Golden Helix SNP & Variation Suite Tutorial

Tutorial: Whole Genome Copy Number
Association using CNAM and HelixTree

Overview

The Copy Number Analysis Module (CNAM), in conjunction with HelixTree, offers several methods for
determining where regions of copy number variation occur and performing association analysis either on log2
ratios directly or on found regions of copy number variation.

This tutorial breaks down the overall approach into seven steps, each consisting of one or more processes. They
are:

1. Generate log ratios versus reference samples

2. Identify markers to exclude

3. Correct for batch effects and stratification

4., Perform whole genome log ratio association tests

5. Run segmenting algorithm to generate segmenting mean values and covariate table.
6. Perform association analysis on copy number segment covariates

7. Visualize segmenting results

Depending on your particular dataset and research goals, it may not always be optimal to perform each step
sequentially. To guide you, recommendations for how to proceed are provided at the end of each section.
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Step 1. Generate Log Ratios Versus Reference Samples.

Golden Helix

HelixTree” sup s vadstion suite

illumina frosntiried

Supprt

Affymetrix® T " commmumon
Genotyping Console™
Version 2.0

Prere— GOLDEN HELIX

Before you can perform copy number analysis, you first need a DSF file containing log2 ratios (from now on referred to as
LogRs) created by normalizing raw intensity data against a reference sample. CNAM offers direct support to create LogR
DSF files from Illumina and Affymetrix platforms with additional functionality to create them from other providers. This tu-
torial will focus on preparing a LogR DSF file from Affymetrix CEL files. To learn how to create DSF files from Affymetrix CNT
or CNCHP files, lllumina data or data from other providers, see section 4.4 of the HelixTree manual.

The workflow CNAM uses to generate normalized LogRs from Affymetrix 500K, SNP 5.0 and 6.0 CEL files is analogous to
the methodology employed by Affymetrix. However, CNAM can perform quantile normalization without gender bias, scale
to handle thousands of samples, and allows greater flexibility in choosing a reference set. To learn more about how CNAM
processes Affymetrix CEL files, see section 25.9 of the HelixTree manual.

Preparing Files Needed to Process Affymetrix CEL files
Before CNAM can process CEL files, the following are needed:

Spreadsheet matching NSP and STY (500K only)

Spreadsheet with CEL file names and column indicating reference status
Affymetrix marker maps

Affymetrix library files

Spreadsheet matching NSP and STY (for 500K only)

To properly process both the NSP and STY CEL files, a spreadsheet matching the two needs to be imported into HelixTree.
This spreadsheet will tell the CEL import tool how to join the NSP and STY samples together to create one sample per
patient in the DSF file. The matching spreadsheet must have a row label column and at least two data columns. The row labels
must be the sample names. The first and second columns must be the NSP file names and the STY file names that are to be joined
together, respectively. Other columns in the data set

are optional and may contain the reference status . =
. . " HelixTree X

for the sample. If you include the reference status in @.

this spreadsheet, you can also use this spreadsheet Input £5C1 e [NHELE/Desktop/Copy Number Tutoial/ EUCEL osv  Choose.. |

to indicate reference status (see below).

File format; I Comma delimited j

The easiest way to import this file into HelixTree is to

. . [~ lgnore the first line af the file
create a CSV file with respective columns and then

select >File >|mport Data >|mport ASCII File from [How Label Colurmn Mumber: |1| ][Leave blank if i labels are not desired]
the project navigator window. Make sure to enter

. oK Cancel
the Row Label Column Number representing your 4| ﬂl

sample names. . . } .
Figure 1. ASCII File Import option with Row Label Column Number set to 1.
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The imported spreadsheet should resemble the image below.

EEINSP, STY Matching Spreadsheet
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2 |CEU_MADES3 CEU_MADESY_MWSP_CEL| CEU_MADESST_STY_CEL ol |
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4 |CEU_MADES34 CEU_MADES34 WSP_CEL| CEU_MADES34 ST _CEL ]

5 |CEU_MAD7OOO0 CEU_MA07000 MSP_CEL| CEU_MACDFOOOD STY_CEL o=
E |CEU_MAD7O19 CEU_MAD7O19 MSP_CEL| CEU_MACYII9 STY_CEL 1

7 JCEU_MaADFDZ2Z CEU_MAQ7022 MSP_CEL| CEU_MAOFOZZ STY_CEL 1

8 |CEU_MAD7D29 CEU_MaA07023 MSP_CEL| CEU_MACYO23 ST _CEL i]

9  CEU_MAD7D34 CEU_MAQ7034 WSP_CEL| CEU_MAOFO34 STY_CEL a

10 |CEU_MACD7O48 CEU_MAQ7048 WSP_CEL| CEU_MAOFO43 STY_CEL

M5P, ST Matching Spreadshest

MSP. ST Matching Spreadshest J

> A

Figure 2. Spreadsheet for matching files from the NSP and STY arrays for 500K analysis.

Spreadsheet with CEL file names and column indicating reference status
This spreadsheet needs two columns, sample names (as row labels) and reference status. For the SNP 5.0 and SNP 6.0 Array,
the row labels should be the file names of the CEL files with the “CEL" extension removed. “0s” should denote samples to be
used as references and “1s” should denote non-references.

2l Reference Status Spreadsheet E]@

Unsortl

File Edit @Analysis Scripts Help
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Sample
CEU_MADBSES
CEU_NADBS31
CEU_MNAOB933
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CEU_Wanwioo
CEL_Wanwiils
CEU_NaO70z2
CEU_MNADTD29
CEU_MAD7034
CEU_MNADTD48

CEL_Ma0#0es
FEIT MANTORR

Reference Statuz

Note: It is up to the researcher to finalize a reference strategy. In CNAM you
can use any external or internal samples as your reference set. Affymetrix
recommends using at least 25 samples as references in un-paired copy
number analysis. As discussed later, if using an external reference set, these
samples can be dropped from the corresponding DSF file.

As with the NSP and STY matching spreadsheet above, the easiest way to
import this file into HelixTree is to create a CSV file and then select >File
>Import Data >Import ASCII File from the project navigator window.
Make sure to enter the Row Label Column Number representing your
sample names. The imported spreadsheet should resemble the image to
the left (Figure 3).

Affymetrix marker maps (annotation files)
You will need an Affymetrix marker map corresponding to the CEL files

kil

Reference Status Spreadshest

 x

Figure 3. Reference status spreadsheet.

you wish to import. Probes not contained in the marker map will not be in-
cluded in the resulting LogR DSF file. For example, if the marker map does
not contain copy number probes, those probes will not exist in the DSF file
for copy number analysis.

The latest Affymetrix marker maps can be downloaded using the Affymetrix NetAffx service in HelixTree. To access this
feature from the project navigator window, select >File >Import Data >Download Affymetrix Marker Map. You will
be prompted for your Affymetrix NetAffx login information, which can be freely obtained by registering on Affymetrix’s
website. After entering your NetAffx login information, the Download Annotations window will appear listing various
Affymetrix annotation files (Figure 4).
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[v Show only mapping annotations files

Download

ES Download Annotations
Auvailable Affpmetiix Metiffs Annatations Files

File Narme ‘ Size (bytes) ‘ Date | —
GenomewideSMP_5.cn.na24. annot. csv 22177433 Naov 28, 2007
GenomewideSNP_B.na2d. annot.cey 128726922 Now 28, 2007 ¢
GenomewideSMP_B.cn.na24. annot.cav R2256881 Mo 28, 2007
GenomeiwideSMNP_E na24. annot.cav 273220209 MNov 28, 2007
tapping] 0K, _#bal131.na24. annot. csv 3205373 Mov 8, 2007
tapping1 0k_<bal42.na24. annat.cev 2818471 MNov 8, 2007
M apping250K,_Msp.na2d. annat.cav 77547469 Wow 28, 2007 ﬂ

[ Import into project when downloaded

Local Marker ki ap Filez

Load Into Project | Delete File Wiew Directory

Help

Fiefre:

File: M ame ‘ Size (bytes) ‘ Date
tapping] 0K, _xba131_annot.map 539685 Fri Oct & 2008
4 apping250K_Msp_annot-tapping250K_Sty_annot.map 23885771 Fri Qct & 2006

sh List | Cloze |

Figure 4. NetAffx marker map download wi
SNP 5.0 marker maps selected.

ndow with both

It is important to note that there are actually two annotation
files for each of the 500K, 5.0 and 6.0 files (500K = NSP + STY,
SNP 5.0 and 6.0 = SNP + CN probes). For each file set, both
corresponding annotation files need to be downloaded at the
same time for HelixTree to properly merge them. To do this,
highlight both annotation files (as seen in Figure 4), make sure
the box Import into project when downloaded is checked
and click Download. If you downloaded the annotation files
previously, they should show up as a single merged file in the
lower section of the window. If this is the case, you can just
highlight that file and click Load Into Project.

