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SUMMARY

Summary

Variations in neurotransmitter-related genes are reported to be associated with
personality traits among humans. One of the genes, the dopamine reDegfrgene
showed a relation with novelty-seeking behaviour or curiosity traits. Moreover, in human,
the dopamine receptor is the target site for drugs used in treating Parkinson’s disease and
schizophrenia. Non human vertebrates and free living species can provide better
understanding of the genotype personality relationships as they can be measured under
standardized selection experiments. The grea®Raits majoy is one such model species
used in these types of studies. Temperamental traits are heritable as well as linked to
fitness traits, which makes it important in the study of ecology and evolution. A recent
study by Fidler et al (2007) detected 73 polymorphisms (66 SNPs and 7 indels) in the
great tit Drd4 orthologue (GenBank: DQO006801.1) The objectives of the current study
were i) to amplify and sequence selected regions in dopamine receptor gene in two lines
(slow and fast) of great tit, including from the wild and ii) to identify SNPs and
haplotypes within this gene. iii) To develop a strategy for typing the different haplotypes
within a large population (> 1000 animals).

Two different lines of a great tit population, selected for slow and fast Early Exploratory
Behaviour (EEB) were considered for the experiment. These birds were reared under
captive conditions at Netherlands Institute of Ecology (NIOO). A total of 19 birds from
the fast line and 21 birds from the slow line were used in the study. Apart from the
captive population of these two lines, a wild population (N=10) representing an out-group
was also tested to identify the pattern followed under natural selection. Twelve regions
within the dopamine receptor gene (Fig 1) were selected based on either SNP density or
their proximity to indels

Six haplotype blocks were identified within the gene. The SNPs constituting these blocks
had, on an average, a MAF of 0.2 and were in high LD, which would eventually make it
easier to find them and thereby enable to genotype a larger population using these six
haplotype blocks. A significant association of SNPs 79 and 81 with the slow phenotype
was observed, suggestive of a region which could be in association with this trait. SNP
76, which was reported (Fidler et al, 2007) to be associated with novelty seeking
behaviour was found to be not significant. However, these SNPs are in close correlation
(r2=0.69) with SNP 76 and hence indicate a region of strong association with the trait.
The effect of introns, rather than the coding regions, in gene regulation could be the
possible reason for this strong association. Further, a low level of LD within the gene
supports the speculation that the causative mutation is within the dopamine receptor gene.
The results from the wild out group weren’t significant owing to their small number but a
highly similar trend was noticed suggestive of an association with the trait. A more
detailed study could explain the trends followed in natural selection and evolution.
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1 Introduction

Variation in neurotransmitter-related genes has been reported to be associated with
personality traits among humans. Dopamine being one of the most important
neurotransmitters in the brain, the gene coding it- the Dopamine redepld) bas been

the subject of numerous candidate-gene studies in psychiatry. Also, due to various factors
like its specific location in limbic areas of brain, several polymorphisms in the coding
regions and their effect on ligand binding properties of its protein, it is one of the most
studied genes in behavioural science (Reviewed in Galentaf, 1997). Moreover,
dopamine receptor is the target site for drugs used in treating Parkinson’s disease and
schizophrenia (Rangt al, 2001). Several studies indicateéi4 gene to be associated

with novelty-seeking behaviour or curiosity traits (Reviewed in Klegeaal, 2002). But,

there are conflicting results about the roleDotl4 in novelty seeking in human. These

are considered mainly due to either a weak effect, an association found only in certain
populations, or a false positive resulting from population stratification (Reviewed in
Patersoret al, 1998). It is in this scenario the importance of non human vertebrates and

free living species come in to the picture.

Genetic studies on personality differences in wild species are relatively rare. But,
studying ‘within population’ animal personality differences is important to understand
ecology and evolution. This is because of the fact that temperamental traits are heritable
and are linked to fitness and other traits important in ecology and evolution. éRéhle
2007). Moreover, variation in personality traits is assumed to be the product of natural
selection (Drenet al, 2003). Although genetic studies on human personalities are very
valuable, it is a big hurdle to explain the behavioural variations in an evolutionary point
of view (Reviewed in van Oerst al, 2005). Non human vertebrates and free living
species can provide better understanding of the genotype personality relationships as it
can be measured under standardized selection experiments. The influence of culture and
environment has less significant role in these groups, when compared to humare(Fidler
al, 2007). There exists highly consistent individual variation in personalities, which

allows us to measure the behaviour under standardized conditions on birds bred in



captivity. These standardized measurements can then be further linked to the behaviour
under natural conditions and thereby measure natural selection in the field. Daént
2003).

The great tit Parus majoy is a classical model species used in behaviour studies. Their
well known behaviour ecology, similarity to other species in behavioral patterns,
established selection lines with respect to behaviour and also the easiness to rear them in
captivity makes it a primary choice in ecological research (Reviewed in Groothuis and
Carere, 2005). Considerable amounts of genetic variations for personality traits are found
in great tits. Variations in early exploratory behaviour (EEB) within selected lines of
great tit are attributed to their wild caught parents (Deg¢ral, 2003). Hence, finding the
genetic basis for these variations in captive and wild populations can explain trends in

natural selection to a large extent.

Confirmation for the involvement of any candidate gene in expression of a phenotypic
trait requires identification of polymorphisms in that gene which is significant
statistically. Due to the advances in molecular genetics, it is now possible to sequence
genes of interest to find variations even at single nucleotide level. Single Nucleotide
Polymorphisms (SNPs) has been increasingly used as genetic markers in molecular
studies of ecology and evolution. It has several advantages over other markers due to
various reasons (Reviewed in Berlet al, 2008). Moreover, they can be used in
constructing haplotypes and also in Linkage Disequilibrium (LD) studies. Use of more
conservative statistical criteria for significance, employing gene haplotypes, as well as
LD studies might be useful to rectify the inconclusive results associated with genotype
personality association studies.

A recent study by Fidlest al (2007) detected 73 polymorphisms (66 SNPs and 7 indels)
in the great tit Drd4 orthologue (GenBank: DQO006801). They found significant
association of the polymorphism (Drd4 SNP830) with EEB in two selection lines (a slow
and a fast) and a wild population of great tit. But, no further information is available on

other SNPs and indels and their association with these phenotypes. Hence the present



study aimed at validating all the SNPs together with finding all the SNPs present within
theDrd4 gene and to construct haplotypes in wild and captive populations of great tit. An

association study was also done using all the information from SNPs, indels and
haplotypes. Testing a wild population together with the captive populations would

possibly help us to understand the trend followed under natural selection and explain
evolution.

The objectives of the current study were as follows

1. To amplify and sequence selected regions in dopamine receptor gene in two lines

(slow and fast) of great tit, including from the wild to validate the SNPs.

2. ldentify additional SNPs and construct haplotypes within this gene.

3. Develop a strategy for typing the different haplotypes within a large population
(> 1000 animals) of great tit.



MATERIALS AND METHODS

2 Materials and Methods

2.1 Birdsused in the study

Two different lines of a great tit population, selected for slow and fast Early Exploratory

Behaviour (EEB) were considered for the experiment. The birds were reared under
captive conditions at Netherlands Institute of Ecology (NIOO). These lines started from
birds caught from the wild in early nineties and were selected for 4 generations and
further maintained. A total of 19 unrelated birds from the fast line and 21 unrelated birds
from the slow line were used in the study. Apart from the captive population of these two
lines, a wild population (N=10) representing an out-group was also tested to identify the
pattern followed under natural selection.

2.2 Primer design, PCR and Sequencing

Twelve regions within the dopamine receptor gene (10897bp, GenBank acc. no.
DQO006801) were selected based on the SNP density and their proximity to indels,
thereby enabling to type the indels together with the SNPs encompassing them (Fig 2.1)

L oy I I T T L ; L [i_r—_l_lﬂ]

D15

3* S5* 2* 2*

Fig 2.1: Schematic representation of themajor Drd4gene structure. Exons are shown

as green boxes (coding regions full colour, untranslated regions striped), SNPs as vertical
lines and indels as triangles. Indel 1(ID 15) and SNP 830 are also marked éFia|er
2007)

* = No of regions selected within each block

Primers for PCR were designed by Primer3 (v. 0.4.0) (Steve Rozen and Helen J.
Skaletsky, 2000) using therd4 gene sequence as template and then amplification of
these selected regions were done. The regions selected included three from the 5’UTR,
seven from intron 1 and two regions encompassing third and fourth exon. Primer details
and the description of region amplified are given in Appendix A.

