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Chapter 1

Creating a New S.A.G.E. Project

This section provides general instructions for creating a new S.A.G.E. project using the GUIL

1.1 Input Data Requirements

The S.A.G.E. programs require input data (i.e., your pedigree file) to be a delimited ASCII text
file or Excel spreadsheet in which each line of the file contains information on a single individual,
as shown in Figure 1.1 below. The example shows a portion of an Excel spreadsheet containing
pedigree sample data. Each row represents a different individual and each column represents a
different field or attribute of the individual. The first row contains the names of the fields. Field
names are entirely up to the user and need not be identical to those shown in the example; however
only letters, numbers and the underscore (“_"") character are permitted in field names.

The sample shown in Figure 1.1 will be interpreted by the S.A.G.E. software as follows (ID is an
abbreviation for “identifier”):

e Column 1 (FAMILY): identifies the pedigree to which the individual belongs. The exam-
ple shows 6 individuals who all belong to the pedigree designated as 1256. The coding for
the pedigree ID may be any combination of numbers, letters and printable characters, hence
“PED-2345" would be a valid pedigree ID.

e Column 2 (IND): uniquely identifies the individual within a given pedigree. The pedigree ID
and individual ID, taken together, must be unique within the entire data file. The coding for
individual ID may be any combination of numbers, letters and printable characters.

e Column 3 (FATHER): identifies the individual’s paternal parent

e Column 4 (MOTHER): identifies the individual’s maternal parent. Parental IDs are used to
establish family relationships among pedigree members. Every individual in the pedigree
data file must have either two parents or none. The period (*.”) character is used to indicate
a missing value for the parental identifier in Figure 1, but this can be changed, as indicated
later. An individual with no parents specified is considered to be either a founder or marry-in.

Thus with respect to family 1256, individual 1002 has mother: 2096 and father: 2046.

e Column 5 (SEX): The individual’s sex. Coding for sex is at the user’s discretion; typical
schemes are “M” and “F” (the default) or “1”” and “0”.
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e Columns 6 - 12 (various traits and covariates): These columns record the individual’s specific
trait and/or covariate values with respect to the trait or disease of interest. Data types may be
binary (for affected/unaffected status) or quantitative. Coding for a binary trait is at the user’s
discretion; typical schemes are “A” and “U”, “1” and “0”, etc. The missing value character
(““”) is used to indicate that the information is unknown for a given individual in Figure 1,
but again, this can be changed..

e Columns 13 - 15 (marker phenotypes): These columns record the individual’s specific marker
phenotypes (sometimes referred to as genotype, on the assumption that there is a one-one
relation between marker phenotypes and genotypes) with respect to specific markers along
the human genome. Each marker phenotype is encoded as the combination of two alleles
delimted by the slash (“/”) character. Alleles may be encoded as any combination of letters
and numbers, and the choice of delimiters is also flexible. Note that every marker locus must

show either two alleles or none. The missing allele character (in this example, “.”) is used to
indicate that the individual’s genetic information is unknown for a given location.

A B T D E F G H 1 ] K L M N o |
1 FAMILY IND  FATHER MOTHER SEX AFFECTION AGE EXAM AGE ONSET DBH SQRT DBH NEG_DISAB LNIMPAIRX RS884080 RS2017143 RS2840531
2 1256 2096 . . F U as . i . i . 2/1 2/2 2/2
3 1256 3046 F U 76 : ! : : 2 2/1 2/2 2/1
4 1256 3146 . . M. 75 i i i i . H B JE
5 1256 1002 2046 2096 M A 23 18 ! : 0.1902 0.6290 21 2/2 2/2
6 1256 2046 3146 3046 M U a8 i i i i . 2 2 i
7 1256 4346 3146 3046 M A a0 26 ! : 0.3746 0.1704 1/1 2/2 2/2
8 1331 11 M U 0 i i i i . B B JE
9 1331 12 F U 84 : ! : : 2 £ £ g
10 1331 2096 F U 57 i i i i . b2 b2 b
111331 3146 . ; M U 33 : ! : : 2 £ £ .
121331 1 11 17 F A 73 as i i 0.2003 0.1948 1/1 2/2 2/1
131331 346 11 12 F | 70 : ! : : 2 £ £ J:
141331 1035 2046 2096 F A 32 16 i i 1.5595 1.3407 1/2 2/2 2/1
151331 2101 2046 2096 M U 36 : ! : : 2 1/2 2/2 2/1
16 1331 2104 2046 2096 M U 30 i I i i . 1/2 2/2 2/2
17 1331 2106 2046 2096 M U 26 : ; : : ’ 1/2 2/2 2/2
18 1331 2132 2046 2096 F U 34 i I i i . 1/2 2/2 2/1
19 1331 2133 2046 2096 F U 32 : ; : : ’ £ £ L2
20 1331 2046 3146 3046 M U 61 i I i i . 1/1 2/2 2/2
211331 4346 3146 3046 M A 58 21 ; : 0.8819 2.5420 1/1 2/2 2/2

Figure 1.1: Input Data Format

1.2 Start S.A.G.E.

On Windows platforms, double-click the S.A.G.E. icon to run the GUI, and on Linux platforms you
will need invoke the GUI through the standard Java interface. When the Setup dialog appears, select
Create new project to start (see Figure 1.2).



1.2. START S.A.G.E. CHAPTER 1. CREATING A NEW S.A.G.E. PROJECT

5.A.G.E. 6.2 EEX

File View Analvss Window Tools Help

Setup Dialog, El

Figure 1.2: Setup Dialog

When you click the “OK” button, you will see a New Project dialog, so that you can proceed.
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1.3 Importing Pedigree Data

This section describes the process of importing pedigree data into the S.A.G.E. project environment.
From the S.A.G.E. Main Menu bar, select File -> New Project. When the New Project dialog
appears, enter a name for your project such as “Schizophrenia DHB Study 2010 and select a
project location directory. S.A.G.E. will create a new project folder within the directory you specify
and store all relevant files at that location (see Figure 1.3).

S.A.G.E. 6.2
File  Yiew ol “window Help

B New Project

5.A.G.E. Project
Creste & new 5.4 GE. project
N —
Project name | Schizophreria DEH Study 2010
Project lacation
Directary [ w~MyGenEpiStudy's A G E. Praject Filest Eirowse. .,
ot =

Figure 1.3: New Project Dialog

When you click the “Next” button, you will see a dialog that presents three options and your choice
depends on what kind of input files you have already prepared to use with S.A.G.E. If you have
correctly prepared and formatted your pedigree data file as described in Chapter 3 of the S.A.G.E.
User Reference Manual, then select the middle option and click the “Next” button (see Figure 1.4).
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S.A.G.E. 6.2 B\E@

File iew Window Help

B New Project

S.A.GE.Project
Selest your project. What do you want to do?

O L.am creating a niew 5.A.G.E. project from scratch
Imay not have ol pedigree data field requived by 5.A.G.E

© Ihave

bt

a required by 5.A.G.E.

©) Thave pedigres data in 5. 4.G.E -ready Format
andone or

parameter fies,

Figure 1.4: S.A.G.E. Import Mode Dialog

The next dialog requires you to enter the location of the pedigree data file you wish to import into
S.A.G.E. (Figure 1.5). In addition, you must provide some information about the file format. If
your data is contained within an Excel spreadsheet, you may simply click that option and proceed.
If your data is stored within an ASCII text file, then you must specify the type of character used to
delimit the fields (i.e., columns) and whether or not the first row contains the field names (in which
case, the first row is referred to as a “header row”).

SAGE. 6.2 EEX

File View Window Help

Import Data File
Select a dta fileto import

Path |CtiyGenEpistudylData Fies\Schizo_DBH.ped |

Select format of yor
@ Texk characte
®tab
@ single O mukiple
O Exeel File (+.)
Header

@tes O

Figure 1.5: Data Location Dialog

After you click on the “Next” button once again, a Data Specification window will appear (Figure
1.6). You may see a warning dialog stating that only a portion of the columns will be displayed.
This is normal for pedigree files that contains many hundreds (or thousands) of genetic marker fields
and it will not prevent you from successfully loading or analyzing your data.
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File  Yiew Window Tools  Help

E Set Pedigree Field Properties

Specification
Set each column's name, type of variable and specific properties.
The individual identifier (100 field is required for all records.

FArMILY IND FATHER MOTHER SEX AFFECTION AGE_EXAM AGE_OMSET DEH SQRT_DEI
Unspecified Linspecified Unspecified Unspecified Unspecified Unspecified Unspecified Unspecified Unspecified Unspecified & |
1256 2096 ; ; F u 45 ; ; =
[1256 3046 F U 76 A
1256 3146 ; : M : 75
[1256 1002 2045 2096 M Ll 23 18
1258 2048 3146 3048 M u 43 .

