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Data background (1)

 Hedenfalk et al. measured 3226 genes in seven
BRCA1 and eight BRCA2 mutation-positive tumor

samples.

 The goal of the study was to identify genes that
showed differential expression across breast
cancer tumor subtypes defined by these germline

mutations.

* Several genes with apparent outliers were
removed. This left 3170 genes.
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Data background (2)
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> head(SVA.exp.preprocessed)
p-value fold-change (log base 2) 51996 51822 51714 =s1224 =s1252 51510 =s1900 s1787 51721 51486 51905
0.089529 0.01223344
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21816 =s1616 s1063 31936
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> head({exp.annotation)
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catenin (cadherin-associated protein), alpha 1 (102kD)

ADP-ribosylation factor 3
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ribosomal protein LZ6

guanine nucleotide binding protein (G protein), alpha stimulating activity polypeptide 1
pre-mENL splicing factor SF3a (120 kDa subunit), similar to 3. cerevisiae PRP21



Substructure detected

* Hierarchical clustering of the data reveals notable
substructure within the BRCA2 samples.

e Applied SVA (Surrogate Variable Analysis) to
identified a single surrogate variable that appears

to capture this trend.
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Significance analysis

* Included this surrogate variable in a significance
analysis comparing BRCA1 and BRCA2 tumors.

 The number of genes differentially expressed
between BRCA1 and BRCA2 before and after

adjusting for surrogate variables.
g-Value Threshold
Analysis Type 0.01 0.025 0.05 0.10
Unadjusted 1 19 96 275
SVA adjusted 0 10 438 190




R package: sva (1)

* Create the full model matrix - including both
the adjustment variables and the variable of
interest (BRCA1/BRCA?2).

* The null model contains only the adjustment
variables.

> mod=model.matrix(~as.factor (Mutation) ,data=3Vi.pheno)

> modOd=model.matrix(~1,data=3Vi.pheno)

> svaCbhij=svallogz (3VA.exp.preprocessed[,-1:-3]) ;mod, mod0)
Number of =significant surrogate variabhles is: 4
Iteration (out of 5 j:1 2 3 4 5 > |



R package: sva (2)

* The f.pvalue function can be used to calculate
parametric F-test p-values for each gene. The
F-test compares the models mod and modO.

> pWValues.hefore=f.pvalue(log2 (3VL.exp.preprocessed([,-1:-3]) ,mod, modld)

ATT =

> geummary (gvyaluesoh ] . before)

Call:
gqvalue (p = pValues.before)

pil0: 0.67865083
Cumulative nudber of significant calls:
<le-04 <0.001 <0.01 <0.025 <0.05 <0.1 <1

p-value a 6& 228 392 S65 832 3170
q-value 0 0 1 19 96 275 3170
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R package: sva (3)
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R package: sva (4)

* Now we can perform the same analysis, but
adjusting for surrogate variables. The first step
is to include the surrogate variables in both
the null and full models.

> gvaObij=sval(logs (3VA.eXp.preprocessed[,-1:-3]) ,mod, mod0)
Number of significant surrogate variables 1i1s: 4
Iteration (out of 5 1:1 2 3 4 5

= mod3v=chind (mod, svathiifsv[,1])

> mod03v=chind (modl, svaltbijis$sv[,1]]

* Then P-values and Q-values can be computed
as before.



Step by Step: Open the text file

Use the Notepad to open the file named “SVA _command.r’ (text file).

EER ) pulication » pulication

HESE v &= e

Y

Ik

22

B3] Batch_effects_an_example.ppt
R exp.annotation.RData

R SVA exp.preprocessed.RData
IR svAphenoRData

|| SVA_command.r

.;}LSVA_commandAr -5

B=P [|EE) #FXO) BwENV =BEH)

HEHEHEREEEEEEE R package and example data loading  #HHHHREHHERERRE

# source("http://bioconductor.org/bioclite.R")
# bioclite("qvalue")

# source("http://bioconductor.org/bioclLite.R")
# bioclLite("sva™)

library(gvalue)
library(sva)

# getwd()
temp="D: /My Documents/C_language/TBI_report/workshop/"
setwd(temp)

load(file=paste(temp,"SVA.pheno.RData",sep=""))
load(file=paste(temp, "SVA.exp.preprocessed.RData",sep=""))
load(file=paste(temp,"exp.annotation.RData",sep=""))