DNA samples from the birds selected for the study were obtained from NIOO. Initially,
all the primers were tested on two samples and the whole procedures up to the

sequencing steps were standardized. All regions (except Product one) were amplified by
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routine PCR. PCR amplifications were performed in 12ul reactions in an Applied
Biosystems Gene Amp PCR System 9700 thermal cycler. Individual mixes contained
approximately 60 ng DNA template, 2x PCR Master Mix containing 1.5mM MgCl
(Thermo Scientific ABgene ® UK) and 2.4uM of each primer. PCR profiles consisted of

5 min denaturation at 95C followed by 35 cycles of 30 sec denaturation #t®545 sec
annealing at 55-60C and 90 sec extension at°A2 with a final 10 min 72 C step ( See
Appendix B for PCR conditions). Hot-start PCR for product one was done using a Hot-
start Master Mix (Hst). A single reaction of 20 ul contained 10 pl Hst, Q solution - 4 pl,
0.4 pl MQ, 1.6 pl primer mix* and 4 pl genomic DNA (10ng/ pl). {* Primer mix = 4 pl
Forward primer (40 uM/ ul) + 4 pl Reverse primer (40 uM/ pl) + 16 pl MQ, mixed well
and taken 1.6 pl }.

All products except indel 3 were sequenced by BigDye Terminator 3.1 (Sanger
sequencing) using ABI 3730 DNA Analyzer (Applied Biosystems). A 48bp long indel
(indel 3) was typed after amplifying the region and running on a 2% agar gel (Appendix
C). Sequences were analyzed using Staden package (Staden et al. 2000) and the segments
were scanned for Single Nucleotide Polymorphisms. Indels were also typed based on its

presence (+/+) or absence in either one (+/-) or both strands (-/-) of DNA.

2.3 Haplotype and Linkage Disequilibrium (LD) Plot Construction

SNP information from all individuals for all the loci was retrieved and then an input file
for the programme Phase (v 2.1) (Stephens et al. 2001 and Stephens and Scheet, 2005)
was created.

The default structure for the phase input file is represented as follows:

Number of Individuals

Number of Loci

P Position (1) Position (2) Position (Number of Loci)

Locus Type (1) Locus Type (2) ... Locus Type (Number of Loci)

ID (1)

Genotype (1)

ID (2)

Genotype (2).
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where the quantities above are as follows:

1. Number of individuals - An integer specifying the number of individuals who have
been genotyped.

2. Number of Loci - An integer specifying the number of loci or sites at which each
individual has been typed.

3. P - The character 'P' (upper case, without quotation marks).

4. Position (i) - A number indicating the position of locus i, relative to some arbitrary
reference point. The loci must be in their physical order along the chromosome (i.e. these
Positions must be increasing).

5. Locus Type (i) - A letter indicating the type of locus i. The options are (a) S for a
biallelic (SNP) locus, or biallelic site in sequence data. (b) M for microsatellite, or other
multi-allelic locus (e.g. tri-allelic SNP, or HLA allele). These characters can be separated
by spaces, if desired. In this study, only SNP information was there. All the indel
information was converted to SNP format.

6. ID (i) - A string, giving a label for individual I, ID (Number of Individuals)

Genotype (Number of Individuals)

7. Genotype (i) - The genotypes for the i'th individual. This is given on two consecutive
rows. At each locus, one allele is entered on the first row, and one on the second row. It
does not matter which allele is entered on each row. For biallelic loci, any two characters
(e.g. A/IC, G/T, 0/1) can be used to represent the two alleles, and they do not need to be
separated by a space. Missing alleles at SNP loci should be entered as *?’

Genotype information was eventually used for creating all possible haplotypes among the
individuals. The output from Phase was then used for constructing cluster dendrogram
using R script, (kindly supplied by Hendrik-Jan Megen). Further, an input file for
Haploview (version 4.1) (Barrett et al, 2005) was made in the linkage format. For linkage
format, data was given in the Linkage Pedigree format, with columns of family,
individual, father, mother, gender, affected status and genotypes. The default structure of
the Haploview Linkage format is as follows

(a) Pedigree name - A unique alphanumeric identifier for this individual's family.

Unrelated individuals should not share a pedigree name.

10
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(b) Individual ID An alphanumeric identifier for this individual. Should be unique within
his family

(c) Father's ID- Identifier corresponding to father's individual ID or "0" if unknown
father.

(d) Mother's- ID Identifier corresponding to mother's individual ID or "0" if unknown
mother

(e) Sex - Individual's gender (1=MALE, 2=FEMALE).

(f) Affection status - Affection status to be used for association tests (0O=UNKNOWN,
1=UNAFFECTED, 2=AFFECTED).

(g9) Marker genotypes - Each marker is represented by two columns (one for each allele,
separated by a space) and coded either ACGT or 1-4 where: 1=A, 2=C, 3=G, T=4. A0 in
any of the marker genotype position indicates missing data.

Haplotype blocks and LD plot was created for all the three groups combined and also
within individual groups. Mean squared correlation in allelic state between pairs of SNPs
() and D’ (the difference between the observed and the expected gametic frequencies
standardized by the theoretical maximum for the observed allele frequencies) were

evaluated to estimate the level of LD.

2.4 Association studies

An association study was performed using all the SNPs, indels and haplotype blocks
found in the study, using Haploview programme. Analysis was done for all the

phenotypic groups jointly and separately. Statistical significance were confirmed at
P<0.01 and P <0.05, after 10000 permutations, during the analysis.

11



RESULTS

3 Results

A total of 80 SNPs and 5 indels were found upon sequencing these selected regions. Out
of this, 34 SNPs and one indel were newly found and not previously reported in the study
by Fidler and co-workers (2007). Complete information about SNPs and indels newly
found as well as previously known and validated by this study are given in Appendix D.
Genotype information from these regions was utilized to construct haplotypes using the
programme Phase. There were 82 unique haplotypes found using Phase (Appendix E).
The output from Phase was then utilized to construct cluster dendrogram (Appendix F).
From the result, it was evident that these haplotypes were distributed in both the groups
used in the study. The wild out-group also showed a similar trend although no definite
haplotype block was observed. Linkage Disequilibrium (LD) plot and haplotype blocks
were constructed using genotype information from all the 3 groups, by means of
Haploview programme and it showed 6 haplotype blocks (Fig 3.1 and 3.2).
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Fig 3.2: Showing 6 haplotype blocks using genotype information from all three groups



RESULTS

On average, the minor allele frequencies (MAF) of the SNPs constituting these blocks
were above 0.2 (Appendix G). Further, LD plot and haplotype blocks were constructed
separately for these groups which showed 3 blocks for the fast line, 5 for the slow line
and none for the wild out group. (Fig 3.3 and 3.4).The SNPs in these blocks had a high
correlation coefficient @) and D'value. But there was very little LD evident within this
gene. Block 1 and Block 4 were unique for the slow line and part of block 2 was unique
for the fast line. Analysis using Haploview revealed significant association (p<0.01,
10000 permutations) of phenotype (slow EEB) with SNPs 79 and 81 located in the third
introns (Appendix H). The sixth haplotype block which included these SNPs were also
significantly associated with this phenotype. A similar trend was seen in the wild group
but no significant association was observed.
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Fig 3.4: Showing 5 haplotype blocks for the slow line; B1 to B5- Haplotype blocks
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4 Discussion

A total of 80 SNPs and 5 indels were found in this study. Majority of the SNPs in these
regions (Fidleet al, 2007) were validated upon sequencing. Apart from that, a total of 34
SNPs and one indel were newly found and not previously reported by Fidler and co-
workers (2007) (Appendix D). Finding more SNPs from this region certainly helped in
improving the haplotype resolution. The SNP information was later used for haplotype

construction.

Using Phase, 82 unique haplotypes (Appendix E) were constructed, which suggested a
scattered distribution of variation in the groups studied. But, a cluster dendrogram
(Appendix F) made using the output from Phase gave insights about the closeness of
these haplotypes. There were small clusters of haplotypes, separated by a few bases. This

prompted for the construction of haplotype blocks and LD plot using Haploview.

