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Abstract

Next Generation Sequencing (NGS) technologies promise
a revolution in genetic research. Generating enormous
amounts of data, they bring both new opportunities and
new challenges to researchers. SEQscoring was designed
to facilitate analysis and enable extraction of the most es-
sential information from data produced in NGS resequenc-
ing projects. Its main functionality is to help researchers
locate the most likely causative mutations for a specific
trait or disease, but it can advantageously be used when-
ever the goal is to compare and explore haplotype pat-
terns, and to locate variations positioned in evolutionary
conserved genomic elements. SEQscoring uses input data
containing information about coverage and variations
produced by other programs, like MAQ and SAMtools, and
put the emphasis on methods for data visualisation and
interpretation. We compare cases and controls in several
ways and also utilise the power of comparative genom-
ics, by scoring all variations according to their degree of
conservation. SEQscoring is a publicly available, free, web-
based service. It has an intuitive interface and can easily
be used by biologists, medical researchers, veterinarians
as well as bioinformaticians. We exemplify how SEQscoring
was used in a recent study as a subsequent step to a ge-
nome- wide association study (GWAS) to extract a set of
candidate mutations.

Availability: http://www.segscoring.org
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Infroduction

“Nextgeneration” sequencing (NGS)technologies
are rapidly moving towards faster and cheaper
resequencing of whole genomes and transcrip-
tomes [1]. These new sequencing technologies
promise to accelerate our knowledge of genetic
variation and the associated phenotypic effects.
As a consequence we might expect disease-
causing mutations o be revealed and to see an
advance in therapies and development of indi-
vidually tailored drugs [2]. To be able to interpret
the vast amounts of data being generated, new
tools and algorithms will be needed for extensive
comparison of entire individual genomes.

Resequencing not of entire genomes but of
targeted regions has quickly become a valu-
able strategy to find candidate mutations fol-
lowing identification of associated regions using
genome-wide association studies (GWAS). When
performing GWAS, the use of SNP-chips, with
thousands or several hundred thousands of single
nucleotide polymorphisms (SNPs) evenly spread
over the genome, makes it possible to locate dis-
ease-associated regions. Locations where dllele
frequencies differ between “cases and controls”,
may indicate a region harbouring a mutation
where cases are identical by descent. Usually,
a denser fine mapping of the located region(s)
follows the GWAS. These methods have proven
successful for identifying mutations inherited in
a Mendelian fashion [3]. Most disease-causing
mutations have been found in exons, probably
because they have been subject o the most in-
tense investigation, their causative effects being
easier to validate than those of mutations in oth-
er regions. Yet, many regions outside exons have
important regulatory effects, for example with
respect to the location, timing and amount of
gene expression. Particularly in complex diseas-
es, where several genes and also environmen-
tal factors are involved, regulatory mutations are
likely to be common. NGS allows the detection
of variants in a wholly new scale. Consequently,
we expect important mutations to be revealed
with higher frequencies using these new meth-
ods, not just for those located in exons.

With new opportunities also come new chal-
lenges. The large amount of variation present in
every individual (~1/1000 bp) raises the question
of how to ‘separate the wheat from the chaff’,
The approach we outline here makes use of
comparative genomics, as it has been shown
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Figure 1. Overview of SEQscoring modules

The user submits input data in the form of lists of variants or coverage data produced by programs like e.g. MAQ or SAMtools. Variation data
(SNPs/indels) are first scored by the Scoring module according to the degree of evolutionary conservation at the genomic position for the
variation. In the next step data can be visualised using the Merge & Show module that aims to facilitate study of haplotype type structure
and conservation within haplotypes. The Case & Control module, takes sample phenotype into account and aims to find the most likely
positions or regions harbouring a causative mutation. The Coverage module performs calculations to find differences between cases and
controls in an attempt to localize structural variants, like deletions or duplications. The outfput is provided in lists for download and further
analyses and possibilities for direct visualisation in the UCSC browser. Some examples are shown in the figure; a) colour coded SNPs with a
similar haplotype in cases, one SNP (red) within a conserved element; b) a table of conserved SNPs with calculated pattem-scores; c) visu-

alisation of coverage differences between cases and confrols.

that elements that are conserved across species,
and are thus under purifying selection, are more
likely to have a function [4-7]. We have therefore
developed a tool, SEQscoring that scores muta-
fions according to the degree of conservation,
and also takes the pattern between cases and
controls into account. The tool is freely available
and can be accessed via the Web. The program
also aims to facilitate the identification of struc-
tural variations, such as deletions and duplica-
fions, by calculating the ratio of average cover-
age between cases and controls in windows of a
specified size. To allow comparison of individual
datasets, some results are provided in a format
compatible with the UCSC genome browser
[8]. To facilitate the interpretation of data over-
all, SNPs and indels (small insertions or deletions)
are colour coded in such a way as to give users
an overview of features like homozygosity, con-
servation and variation. SEQscoring has been
tested on several data sets, and shows great po-
tential to help the user to extract the most essen-

fial information from their NGS-projects. The ool
is easy to use and has an intuitive interface that
can be used by biologists, medical researchers
and biocinformaticians.