SVA.pheno
head(SVA.exp.preprocessed)
head(exp.annotation)

HHHHAHRREHEHARRF check subgroup within BRCA2 samples #HEHEHHHAEHARAEH
11



Step by Step: Install R packages (1)

Source
biocli

libran
libran

# gety
temp="
setwd|

load(A
load(
load(A

source(“http://b

ioconductor.org/biocLite.R")
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head(SVA.exp.preprocessed)
head(exp.annotation)

2. Paste to the R window.

R™)

R package and example data loading

1. Copy the command lines for installing the R
package “qvalue”.

% ROUI (3£-DIY)
View Misc Packages Windows Help

File Edit

IR R Console
[1,1] 1.22
2,1 1.27
[3,1] 1.98
[4,1 1.16
(5,7 1.16
[6,] 1.02

ko ooo

44

.64
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> head (exp.annotation)
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Ctrl+V Title
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Step by Step: Install R packages (2)

ﬁ RGui (32-bit)
File Edit View Misc Packages Windows Help

=]ef[@] [2=]@] G
e oo =)

opened URL
downloaded 51 Eb

package ‘BiocInstaller’ successfully unpacked and MDS sums checked

The downloaded binary packages are in
C:\Users\User\AppData\Local\Temp\Rtmp4YdkaQ\downloaded packages

Bioconductor wversion 2.12 (BiocInstaller 1.10.2), ?biocLite for help

> biocLite ("gvalue™)

BioC mirror: http://bioconductor.org

Using Bioconductor version 2.12 (BiocInstaller 1.10.2), R wersion 3.0.1.

Installing package(s) 'gvalue'

trying URL 'http://bioconductor.org/packages/2.12/bioc/bin/windows/contrib/3.0/gvalue_1.34.0.zip'

Content type 'application/zip' length 559060 bytes (545 Kb)

opened URL E?

downloaded 545 Kb

package ‘gvalue’ successfully unpacked and MDS5 sums checked

The downloaded binary packages are in
C:\Users\User\ZppData\Local\Temp\Rtmp4¥dkaQ\downloaded packages

0ld packages: 'foreign', 'fOCvV ‘

Update all/some/none? [a/sq{n]: ﬂ

m

3. Type “a@” for updating all old packages.



Step by Step: Install R packages (3)

4. Repeat step 1-3. The
same way to install the
package “sva’.

. mj] SVA_command.r- £E&

BEF) R|E(E) BI(0) ®wEV) =EMH)

FHHEHEHEHEHEHEE R package and example data loading  #HEHEHEHEHEHEHE

source("http://bioconductor.org/bioclLite.R™)
bioclLite("qvalue")

source("http://bioconductor.org/bioclLite.R")

EEUL)
library(qval 2T
library(sva) E%m
# getwd() RL(P)
temp="D: /My RIF(O) ort/workshop/™
setwd(temp) sz
load(file=pzs  REIEZMNEREER) p=""))
load(file=ps §57 Unicode Z31272(S) d.RData",sep=""))
load(file=pz 2 Unicode ZEIZZ0 a”,sep=""))
SVA.pheno 57 IME(O)
head(SVA. exr ExEnR)
head(exp.anr I




Step b

—
IR RGui (32-bit)

File Edit View Misc

Packages Windows Help

EEREIRRRIFIE

IR R Console

> source ("http:/
> bioclLite ("sva"
BioC mirror: htt
Using Bioconduct
Installing packa
also installing

trying URL 'http
Content type 'ap
opened URL

downloaded 81 Kb

trying URL 'http
Content type 'ap
opened URL

downloaded 200 E]

package
package ‘sva’ s
The downloaded b

C:\Users
>

| SVA_command.r - =%
BEP SEE #BIH(O) BwEN) =|EBEH)

FHHHEHHFE R package and example data loading ###HHHHHHHEHEHE

source("http://bioconductor.org/biocLite.R")

bioclLite("qvalue™)

source("http://bioconductor.org/biocLite.R")

bioclLite("sva"

1ibrary(qvalue)
1library(sva)

‘corpcoE
=Y

# getwd()
temp="D: /My Documents/C_language/T
setwd(temp)

load(file=paste(temp,"SVA.pheno.RD
load(file=paste(temp, "SVA.exp.prep
load(file=paste(temp, "exp.annotati

SVA.pheno
head(SVA.exp.preprocessed)
head(exp.annotation)

2. Paste to the R window.

ROUI | 32-DIT)
File Edit

=] a] [[s]c] (@]

View Misc Packages

Windows Help

vy Step : Load R packages

Copy the command lines for
loading two R packages,
“qvalue” and “sva’.

