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Abstract 
 

Single nucleotide polymorphisms (SNPs) are ideal markers in the study of evolutionary and 

demographic processes within a species, mostly due to the fact that they exist in great 

numbers and are spread all over the genome. Here I used the conserved anchor tagged 

sequence approach (CATS) to find primers to sequence introns in the collared flycatcher, 

Ficedula albicollis. 22 autosomal loci were sequenced, in which 57 SNPs were found. No 

signs of selection were found, based on these loci. Average nucleotide diversity was high for 

all loci, but did not reveal any particular patterns across the chromosomes in the study. The 

CATS approach had a 53% success rate for all the primers tested, meaning that it will prob-

ably work to a similar extent in most avian species phylogenetically placed between chicken 

and zebra finch. The SNPs found will be helpful in future mapping and association studies in 

the genome of the collared flycatcher.  
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Introduction 
 

To understand evolutionary processes, it is important to find the genes and forces that are 

responsible for different traits (Feder and Mitchell-Olds 2003). More than important, this is 

likely the ultimate goal for all evolutionary biologists. How, and why, do certain genes and 

polymorphisms affect evolutionary traits and organismal fitness? 

 

Single nucleotide polymorphisms 

The works of many authors have stressed the importance of polymorphisms in the study of 

evolutionary genetics and disease (Nachman 2001, Primmer et al. 2002, Brumfield et al. 

2003, Seddon et al. 2005). An ideal genetic marker for population studies as well as for 

evolutionary genetics should be abundant and found across the entire genome. It should also 

be possible to analyze using simple and cheap models and methods (Aitken et al. 2004). Such 

a marker is the single nucleotide polymorphism (SNP). 

 

Primmer et al. (2002) define an SNP as any substitution or insertion/deletion (indel) that 

involves a single nucleotide base. It is the most common and widespread type of poly-

morphism in genomes, one found every 200-500 base pairs in a comparison of a wide range 

of taxa (Brumfield et al. 2003). SNP studies have been performed in several species such as 

human (Nachman 2001), chicken (International Chicken Genome Sequencing Consortium 

[ICGSC] 2004), wolf (Seddon et al. 2005) and trout (Smith et al. 2005). SNPs can be used for 

identification of individuals, to monitor changes in variation in a population and to detect 

gene flow (Seddon et al. 2005). 

 

SNPs are usually biallelic, that is, for any polymorphism, there are only two alleles. This 

means that they become less informative than multiallelic markers, such as microsatellites, 

and that in general more SNPs are needed to get the same amount of information (Aitken et 

al. 2004, Morin et al. 2004). However, screening for SNPs does generally not require very 

long sequences, and that makes SNPs excellent markers when it comes to studies where non-

invasive sampling (such as faeces) is used, or where DNA is degraded (Seddon et al. 2005). 
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The conserved anchor tagged sequence approach 

The conserved anchor tagged sequence approach (CATS) is a method used to amplify, 

sequence and screen DNA from species where no sequence data exists. It relies on the fact 

that there are areas of the genome that are well preserved in many species, and that there is 

sequence data from some other species. Most variation is found in the introns or intergenic 

sequences, which consist of non-coding DNA and therefore presumably are under little or no 

selective constraint. For this reason, introns are usually sequenced in polymorphism studies. 

The primers are placed in conserved regions of the exon, near the start and end of the introns. 

Sequences from two or, preferably more species are used to find these conserved regions. 

 

 

Selection and  neutral drift 

The neutral mutation model states that variation in a genome is only subjected to change 

through stochasticity, i.e. all mutations are more or less selectively neutral and the only acting 

force is genetic drift removing alleles (Kimura 1979). According to this theory, natural 

selection has only minor effect on genetic variation (Nachman 2001).  

 

Loci affected by selection might show patterns of variation that differ from those that are only 

affected by stochastic changes. Studying polymorphisms at several different, unlinked loci 

can help to decide whether selection or drift has been the main acting force. Selection will 

mostly affect only the locus under selection and areas close to it, while demographic 

processes affect the entire genome (Borge et al. 2005b).  

