of TSH. However, the sensitivity of other genes’ 

expression did in fact increase. This result might indicate that due to the 

many different properties of the TSHR-gene, the sensitivity needs to be 

constant. However, this would also assume that the processes induces by 

the TSHR should be more sensitive to alterations in the activity of TSHR. 

Therefore it is not unlikely that changes in TSHR activity, due to a 

mutation, should create more stable concentration of T4 and T3, which 

might cause different variations (if any) in the concentrations of LH and 

FSH as well as the reproductive cycle.    

5.2 The Heterozygosity of Bohuslän-Dals svarthöna 

It is interesting to note that it is the breed Bohuslän-Dals svarthöna that 

carries the wild type allele. It is said that this breed originates from a 

population from a foreign country, and was brought to Sweden during the 

early 19
th
 century (Svenska lanthönsklubben, 2013). The black-colored 

skin and intestines are shared with other breeds from China, Indonesia 

and Vietnam located at a different continent (Dorshorst et al., 2011). This 

area is also near the origin of the red jungle fowl (India). This could 

explain why the Bohuslän-Dals svarthöna is genetically different from the 

other Swedish landraces. It would be interesting to investigate the genetic 

similarities in Bohuslän-Dals svarthöna and breeds from China, Indonesia 

and Vietnam in other genes in order to analyze the relationships. 

However, it should be noted that the wild type allele could have been 

introduced in the population by mating with a red jungle fowl before the 
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arrival to Sweden, or that some crossing might have occurred after the 

arrival as well before the preservation of the breeds began. The breed is, 

however, said to be pure and there is no known interbreeding with red 

jungle fowl.  

According to Mikael Olsson, president of Swedish society of old native 

poultry, no behavioral differences can be seen between this breed and the 

other landraces. This could, however, be explained if the mutation is 

dominant to the wildtype allele. This is not yet known and further studies 

should be made before further conclusions can be made. The results 

obtained in this study are based on only two individuals from the same 

farm, which give little power to make conclusions about the genetic 

composition of the rest of the population.  

5.3 Conclusion 

The results from this study suggest that the TSHR mutation was selected 

for during domestication as all Swedish landraces carried at least one 

copy of the domesticated allele. The mutation of the gene is thought to 

disrupt the reproductive cycle of chicken because of the presumable 

decrease in TSHR activity due to disruption of ligand interaction. The 

necessity of a reproductive cycle is reduced in captivity because food is 

available for the progeny at all time. The breed that was not homozygous 

for the domesticated mutation, Bohuslän-Dals svarthöna, differs from the 

other breeds in several regards, for example plumage and meat color as 

well as origin. This further suggests that the wild type allele has 

historically not been present in Swedish chicken.   
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