Six haplotype blocks were identified within the gene. The SNPs constituting these blocks
had, on an average, a minor allele frequency (MAF) above 0.2 (Appendix G) and were in
high LD. A relatively high MAF would make it possible to find them with ease and
thereby enable to genotype a larger population using these six haplotype blocks. A
representative SNP from each block could be selected and typed for genotyping a larger

population.

Although unique haplotypes were seen in both fast and slow lines (Fig 3.3 and 3.4), no
significant association of these blocks with the respective lines was found. However, a
significant association of SNPs 79 and 81 with the slow phenotype was observed,
suggestive of a region which could be in association with this trait. SNP 76 (Drd4 SNP
830), which was reported (Fidler et al, 2007) to be associated with novelty seeking
behaviour was found to be not significant in this study. However, these SNPs were in
close correlation {=0.69) with SNP 76 and hence indicate a region of strong association

with the trait. Also, the haplotype block (Block 5 in slow line, Fig 3.4) representing these

SNPs were significantly (P<0.01) associated with the slow phenotype. Further, a low

14



DISCUSSION

level of LD within the gene supports the speculation that the causative mutation is within

the dopamine receptor gene.

A notable finding from these results is the significant association of SNPs located in the
intron. In their study, Fidler and coworkers (2007) followed the SNP in the third exon
and also one indel in the promoter region. The results from this study strongly suggest
that it is not the SNP in exon 3 but some regulatory region in the intron 3 which is
involved in the phenotypic variation. This was in accordance with the study by &idler

al. (2007), where they found a synonymous mutation (SNP 830) indicating that the actual
functional mutation is some where else and linked to this SNP. An effect of intron in the
regulatory mechanism was probably not measured because introns were considered junk
DNA at that point of time. But there exists many evidences which proves that the introns
have variety of functions, including for regulation and structural purposes, and that many
of the roles now hypothesized for introns are plausible but need further elucidation
(Wang and Christopher, 2008., Brudeb al, 2001., Dietrichet al, 2001) . Hence, it
would be really interesting to look deeply in to these regions for finding any possible

alternate splicing or regulatory sites.

It is very interesting to find that a lot of variations are still maintained in these selection
lines even after many generations of captivity and selection. Similar trend seen in the
wild population suggests that it is the same force of genetic selection being followed in
the nature. It gives a strong evidence for natural selection for this behavioural trait. Even
though the results from the wild out group weren’t significant owing to their small
number, a highly similar trend was noticed suggestive of an association with the trait. A
significant association of these polymorphisms couldn’t be seen initially when the
phenotypic data from the wild out-group was not used. The mere fact that the power of
statistics increased by adding the information from the wild group indicates that a
directional pattern of selection is being followed in the wild. This clearly suggests that
these variations in EEB are attributed to their wild caught parents, in accordance with the

earlier statement by Drent and coworkers (2003).

15



DISCUSSION

However, considering the smaller sample size used in this study, it is difficult to come to
a definite conclusion. The effects of other possible candidate genes involved in this
phenotype also need to be addressed. Moreover, the genotype environment interaction
should also be taken in to consideration. Hence, a study involving more individuals from
both the selection lines and wild together with other candidate genes could provide

further support to these findings.

16



CONCLUSION

5 Conclusion

Based on the haplotype information, selected 6 SNPs representing these blocks could be
typed for genotyping a larger population. A study involving more individuals, both from
the captive and wild population could throw more light in understanding the variations in
these two groups and also to explain natural selection and evolution. Further, a detailed
scanning of the introns 3 regions found in this study might be very interesting to find any
regulatory mechanism in this region. Thus, the role of dopamine receptor gene as well as

other candidate genes involved in the personality traits could be explained.
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Appendix A
Details of the primers used and region selected in the study
Product | Product Primer Remarks
NO SIZE
1 632bp FP: 5-GGCTCAGTGAAAGTGGTTCC-3 Sequence selected
RP: 5-CAGCAGCTGATCCACACAAT-3 between position 15-
646
2 466bp FP: 5-GGTAACCATGACCCTTTCCA-3 Sequence selected
RP: 5-GGGCTGAGGTGTCTTACTGC-3 between position
737-1202
3 501bp FP: 5-TTGCTTGGCAGGTTGTTGAT-3 Sequence selected
RP: 5-AGGCCAAGGTAGAGACCATTC-3 between position
2618-3118
4 526bp FP: 5-TGGGCAGAAGGCACTTATCT-3 Sequence selected
RP: 5- GGGATGCCTCCACTTAATGA-3 between position
4880-5405
5 675bp FP: 5-AATCACCAAGGATGGCAGAG-3 Sequence selected
RP: 5-GATCCCTGGTGTCAGCAGAT-3 between position
8555- 9229
6 527bp FP: 5-CCTTGATGGAGAGAGAGCAGA-3 | Seguenceselected
RP: 5-AGCTCAAGCACTCAGGGAAA-3 between position
10022-10548
7 489bp FP: 5-AGGAGGGGGTACAAAACCAC-3 Indel 1 (15bp)
RP: 5-ACTGCATGGAAGGGAAAAAT-3 Region 713-727
8 300bp FP:5- CTGCAGCCTCCTGGAATTAG-3 Indel 3 (48bp)
RP: 5-TCTCAGCTGCAGCACCTTT-3 Region 7054-7101
9 413bp FP:5-CCCAAAGGATGGTGGAATTT-3 Indel 5 (12p)

RP:5-CTGCCATCCTTGGTGATTTT-3

Region 8489-8500

20




APPENDIX A

10 502bp FP: 5-ACCAGAGCAGTGCCAAAAAC-3 Indel 7 (4bp)
RP:5-CTTTGCGGAAGAAGTTCCTG-3 Region 10622-10625

11 861bp FP: 5-TCAGTCCCCAGGTCTCTCTG-3 Intron 1 region
RP: 5-GAGTGCAAGCTGGAACCAAG-3 3389-4230

12 851bp FP: 5-CACATGTGGACTGTGCTGTG-3 Intron 1 region

RP: 5-TGTCACAGCCCCCAGAATAC-3

5401-5286
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Appendix B

PCR conditions used

Product No. Step lengths (s)
Annealing Extension
1 Hotstart* Hotstart*
2 45 90
3 45 90
4 45 90
5 45 90
6 45 90
7 45 90
8 45 90
9 45 90
10 45 90
11 45 90
12 45 90

No. of cycles

Hotstart*
35
35
35
35
35
35
35
35
35
35
35

Annealing

Temp (Ty) in

°C

Hotstart*

55
55
55
55
55
58
55
55
55
60
55

*Hot start PCR profile consisted of the following time temperature combinations:
96°C ,15.0 min (1x), (98C, 0.45sec ; 63C, 0.45 sec; 72C, 30 sec ) 5x,
(95°C, 0.45sec; 61C, 0.45 sec, 72C, 0.30 sec)32x and ?Z for 7 min .
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Appendix C
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+/-

- e e e
-

~/- +/+
252bp 300bp

Gel picture showing various genotypes of indel 3, separated by Agar Gel
electrophoresis of the PCR product
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Appendix D

Complete information about SNPs and indels newly found as well as previously known
and validated by this study are given

1 ctcagaat aa aaagGGCTCAGTGAAAGTGGAETC@ctgtc ccaacccctc actgagt gaa
< FP product 1 <

61 ggctgtgcca ggagtcaggc tttagggatc aaagccagat aggaaaagct gt gaccagat

121 gatgGaaacc atcttccttg tctgaacttc ccagcagatg aggtatcact gagctctgaa

A 125
181 Tctggcagat gtgcaaccat gctTgtgtcc tccTgagtcc aacacaaaac cattccCaaa
C 181 A 204 A 214 236 G

241 aggaat gcag agat acaagt atgtgcatac ccactccagt gctggtgaca gacagatcta
301 gagcaagacc tggtcccact caggccaggt ggaattgtct ctcctgtctt tgcacagtaC
360 G
361 aagagggaga tgactggaaa aacaattcca tgggtattgg gat caacatg agaat gggaa
421 accttccctg ggat gggagA GGAGGGGGTBAAAACCA® gttact aaag acatggtatt
< Indel 1 FP(product?) <
481 cttgctggcet ttagaaat Ta cct Ggaagcc ccacctctgg aagcagaatt tgaggacaac
499 G A 504
541 cagactgttg tccaagtgct taaaccaagg gaattttcTc ctactcG gt atgaaattCc
579 C 587 A 599 A
601 agagccacaG cagctgggca aaacagATTG TGTGGATCAETGCT®EL ag gecagt ccaa
610 T < RP product 1 <

