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Abstract 

To understand the fundamental processes involved in how wild species adapt to their 

environment is of great importance in ecological and evolutionary studies. Finding the 

genes and polymorphisms that affects ecologically important traits can be done by 

molecular methods. However, for most wild species there is no known sequence 

information, making location of these important traits difficult. In this study, I have used 

conserved markers designed from the chicken genome to analyse nucleotide diversity and 

divergence in three bird species important in ecological research, the collared flycatcher, 

blue tit and great reed warbler. 

A total of eight individuals were screened for intronic sequence polymorphism using 122 

primers designed in conserved regions from the chicken genome. A total of 63.4 kb of 

sequence were obtained which were used to identify intronic SNPs in the three species. 

The polymorphic data was then used to calculate nucleotide diversity and divergence 

both within and between species. The results point to a direction of high levels of intronic 

polymorphism in all three study species. There was also indication of regions in the 

collared flycatcher of less variation which might be an indication of selective constraints 

and also to positive selection.
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Introduction 
 

Wild populations live and cope with a number of challenges provided by the environment 

in which they live in, creating adaptive variation both within and between species. 

(Vasemägi and Primmer 2005).  By understanding the variation of wild species we can be 

informed of how they adapt to their environment and how this adaptation eventually will 

lead to speciation (Slate 2005). To gain knowledge about the fundamental processes that 

result in fitness variation in natural populations there is a need for identifying genes and 

polymorphisms that influence ecologically and evolutionary significant traits (Feder and 

Mitchell-Olds 2003). The answers will help us realise what genes are responsible for 

phenotypic differences within and between species and about the evolutionary forces that 

generate genetic variation (Morin et al. 2004). Since natural selection acts on phenotypic 

variation an understanding of the origin of this variation is of great importance in 

ecological and evolutionary genetics (Jackson et al. 2002). With the emerging discipline 

of evolutionary and ecological functional genomic there has been an increased need for 

genome-vide genetic markers in natural populations to be able to identify these genes of 

adaptive importance (Brumfield et al. 2003).  

 

 

Genetic markers 

Genetic markers are the basic tools of genetics that can be seen as landmarks on a 

chromosome, which can then be used to indicate the location of a gene. 

Until recently, anonymous Type II genetic markers have been frequently used in the 

development of genetic maps (Lyons et al. 1999). These markers show a high degree of 

polymorphism, for example microsatellites (O’Brien et al. 1993; Chambers et al. 2003). 

Thus, these markers will be of little use in comparative studies. To facilitate direct 

comparison between divergent species, important for evolutionary and ecological 

functional genomic studies, it is therefore necessary to use Type Ι markers.  These 

markers are coding loci with a high degree of conservation across different species. 

(Lyons et al. 1997). However, because the majority of natural populations are poorly 
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characterised genetically they lack the genetic markers necessary to identify functional 

genetic polymorphisms.  

 

Comparative Anchor Tagged Sequences 

Comparative genomics is the method of transferring marker information from one species 

to another. By analysing orthologous gene sequences from at least two species one can 

identify conserved regions suitable for primer design and such PCR based markers can be 

expected to work across species boundaries. Markers developed in this manner have been 

referred to as comparative anchor tagged sequences (CATS) (O’Brien et al. 1993).  

 

The usual need for PCR primers to possess a high degree of homology to their target 

sequence in order to function can be facilitated by the use of Type I markers due to their 

high degree of conservation across species (Primmer et al.1996).   

The design and position of the primers are put so that they lay in a conserved region, 

flanking a less conserved region such as introns (Aitken et al. 2004) (Figure 1).  

This method has been used in many mammalian comparative studies (Chambers et al. 

2003; Caetano et al. 1999), but not in a larger scale among avian species (but see for 

example Primmer et al. 2002).  

 

The CATS approach is quite useful in combination with the increased interest in single-

nucleotide polymorphism (SNP) as a tool for studying molecular processes in non-model 

species. (Brumfield et al. 2003; Morin et al. 2004). By sequencing introns contained 

within CATS fragments in unrelated individuals SNPs can be identified (Forche et al. 