Affymetrix library files

Similar to Affymetrix marker maps, Affymetrix library files can
be downloaded using the NetAffx service in HelixTree. The
library files should contain both SNPs and CN Probes when
appropriate.

To download library files, select the >Tools >Download
Affymetrix Library File menu option from the project
navigator window. After entering your authentication
information, HelixTree will load a list of library files available
through the NetAffx service. To download library files, select

one or more files from the upper window, and click Download. The file(s) will automatically be downloaded to the ../

HelixTree/AffyLibraryFiles directory.

Converting Affymetrix CEL files to LogR DSF File

From the project navigator window, select >CNAM >Import Affymetrix >Import CEL Files.

% Import CEL Files as LogR DSF M=%
Add CEL | Add Directory Remove Selected ‘
Fie |

[~ BOOK NSP/STY Matching: [ Choose Sheet

Reference Status: [ Chaoose Sheet
0=Ref 1=Non-Ref Column g3l
[~ Dan'tincluds reference samples in output LogR DSF

Marker Map: [ Choose Shest

Library Pt [E:¥Pragram FilestHelixTree/Affy LibraryFiles Browse

[~ Specify Temp Directory: [ Browse

Output Logh DSF file: [ Browss

Help aK. Close:

Figure 5. The Affymetrix CEL File Import Dialog in HelixTree.
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From the CEL file import dialog (Figure 5), first select the CEL files
you want to include in the data set. For 500K data, you must select
files from both the NSP and STY arrays for each sample. To select
CEL files, click the Add CEL button, navigate to the appropriate
folder and select multiple CEL files (you can hold down the Shift
key to select multiple files at once). The CEL files you selected

will appear in the CEL import dialog window (Figure 6). You may
add all of the CEL files in a directory by using the Add Directory
button. This is especially helpful if you store your NSP and STY
files in separate directories. To remove CEL files from the window,
select the unwanted samples and click Remove Selected. You
may continue adding CEL files by clicking the Add CEL or the Add
Directory buttons again.

M=%

Remove Selected |

Import CEL Files as LogR DSF

Add CEL Add Diirectary

File -
M- /A fyrmetrins 00K, HapiapeH spMap, CE U ANGP/CELL NAUBGEE MGP.CEL
M- A ffyrmetrind 500K, HapidapeH aphap, CEL ANSP/CEL NADBSE NSP.CEL
M: A4 ffymetrin/500k_Haph ap/H apMap_CEUANSP/CELU_NADEI93 NSP.CEL
M: /8 ffymetrix/500k_Haphap/H apMap_CEUNSP/CEL_MADEIS4_NSP.CEL
M: A ffymetrix/B00k_HaphapH apMap_CEU NS PACELU_MADTO00_NSP.CEL
M: A ffymetrix/500k_Haphap/H apMap_CEUNSPACEU_MADTINS_NSP.CEL
M: A ffymetrix/500k_Haphap/H apMap_CEUNSPACEU_MADTOZ2_NSP.CEL
M: A ffymetrix/500k_Haphap/H apMap_CEUNSPACEU_MADTIZS_NSP.CEL
M: A ffymetrix/B00k_Haphap/H apMap_CEU NS P/CEU_MADTOS4_NSP.CEL

hd|

Figure 6. CEL files selected for conversion into a log2 ratio DSF file.



For 500K CEL file import, next check the 500K NSP/STY Matching check box and select the matching spreadsheet
previously imported to be used. If you are importing 5.0 or 6.0 CEL files, leave this box unchecked.

v SO0K MSPSSTY Matching: |SF', STY Matching Spreadshest [158]  Choose Shest H

Figure 7. Selecting a spreadsheet to use for NSP and STY array matching.

Next, select a spreadsheet containing the Reference Status for the samples. When a spreadsheet is selected, the 0=Ref
1=Non-Ref Column drop down box will fill with the different binary data column names in the selected spreadsheet.
Select the name of the column to be used as the reference status.

Note: The gender of the reference samples should be considered for copy number analysis of the X and/or Y chromosomes.

Check the box Don't include reference sample in output Log R DSF if you are using external reference samples (e.g.
HapMap data) and do not want them included in the resulting DSF file.

Reference Status: | Reference Statuz Spreadsheet [161]  Chooze Sheet

0=Fief 1=Mon-Fef Column | Feference Status ﬂ

lv Don't include reference samples in output Logh DSF

Figure 8. Spreadsheet and spreadsheet column selected for determining reference status.
Next, select the Marker Map previously imported to be used in the analysis and choose the Library Path where the CDF
library files for the appropriate array can be found. These reside in the directory where you previously saved them.

Note: After using the CEL import tool for your given array (500K, 5.0, 6.0), an AffyLibraryFiles directory will be created in the
HelixTree installation directory containing *.gcdf library files. These files can be used from that point on instead of CDF files.

Marker M ap: | Marker Map Data Set - Sheet 1 [103]  Chooze Sheet
Library Path: |ogram Filez"HelixT reeAffuLibranFiles Browsze

Figure 9. Marker map spreadsheet selected and library directory where CDF (or *.gcdf) library files are located.

You have the option to specify a Temp Directory (Figure 10) where intermediate DSF files will be stored. If your project is
located on a shared network drive (not recommended), you should specify a Temp Directory on a local disk. Finally select
the Output LogR DSF location and click OK to begin the import.

v Specify Temp Directany: |E::’F'mgram Files/HelixTree Browse

i

Output LogR DSF file: |;s."H elixTree/AifumetrixLog2h atios. dsf Browse

Help oK ‘ Gl

Figure 10. Optional temporary directory and output DSF file name selected.

The conversion will take several minutes per CEL file to complete. The DSF file created is ready to be imported and analyzed
using either the Copy Number Segmentation tool or the LogR Association Tests and PCA window.

From here you can proceed to Step 2: Identify markers to exclude, Step 3: Correct for batch effects/stratification, Step 4:
Perform whole genome log ratio association tests, or Step 5: Run segmenting algorithm to generate segment means and
associated covariates.
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Step 2. Identify Markers to Exclude.

It is sometimes desirable to filter out problematic markers before running segmentation, such as those with low call rates
or gender-associated markers caused by effects of poorly randomized experiments. This tutorial will focus particularly

on identifying gender-associated markers and creating a list of these markers to be excluded when performing LogR
association tests and copy number segmenting (Steps 4 and 5). Other measures of quality control can be applied by
following similar workflows.

To find gender-associated markers you need to perform an association test with gender as the dependent variable and
LogRs as the independent variables. This can be done rather easily using the LogR Association Tests and PCA window in
CNAM.

Select >CNAM >LogR Association Tests and PCA.

LogR Association Tests and PCA E]@

I Principal Component &nalysis Parameters | Exclude SMPs

Input File
Select a LogR DSF File:
|C /Program Files/HelixT ree/AffymetrisLog2F atios. dsf Browse
|1,2,3,4,5,E,?,B,9,1 0111213 141516.17 18192021 224 Chromosomes
Association Tests

[ Comelation/Trend

v T-Test

¥ Regression
Phenotype: | Choose Sheet

Guantitative ar Binary Trait -

™ Comect Batch Effects/S tratification with PCA
I~ Output the PEA adjusted LogHs to a DSF

Output LogR DSF: | Browse
Association Test Comection
¥ Use Uncarected Dependent
¥ Use Conected Dependent
Help Bun LClose

Figure 11. LogR Association Tests and PCA window.