661 ggCaaggaca gtgcttggat ctgtgtcctG tggctgacaC cagggct gt g gcctttccat

A 663 690 A T 700 (713-727 indel-
721 gctgcac atg ct gaagGGTAACCATGACCATTCCraaaa aagagt aagg gaactttggg

Polymorphism(1) < FP pr oduct 2) <
781 gcaCcaaggg cagggtttgg agagaggatt tctcccacaa gtcttaatgG tttgTat gaa
A 784 830 T 835 G
841 actctgatag ctgtagccta taacagagct tagaaTcaat ttgtctcata aaaagcttcc
876 G
901 aat ATAGTATTTTTCCCTTCCATgcagt at aaatgtcact ttattgctat gcCttctctt
< Indel 1 RP(product?) < TATA signal (928-933) 953 T
961 cccactgcct tccacaaaca TtagCctgac ctgaatgctt acctgCecatt cacatctggg
981 C A 985 1006 A

1021 ctgaggtttg gtggcacagc tgcagagatg cccacagagt ctgtatcagc tcccccatct
1081 tccaagtcat ctgggctaga aatgggaggt cacatctccc tgtgcttcct gatcctgcag

24



APPENDIX D

1141 gtgcataggt acccctcaaa cagcattttt ctCicatttt ct GCAGTAAGACACOCAGC

1173 G < RP product2 C1196

1201 CCccacgttc agccacccc t catgacctgC caccccatct ttgctcccac acttgctgcec

RP2& T 1230

1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

1861
1921
1981
2041
2101
2161
2221
2281
2341

2401
2461
2521
2581

2641
2701

2761

2821

1213-1218 Indel Polymorphism(2)

tatctggttt
aaggt gcaag
aat ccct act
tcattatgga
ttctacacac
tttctttcct
gagaacgcag
ccgcat cggc
ggccgggegg
ggCccggctc
T SNP
gccggacccc
ctcatcctcc
gcgct caaga
gccctcectceg
gcacggt ggg
caagagacca
gcccgggaca

cct cacggca

gcgggt tcct

ctgtccecctg
tgctgtgete
tctttagcca
gct ggat ggg

cacaggcctg
gagttgcttg

aacaacagaC
2770 T
taaacccttg

cttcctgtat
cttccttttg
ctgcgct aca
ct gt ct ggat
acat cggaat
ctaacatt gc
caagacct ct
caccccttaa
ggcggcggcey
cgt gcgcggg

cctacatttc
aagt gcat cc
agat gct cgc
cttcactcag
acaatttccc
t t aaagaaca
gcagcgcet cg
gccgcet t ggt
gaggctcctc
gct gcggggy

(Exon 1)

cgcccgecgg
t cat cgt cgg
ccaccaccaa
tcctgeccect
ctggggettg
agt gccgagg
gccct gt gec
t cgcacagcg

gggat ccccg

gctt gcacgc
tgtttggcat
ggaaacaact
atttggtcac

acccagcat a

ttcactcccC

2720 T

act cccAagg
2777 G

t gct t gcagg

agccggecac
cggcaacggg
ctacttcatc
ctacgtctac
t gt gcccgee
gt caaagccg
cgggat gt gg
ct gcgggacc

t ccgaacgga

t ggccaggtt
aaagt gagca
ttcecgtgttg
cctgcaccga

t gat ggcagt
aaacctgttc

ct gagt ggt t

tgcagttgtt
tgcatttgcc
agcat cct gt
tttaattaca
agttattcac
gccccat gcg
ggacaccggg
gacccagttg
ccgcggct cg
cagcgccgceg

agcat cgccg
ctcgtctgtc
gt cagcct cg
t ccgaggt ga
gagcct gcag
ctctccgggce
cggt cagacc
gcgggat geg
gat gccccga

accgt cagca

gatctcggtg
gct gagaagg

attcctcccce
aacttatcta
cttggcacta
aat t gct aaa
ccgatccgta
agaacacagc
acaccgggaa
t ccccgeggg
gcgggeaget
gggccat ggg

ccct ggt get
tgagcgtctg
ccgtggecga
gacagcccgg
gtt acgaggc
ttgctcccca
ct ccggct ct
gggagcggag
gt ggaagcga

aat ggat agg
at aaaaggag

agaagccgtc

aagcat gggt
gagcactttg
tcttcaaatt
catt aat gga
ctgattccaa
gagaccat gt
cctgtccccce
gccecggecgy
cccggeggec

caacggcacc

cggcatcctc
cacggagcgg
cctgetgetce
ggccaccggg
agcggyggggy
ccgeecgegg
t acct gcgag
ccgget cegt
agcggAgt gg
2396 G

aagagacagg
atctttagtt
tttcccggga

ggt ggct TTG CTTGGCAGGTGTTGAT gg

&

FP product 3

&

cgt ggagagc cagctcaggg acat ggggca
acccccatga Ctgtggcagc tgagggaaag

2741

T

ctctctgtaa catttactgc cagggaggaa

gggatgttta aaacctgcta gtaccagCrg gtggctcttc
2868 TG 2869
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2881

2941

3001

3061

3121
3181
3241
3301
3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081
4141

4201

4261
4321

cct gct caag

gtggtagctg

tctctggcaa

gctcccct aa

gattttgcag
cat ct gggga
cactgtgctc
gaaaggcaca
ttccactttc

aacaccagag

agattaacG
3489 A
gctttcecttg
tacctgtatg
cttccatggc

aggat att aa
t gcagct cct
t ggcact cgg
cggt gcagca
cagcgct gca

agtgttcatt

aaggaaaagg
ttctttgtct

agggt gt cct

t ggt agccac
ggt gt gggga

aggat ggaaa

gtagtgtgga

gccat gcaga

gcaaggcagg

gacattgtga
cccat gagaa
ttggttttgg
ttcatcattc
tgttgtctct

tggtttcctt
att ct ggcgt
aat accacag
agctttaaaa
tgtttataaa
acat gggcag
gcagccaggc
agggaat gca
gt cacagccc

gcagttctca

ttaattgtCt

catccaCt gg gccaaatagc Aggtttttct aCccatcctg

2907 A 2921 G G 2932
tcttcttccc agctgtggaa gagcAtctcc cctcttgtcce
2985 C

gcaccccatg gcccagcagg ccAtggccat gcaggegt gt
(new indel)3031 G 3043
ctgcagatta gagcttaGAA TGGTCTCTACCTTGGCCEg

< RP product3

cctctctgga gacaggt att
gaaccaat ga agaact ggag
tggatttgct tttccctcat
ttctcagcta ctttttgcta

cgatgcct TC AGTCCCCAGGCTCTCT®EBg

< FP product 11
ttgccttcag gtaggagttt

acctctgaaa atgcttccaa

acattccaca agttctggat
actggggttg tccagett gt
catcagttct gtgagggaat
t gaaggt gct gt aagacaga

aggcat t caG at Gcacaaaa
3810T A 3813

t ggagcaggt gt ggotagtg

cct caagcag gcagtgggtc

ttccatgcct ggaagcttct

cCtactgatg caggatttcc

4039 T G 4042

gagagt aacc
ttttttcTtt

act gaat cca tgccagagga

ggagGcaaaa ctcagaat aa

4158 C 4165 T
gattgctctt tagaactagC TTGGTTCCAGTTGCACTL ttaccaaaca

&

RP product 11

e

cctgcaggtt
catctttttc

gtgttcaata

cattaggtcc

tacctcaatt ttgctggtta

attgggatcc cttttcttcc

ggcagt catc
6

tgct gga@ a caTaaaat ac

3468 A 3473G
tggggcagga gtattgtggg

tctcaggtaa caggtgttca
ggt gacactt gatatattca
tcttccatgt ctctgctccc
agtctttcct tctcatcctT

3780 C

cagcacagga tttgcactcc

ct gaacagag agagagagca
tct gat gt gt agagcaactc
ct gt aggCt ¢ agagcct gca
T 4008
agctcatttt gttctgaaat

cagaattttt gtggtttctt
gat gt t ggga t gcaagat gc

&

t gaaaatatg gtctggacag tcctgaatgt tcacctcaac attcattctt

ttttgttttg ttgttttaaa ctttggtaca actcctgaca cagtaaaggt
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4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041
5101