 

Tajima’s D (Tajima 1989) is a statistical test that can be used to test the neutral mutation 

model. It compares allele frequency distributions, i.e. average nucleotide diversity (π), with 

the total number of segregating sites in the studied sequence, thus detecting departure from 

the neutral evolution model (Tajima 1989, Polley and Conway 2001). The nucleotide 

diversity is a measurement of the per site number of nucleotide differences between two 

sequences taken at random from the sample, and accounts for both effective population size, 

mutation rate and the length of the sequences compared (Li 1997). 

 

Positive values for D can be found if balancing selection has maintained many alleles at 

intermediate frequencies. If there has been a recent bottleneck expansion, D values tend to be 

negative (Polley and Conway 2001), signifying an excess of rare variants (Borge et al. 

 5    



Degree project, MN3   
Susanna Johnston 

2005b). If D deviates significantly from 0, the neutral model can be rejected (Tajima 1989). 

Statistically, if D is lower than -2 or greater than 2, it is an indication that neutrality can be 

questioned and that either demography or selection has been at work on the genome. A site 

under selective pressure has the potential to alter the fitness of the organism (Vasemägi and 

Primmer 2005). 

 

 

The avian genome 

The avian genome is quite different from the genome of mammals, from which it separated 

~310 million years ago (ICGSC 2004). First of all, it is significantly smaller, the difference 

possibly explained by the fact that the bird genome has a much smaller fraction of repeated 

sequences. The bird karyotype is also special, since it is characterized by a great difference in 

chromosome size. The bird genome is divided into macrochromosomes and microchromo-

somes, which differ significantly in size (Ellegren 2005). The size of chromosomes correlate 

negatively to the rate of recombination (ICGSC 2004), and microchromosomes have also 

been shown to have higher divergence than macrochromosomes (Axelsson et al. 2005). 

 

The first bird, and indeed the first non-mammalian amniote to have its genome completely 

sequenced was the chicken (Gallus gallus) (Ellegren 2005). This was in 2004, but even before 

then, in laboratory analyses the chicken served as a model species (ICGSC 2004). 

 

 

The collared flycatcher 

The bird investigated in this project was the collared flycatcher, Ficedula albicollis, a 

passerine bird which has re-colonized Central and Northern Europe since the end of the last 

ice age about 10 000 years ago. In Sweden it can be found on the islands of Öland and 

Gotland, where it partially lives in sympatry and hybridizes with the related pied flycatcher 

(Ficedula hypoleuca) (Borge et al. 2005a). The flycatcher species complex has become an 

important model for ecological and evolutionary studies (Primmer et al. 2002). It has been 

used for example to investigate demographic occurrences, migration routes and the role of 

selection in speciation, being in a way an example of speciation in progress (Borge et al. 

2005b). The fact that the collared flycatcher has been so well studied makes it an excellent 

species for this study. A full genome map might be made available in the near future, and will 
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hopefully help in the study and identification of genetics underlying the large amount of 

phenotypic variation data which already exists for this species. 

 

 

 

 

 
 

Fig 1. A male collared flycatcher, Ficedula albicollis 

 

 

Aims 

This study aims to evaluate the usage of the existing chicken/zebra finch sequence data as a 

template for evolutionary studies in an non-model avian species. If this is successful, this 

model could be used for a vast array of species within the Aves clade. 

 

Also of interest in this study is the question whether or not selection has had a major influence 

on the genome, or if the neutral model holds true for the study species. Nucleotide diversity 

will be presented for several autosomal loci on microchromosomes and macrochromosomes. 

Finally, one aim is to develop high allele frequency SNP markers for linkage mapping, and 

association studies. These will increase the knowledge about genes and the evolutionary 

forces that are acting on them   

 

 

Materials and methods 
 

Samples 

DNA samples from 27 unrelated female Ficedula albicollis were used in the study. 