2004). 
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Species A     Forward primer                                     INTRON         Reverse Primer 

A T T G A A A T G G C G C C G G T A                                  A A G T G T T A C A C C G C T G A  

    * *      *                                       *   *                                      *  *                               *         *  * 

 

 

Species B                                                          INTRON 

A A C G T A A T G G C G C C G T G A                                  T C G  T G T T A C A C G G C A C A  
    * *      *                                       *   *                                      *  *                                   *         *  * 

A 

 
 

 

Species C                                                          INTRON 

                                                                                         

 

B 

 

Figure 1 Designing of primers in conserved region by the CATS approach. (A) A conserved region is 

identified by the alignment of two species. The primers can then be used on a third species (B) for which 

there is no previous known sequence information. 

 

 

Single Nucleotide Polymorphism 

Single nucleotide polymorphisms (SNP) are a result of point mutations that produce 

single base pair differences among allele sequences (Brumfield et al. 2003). 

Most commonly, SNPs are referred to as bi-allelic markers compromising four distinct 

types including one transition C-T (G-A), and three transversions C-A (G-T), C-G (G-C) 

and T-A (A-T). Although SNPs are considered less informative than hyper variable 

microsatellites they are getting increasingly popular to use as genetic markers. The 

reasons for this are mainly due to their high prevalence in the genome, which provides 

large datasets near, or in any locus of interest. Because a SNP can occur within a gene 

itself, it can locate candidate genes under selection, since it is expected to directly 

influence the protein structure (Morin et al. 2004). SNPs are also inherited in a stable 

Mendelian fashion making analysis easy to interpret. Even though SNPs have many 

 4



advantages the identification of them has been sparse, close to nonexistent in natural and 

free living species (Primmer et al. 2002). 

 

Study species 

The collared flycatcher (Ficedula albicollis) and the bluetit (Parus caeruleus) are well-

studied bird species commonly occurring in Sweden. The collared flycatcher is a 

deciduous forest living species whose breeding area overlaps with the pied flycatcher 

(Ficedula hypoleuca) on two islands in the Baltic Sea, Öland and Gotland. Studies by, for 

example Borge et al. (2005) have found evidence for hybridisation between the two 

species.  

The great reed warbler (Acrocephalus arundinaceus) is a marsh living bird with a patchy 

distribution in Scandinavia. It recently colonised this region and the first main breeding 

population was founded in the 1960s at lake Tåkern in southern Sweden (Hansson et al. 

2000). 

  

                                             
Ficedula albicollis                     Parus caeruleus                Acrocephalus arundinaceus 
Figure 1 The three study species which all are commonly occurring across Europe (Rosenberg 1972) 

 

 

Aims of the study 

The increased interest in tracing genes of adaptive evolution has trigged the call for gene-

based markers. With this study I aim to use CATS markers designed from chicken for 

identification of intronic SNPs in three ecologically important bird species and to 

examine nucleotide diversity both between and within species to test for evidence of 

selection. 
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Materials and methods 
 
Samples 
A total of four collared flycatchers, two blue tits and two great reed warblers were used in 

this study. The collared flycatcher samples were supplied by Niclas Backström at EBC, 

Uppsala University, Sweden and the blue tit and great reed warbler samples by Bengt 

Hansson from Lunds University, Sweden. The DNA samples consisted of genomic DNA 

that was diluted using ddH2O to a final working concentration of 10ng/µl. 

 
PCR 
Amplification was carried out with the polymerase chain reaction (PCR). The primers 

used had in previous studies been designed from the chicken genome (appendix A).  