5161

5221

5281

5341

5401

5461

5521

5581
5641

5701

ggattctggg
tttagcagga
tgaggtggca
cagcaggagg

t ccaagcccc
ttccagaaac
agaaagct ca
act ggact ca
acacagct gc

agat cttagc

ggcctattgg
acagagcaat

tcttgtgttc
gacttagctt

agtggggatg
t ggagcacag
tttcagacac
tccaaatatg
ctgccctgaT

< FP Product 4

agt at gat gg

cttctgcCag ctttggtttt
T 4988
gccagagagg cagagaagca

tgttactcca ggagcagagt

gagt gcct gg

ctt gt ggggt

g&t ccagagg

C 5282

ggagt cccaa

ATCC(gcaa
RP4<

cacctgtacc

agagct gcag

agcattggTa
5179 A

t act gaagga

ctcgecttgt

agact ct gga

Gt ggggcagg
T 5411
t gt acct gct

aAcaggcctg
G 5532

gt aaacatct ttgccactaa
gcagatttgc atGttacct
5653 A
gcCaat aaaa accacat gag
T 5703

aaaact caaa
aaact gagca

cagttttgga
t t gaggt gac

ggattccttc
t gggagagt c
t ggcagcaat

gagcaaagac

aaacagct ga
ttttttcatt
aacattcctc

atctgacatc

ggt ggt gggt
caccttgtgc
ct aat cagag

ct Cacaaaca

4603 T
ct gt gggat g t ggat gat cc
cttgatattg gettttattt
acatactctc aaaacacata
atgttccaat gttttctagt

GGGCAGAAGG CACTTATCECct gct t gct

ggagaggcaa

ctgat gggtg

aggggaaagg
tctgctttga

gcact gaaac

tatcacttgg

gt gt aact gc

acact t gt ag

caccaggaca

gctcct gt ga

é
t ggt aactt C cat ggggaag
4960 A

t gt caagt gc

agat ggcct g

cat gaagaga
agggggct ct
5217 A

ctctgtgtgg

ttcctcttcce

ttttcagcaa

gggcact ccc

aaccaggaga

ttgtgctttt
tgttttcctg
ctttagaaga

acagatctcc

tttgctgcca
ctggttgtta
ctctctttca
tgtaattacc
t gggaat ctc

ttgcaCt gct
4976 T

t caat ccagt

t ggcat t aac

agTt cccaga

5153 A
gaggaaggag agct at Ggt g

ctttgggagg gagct gcaTg
5279 C

t agagact gt gacagt ggca

gagtttatac agcccTCATT AAGTGGAGGC

< RP product4

agct cCACAT GTGGACTGTG CTGgagca

< FP Product 12 <
tcagctct Ct gctaatccct gccGagcagce
5499 T A 5514

agccaggaag ctgct ggCag gagctgaggg tgttgcettat
A 5558

gacctgtgta ggtgattatg gaaaagagga aacagtttga

ggctccttct ccaggtcagg gaagat gagt gttcccagAa

5699 C

ctatcttctt atcttggtga gggtgatgag ttctgcctaa
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5761

5821

5881
5941
6001

6061
6121
6181

6241

6301
6361
6421

6481
6541
6601
6661
6721

6781

6841

6901

6961

7021

aactttcagg

gt gcct gt ga

gt at cact gg

taTagttcct

5833 C

ggct ct ct gt
aat gt t acag
caaagt accg

tttttcagat
caggtggatg
t aaAaaacaa
G 6184
tcctctcccc

t gacaaaaag
tggactttac

ccatgcctca

gct gggceat ¢
gacaagagct
cct caggagc
ctgtgcttag

t aagaagcca

t ggaaaagt g

aaat gcgt at

ttctagtgga
ggaaggt gag

accagt aact
at caggcttg
cat cagagca

ttgcaggctc

ccccaagtca
ccact ggcag

catatctttg

tccgaattcc
gat at cagag
tctgctggca
gaat aaggat
agtctAtctc
6736 G

gagaacccaa

tttggtatca

ct aat gagag

cagettgttt
aat agat gt t

acaggccCgc

gt acat ct at

gccagacctc

gcagt aggat

attctgggtc
aattact aac

A 6028

ggggagggat
ct cat gat ct

gacat gaggc

gt ctt ggaat
ct gaaaaact
acctctgttt

tttcttgcaG tattttctgt
A 5810

taccctctcc

ttgggattag
t ggct gat gt
cagtgcttag

t cttggt cct
ttgacct caa
tat gt cccac

catt gt GTAT TCTGGGGGCGTGACAtt g
& RP Product 12

ggttctggtg
ggactgttcc

agccat gGet
6448 A
ctttcaggct
gaaat aggac
t caggct ggt
accagaat gg

ctgccatcca

agagccgctg

gacat ggggc
tcttccagcet

gct ct gaggce

tctgctgetc
taaaaccttc
tt agaaggca
gctgacttag
ccatcctata

aaggt gcagt

agaaagcttg agctgtttgt gatccataaa tctttacact
ct gCTGCAGQOCTCCTGGAATTA@t act cc

< Indel3 FP (product 8)
ccaaagttAc tctcccatta gaggggtcct

6969 C

&

aaacacccta gaat gggaag ttctctccta

7006 -

7101 repeat _region

7081 ATGGGAAGTT CTCTCCTAG®cctttccca
7054 — 7101 Indel Polymorphism (3)
7141 gggaagggtt tatagcattt tccaacttta

7201 AGAatccttg tccttttcag aatcaattag

RP&

ttaat cacat

é
caattctttg

cat gt cacag

aggt gctt gt

cctgcatgtg
ggttctgtcc
gagttttcct
aaggcagttg

aaaatttctg

t gct ct ggag
gtgtaccttg
ggcccagcaa

aaatt gccct

tctttcctag

ct gagccaca
ggtttggtgt

cttaat gt ct
t gatttaagt
tccectcttcet

tcacaactta

act ct gat gc
acttctcact

t caaagtcca

gcaggact ga
t ggct cat gc
t acaaat cag

caagggt gt t
cattgtattc

cacttcttaa
at gggct aat
agcctcttat

tggcatgttt tgccaaggtg ggcaggt gac

gcaAGGTGGEAGGTGACAA ACACCCTAGA

aagccagagt cttgagggtt ggtggggaaa

at ct cacatg at ccAAAGGTGCTGCAGCTG

< Indel3 RP(product 8)

ttcccccaaa tcacaaatag gtttggaaaa
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7261
7321
7381
7441
7501
7561
7621
7681
7741

7801
7861

7921
7981
8041
8101

8161

8221
8281

8341

8401

8461

8521

8581

8641

8701

ct gcagccca
tgagct t ggc
cattgtgcta
tat ct caaga
ttacagctcc
gcagagct gc
gt ggagegt g
tgtttagcac

ggcagcaaca

ggaatttata

at at gt aat a

aagaaaat aa
ttttaataaa

agt gtttgag
aat cat actt

aaat caaat t
agaaatttgt
gagaagaggc
agatgctgta
tctaatcata
ctgccctgtt
ttccccacgt
cagt acagga

ttagactcta

tatatatata

ttctctctca
tttttgatga
t gaat gaagc
caaaaat agc
at cct gt get
gct ggcaggg
ggctgcactc
aaaaat t cat

t gagcact gg

t ct aaat aat

t aggct gaat
ttcaggtcca
cct aaggt ct
aaaacagtta
tgacatcatt
gct gggggt t
t gagct ggga
acctgcttcc

ctggctattg

tttaacacag

aattatatat atatattaga tgattcacat
7884-7885 Indel Polymorphism (4)

aatatattac
agcat at aga
t gagacat ga
atttgtacat

at gt agcaac
gagt acagat
caaggggcca
tttattgggt

CCAAAGGATGTGGAATTIT cctctctctc

Indel 5 FP(product9)

