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Abstract

Background: Genotype information generated by individual and international efforts carries the
promise of revolutionizing disease studies and the association of phenotypes with alleles and
haplotypes. Given the enormous amounts of public genotype data, tools for analyzing, interpreting
and visualizing these data sets are of critical importance to researchers. In past works we have
developed algorithms for genotypes phasing and tag SNP selection, which were shown to be quick
and accurate. Both algorithms were available until now only as batch executables.

Results: Here we present GEVALT (GEnotype Visualization and AlLgorithmic Tool), a software
package designed to simplify and expedite the process of genotype analysis, by providing a common
interface to several tasks relating to such analysis. GEVALT combines the strong visual abilities of
Haploview with our quick and powerful algorithms for genotypes phasing (GERBIL), tag SNP
selection (STAMPA) and permutation testing for evaluating significance of association. All of the
above are provided in a visually appealing and interactive interface.

Conclusion: GEVALT is an integrated viewer that uses state of the art phasing and tag SNP
selection algorithms. By streamlining the application of GERBIL and STAMPA together with strong
visualization for assessment of the results, GEVALT makes the algorithms accessible to the broad
community of researchers in genetics.

Background

Genotype information generated by individual and inter-
national efforts carries the promise of revolutionizing dis-
ease studies and the association of phenotypes with alleles
and haplotypes. Given the enormous amounts of public
genotype data, tools for analyzing, interpreting and visu-
alizing these data sets are of critical importance to
researchers.

In past works we have developed the following analysis
algorithms:

1. GERBIL [1,2] - an algorithm for simultaneously phas-
ing genotypes into haplotypes and block partitioning. The
algorithm is based on a stochastic model for recombina-
tion-poor regions ("blocks"), in which haplotypes are
generated from a small number of core haplotypes, allow-
ing for mutations, rare recombinations and errors. The
genotype phasing and block partitioning is solved by an
expectation-maximization algorithm. Gerbil accepts gen-
otype data as input and outputs the phased genotypes for
each individual, the block structure of the entire popula-
tion and the common haplotypes in each block. As part of
the algorithm, Gerbil also accurately completes missing
data according to the common haplotypes found. Gerbil
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was shown to be quick and accurate even for many hun-
dreds of individuals [1].

2. STAMPA [3] - an algorithm for tag SNP selection. The
algorithm finds a set of tag SNPs with maximal prediction
accuracy. The prediction accuracy of a set of tag SNPs is the
expected accuracy of predicting untyped SNPs, given the
tag SNPs. Dynamic programming is used in order to effi-
ciently find the set of tag SNPs. Halperin et. al tested
Stampa on many different genotype datasets from differ-
ent sources, and showed that it finds tag SNPs with con-
siderably better prediction ability than two other state-of-
the-art tag SNP selection algorithms [3].

Both GERBIL and STAMPA were available until now only
as batch executables. In this work we introduce GEVALT
(GEnotype Visualization and ALgorithmic Tool). GEVALT
(Version 1.1) is an integrated software providing easy
access to the GERBIL and STAMPA algorithms as well as to
some other tools for genotype analysis. GEVALT is based
on Haploview version 3.2 [4] and it maintains the user-
friendly interface and strong visualization capabilities of
Haploview, as well as its other functionalities, including
computation of marker quality statistics and LD informa-
tion.

Implementation

GEVALT is implemented in JAVA based on the open
source code of Haploview version 3.2. The analysis algo-
rithms (GERBIL, STAMPA and permutation testing) are
implemented in C++. Both Linux and Windows versions
of GEVALT are available for download, as well as the JAVA
source code.