[1256 4346 3146 3046 M Ll 40 26

1331 11 ; ; M u [

1331 12 F u 54

1331 2096 F u 57

1331 3146 : : ™ u 33 :

1331 ik 11 Iz F A 73 45

[13:1 3046 11 12 F i it

1331 1035 2046 2096 F A 3z 16

!1331 2101 2045 2096 M (8] 36 Vi
i) - o - - B - |

Figure 1.6: Data Specification Window

The Data Specification Window displays the rows and columns found in the original data file, along
with the field names inferred from the header row (if provided). Your task at this point is to fully
specify the semantics of each column so that the data may be correctly interpreted by S.A.G.E.
programs. For example, although the first column is labeled “FAMILY”, the S.A.G.E. software has
no prior way of knowing that the column actually represents a pedigree identifier. You specify that
bit of semantic information as follows:

1. Click on the shaded cell containing the word “Unspecified” at the top of the column to make
the drop-down arrow appear

2. Click on the drop-down arrow to obtain a list of valid “data type” choices for the column

3. Scroll down the list as needed to highlight the desired choice and click to select it (see Figure
1.8). Possible data type choices are:

e Unspecified (default): if this is selected, the column will NOT be imported into the
S.A.G.E. environment

e Pedigree ID: means the column represents a family identifier
e Individual ID: means the column represents an individual identifier
e Parentl: means the column represents a parental identifier (maternal or paternal)

e Parent2: means the column represents a parental identifier (must be complementary to
Parentl)

e SEX: means the column represents the individual’s sex code

e TRAIT: means the column represents a trait or phenotype presumed to have a heritable
component that you will wish to analyze. May be binary or quantitative.
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e COVARIATE: means the column represents an arbitrary biometric, predictor or explana-
tory variable. (You will have the opportunity to analyze this variable as a trait, should
you wish to do so.) May be binary or quantitative.

e MARKER: means the column represents a marker phenotype formatted as X delim Y,
where X and Y are values of alleles and delim is a single character delimiter. For exam-
ple, “a/b, a/a, 1/0, 124-88, A~G, ...”

e ALLELE: means the column represents a single allele with respect to some marker phe-
notype. In such a case, there must be two consecutive single-allele columns specified,
one for each of the two observed values at the locus.

e TRAIT MARKER: means the column represents some phenotype for which you will be
able to specify a monogenic model that is sufficiently described to allow it to be tested
for linkage with one or more markers. May be binary or quantitative.

e TEXT: means the column represents a label or other useful information that is not suit-
able for numerical analysis.

S.A.G.E. 6.2 CE®

File  Yiew 1aly Window Tools  Help

[B Set Pedigree Field Properties E“EIFX‘

Specification
Set each column's name, type of varishle and specific properties.
The individual identifier (I0) field is required for all records .

General Specifications

FAMILY MD FATHER MOTHER SEX AFFECTION | AGE_EXAM | AGE_ONSET DEH SQRT_CBI
[Unspecified  |Unspecified  |Unspecfied  |Unspedfied  |Unspecfied  |Unspedfied  |Unspecfied  |Unspecfied  |Unspeciied  |Unspecified &
nspecified A | 2096 ; ; F u 45 E

| D F u 76 -

[Endividual 1D F3146 R N M N 75

;::Z:Eé 1002 2046 209 M B 23 18

i —[z046 3146 3046 M u 48 :

hRarr 4396 3146 3046 M & 40 2

[COVARIATE w |11 . . M u 0

1331 12 F u 84

1331 209 F u 57

1331 3146 ! ; M u 33 ;

1331 1 11 1z F A 73 45

1331 3046 11 12 F ; 70

1331 1035 2046 209 F A 32 16

1331 2101 2046 209 M u 3 2
@0 y

Figure 1.7: Data Type Specification
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After specifying the data type of the first five columns, the display will look as shown in Figure 1.8.
There are two important points to remember here. First, the order of the columns does not matter.
For example, it is perfectly acceptable if your data file has the “SEX” column at some location other
than column #5.

The second noteable point is that the columns 1 - 5 as shown contain the essential structure infor-
mation for pedigree analysis: pedigree ID, individual ID, mother ID, father ID and sex. These five
items are the minimal requirement for almost all of the S.A.G.E. programs, so be sure your data
has this information before you try to import the file. (Please refer to the S.A.G.E. User Reference
Manual for the specifics.)

Note that the column names at the top have been taken directly from the header row of your input
file. These names will become the “variable” names that you can use within S.A.G.E. programs. If
you would like to change a name for some reason, for example change “FATHER” to “DAD_ID”,
simply double-click on the name and edit the field as desired.

File  Wiew anly window s Help

E Set Pedigree Field Properties

Specification
Set gach column's name, type of variable and specific propeties.
The individual idertifier (1I0) field is reguired for all records

General Specifications

FAMILY IND FATHER. MOTHER SER AFFECTION AGE_EXAM AGE_ONSET DEH SQRT_DBI

Pedigree 1D Individual ID' |Parentl Parentz Unspecified Unspecified Unspecified Unspecified Unspecified #
1256 2096 ) F u a5 ; E
1256 3046 : F u 76 i
1258 3146 . M . )

1258 100z 2046 209 M A 23 18

1258 2046 3146 3046 M u 48 .

1258 4346 3146 3046 M A 40 6

1331 11 M u 0

1331 iz F u 84

1331 2096 F u 57

1331 3146 M u 33 .

1331 i 11 12, F A 73 45

1331 3046 11 iz F ? 0

1331 1035 2046 209 F A 32 16

1331 z101 2046 2096 M u 36 ; ? -
115 *

Figure 1.8: Data Type Specification (continued)
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Column #6, designated “AFFECTION” represents a binary trait under study. When you select the
TRAIT data type from the drop-down list, a dialog appears as shown in Figure 1.9. The dialog
requires you to provide additional information about the data item. In particular you must specify
the character used to represent a missing value (a dot (“.”) by default), whether it is binary or
quantitative, and what values are associated with affected and unaffected status, respectively.

Variahle Characteristics

Fill i the Fields belmw as they apply to the pedigree data,

Mame AFFECTION |
Missing valle E-Dot iy v-! | |
Type
(%) Binary Affected 'P.7|
(") Guantitative Unaffected H_ﬁ
() Categarical lues Iil

[ Use as trait marker

] Apply ko mext |554¢ colurn(s)

ESEE

Figure 1.9: Variable Characteristics
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The next 6 columns in the example are set as quantitative covariates with default missing value char-
acter equal to “.”. When a pedigree data file contains multiple quantitative traits and/or covariates,
it is conventional to format the file such that the these columns have the same missing value. When
the data file has been prepared this way, the S.A.G.E. GUI provides a shortcut to specify all the traits
and/or covariates at once. At the bottom of the dialog is a check box labelled “Apply to next ____
column(s)”. If you check this box, then all of the subsequent columns (as indicated by the number
that appears in the box next to it) will be given the same data specifications (except for the Name

attribute).

File Wiew Anzlvss Window  Toos  Help

E Set Pedigree Field Properties

Specification
Set each column's name, type of variable and specific properties.
The individual identifier (100 field is required for all records.

AFFECTION AGE_EXANM AGE_ONSET DEH SORT_DEH MNEG_DISAR LMIMPAIR R5BGE4080 R52017143 R52B4053
TRAIT COVARIATE COVARIATE COVARIATE COVARIATE COVARIATE Unspecified Unspecified Unspecified &
u 45 ; ; ; ; ; 241 2z zjz =
u 76 ) ! ) ! ) 201 2j2 201 E
: 75 : : : : : s s s
) 23 18 é ; 0.1902 0.6290 211 2jz 2i2
u 45 : : : : : ods s s
) 40 26 é ; 0.3746 0.1704 11 2jz 2i2
u ol 4 A 4
] 54 i i i
u 57 o I o
U 33 ; ; ; ; ; i i i
A 73 45 . . 0.2003 0.1943 11 22 =
! 70 ; ; i i i
A 32 16 1.5595 1.3407 12 22 E
u 36 1j2 252 2i1 2
< | >

Figure 1.10: Data Type Selection (continued)
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Select the MARKER type from the drop-down list for the first marker, and click the “OK” button
on the subsequent dialog to indicate that the marker is codominant (see Figure 1.11). You can
change the default allele delimiter and missing value characters if needed. At the bottom of the
dialog is a check box labelled “Apply to next ___ column(s)”. If you check this box, then all of the
subsequent columns (as indicated by the number that appears in the box next to it) will be given the
same data specifications (except for the Name attribute). When a pedigree data file contains marker
phenotypes, it is conventional to format the file such that the marker columns all occur after the
family structure and biometric data. When the data file has been prepared this way, you can use this
shortcut to specify all the markers at once.

Variable Characteristics

Fill i the Fields belmw as they apply to the pedigree data,

Marme [RSBA40AD
Allele delimiter ,l'
Missing value E-Dot ) \7 '

[ Allele frequency options

[ ] Use this marker as covariate

Apply ko next colurnn(s)

[ ok || canest |

Figure 1.11: Variable Characteristics (continued)
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Lastly, you must click on the “General Specifications” button to provide a remaining bit of informa-
tion (see Figure 1.12). If your data are already formatted with the default values for missingness and
sex code (as shown), then click the “OK” button to save the settings and close the dialog. Otherwise,
make the required changes.

PA Variable Characteristics

Fill in the Fields below as they apply bo the pedigree data.

i [ ]

{applies to Pedigree ID, Individual ID, parentl and parentZ Fields)

Individual missing value IZ:-.:.

Sex Code
Male M |
Female |F |
Missing E-Dot (i v ! [ |

[] Missing sex infarmation For some individuals

[] The sex field is deliberately absent fram the data file

[] Treat individuals wha share the same pedigree ID as Full siblings

| ok || canest |

Figure 1.12: Variable Characteristics (continued)
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Click the “Next” button at the bottom of the Data Specification window to complete the import
process. Accept the default value for the imported file name (unless you have a preference for a
different name) and, after the data has been successfully imported, the main S.A.G.E. navigation
window and tool palette will be displayed as shown in Figure 1.13. Note: The data import process
makes a copy of your original data file (minus any columns that have been left unspecified) and
stores the copy within the S.A.G.E. project directory previously generated by the program.

