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Abstract

The number of national reference populations that are whole-genome sequenced are
rapidly increasing. Partly driving this development is the fact that genetic disease studies
benefit from knowing the genetic variation typical for the geographical area of interest.
A whole-genome sequenced Swedish national reference population (n=1000) has been
recently published but with few samples from northern Sweden. In the present study we
have whole-genome sequenced a control population (n=300) (ACpop) from Visterbotten
County, a sparsely populated region in northern Sweden previously shown to be
genetically different from southern Sweden. The aggregated variant frequencies within
ACpop are publicly available (DOI 10.17044/NBIS/G000005) to function as a basic
resource in clinical genetics and for genetic studies. Our analysis of ACpop, representing
approximately 0.11% of the population in Visterbotten, indicates the presence of a
genetic substructure within the county. Furthermore, a demographic analysis showed that
the population from which samples were drawn was to a large extent geographically
stationary, a finding that was corroborated in the genetic analysis down to the level of
municipalities. Including ACpop in the reference population when imputing unknown
variants in a Visterbotten cohort resulted in a strong increase in the number of high-
confidence imputed variants (up to 81% for variants with minor allele frequency < 5%).
ACpop was initially designed for cancer disease studies, but the genetic structure within

the cohort will be of general interest for all genetic disease studies in northern Sweden.

Keywords: Next-generation sequencing, Population genetics, Genetic databases,
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Introduction

The challenge for all studies on genetic diseases is to disentangle disease-causing genetic
variations from those that are not. This task is inherently dependent on knowledge of the
genetic variation in the population. Even though a number of large-scale projects (1-3)
have mapped much of the common global human genetic variation, the map of human
genetic diversity is far from complete, in particular with respect to rare variants. The
recent explosive population growth has resulted in an abundance of rare variants (4,5)
which, because of their relatively recent origin (6,7) tend to be geographically clustered
to a higher degree than variants that are common in different parts of the world (8).
Therefore, in order to obtain a better overview of all genetic variation it is important to
sequence geographically focused populations. In recent years, several such projects have
mapped the genetic variation in national populations, providing important information

regarding locally occurring rare variation (9—11).

An addition to these was the recent release of a whole-genome sequenced Swedish
national reference population, SweGen (12). The genetic structure of the Swedish
population is characterized by a pronounced genetic difference between the northernmost
counties and the rest of Sweden (13,14). For example, the genetic distance, as measured
by Fst, between the northern and southern parts of Sweden is larger than that between
southern Sweden and other populations of Northern European descent (13). Furthermore,
the northernmost counties exhibit an elevated level of homozygosity (13,14) and an
increase in the genetic distance as a function of the geographical distance (14), compared
to southern Sweden. In agreement with these observations, Y chromosomal haplotype
frequencies also showed that the population in Visterbotten County in northern Sweden

is differentiated from that in the southern Swedish counties (15).
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Our studies focus on this genetically pronounced northern Swedish region, specifically
Visterbotten County. The county is characterized by vast distances between population
centers; the geographical footprint is large (54,665 km?) (16), but the population size is
small (268,278) (17). The demographic history of the county highlights a sparsely
populated region with an estimated population of as few as 7,304 individuals in 1571 who
mainly inhabited the coastal region (18). Historically, the inland region has
predominantly been inhabited by the indigenous Sami population, but settlement
programs were initiated by the state during the mid- to late-17" century with the main
part of the in-migration taking place from mid-18" to mid-19" century (19). It was also
in this later period that settlers formed the majority in relation to the Sami population
(20). Previous work based on marriage patterns and distribution of allele frequencies of
eight protein markers indicated the presence of a genetic substructure within Visterbotten
County (21). The hypothesized substructure was associated with the major river valleys

that stretch from the mountains in the west to the coast in the east in northern Sweden.