IR R Console
[1,1] 1.22
b2:1. 1221
[3;] 1.98
[4;] i1.16
[S;¥ 1.26
[6,] 1.02

1.

[l == = =

.44
.64
14
.82
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22
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> head(exp.annotation)
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Step by Step : R environment

1. Change the current working directory for loading the example data files.

2. Replace the | SVA_command.r - £5%

symbol “‘V to “/”. BEF {EE) B0 wBRNV =EH

source("http://bioconductor.org/biocLite.R")
bioclite("qvalue")

source("http://bioconductor.org/bioclite.R")
bioclLite("sva")

library(qvalue)
library(sva)

# getwd()

|temp— 'C: \Useva\UseP\Desktop\Eﬁ%%é%ﬁ*%ﬁgaiﬁﬁi\bullcatlo*/iullcatlon/ |
setwd(temp)

load(file=paste(temp,"SVA.pheno.RData",sep=""))
load(file=paste(temp,"SVA.exp.preprocessed.RData",sep=""))
load(file=paste(temp,"exp.annotation.RData",sep=""))

SVA.pheno
head(SVA.exp.preprocessed)
head(exp.annotation)




Step by Step : Load example files

| SVA_commandr - =%

BEF KEE) BIXO) @\WRNV) HEH)

source("http://bioconductor.org/biocLite.R")

bioclLite("qvalue™)

source("http://bioconductor.org/bioclite.R")

biocLite("sva"

library(qvalue)
library(sva)

# getwd()
temp="C: /Users/User/Desktop/sE 373525

EEU)

BT
EEHE}
BaEP)
RIER(D)

SVA. phenc
head(SVA
head(exp

2. Paste to the R window.

% rOul (3£-DIY)

1.

File Edit View Misc Packages Windows Help

IR RConsole

(1,1
(2,1
(3,1
[4,]
(5,1
(6,1

(R S

22
.27
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.16
.16
1.
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> head(exp.annotation)
PlatePosition ImageCloneID
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Copy the command lines for
loading example files.

.38 0.73 0.63 0.77 0.66
.61 0.71 0.30 0.62 1.00
.43 1.71 1.26 1.41 3.00
0og 3.24 2.41 1.56 2.56
.01 3.25 2.20 1.09 1.29
.09 0.66 1.40 1.32 1.13
I NPaste Ctrl+V Title

(cadherin-associated protein), alpha 1 (102kD)
ADP-ribosylation factor 3

synthase (congenital erythropoietic porphyria)
ribosomal protein L26

guanine nucleotide binding protein (G protein), alpha stimulating activity polypeptide 1
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Step by Step : Command lines

mod=model.matrix (~as.factor (Mutation) ,data=3VAi.pheno)

The package “sva” command
lines.

modl=model.matrix (~1,data=3Vi.pheno)

svaChij=svalilogZ (3VA.exp.preprocessed([,-1:-3]) ,mod, mod0)

symbol<-rep(2,15)

The command for plottlng Sywbol [BRCAZ] <3
the graph. Svaohiisy

plot(1:15,svadbi$sv[, 1], xlab="Array",yvlab="Covariate Value",pch=svmbol)
legendi4,-0.4,c ("BRCAL", "BRCAZ") ,pch=c(Z,3) ,bty = "n")

. HEHHEHEHEHERERE compare g-value before/after batch effect HHEHHHHHEHEHEHEY
The command for computing

F-test and g-value.

pValues.before=f.pvalue (log (SVi.exp.preprocessed[,-1:-3]) ,mod, mod0)
gValuesObj.before<-cgvalue (pValues.before)

gesummary (gValuesObj.before)

mod3v=chind (mod, svaChjdsv[,1])
mod0Sv=chind (mod0, svaCbhjisv[, 1]}

pValues.after=f.pvalue(logZ (3VA.exp.preprocessed[,-1:-3]1) ,mod3v, mod03v)
gValuesChj.after<-gvalue (pValues.after)

gsumary (gqValuesObhj.after)