LB

{sia pedigreed.dat

ASEOC  AGEON Hr
Par parameter.par
DECRMER  FCOR

@

FREQ  GEMIED

@ @

LODUNK  LODPAL

MR
INFQ Ll

PEDINFO_ RELTEST

RELPAL SEGREG

@

SEBPAL  TDTEX

& [

5.4, E\Schizophrenia DBH Study 2010} Jobs

Figure 1.13: Main Navigation Window
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Chapter 2

Running the S.A.G.E. Programs

This section describes how to run S.A.G.E. programs and reviews their various output files.

2.1 Setting the Text Editor

When S.A.G.E. programs run, they produce ASCII text files as output. Further, the imported data
file and other input files used by S.A.G.E. are also text files. Since you will need to be able to
view and edit those files on occasion, the S.A.G.E. GUI provides a very simple text editor for that
purpose. However, you may wish to use a more powerful editor, especially to view large data files,
in which case you can specify the editor of your choice from the Tools -> Preferences menu in the
main window. When the Preferences dialog appears, click on the “Browse” button to select the
executable file for the text editor you want to use with S.A.G.E. Be sure to select a proper text editor
and NOT a word processing program such as Microsoft Word. There are many good text editors
available, and we recommend one called TextPad (www.textpad.com).

2.2 Using the Navigation Window

The first step in running S.A.G.E. programs is to verify that the data were imported correctly. This is
best accomplished by running the PEDINFO (Pedigree Information) program. Any of the S.A.G.E.
programs can be launched by one of three means:

1. Select the desired program from the Analysis Menu of the Main Window toolbar.

2. Right-click on the Jobs icon in the Navigation panel and select the desired program from the
list that appears.

3. Drag-and-drop the desired program icon from the palette onto the Jobs icon in the Navigation
panel (this is usually the quickest method)

Using one of these three methods, create a new PEDINFO job. The result should look similar to

Figure 2.1 shown below. Note that the Errors subfolder will contain an item called “Missing Data
File”. This is normal and it simply means that you must specify which internal data file you want to

17
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analyze with the PEDINFO program. Use the mouse to drag-and-drop the “pedigree(.dat” file from
the Internal folder onto the “Missing Data File” icon, and the error will be resolved. Alternatively,
you could click on the “...” button to the right of the “Data file” text field and browse to the file of
your choice. In general, however, it is better to simply use the drag-and-drop method.

—r—
—i=
EBX
oo e ‘\ S.AGE Files | Analysis Definition | L
(= {=F Schizophrenia DBH Study 2010
o 20 Data Paramete file |CioretyGerEpiStudyls. A5 E. Project Files|Schizophiren|
BD  Typ 'y & Fxtomal Data File ‘ | [E
] : (== Internal
8 o8 i riga pedigreen.dat

Name of outpt file |PEDINFOIL ]
ASEOC  AGEON i — L
.. Bar parameter.par

=52 Jobs

=1 PEDINFOL

DECIPHER  FCOR

iy

FAEQ  GENIED F]G} Errars

FREL = B1i=ing Dat3 file
LODUNK  LODPAL == Input

- Par FEDINFOL.par
M‘AATFKUER MLOD

PEDINFO RELTEST

[

<
5.4.G.E\Schizophrenia DBH Study 2010} Jobs\PEDINFO1iErrorsiMissing Data File

Figure 2.1: A New PEDINFO Job

Lastly, click on the “Analysis Definition” tab to set any other desired options for the PEDINFO
program (see Figure 2.2).
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A.G.E Files | Analysis Definition |

=5, Schizophrenia DEH Study 2010

Tralt, Covariate

Other options
[ Petform calculstion on & per-pedigres hasis

s - ey pedarectde [[] Output only trait-relevant statistics
ASSOC  AGEON
i Par parameter.par
@ & Ee
DECIPHER  FCOR B8 Jobs
PEDINFO1
@
FREC  GEMIBD (= Input
i~ Par PEDINFOL . par
@ @
LODUMK  LODPAI
i)
MASKER  MLOD
oy

5.4.G.E\Schizophrenia DEH Study 20100Jobs\PEDINFO1)Inputipedigres0 . dat

Figure 2.2: Setting PEDINFO Options

Before running the program, there are a few points worth noting.

1. The default label for the new job (i.e., S.A.G.E. program task) is called “PEDINFO1”. You
can change the name by clicking once on the label to place it into edit mode.

2. To delete a job from those listed in the Navigation panel, right-click on the job’s icon and then
select “Delete” from the list.

3. To view and/or edit the contents of any of the files listed within the job subfolders, simply
double-click to invoke the text editor.

The file named “PEDINFO1.par” is the S.A.G.E. parameter file created for the job. A parameter
file is simply a text file containig information about the pedigree data file and user options neeeded
to run a particular program (see Figure 2.3). When a S.A.G.E. program runs, it reads the parameter
file to acquire specifications on how to interpret the data file, and then loads the data file itself. After
the data file has been loaded into memory, the program applies whatever user options are specified
to complete the job. In the example below, the PEDINFO job appears to have no options specified,

which means that the program will simply run with whatever default behavior had been programmed
into it.
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2.2. USING THE NAVIGATION WINDOMWHAPTER 2. RUNNING THE S.A.G.E. PROGRAMS

pedigree

delimiters = "“t"
delimiter_mode = "single"
individual_missing_wvalue = "."
sex_code, male = "M", female = "F", missing = "."

pedigree_id = "FaMILY"
individual_id = "IND"

parent_id = "FATHER"
parent_id = "MOTHER"
sex_field = "SEX"

trait = "AFFECTION", binary., affected = "A", unaffected = "U", missing = "."

covariate = "AGE_EXAM", continucus, missing = "."
covariate = "AGE_ONSET". continuous, missing = "."
covariate = "DBH", continuous, missing = "."
covariate = "B0QRT_DBEH", continucus, missing = "."
covariate = "NEG_DISAB". continuous, missing = "."
covariate = "LNIMPAIRX"., continuous, missing = "."

marker_list, start = "R38§4080", end = “RS?66374;
H
marker

allele delimiter="-"
allele missing="."

}

Figure 2.3: Parameter File

When you click on the “Run” button to launch a S.A.G.E. program (PEDINFO, in this example), the
“Analysis Information” dialog appears as shown in Figure 2.4. The dialog allows you to preview
the parameter file settings that have been created as a result of the GUI options you selected. If
necessary, you can make changes directly through this dialog before running the program.

Analysis Information

PEDINFO Analysis

 Parameter file

C:Y~~MyGenEpiStudyiS.4.G.E. Project Files\Schizmophr...
 Datafie

CilwaMyGenEpiZtudy 8. A G E. Project Files\Schizophr. ..
Analysis definition for internal 5.A.G.E. parameter file

Please review and edit if necessary.

pedinfo, out = "DEDINFOL"

{
cach_pedigres = "falsa"
suppress_genmeral = "falsa"

+

Figure 2.4: Analysis Information

When you click on the “OK” button, the GUI will launch the selected S.A.G.E. program. Runtime
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2.3. OUTPUT FILES CHAPTER 2. RUNNING THE S.A.G.E. PROGRAMS

output from the will be displayed within a Console window, and elapsed time information will be
displayed within a Tasks window (see Figures 2.5 and 2.6).

EIEI

{ECTHFOT |

pedinfo.exe -p "C:V\~-MyGenEpiftudy\\5.A.G.E. Project Files\\Schizophrenia DEH
Study 2010Y\PEDINFOL.par” -d "C:\\~-MyGenEpiStudyyis.4.G.E. Project
Files\\Schizophrenia DBH Study 2010%\pedigree0.dat™

PEDINFO -- 13 Jan 2012 13:27:25 -- [3.A.G.E. v6.2.0; 10 Jan 2012]

Remeuber you have agreed to add an appropriate statement (including the
NIH grant mmber) under "acknowledgments” in any publication of results
ohtained by using this program. Suggested wording is:

“{Some of)The results of this paper were cbtained by using the software
package 9.A.G.E., vhich was supported by a U.3. Public Health Jervice
Resource Grant (FRO3655) Erom the National Center for Research Resources.”