Results

Design and implementation
The SEQscoring tool aims to study haplotype
structure and to localise important differences
between cases and controls in genomic regions
where NGS data are available. In Figure 1T we
give an overview of the SEQscoring modules. The
modules are described in more details below.
Prior to SEQscoring, variant detection should
be performed using state of the art methods.
Several different programs can be used to map
millions of read to a reference sequence and to
call variations, e.g. MAQ [9] and SAMfools [10].
SEQscoring supports several different file formats
as input data and our ambition is to include ad-
ditional formats if requested. Typically we expect
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Figure 2. Conservation scoring identifies the variants with constraints and therefore with a higher chance to have a pheno-
typic effect. At the scoring page the users can submit their files of variations after choice of species and alignment/method
for finding conserved elements. In the output file each variation has got a conservation score, and if not within a conserved
element the distance to the closest one has been calculated.

the user to submit a single list with variants (SNPs
and/or indels) for each individual.

To make this service accessible, it has been
implemented as a web site hosted by an Apache
web server running Python and Perl CGlI scripfs.
Due to the dynamic content presented on the
pages, the scripting language PHP is utilised for
creating web pages. Python CGl scripts are used
to catch both the raw data and the parameters
from each form. Perl or Python modules then
carry out the data processing. All data upload-
ed and produced by SEQscoring is stored for a
limited period of time and then automatically
erased. Submitted files get unique encrypted file
names using MD5 sums in order 1o minimize the
risk of access by unauthorized users.

Conservation scoring

In the Scoring module, variants are scored ac-
cording to the degree of constraint at the ge-
nomic location for the variation. In principle, data
from any species can be analysed as long as
constraint score data is available for the particu-
lar species. For each variant the scoring module

checks whether it is located within a constraint
element, and if not the distance to the closest
one is calculated. The location of constraint el-
ements may differ depending on method and
species used in the alignment. For mammals we
propose the use of the 29mammals constraint
scores (SiPhy omega or pi [11-12]) lifted onto the
respective genome. Other available datasets
are 16 amniota vertebrates and human/mouse/
rat/dog comparison (Pecan [13] and PhastCons
[14]). Those records are kept in our local dato-
base for high performance. Python modules
performing iterative binary search have been
implemented and compiled as C-extensions for
fast and memory efficient conservation scoring
of user submitted variations.

Visualization of variation and conservation

The Merge & Show module merges all variants
and their score for all individual into a text file
that can be downloaded for further analyses.
The data is also displayed in the UCSC genome
browser for easy comparison and investigation of
haplotype structure. For easier interpretation SNPs
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Figure 3. Merge samples and show variations in the UCSC Genome browser.

To ease the comparison of samples there is an option fo merge and
SNPs from five dog samples is displayed in the browser. SNPs are col

display scored files in the UCSC Genome Browser. Here an example of
lour coded in the following way: yellow for homozygous equal fo refer-

ence, blue for homozygous deviating from reference, green for heterozygous, red for homozygous within (= 5bp) a constraint element and

pink for heterozygous within (= 5bp) a constraint element.

are displayed with the following colour code: ho-
mozygous SNPs within or near (= 5bp) constraint
elements are coloured red; heterozygous SNPs
within or near (= 5bp) constraint elements are
coloured pink; non-constraint homozygous SNPs
corresponding to the reference allele are col-
oured yellow; homozygous SNPs deviating from
the reference are coloured blue; heterozygous
non-constraint SNPs are coloured green.

Evaluation of concordance with phenotype
status

The Case & Control module gives further help to
reveal differences between cases and controls.
Three different options are offered the user: 1) to
compare constraint variants; 2) fo compare ge-
nomic regions; 3) fo fransform data into a format
for doing fraditional association studies.

The first option selects SNPs located in con-
served elements and scores them according
to concordance with an expected pattern. The
algorithm goes through all possible combina-
tions of individual pairs and calculates a pattemn-
score depending on what the expected pattern
of alleles are taking mode of inheritance info ac-
count. Cases and controls can be defined either
based on phenotype or genotype expectation.