 

 

Primer design and PCR 

Primers were designed by hand using alignments of orthologous sequences from chicken 

(Gallus gallus) genome sequence and zebra finch (Taeniopygia gattata) expressed sequence 

tags. PCR (Polymerase Chain Reaction) was used for amplification. A 20 µl PCR set-up 
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reaction consisted of 50 ng DNA, 2,5 mM of MgCl2, Gold Buffer, 5 µM of each primer 

(forward and reverse), 2 µM dNTP, 0,25 U AmpliTaq Gold polymerase, all at final 

concentrations. The PCR run was initiated with a 7 min step at 95ºC, which was followed by 

30s at 95ºC, 30s at 65ºC, 59s at 72ºC, repeated 10 times. The profile was a Touch Down 

profile, meaning that the annealing temperature was lowered 1ºC for each and one of the 10 

cycles, from 65ºC to 55ºC, to increase probability of annealing. This was followed by 25 

cycles, each consisting of 30s at 95ºC, 30s at 55ºC and 59s at 72ºC. A final step of  7 min at 

72ºC concluded the run. Results from PCR were run on a 2% agarose gel, stained with 

Ethidium Bromide and checked for product under UV light. Only products with strong bands 

were used in the following tests. If the band was weak the reaction was run again, using 

HotStar polymerase instead of AmpliTaq Gold. The profile was the same, with the exception 

of a 15 min initiation step at 95ºC instead of 7 min.  

 

 

Sequencing 

The products from the PCR were purified by adding 2 µl of EXO-sap-IT to every 5µl of PCR 

product. This was run on a PCR machine for 15 min at 37ºC, followed by 15 min at 80ºC. 

Sequencing reactions were performed by mixing 5 µl of the purified PCR product with 1µl of 

the forward or the reverse primer for the individual markers and 4 µl of DYEnamic ET 

terminator sequencing reagent premix (DYEnamic, Amersham Biosciences). The mix was run 

on a PCR machine at 95ºC for 20s, followed by 15s at 50ºC and 1 min at 60ºC. This cycle was 

repeated 30 times, ending with a cooling step at 4ºC for 30 min. 

 

The sequencing reaction product was cleaned using AutoSeq plates according to 

manufacturer’s instructions, and then run on a MegaBACE 1000 automated capillary 

sequencer (Amersham Biosciences). Some purified PCR products along with their respective 

primers were sent to Macrogen in South Korea (www.macrogen.com) for sequencing. 

Resulting sequence chromatograms were analysed in Sequencher 4.1.4 (Gene Codes Corp.).  

 

 

Data analysis 

Final computations were performed in Mega 3.1 (Kumar et al. 2004). Tajima’s D was 

calculated for each locus to test the neutral model. The Tamura-Nei substitution model 

(Tamura and Nei 1993) was used to calculate the mean distance for each locus, using pairwise 
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deletion. Significant differences in diversity and number of segregating sites for 

microchromosomes as compared to macrochromosomes were tested using an unpaired t-test. 

Minor allele frequencies were calculated for each polymorphic site, by dividing the number of 

the least common allele for each SNP with the total number of chromosomes that had been 

sequenced at that site.  

 

 

Results 
 

Amplification success and SNP detection 

A total of 45 primer pairs were tested. Out of these, 24 (53%) gave good PCR product, and 

among these, 22 could be properly sequenced, yielding a total of 9442 bp. 54 SNPs were 

found, giving an average value of 1 SNP for every 175 bp sequenced. The loci are 

summarized in Table 1. In addition to the 54 SNPs, 3 single nucleotide indels were found, but 

were not included in the study. 
 

Table 1. Loci from Ficedula albicollis, including location on the corresponding chicken chromosome, intron 

length and number of SNPs found. 

Locus Chromosome Chr pos 
(bp) 

Intron Length 
(bp) 

# 
SNPs 

1 1 8821168 363 4 
2 1 71267717 611 6 
3 1 98750884 508 3 
4 1 125537997 78 1 
5 1 125537997 357 2 
6 2 30766928 516 4 
7 2 43444268 455 0 
8 2 61850287 351 0 
9 2 97307434 258 3 

10 2 111336427 416 5 
11 2 133740660 839 8 
12 3 2228740 286 0 
13 3 53052730 588 0 
14 3 65307583 713 1 
15 3 79833442 256 2 
16 5 34466598 651 2 
17 6 15458655 638 1 
18 20 8721151 79 1 
19 20 10030964 299 3 
20 21 5381504 381 0 
21 23 4964948 359 2 
22 28 1735125 440 6 
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Allele frequencies 

Average allele frequency was calculated to 0.26. 35 out of the 54 SNPs had a minor allele 

frequency greater than 0.2, all more or less equally distributed (Fig. 2). 