20 µl PCR set up contained 50 ng DNA, 1 × Gold PCR buffer, 2.5 mM MgCl2, 5 µM of 

each primer, 2 µM dNTP and 0.25 U AmpliTaq Gold polymerase. For optimisation two 

PCR profiles were run for each primer pair. Both profiles included one cycle of 95°C for 

7 min, followed by 10 cycles of 95°C for 30 s and a touch down from either 65 -55°C or 

from 60 -50°C for 30 s, decreasing by 1°C per cycle, followed by 72°C for 59s. This was 

followed by 25 cycles of 95°C for 30 s, 55°C, or 50°C, for 30 s and 72°C for 59 s and a 

final extension step of 72°C for seven min. PCR products were separated on 2% agarose 

gels, stained with ethidium bromide and visualised under ultraviolet light. When weak 

and/or multiple products were obtained optimisation was done by using 0.25 U HotStar 

polymerase with the same PCR profile as above, except for an initiating step of 95°C for 

15 min.  

 
 
 
 
 
Obtaining sequences 
 
Only PCR products that showed strong and specific bands were purified by adding 6µl of 

EXOsap-IT to 17 µl of PCR product and incubated on the PCR machine at 37 ◦ C for 15 

minutes followed by an additional step of 80◦ C for 15 minutes. Sequencing reaction was 
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set up in both directions with 5 µl of purified PCR product, 1 µl primer (forward or 

reverse respectively for each marker used in PCR reaction) and 4 µl of DYEnamic ET 

terminator sequencing reagent premix (DyEnamic, Amersham Biosciences). The 

sequence reaction was incubated on the PCR machine at 95◦ C for 20s followed by 50◦ C 

for 15s and 60◦ C for 1 min these steps were repeated for 29 cycles and followed by a 

final step of 4◦ C for 30 min. 

The sequence reaction was cleaned using Autoseq plates according to recommended 

procedures and run on a MegaBACE 1000 automated capillary sequencer (Amersham 

Bioscience) according to manufacture’s manuals.  

Sequence chromatograms were analysed in Sequencher and final alignment and 

calculations were done in MEGA 3.1 (Kumar et al. 2004). 

 

 

Data analysis 

Nucleotide diversity was estimated as π (Tajima 1983) and to test the neutral equilibrium 

model I used Tajima’s D (Tajima 1989). Tajima’s D tests for deviation from the neutral 

model by comparing nucleotide diversity (π) and the total number of mutations (Polley 

and Conway 2001). The nucleotide diversity along chromosomes was calculated by the 

average pairwise difference of introns in the collared flycatcher. Furthermore, the average 

divergence between the species was calculated with pairwise distance calculations 

including 1000 bootstrap and pair wise deletion using Kimura 2-parameter.  

 

The allele frequency was only estimated for the collared flycatcher due to the limited 

number of chromosomes for the other species. With all four individuals present a total of 

eight chromosomes were obtained in flycatcher compared to the blue tit and great reed 

warbler, which at maximum could contribute with four chromosomes each. By counting 

the number of alleles found in the collared flycatcher these could be assigned to occur in 

one, two, three or all four individuals. If an individual was missing sequence, the total 

number of available chromosomes was reduced to six. If two individuals did not have 

sequence present the total number of chromosomes was reduced to four chromosomes.  
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To obtain a measurement of the divergence between the three species each species 

consensus sequence was aligned against the others of the same intron and from this the 

average pair wise difference was calculated. In further analyses of the divergence 

chromosome one to five were assigned to macrochromosomes and chromosome six to 32 

to microchromosomes.  

 

Results 

In order to obtain sequence information a total of 122 primer pairs designed from chicken 

were tested in collared flycatcher, blue tit and great reed warbler. Blue tit and collared 

flycatcher had equal number of successful amplifications (102) whereas the great reed 

warbler had somewhat lower number (89) (Figure 3). These latter markers were shared 

among all three species. 

 

Successful amplifications selected for sequencing resulted in a total of 63.4 kb of 

sequence. The number of SNPs found was most numerous in collared flycatcher with a 

total of 173. For blue tit and great reed warbler the number of SNPs was 103 and 68 

respectively (Table 1). This in turn indicates on average a SNP every 80, 241 and 351bp 

for the three species separately. 
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Figure 3 Distribution of the total number of successful PCR amplifications for each species out of the 
                complete set of 122 primer pairs. 
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The great reed warbler had the lowest nucleotide diversity (0.0012) compared to both the 

Blue tit (0.0018) and the Collared Flycatcher that showed the highest nucleotide variance 

with a π value of 0.0030 (Table 1). When comparing the nucleotide diversity along 

chromosomes of the collared flycatcher, regions of zero values have a tendency of 

clustering together (Figure 4). Chromosome four possesses polymorphism for all markers 

tested whereas chromosome one to three score only about half of their markers as 

variable. Tajima’s D is positive for all three species.  