&

t gt ggt gaca gcctattgag cttcctggtt

tctct Geetg tgetcaagga gttcAt ggga

8286 A
ctatttctgt

t gggt gagat

cagccattgc

cctgtgcettce

tttccaggtg
ggggagagaa

tgccct gcca

gt cagcct aa

gcact cGact
8417 A
tgtcctgctg

8305 G
aaagtgcttt

agaacaaagc
8431
tctgtcctge

at at at acac
aat gtttggt
ttgctactga
ttttaactga

aaact cagag

tacct gt gca
at aat ggcac

t gaacctgtc
aattcagttt
gact cgagct
cttcagagac
act ggct gat
cagcactttc
t gaat gaaac
t gaaacct gc

ct at agagaa

cacatgttct

tatctgtaga

agtagtattt
attttgcaat
acactttttt
acctctctct

gaagaattcc

ggt gcaagca
aggCat gaga

8324 A

aat gt t aaaa

Act gcaagt a
G
tgtctgtect

gaacaaCctg
8387 A
gtttctagct

ct gct at agg

8489 -8500 Indel Polymorphism (5)

t ggct gagac at gact gaac t gAAAATCAC CAAGGATGGBCGAGccaaca
< FP product 5
<Indel5 RP product 9
ctgctgetct geccctggtge ctgtgaccga

gtt cagagt a
t cagaggttg

ggat ggaaca

acaccggt cc

ttactcactg

gt ggt gt aac

aagat cccag
ggagt ggct g
cccct ggagg
tcctttgget
at t aat ccct
ccggt get ct
cagaacct gt
aacat gaaat

aaaagt ccct

aaagat aaaa

t aaaaacaca

atcat acat a
at aaaaat aa
tt caagct aa
gcagagggaC
6
ct act gt cct

aacagat aag

t Tgaggt gac

C 8332

ggtttgtacc

gt accagcat

ct gt gcagag

&
e

cctggGeett gtatccagag gctggacttg

8676 A

acagggaaat cattcacatc Gt ctgcacac
8751 A
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8761

8821
8881
8941
9001

9061

9121

9181

9241

9301
9361
9421
9481
9541

9601
9661
9721
9781
9841
9901
9961
10021

10081

10141
10201

10261

cat gggttgg

at gct t gggg

ggggt cct ga
acaat gt cct

t ggt ct gaaa

ctctgtttgg

TGGCAGCTTTGG®t get t g

catgtccctg tcattttaaa

agggaggagt

tgct gt gcac
cctgetctgg
cagggattct
gt gt ct cacc
tctggttgta

caaggagctt
ct cat ccagg
cgacagat cg
gt ggcttccc
caat t ggagg
cctgtcatgce

cggaaggcca

agcagtt ggg

actgagctta

acggggggag
gtgtccattt

gct cagttct

ggatgattcc

gt ggt ccct ¢ agcacggt gc

(Exon 2)

agcctccatc ttcaacctgt
ctgtgcctgg gcagcacgtt
accccccct ¢ aggagggt gt
agt ggt ggcc aagcccgttg
gcccaggect cgactgtttg

9591-9594 Ind

ggggcccctc agttacatta
gctgtgttgg caggttcatc
acctacggca gctgatcctt
cagtcatatt tggtctcaac
at gacaact a catcgtgtat
tggtgctgta ctgtggcatg
agct gagagg ctgcatctat
aCCTTGATGGAGAGAGAGCEAccggcet g

< FP product 6

cgt gcCggcc tccctgggga gt gtgggatg

T 10086 (SNP 830)

cacct caggt acccgcaccc agggcacggg
cgcaaggcca tgcgCgt gct gccggtcgtce

gagggt ggga aat gt gccag cttgtcccac

A 10215

ccagat gggc

cat gt gct gc

tttggaggaa

ggacacagcA

&

cagt cagt ac

tt ggaggt ac
cat gact cac

acacaggaat Agaagagaag ctttgtgctc

8791 G
ggatgttgtg
ttt gaggagt
ctctgcccag

tgccaagct g
ct gccct cac
ttggctgatg

cagaaccaca agccCt gagc

t gggagcat t

acat gCgt gg
9156 A

9045 T

gt gccat agg

ct gaggcacg

9171 C

tgtctcttce

gggagat cct
ccaaggcagc
gt gagt ct ga
agCet gt ggg
A 9053
aggAACACTA

Taggcat ggc

TCTGCTGACACCAGGGATCtttcagttcc

RP product 5
t gt gcgat gc

gt gct at cag
ggttccat ag
tctgccctaa
t gagat gaac
taaattaatg

ccagt ggt gc
gctgttcaaa
at at ccacca
aat gt cccaa
tcctccatct
tt ccaaggac
ggagccaaca
gggct get gg

aacagt ggga

cacaagcggg
gt cggt gagt

cacagcgctc

&

cct gat gacc

cgt ggat cgg
gcccttgeca
tgtccttcac
cagagct gt ¢
aggggaagga

at ggacgt ga

t gagt ggctt
gt gt cccaag
cgct gggt gt
ccttggcet gt
aggacagt ga

el Polymorphism(6)

caccaccaca
tcccget caa
cctggat att
accgggaccc
gctccttctt
t caagcgct g
ggaagct gt a
act gcagcag

t ccagact gt
(Exon 3)

ccaagat caa
ggct gt cagg

agact ggcag

ccaggact ga
ct acaaccgg
cgcctttgcet
cagcttgtgc
catcccat gc
ggaagaagcc
tcacccccca
cccct at gcc

gt cctaccca

cggccgggag
ggt ggct ggg

gAcct gggt g

10312 G
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10321 aaACCAGAGQAGTGCCAAAACcAccacce ttgggaaagg tttataaccc aacctccctt
<Indel 7 FP product10 < G 10344
10381 caaggcaaac Ttgtgactcc Caatatctta agttcaaagc caaagcaaga cttacttaag
(SNP79) C 10391 G 10401
10441 acttttcatc agtgtttagg ataggagaga catcccagtt tttgtctgAg cataagccca
10489 G(SNP 81)
10501 gctccacttg tcagcacaac tgctgecct TT TCCCTGAGTG CTTGAGQ@T gtatattt at

< RP product 6 <
T 10533
10561 tttttttttg gct Gaggctt Cgttaaatta aacccttctg aacattcaca tcaccttctc

10574 C T 10581
10621 tctit attgt cctcctggca ggtgctttcc tcttctgetg gacacctttt tttgtggtgce
10622-10625 Indel Polymorphism(7)
10681 acattaccag ggctctctgc aagtcctgct ccatcccccc tcaagtcacc agcactgtca
10741 cttggctggg ctacgtcaac agtgctctca accccatcat ttacaccgtg ttcaacgccg
10801 agtt CAGGAACTTCTTCCGCAAAG cttgc atgtcttctg ctgagccctc tgcacaggag
<Indel 7 RP product 10 <«
10861 gaaccaccgg gcaggaggaa ccactgggtc atttttt (Exon 4)

*Areas highlighted in yellow are the sequenced regions. SNPs shdwureim these

areas are the ones which are validated in this study. Those showrk iare the newly

found SNPs. SNPs shownbiack text are the ones missed because either they were
absent or couldn’t be typed. Indels are showgr #en. All information about the primer
designed is also shown in the text. Also, all other details known about the gene from the

previous study by Fidlest al, 2007 is also given here.
Abbreviations used:

FP- Forward Primer

RP- Reverse Primer
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Appendix E