In summary, the genetics of the Visterbotten population have been shown to be distinct
compared to the rest of Sweden. To improve the likelihood of conducting successful
studies on genetic disease in this region, there is a need to acquire a better understanding
of the genetic variation in the population. While focusing on establishing a control
population to be used in cancer disease studies, we have whole-genome sequenced a
population sample named ACpop from the county of Visterbotten. The whole-genome
sequenced population, ACpop, provides a high-resolution map of the genetic variation
which agrees with earlier studies of protein markers and marriage patterns. Imputation of

rare variants in genotyping data from the region is also evaluated.
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96  Materials and methods

97  Sample selection

98  The study was approved by the ethics board in Umeé, Sweden (dnr 2014-290-31 and dnr

99  2017-370-32). The 300 samples were selected from the Visterbotten Intervention
100  Programme (22) (VIP) cohort of the Northern Sweden Health and Disease Study
101 (NSHDS). Blood from residents were collected in health care units in each municipality
102 and a donated sample was considered to represent a resident of that municipality. Half of
103 the samples to be sequenced were spread evenly over the 15 municipalities of the county.
104  The remaining half were dedicated to increase the frequency of sequenced individuals in
105  the three most highly populated municipalities (Lycksele, Skellefted, and Umead), as well
106  as two municipalities that is located on the border (Supplementary Fig 1). An equal
107 number of men and women were selected in each municipality. To maximize the diversity
108  among selected individuals and to minimize selection bias, 27 phenotypic, health, and
109  lifestyle-related variables were extracted from the VIP (Supplementary Table 1), and a
110  principal component (PC) model was used to select the individuals to be sequenced from
111 each municipality. Principal component (PC) models were calculated separately for each
112 gender and municipality. Samples to be sequenced were selected from the two first PCs
113 according to a full factorial design in two levels with one center point (Supplementary
114 Fig 2). For municipalities where sample size was substantially increased (Lycksele,
115 Umed, and Skellefted), we extended the experimental design with another full factorial
116  design around each of the corner points, as well as with another four center points
117  (Supplementary Fig 2b). For the municipalities where sample size was moderately

118  increased (Storuman and Mald), we extended the experimental design simply by adding
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119  another full factorial design in two levels and one center point but angled 45 degrees to

120  the original one.

121 Whole genome sequencing, raw data processing and calling of variants

122 DNA samples were obtained from the NSHDS and paired-end sequenced (2x150 bp) to
123 a depth of at least 30x using the Illumina HiSegX system at NGI-U (Uppsala, Sweden).
124 Samples underwent a quality check by the sequencing facility. PCR-free library

125  preparation kits were used for all samples.

126  Raw data processing was performed in accordance with the GATK best practices(23,24).
127  Briefly, reads were aligned to the 1000g fasta reference (b37) using BWA (v0.7.10-r789)
128  (25) Sorting, indexing, and marking of duplicates was done using Picard (v.1.118) (26),
129  and realignment around indels was done using GATK (v3.3.0) (27). Qualimap (v2.0.2)
130 (28) was used to assure sample quality and to identify any deviating samples. SNPs and
131  small indels were called for each sample separately using HaplotypeCaller (GATK
132 v.3.3.0). The resulting gVCFs were then jointly genotyped into a single VCF file using
133 GenotypeGVCFs (GATK v. 3.3.0). The called variants were quality filtered in
134 accordance with GATK recommendations using VQSR. Guided by the Ti/Tv ratio, the
135 truth sensitivity cutoff was set to 99.7 and 99.0 for SNPs and small indels, respectively.
136  Additionally, variants were annotated with the result from a Hardy-Weinberg equilibrium
137  (HWE) test. Variants with a Phred-scaled p-value above 60 (p < 10%) were removed in

138 all analyses.

139 Cryptic relations analysis
140  The software KING (29) was used to screen for unknown pairwise relationships between

141 all samples in ACpop. KING was run with the kinship flag and using all biallelic SNPs
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142 with a successful genotyping rate of at least 99.9%. Pairwise relationships were inferred

143 using the kinship coefficient as suggested by (29).