The allele frequency distribution for the collared flycatcher samples consisting of eight 

chromosomes had a dominance of SNPs found in only one individual. However, this 

skew is less prominent than for samples with six and four chromosomes which both had a 

stronger skew to the left (Figure 5). This result indicates that there is a bias towards rare 

alleles in the sample set. 

 

When computing the average divergence for each intron between the species the average 

distance for the macro chromosomes was 0.125 and for micro chromosomes 0.134, which 

is nonsignificant (students t-test; t = 0.262). This result also indicates an overall 

divergence of about 10% between the three study species. 
 

 

 

 

 

Table 1. Total length of obtained sequence, number of SNPs and estimates of Nucleotide diversity (π) and 
Tajima’s D for the three study species. 
               

Species 
Sequence (bp) 

length SNPs π  D 
Collared 

Flycatcher 13900 173   0.0030  0.801 
       Blue tit 

 25641  103  0.0018  0.864 
Great Reed 

Warbler  23897 68   0.0012  1.053 
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Figure 4.  Nucleotide divergence along chromosomes in collared flycatcher. (A) Nucleotide diversity along 

chromosome 1. (B) Nucleotide diversity along chromosome 2. (C) Nucleotide diversity along chromosome 

3. (D) Nucleotide diversity along chromosome 4 
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Figure 5.  Allele frequency distribution for collared flycatcher. Each SNP found was assigned to occur in 

either one, two , three or all four individuals. (A) Allele frequency for 8 chromosomes  (B) Allele 

frequency for 6 chromosomes (C) Allele frequency for 4 chromosomes. 

 

 

 

 

 

 

Discussion 

 

Nucleotide diversity 

The sequence tested seems to be a valuable source for identifying intronic SNPs. The 

collared flycatcher showed the highest nucleotide diversity compared to blue tit and great 

reed warbler. Earlier studies have found nucleotide diversity of 0. 0027 in flycatcher 

species, which is consistent with our result. The reason for the higher variance within 

flycatchers might be due to a high long-term effective population size, which allow for 

mutations to accumulate with time (Primmer et al. 2002). Moreover, Borge et al. (2005) 
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showed evidence for introgression, were the rate of gene flow from the pied to the 

collared flycatcher is greater than in the opposite direction. This further allows for a more 

variable genome in the collared flycatcher. In comparison, the great reed warbler had a 

very low within species diversity. Since this species recently has gone through a 

bottleneck event the low variability may be expected, as genetic diversity is typically lost 

as a consequence of a small population size that is more prone to genetic drift (Frankham 

et al. 2002; Hansson and Richardsson 2005). The fact that we used a greater number of 

individuals of collared flycatcher compared to blue tit and great reed warbler can have 

influenced in the number of SNPs found, as there is a higher chance of finding SNPs with 

increasing number of sequences, but should not affect estimates of nucleotide diversity. 

Ascertainment bias happens as a result of small sample size. With few samples used, rare 

alleles are likely to be missed out and only alleles commonly occurring within the 

population are registered (Morin et al. 2004). Since most of the alleles found were rare, 

found in only one individual, there might be an expectation that we have not detected all 

the alleles, which is occurring in the populations. 

 

Selection 

The Tajima’s D indicated positive selection and deviation from the neutral mutation 

model for all three species. A positive D value indicates that rare alleles are maintained in 

the population, which in turn is an indicator of positive selection (Polley and Conway 

2001). By looking more closely into the sequence of specific regions, genes can be 

identified which are playing a significant role in adaptation and speciation. Variation 

along chromosomes is an approach to find regions of less variation, which can be subject 

to constraint and also to positive selection. 