List of haplotypes found in best reconstruction using Phase, with counts

1 GTTTCCTGTGGGGGCAGTTCTGGCCCACGCACAAATGACCCCGATCATGCGCGACACCGCGBGGGTGGAAGGACGCGATCACGCA 2.000000
2GTTTCCTGTGGGGGCAGTTCTGGCCCACGCACAAATGATCCCGATCATGCGCGACACCGCGAGGGTGGAAGGACGCGATCACGCA 1.000000
3 GTTTCCTGTGGGGGCAGTTCTGGCCCACGCACAAATGATCCCGATCATGCGCGACACCGCGBGGGTGGAAGGACGCGATCACGCA 3.000000
4 GTTTCCTGTGGGGGCAGTTCTGGCCCACGCACAAATGATCGCGATCATGCGCGACACCGCGAGGGTGGAAGGACGCGATCACGCA 1.000000
5 GTTTCCTGTGGGGGCAGTTCTGGCCCACGCACAAATGATCGCGATCATGCGCGACACCGCGBGGGTGGAAGGACGCGATCACGCA 1.000000
6 GCTTCGTGTGGGGGCAGTTCTGGGTTGCTAGCABACGGCCCCGATCATGTCCGACGCCACABGAGTGGGBGGACGCGATCACGCA 1.000000
7 GCTTCGTGTGGGGGCAGTTCTGGGTTGTGCGCCAACGACCCCGATCATGCGCGACGCCGCGAAAGCGAAAGGGCGCGATCACGCA 1.000000
8 GCTTCGTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGCCCCGATCATGCGCGACGACGCABAAGCGAAAGGGCGCGATCACGCA 1.000000
9 GCTTCGTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGCCCCTATCATGCGCGACAACGCGBGAGCGAAAAGGCGTGACGGCCTA 1.000000
10 GCTTCGTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGTCCCTATCATGCGCGACACCGCGBAAGCGAAAGGGCGTGGCGGCCTA 1.000000
11 GCTTCGTGTGGGGGCAGTTCTGGCTTGCTAGCAAGCGGCCCCGATCATGTCCGACGCCACABGAGTGGGBGGACGCGATCACGCA 2.000000
12 GCTTCGTGTGGGGGCAGTTCTGGCTTGCTAGCABACGGCCCCGATCATGTCCGACGCCACABGAGTGGGAGGACGCGATCACGCB  3.000000
13 GCTTCGTGTGGGGGCAGTTCTGGCTTGCTAGCABACTGCCCCGATCATGTCCGACGCCACABGAGTGGGAGGACGTGATCACGCA 1.000000
14 GCTTCGTGTGGGGGCAGGTCTGGCTTGCGCGCCAACGGCCCCTATCATGCGCGACACCGCGBAAGCGAAAAGGCGTGACGGCCTA 1.000000
15 GCTTCGTGTGGGGGCAGGTCTGGCTTGCTAGCABACGGCCCCGATCATGTCCGACGCCACABGAGTGGGAGGACGCGATCACGCA 1.000000
16 GCTTCGTGTGGGGGCAGGTCTGGCTTGTGCGCCAATGGTCGCGCCCTTGTGCGACGACGTGAGAGTGGGAGGACGCGATCACGCB 1.000000
17 GCTTCGTGTGGGGGCATGTCTGGCTTGCTAGCABATGGCTCCTATCATGCGCGACAATGCGBAAATGGGAAAGTGTGACGGCCTA 1.000000
18 GCTTCGTGTGGGGGTAGTTCTGGGTTGCGCGCCAACGGCCCCTATCTTGTGCGACGACGTGAGAGTGGGBGGACGCGATCACGCB  1.000000
19 GCTTCGTGTGGGGGTAGTTCTGGGTTGCGCGCCAACGGCCCTGCCCATGCGCGACGACGTGAGAGTGAAAAGGCGCGATCACGCA 1.000000
20 GCTTCGTGTGGGGGTAGTTCTGGGTTGTGCGCCAACGGCCCTGCCCATGCGCGACGACGTGAGAGTGGGAGGACGTGACGGCCTA 1.000000
21 GCTTCGTGTGGGGACAGTTCTGGGTTGCGCGCCAACGGCCCCGATCATATCTAAAGCCGCGBAAGCGAAAGGGCGCGATCACCCA 1.000000
22 GCTTCGTGTGGGGACAGTTCTGGGTTGTGCGCCAACGGCCCCGATCATGCGCGACGCCGCGAAAGCGAAAGGGCGCGATCACGCA 1.000000
23 GCTTCGTGTGGGGACAGTTCCAGCTTGCTCGCABACGGCCCCGATCATATCTAGAGCCGCGBAAGCGAAAGGGCGCGATCACCTA 1.000000
24 GCTTCGTGTGGGGACBTTGTCAGGTTGCGCGCCAACGGTCCCGATCATGCGCGACACCGCGBAAATGGGAGGACGTGACGGCCTA 1.000000
25 GCTTCGTGTGGGGATAGTTCTGGGTTGCGCGCCAACGGCCCCGATCATGCGCGACACCGCGBGAGTGGGAGGACGTGATCACGCA 1.000000
26 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGCCCCGATCATGCGCGACGCCGCGAAAGTGAAAAGGCGCGATCACGCA 1.000000
27 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGCCCCGATCATGCGCGACGCCGCGAGAGTGGGAGGACGTGACGGCCTA  1.000000
28 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGCCCCGATCATGCGCGACGCCGCGBGAGTGGGAGGACGTGACGGCCTA 2.000000
29 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGCCCCGATCATGCGCGACGCCGCGBGAGTGGGAGGACATGACGGCCTA  1.000000
30 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGCCCTGCCCATGCGCGACGACGTGAGAGTGGGAGGACGCGATCACGCB  1.000000
31 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGCCCTGCCCATGCGCGACGACGTGAGAGTGGGAGGACGTGACGGCCTA 5.000000
32 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAACGGTCCCGATCATGCGCGACGCCGCGAAAGCGAAAGGGCGCGATCACGCA 1.000000
33 GCTTCGTGTGGGGATAGTTCTGGGTTGTGCGCCAATGGTCGCGATCATGCGCGACGCCGCGAAAGCGAAAGGGCGCGATCACGCA 1.000000
34 GCTTCGTGTGGGGATAGTTCTGGGCCACTCACAAACGGCCCTGCCCATGCGCGACGACGTGAGAGTGGGAGGACGTGACGGCCTA 1.000000
35 GCTTCGTGTGGGGATAGTTCTGGCTTGCTAGCABACGGCCCCGATCATGTCCGACGCCACABGAGTGGGBGGACGCGATCACGCA 1.000000
36 GCTTCGTGTGGGGATAGTTCTGGCTTGTGCGCCAACGACCCTGCCCATGCGCGACGACGTGAAAGCGAAAAAACGTGATCACGCA 1.000000
37 GCTTCGTGTGGGAACAGTTCTGGCTTGCTAGCAAGCGGTCGTGCCCATGCGCGACGACGCABAAGCGAAAGGGCGCGATCACGCA 1.000000
38 GCTTCGTGTGGGAACAGTTCTGGCTTGCTAGCABACGGTCCTGCCCATGCGCGACGACGCABAAGCGAAAGGGCGCGATCACGCA 1.000000
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39 GCTTCGTGTGGGAACAGTTCTGGCTTGCTAGCABACGGTCGTGCCCATGCGCGACGACGCABAAGCGAAAGGGCGCGATCACGCA 1.000000
40 GCTTCGTGTGAGGACAGTTCTGGGCCACTCAGABGCGGTCCTGCCCATGCGCGACGACGTGAGAGTGAAAAGGCACGATCACGCA 1.000000
41 GCTTCGTGTAGGGGCAGTTCTGGCTTGCGCGCCAACGGTCGCGATCATGTCCGACGCCACABGAGTGGGBGGACGCGATCACGCA 1.000000
42 GCTTCGTGCGGTGATAGTTCTGGGTTGCGCGCCAACGGTCCTGCCCATGCGCGACGACGTGAGAGTGGGAGGACGTGACGGCCTA 1.000000
43 GCTTCGGACAAGGGCBTTGTCAGGCCACTCACAAATGGCCCTGCCCTTGTGCGACGACGTGAGAGTGGGAGGACGCGATCACGCA 1.000000
44 GCTTCCTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGCCCCTATCATGCGCGACACCGCGBAAGCGAAAGGGCGTGGCGGCCTA  1.000000
45 GCTTCCTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGCCCCTATCATGCGCGACACCGCGBAAGCGAAAAGGCGTGACGGCCTA  2.000000
46 GCTTCCTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGTCCCGATTATGCGCGACGCCGCGBAAGTGGGAGGACGTGACGGCCTA 1.000000
47 GCTTCCTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGTCCCTATCATGCGCGACACCGCGBAAGCGAAAGGGCGTGGCGGCCTA 2.000000
48 GCTTCCTGTGGGGGCAGTTCTGGCTTGCGCGCCAACGGTCCCTATCATGCGCGACACCGCGBAAGCGAAAAAGTGCAATCACGCA 1.000000
49 GCTTCCTGTGGGGGCAGTTCTGGCTTGCTCACAAACGGCCCTGCCCATGCGCGACGACGCABAAGCGAAAGGGCGCGATCACGCA 1.000000
50 GCTTCCTGTGGGGGCAGTTCTGGCCCACGCACAAATGATCCCGATCATGCGCGACACCGCGBGGGTGGAAGGACGCGATCACGCA 1.000000
51 GCTTCCTGTGGGGGCAGTTCTGGCCCACTCAGABGCGGCCCCGCTCATGCGCGACGACGTGAGAGTGGGAGAACGTGACGGCCTA 1.000000
52 GCTTCCTGTGGGGGCATGTCTGGGTTGCGCGCCAACGGCCCCTATCATGCGCGACACCGCGBAAGCAAAAAGGCGTGACGGCCTA 1.000000
53 GCTTGGTGTGAGGACAGTTCTGAGCCACGCGCCAACGGCCCTGCCCATGCGCGACAATGCGAAAATGGGAAAGCGCAACGGCCTA 1.000000
54 GCTTGGTGCAAGGGTAGTTCTGGCTTGTGCGCCAACGGCCCCGATCATGCGCGACGACGCGBGAGTGGGAAAGCGCAACGGCGCA 1.000000
55 GCAACGTGTGGGGGCATGTCTGGCTTGCTCGCABACGGCCCCGATCATGTCCGACGCCATGBGAGTGGGAGGACGCGATCACGCB  1.000000
56 ACTTCGTGTGGGGGCATGTCTGGGCCACTCAGABGCGGCCCCGCTCATGCGCGACGACGTGAGAGTGGGAGAACGTGACGGCCTA 1.000000
57 ACTTCGTGTGAGGGCAGTTCTGGGTTGCGCGCCAACGGTCCCGATCATGCGCGACACCGCGBAAATGGGAGGACGCGACGGCCTA  1.000000
58 ACTTCGTGTGAGGACAGTTCTGAGCCACTCACAAACGGCCCTGCCCATGCGCGACGACGTGAAAGCGAAAAGACGCGATCACGCA 1.000000
59 ACTTCGTGTGAGGACAGTTCTGAGCCACTCACAAACGGCCCTGCCCATGCGCGAAGACGTGAAAGCGAGAGGACGCGATCACGCA 1.000000
60 ACTTCGTGTGAGGACAGTTCTGAGCCACTCAGAAGCGGTCCTGCCCATGCGCGACGACGTGAGAGTGAAAAGGCACGATCACGCA 1.000000
61 ACTTCGTGTGAGGACAGTTCTGAGCCACTCAGABGCGGCCCTGCCCATGCGCGACGACGTGAGAGTGAAAAGGCACGATCACGCA 1.000000
62 ACTTCGTGTGAGGACAGTTCTGAGCCACTCAGABGCGGCCCTGCCCATGCGCGAAGACGTGAGAGTGAAAAGGCACGATCACGCA 1.000000
63 ACTTCGTGTGAGGACAGTTCTGAGCCACTCAGABGCGGTCCTGCCCATGCGCGACGACGTGAGAGTGAAAAGGCACGATCACGCA 1.000000
64 ACTTCGTGTGAGGACAGTTCTGAGCCACTCAGABGCGGTCGTGCCCATGCGCGACGACGTGAGAGTGAAAAGGCACGATCACGCA 1.000000
65 ACTTCGTGTGAGGACAGTGCTGGCTTGTGCGCCAACGATCGCGATCATATCTAGAGCCGCGBAAGCGAAAGGGCGTGGCGACCCA 1.000000
66 ACTTCGTGCAAGGGCBTGGTCAGCTTGCGCGCCAACGGTCGCTATCATGCGCGACAATGCGBAAATGGGAAAGCGCAGTCACGCA 1.000000
67 ACTTCGTGCAAGGGCBTGGTCAGCTTGCTCAGABGCGGTCGCGCCCATGCGCGACGACGTGAGAGTGAAAAGGCACGACGGCCTA 1.000000
68 ACTTCGGACAAGGGCATTGTCAGGTTGCGCGCCAACGGCCCCGATCAAGCGCAACAATGCGBGAGTGGGAGGACGCGGCGGCCTA  1.000000
69 ACTTCGGACAAGGGCATTGTCAGGCCACTCACAAATGGCCCTGCCCTTGTGCGACGACGTGAGAGTGGGAGGACGCGATCACGCA 1.000000
70 ACTTCGGACAAGGGCATTGTCAGGCCACTCACAAATGGTCCTGCCCTTGTGCGACGACGTGAGAGTGGGAGGACGCGATCACGCA 1.000000
71 ACTTCGGACAAGGGCATGGTCAGCTTGCTCGCABACGGCCCCGATCATATCTAGAGCCGCGBAAGCGAAAGGGCGCGATCGCCTA 1.000000
72 ACTTCGGACAAGGGCBGTTCTGAGCCACTCACAAATGGCCCCGATCATGCGCGACGCCGCGAAAGCGAAAGGGCGCGATCACGCA  1.000000
73 ACTTCGGACAAGGGCBTTGTCAGGTTGCGCGCCAACGGCCCTGATCATGCGCGACGCCACABGAGTGGGAGGACGCGATCACGCA 1.000000
74 ACTTCGGACAAGGGCBTTGTCAGGCCACTCACAAATGGCCCTGCCCTTGTGCGACGACGTGAGAGTGGGBGGACGCGATCACGCB  5.000000
75 ACTTCGGACAAGGGCBTTGTCAGGCCACTCACAAATGGTCCTGCCCTTGTGCGACGACGTGAGAGTGGGAGGACGCGATCACGCA 1.000000
76 ACTTCGGACAAGGGCBTTGTCAGGCCATGCGCCAATGGTCCCTATCTTGTGCGACGACGTGAGAGTGGGBGGACGCGATCACGCB 1.000000
77 ACTTCGGACAAGGGCBTTGTCAGCTTGCGCGCCAACGGCCCCGATCAAGCGCGACAATGTGAGAGTGGGBGGACGCGATCACGCA 1.000000
78 ACTTCGGACAAGGGCBTGGTTGGCTTGCGCGCCAACGGCCCCGATCATGCGCGACGACGCABAAGCGAAAGGGCGCGATCACGCA 1.000000
79 ACTTCGGACAAGGGCBTGGTCAGGCCACTCACAAATGGCCCTGCCCTTGTGCGACGACGTGAGAGTGGGBGGACGCGATCACGCB  2.000000
80 ACTTCGGACAAGGGCBTGGTCAGCTTGCGCGCCAACGGCCCCGATCATGCGCGACACCGCGBGGGTGGGBGGACGCGATCATGCA 1.000000
81 ACTTCGGACAAGGGCBTGGTCAGCCCACTCACAAATGGCCCTGCCCTTGTGCGACGACGTGAGAGTGGGBGGACGCGATCACGCB  1.000000
82 ACATCGTGTAAGGGCATGGTCAGCCCACTCAGAAACGGCCCTGCTCATGCGCGACGCCGCGBGAGTGGGAGGACGTGACGGCCTA 1.000000
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Appendix G
Minor Allele Frequencies
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SNP1
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SNP20
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SNP22
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SNP24
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SNP26
SNP27
SNP28
SNP29
SNP30