144  PCA

145 Both PCA models were produced using smartpca (30) (v. 13050) of the EIGENSOFT (v.
146  6.0.1) software package. The allowed maximum missing genotype rate was 0.1% and 1%
147  for variants and individuals, respectively. Two full sibling relations (4 individuals) were
148  suggested to exist by the relationship analysis, and one individual from each of these
149  relations was excluded prior to PCA. For the joint PCA of ACpop and the 1000 genomes
150  (1000g) project European super population, autosomal biallelic SNPs with a frequency
151  of at least 5% in ACpop and each European subpopulation were used. For the PCA of
152 only ACpop, autosomal biallelic SNPs with a frequency of at least 5% were used.
153  Variants overlapping long-range LD regions were excluded as suggested by
154  EIGENSOFT. A linkage disequilibrium (LD) pruning step was performed in both cases,
155  both using PLINK (31) (v1.90b3) with a window size of 20,000, step size of 2,000 and
156 an r? threshold of 0.2. In total, 118,544 variants were used for the joint PCA and 156,680
157  variants for the ACpop PCA. The 1000g genotypes (release v5 20130502) were

158  downloaded from ftp://ftp.1000genomes.ebi.ac.uk/voll/ftp/release/20130502/.

159  Imputation

160  Imputation was performed in two different cohorts. One cohort of individuals from
161  Visterbotten county (n = 500) and one cohort of Swedish individuals (n = 214). Both
162  cohorts have previously been used as control populations in a GWAS of glioma (32), and
163 were genotyped with the Illumina 660W array. All individuals had a call rate >94% and
164  were unrelated (PI-HAT< 0.2). SNPs were filtered based on call rate (>90%), minor allele

165  frequency (>0.01), and HWE (p>1x10). A/T and G/C SNPs were removed. All subjects
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166  were phased together using SHAPEIT (33) and untyped genotypes on chromosome 20
167  were imputed with IMPUTE2 (34,35) (v2.3.2) using three different reference populations
168 — 1000g, ACpop, and combination of the two (1000g + ACpop). Imputation was
169  performed on genomic regions less than 5 Mb in size with 1 Mb buffer regions. To create
170  the ACpop reference panel we first created a VCF by jointly calling variants in the ACpop
171  samples and in 64 whole genome sequenced individuals from two families. The families
172 originate from the region. Raw data processing and calling of variants was performed in
173 the same way as was described for ACpop. Phasing was performed with SHAPEIT2 (36),
174  using all biallelic SNPs with a genotyping rate above 1%. SHAPEIT2 was run with the
175  duohmm option active. The number of conditioning states was set to 1000, the window
176  size was set to 300, and the MCMC iterations were set to have 15 burn-in and pruning
177  iterations and 50 main iterations. After phasing, we extracted the haplotypes from the 300
178  ACpop samples and used them for subsequent imputation analysis. The 1000g reference
179  panel was downloaded from https://mathgen.stats.ox.ac.uk/impute/1000GP_Phase3.html

180  and is based on 2,504 samples from phase 3 (v5 20130502).

181  Fisr

182  Pairwise Fst was calculated using smartpca (30) (v. 13050) from the EIGENSOFT (v.
183  6.0.1) software package. The same two sibling samples that were excluded in the PCA
184  were also excluded in this analysis. Variants with a missing genotype rate of 0.1% or
185  more were excluded from the analysis. For each pairwise calculation, only autosomal
186  biallelic SNPs that were polymorphic (alternative allele frequency > 0) in both
187  investigated populations were used. Pairwise Fst was calculated between ACpop and the
188  European subpopulations of the 1000g project (release v5 20130502) as well as between

189  regionally defined populations within ACpop.
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190  Inbreeding analysis