Reading Parameter File
Reading Pedigree File...

from C:\\--MyGenEpiftudy\\§.A.G.E. Project Files\\ichizophrenia DBH
Study 2010%\pedigree, datdone.,

Figure 2.5: Console Window

Job Tvpe Start Time Time Running Status

PECIFO1 EDINFO D7 | Oz Fuming

Figure 2.6: Tasks Window

2.3 Output Files

When the program has completed executing the job, an “Output” subfolder will contain all of the
files produced by the S.A.G.E. program (see Figure 2.7).
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5.A.G.E. 6.2

EEX

Fille W¥iew Analysis Window Tools Help
Bl Schizophrenia DBH Study 2010 =13
Ca Files | Analysis Definition | i
s ey
& e Parameter file | CiypersMyGenEpiStudy|S.A.6 E. Project Fles|Schizophren]
18D Typ Data File ‘C:\~~MyGenEpiStudy\S.A.G‘E. Project F\\es\Schizophren‘ [E
i} ety pedigreet. dat Marker locus file (optional) ‘ ‘ E
ASSOC  ABEON -
.- Par parameter.par
Name of outpt file |ass0CL |
- =52 Jabs
DECPHER  FCOR _
21 Assoct
iy ;
FREC ~ GEMIED = Input
| i-sige pedigrest.dat
LODLMNK  LODPAL i L Par parameter.par
@ @ S Output
MAKER  WLOD o ASSOCLcsv
B ASSOCLdet |
PEDINFO RELTEST i P
{0 assoc.inf
RELPAL SEGREG
R assocLr
. - AsS0CL csv_plot.pof
7]
= < | ¥
= 5.4, E\Schizophrenia DEH Study 2010)Jobs) ASS0CT

Figure 2.7: Output Files

Double-click on any of the output files to view their contents. Most importantly, you should AL-
WAYS view the *.inf file (“pedinfo.inf”, in this case). It contains informational diagnostic mes-

sages, warnings and program errors. EXAMINE THIS FILE FIRST BEFORE OPENING ANY
OTHER ANALYSIS OUTPUT FILES.

If any of the regular analysis output files are needed by other S.A.G.E. programs, you may simply
drag-and-drop them onto the target job subfolders as needed.
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2.3. OUTPUT FILES CHAPTER 2. RUNNING THE S.A.G.E. PROGRAMS

With ASSOC, SIBPAL, and LODPAL jobs, the GUI produces an R script file and a pdf file with the
resulting plot(s) (see Figure 2.8) in addition to the regular analysis output files. The user can modify
this R script file to produce a more desirable plot running R outside of the GUIL

LRT
CC) p—
& @
B <+
Sl i i
""" o | [ l ‘ [l | 11
D —
I I I I I
] 200 400 GO0 200
Absolute Difference |LRT-Wald|
L]
("\l_ —
L]
N -
L] L]
g o |
8 g JMMMMMMMM I W il L
= T T T T T
0 200 400 GO0 800

Figure 2.8: Result Plots
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Chapter 3

Genome Map File Wizard

This section describes how to use the Genome Map File Wizard tool in the GUI to prepare a
S.A.G.E. compatable genome map file. When a S.A.G.E. program requires a genome map file,
you can run the Genome Map File Wizard to correcly format your gemone map file into a S.A.G.E.
compatable genome map file.

3.1 Supported Map Information

The Genome Map File Wizard supports four different map information types to be imported into
the S.A.G.E. GUI to generate a S.A.G.E. compatable genome map file.

1. Position in the genetic map from p-ter
2. Absolute position in the physical map (base pair)'
3. Distance in centimorgans(cM) to the next marker?

4. Recombination fraction to the next marker

A raw genome map information file can be either a delimited ASCII text file or an Excel spreadsheet
in which each line of the file contains information on a single marker.

3.2 Importing a Genome Map File

From the S.A.G.E. Main Menu bar, select Tools -> Create a Genome Descreption File. When the
Genome map file wizard dialog appears, enter the location of your raw genome map information
file with appropriate information for your file format (see Figure 3.1).

Note that this physical position is translated into a genetic distance in ¢cM on the (false) assumption that 1,000,000
base pair corresponds to 1 (Haldane or Kosambi) cM.
ZNote that the output from a linkage run then starts at the first marker.
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CHAPTER 3. GENOME MAP FILE WIZARD

Genome map file wizard

Import Genome Data
Select a genome data File to make a genome map Fil

2.

path MyGenEpistudy\Dat

a Files\zenomeD ataFile. bxk |

Select Format of your file

() Text (character delimited)

(#) tab O comma () s
() Excel File
Header

(&) Yes )Mo

pace  (C) other: l:l

[ Mexk [~ ] [ Cancel

]

Figure 3.1: Data Location Dialog

Click the “Next” button at the bottom of the Import Genome Data window to specify the map
function (see Figure 3.2). Enter the name of the genome and select the appropriate map function for
your analysis, then click the “Next” button at the bottom for the next step.

Genome map file wizard

Set Your Genome Hame
Define your genome name and map function,

Genome name |Simulated

Select a map Function

() The Haldane map function

() The Kasambi map function

[

- Back ][ Mexk [~ ] [ Caneel

]

Figure 3.2: Map Functio
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3.2. IMPORTING A GENOME MAP FILE CHAPTER 3. GENOME MAP FILE WIZARD

On the next step, a Data Specification Dialog appears (see Figure 3.3). The Data Specification
Dialog displays the rows and columns found in the original genome map data file, along with the
field names inferred from the header row (if provided).

1. Click on the shaded cell containing the word “Unspecified” at the top of the column to make
the drop-down arrow appear.

2. Click on the drop-down arrow to obtain a list of valid “data type” choices for the column.

3. Scroll down the list as needed to highlight the desired choice and click to select it. Possible
data type choices are:

e Unspecified (default): if this is selected, the column will NOT be imported into the
S.A.G.E. environment

e Marker: means the column represents a marker name

e Position: means the column represents position information

Genome map file wizard

Specification

Sek the marker and position columns,
Colurmn 0 Colurnm 1 Column 2 Column 3

Unspecified Linspecified Linspecified Linspecified e
rmarker D55392 diskance 0.001

marker DSSz486 distance 1.72

rmarker D5567E diskance 0.001

marker D551981 distance 0,001

rmarker DS552005 diskance 3.71

marker D551970 distance 1.24

rmarker 055417 diskance 11

marker D5S2549 distance 0,001

rmarker 551980 diskance 1.64

marker D55405 distance 0,001

rmarker D55593 diskance 0.001

marker DSS1492 distance 0,001

rmarker D552085 diskance 0.001 :
. P - I _—

[ - Back ]| Mext [~ [ Cancel

Figure 3.3: Map Data Specification Dialog
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When you select Position from the drop-down list, a position information specification dialog ap-
pears as shown in Figure 3.4.

Specification D_(|

What is the bype of information in this calumn?

l@} Position in genetic map from p-ter
() Absolute position in physical map(base pairs)
() Distance in centimorgans ta the next marker

{1 Recombination fraction to the next marker

| ok | [ cancel |

Figure 3.4: Position Information Specification Dialog

After you select the columns to import with the proper data type specification (Figure 3.5), click the
“Next” button at the bottom for the next step.

Genome map file wizard E'

Specification
Set the marker and position columns,

Calumn 0 Column 1 Calunn 2 Calumn 3
Unspecified Marker Unspecified Position 1 5
marker D533592 distance 0.001
marker D552488 distance 1.72
marker D53675 distance 0.001
marker D551981 distance 0.001
marker 0552005 distance 3.71
marker 0551970 distance 1.24
marker D53417 distance 1.1
marker 0552849 distance 0.001
marker 0551980 distance 1.64
marker D53405 distance 0.001
marker D53593 distance 0.001
marker 0551492 distance 0.001
marker D532088 distance 0.001 :
P [ Ry . R _—

[ - Back ][ Mext [~ ] [ Caneel ]

Figure 3.5: Map Data Specification Dialog (continued)
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3.2. IMPORTING A GENOME MAP FILE CHAPTER 3. GENOME MAP FILE WIZARD

In the next step, a Region information Specification Dialog appears (see Figure 3.6).

Select markers by clicking the first marker and then clicking the last marker while holding down the
shift key (alternatively, the marker range can be selected by dragging the cursor over the markers).
Then click the “Set Region” button and type in the region name for the selected markers (Figure 3.7
and 3.8).

Genome map file wizard

Region Information
Select markers and name your region,
Select markers by clicking the first marker and then clicking the last
markerwhile holding dovwn the shift key (alternatively, the marker range
can be selected by dragoging the cursor over the markers). Then click the
Set Region hutton and type in the region name for the selected markers.
Marker Position Region
D55392 0,001 Regionl | #
DE552458 1.72 Regionl
D55675 0.001 Regionl
0551951 0.001 Regionl
0552005 371 Regionl
DE51970 1.24 Regionl
055417 1.1 Regionl
D552549 0.001 Regionl
05519380 1.64 Regionl |
DE55405 0.001 Regionl
D55593 ol3h Regiont | _
[ " Back ]| Mext [~ [ Cancel

Figure 3.6: Region Information Specification Dialog
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x|

Genome map file wizard

Region Information
Seleck markers and name vour region.

Select markers by clicking the first marker and then clicking the last
marker while holdipg down the shift ke fup

can he selected bR Region
Set Region butto

= You must specify the region name.
|chr1 |
[ #-linked region

Set Region

L552849

Regionl
C531980 1.64 Regionl |
055405 0.001 Regionl
D55593 0.001 Regionl

[ -7 Back ][ Mexk [~ ] [ Cancel ]

CHAPTER 3. GENOME MAP FILE WIZARD

Figure 3.7: Region Information Specification Dialog (continued)

Genome map file wizard |Z|
Region Information
Seleck markers and name your region,

Select markers by clicking the first marker and then clicking the last
marker while halding down the shift key (alternatively, the marker range
can be selected by dragging the cursor over the markers). Then click the
Set Region button and type in the region name for the selected markers.