Pos

125
181
204
214
236
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31
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69 SNP69 8431 0.605 0.493 0.270 91.
70 SNP70 8489 0.326 0.273 0.566 91.
71 SNP71 8676 0.216 0.368 0.035 78.
72 SNP72 8751 0.135 0.171 0.535 78.
73 SNP73 8791 0.595 0.47 0.235 78.
74 SNP74 9045 0.0 0. 051 0.027 80.
75 SNP75 9053 0.147 0.185 0.579 72.
76 SNP76 10086 0.333 0.416 0.343 83
77 SNP77 10215 0.051 0.05 1.0 83.
78 SNP78 10344 0.125 0.117 1.0 85
79 SNP79 10391 0.348 0.423 0.343 97.
80 SNP80 10401 0.356 0.411 0.526 95.
81 SNP81 10489 0.341 0.442 0.209 93
82 SNP82 10533 0.023 0.022 1.0 93
83 SNP83 10574 0.386 0.442 0.561 93.
84 SNP84 10581 0.386 0.442 0.561 93.
85 SNP85 10622 0.333 0.278 0.546 89.

Abbr evi ati ons Used:

Pos= Position

Cbs HET= Observed heterozygosity

Pred HET= Predicted heterozygosity Err
Mend Err= Mendelian error

%>no= percentage genotype

Fam Tri= Family trio

HWoval = Hardy Wei nberg pval ue

MAF= M nor Allele Frequency
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Appendix H

Association study using Haploview

Case: Slow lines, Control: Fast lines
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