 In the collared flycatcher there was a tendency of clustered areas of reduced variability 

along the first three chromosomes. Further investigations are of interest to specifically 

determine whether this holds true or not by for example carry out a Hudson-Krietman-

Aguade (HKA) test (Hudson et al. 1987), on the data to evaluate the degree of natural 

selection. Also more individuals in the sample set could be included to increase 

reliability.  
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DNA markers that have been mapped to a specific chromosomal region, and also have 

been proven to be under selection are useful components in tagging genes that contributes 

to the genotypic variation for a quantitative trait (Fairbanks and Andersen 1999). Over 

the past few years quantitative trait loci (QTL) mapping has become a popular method for 

understanding the genetic bases off continuous variation (Garant and Kruuk 2005). 

However, since the primer pairs have been designed according to the chicken genome we 

cannot be confident that markers are in the same position in the current study species. 

 

Chromosome and species divergence 

 Studies by Axelsson et al. (2005) have showed evidence for a higher degree of 

divergence on microchromosomes compared to macrochromosomes. The suggested 

reasons for this may be due to the higher incidence of CpG sites and a higher exposure to 

germ line mutation on microchromosomes compared to other chromosomes (Axelsson et 

al. 2005). In this study we did not however obtain any significant difference between 

chromosome types, which may be the result of a considerably smaller sample size in 

comparison to the above study.  

 

The 10 % overall divergence between the three study species has also been obtained in 

studies comparing chicken (Gallus gallus) and turkey (Meleagris galopavo) that showed 

a mean autosomal divergence of 10.8% (Axelsson et al. 2004). This may suggest that the 

time of the split between the collared flycatcher, blue tit and great reed warbler 

corresponds to the time of the split between chicken and turkey. However, passerine birds 

are generally smaller and have shorter generation times than Galliformes. Therefore there 

may be an expectation, according to the generation time hypothesis and the metabolic 

rate hypothesis respectively, that passerine birds would accumulate mutations at a faster 

rate than Galliformes and hence have a longer divergence time (Li 1997). 
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Conclusion 
 

This study has showed that the CATS approach is a promising method to use in natural 

population, connecting important sequence information of three ecologically important 

species for which there is no previous genome information.  

Differences in level of nucleotide variation between the three species have been 

confirmed in this study. Collared flycatcher has the highest level of nucleotide variation 

and great reed warbler possesses the lowest.  This is probably a result of population 

history were the great reed warbler recently been through a bottleneck event. The results 

also indicates that on collared flycatcher chromosomes one to three there are areas of 

interest for further studies regarding adaptive evolution since they show signs of less 

polymorphism. 

This study wants to introduce the use of molecular methods to search for candidate locus 

and genes, which are of ecologically importance, which can be used to understand the 

mechanics of natural populations. 

Knowledge of how genotypes, phenotypes and environment interact is of great 

importance since these answers will provide answers important in ecological and 

evolutionary questions, which in turn might prove useful in species conservation.  
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Appendix A 
Primer pairs designed from the chicken genome used in this study. The primers has been designed from 
the chicken genome where conserved regions been identified by alignment with zebra finch and 
human. All primers are written in a 5’ to a 3’ direction. 