191  Calculation of the inbreeding coefficient for ACpop was performed using FSuite (37) (v.
192 1.0.4). We followed the procedure outlined in Gazal et al (38) and included the 26
193  populations of the 1000g project in the analysis to corroborate the results (data not
194  shown). We included autosomal biallelic SNPs with a frequency of at least 5% in each of
195  the 27 populations and which did not deviate from HWE (p < 107) in any of the 27
196  populations. The HWE test was performed using PLINK (31,39) (v1.90b3). Additionally,
197  we removed variants with a missing genotype rate of 5% or more, as suggested by FSuite
198  manual. Prior to calculating the population specific allele frequencies, 14 individuals
199  from 15 reported (38) first-cousin or closer relationships (including one trio) were
200  excluded from the 1000g data (release v5 20130502), as well as the same two ACpop
201  individuals that were excluded in the PCA and Fsr analyses due to close relationships.
202  FSuite relies on the creation of several random sparse genome maps (submaps) in order
203 to avoid markers in linkage disequilibrium (40). We selected markers between
204  recombination hotspots for a total of 100 submaps. The inbreeding coefficient reported

205 by FSuite is the median inbreeding coefficient from the 100 submaps.

206  Results

207  Selection of the cancer control samples results in a population that reflects diverse

208  Visterbotten origins

209  We have whole genome sequenced 300 individuals intended to be used as a control
210  population in genetic disease studies in the Swedish county of Visterbotten and northern
211  Sweden. Based on a previous study (21), it was clear that the control population would
212 benefit from a selection of individuals from all parts of Visterbotten County. The

213 longitudinal and large-scale health study cohort, the Visterbotten Intervention
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214 Programme (22) (VIP) cohort of the Northern Sweden Health and Disease Study
215 (NSHDS), provided approximately 95,000 samples from which a selection could be
216  made. Through the VIP, individuals across Visterbotten were invited to undergo a health
217  examination, complete a questionnaire on health and lifestyle, and donate a blood sample
218  for research. Furthermore, our primary focus was to use the control population for cancer
219  studies, thus only individuals who had reached at least 80 years of age in 2014 without
220  being diagnosed with cancer were included from the VIP cohort. This resulted in 2117
221  women and 1431 men from which the final selection of 150 women and 150 men was
222 made (Figure 1A). The included individuals had donated their blood samples at the latest

223 in 1995 and were at least 60 years of age when making the donation.

224  The municipality of birth records for all residents in Visterbotten County in 1995 who
225  were born 1934 and earlier were utilized to investigate the origins of the population
226  (available in the Linnaeus database, Centre for Demography and Ageing, Umea
227  University). An analysis of the population demography revealed that 82% of the
228  Vasterbotten population aged 60 years or older in 1995 was born in Visterbotten, and
229  59.4% of the population still resided in the same municipality where they were born
230  (Table 1). Only 10.3% of the population had migrated from a neighboring county, and
231  7.7% of the population came from other parts of Sweden (further south) or were
232 immigrants. The inflow is expected to increase with successive cohorts. When comparing
233 to a more recent cohort of 60 years and older in 2013 it is found that the share of the
234 population originating from other parts of Sweden and immigrants have risen to 13% and
235  11% respectively. Mobility into Visterbotten has been low in the 1995 cohort but
236  mobility out from Visterbotten was higher as 35 % of those born in the county lived

237  outside Visterbotten in 1995. Based on the low mobility, the 300 individuals were

10
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238  selected from all 15 municipalities in Vésterbotten (Supplementary Figure 1) to obtain a
239  sample of the genetic variation from all parts of the county. A selection strategy was
240  employed for each municipality to maximize diversity and avoid random selection bias.
241 In short, the strategy consisted of using principal component analysis (PCA) to
242 summarize 27 sample-associated features in conjunction with design of experiments

243 (Supplementary table 1).