Marker Pasitian Region
DS5392 0.001 et &) [ oot pagion
0552438 1.72 Chrl
DS5678 0,001 hrl
0551951 0,001 Chrl
0552005 371 Chrl
0551970 1.24 hrl
055417 1.1 Chrl
0552549 0.001 Chrl
0551930 1.64 Chrl|
055405 0,001 Chrz
055593 0.001 Chrz
—|>

[

- Back ][ Mext [~ ] [ Cancel ]

Figure 3.8: Region Information Specification Dialog (continued)

29



3.2. IMPORTING A GENOME MAP FILE CHAPTER 3. GENOME MAP FILE WIZARD

After specifying the Regions correctly for all markers, click the “Next” button at the bottom, and
then enter the name of the newly imported file (Figure 3.9).

Genome map file wizard

Set Your Filename
Mame wour genome descripkion,

File name Qenome. map

[ =~ Back ][ Finish ] [ Cancel

Figure 3.9: Filename Specification Dialog
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3.2. IMPORTING A GENOME MAP FILE CHAPTER 3. GENOME MAP FILE WIZARD

After the genome map data have been successfully imported, you can see the new file under the
“internal” folder in the main S.A.G.E. navigation window as shown in Figure 3.10.

S.A.G.E. 6.2 FEx

Fle Wisw Analysis Window Tools Help

e [ Schizophrenia DBH Study 2010 |'__”‘E”§|
X sl 5-AGE
1= Schizophrenia DBH Study 2010
/o= e
B0 T ] External
(== Inkernal

i giga pedigreed.dat

ASSOC  AGEON H -
L Par parameter.par

DECIPHER  FCOR
L.me
22 Jobs

FREQ  GEMIED

LODUNK  LODPAL

Ly

MR
INFO oo

PEDINFO RELTEST

RELPAL SEGREG

@

SBPAL  TDTEX

&

5.4.G ElSchizophrenia DEH Study 20101Jobs

Figure 3.10: Main Navigation Window
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Chapter 4

Function Block Wizard

This section describes how to use the Function Block Wizard tool in the GUI to create or modify
function blocks in a parameter file. This tool can be used at any time after the pedigree file has been
imported into a project.

4.1 Supported Actions

To start the Function Block Wizard tool, select Tools -> Create New Variable from the S.A.G.E.
Main Menu bar. When the function Specification Dialog appears (Figure 4.1), four possible actions
can be performed:

1. Add a new function block at the end of existing function blocks (if any)
2. Edit an existing function block
3. Delete an existing function block

4. Change the order of existing function blocks

e Specification E‘

User-defined Function parameters

Mame Expression Type

Figure 4.1: Specification Dialog

If there exists any previous user-defined function blocks in the imported parameter file, they will be
displayed in this dialog.
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4.2 Adding a New Function Block

From the Specification Dialog above, click “Add” button to add a new function block. It will bring

up the Expression Dialog as shown in Figure 4.2.

Specification

Fill in the fields below For Function variable wil be created,

List aptian Yariable
() Markers l:l l:l
O Tras B ] L]
00 e N I W

-

-

-

=

Figure 4.2: Expression Dialog

This dialog requires you to enter the new variable

name and select the appropriate attributes. All

constants, operators and elementary functions, as well as all existing variables that may be used in
the new function expression, are listed in this dialog. You can type in the new function expression
into the Expression window in Figure 4.3 (outlined in purple).

Specification

Fill in the fields below For Function variable wil be created,

List optian Yariable

@None Mame Type trait hd
() Markers Missing value l:l () Binary Affected l:l
) Traits Tirne limit (%) Quantitative Unaffected l:l
Expression window Cancel
Reset

+|-‘,|’|*‘==|>|<|<>| and| or |not ‘ (|)|$nama$|

] Constants

7 Operators

7] Existing Yariables

(¥] Functions

Figure 4.3: Expression Dialog (continued)
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You can also click the desired elements in order to compose the new function expression (see Figure
4.4 and 4.5).

Specification X

Fill in the Ffiglds below For function variable will be created.

List option ‘ariable

() Markers Missing value Dot (") l:l () Binary affected l:l

() Traits Time lirnit () Quantitative Unaffected
g (=ax==) oK
+|-|I|*|==|>|<|<>|and|or|n0t|(|)|$name$|
|_7] Constants
I~ Operatars
\"7] Existing Variables log10
|=] Functions pow
(= [FENEET sork
{77 Marker Fa?s
{77 Mean Wariance Adjustment Fleolor
i {77 Outlier fwinsorizing in
{:‘ TAl i
logis)
Figure 4.4: Expression Dialog (continued)
Specification ['I|

Fill in the figlds below For function variable will be created.

Lisk option ‘ariable

@ Mene Name Tpe  [wak v
OMarkers Missing value I:I OBinary Affected I:I

() Traits Time lirnit () Quantitative Unaffected
lag (HOL) oK
+|-|.l’|*|==|>|<|<>|and|0r|n0t|(|)|$name$|

"] Constants
I~ Operatars

{77 Mean Variance Adjustment
{27 Outlier winsorizing

Figure 4.5: Expression Dialog (continued)

After you select all the necessary elements for a function expression, click the “OK” button next to
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the Expression window to complete the adding process. This will bring back the main Specification
Dialog with the newly created variable and expression (Figure 4.6).

Specification &|
User-defined function parameters
MName Expression Tvpe
b log (HDL) - log ( LDL) trait
Edit
Delete
a up
w down
’ 04 ] ’ Cancel

Figure 4.6: Specification Dialog

Again, click “OK” button in the Specification Dialog to complete and save the process.

Once the new function block has been successfully created, you can see it in the parameter file in
the main S.A.G.E. navigation window as shown in Figure 4.7 (outlined in purple).

S.A.G.E. 6.2 EEX

File Wew analysis Window Tools Help
¥ s 5 =
B Schizophrenia DBH Study 2010 |_ ” (m] ||§|
.
an AL :
= = (= 1= Schizophrenia DEH Study 2010 3 parameter. par
e -
s & @ e Farmat  Wiew
80 e (7] External =
&&= Intermal individual_missing value = "." a2
fii7Y L giga pedigreen. dat gex_code, male = "M", female = "F", missing = ".", trait T
ASSOC  AGEON R
R~ ameter. par pedigree_id = "fan”
ki L@ o individual_id = "id"
DECFHER FCOR parent_id = "mon"
parent_id = "dad”
@ @ sex_field = "sex”
FREQ  GENIED
trait = "dbh", continuous, missing = ".7
3 trait = "HDL™, continuous, missing = "."
EODiMkc- LOORAL trait = "LDL", continuous, missing = "."
g o )
INFE
function {
W @ : " "
e e ;.Ialt = x, expression = "log (HDL) - log(LDL)
RELPAL SEGREG L
~
ki < >
SIEPAL  TDTEX
note
5.4.G,Eyschizophrenia DEH Study 20104Data\Internaliparameter par

Figure 4.7: Main Navigation Window
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Chapter 5

GMDR Utility

This section describes how to use the GMDR utility tool in the GUI to create input files for the Gen-
eralized Multifactor Dimensionality Reduction (GMDR) program (http://www.ssg.uab.edu/gmdr/)
using the output files from the ASSOC program. This tool can be used at any time after the ASSOC
output files has been generated in a project.

5.1 Running

To start the GMDR utility tool, select Tools -> GMDR Ultility from the S.A.G.E. Main Menu bar.
The Main Screen for GMDR Utility appears (see Figure 5.1) showing three main panels: Required
files (top), Marker information (bottom left), and Class information (bottom right).

GMDR Utility X

Pleaze select reguired files to create input files for GMDR

A330C parameter file E]
Pedigree data file E]
S50 residual file =
ASSOC summary file E]
Marker information Class information
Please select subset of markers. Pleaze select the column containing clas= information
in pedigres file for GMOR and type the valug repres
(@ by marker name enting affected.
() by model
Calumn v

Affected value

# of selected markers ;

Close

Figure 5.1: Main screen for GMDR Utility
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Required files

e ASSOC parameter file — the location of the parameter file
e Pedigree file — the location of the pedigree data file
e ASSOC residual file — the location of the ASSOC residual output file

e ASSOC summary file — the location of the ASSOC summary output file

Marker information

After importing the required files above, the program will display all the available markers in the
file you imported by marker name (Figure 5.2. at bottom left) or by model (Figure 5.2. at bottom
left) in marker information panel.

For the genotype file, you should pick a small subset of them.

GMDR Utility X
Please select required files to creste input files for GMDR.
ASSOC parameter File Cteork) GMDR  kest par ameter . par E
Pedigree data file CiiWarkl GMDR testi dbhcomt dat D
AS50C residual file CiieWarkl GMDR testl assocdbh_Baseline_null.res D
AS30C summary: File e ork) GMDR  hest assoc, sum, exp E]
Market information Class inFormation
Flease select subset of markers, Flease select the column containing class information

in pedigres file for GMDR and type the walue repres

@ by marker name enting affected

() by model

[ aso s’ Column covl v
KELL

O Affected value 1

Or

CIFy

CJawx
PaL

- e

# of selected markers

Figure 5.2: Markers by name
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GMDR Utility X

Pleaze select reguired files to creste input files for GMDR.

A350C parameter file e ork) GMDR \kest par ameter, par E]
Pedigree data file heAiorkl GMDR  test dbhcomt . dat E]
ASS0C residual file CHi~Warkl GMDR testlassocdbh_Baseline_null.res D
ASSOC summary file Ciieworkl GMDR testl assoc, sum. exp E]
Marker information Class information
Flease select subset of markers. Flease select the column containing class information
in pedigres file for GMDR and type the walue repres
O by marker nams enting affected.
(%) by model
[ foo_aBoD Column covl v
foo_KELL
[lfec Affected value |1
[]Ffoo_pami
[] Foo_HEE

# of selected markers

Figure 5.3: Markers by model

When the program parses marker name by model, it assumes that the model name is in the form
“xxx_valid marker name”, where x represents any letter or digit.