FORWARD PRIMER  REVERSE PRIMER 

110 

19 

19a 

18 

18a 

17 

17a 

16 

16a 

15 

14 

14a 

14b 

14c 

13 

13a 

12 

12a 

11 

210 

29 

29a 

TACAACCGCTTCGAGAAGCG 

ACGCACCGGCATTTGATTCC 

AAGTGTTACCATGGCAAGAC 

CAGATACTCCAGCTGACAG 

TCTATGACTCCTGAAGAGAG 

AAAGACACATTCTGCAGCAG 

GACTTGGATCACATCATTGC 

GACCTTCCAGAAGCTATTGC 

ACAGCTGTTCCAATCTCCAC 

ACCAGAGTGAAGCTGCCCTC 

AAAGCTTATCAGGAGACCTC 

TTCAACATTGAGAAGGGTCG 

TCTGCATTCCTTTCCAAGAG 

CGTTCCACTAATATTTTCCG 

CCTCATTGCATATGGTGGC 

AAGCCTGTTCCAGATACCTG 

CATCCTCAGACCATCATTGC 

CAGTAAAGAAACAGAAGTCC 

AGATGATGGAACAGAAGAG 

CAGTGGAAGAAGCTGCAGCG 

TGTGCAATGGCTACATATGG 

TGGGTGAAAACACGAGATGC 

TGGAACTGCTTCTTGGTGCC 

CGATGGAGAGGAGTGTATTG 

CGCACATTAATTCTCTTGGC 

CTCCCAGATAATACCATTTC 

TCATGGGCACTGGATTCATG 

AAGTCTTCACGGAACTTCAC 

GAGCAGCTCTGTACATTGC 

TCGTGAAGAACACGTGAAAG 

AGGACTTTCATTGAGAGGTC 

TTCATGGGCACACCACGGAC 

TTGATGTAGTCCTGCCTCTC 

TTCATCAGGTTGGACATCTG 

ATAGCTTGTTCCCTCTGTGC 

GCTTCATCAGTGACTATGAC 

GCATCAACTCTGATTCCATG 

TACAACAGATGAGTGCCAGC 

AAGTCTTCACGGAACTTCAC 

ACTGCTGTGTGTTAGACTG 

GCTATGAGTATGTTCTTTG 

GCAGGAGGCAAAGCTTCAGT 

AGAGCAAAGTCAAAGATCTG 

TGTTGTACTGCTGCTCCACC



28 

27 

26 

26a 

25 

24 

23 

23a 

22 

22a 

21 

38 

38a 

37 

37a 

36 

35 

35a 

34 

33 

33a 

32 

31 

4 8 

4 8a 

4 8b 

4 7 

46 

45 

44 

TACCTGCAGCACCCAAGTTC 

TTTGAGACATATGAGCAGGC 

AGTCGTAGCTATGGAACACC 

TGGGTGAAAACACGAGATGC 

CATCTCTTTCTATTCATCC 

CTGAAGTTTGCTGCTGCCAC 

AGATATGTCAAAGCACTGGC 

TCTGGGAACAGATCTGTC 

GATGCAATGCCGATCAACAA 

ATACCCATTATGCTGGTTGG 

AGAGAACGAGTGAACGAGGC 

GTGAAGAAGCTCTGTGGCAC 

CTGGGCCTTCAACATGTACG 

GCTGGAATAGGTGTCTACTG 

GACCTCAAGCACTCGCATC 

CCTGAATATCCCATGAAACC 

CCAGTTCTCCAAGACCGC 

CAGTTTGAGGCATTTGCTGC 

GGTGTTTCCTACAAATACAC 

CTCTTGTCCTGCTGTATCCC 

AGCGTGATCACTCCTGATAC 

TTGAACCCTCGTATTGGCAC 

ACCAGCTTTGTGGATGCTGG 

TTCATCCAGGACCAGATCGC 

AAGAGAAACTGAACTGGGC 

GAACGTTTGCGTAAAGCTAG 

TGTTCCAGCTGATGGTTGC 

GATAAAGTGTGCCTGCTGGG 

ATCATTCGAGGACAGTATGG 

GAAATGTGGTCTGAACAGTC 

TTGGAAGTCCTTGAGTGATG 

TGTTTCTGAAGCTTCAAGTC 

GTAGGAATTGTCTTCATCAGC 