244 Overview of the ACpop variant dataset

245  The final call set comprised 17,344,482 variants, distributed over 16,522,463 variant
246  sites, after quality control. Of these variants, 14,513,111 and 2,831,371 were SNPs and
247  indels, respectively. A large share of the variants was present at a low-frequency (Figure
248  1B). For example, 6,176,006 variants have an allele frequency (AF) of below 1%, of
249  which half (2,941,762) were seen only once (singletons, allele count of 1). As sequencing
250  efforts continue around the world, the total number of discovered genetic variants
251  increases. The most comprehensive collection of genetic variants is dbSNP, which
252 provides updated releases on a regular basis. The latest release of dbSNP (v. 150) contains
253 a total of over 325.7 M variants, more than double the size of the previous release (v.
254 149). We compared the ACpop variant set against the latest release of dbSNP (v. 150)
255  and found that a total of 2,022,713 variants were not represented in the collection (Table
256  2). Even though many (938,209) of these unique variants were singletons, as many as
257 471,744 and 115,682 variants had an AF > 1% and AF > 5%, respectively. Compared to
258  the recently released whole genome sequenced Swedish national reference (SweGen),
259  ACpop contains 1,813,725 unique variants, and a substantial number (794,800) of
260  variants that are common in ACpop (AF > 1%) but are not represented or rare (AF < 1%)

261  in SweGen. The average genome in ACpop consists of 4.20 M variants (3.98 M sites),

11
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262  where 3.44 M are SNPs and 0.77 M are indels, and carries 6,742 variants not found in

263 dbSNP (v. 150).

264  Subregional genetic structure of ACpop

265 In a global setting, the genetic variation of ACpop tends to show similarity with other
266  European populations from the 1000g project, as evident by their co-localization within
267  the first and second components of a joint PCA (Figure 2). To investigate the relationship
268  between ACpop and other European populations in greater detail, a second PCA was
269  performed with only the European subpopulations of the 1000g project. The ACpop
270  samples displayed a distinct separation from members of the other populations in the first
271  two principal components, indicating that there is genetic variation in ACpop that is not
272 captured by sequencing efforts on other European populations (Figure 2B). The internal
273 spread of ACpop in the first and second principal components is in part due to the fact
274  that ACpop is a comparatively large sample in the context of 1000g project European
275  populations. In addition, the pairwise Fst between ACpop and the European populations
276  was calculated. Of the five investigated European populations, ACpop appeared to be
277  genetically closest to the British (GBR) population rather than the geographically

278  neighboring Finnish (FIN) population (Table 3).

279 It was earlier demonstrated that there is a north-south gradient, where genetic
280  subpopulations are located along the large river valleys, which extends from the
281  mountains in the west to the coast in the east. The colonization of the inland and mountain
282  regions with a relatively small founder population together with our contemporary
283  analysis showing low mobility among individuals born in 1934 (Table 1), led us to ask if
284  there is a genetic difference between the western and eastern populations. Visterbotten

285  County can be divided into three geographical regions, a mountainous region, an inland

12
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286  region, and a coastal region (Figure 3). To further investigate any genetic structure within
287  the county, a PCA was performed with the ACpop samples. By dividing the samples into
288  groups corresponding to the three geographical regions, a subtle pattern emerged in which
289  samples are placed along a gradient going from the coast, through the inland area and to
290  the mountains (Figure 3). The same geographical division was used for calculating
291  pairwise Fst. The intra-county genetic distance between the group of individuals
292  associated with the mountainous region on the one hand, and the group of individuals
293  associated with the coastal region on the other hand, is comparable to that of the genetic
294  distance between the British (GBR) and Spanish (IBS) populations in the 1000g project
295  (Table 3 and Table 4). The emerging structure within the county could be further stratified
296 by the municipal association of the samples. Samples tend to cluster according to
297  municipality in the first and second principal components in a way that mimics the
298  geographical associations of the municipalities. That is to say, neighboring municipalities
299  tend to be represented in the PCA by neighboring samples (Figure 4) which correlates

300  with our demographic analysis (Table 1).