Class information

e Column — the column containing class information in the pedigree file.

o Affected value / Threshold — the value representing affected in the column. If the column
contains quantitative values, values greater than the threshold are considered to be affected.

5.2 Output Files

Click “OK?” button, then this utility will create two files for GMDR.

e Genotype file

e Phenotype file

Once it has completed the process, the result dialog will pop-up in the center of your screen (see
Figure 5.4).
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GMDR Utility

Flease select required files to create input files for GMDR.

ASSOC parameter file |C:'|,~W0rk'|,GMDR'|,test'l,parameter.par | [ ]

Pedigree data file |C:'|,~W0rk'|,GMDR'|,test'l,dbhcomt.dat | [ ]

ASSOC residual file |C:'|,~W0rk'|,GMDR'|,test'l,assocdbh_BaseIine_nuII.res | [ ]

ASSOC summary file |C:'|,~W0rk'|,GMDR'|,test'l,assoc.sum.exp | [ ]
Marker information Success i'

i The input files for GMDR were successfully created!
\,1) Cieeitiork) GMDR\testhGMDR_phenotype, bxt
() by marker name CiheeWork) GMDR\testhGMDR_genotype . bxt

(=) by model

Flease select subset of mj aiming class infarmation

type the value repres

foo_ABO
Foo_KELL
foo_PEmM1
foo_HEE

T T T e

Affected walue | 1 |

Selected # of markers : 4

Figure 5.4: Result Dialog

The user can run the GMDR using these files.
Note:

The phenotype file will be independent residuals from a null model, as in ASSOC you must have

“model, null=true”. Because ASSOC allows adjustment for covariates, there is no need to do that
in GMDR (i.e. SCHEME? is unnecessary).
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Chapter 6

SNPCLIP

SNPCLIP allows investigators to perform filtering on SNP data sets based on a set of statistical
calculations. The user can then output the dataset into S.A.G.E. format for further processing.
Currently, SNPCLIP allows investigators to filter based on missingness, allele frequency, pairwise
linkage disequilibrium, and genome map regions. A special feature allows the user to search the
Maximum Unbroken Genomic Sequences (MUGS) in a set of individuals, i.e., the largest haplotype
they might share.

6.1 Limitations

SNPCLIP currently supports SNPs with two alleles (or a missing value) at each location.

SNPCLIP’s memory usage has been optimized for usage with SNP data. The internal data format
is similar to that of PLINK. As an example of its effeciency, the program can store 19K SNPs over
162 individuals using only 50 MBs of RAM (Hapmap phase 3 data).

6.2 Theory

6.2.1 Dimension Reduction

Dimension Reduction is a term used to describe a filtering of a data set so that only relevant data
remain. SNPCLIP reduces the dimension of a data set by using any of the available filters provided
(missingness, allele frequency, etc.). By reducing the dimension (in this case, the number of SNPs)
of a data set one can eliminate elements of the data set that do not provide useful information or
have undesireable attributes. Two major benefits to reducing the dimensionality of a data set is that
the resulting data set contains only the data of interest, which in turn, reduces the amount of time to
perform further analysis on the data set.

6.2.2 Filters

Filtering is the core of SNPCLIP. It is a form of dimension reduction that allows the user to specify
restrictions on the data set to obtain useful SNPs. The term filtering is more appropriate in this
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setting because the user supplies a set of criteria that the data must comply with. All of the filters
within SNPCLIP are INCLUSIVE, meaning that any SNP that meets all the criteria specified will
remain in the filtered set.

6.2.2.1 Missingness Filter

The missingness filter takes a simple count of how many individuals have missing data for a given
SNP. If the percentage of missing individuals at a given SNP falls within the min and max values
specified by the user, they will be included in the filtered data.

6.2.2.2 Minor Allele Frequency Filter

The minor allele frequency filter counts the total number of occurrances of each allele for each SNP.
It then selects the allele at each SNP with the lower count as the minor allele. If the percentage of
minor alleles present at a given SNP falls within the min and max values specified by the user, then
the SNP will be included in the filtered data.

6.2.2.3 Linkage Disequilibrium Filter

The LD filter calculates the composite LD between each pair of adajacent SNPs (Weir 1996). It then
filters out SNPs that do not fall within the min and max specified by the user. Next, the LD filter
enters a loop, comparing the remaining SNPs. The filter will continue to apply the filter recursively
on the remaining SNPs until no change in the number of SNPs has occured between one run and
the subsequent run.

6.2.2.4 Genome Map Filter

The genome map filter filters the SNPs based upon the map specified by the user and the region(s)
and SNP(s) specified by the user in the map location dialog.

6.2.3 MUGS

Given a sequence of unphased diallelic SNP genotypes in a region for each of a set of N individ-
uals, MUGS searches for haplotype sequences that could be common to all N, or N-1, individuals
in the set, and then ranks them according to their length as defined by the number of SNPs in the
sequence. A SNP that is homozygous contributes to this length but gives no haplotype information.
Either allele of a heterozygous SNP can contribute to a common haplotype, so MUGS essentially
searches over all possible phases to find sequences that could be common to the N or N-1 individ-
uals. Although the individuals may be related, no relationship information is used. A SNP with a
mising value contributes to the sequence length.

6.3 Running SNPCLIP

To run SNPCLIP, locate and start the SNPCLIP.exe file in your S.A.G.E. directory or from the Start
Menu.
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File Tools Help

Source Files

Data File Path

|C:lDﬂcumants and Settingsiyshieldsipy Dﬂcumantleﬂrk\SNPCLIPl

Map File Path {optional) | | E]

# of SHPs 19250
# of Individuals 162

SHP Selection Crikeria

[] Retain ShPs whose missingness proportion lies inside the range:

[] Retain SNPs whose minar allele Frequency lies inside the range:

[] Retain SMPs whose pairwise LD value lies inside the ranges:

Results

SMP Information

.
19250

Count

Figure 6.1: Main Screen for SNPCLIP. Outlined in red is the file import button.

6.3.1 Importing A Data File

3

To import a file, click the

... button (see Figure 6.1, outlined in red).

B Open El
Lookin: | ) SHPCLIF v *2EE
Y 15 backup %] indé.png (2 SPClip.jp
‘_‘\5 I bak & MainFrame, java @] SMPClip, jpi.loc
Iy Recent I classes & MapFileInfoDialog. java SHPClip jpedoc
Documents I3 Data Sets @ relationships_w_pops_121708,kxk SMPClip,oif
= 15 doc @ relationships_w_pops_CEU, tbxt E SHPCliph exe
|. |2 Forms Backup @ Results_Broken_smallRow.bxt L‘] splash,png
Desktop I src [2) Results_Broken_YerySmalRow.txt |4] testz.dat
E] F3MPs.bxt |_'f] Results_schizo_dbh.dat test_1
= |:] ba.png @ Results_Works_LargeColumn.txt |2 update.xml
J |:] bgZ.png @ Results_Miorks_SmallColumn,bxk
My Documents | |[=) CELLExE SHPClip-linus
=] employees.xml SMPClip-mac
=] FileInfolCialog, form SHPClip-solaris
”jj}! & FileInfolCialog, java E SHPClip exe
My Computer FileInfolDialog, java.bak |£] SHPClip jar
- < | >
‘g File name: ‘ ‘ [ Open ]

Iy Metwork,

Places Files of type: ‘AII Files

v ‘ Cancel

Figure 6.2: File Open Dialog

This will open a file browser (see Figure 6.2). Browse to the appropraite file and click the “Open”

button to begin the import process.
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File Information &l
File Format Ceelimiters Pedigree Data HapMap Population SMP data
~ ~
@SAGE () Tab Pedigree Id 1|8 Stark SMP data st calumn 13| £
() Hapmap O Comma Individual Id 2|2 Start SMP data at row
) s by Row S tllele delmiter [
QO other Allele Missing
Data preview : SAGEFormat_Demo.dat
Cal...  col.. Col.. | Cal.. Col. Col.. | cal. cCol. Col.. | <ol Col. Col.. | <al. ' Col. Col.. Col. | col. col. Col. @ Col.
Row 1 [FAM_ID IND_ID |FATH... [MOTH...|SEX AFFE... |AGE_... [AGE_... |DBH SQRT... [MMOL... [YRS_... |[rs884... rs201... |rs284... [rs247... |rs734... rs237... rs260... | A
RowZ 1256  |2046 3146 (3046 |M u 43 . . . . . g L L 3 3 g g
Row 3 |1256 (3146 |, . M R 75 R R . R R B i i i i B B
Row 4 |1256  |100Z  [2046  |2096 M A 23 18 R . R R 2 22 22 111 21z 11 11
RowS 1286  |2096 F u 45 . . . . . 2 2i2 2i2 1/1 21z i1 i1
ROWE |1256 (346 |, . F m 76 R R . R R 21 zjz =1 11 2iz 11 11
Row 7 |1256 4346|3146 3046 M A 40 26 R . R R 11 22 22 111 21z 11 11
Row§ 1331 i1 M u 0 . . . . . g L L 3 3 g g
RowD |1331 |12 R . F m a4 R R . R R B i i i i B B
Row 10 1331|3046 |11 12 F R 70 R R . R R A m m 1 1 A A
Row 11 1331|3146 M (i} 33 A A R A A g L L WAL WAL g g v

Figure 6.3: File Information Dialog. Allows user to specify the format of the data file.