Appendix: print screen (1)

X &8 8 NE At A e

R Console =13

library(gqvalue)
libracy(sva)

# gecwd()
temp="D:/Hy Documents/C_language/TBI_report/workshop/"
setwd (temp)

load (file=paste (temp, "SVA.pheno.RData™, sep="") )
load (f£ile=paste (temp, "SVA.exp. preprocessed. Rbata™, sep=""} )
load (file=paste (temp, "exp.annotation.Rbata™, sep=""})

WOWOW WM WOV OW OV W W WOV VWV WY Y

SVA.pheno

NEJH-PatiencIh Mutation
T 1 ERCAL
ve L1 BRCAL1
ve 3 ERCAl
vio 7 ERCALl
vii 2 BRCAL
viz 4 ERCAL
Vi3 t1i) BRCAZ
vi4 s BRCAZ
vis =] BRCAZ
Vié p) BRCAZ
vi7 6 ERCAL
vie 13 BRCAZ
vig 14 BRCAZ
vzo 11 BRCAZ
vz1 12 BRCAZ

> head (SVA.exp.preprocessed)
g-value p=value fold-change (log base 2) 21996 =2182Z 31714 21224 21252 =1510 21900 21787 31721 =1486 =1905 316816 21616 =1063 =:1936

[1,) 0.0859525 0.01223344 1.203 0.15 0.22 0.30 0.26 1.22 0.44 0.35 1.10 1.07 1.46 0.38 0.73 0.63 0.77 0.66
[2,] D0.213752 0.07611987 -0.521 1.54 1.27 0.7¢ 0.85 1.27 0.64 0.50 O.64 0.78 0.55 0.61 0.71 0.30 0.82 1.00
[2,] 0.672438 0.95530284 0.002 1.72 1.57 2.13 1.09 1.98 0.74 1.71 1.16 1.33 1.46 2.43 1.71 1.26 1.41 3.00
[4,] 0.163987 0.04212934 0.690 0.71 1.24 1.69 2.23 1.16 0.82 1.44 2.03 3.60 1.20 2.08 3.24 2.41 1.56 2.56
[5,] 0.637670 0.84745741 0.053 0.94 1.53 1.87 1.19 1.1é 1.54 1.05 0.91 0.85 1.22 1.01 3.25 2.20 1.09 1.29
[6,) 0.377451 0.25437224 =-0.227 0.80 0.95 1.53 1.37 1.02 1.22 O0.78 0.9 0.65 1.02 1.09 0.66 1.40 1.32 1.13
> head (exp.annotation)

PlatePosition ImageCloneID Title
4 HE1A1 21652 catenin (cadherin-associated protein), alpha 1 (102kD)
5 HE1AZ 2zo1z ADP-ribosylation factor 3
6 HE1A4 22293 uroporphycinogen III sy { tal ecythrop ic porphyria)
? HK1AS 22493 ribozomal protein L2é&
8 HE1A6 23019 guanine nucleotide binding protein (G protein), alpha scimulating accivity polypepride 1
9 HE1A7 23132 pre-mRNA splicing factor 5F3a (120 kDa subunit), similar to 5. cerevisime PRPZ1
>
>
= 7
| M %} Bakch_eff




Appendix: print screen (2)

ax HEQ R A

8 (=] b Graphics: Device =]l
~

vis 14 BRCAZ 3
vzo 11 BRCAZ
Va1 12 BRCA2
> head (5VA.exp.preprocessed)

gq-value p-value fold-change (log base 2) =1996 81822 =1714 s1224 =1252 51510 =1900 s1787 =1721 s1486 =1905 s1816 =21616 =21063 21336
[1,] 0.085529 0.01223344 1.203 0.15 0.22 0.20 O0.26 1.22 0.44 0.35 1.10 1.07 1.46 0.38 0.73 0.63 0.77 0.66 & A
[2,] 0.213752 0.07611987 -0.521 1.54 1.27 0.7¢ 0O0.85 1.27 0O.64 0.90 O.64 0.78 O0.55 0.61 0.71 0.30 0.62 1.00
[3,] 0.672438 0.995302584 o.002 1.7z 1.57 2.13 1.09 1.9 O0.74 1.71 1.16 1.33 1.46 2.43 1.71 1.26 1.41 3.00
[4,] 0.163587 0.04212934 0.650 0.71 1.24 1.69 2.23 1.16 0.82 1.44 2.03 3.60 1.20 2.08 3.24 2.41 1.56 2.56 pain +
[5,] 0.637670 0.84745741 0.053 0.94 1.5% 1.87 1.19 1.1é 1.54 1.05 0.591 0.85 1.22 1.01 3.25 2.20 1.09 1.29 = + + +
[6,] 0.377451 0.25437224 -0.227 0.80 0.55 1.53 1.37 1.02 1.22 0.78¢ 0.6 0.65 1.02 1.09 0.66 1.40 1.32 1.13
> head{exp.annotacion) A