Results and Discussion

GEVALT accepts input in a variety of formats. Genotype
data can be loaded as unphased genotypes in the standard
linkage format, or as either partially or fully phased chro-
mosomes. Genotype data dumps from the HapMap web-
site [5] can also be loaded. When using the standard
linkage format, the user can specify family structure as
well as disease status. The user can also specify marker
information, including name and location. Upon loading
a dataset, GEVALT first phases the genotypes in the follow-
ing manner: For data consisting of unrelated individuals,
GEVALT uses Gerbil to phase the genotypes. For data con-
sisting of two-generation pedigrees, GEVALT first creates a
set of trios, one per family, where each trio contains the
child with least missing data. In each trio phasing is done,
if possible, according to Mendelian rules. Then only the
children's genotypes are phased using Gerbil and each
parent's haplotypes are deduced from its child's haplo-
types. Gerbil is then run again on the set of the parents'
genotypes only to complete the missing data. The haplo-
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types of the children that were not included in the trios are
deduced from their parents' haplotypes.

After phasing is completed, GEVALT generates several dis-
plays and option menus including the following:

¢ Phased genotypes: The phased genotypes of each indi-
vidual are displayed. Different colors are used to indicate
alleles phased by GERBIL, missing data and Mendelian
errors (Figure 1). For data consisting of pedigrees, the
phased genotypes are divided into two groups, parents
and children, and each group is displayed separately.

e Stampa: Select tag SNPs using the Stampa algorithm
(Figure 2). The user can specify the desired number of tag
SNPs, and the algorithm finds an optimal set of tag SNPs
and reports its prediction accuracy. The user can add or
remove tag SNPs from the set manually and GEVALT
recalculates the prediction accuracy of the new set.

¢ Individual Stats: Summary statistics for each individual
are displayed (Figure 3). These include the percentage of
missing genotypes, the percentage of heterozygous mark-
ers, the percentage of minor alleles and a tally of Mende-
lian inheritance errors.

All of Haploview's displays and option menus are availa-
ble. See [4] for a full description of these features. In addi-
tion, the following changes and extensions are
introduced:

¢ Association: GEVALT contains a faster implementation
of the permutation test in C++ instead of JAVA. The new
implementation runs about 20 times faster than the JAVA
implementation in Haploview. In the haplotype associa-
tions tab, a p-value is calculated for each block and for
each haplotype (Figure 4).

¢ LD Plot: The LD between each pair of SNPs can be cal-
culated using either the phased or the unphased geno-
types (Figure 5). The block structure displayed by default
is that found by GERBIL. The user can still employ any of
Haploview's block identification methods or select blocks
manually. Markers that were chosen as tag SNPs in the
Stampa tab are highlighted in this display.

¢ Haplotypes: The common haplotypes in each block are
computed based on the Gerbil solution.

¢ Check markers: Phasing by Gerbil is done only for the
set of picked markers. Whenever the set of picked markers
changes, GEVALT recalculates the phasing, and all dis-
plays are updated accordingly.
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File Display #&nalysis Help

| LD Plot | Haplotypes | Phased Genotypes | Check Markers | Stampa | Association || Tagger