You will now have to specify information about the file format to SNPCLIP (see Figure 6.3).
First - Select your file format type.

e If each row represents an individual, with the columns representing SNPs, select the S.A.G.E.
format.

e If your file contains HapMap phase 3 data, select the Hapmap format.

o If each row represents a SNP, with columns representing individuals in the sample, select the
SNPs by Row format.

Second - Select the file delimiter.

e Select the appropriate delimiter from the list.
o If your delimiter is not listed, select the “other” option and specify it in the box provided.

e The data preview table will display the first few rows and columns of your file using the
delimiter specified. (This is a good way to check that you specified the correct delimiter).

Third - If you have pedigree data, specify where the identifier can be found.

o In the picture above the pedigree ID is specified in the first column (FAMID) and the Individ-
ual ID is specified by the second column (ID).

Fourth - Provide information about the file format.

o “Start SNP Column Data” should specify the column in which the SNP data begin.

— In the picture above the SNP data begin in the 13th column.
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e The delimiter in this menu is meant to represent the delimiter between allele values for a SNP
— In the picture above the delimiter is a “/” since each allele value is seperated by a *“/”.

e The Missing value is meant to represent the missing value for an allele.

@

— In the picture above the missing value is set to “.”.

Fifth - Click the “OK” button.

SNPCLIP will now import your file to the system. You can see the import progress in the progress
bar dialog that will popup in the center of your screen. Once the progress bar reaches 100% the
file import process is completed. The dialog box will disappear and you will be left at the main
SNPCLIP screen.

File Tools Help
Source Files Results
Data File Path iZ\Documents and SettingsirshieldsiMy DocumentsyWorkl SNPCLIP E
Map File Path {optional) E]
# of SHPs 5540
# of Individuals 921
SMP Selection Criteria
in IMax
[] Retain SMPs whose missingness propartion lies inside the range:
[] Retain SMPs whose minor allele frequency liss inside the range:
[[] Retain SMPs whose pairwise LD value lies inside the range:
SMP Information
w w0
Count 5540
E 0
“a Remaining 100.0
° e 108

Figure 6.4: Main Screen for SNPCLIP. Outlined in red are the information boxes.

SNPCLIP will display basic information regarding the data file you imported (outlined in red boxes
in Figure 6.4). The guage in the lower righthand corner of the screen gives the user a visual display
of how many SNPs remain after a set of filters have been applied.

At this point, you may begin filtering your data set (see section 6.4) or you may import a map file
for your data set (see section 6.3.2).

6.3.2 Importing A Map File

113

The user may also specify a map file by clicking the “...” button next to the Map File Path similar
to the Data File Path. Once this button is clicked, the following dialog will appear (Figure 6.5):
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Map File Format

File Format:
(& ELAG.E. " One Line Per Marker
() 5.4.G.E. - Two Lines Per Marker

Figure 6.5: Map File Import Dialog

SNPCLIP accept two different formats, please select the approapriate format above

of these two formats are shown in Figure 6.6.

. The examples

Bl SAGEchr1.map - WordPad

D & #

[penome ¢
region ="ri"{

B B

warker = "SNP_A-1677174"

Eile  Edit ¥ Ir t Fy t Hel
B SAGEFormat_Demo_MAPFILE.gen - WordPad R I
File Edit wiew Insert Format Help
Ded Sk & B &
b i
Wi seenrensenssee Huwan Genowe Map S
W seenreREeRsEE (5.4.6.5. Forwat) S
# #
genome = "homo_sapiens”, map = kosawbi {

region = chrdl (
warker = rs884080

distance =
marker = rsz017143 distance =
marker = rs2840531 distance =
marker = rsz477703 distance =

0.010000000 # =t
0.010000000 # =t
0.310000000 # =t
0.280000000 # =t

0.000000000 ¢l
0.010000000 ¢l
0.020000000 ¢l

0.330000000 ¢l

aistance = 0.75652
marker = "SNP_A-1676440
distance = 0.012562
marker = "SHP_A-1662392"

distance = 0.015936

Figure 6.6: One line per marker (left) and two lines per marker (right)

Finally browse to the file and click “Open” button, similar to how the Data File was specified, and
you will be left at the main SNPCLIP screen again (Figure 6.7)

File Taools Help

Soure Files

Data File Path

|C:\Documents and Settingsirshigldsiky Documents\Work\SNPCLIPl E

Map File Path {optional)y |SAGEFnrmat_Demn_MAPFILE.gen

=

# of SHPs 5540

# of Individuals 921

SMP Selection Criteria

[[] Retain SMPs whose missingness proportion lies inside the range:
[] Retain SMPs whose minor allele Frequency liss inside the range:
[] Retain SNPs whose pairwise LD value lies inside the range:

[] Retain SMPs that lie within ane or mare specified genomic regions:

Results

SHP Information

“ s
Count 5540
£ 0
%o Remaining 100.0
° oy 100

Figure 6.7: Main Screen for SNPCLIP after importing the map file

6.4 Filtering a Data Set

Once the file has completed the import process (see section 6.3.1), you will see a screen similar to
the one in Figure 6.7. In the source file area in the upper left hand portion of the window aspects
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about the data file are imported.
In this case the data files has 5540 SNPs for 921 individuals.
You can now proceed to filtering the SNPs.

Click the check box of the filters that you would like to use (see Figure 6.8). You can see in this
figure, the user has selected the “Missingness” and “Minor Allele Frequency” filters (outlined in
red).

The “Min” and “Max” values represent the filtering criteria for the filter (see section 6.2.2 for details
on each filter).

The SNPs that have values that fall within the min and max will be kept, the remainig SNPs will be
clipped (filtered) out.

Click the “Apply” button once you are satified with your choices for filtering.

B snpClip 1.0 CExX
File Tools Help
Source Files Results
Data File Path Ci\Documents and Settings|rshieldsiMy Documents|Work) SHPCLIP E]
Map File Path (optional) |SAGEFarmat_Demo_MAPFILE.gen [I]
# of SNPs 5540
# of Individuals 921
SMP Selection Criteria
IMin Max
Retain SMPs whose missingness propottion lies inside the range: 0 0.3
Retain SNPs whose minor allele frequency lies inside the range: 0 0,22

[[] Retain ShPs whase pairvise LD value lies inside the range:

[[] Retain SMPs that lie within one or more specified genamic regians: SMP Information

Count 5540

% Remaining 100.0

Figure 6.8: Specifiying a Filter

The progress bar will display SNPCLIP’s filtering progress. Once the filtering is complete you will
notice a tab in the results section specifying how many SNPs are remaining, the filters applied, and
the values for the min/max (see Figure 6.9).

The beauty of storing filter information in tabs is that you can have multiple tabs open at once and
easily compare how different filters affected the data set reduction.

You will also notice in the lower right hand corner the SNP count and percent remaining (relative to
the original data set) are provided.
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File Tools Help
Source Files Results
Filter 2 | =
Data File Path |C:lDﬂcumants and Settingsiyshieldsipy Dﬂcumantleﬂrk\SNPCLIPl E
. . Ttem Yalue
Map File Path {optional) |SAGEFDrmat_DemU_MAPFILE.gen | E] SHP Count 554
# of SHPs 5540 Percent Remaining 10.18
# of Individuals 921 Missingness Filker [rnin: 0, maz;: 0,3]
Allele Frequency Filter [rin: 0,mace: 0.22]
SHP Selection Crikeria
Retain ShPs whose missingness proportion lies inside the range:
Retain SNPs whose minor allele frequency lies inside the range:
[] Retain SMPs whose pairwise LD value lies inside the ranges:
[] Retain SMPs that lie within one or more specified genomic regions: SMP InfFarmation
a0 5
Count 564
a w0
% Remaining 10,18
o f\ 100

Figure 6.9: Main Screen for SNPCLIP after applying a filter

It is also possible to filter the data set by genome map region. The user can open the map location
dialog by clicking the check box next to the genomic region option at the end of the filters and then
clicking the “...” button. Once the menu is open (see Figure 6.10), the user can add regions and/or
SNPs that they wish to include in the filter.

B Map Location Dialog, E‘

fvailsble Regions and SMPs

Regions Regions

chroz
chro3
chrod
chros
chrog
chro7
chrog
chrog
chrin
chri1 —
chriz

3

1\

W

bt
SNPs SNPs

chr0l - psBE4080

chr01 - rs2017143
chr01 - rs2340531
chr0l - 52477703
chr01 - rs734999

chr0 - rs2377041
chr0l - psZE0E41E
chr01 - rs20z7262
chr0i - rs2931331

L

3
>

v

Figure 6.10: Genome Map Location Filter Dialog

If the user selects a region, they may further specify the precise location(s) within the region that
they would like by clicking the “Location Details” button.
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Location Details

chriil

Start Location: | 0,33 %

End Location: | (I ~

Apply Filter ] [ Do Mot Apply Filber

Figure 6.11: Location Detail Dialog

The location details dialog (see Figure 6.11) allows the user to specify the range of locations they
would like to include via two drop down menus. The user needs to specify the location regions for
each region individually. If no location details are specified for a given region, all the SNPs within
the region will be included in the filter. Once all the selections have been made, simply click the
“OK” button on the map location dialog.