 

Distribution of allele frequency
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 Fig 2. Distribution of allele frequencies in Ficedula albicollis. The y-axis shows the number of chromosomes 

with a certain frequency, the x-axis shows the frequency of the least common allele of a SNP. 
 

 

Tajima’s D and Nucleotide Diversity 

In a comparison between microchromosomes (chromosomes 20, 23 and 28) and 

macrochromosomes (chromosomes 1, 2, 3, 5 and 6), Tajima’s D was found to be on average 

higher in macrochromosomes (Fig 3), although not significantly so (t-test, p= 0.49). For 

macrochromosomes, the average value of Tajima’s D was 0.80 ± 0.74, while the average for 

microchromosomes was 0.57 ± 0.77. The nucleotide diversity, π, on the other hand was lower 

in macrochromosomes (Fig 4), with an average of 0.002 ± 0.002, compared with the 

microchromosome average of 0.003 ± 0.003. This difference, however, was not significant 

either (t-test, p= 0,51). 
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Fig 3. Average of Tajima’s D for macrochromosomes and microchromosomes in Ficedula albicollis, including 

standard error. (Macrochromosomes: 1,2,3,5,6; Microchromosomes: 20,23,28) 
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Fig 4. Average of nucleotide diversity (π) for macrochromosomes and microchromosomes in Ficedula albicollis, 

including standard error. (Macrochromosomes: 1,2,3,5,6; Microchromosomes: 20,23,28) 

 

For Tajima’s D, all values were positive and below or just slightly above 2 (Fig 5), with an 

average D-value of 0.75 ± 0,74. Chromosomes 1 and 2 were easily distinguished from each 

other, D-values for chromosome 1 all being higher than those for chromosome 2. There was a 

significant difference in D between these two chromosomes (t-test, p=0,0019). For the other 

chromosomes, there were too few markers to show such trends. For π, values for all markers 
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are more or less equally distributed (Fig 6). The average nucleotide diversity for all markers 

was 0.003± 0.002. 
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Fig 5. Tajima’s D for all markers in the study, and for all the markers combined. 
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Fig 6. Nucleotide diversity for all markers in the study, and for all the markers combined. 
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Discussion 
 

What is a SNP? 

When screening for single nucleotide polymorphisms it is important to know what to look for. 

Primmer (2002) suggests that if sequencing of a locus has worked in both directions, the 

sequence is of high quality and that the SNP is found in more than one individual, it can be 

determined to be accurate. These were the general standards used in this study, except that 

sometimes the complementary strand for a marker could not be properly sequenced, so that 

only the forward or reverse sequence was screened. This was only done if the sequence was 

good and the polymorphism could be found in other individuals. To conclude, all SNPs 

presented in this study are of high quality. Single nucleotide indels are by Primmer considered 

to be SNPs. This is however not the usual assumption, so the three indels found in this study 

were not included. 

 

 

Tajima’s D and the neutral hypothesis 

The neutral hypothesis can be rejected if Tajima’s D is significantly different from zero (-

2>D>2). Only one locus in this study had a D-value above 2 (Locus 15, D= 2,0). This is an 

indication that selection has not been the major driving force on these loci. Borge et al. 

(2005b) found D in the collared flycatcher to be slightly negative, but not lower than -2. A 

bottleneck followed by an expansion was given as a possible reason for these results. That 

study included about the same number of markers and individuals as this study. One 

difference is that the flycatchers in the study performed by Borge et al. were caught in Italy, 

which might be a reason for the inconsistency in the results. This study finds no proof of a 

bottleneck in the Swedish collared flycatchers, at least not a recent one.  