Parents | Children|

FAMILY INDIVIDUAL CHILD E O D D0 0 0 0 5 ot et et 4 & j

FAMILY054 INDIV430 INDIV412 AATTCGTGGCC i

FAMILY054 INDINVA30 untransmitted GGACAACCGTTI

FAMILYDS4 INDIVA31 INDIV412 GGACAACCGTTACGCCGGAG

FAMILYO54 INDINV431 untransmitted GGACAACCGTTACGCCGGAG

FAMILYOS8 INDIVA38 INDIVA70 GGACAACCGCCCAACCGLAG

FAMILYD58 INDIN438 untransmitted GGACAACCGTTiCGCCG AG

FAMILY0S58 INDINVA44 INDIVAT0 GGACAACCGTTACGCCGGAG

FAMILY058 INDINV444 untransmitted GGACAACCGTTACGTGALCTG

FAMILYOB9 INDIVE43 INDIVE16 GGACAACCGTTACGCCGGAG

FAMILYDEI INDIVE43 untransmitted GGACAACCGTTACGCCGGAG

FAMILY0B9 INDIVE13 INDIVE16 GGACAACCGTTACGTCGCAG

FAMILY0B3 INDIVE13 untransmitted GGACAACCGTTACGCCGGAG

FAMILYOYE INDIVS73 INDIVESES GGACAACCGTTACATBACTG

FAMILYO76 INDIVG73 untransmitted AATTCGTGGCCCAGCEGCAG

FAMILYO76 INDIVET 4 INDIVEBS GGACAACCGTTACGCCGGAG ‘
L. FAMILYO7E  INDVS74  uniransmitted  GGACAACCGTTACGCCGGAG ¥

Display alleles as:
(%) letters

() numbers

() colored squares

Key:
I gerhil's phasing |

missing data \

mendellian error

Figure |

The Phased Genotypes display. The phased genotypes display is divided into two tabs — parents and children. In this image
the parents tab is displayed. For each parent, its two chromosomes are displayed, with an indication which of them was trans-
mitted to the child that was included in the trio. Different colors are used to indicate alleles phased by GERBIL, missing data

that were completed by GERBIL, and Mendelian errors.

Each of these displays and option menus is shown on a
separate tab, allowing the user to move from one to the
next. Interactive modifications made by the user in any
panel are reflected in all the others. The information on
each panel can also be exported to a PNG image file or to
a text file. Additionally, the program has a command-line
mode, which allows the user to run all the analyses with-
out opening the GUI on one or more files at once.

The running time of GEVALT is dominated primarily by
that of Gerbil and Stampa (see the references for detailed
reports on the running times of these programs). All other
operations, such as parameter adjustments and display
changes, are done with no noticeable delay even for data
sets with hundreds of markers and hundreds of individu-

als. Gerbil can currently handle up to 300 markers, while
Stampa can handle thousands of markers. Both algo-
rithms can handle thousands of individuals.

To the best of our knowledge, only two extant programs
offer both algorithmic and visualization tools for geno-
type analysis: Haploview [4] and HapScope [6]. As
described above, GEVALT maintains the popular, user-
friendly interface of Haploview, but replaces its standard
EM algorithm for phasing with the Gerbil algorithm. This
allows a more accurate estimation of the phased haplo-
types and a visualization of each individual's inferred hap-
lotypes (and not just common haplotypes as in
Haploview). Besides the Tagger algorithm for tag SNPs
selection implemented in Haploview (and also in
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File Display Analysis Help

C[E[X

LD Plot i Haplotypes I Phased Genotypes

\ LDPlot | Haplotypes [ FPhased Genotypes 1

Individual Stats | Check Markers | Stampa I Association | Tagger |

| Individual Stats | Check Markers ‘ Stampa [ Association | Tagger |

Configuration I@E
Mumber of tags Prediction{%&)

2 92,92
3 95.44
4 96,72
5 97.58
6 97.63
7 98,37
3 98,65
9 93.86
11 99,31
12 99.38
13 99.46
14 99.58
15 99.75
16 99,69
17 100

18 100

19 100

20 100

Maximal interval between tag SHPs:
[ Run Stampa ] L Shows Tag SHPs ] [ Dump All Tag SNPs ]

| Configuration | Results |

® Mame Position Tagged
1 ShP1 274044 | ]
z SNPZ 274541 ]
3 SHP3 286593 ]
4 SNP4 287261 E

S SNPS 299755
6 SHPE 324341 V]
7 SNP7 324379 L]
3 SNP3 356043 [v]
9 SNPY 366311 V]
10 SNP10 395079 ]
11 SNP1LL 396353 :
12 SNPL2 397334 E
13 SNP13 397381 ]
14 SNP14 396352 E
15 SNPLS 411823 E
16 SNPL16 411873 E
17 SNP17 412456 V]
18 SNP13 413233 v
19 SNP19 419579 E
20 SNP20 417617 V]

[ Change amount of tags to: ] J 10 |
[ Calculate prediction -> ] 99%
[ Clear all tags ] [ Undo all changes ]

Figure 2

The Stampa display. Left — The Stampa configuration menu. After running Stampa, a table is displayed, showing for every
number of tag SNPs, the prediction accuracy of the best set of tag SNPs of that size. The user can choose the number of tags
to display according to the required prediction accuracy. Right — The Stampa results menu. The selected tag SNPs are marked.
The user can add or remove tag SNPs manually and recalculate the prediction accuracy of the new set.