301  Earlier array-based studies of the northern Swedish population have suggested an
302  elevated level of autozygosity (14) and an increased number of homozygous segments
303 (13). With access to a whole-genome sequenced, carefully selected and comparatively
304 large population sample from a focused northern Swedish geographical area, we wanted
305  to provide a better understanding of the existing homozygosity pattern. The degree of
306 autozygosity can be estimated using the inbreeding coefficient f which represents the
307  proportion of the genome that is homozygous by descent. The results point to a gradual
308 increase of the average f from the coastal (f=0.014) region to the mountainous region

309  (=0.019) of Visterbotten County, with a total average f value of 0.015 (Table 4). The

13


https://doi.org/10.1101/2020.02.18.933622
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.02.18.933622; this version posted February 19, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

310  same gradual increase from coast to mountain can be witnessed for the proportion of
311  individuals classified as showing signs of autozygosity, i.e. where /> 0.001 is satisfied

312 (Supplementary Table 2).

313 Effect of ACpop in imputation of national and regional cohorts

314 A whole genome sequenced reference population can be used as a reference panel for
315  imputation in genome-wide association studies (GWAS). Previous studies have shown
316  that population-specific reference panels can improve imputation accuracy in matching
317  cohorts (41,42). To investigate the imputation performance of ACpop, we compared the
318  number of variants on chromosome 20 that were imputed with a high info score, which is
319  given by the imputation software as a measure of confidence of imputation of individual
320  variants, when using (i) the 1000g reference panel, (ii) the ACpop reference panel, and
321  (iii) a combination of the two reference panels. The number of variants imputed with high
322 confidence (info > 0.8) increased by 37% in a cohort from Visterbotten County (Figure
323 5A)and by 11% in a Swedish national cohort (Figure 5B) when using the combination of
324  the reference panels, compared to using only the 1000g reference panel. For variants with
325  minor allele frequency < 5% the corresponding increase was 81% and 23% for the
326  Vasterbotten and Swedish cohort, respectively (Figure 5). For variants that were directly
327  genotyped by array technology in the Visterbotten County and Swedish national cohorts,
328  accuracy of imputation was assessed by means of 1? values (i.e. the correlation between
329  the genotyped and imputed values for a particular variant). Accuracy of imputation of
330  genotyped variants increased with 3.4% in the Visterbotten county cohort (mean r?=0.98)
331 and 1.1% in the Swedish cohort (mean r>=0.95) when using the combination of 1000g

332 and ACpop, compared to using the 1000g panel alone (Supplementary figure 3).
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333  Discussion

334  In this study, we have presented and characterized ACpop, a whole genome sequenced
335  Visterbotten County population sample of 300 individuals which corresponds to 0.11%
336  of the population. The selection of ACpop aimed in part to include as much as possible
337  of the genetic diversity in Visterbotten County. Because geographic origin is a
338  determining factor of genetic variation, a main component in the selection was to ensure
339  a geographical spread across the county. In addition, using statistical design we selected
340  diverse individuals with respect to health and life style associated variables in the
341  biobank. Demographic investigations indicate that the population we selected from was,
342 to alarge extent, living in the same municipality in which they were born. Therefore, by
343  Dbasing the selection on the municipal association of the samples, we are confident that
344  ACpop is representative of the genetic variation in Visterbotten. Furthermore, ACpop
345 includes a large number of rare local variants that were not represented in dbSNP or
346  SweGen. In all, ACpop is a resource that provides an unprecedented level of detail of the

347  genetic landscape of Visterbotten County.