PlatePosition ImageClonelIl Title
4 HE1A1 21652 catenin (cadherin-associated protein), alpha 1 (102kD) s &
s HE1AZ 22012 ADP-ribosylation factor 3 8 1 a
6 HE1A4 22293 uroporphyrinogen IIT synthase (congenital erythropoietic porphyria) 4
7 HE1AS 22493 ribosomal protein LZ6 g
] HE1A6 23019 guanine nucleotide binding protein (G protein), alpha stimulating activicy polypeptide 1 =
9 HE1A47 23132 pre-mRNA splicing factor 3F3a (120 kDa subunit), similar to 5. cerevisiae PRPZ1 i
> =2
> HERHBERNERANERE check subgroup within BRCAZ samples SENHSRFSESREREY g g — +
£ 5 ' +
’ O
> BRCAl=which (SVA.pheno([, "Mutacion”]=="BRCA1")
> BRCAZ=which (SVA.pheno[, "Mutation™] =="BRCAZ"]
>
> mod=model.matrix (~as.factor (Mutation) ,data=SVA.pheno) g — +
- ' & BRCA1
Z mod0=model.matrix (~1,data=5VAi.pheno) + BRCA2
> svalCbj=sva(logZ (SVA.exp.preprocessed([,-1:-3]) ,mod,mod0)
>
> symbol<-rep(2,15) g -
> symbol[BRCAZ]<-3 ' +
> svalbjisv
(1] [.2] (3] (4] T T T T T T T
[1,] -0.01550500 -0.06346957 -0.295757985 0.28135222
[2,] 0.30975202 O0.22338364 0.106212414 0.07891533 2 4 6 8 10 12 14
[3,] -0.02298093 -0.56946215 -0.009682216 -0.51731850
[4,] 0.08520060 -0.20558439 0.163768683 -0.06873269
[S5,] 0.29635047 O0.32762443 0.045267743 -0.03384718
[6,] 0.03086823 -0.0B592774 0.302552340 0.35604415
[7,] 0.20187282 -0.10329907 0.164672789 0.13410345
[8,] 0.17522354 -0.05996738 0.051943643 -0.36904042
[9,] 0.18119710 -0.05810417 -0.305412223 -0.18796714
[1D,] 0.18405557 -0.05661662 0.362025595 0.27419233
[11,] 0.04739771 -0.11128608 -0.705597310 0.32237227
[12,] -0.19748974 0.54013239 -0.046892171 -0.30015913
[13,] -0.64699967 -0.15469287 0.139191736 0.19800041
[14,] -0.39011196 0.03909485 O0.060417068 -0.04994333
[15,] -0.23883078 0.33817674 -0.038710105 -0.11795178
-
> plot{1:15,svachi§sv[,1],xlab="hrray”, ylab="Covariate Value", pch=symbol)
> legend(4,-0.4,c("BRCAL"™, "BRCAZ"] , pche=c (2,3) bty = "n")
-
d
inEdt - [DMy Dos CAWIN CAWIND £} Bakh _an_




Appendix: print screen (3)