GEVALT), GEVALT also offers STAMPA, which is not only
very efficient, but also allows the user to choose the
amount of tag SNPs. Other advantages and improvements
over Haploview are listed above. A current limitation of
Gerbil is allowing at most 300 markers. We intend to
remove this limitation in the future (see below). The Hap-
Scope software includes analysis programs and a visuali-
zation tool. Most of the analyses are done separately using
the command line and the results are then loaded into the
visualization tool. In contrast, in GEVALT all the analyses
are done within the graphical user interface, which makes
it more user friendly and easy to use. HapScope uses
PHASE [7] or SNPHAP [8] as its phasing algorithm.
PHASE was shown to be slightly more accurate than Ger-

bil but much slower [1]. In contrast to HapScope, GEVALT
facilitates association tests and can handle family struc-
tures. On the other hand, only HapScope includes mod-
ules for reference sequence annotation, SNP mapping and
SNP classification.

We intend to continue the development of GEVALT. In
particular, we shall extend Gerbil to handle more SNPs,
and improve Stampa so that it incorporates into its solu-
tion predefined tag SNPs. We also intend to incorporate a
new algorithm for evaluating the significance of disease
association, which is dramatically faster than the standard
permutation test [9].
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File Display Analysis Help Fey
| LD Plot | Haplatypes | Phased Genotypes | Individual Stats | Check Markers || Stampa | Association
# Mame Farnily Stakus YaMiss “aHet “falg MendErr PhaseEtr
1 IND430 FAMO Parent =1 03,4 34,2 1 0 ~
Z o412 FaMo Child 10 66,7 33,3 1 ul il
3 IND431 Famn Parent 10 0 5.6 1 0
4 IND4358 FAarM1 Parent 10 33.3 16,7 2 0
=] IND470 FaM1 Child 10 33,3 16,7 2 ul -
1s] IMND944 Far1 Parent Z0 25 12,8 2 ul F
fi INDS43 FamM2 Parent o 0 5.3 0 (]
3 INDS16 FaM2 Child S 10.5 5.3 il ul
Q IND513 FanM2 Parent 5 10.5 5.3 (l 0 —
10 INDS73 FAM3 Parent 10 35,9 44,4 0 (]
11 INDSGES FAM3 Child 10 27.8 13.9 0 (u]
12 INDS74 FAM3 Parent 10 0 0.6 0 ul
13 IND1011 FaM4 Parent 0 30 15 0 ul
14  |INDE39 FAM4 Child 3 10,5 5.3 0 0
15 INDE1 FaM4 Parent = 26,3 13.2 0 ul
16 IND299 FAMS Parent 10 778 23,9 0 ul
17 IND7 34 FaMs Child =] 31.6 15.8 0 0
15 INOFSS FAaM5 Parent S 947 47.4 0 ul
] IND741 FAME Parent il 70 35 0 0
20 IND9<44 FAME Child (] 835 42.5 l 0
21 IND742 FAMGA Parent 0 25 12,5 0 ul
22 IND7S9 FaM7? Parent a 30 15 0 ul
23 IND7E1 Fam7 Child (1] (] S (] (u]
24 IND7SE FAarM7 Parent o 0 ] 0 0
25 INDOES FAMS Parent 0 0 20 0 ]}
26 IND346 FAMS Child S 5.3 23.7 (] (u]
27 INDG43 FAME Parent 10 16.7 3.3 0 ul
28 IND92S FAaM9 Parent S 26,3 13.2 l 0
29 INDA72 FAM3 Child 0 0 =1 0 0
30 IND9Z9 FAMY Parent l 5 2.5 0 ul
31 IND971 FAMIO Parent = 65,4 34,2 0 u} b
Figure 3

The Individual Stats display. This table summarizes statistics for each individual. These include the percentage of missing
genotypes, the percentage of heterozygous markers, the percentage of minor alleles, and a tally of Mendelian inheritance

errors and of phasing errors.