348  Previous studies describing the Swedish genetic landscape have highlighted genetic
349  differences between northern Sweden and both southern Sweden (15) and other European
350  populations (13,14). ACpop demonstrates in this study that not only is there a genetic
351  substructure within Sweden but also within Vésterbotten county. This is in line with
352  indications of an elevated positive correlation of genetic and geographic distances
353  demonstrated in a previous array-based study (14). The intra-county genetic distances
354  between the mountain and coast regions as measured by Fsr are comparable to differences
355  between major European populations in the 1000g project (Table 4). This substructure is

356  also supported in the principal component analyses where the two largest components
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357  reflect the municipal and regional associations of the samples, respectively (Figure 3,
358  Figure 4). In fact, our results suggest that association studies in Viasterbotten might show
359  an improvement if matched controls are taken not only from Viésterbotten, but from the
360 same municipality as each affected individual. Similar conclusions were drawn from
361  studies on the Icelandic population with a genealogy that show some similarities to
362  Vasterbotten (43). Iceland was colonized by 8,000-16,000 settlers 1,100 years ago,
363  maintained a population size of about 50,000 around 1850, followed by an expansion to
364 its current size of about 300,000. This resulted in a population with genetic substructures
365 even if the population was assumed to be homogeneous. Indication of the Visterbotten
366  substructure is also given by the inbreeding analysis where the coefficient of inbreeding
367 increased from the coast to the mountains. The comparatively high coefficient of
368  inbreeding might be the result of a small gene pool associated with the small number of
369  founders, in combination with population isolation. In addition, one study (44) that was
370  limited to one coastal municipality suggested an increased occurrence of consanguineous
371  marriages during the 19™ century which, if this is representative for the entire county, will

372 influence the inbreeding coefficient of our samples.

373 Imputation is a method that is often used to increase the number of genetic variants that
374  can be investigated in genetic association studies, and the 1000g is often the reference
375  panel of choice for these analyses. But although the 1000g includes several genetically
376  diverse populations, we found that including ACpop (n=300) together with the 1000g
377  reference panel (n=2,504), had a positive impact on imputation performance in
378  Vasterbotten samples. The increase of confidently imputed variants was highest for
379  variants with minor allele frequency < 5%. Rare variants are underrepresented on the

380 array and in our analyses of imputation accuracy. However, previous studies have shown
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381 that the addition of a genetically well-match reference panel increase imputation accuracy
382  also for rare variants (42). The increase in imputation performance was not as striking in
383  a Swedish national cohort, which again is likely to be the result of the genetic differences
384  between the north and south of Sweden. Imputation performance is expected to increase
385 as haplotypes are added to the imputation reference panel (45). However, the modest
386  increase in imputation performance in the Swedish national cohort suggests that the
387  distinct increase in imputation performance in the Vésterbotten cohort is, to a large extent,
388  due to the addition of reference samples that are genetically well-matched. Our results
389  suggest that association studies in populations that are not well represented by panels such
390 as 1000g would greatly benefit by the addition of reference subjects for imputation who

391  are drawn from the same geographical region as the studied individuals.
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522 Titles and legends to figures.

523  Figure 1 — Selection process and allele frequency distribution. The initial aim of
524  ACpop was to sequence a geographically and phenotypically matched cancer control
525  population for Visterbotten County. The selection was made using three steps; selection
526  of cohort from which individuals were identified, inclusion criteria, and maximization of
527  diversity. (A). The alternative allele frequency distribution of the variants contained in
528  ACpop, stratified over 50 bins of 2% each. The share of the variants in each bin that does
529  not overlap with dbSNP v. 150 is indicated by green, while the opposite is indicated by

530  orange (B).

531  Figure 2 — PCA of ACpop and the 1000g. Joint PCA of ACpop and the super
532 populations (EUR: European, EAS: East Asian, AFR: African, AMR: Ad Mixed
533  American, SAS: South Asian) of the 1000g project (A). Joint PCA of ACpop and the
534  European populations (FIN: Finnish in Finland, CEU: Utah Residents (CEPH) with
535  Northern and Western European Ancestry, GBR: British in England and Scotland, IBS:
536  Iberian Population in Spain, TSI: Tuscany in Italy) of the 1000g project (B). The
537  proportion of the variance explained by each principle component is indicated in the

538  figure axis titles.