We consider the highest scoring variants identi-
fied in this way to be among the most likely to be
causative of the trait under investigation. Pattemn-
scores for conserved SNPs are calculated in the
following way:

n = set of all samples

i= genotype for sample 1

j =genotype for sample 2

S(i) = status for sample (case or control)

p= pattemn-score

(i,4) 14,5 € nA
_ SG) £ S A i £ 4V
PSNPI) = (i) = case A S(j) = case Ni = jV

control V S(j) = control Ni = j

The second opfion “compare genomic re-
gion”, scans for regions of specified size where
cases are dlike and differ from controls. Pair-wise
combinations are examined in a similar way as
for conserved SNPs, but all SNPs conserved and
not conserved are taken into consideration. The
mode of inheritance is not taken into considera-
fion here. A sliding window approach is used and
the highest score goes to the region that is as
homozygous as possible in cases, and differ as
much as possible to the controls. This option can
be used to ook for selective sweeps as well as for
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Figure 4. Comparison of coverage may reveal copy number variations.

The coverage option can be used to visuadlise differences in average coverage between cases and controls in an attempt fo localize
structural variations as duplications or deletions that might be causative for a certain phenotype. Here we show five samples from different
dog breeds. Two of them are Shar-pei dogs with a thick wrinkled skin phenotype. The blue graph shows the coverage rafio (log2) between
Shar-pei and the control breeds. Shar-peis clearly show a peak of excessive coverage that has now been proven to be a 16 kb duplication
affecting both the skin phenotype and a fever disease in Shar-pei dogs.

smaller homozygous regions that might be iden-
fical by descent in cases harbouring a possible
causative mutation for a specific trait.

Relative coverage analysis

The Coverage module is aimed to identify struc-
tural variation and at present it accepts pileup
files created by MAQ [9], SAMtool [10] or Mosaik
[15]. If there is a big difference in average cover-
age between data from different samples, the
data can be normalised by setting the average
coverage to the same fixed value for each indi-
vidual. Comparable figures are thus calculated
by dividing all data with an individual adjustment
factor. There is also an option to average the
coverage in a window of a specific size. The ratio
of coverage between cases and controls is cal-
culated for windows of a specified size and log2
fransformed. The numiber of positions checked is
limited fo 150kb due to performance, thus giv-
ing a maximum resolution o regions smaller or
equal to that size and subsequently diminishing
resolution for larger regions.

Example

SEQscoring is currently in use at our lab for several
resequencing projects where the aim is o find
mutations responsible for specific traits or diseas-
es in dogs. In our group, we traditionally use the
dog as a disease model. The results obtained
may, in many cases, be successfully tfranslated
fo humans, and the knowledge gained thus has
the potential to benefit both species [16-19]. It
should be noted, however, that the methodol-
ogy and software tool that we present here are
generic, and not tied to a specific species.

In one of the first NGS projects at our lab the
aim was to find the mutation responsible for the
characteristic wrinkled skin phenotype in the
Chinese Shar-pei dogs, a phenotype strongly
selected for by breeders. The breed also suffers
from a genetic disorder called Familial Shar-pei
fever, a disease resembling human hereditary
periodic fever syndromes. It has now been shown
that the two features are connected and caused
by a pleiotropic mutation [20]. We here exemplify
the use of some SEQscoring functions with data
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from the Shar-pei project. A region of 1.5 Mb
had been selected for resequencing based on
a genome wide SNP analyses showing strongly
reduced heterozygosity in Shar-peis, implicating
the presence of a selective sweep. The region
was captured using custom designed arrays
from NimbleGen and sequenced using lllumina
Genome Analyzer. The obtained sequence reads
were aligned fo the target region of CanFam?2.0
[21] using MAQ [9]. In Figure 2 it is illustrated how
called SNPs are scored by conservation using
SEQscoring. In this example we chose the UCSC
phastCons alignment of four species. In the out-
put file each variant has got a conservation score
and, if not within a conserved element, the dis-
tance to the closest one has been calculated.
In the first sequencing experiment two Shar-peis
and three control breeds were sequenced. When
the reads were mapped to a repeat masked ref-
erence ~1500 SNPs/individual were detected. In
the next step we used the Merge & Show mod-
ule. Downloading a text file with all SNPs/individ-
ual merged let us count that there were 3,430
SNPs in total and out of those only 84 were within
conserved elements. The results are displayed in
the UCSC genome browser (Figure 3) with colour
coding as explained above. Next we used the
Case & Control option to compare conserved
SNPs, and found that only eight of the conserved
SNPs had a pattern where the two Shar-peis were
alike and differed from the controls. Those eight
SNPs have been genotyped in several samples
and in this case shown not to be causative since
they were not unique for Shar-peis. Finally, we use
the Coverage module to explore if there are any
coverage differences between Shar-peis and
controls. We targeted a region of 1.5 Mb and
maximum of 150kb are displayed, meaning that
in this case the program check the coverage at
every 10th position. We also chose to use adjust-
ed coverage and o average the coverage in a
window size 100, actually meaning 100 *10 (eve-
ry 10th position checked) = 1000 bases window.
Coverage graphs were directly displayed in the
UCSC genome browser. As can be seen (Figure
4) there was one clear peak of excessive cover-
age in both Shar-peis. The blue graph shows the
log2 values of the ratio between cases and con-
frols. It has now been shown that Shar-peis have
a 16.1 kb duplication at this site [20].
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Discussion