 

Chromosomes 1 and 2 were the only two with enough data to be comparable. All D-values on 

chromosome 1 were higher than those on chromosome 2. The low D-values on chromosome 2 

might be due to a selective sweep that has removed some variants. This might mean that there 

are many sexually selected genes on this chromosome, or that there is a variant that is strongly 

selected for. There is also a remarkable difference in D-values within chromosome 3, with 

values ranging from zero to two. This suggests that parts of the chromosome might be 
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affected differently, perhaps by selection. The loci with high D-value might be in the vicinity 

of an important trait locus. 

 

The marked differences between or within chromosomes that were found for Tajima’s D were 

not found for π, that is, nucleotide diversity is not markedly different for different regions of 

the genome. High levels of diversity might be maintained by balancing selection, while 

diversity might be lost in bottleneck events or through directional selection. This study did not 

show patterns clear enough to draw any real conclusions about this. 

 

 

Allele frequencies 

Under neutrality allele frequencies should follow an expected distribution. That they do not is 

probably due to a sampling effect. High frequency polymorphisms are easier to find, and 

those with low frequency easily missed when only a small portion of the population is 

screened. This problem is referred to as an ascertainment bias (Brumfield et al. 2003). The 

individuals sampled might not be representative of the population, or the loci sampled might 

not be representative of the entire genome (Morin et al. 2004). To be sure to find all SNPs in a 

genome, the whole population should be screened, which is an impossible task. The tendency 

toward a “neutral” distribution of frequencies should increase with the sample size. 

 

 

Microchromosomes and macrochromosomes 

The difference in variability between microchromosomes and macrochromosomes was not 

significant. However, the trend suggested, with higher divergence on microchromosomes is in 

accordance with the results found by Axelsson et al. (2005). The higher divergence is 

possibly due to a higher recombination rate on the microchromosomes, which in turn 

maintains variability and lessens the effect of background selection and selective sweeps. In 

the chicken genome, chromosomes 1 to 5 are considered macrochromosomes, 6 to 10 are 

intermediate, while 11 to 38 are microchromosomes (Ellegren 2005). In this study 

macrochromosomes and intermediates were grouped together because of the small number of 

markers in each group. Perhaps if they were separated more significant results could be 

reached, but for that more sites need to be included in the study. 
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Success of the CATS approach 

Previous studies suggest that only minor inter-chromosomal rearrangements have occurred 

since the split between chicken and zebra finch (Itoh and Arnold 2003). For instance, 

chromosome 1 seems to have undergone a division in the Passeriformes line since it split from 

Eoaves, where chicken is found. Another study that compared chicken to two passerine birds 

found the number of chromosomal rearrangements to be only two (Derjusheva et al. 2004). 

That there has been so few rearrangements indicates that the avian genome has been quite 

stable over time, and that the chicken genome map should closely reflect that of the zebra 

finch (Itoh and Arnold 2003). 

 

Amplification success was 53%, which is the same result as the one reached by Aitken et al. 

(2004). Primers designed from a chicken/zebra finch alignment can be expected to work to a 

similar extent in all bird species phylogenetically placed between these two species, with the 

exception of species with markedly different evolutionary rates. This probably still includes a 

majority of the bird species alive today. These markers can be used as framework markers in 

linkage mapping and comparative genomics. The advantage of this gene based marker set 

compared to the anonymous ones that so far have been the most common, is that it is made 

much easier to verify orthology in other species. 

 

 

Conclusions 
 

This study has brought support to the hypothesis that using a CATS approach with sequence 

data from a model organism makes evolutionary studies of non-model organisms easier. A 

further survey of the genome, including a study of  linkage disequilibrium between different 

loci will enhance the knowledge of which evolutionary forces affect species today. This study 

has helped in expanding the polymorphism map of the collared flycatcher and facilitated 

comparison with other species. These SNPs might be used in upcoming genetic mapping and 

association studies in the collared flycatcher, as well as studies of genomic rearrangements 

within Passeriformes and birds in general. 
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