From this window, Browse to the LogR DSF File created in Step 1. You can then choose which Chromosomes you want
to perform association tests on. In this case, select all chromosomes - this will be the default if your LogR DSF contains
information for all chromosomes. Then, Check the association tests you would like to perform.

Next, you need to select a spreadsheet within HelixTree containing your phenotype information - gender in this case. If you
have not already imported your phenotype spreadsheet, from the project navigator window go to >File >Import Data and
choose either >Import Wizard or >Import ASCII File. Make sure to indicate the column with your sample names as the
row label column. This will ensure each sample’s gender status is appropriately matched to its LogRs when performing the
association test.

Once your phenotype spreadsheet is imported into HelixTree, from the LogR Association Tests and PCA window click
Choose Spreadsheet, select the appropriate phenotype spreadsheet and click OK.

Having selected a phenotype spreadsheet, the Quantitative or Binary Trait box will be activated. Scroll down and select
the gender column to make it the dependent variable.
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Now you can perform association test(s) on gender. You may also simultaneously correct for batch effects or stratification
using principle component analysis. This will be covered in Step 3, so for now Uncheck the Correct for Batch Effects/
Stratification with PCA box. Click Run.

The result is a spreadsheet with markers as rows and p-values for each test statistic as columns (Figure 12).

Note: The p-values in this spreadsheet are not Bonferroni corrected.

Gender Phenotype Spreadsheet E]@
File Edit Analysis Scripks Help
FEDR HEy U
Unsort | | B 7 | B 2 | B 9
Label Car/Trend R [Uncorected T-Test P Rearession P
1 SMP_A-1909444 -0.00377131119582981 0.823508363199204 0.823432253119141 | =
2 SHP_A-2237143 0.00297 273861785001 0.860445447603635 0.860370113324788
3 SHP_4-4303347 0.0194605599286368 0.191918833784528 0.248892640619752
4 SMP_A-1886933 -0.00137270647033976 0.9352976557 38768 0.93527917183582
5 SMP_A-2236359 -0.001718149902357 35 0.519065538734702 0.91903198312007
[ SHP_A-2205441 -0.002438045202258 0.835354075894425 0.8853362047 21447
7 SHP_A-2116150 -0.000358987451739524 0.953061865247547 0.9530557713497 84
8 SHP_A-4291020 0.0150409345276207 0.373698887332074 0.373183707330558
k] SMP_A-1902458 -0.01297436843593132 0.442884085341335 0.443055460974337
10 SMP_A-2131660 -0.0045808063208643 0.786461196029565 0.786410156719538
11 SHP_a-2103514 0.00161390723349707 0.923960583210927 0.92393626554308
12 SHP_A-2291957 001822994 27396875 0.205395472190104 0.280420071469763
13 SHP_A-4277372 0.0079980345611 7563 0.636207005526453 0.B36393022730367 |
14 [SNP_A-4221087 4| | »
Shest 1 Gender Phenotype Spreadsheet J e

Figure 12. P-value spreadsheet that results after performing LogR association tests.

You can plot each column to visually inspect the markers associated with gender by Left Clicking on the column number
and selecting Plot this Column. You should see a plot similar to Figure 13 with significant peaks across the genome,
signifying gender-associated markers.

3 Plot of Corr/Trend P from CN Association Tests - Additive Model B =%
Fie
<A &
226336
20+
15
o
o
g
™
k=] 10
54
0000131177
ZFFFIEFEEE 2% 22 27 2
2253228322 25 22 £y
IrprEzhlhas 3 + 2 by 2
R g &2 52 2
SEERISLEES A 83 B8 5
Eog- ok ¥ g Bk
225 EE e = B
(CH_774180F) Simes' Methad Window:  [1] |——————————
Rasat Yiew TogllaF =
< Copy o Clipboard

Figure 13. P-value plot representing gender-associated markers.

Now you need to create a row subset spreadsheet of only those markers whose p-values are less than a given cutoff (e.g.
.01).

To do this, first go back to the p-value spreadsheet, Left Click on the column number again and this time select Sort
Ascending. Scroll down to the first marker that exceeds your cutoff p-value and Left Click that marker’s row label once.
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This will turn the entire row grey, which means it is now inactive. To inactivate the rest of the markers above the cutoff, hold
down the Shift key, scroll to the bottom of the spreadsheet and Left Click the last marker’s row label. All markers greater
than the p-value cutoff should now be inactivated, and all markers less than the cutoff should be activated (Figure 14).

Column Subset of Gender Phenotype Spreadsheet Data Set

B|[=11X)

File Edit Analysis Scripts Help
LR T T
Unsart | | R 5 | R 4
Label I T-TestP Fiegrezzion P
278 SNP_A-4270717 0.00935179304237022 0.00344028333258958 ﬂ
273 SHP_A-2272357 0.003404:31 732301 606 0.00937219846291608
280 SMP_A-2003037 0.003439651 35187087 0.009518829221 46557
281 SMP_A-2189724 0.009546025051834524 0.00953102289084243
282 SMP_A-4286047 0.0095340504841:3044 0.009601 7541064616
283 SHP_A-2247741 0009656191 76117508 0.0096596 7933700473
284 SMP_A-1983139 0.00974669833284939 0.009306756591598763
285 SHP_A-1911744 0.00975375186335047 0.0038345283001 2235
286 SMP_A-2248627 0009937134041 21669 0.003957 28603223884
287 SHP A-2303853 0.01000595384214313 0.00359281 4641650555
288 SMP A-1788619 0.0700329865792353 0.0100677115256932
283 SHP A-4249323 0.07071322339218938 0.003840375597610854
290 SHP A-2238433 0.0101397180111156 0.070198350537 2926
291 SHP A-1888457 007015251 02586662 0.0101953898671121
292 SMP_A-1935730 0.0701550758938977 0.00578139655487515
293 SHP_A-2019351 0.07102181 721159165 0.0102223332761201
294 SHP A-2250476 0.070321596593139253 0.0102033313554147
295 SHP_A-4280709 0.0105683155938547 0.01057404 36858816
296 SHP_A-2280531 0.0705745402228183 0.010395488219958
297 SHP A-1820126 0070658675231 3221 0.01069031 46481935
235 SHP A-4247302 0.01 0520527553614 0.010901 7532019541
293 SNP A-4270572 007052874591 883567 0.0105433664607 46 -
300 SHP_A-2158865 LI |
Column Subszet of Gender Phenotype Spreadsheet Data Set I b4

Figure 14. Inactivating markers greater than p-value .01.
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Next, from the spreadsheet menu, select >Edit >Row
>Subset Spreadsheet. This will create a new spreadsheet
with only the markers below the p-value cutoff (or those
activated in the original spreadsheet). Finally, export

this spreadsheet as a CSV file by selecting >File >Save a
Comma-Delimited Text File. Browse to a path where you
want the CSV file saved and click Save.

Next, you need to delete all the columns in the CSV file
except for the first containing the marker names. This can
be done easily within Excel or other spreadsheet editing
programs. Once you have a CSV file with a single a column
of marker names, it can be used in Steps 4 and 5 to exclude
markers when performing LogR association tests and copy
number segmenting.

You can now proceed to Step 3: Correct for batch effects/
stratification or skip to Step 4: Perform whole genome LogR
association tests or Step 5: Run segmenting algorithm to
generate segment means and associated covariates.




Step 3. Correct for Batch Effects and Stratification

Sometimes, finding an association can be confuted by population stratification. This is because a condition may be more
prevalent in one group of samples than in a different group, and therefore there will be a spurious association between the
condition or trait being tested for and any genetic characteristics varying between the two different groups.

While it is good practice for studies to be based upon the most homogenous test subjects as possible, it has been noted
that even those who classify themselves as “Caucasian” have mild variation in genetic characteristics problematic enough
to confound a study done over thousands of genetic markers.

Additionally, it has been our experience, especially with copy number analysis, that there is evidence of variations in

test equipment confounding studies. These are referred to as batch effects, which are often the result of improperly
randomizing the genotyping of cases and controls, males and females, etc. For example, perhaps all cases (or all females)
were done at one site or day and controls (or males) at another.

This tutorial will lead you through correcting LogRs for batch effects and stratification using an Eigenstrat-based principal
component analysis (PCA) method. The result will be a new DSF file with PCA corrected LogRs. This file can then be used to
perform LogR association tests or copy number segmenting (Steps 4 and Step 5).