TGTTGTACTGCTGCTCCACC 

TGATCGTCCTTCTACAAG 

GCCAGCATCCACCACATCAG 

ATGTCATCCAGAAGAACAGC 

AAACTTCAGACTTACTGCC 

CTAGTTTCACTCCATCTGTC 

AAAGCTGCATTCCAGGATTC 

TGGATGTACCAGTTCCTGTG 

CTGATCTCGCTGATGGTGGG 

CTGAAGATCTTGTCTACCCG 

TGCCGTCCAGGAAGTCTTTC 

CTTCAGGTGCATCTGCATC 

GCTGCCATGTTTCAGGATG 

CGTCGCCGTTCACCTTCA 

GCAACTCTAAGAGAACTTGC 

TTCCTCCATAAGCCACTC 

CTTGGTCATAGGAAATGCTGG 

GCCTTCTTTGAGGTCAATGC 

TCTCAGCCAAGAGCATTGCC 

GCATTTAAGCAGTTGATGGC 

GTGCTGTCCTGGATCATCTC 

GTTTCCACATGTTGTCTAGG 

ATGTCCCACAAATCAATCAC 

GTGATCATGGTCATAGTTGC 

ATGCCAATGATCCGGGATGC 

GCTATTTAATGCAGAGTTTC 

TTGCTCTTGGCACGATATGC



43 

42 

41 

58 

57 

56 

55 

54 

53 

52 

51 

64 

63 

62 

61 

74 

73 

72 

71 

84 

83 

82 

81 

94 

93 

92 

91 

103 

102 

GCATACATCAGACCATCTCC 

CAAGAGTCTCGCATCAGTCC 

GACACAATGAGCAACACTAC 

ATGGAGGCCAACATCGACAG 

TTTGGGCAAAGATCATCC 

GGAGTCCTGATGGATGACAC 

GGAGTCCTGATGGATGACAC 

CTCCAGATGAAATCTTCTGG 

CTTTATTGATGAACTGGATGC 

GTCATTGTCACTGCTGGTGC 

GCCATGGTGTATCCTGAGGA 

GCTATTGTACACATGGGAGG 

GATGTCATTTCAAGGTTTGC 

CCTAGAAATGAAAGATATTGC 

AAGTGACAATAGTGAGACG 

CAGATTATGAGTGTGGAAGC 

GTGTGGAGGCAGTTGATCC 

CTGTTCCTGAAAGGGTTCTC 

CCCTACATTGCAAACTATGG 

GACGAGCACATCTCCTTTAC 

TCCAAGCGGACAAATCAACG 

TGTCTCTACATAGCCTGTAG 

ACATCAGTGAGCGAGGCAG 

GAGTACATGCGGGTCATCAG 

GAGCGAGTCCTTCAAGATGG 

CTCACAGAGATCAATGAAGC 

TGGGATCTGATGTGATGTAGG 

CAGTTAGCAGACAAACTACG 

TAGAATTGCCCAGCTCATCGG 

TCAACCATATCAGCCACAGC 

AATATGAGGCCGGCACAAGG 

GCTTCATCTGCCATTTCCTG 

GGGTTTTCTGAGGCCGGGAC 

TTCTCTGATTTCCAGAGC 

GGTGGCTTTATACCCATCTC 

GGTGGCTTTATACCCATCTC 

GGATCACTGGTGTTGACAAC 

AAGTTGATTAAGCAGCTCCAG 

TCCAGATTGCAGCCACTACC 

TGGCTAACTGCTTCCCGTTG 

GCAATTCCTCCACAGTACAC 

TCAGGTGTATGACCCTCTC 

TCCAAGGGAGAAGCTGCCTG 

TCAGCTGCAACTCCATGTG 

GCATTCACAAACAGCTTGTG 

ACACTCTGAATGGGATCCAC 

GAAGACTGACAGCCACTGC 

AGAATCCAGTCACTTCCATC 

TGGACCAGGTAGTAGAACAC 

GGGCTTTCTGTGCAGCTTC 

AATTCCACAGCTTTACGGGC 

AGAATGTCCTGGATGTGCTG 

GCTTGCATGCCAAAGAAAGC 

TCCTCATACAGGGTGCTGGC 

TAACCAATGAAGTAGTGAGC 

CCATTGGAGGCATAGAAGAC 

GGTTCATGGCATCTATTCC 

AAGCCACCTTCACCACGTTC



101 