Conclusion

GEVALT is an integrated viewer that uses state of the art
phasing and tag SNP selection algorithms. It streamlines
the application of GERBIL and STAMPA, which were
available until now only as batch executables, and allows
using them together with the strong visualizations of Hap-
loview for assessment of the results. Both running the
algorithms and visualizing the results are done within the
graphical user interface, unlike, e.g., the HapScope soft-
ware [6], which only enables the latter. This makes the

algorithms accessible to the broad community of
researchers in genetics.

Availability and requirements
¢ Project name: GEVALT

¢ Project home page: http://www.cs.tau.ac.il/~rshamir/
gevalt

¢ Operating systems: Windows and Linux.
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| LD Plat | Haplotypes | Phased Genatypes | Individual Stats | Check Markers || Stampa | Association | Tagger|

Single Marker | Haplotypes I Permutation Tests |

Haplaotype Freq. Chi Square Uncorrected p value
Haplotype Associations
=-Block 1 10.378 0. 0056
“““ AL 0.893 |6.035 0.0140
AC 0.066 |0.315 0.5744
~CA 0.041 |9.837 0.0017
=-Block 2 329.127 6.2747E-64
o AMRBDRADDD 0.537 |[19.0866 1.2479E-5
-~ CCAACCCCCC 0.137 |5.846 0.0029
- ACCCAACCCA 0.128 |3.327 0.06381
- ABARARBACA 0.020 |0.456 0.4993
- ABABRAABRACC 0.017 |3.964 0.0465
CCARMRACCC 0.016 |1Z1.263 3.3469E-28
- ACCCAACCAA 0.016 |§.422 0.0037
o hAAAAACALL 0.013 |67.652 1.9504E-16
AALACCCARL 0.012 |109.383 1.3377E-25
- ACABRAACCCC 0.012 |1.892 0.1690
CCAACCCCAL 0.012 |2.698 0.1005
-~ CCAACCCCCA 0.012 |0.979 0.3223

£ GEVALT 1.0 -- my_sample3.ped

File Display Analysis Help Key
| LD Plat | Haplotypes | Phased Genotypes | Individual Stats | Check Markers | Stampa
Single Marker ‘ Haplotypes | Permutation Tests
# | Name Chi Square Uncorrected p value
23 [Marker 23 9,837 0.0017
31 |Marker 31 0.315 0.5744
36 |Marker 36 0,739 0,3743
41 [Marker 41 0.032 0.8574
43 |Marker 43 0.126 0,7228
45 |Marker 45 0.442 0.5060
46 [Marker 46 0.75 0.3864
43 |Marker 48 0,689 0, 4066
49 |Marker 49 0.12 0.7290
57 |Marker 57 0.21 0.6469
63  |Marker 63 0.015 0.9039
66 |Marker 66 0.384 0.5356

Figure 4

The Haplotypes and Single Markers Associations displays. The Association tab contains three displays: Single Marker,
Haplotypes, Permutation Tests. Top — The Haplotypes Association tab. For each block and each haplotype in a block a chi-
square score is calculated (TDT test for pedigrees, case/control test for unrelated individuals) and a p-value is derived. Only
haplotypes above a certain frequency threshold are considered and displayed (the threshold is set by the user in the Haplo-
types tab). Bottom — The Single Marker tab for the same set of markers. In this example more significant associations are
detected when testing for haplotype associations than when testing individual SNPs.

¢ Programming language: Java and C++ e Any restrictions to use by non-academics: license
needed for commercial use.
e Other requirements: Java 1.3 or higher.

e License: free non-commercial research use license.
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Figure 5

LD plots comparison. Top — An LD plot calculated using the phased genotypes (default). Bottom — An LD plot calculated
using the unphased genotypes. Different LD scores are observed in many SNP pairs. These differences result from unambigu-

ous phasing of double heterozygotes and from completed missing data. Markers that were chosen as tag SNPs in the Stampa
tab are highlighted in blue.
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