Determining How Many Principle Components to Use

Before you apply PCA to your LogRs, you need to determine how many principal components to use in the analysis.
Determining this is to some degree an open question. First off, if you choose as many components as there are markers,

you will wind up subtracting out ALL effects, thus getting nothing from your tests.

A better option is to determine the components themselves with their corresponding Eigenvectors and then look at the
pattern of the Eigenvalues.

To do this, from the project navigator window select >CNAM >LogR association tests and PCA.

Note: From this window you can also perform LogR association tests (Step 4) at the same time as correcting for batch
effects or stratification. This tutorial will treat each step separately.

LogR Association Tests and PCA E]@

t lPﬂnclpalEumpunsnmnalys\sFarametsrs ] Exclude SHPs

Input File
Select a LogR DSF File:

‘E.fFlugram Files/HelixTree/tfymetixLog2R atios.dsf Browse
‘1,2,3,4,5,8,7,8,9,1 011,12131415,16.1718.19,20,21,22 Chromosames
Association Tests

[~ Caonelation/Trend

[ T-Test

™ Regression
Phenatype: | Chonse Sheet

Quantitative or Binary Trait: -

Jv Corect Batch Effects/Shiatification with PCA
Iv Dutput the PCA adiusted LogRs to a DSF:

DOutput LogR DSF. ‘C.fFlugram Files/HelixTreelfymetixLog2R atios_Comected. dsf Browse
Association Test Corection
¥ Use Uncarectzd Dependent

¥ Use Comected Dependent

Help Run Cloze

Figure 15. LogR Association Tests and PCA window ready to perform
PCA analysis on LogR DSF file.
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From this window, Browse to the LogR DSF file created in Step 1 and click Open. Notice by default all the chromosomes
will appear in the box below the input DSF file location. Only those chromosomes appearing here will be corrected.

Note: Including the X chromosomes may result in an erroneous systematic shift of the data, so we recommend excluding
them from PCA analysis and adjusting the first 22 chromosomes. To do this click Chromosomes, uncheck ‘X"and click OK.

Since you are not performing association tests during this step, Uncheck the three association test boxes. Also Uncheck
the Correct Batch Effects/Stratification with PCA box since you first need to learn how many principal components to
use before applying PCA.

Next, click on the Principle Component Analysis Parameters tab.

LogR Association Tests and PCA E]@

Inpt | Principal Companent &nalysis Parameters I Exclude SMHPs

Principal Companents

FindUp Ta Top {100 E|: Components Iv Output Separate Spreadsheet of Eigenvalues

PCA Outlier Removal
[ Recompute Components  Lp To |5 3 Times Bemaoving Outliers [More Than |6.0  Standard Dewvistions)

from |5 El: Caompaonents

Help Bun ‘ LCloze |

Figure 16. Principal Component Analysis Parameters tab set to find 100 principal components.

In this tab enter the number of principal components you want CNAM to find. For this first pass analysis, you should choose
to find more than you believe are necessary. Beware that the more you enter, the longer the analysis will take. Next, check
the Output Separate Spreadsheet of Eigenvalues box. For the purpose of this tutorial, do not worry about PCA Outlier
Removal. Click Run.

When the analysis finishes, two spreadsheets are created, one containing Eigenvalues (Figure 17a) and the other principal
components (Figure 17b). At this point, you are still deciding how many principal components to use, so you can delete the
principal component spreadsheet.

.
@ Sheet 1 g@ =] Copy Number PC Eigenvalues (Additive Model) E]@
" N . . File Edit Analysis Scripts Help
File Edit Analesis Scripts Help : e
: rETL aliwy AES
PETR miial>
= Unsort| | R 1 | R 2 | R 3 | R 4
Unso[tl R 1 | Subject E\ = 53,2444 EV =18.7829 EV =10.7776 EV=833136
L | 1 |CEU_MADSSEE . -D.D12625363: 0010334601 0.007304328 0021451419 |« |
| sgeawale 2 |CEU_MAOESS1 0014542525 0.003306347 0001879653 -0.023395637
L. £3.24430011520547 + | 3 [CEU_NADE3S3 -0.0711 00305 0.01051 2362 0.008525789 0.02622865
2 18.7829048068888 4 |CEU_NADEI34 -0.013021929 0.010529939 0.006428132 -0.01 9939554
3 10.7775668822979 | 5 |CEL_MAO7000 0012433762 0012604317 0.00305411 -0.029122289 —
- & |CEL_NAO7OTS 0014046205 0013646526 -0.003585103 -0.015744678
4 8.3313612332435 7 |CEL_NAO70ZZ 0012442558 0010934228 0002736595 0017174758
5 560213501 230017 & |CEL_NAGTOZS 0013373914 0.012000247 0.0020758793 0013534341
[ 485294501 311866 9 [CEU_MADTO34 -0.013227088 0.012216104 0.0057592213 -0.012735367 | v
7 3.89808921 3097 76 107 JCEU_NADTO4E | | >
] 3 4R3R059598795 Copy Mumber PC Eigenvalues [Additive Model] ‘ »
2 2767432341653 Figure 17b. Principal component spreadsheet.
10 2 544BER36558315
11 2.26999033788234
12 213781868995749 | -
3 4] >
Sheet 1 bt

Figure 17a. Eigenvalues spreadsheet.
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From the Eigenvalue spreadsheet, which contains one column of Eigenvalues, Left Click on the column number (1) and
choose Plot this Column. You should get a plot similar to Figure 18.

24 Plot of Figenvalue from Sheet 1 Lo Though therg is Furrently no optimal way to decide
e how many principle components to use, if the first
< [B & few Eigenvalues are very large compared with the

remaining Eigenvalues, then a reasonable guideline
is to use that many components in the second

md analysis when applying the PCA technique. In Figure
18, notice how the size of the Eigenvalues begins to
smooth out around 10. Using more than nine may
result in diminishing returns and may even adversely
20 affect the results.

B3.2444

Eigenvalue
w
8
1

Note: For a more thorough discussion of
stratification, principal components analysis, and
Eigenvalues see:

0.0712248

Price, Alkes L., Patterson, Nick J. Plenge, Robert M. Weinblatt,
Michael E. Shadick, Nancy A. Reich, David. (2006). Principal

0}
Components Analysis Corrects for Statification in Genome-

100 Walue -log10 Value n
Feset V] Ei { A . . . . .
[sion e Wide Association Studies. Nature Genetics 38, 904-909.
Eigerwalug 00712248 114737 < Copy to Clipboard [Vae =]

Patterson N, Price AL, Reich D (2006) Population Structure and
Eigenanalysis. PLoS Genetics 2(12): e190. doi:10.1371/journal.
pgen.0020190.

Figure 18. Plot of Eigenvalues.

Applying PCA Correction

Now that you have determined the number of principle components to use, you can go back into the LogR Association
Tests and PCA window to correct for batch effects and stratification.

Again, Choose the DSF file you want to correct and Uncheck all the association test boxes.

Next, make sure the Correct Batch Effects/Stratification with PCA box is checked this time.

You also need to check Output the PCA adjusted logRs to a DSF. This allows you to import and segment the PCA
corrected data using the Copy Number Segmentation window (Step 5), or use it as the input DSF in this window to run
LogR association tests (Step 4) without having to re-run PCA correction each time. Browse to the path where you want to

save the corrected DSF, name it and click Save.

Note: It is good to give the DSF file an intuitive name, such as one referring to the number of principal components used.
The corrected LogRs will differ depending on how many principal components are used.

Click on the Principal Component Analysis Parameters tab.

Here you need to enter the number of principle components you determined previously. This time it is not necessary to
output the Eigenvalue spreadsheet so you can Uncheck this box. Again, for this tutorial don't worry about PCA outlier
removal.

Next, click on the Exclude SNPs tab.