113 

112 

111 

123 

122 

121 

133 

132 

131 

143 

142 

141 

152 

151 

16

172 

171 

182 

181 

192 

191 

202 

202a 

201 

212 

211 

22

232 

231 

GACTGGTTCAACTTCCACGG 

CTGAGGAACTCAAGATGGC 

GATGGCTTGTATGGCTGGAC 

TGGGTATCTCAAGAAGTACC 

ATGGACAATGACCTCATCAC 

GAGGATATTGTTAACCCAGC 

TGGAACTGCAGGAGGATG 

AAGCAGAAGCTGTCTTCCG 

GGGCTGGAGAAGAAATTCCG 

TTCCACACGCAGACCTTCTC 

TATCTACCTGAGTGGTCAGC 

TTCAGCAACAGCTTTGTTGC 

GTATGGCCTAAGAAATGTCC 

AAGGGCATCTACTACCAGGC 

TGTAGTCTCACTGGTTAC 

AACTACGGGATCCCGCAGCG 

CAGAAGAGCTGCACCATG 

GAAGTTCGGCAAAGTAAAGC 

GTTGAAGAAATAGTCAAAGG 

GCCGACCATGCAGTGACAC 

ATACAGGAAATCGACTTCG 

TTAAGGGCTGTGATGTTGT 

GACATTAGGCTTGGAGAGC 

GCTAATCGGATTGGCAGAGG 

TCTGCCTGATCAATGCTGG 

ATGTCCTGCCACCCAGAGC 

GAGCGTTGGTGATTCTGGC 

ACGAATCTCTCTGCTGGGAT 

CTTTGGCTTTGGAATCCAGG 

AAAGCTGATGCTGGGAAG 

GTGTGAGTCATCTGGATTGTC 

AAGGCCTTGAAGTTCTTCTC 

TGATGGCTTCTATGCCAAGG 

GGTGTCTGTTCTCACTGTG 

GTATCAAGGAAGAGCTCTGC 

TTTGGCACACAGTACAGCAC 

CTTGAGCAAGCCACTCTG 

CAGTTCTTGCTCCAGTAGTG 

CTTGCTGAGGTATTCTTGCAG 

CAGCCCAAGTGTTTAGGCTG 

TCCTGTGCAGTTTCTACCAG 

ACCAACCAAGAGTCTTCCTG 

ACTGGAACATCCACAATGGC 

AGCAGGGTGGTGTAGAACTC 

GCTGAGGAAACAATTCTG 

CGGTTGTCGGAGGAGAAGGC 

TTCTGATTCGTAGTCAGC 

CATTGAGACACTGGATCGC 

CAGCCTGAATTATGTTGTC 

TTGCTCTTCTGCCTGTACAG 

AGTATCCTCTTTGTGCAAG 

TACAGATCATGGCTTCTGG 

AGTTTGACTCTGGGATTCTG 

ATGTTCTTCCCACCAGACTG 

AGTGGATGGCAGTATAGAAG 

GAAAGGAGAGGTGGATGGG 

GACTGGCATCAGGACAAATG 

GGGATTTTTGGTGGGCTCTT 

TCCTGCGCTTCTTGTCAGC 

CCAGAAGTACACAGTTATC



242 

241 

262 

261 

272 

271 

282 

281 

322 

321 

AACATCCTGGAAGACCTGGA 

GAAGATGAGAAGCTCCAGG 

AAGGAGGGAGTGATGGTGGC 

CAAGTGGAAGTAGACTGTCA 

TCCTCACCACCTACGACAG 

AAGCTGAATATTGGTGGTG 

ATGCAGGAGGAGAACATCAC 

AGTCAAGGCTTACAGATGC 

TTGTGGAGCCCATGCCAGT 

ATGGCTGTGATGTACATCAC 

GTGAAGGTCCGAATTTGTGC 

CTCTGGTACAGCTTGGTGA 

GTACTGGATGCCCTCGTTGG 

GTTAAACGTTAACTGTGCTG 

CTGGTAACCACCATGTAGG 

AAGCTGCTTTCATTGCTGT 

CTCCAGGATGTATTTGGGAG 

ATCTCTGTTCTTGTGGAAAC 

TCCTCCTCATTGTGCAGGG 

CCATAGAAGTGGACAAAGGC
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