539  Figure 3 — PCA of ACpop samples. The samples were plotted along principal
540  components 1 and 2 and are colored according to three geographical regions in
541  Vasterbotten County. Top left panel: a map of Visterbotten County showing the 15
542  municipalities and the regional subdivision. The proportion of the variance explained by

543  each principle component is indicated in the figure axis titles.
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544  Figure 4 — PCA of ACpop samples. The samples were plotted along the first and second
545  components in 15 subplots, each corresponding to one of the municipalities in
546  Vasterbotten County. Samples associated with the municipality are colored red, and the
547  rest are colored black. The proportion of the variance explained by each principle

548  component is indicated in the figure axis titles.

549

550  Figure 5 — Imputation result. Unknown genotypes on chromosome 20 were imputed
551  using either only the 1000g reference panel, only the ACpop reference panel, or using a
552 combined reference panel from both panels. The number of high quality SNPs (info >
553  0.8), aggregated by minor allele frequency (MAF), that were imputed in a Visterbotten

554  cohort (A) and a Swedish national cohort (B) is indicated.

555
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Tables
Table I — Origins of the Visterbotten population aged 60 or older in 1995. The origin
(geographical region of birth) as a percentage of the population that were living in

Visterbotten County in the year 1995 and that were aged 60 or more at the time.

Geographical region of

birth Men (%) Women (%) Total (%)

Visterbotten County,

same municipality 63.8 55.9 59.4
Visterbotten County,

other municipality 20.3 24.4 22.6
Neighboring counties 9.3 11.1 10.3
Non-neighboring

counties in Sweden 4.7 4.4 4.5
Other country 1.9 4.2 3.2
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562  Table 2 - Summary table of the ACpop dataset. Novel variants is the number of variants
563  in ACpop that are not present in the latest version of dbSNP (v. 150). Ts/Tv ratio is the
564  ratio of SNP transitions and transversions, and Het/Hom ratio is the ratio between the

565  number of heterozygous and homozygous occurrences of the variants.

ACpop
Number of samples 300
Minimum sequencing depth 30X
Number of variants 17,344,482
Average no. of variants per genome 4,202,229
Novel variants (%) 2,022,713 (11.66 %)
Average Het/Hom ratio (SNPs/indels) 1.68 (1.54/2.53)
Ts/Tv ratio 2.08
SNPs
Total number 14,513,111
Average per genome 3,435,205
Novel variants (%) 1,177,731 (8.11 %)
Singletons (allele count=1) 2,606,782
Indels
Total number 2,831,371
Average per genome 767,024
Novel variants (%) 844,982 (29.84 %)
Singletons (allele count=1) 334,980
566
567
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568  Table 3 — Pairwise Fst of European populations. The European populations are the
569  subpopulations of the European super population of the 1000g project. The standard error
570  of the corresponding Fst value is given in parentheses.
ACpop | GBR CEU IBS TSI FIN
ACpo _ 0.004 0.004 0.008 0.009 0.006
bop (0.00006) | (0.000055) | (0.000097) | (0.000176) ' (0.000076)
GBR _ 0.0 0.002 0.004 0.007
(0.000041) | (0.000061) | (0.000109) | (0.000108)
CEU ~ 0.002 0.004 0.006
(0.000073) | (0.000134) | (0.000106)
0.002 0.01
1BS h (0.000051) | (0.000139)
0.012
TSI - (0.000192)
FIN --
571
572 Table 4 — Pairwise Fst of Visterbotten subpopulations. The Fsr values were calculated
573  pairwise between three geographically defined regions in Visterbotten County, the
574  mountains, inland and coast. Parentheses contain the standard error of the corresponding
575  Fsr value.
Coast Inland Mountain
Coast | - 0.001 0.002
(0.000035) | (0.000083)
0.001
Inland B (0.000067)
Mountain -
576
577
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