You may continue to apply filters to the data set until you find the proportion of remaning SNPs you

are looking for.

6.5 Running MUGS

Once SNPCLIP has completed the import process, you will see a screen similar to the one in Figure

6.12.

B snecip 1.0

File  Tools Help

Source Files

[[] Retain SHPs whose minor

Results

Data File Path i Work GLINSNIP it NPl _IBuiderSAGEFormat_MUGS_Den| [ .. |
Map File Path {optional) |SAGEFormat_MUGS_Demo_MAPFILE.gen [j
# of ShPs 993
# of Individuals 45
SMP Selection Criteria

Min Max

[ Retain SMPs whose missingness proportion lies inside the range:

allele Frequency lies inside the range;

[[] Retain SHPs whase pairwise LD value lies inside the range:

[[] Retain SHPs that lie within one or mare specified genomic regions: SMP Information

Count 993

% Remaining 100.0

Figure 6.12: Main Screen for SNPCLIP after importing the files

From the SNPClip Main Menu bar, select Tools -> MUGS. The Main Screen for MUGS will appear

as in Figure 6.13.
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28 Maximum Unbroken Genotype Sequence Analysis

Groupl Criteria Longest SNP sequence
variable Operator Yalue : Cotione
[ | s A
Al Individuals
-t Individuals [ ]

Search

B —

# Search results

fampl size : 45

Group? Criteria

Yariable Operator Walue

[ ®F®™C JCe]

n>4

Fample size : 0 10x

Figure 6.13: Main Screen for MUGS

This dialog allows the user to specify either one or two different groups of criteria for computation.
MUGS without any group criteria

You can see the initial sample size (i.e. number of individuals) in your file at the bottom of the
groupl criteria window (see Figure 6.14). To display the MUGS result for the default option (i.e.
for all individuals), click the “Go” button.

#4 Maximum Unbroken Genotype Sequence Analysis:

Group1 Criteria Langest SNP sequence
" " 4| options
Wariable Operator Yalue i From To #of SNIPs  Genetic Length | Case vs Control  Missing Individuals (PED:ID} b
Seql  rseR9SSS1  rs2ETEO7Y 6 1,351.5 E|
B Individusls
IIII 1400:2101, 1331:2046, 144.., [] M-t Incividusks .
Seqz 895786 rs1039530 4 150.65

IIII 140412046 Search
Seqr  rslONIZND  rsL341106 4 10507
2 S —

IIII 133131, 133131, 1447:3246 # Search results

ample Size : 45 Seqt  rs2273S44  rsPSO7E0 4 143.91

o III 144713096, 1256:20%
Groupz Criteria Seq5  rsRTTE4S  rs23T9L07 3 333

Yariable Operator Walue

-~ x i
III 13322135, 13322135, 133,

Seqr rs151603 5160910 3 261.45

1] i

Eamp\e Size : 0 10x

Figure 6.14: MUGS result without criteria
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MUGS with criteria for group

It is also possible to display the MUGS results for a set of group criteria, and for up to two different
groups with different criteria in each. Let’s assume that we want to compare affected and unaffected
individuals. Once you set the criteria for a group, the sample size will be updated (see Figure 6.15,
outlined in orange, at left). To display the MUGS results for one of the groups, click the “Go” button
for that group.

2 Maximum Unbroken Genotype Sequence Analysis

Groupl Criteria Longest SNP sequence

Vst —— 4 options
ariable perator Valus D | From To #0of SNIPs | Genelic Length  Case vs Contral Missing Individuals (PED:ID) »
AFFECTL.. & l:l II IIIIIII 1447:3246, 1678:38, 14475.., Collective Agreement:
Seql  rs1889974 rslST2ASE 10 1,085.27 -
AFFECTION=R III I 1332:2086, 1256:2096, 13... [] Al Tndividuals
1256:4346, 1440:2102, 13... N1 Individuals .
Seqz  rsEE9YSS1  rs2B7AOTY &
1331:2101
1256:1002 Search
Seqd  rsIS7306S  rs1981193 5 —
1256:2095 SNP(s) |rs5698575, rsa95786
1331:1035, 1404:2096, 14... |59 Search results
; V] Seqd  rs7OS466  rsl993181 5 &€, rs6698s75
Famp\e Size : 20 Ll S \“}“‘é e
=] rsB9S786
1404:2096, 1447:5096 I ‘WS 7
- s W sea
(B2 (e SeqS  rs669BSTS  rsZ3T9L07 4 =4, rs6638575, rsBI5TA6
125613045, 1256:2096 D w none
Wariable Operator Yalue
sFFECTL.. v | (= v|[u oK
Sow inzts D '
1331:2132
AFFECTION=U
1400:2101, 1447:53246
Seq7  rsE9S7EE  rsl039630 4
13312045
v
o - .
N
< >

Figure 6.15: MUGS result with criteria for two groups (though not illustrated here, there may be
multiple criteria for a group)

Notice the longest SNP sequence window in Figure 6.14 and Figure 6.15 at center. Each block
represents one SNP.

e Cyan — SNP that is common to all N individuals
e Magenta — SNP that is common to at least N-1 individuals
e Yellow — Homozygote SNP

e Gray — None of the above

The program allows the user to specify a "broken-ness threshold" in the Collective Agreement panel
(Figure 6.15, outlined in green, at top right) as follows: If N individuals are submitted in the group
for analysis, then by default the algorithm will attempt to find unbroken genotype sequences that
are common to N individuals in the group. However, the user may optionally relax that constraint
to N-1, in which case the algorithm will attempt to find unbroken sequences that are common to at
least N-1 of the individuals in the group.

The program also allows the user to search for specific SNPs (Figure 6.15, outlined in violet, at
right). If the user enters a comma separated list of SNPs, it will display for each SNP a sequence
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containing that SNP and a sequence containing all of the SNPs in the list. When the user clicks a
sequence ID in the search result, the program automatically highlights the sequence in the longest
SNP sequence window.

The “All SNP Visualization” panel (Figure 6.15, outlined in red, at bottom center) shows the results
for all SNPs in your data. You can use the scroll bar to move to a specific position you have interest
in. The zoom buttons allow the user to magnify the regions. When the user clicks the specific
position in the “All SNP Visualization” panel, the program automatically highlights the sequence in
the longest SNP sequence window.

For each sequence of SNPs, you can see more information by right clicking on a sequence and
selecting “Show details” as in Figures 6.16. Then the detail dialog will show the allele frequency
and missing individuals for each SNP as in Figure 6.17.

#8 Maximum Unbroken Genotype Sequence Analysis

Group1 Criteria Langest SNP sequence

4| options

Wariable Operatar Walue
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. [ | 12561209 G
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I I 13312132
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I I 1400:2101, 1447:3246
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[ ]| ] A
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Figure 6.16: Right click on SNP sequence to display detail dialog

# of SNIPs

0 # of SNIPs

0

Groupl || Groupz| Groupt || Groupe |

SNIP Name Allele Frequency | Missing Indvi, Type _ SIP Name Allele Frequency | Missing Indvi,
151889974 0.265 151889974 0.265
152862928 0353 1447:3246 152862928 0353 1332:209
rs1410079 0,397 rs1410079 0,397
151045232 0338 151045232 0338
1749694 0382 167838 1749694 0382
156580 0,309 1447:1002 156580 0,309 1256:209
rsz76219 0,353 rsz76219 0,353 133212134
151361800 0176 151361800 0176
151039178 0,397 133212135 151039178 0,397

r31572456 0.265 r31572456 0.265

Figure 6.17: Details of Groupl and Group2

51



6.6. EXPORTING A DATA SET CHAPTER 6. SNPCLIP

Click the “OK” button (bottom right of the main screen for MUGS) to save the MUGS result as a
filtered data set in SNPCLIP (see Figure 6.18). SNPCLIP also allows the user to select a specific
format for outputting these data by clicking on File -> Export (see next section).

File  Tools Help
Source Files Results
1%
Data Filz Path i Work GLINSNIP it NPl _IBuiderSAGEFormat_MUGS_Den| [ .. |
] 5 i Item Value
Map File Path {optional) |SAGEFormat_MUGS_Demo_MAPFILE.gen [j P ot o1
# of SHPs 993
# of Individuals 45
SMP Selection Criteria
Tir Max
[ Retain SMPs whose missingness proportion lies inside the range:
[[] Retain 5HPs whose minor allele frequency lies inside the range;
[[] Retain SHPs whase pairwise LD value lies inside the range:
[[] Retain SHPs that lie within one or mare specified genomic regions: NP Information
®© o
Count 331
=, ™
%% Remaining 33.33 \
o 100

Figure 6.18: Main Screen for SNPCLIP after MUGS

6.6 Exporting a Data Set

SNPCLIP allows the user to output the filtered data set in S.A.G.E. format, Affymetrix format, or
both at the same time. You can reach the export feature by clicking File -> Export. The following
dialog will appear on your screen:

File Export Dialog

Please Choose an Outpuk Format:

(%) 5,4,G,E, Format {SHPs by column}

() AFfymetrix Format (SNPs by row)
() Provide Both Files

Figure 6.19: Export File Dialog

Pick the appropraite output format and click “OK”. Next specify the filename and location you
would like the data to be exported too. The S.A.G.E. formated file will be named with the file name
you supplied; the Affymetrix formated file wll be named with the file name you supplied with a
“_T” appended to the end of it.
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