From this tab, you can now exclude the markers you identified in Step 2. Browse to the CSV file created in Step 2 and click
Open. A list of markers from the CSV file should now be listed as in Figure 19.
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ok Tests and PCA ==& When you are finished, click Run.
Irgut | Principal Companent Andlyis Parametens | [Exchude SHF4] |
ey The result for this particular analysis is a new DSF file containing PCA
Impoet & list of SHIPs from & CSV or tesd fle: Browe [

Fes [ corrected LogRs minus the excluded markers and a secondary principal
oL component spreadsheet.

o From here you can proceed to perform LogR association tests (Step 4)
Pty or perform copy number segmentation (Step 5) on the corrected DSF.

Figure 19. Exclude Markers tab.
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Step 4. Perform Whole Genome Log Ratio Association Tests.

It is advantageous to perform association directly on LogRs prior to running copy number segmentation (Step 5) because
the computation time is much faster and it provides a good first look at the data. Please note however, the number of
LogRs will be much greater than the number of copy number segment covariates resulting in a greater multiple testing

penalty.
LogR Association Tests and PCA E]@
Inpul 1 Principal Companent Analysis Parameters | Exclude SMPs ]
Input File
Select a LogR DSF File
|C:!Prog|am Files/HelixTree AffumetrisLog2R atios. dsf Browsze
| 12345B678310111213141616,17.181920.21,22x Chromosomes
Association Tests
v Conelation/Trend
v T-Test
¥ Regression
Phenotype: [ Choose Shest
Quantitative or Binarp Trait =
[ Cormect Bateh Effects/Stratification with PCA
I~ Dutput the PCA adiusted LogRs to a DSF:
Dutput LogR DSF | Browse
Association Test Correction
[¥ Use Uncorrected Dependent
¥ Use Carrected Dependent
Help Bun Cloze

Figure 20. LogR Association Tests and PCA Window.

You can perform LogR association tests on any LogR DSF
file. We recommend first correcting for batch effects and
stratification and filtering out problematic markers as
covered in Steps 2 and 3.

Note: LogR association tests can be performed
simultaneously while correcting for batch effects and
stratification and excluding problematic markers, all from
the same window. This tutorial works through performing
each process separately.

To get started, from the project navigator window select
>CNAM >LogR Association Tests and PCA. In this
window (Figure 20), Browse to the PCA corrected LogR
DSF file created in Step 3 and select the Chromosomes
you want to test. Check the box next to the association
test(s) you want to run.

Next, you need to select a spreadsheet within HelixTree
containing your phenotype information, in this case,
case-control status or quantitative trait. Your phenotype
spreadsheet should have already been imported during
Step 2. If you have not already imported your phenotype

spreadsheet, from the project navigator window go to >File >Import Data and choose either >Import Wizard or >Import
ASCII File. Make sure to indicate the column with your sample names as the row label column. This will ensure each
sample’s phenotype status is appropriately matched to its LogRs when performing the association test(s).

Once your phenotype spreadsheet is imported into HelixTree in the LogR Association Tests and PCA window, click Choose
Spreadsheet, select the appropriate phenotype spreadsheet and click OK. A list of all quantitative and binary variables in
the phenotype spreadsheet will now appear in the next box. Select the variable you want as your dependent.

Because the DSF file selected above already contains PCA
corrected LogRs, uncheck the Correct Batch Effects/
Stratification with PCA box. This will inactivate all PCA
related options, including the parameters on the next tab.

If you wish to exclude other markers than those already
excluded in Step 3, go to the Exclude Markers tab,
Browse to the CSV file with the additional markers and
click Open.

You are now ready to perform association. Click Run.
The result will be a p-value spreadsheet (not shown)
with all the marker names in the first column and their

corresponding p-values in each additional column.

You can plot each column by Left Clicking on the column
number and selecting Plot this Column.
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4 Plot of T-Test P from Sheet 3

[B][=1%

File

dogll T-Test P

VELBATEN NG

(SNP_A-2144281%

SNP_A-1812082

Walue
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T-TestP 0770378 0113298 < Copy to Clipboard Jogl0 Value ~

Figure 21. P-value plot from t-tests on PCA corrected LogRs.
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In some cases, there may still be spurious associations across the genome (as seen in Figure 21). To reduce some of the
noise you can apply a Median Smooth script to the p-values of each column. The Median Smooth script calculates a

moving median centered about a given observation plus/minus a user-defined window size. This script is not provided
with the software but can be downloaded from our online script repository.

http://www.goldenhelix.com/SNP_Variation/scripts/index.html

To use the Median Smooth script, Download the mediansmooth.py file from the webpage above and Save it in your ../
HelixTree/scriptsht/spreadsheet/edit/ directory. Next, from the p-value spreadsheet select >Edit >Median Smooth. A
dialogue window will appear asking for a moving window size (Figure 22).

Ed HelixTreeBeta

Use window of 1 + how many markers: |3

ok | Cancel |

Figure 22. Median Smooth script with a 3 marker window size.

Enter an appropriate window size (i.e. 3) and click OK.

Note: A window size of 3 would include 7 observations

The result is a new p-value spreadsheet with the original p-value columns and new median smoothed p-valued columns.
You can again plot each column by Left Clicking on the column header and selecting Plot this Column.
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Bl

¢
FRE434 -

B0 -

50 -

40 4

30

20 4

10+

log10 Carr/Trend P [Conected] Median Smoothed +3

3

L

® 000981 e

4
1
E
3

% dNS

5 dNS

% dNS

+dNS |
NS

5 dNS

w~dNS
NS
7 dS B
~dNS
NS
7 ds
NS
W dNS
W dNS
W dNg
wdNS £
NS
7 dNS
NS

% dNS

5 dNS

5 dNS

¥ dhS

¥ dNS
W dNs
W dNS £
W dNg

_dMNS

% dNS

¥ dNS

5 dNS

v dNS
W dNS

W dS

¥ dnS

% dNS
NS

W diE

¥~ dhg
¥ dNg

FrFE06 |
¥11000E
ELEBLEL
CEFEBE |
BYEZRTY
GEELATY
A981EE]
CO0BEL|
BSTHCAL
0FLEQTH
O2EBT LT
LZ80EDT
oLor0TE
86201TF
CLLZBGL
BCS0FAL
£1£1802
LELLITE
GIGLETE
986081
CEQDEL)
¥5486LE
G9L8CTH
FEERLTT
185956
19186Le
LELTE
BOBFLTT
A¥¥88LE
EOFBE LT
CTERLTE
8089181
LETLHTE
0LLLETT
FEELGE]
9TT0LEL
BGE00EY
BELEG LT
BELEFTY
9SIBRTEN NS
CILFEFTT
LELBLTEN dMS

SMP_A-4245547 Walue -loglo Yalue

Fiesst Wigw ‘ Con/Trend P (Conected) Median Smoathed +-3 j
CarnTrend P (Caorrected) Me30.194725 07105877 <~ Copy to Clipboard Jogll Yalue ¥

Figure 23. Plot of median smoothed p-values.

You should see far fewer spurious associations in a smoothed plot (Figure 23) versus an unsmoothed plot.

By Left Clicking and Dragging on the plot you can zoom into a region. Zooming in on a significant spike (Figure 24)
should reveal a region spanning several markers with multiple significant p-values.
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Figure 24. Zoomed p-value plot of ~10 marker significant peak.
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A quick way to determine where significant markers
reside on the genome and what genes they are
associated with is to join the p-value spreadsheet
with a marker map containing these markers. Such
a marker map was imported in Step 1 and should
already be in the project.

To do this, go back to the Median Smoothed p-value
spreadsheet and select >File >Join Spreadsheets
on Row Labels. Select the appropriate marker

map spreadsheet and click OK. The result is a
spreadsheet with marker names, p-values and
marker map information.

From here you can go to Step 5 to run the Golden
Helix segmenting algorithm on only those
chromosomes revealing significant LogR association
results or the entire PCA corrected LogR DSF.
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Step 5. Run Segmenting Algorithm to Generate Segmenting Mean Values and
Covariate Table.

CNAM employs an optimal segmenting algorithm that utilizes dynamic programming to exhaustively search through all
possible change-points in LogR data to discover regions of markers in which LogRs vary significantly from region to region.
These regions will generally be where there is copy number variation in your data.

The segmenting process is optimized by working at three levels:

1. If desired, the region of markers is subdivided into a moving window of sub-regions.

2. A unique segmenting algorithm is applied to find multiple segments wherever possible, and by implication,
segment boundaries which we term “cut-points”.