We have demonstrated how the use of the pub-
licly accessible SEQscoring web site facilitates
the interpretation of data from NGS-projects. We
expect that the user, in most cases, is interested
in localising the mutation for a specific pheno-
type. For best use of resources we propose a
model where a number of individuals (6-12) are
picked for resequencing, consisting of both cas-
es and control. The region suspected to harbour
the mutation has been narrowed down by GWAS
before NGS.

It is assumed that genomic regions that are
conserved across species are under evolutionary
constraint and thus more likely to be functional.
For this reason SEQscoring offers a fast conserva-
fion filtering of user submitted variations. It is im-
portant to be aware that different algorithms, and
the set of species represented in the alignment,
are likely to find different constraint elements. At
present two different sets of constraint elements
can be used for filtering. We are planning to add
a third set in the near future, where conserved
elements have been identified by alignment of
29 mammails using SiPhy [11]. In addition, a can-
didate function have been suggested for up to
60% of constrained bases [12]. We think that con-
servation filtering is an important and valuable
step in variation evaluation but it should also be
kept in mind that sometimes, functional elements
show low degree of sequence conservation.

As mentioned in the results section there is an
option to fransform the NGS data to a format that
can be used for traditional association studies
based on allele frequencies using the program
PLINK [22]. Usually a small number of samples
are under investigation by resequencing, and
the sample size is not appropriate for large-scale
association. However, in the case that a larger
sample size is utilised we offer a down load for-
mat that allows export of data into plink format.
We offer two other methods to evaluate the
concordance of genotype with phenotype: to
compare conserved SNPs, and to compare ge-
nomic regions that have been designed with the
purpose to extract as much information as pos-
sible using relatively few samples. The option to
compare conserved SNPs uses both the power
of conservation filtering and the identification
of a pattern in concordance with an expected
mode of inheritance thus capable of extracting
the most likely causative SNPs for a specific trait.
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The option to compare genomic region would
most likely find homozygous regions containing
two risk alleles (homozygosity), and is therefore
most applicable to recessive traits and traits un-
der selection. Dominant traits and complex risk
factors are harder to identify. Usually cases and
controls are defined based on phenotype, but
as haplotype information from the GWAS or fine-
mapping is typically used when picking samples
for resequencing, to increase the odds of localis-
ing the causative mutation we recommend to
use controls that are believed to be homozygous
for an assumed healthy wild-type haplotype.

Sometimes structural aberrations like inser-
fions, deletions or duplications are responsible
for a specific trait. The possibilities o detect such
differences are limited in resequencing projects.
If there is an insertion in one of the individuals,
those reads will simply not mapped to the refer-
ence. The read-length is often quite short (~30-
100 bp) limiting the size of repetitive regions that
can be read through, meaning that differences
in size of microsatellites, presence of LINES and
SINES etc.,.can be hard to detect. We propose
the use of tools that do de novo assembly o be
able to capture putative insertions and deletions.
After assembling larger contigs those could be
mapped back to the reference and thus detect-
ing insertions, but still the maximum detectable
insertion size would be approximately the size of
the read length.

The use of paired end reads offers a possibility
fo detect larger insertions, duplications and de-
letions but will not recognise smaller differences
since those might be due to different shearing
size. For single end reads, the information about
coverage at each position has proven to be use-
ful for identifying the putative locations of copy
number variation or deletions that differs be-
tween cases and controls.

NGS projects are likely to identify a vast
amount of variations between individuals and it
is challenge to extract the ones that might be
functional. We propose a methodology where
the goal for the analyses is to extract a limited
set of variations most likely to be causative for
the frait under investigation, and to continue the
analyses by genotyping in several cases and
controls. We showed that the analyses offered by
SEQscoring are straightforward and easy to un-
derstand, but powerful and time saving through
the ability to extract important information, visu-
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alise the results and help the user propose a set
of candidate mutations from the vast amount of
data produced.
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