#WE &E B ME 24%8 A" #W@n

OIX] ;R Graphics: Device 2 (ACTIVE) = (=] 3
~
[7.,] 0.20187282 -0.10329907 O0.164672789 0.13410345
[e,] 0.17522354 -0.05996738 0.051943642 -0.36904042
[9,] 0.18119710 -0.05810417 -0.305412223 -0.187968714
[10,] 0.18405557 -0.05661862 0.362025595 0.27415232
[11,] 0.04739771 -0.11128608 -0.705597310 0.32237227
[12,] -0.19748574 0.54013239 -0.046892171 -0.30015512 & r
[13,] -0.64699967 -0.15469287 0.139191736 0.19800041
[14,] -0.3%011196 0.039094535 0.060417068 -0.04994333
[15,] =-0.23882078 0.33817674 -0.038710105 -0.11795178 ™ +
> = + + +
> plot({l:15,svathifsv], 1], xlab="krray", ylab="Covariate Value", pch=symbol)
> legend(4,-0.4,c("BRCAL™, "BRCAZ™) ,pch=c (2,3) bty = "n") A
>
&

.
> < 4
> BERRUHHABERREAN compare g-value before/after batch effect HEHHNEERRERERNE = & &
> E
> w
> pValues.before=f.pvalue (log2 (3VA.exp.preprocessed(,-1:-3]) ,mod, mod0] -
> gValuesOb).before<-gvalue (pValues . before) .3 .
> T o +
> geummary (gqValuesOb).before) g ! +

&)
Call:
qualue(p = pValues.before]
pio: 0.6786508 g - +

i
iy
Cumulative number of significant calls: + ggg:;
<1e-04 <0.001 <0.01 <0.025 <0.05 <0.1 <1

p-values k=] B2 228 sz 565 832 3170 ©
q-value o [ 1 19 56 275 3170 o
. -+
> modSv=cbind (mod, svatb)ifsv(,1]) T T T T T T T
> mod0Svecbind (mod0, svadbissv(,1])
y 2 4 6 8 10 12 14
> pValues.after=£.pvalue {log2 (SVA.exp.preprocessed[,-1:-3]} ,mod3v, mod0Sv)
> gValuesCb).after<-gvalue (pValues.after)
.
> goummary (qValuesObj.after)

Call:
gqualue(p = pValues.after)

pib: 0.6804528
Cumulative number of significant calls:

<le-04 <0.001 <0.01 <0.025 <0.05 <0.1 <1

p-value 10 40 188 3zz 484 729 3170
g-value o o o pLi} 35 149 3170
=
d




Appendix: print screen (4)

#WE &E B ME 24%8 A" #W@n

: 'R Graphics: Device 2 (ACTIVE) ] (=]
pi0: 0.6786508
Cumulative number of significant calls:
<1e-04 <0.001 <0.01 <0.025 <0.05 <0.1 <1
p-value 2 62 2ze sz 565 83z 3170 &
g-value o 1] 1 19 96 275 3170 A
&
>
> modSv=cbind (mod, svatb)§sv(,1]) A & +
> mod0Sve=cbind (mod0, svadbifsv(,1])
> v +
> pValues.afcer=f.pvalue (log2 (SVA.exp.preprocessed[,-1:-3]) ,modSv, mod0Sv) =7 iy
> gValuesOb).after<-gvalue (pValues.after)
.
> goummary(qValuesthj.after) - a +
[
Call: -g +
qualue(p = pValues.after) H]
= +
(=%
pil: 0.6916102 =]
& T
Cumulative number of significant calls: g‘
<le-04 <0.001 <0.01 <0.025 <0.05 <0.1 <1
p-value 2 ) 186 314 476 720 3170 + +
g-value o 1] o k] 34 143 3170
.
- w
> —
> HEBHESEHEEEEEES o exonple (eukaryotic translation factor 2 (EIFSZ)) #EHHESHEESHENESE ! & BRCAT
>
+ BRCAZ2
: +
> gene.no<-43
> T T T T T T T
> exp.annotation[gene.no,]
PlatePosition ImageCloneID Ticle 2 4 6 8 10 12 14
46 HE1E7 41511 eukaryotic translation initiation factor 2, subunit 2 (beta, 38kD )
>
> plot(1:15, log2 (SVA.exp.preprocessed(gene.no,-1:-3]),xlab="Array”, ylab="log2 (Expression) ", pch=symbol)
> legend{2,-1.5,c{"BRCAL", "BRCAZ"] ,pch=c(2,3) . bty = "n")
-
>
> pValues.before[gene.no]

[1] 0.01068463

> gValuesOb).beforefqvalue[gene.no)
[1] 0.09440496

>

>

> pValues.after[gene.no]

[1] 0.03754076

> gValuesOh).aftecr§gvalue[gene.no]
[1) 0.2022719

>
d