3. A permutation algorithm is applied to validate the found cut-points.

CNAM offers two types of segmenting methods, univariate and multivariate. These methods are based on the same
algorithm, but use different criteria for determining cut-points. The multivariate method segments all samples
simultaneously, finding general copy number regions that may be similar across all samples. This method is preferable

for finding very small copy number regions, and for finding conserved regions that may be useful for association studies.
For a given sample, the covariate is the mean of the LogRs within each segment for that sample. If there are consistent
positions for copy number variation across multiple samples, the copy number segments will be found. In reality, there may
not always be consistent copy number segments across multiple samples. The univariate method segments each sample
separately, finding the cut-points of each segment for each sample and outputting a spreadsheet showing all cut-points
found among all samples.

This tutorial will focus on performing multivariate segmentation. The result will be two spreadsheets. The first is a copy
number segment covariate spreadsheet which contains the mean LogR value for each sample within each segment of
markers. The second is a segment means spreadsheet which contains columns for the chromosome number, segment start
position, segment end position, segment mean, and the segment length in number of markers. Optionally, a Wiggle file
may also be generated with found regions and can be viewed using a supported genome browser.

Performing Copy Number Segmentation

Ed Import and Run Copy Number Segmentation [:]@

From the project navigator window, select >CNAM >Copy finpi | Optional Output | Excluds Markers
Number Segmentation. The window at (Figure 25) right will Input File
appear' Select a LogR DSF file:

|- #Program Files/HelixTree/AfimetiisLog2R atios_Corrected. dsf Browse
As with LogR association tests, you can perform segmentation [1234567891011.1213.14.15.16,17.18,19.20,21 2224 Chiomosomes
on any LogR DSF file, though we recommend first correcting Impert Options
for batch effects and stratification and filtering out problematic @ Import Segmenting Fiesuits ¢ Import LogR Ratio Data
markers as was done in Steps 2 and 3. S

Algarithim: " Univariate o Multivariate
Browse to the LogR DSF file created in Step 3 and select the S it & None £ Maving Window
Chromosomes you want to segment. Wawing window size (HENPs):  [T0000

M ax segments per window: |4D
Note: Segmentation takes a fair amount of time to run. You Min #imarkers per segment: |1
may want to start with only those chromosomes that showed Max paiwise permuted pvaue: [001
interesting regions from the LogR association tests in Step 4. Murber of threads: 2

Fiun Log:

The next section, Import Options, can be somewhat confusing.
There are two options, Import Segmenting Results or Import
Raw Data. These are asking whether you want to import the
results of the segmentation performed in this step into HelixTree
or simply the LogRs of the DSF selected above. Notice if you Help Bn | Cos
select Import Raw Data, all the segmentation options below will
be inactivated because segmentation will not be performed.
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Why import the raw data into HelixTree? Importing the raw data will enable you to perform tree-based association on the
LogRs rather than the copy number segment means. With a few minor workarounds you can also visualize copy number
segments directly in HelixTree rather than with an external genome browser.

Importing raw data into HelixTree is not covered in this tutorial. If you want to perform this operation, it is recommended
that you either create a smaller DSF file based on a smaller sample size in Step 1 or only import a single chromosome at
time. This is necessary because LogRs cannot be sparsely stored like SNP data, resulting in a spreadsheet that may exceed
available computer RAM causing the program to crash. For this reason, we developed the LogR association test and PCA
window as covered in Step 4.

Select Import Segmenting Results.

The next section, Chromosome Segmenting Options, allows you to choose which method you want to use for
segmenting (multivariate or univariate) and to optimize the speed of the analysis. For the purpose of this tutorial, select
the Multivariate algorithm and leave the rest of the parameters as the default values. For more information about these
parameters, see section 25.3.4 of the HelixTree manual.

Next, click on the Optional Output tab. Check the Optional Bookmark File Output box if you want to export the segment
means to a UCSC Wiggle Track (WIG) format file. WIG files allow you to view segment results in supported genome browsers
such as UCSC's Genome Browser and Affymetrix’s Integrated Genome Browser (IGB). Viewing segment results in UCSC’s
Genome Browser will be covered in Step 7.

Note: If you are considering using UCSC’s Genome Browser, be aware there are limitations affected by the parameter
settings in this step. Please see Step 7 before proceeding.

Enter a file name and Browse to a path where you want to save the WIG file and click Save.

Note: If outputting WIG files while using the univariate segmenting algorithm, the browse button will have you select a
directory location because a WIG file will be generated for each sample. These files will be named using the sample name.

If you wish to exclude additional markers other than those already excluded in Step 3, go to the Exclude Markers tab,
Browse to the CSV file with the additional markers and click Open.

You are now ready to run segmentation. Click Run. &2 Copy Number Segment Covariate Spreadsheet BE]

Fle Edt Analysis Seipts Hel

APEDT &l A&

When segmentation has completed, two spreadsheets Unsar| R i IR 2 R 3 R i IR 5 R
. X Sarmple Thri T8 Chil 17.24 Chi 263 Thri 334
will Pop up. The firstis a copy number seg ment 1 semp\eupm - T 005373299163171 | 0125536373980343)  0.0266431250080030]  0.0363540010576% i‘
. . . . 7 [sampleiiz 0BTISEIEBTING | OMIGHI2727I88 . 0 [
covariate spreadsheet (Figure 26), which contains I - o o ML tar oo
the mean LogR value for each sample within each : zzzﬁ:ﬂﬂi o | i i s e
segment of markers. The second is a segment means B T Donizsnezrtias Dol Doucarr ez
Spreadsheet (Figure 27), which contains columns 19n 22:323?3 UIDZ;E;:QE:E:;EEE 73.0513117010334733 -guuzwmzaa?aa?z]a 33573747435317844 73.0835873370511457
. T samplell1 1302401 1B516743 1 44002312681 4 4GENTI6MES, 0G7IAEDGIIITI  NICOMITASNAINGED
for the chromosome name, segment start position, Bl E o EINELTE T
13 samgleni3 it o1 TETHRA30716 -
segment end position, segment mean, and the o s o | Hil
Sheet1 | Copy Mumber Segment Covariate Spreadshest Jﬁhaeta x

segment length in number of markers. If you selected
to output a WIG file this will be stored at the path you
chose above.

Figure 26. Copy number segment covariate spreadsheet.

Segment Means g@
File Edit Analysis Scripts Help
From here you can visualize found copy number FEEL R G
1 Unsart 1 2 3 4 5
segments in a genome browser (Step 7) or move on to | C [ | Lz |
Sample Id Chromosome Mame Base Start Position Base End Position Segment Mean #5NPs
performing association analysis on the copy number T et b s S| oo serosmoess 17| &
2 sample002 1 884 300 0.0198965310803888 17
i 3 sample003 1 884 900 0.014069411684405 17
Segment covarlates (Step 6). 4 sample004 1 884 00 0.0113641767050414 17
5 zample00s 1 884 500 0.0405415303676444 17
B sample008 1 884 500 0.0634152367574108 17
7 sample007 1 884 800 -0.00675305926887428 17
g sample00g 1 884 00 0.130309117629248 17
9 sample003 1 884 300 0023523294421 6798 17
10 sample010 1 884 300 0.135334648411064 17
" sampled1 1 884 900 0.0309441161944506 17
12 sample012 1 a4 900 0.0 07459421 475034 17| =
13 [eampled13 < [ »
Segment Means %

Figure 27. Segment means spreadsheet.
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Step 6. Perform Association Analysis on Copy Number Segment Covariates

The next step is performing association analysis on the copy number segment covariates identified in Step 5. To do this,
you first need to join the copy number segment covariate spreadsheet with your phenotype data.

Your phenotype spreadsheet should already be in HelixTree from Step 2. If you have not already done so, from the project
navigator window go to >File >Import Data and choose either >Import Wizard or >Import ASCII File. Make sure to
indicate the column with your sample names as the row label column. This will ensure each sample’s phenotype status is
appropriately matched to its copy number segment data when performing the association test(s).

Open your phenotype spreadsheet and select >File >Join Spreadsheets on Row Labels. Select your copy number
covariate spreadsheet and click OK. A new spreadsheet will be created (Figure 28) with your sample names as row labels
followed by each sample’s phenotype information and then its mean LogR value for each segment.

=l Copy Number Covariates with Phenotype Data [Z]@
Eile Edit Analysis Scripts Help
sERL Gy A
Uriart| [B 1 |R 2 | R 3 | R 4 | R 5 | R
Sample Caze? Chrl:1-E Chrl:7-16 Chrl:17-24
T [eamplenal 1T 0.0514499991635402 | -0L0539732991834171 0126536373980343 | =
2 |sampleD02 1 0.14865934593465783 | -0.006118595988421 202 0.015591 287273591362
3 |sampleD03 i -0. 06831 DBE31 0405673 -0.03152075997 336984 0.02111737 34569456
4 [ sampled0d [ 0.0159908315787713 | 0.000732899829745293 0.137121250503697
5 |samplel05 1 0.116444398323762 0.0279185397 322202 -0.0126222507036827
B |samplel0B 1 0.0663468343257304 -0.0243329334391043 0.0371860023587342
7 |samplel0? 1 0.086EEE1650241426 0.00323359966278076 0.0604269979521632
8 |samplel08 1 0.024342166345054 -0.01814939934 28508 0.0234258762709796
9 |sample003 1 0.764146844546 -0.0434103989042342 0.0032842439B0561435
10 |sample010 0 0.12769150113066 0.0619117010384738 | -0.00247012437857213
11 | sample011 i -1.30240116516749 -1.440023501 2661 -1.4B831 73596855
12 |sample012 1 0.027752169097 4633 -0.030507600307 4646 -0.0420574357551739 |
LN e e ;H
Copy Number Covariates with Phenotype Data J »

Figure 28. Simulated joined phenotype and copy number segment covariate
spreadsheet.

Next select >Analysis >Interactive Tree Analysis.

A window (Figure 29) with a single box (referred to as the root node) will
appear and display the number of samples in your data set (n), the mean
value of the response variable (u), and the response variables standard
deviation (s). From this window you can either perform tree-based
segmenting or regression association analysis.

Note: This tutorial only covers basic tree and regression analysis. To learn
more about advanced capabilities of tree analysis see Chapter 7 in the
HelixTree manual.

Tree-Based Segment Association

Similar to how the segmenting algorithm works in CNAM to identify copy
number variations from LogRs (Step 5), HelixTree employs segmenting to
find the optimal split(s) in a dataset whereby the mean(s) of the resulting

subgroups differ based on a given variable (e.g. mean intensity values for

a given marker). HelixTree then performs the appropriate association test
to determine whether the differences in means among the subgroups are
statistically significant.

HelixTree is unique in that can use this segmenting association approach
to find multi-way splits supported by the data. This is especially powerful
when considered in the context that a deletion or duplication is a
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Performing association analysis on this
spreadsheet is done using the classic tree-
based analysis approach in HelixTree. To do
this, from your joined spreadsheet, first Left
Click once on the column header of your
dependent variable. This will turn the column
magenta indicating its dependent variable
status. You can also Left Click twice on the
column header of each non-copy number
segment column header to turn it grey. This
will inactivate these columns so they won't be
used during analysis. If you want to include
them, leave them black.
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Figure 29. Interactive Tree Analysis root node:
n =500 samples, u = 62% cases, s = standard
deviation of .48.
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disruption, and a disruption may lead to higher incidence of disease. In cases where a basic test of association, such as
regression and t-tests, may not find anything, a multi-way split may find that patients with a segment mean LogR near 0
(copy number two) may have a lower incidence of disease than patients with a higher or lower mean LogR (the tails).

To perform basic tree-based segment association, Right Click on the root node and select Manual Split. This will pop
up the Manual Split window (Figure 30) with a list of p-values, the copy number segment covariates (referred to here as
splitters), and the split rule used to perform the association.

i Node N of Tree View 1 =]
Chaose Splter
War § P aP FOR (aP) bP Splitter Split Type Split Rule ‘ -
29 6.61E-18 4.Z5E-12 1.15E-10 1.15E-10 Chrl:210-216 monotone { ® <= -0.123 } { -0.123 < x <= 0.0503 } { 0.0503 < ¥ ¥
18 4.22E-03  6.73E-01 1. D0E+00 1.00E400 Chrl:125-130 nonotone {® <= -0.114 } { -0.114 < x }
3 4.76E-03  7.44E-01 1. D0E+00 1.00E4+00 Chrl:1-6 nonotone {® <= 0.432 } { 0.432 < x }
27 5.06E-03  7.84E-01 1. D0E+00 1.00E400 Chrl:201-203 nonotone {® <= -0.377 } { -0.377 < x }
17 2.44E-02  1.00E+00 1. D0E+00 1.00E400 Chrl:119-124 nonotone {® <= -0.324 } { -0.324 < x }
19 1.05E-02  1.00E+00 1. D0E+00 1.00E400 Chrl:131-140 nonotone { ® <= 0.00234 } { 0.00234 < x }
20 2.82E-02 1.00E+00 1. D0E+00 1.00E400 Chrl:141-151 nonotone { ® <= -0.828 } { -0.828 < x }
21 3.94E-02 1.00E+00 1. D0E+00 1.00E400 Chrl:152-156 nonotone {® <= -0.39 } { -0.3% < x }
22 7.35E-02  1.00E+00 1. D0E+00 1.00E400 Chrl:157-162 nonotone {®<=-1.6 } { -1.6 <X }
23 7.35E-02  1.00E+00 1. D0E+00 1.00E400 Chrl:163-171 nonotone {® <= -1.61 } { -1.61 < x }
4 5.07E-02  L1.00QE+00 1. DDE+00 L.00E+00 Chrl:172-185 nonotone { % <= -0.346 )} { -0.548 < x }
5 4.87E-02  1.00E+00 1. 00E+00 L1.00E400 Chrl:186-135 monotone { % <= 0.0809 } { 0.0908 < x }
6 5.89¢E-02  L1.00E+00 1. 00E+00 L1.00E400 Chrl:l96-200 monotone {x <= 0,424 } { 0.484 < x )
16 7.3%E-02  L1.00E+00 1. 00E+00 L1.00E400 Chrl:ll2-118 monotone { % <= -0.838 } [ -0.838 < x } j
Create Spit ‘ Define Spit ‘ Plot P Values by Var # ‘ Plot FOR (by 2] ‘ Don't Spit ‘

Figure 30. Manual Split window highlighting significant region Chr1:210-216 with F-Test
Bonferroni corrected p-value (bP) of 1.15E-10.

Clicking on each row of the Manual Split window will change the tree view to reflect the various split rules. Clicking on
Plot P Values by Var # will plot the p-values for each segment covariate, which will produce a p-value plot similar the ones
created in Step 4.

You can visualize the association results for each splitter by clicking Define Split at the bottom of the Manual Split window.
This will plot the segment mean LogR values against the response variable. For copy number segment association, you will
typically see a plot with a binary (two-way) or three-way split (denoted by one or two vertical lines respectively).

Figure 31a, shown below, displays a binary split. Notice how the plot is centered around zero on the X-axis. This is because a
LogR of zero is equivalent to copy number two. A rudimentary interpretation of this plot is that on average, a copy number
equal to or less than two will result in a reduced incidence of disease (control), whereas a copy number variation greater
than two will result in a greater incidence of disease (case).

Figure 31b, shown below, is a screenshot of a three-way split. The interpretation of this plot is that on average, a copy
number less than or greater than two will result in a greater incidence of disease (case), whereas a copy number variation
equal to two will result in a reduced incidence of disease (control).

Define Split for N (=1 Define Split for N =1
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e
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S ]
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0 P p— e 0 .
T T T T 1
0762143 05 0 05 0829512 0782193 05 0 05 0823512
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_t —Lt
[irs ‘ Cancal ‘ Resst Yiew | [Refined datapoints +| [ Awerage overall ~| LS ‘ Cancel ‘ Resel View | [ Refined data points =] [ verage overal |
Figure 31a. Binary split. Figure 31b. Three-way split.

If you see a plot where the LogRs go from low to high or high to low, there is a good chance an additive affect is taking
place. In this case, it would be best to perform regression association.
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Tree-Based Regression Association

Regression association is also performed using interactive tree analysis with a modification to one of the tree options.
To perform regression, go back to your joined phenotype/copy number segment covariate spreadsheet. Make sure your
response variable is still magenta and select >Analysis >Interactive Tree Analysis. This will again pop up the tree view
with a single root node. From this window select >Tree >Options. The following window will appear.

o Options [z]

g ]Node\f’iew ] LD Parms I
Minimum elements per child: |1 Max Segments: |10

Segmenting Algorithm: |Approximate: O(n™1.5] j

Farallel threads: |1 Reszampling iterations: {10000

P value threshold

" RawP " Adusted P+ Bonferroni adjusted P [1.00E-02

ultiveay split painwize P value threzhold |1.UUE-U5

Iv Usze missing walues as predictors (impute missing data for HTR)

Iv Mon-genstic splits [~ Haplotype Trend Hegression

[ v Linear/Logistic Redression ] [T Genotype splits

(= Fired window size

W lgnore marker mapping

" Window size using genetic distance of | urits

Marker window size: [1
Fdinimum frequency: (0,01

Eslimate Frequencies Using € CHM = EM

I awimum ER terations |50 Et Conwvergence Tolerance |0.0007
ok | Cancel | Help

Figure 32. Tree options with Linear/Logistic Regression selected.

Toward the middle of the window there is a check box Linear/Logistic Regression. Check this box. This will enable
regression to be performed from the Tree View.

Note: Based on your response variable, HelixTree will automatically perform a linear regression for quantitative dependent
variables and logistic regression for binary dependent variables.

Click OK.

Now from the root node in the Tree View, Right Click and select Manual Split. A similar window to Figure 33 will appear.

Made N of Tree View 2 =[]
Chooss Splitter
Var # P aP FDR (&F) hP Splitter Split Type Split Rule -
28 2.19E-07 2.19E-07 5.00E-06 5.90E-06 Chrl:Zl0-2l8 regression Case-Control - logit(0.495812 + 2.8983 Chrl:210-216) { ? = 0.824 }
30 1.94E-06 1.94E-06 2.81E-05 5.22E-05 Chrl:l63-171 regression Case-Control - logit(0.547863 + 3.24431 Chrl:163-171) { 7 = 0.624 }
25 5.56E-03 5.56E-03 5.01E-02 1.50E-01 Chrl:198-200 regression Case-Control - logit(0.512322 + 1.37917 Chrl:196-200) { 7 = 0.624 }
11 6.53E-02 6.53E-02 4.41E-01 1.00E+00  Chrl:71-84 regression Case-Control - logit(0.500005 - 1.16718 Chrl:71-84) { 2 = 0.624 }
1z 1.02E-01 1.02E-01 5.49E-01 1.00E+00  Chrl:g5-91 regression Case-Control - logit(0.496598 - 0.929455 Chrl:85-91) { 2 = 0.824 }
7 1.34E-01 1.34E-01 6.04E-01 1.00E+00  Chrl:33-44 regression Case-Control - logit(0.504388 + 0.927764 Chrl:33-44) { 2 = 0.824 }
23 1.35E-01 1.35E-01 5.21E-01 1.00E+00 Chrl:l172-185 regression Case-Control - logit(0.516131 + 0.759562 Chrl:172-185) { ? = 0.824 }
3 2.12E-01 2.12E-01 7.14E-01 1.00E+00  Chrl:l-6 regression Case-Control - logit(0.513415 - 0.522857 Chrl:l-6) { ? = 0.824 }
2z 2.86E-01 Z.66E-01 7.98E-01 1.00E+00 Chrl:l157-162 regression Case-Control - logit(0.514622 + 0.504258 Chrl:157-162) { ? = 0.824 }
14 2.84E-01 Z.84E-01 7.87E-01 1.00E+00 Chrl:l0l-108 regression Case-Control - logit(0.512308 + 0.377448 Chrl:101-106) { ? = 0.824 }
13 2.86E-01 Z.86E-01 7.02E-01 1.00E+00  Chrl:Sz-100 regression Case-Control - logit(0.501928 - 0.554909 Chrl:92-100) { 7 = 0.624 }
24 3.16E-01 3.16E-01 7.11E-01 1.00E+00 Chrl:l86-195 regression Case-Control - logit(0.509582 + 0.534908 Chrl:186-195) { ? = 0.824 }
17 3.65E-01 3.65E-01 7.59E-01 1.00E+00 Chrl:119-124 regression Case-Control - logit(0.504033 - 0.389055 Chrl:119-124) { » = 0.624 }
18 4.00E-01  4.00E-01 7.71E-01 1.00E+00  Chrl:125-130 regression Case-Control - logit(0.505032 - 0.370455 Chrl:125-130) { # = 0.624 }
5 4.20E-01  4.20E-01 7.57E-01 1.00E+00  Chrl:17-24 regression Case-Control - logit(0.504547 - 0.369235 Chrl:17-24) { 7 = 0.624 }
8 4.30E-01  4.30E-01 7.25E-01 1.00E+00  Chrl:d45-51 regression Case-Control - logit(0.508592 + 0.4765374 Chrl:45-51) { # = 0.624 } j
Creats Spit ‘ Defing Splt ‘ Plot P Values by ar # | Plot FOR [by aP) | Don't Spit |

Figure 33. Manual Split window highlighting significant region (Chr1:163-171) with regression based
Bonferroni p-value (bP) of 5.22E-05.
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Notice now there are regression Split Type's and the split rule is equivalent to the regression equation. The p-values are also
different because they are now based on a regression test.

Click Create Split. This will drop a residual node in the Tree View. (Figure 34). Notice the mean (u=) in the residual node is
now zero. From here you can plot the association results by Right Clicking on the root node and selecting >Visualize Split
Data >Show Split Data.

(48 Tree View 3 Q@H
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Figure 34. Residual node from regression “split” with option to view as-
sociation results (split data).

A plot similar to that in the Define Split window will appear (Figure 35).
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Figure 35. Regression association results.

From here you can repeat Step 5 and segment additional chromosomes or visualize interesting regions in an external
genome browser (Step 7).
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Step 7. Visualize Segmenting Results

There are tools available outside HelixTree to visualize your copy number segmenting analysis results. Using the optional
wiggle track file output in Step 5 you can view your segmenting results using UCSC’s Genome Browser or Affymetrix’s
Integrated Genome Browser (IGB). If you are analyzing lllumina data you can output the Segment Means spreadsheet
created in Step 5 as a bookmark CSV file to view your results in lllumina’s BeadStudio Genome Browser. This tutorial will
cover importing data into UCSC's Genome Browser. For more information on the other browsers see section 25.6 of the
HelixTree manual.

The UCSC Genome Browser is an online tool created by the University of California, Santa Cruz (http://genome.ucsc.edu/
cgi-bin/hgGateway), used to view genome data formatted in the Wiggle track format (WIG).

To import copy number analysis results in the UCSC Genome Browser, first go to the website address above. Select the add
custom tracks button to open the add custom tracks page. From this page browse for the WIG file created in Step 5 and
select Submit. The next page will have a table to view the tracks found in the specified WIG file. To add more data tracks
(samples), select add custom tracks. To view the tracks in the genome browser (Figure 36), select go to genome browser.

UCSC Genome Browser on Human Mar. 2006 Assembly
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Figure 36. UCSC Genome Browser showing HelixTree segmenting results.

Note: There are some restrictions on the data that can be imported into the UCSC Genome Browser because it is an online
tool. When performing multivariate segmenting analysis in CNAM, the results may contain segments that are only one
marker in length. The UCSC Genome Browser does not accept data files containing segments with length equal to one.To
avoid this conflict, in Step 5 set the Min #Markers per segment parameter in the Copy Number Segmentation tool to a
value greater than one.

The second conflict when using the USCS Genome Browser to view CNAM segmenting results occurs when the difference
between a segment’s chromosome start position and chromosome end position is found to be larger than 10,000,000 bp.
Currently the best way to handle this issue is to manually separate the large segments into multiple adjacent segments
with the same segment mean. The WIG file can be opened and edited in a text editor. Following the format outputted by
CNAM, insert rows to divide the long segment into multiple shorter segments.
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