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X 5/0CONDUCTOR

Preprocessing
* _ _ _ raw data — CEL files
— remove noise of optical detection |
SR background correction
o L
— make measurements comparable normalization
from different array hybridizations I
summarization
. '
— transcripts are represented in expression matrix
multiple probes
R and BioConductor mostly used
IN research
Markus Schmidberger, IBE UseR 2008
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raw data — CEL files

'
Problems e

background correction

’

normalization

o |

summarization

— data are stored In class ‘AffyBatch’ T

— complex class with a lot of different =~ ™"
slots

— AffyBatch Is memory intensiv

o
— Inefficient program structure
— Long computation time
Markus Schmidberger, IBE UseR 2008



Challengeg i

 Microarray experiments more: :

) _EDDDI

and more popular

e Microarray chips become
cheaper

— Experiments grow In size
— EBI experiment: 6000 Arrays

 Microarray chips grow in size ..

— More genes per chip

Markus Schmidberger, IBE
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Possible Solutions

e Business applications
— EXpensive, not adaptable

e Faster and bigger computers
— EXpensive, limited
— Main memory 256 GB: 60t €

e Better coding

— C, DB, hard disk
* hard disk as main memory -> aroma.affymetrix (Bengtsson)

— Concurrent calculation of parts at different processors
— Main memory 8 GB: 2000 € -> 60t € = 30 computers

Markus Schmidberger, IBE _ _ _ UseR 2008
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500 . ‘r'-
Parallelization B HIEE

e Multiprocessors

— the use of two or more central processing units
(CPUs) within a single computer system

— Today: Two-processors get a standard for
workstations

— OpenMP

— different parts of a program run simultaneously on two
or more computers that are communicating with each
other over a network

— Computer, network, software
— MPI

Markus Schmidberger, IBE UseR 2008
http://ibe.web.med.uni-muenchen.de August 12-14, Technische Universitat Dortmund, Germany



Software: MPI

« MPI Is an API for parallel programming based on
the message passing model

 MPI processes execute in parallel
 MPI Is a standard for libraries

e Libraries exists for
— FORTRAN, C, C++

- R: , papply )J, )
. IBE Cluster: LAM/MPI 7.1.3 W
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Decomposition of AffyBatch

o AffyBatch = intensities from multiple arrays

 \Which IS

—A|lN ™ =
glg g 2 the best ?
@ . :
— Partition by chips
Probe 1 — Partition by probes
FliEieD 2 — Partition of CEL file name list
Probe 3
®
Probe N
— A lot of data to transfer
— Create AffyBatches at nodes
— Complete preprocessing method:
preproPara()
Markus Schmidberger, IBE UseR 2008



Quantile Normalization

START
malize AffyBatchQuantilesPar
v
Partition
Initialize AffyBatch Initialize AffyBatch Initialize AffyBatch
v I v
Sort Columns Sort Columns = Sort Columns
Calculate row means Calculate row means Calculate row means

o] Coomomgumesn] (oo

Calculate full row means

Normalize Normalize 00 - Normalize

e ) [rome ] o [t

Rebuild AffyBatch

. STOP
Markus Schmidberger, IBE ) . UseR 2008
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affyPara — Code
Usabllity

R> library(affy)
R> AB <- ReadAffy()
R> AB_bgc <- bg.correct(AB, method="rma")

R> AB_norm <- normalize.AffyBatch.quantiles(AB_bgc, type="pmonly")

R> library(affyPara)

R> c1 <- makeCluster(5, type=,MPI") # type=,nws"

R> AB <- ReadAffy()

R> AB_bgc <- bgCorrectPara(cl, AB, method="rma")

R> AB_norm <- normalizeAffyBatchQuantilesPara(cl, AB_bgc, type=,pmonly*, verbose=TRUE)
R> stopCluster(cl)

Build hard disk file structure (/rawdata, /annotationData)

R> library(aroma.affymetrix)

R> cdf <- AffymetrixCdfFile$fromChipType(,HG-U133A")

R> cs <- AffymetrixCelSet$fromName(name, tags, chipType=cdf)
R> bc <- RmaBackgroundCorrection(cs)

R> ¢sBC <- process(bc)

R> AB_bgc <- extractAffyBatch(csBC)

Markus Schmidberger, IBE _ _ _ UseR 2008
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Package

» BioConductor Package with
parallelized affy-functions

— Version 1.1.7
— Solves main memory problems

— More CEL Files preprocessable
o |IBE Cluster: ~ 16.000 microarrays

— Speedup

 Parallelization methods produce In view of
machine accuracy the as serialized
methods.

— All.equal(), machine's precision.
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of the methods up to factor

Quantil Normalization

Speedup
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New methods based on
parallelization strategies

_ Partial cyclic loess
Complete cyclic loess on 3 nodes

Py 123 n 123 n

; 'y
.
inilib

3

— Array Permutations

— ~ 75% of complete n
loess normalization

— Same (good) results

Permutationg of Arrays

e Using Boxplot and 2-3 fimes
Histogramm A
— Speedup: 6-7 (100 ,
arrays) ay
3

1
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Large project in applied
bioinformatics in preparation

* Collecting cancer data from public libraries

— ArrayExpress, GEO, ...
microarrays ??

-> more than

* Preprocessing

* Analyzing

Markus Schmidberger, IBE
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Collecting data from public
libraries - Results

Second / Referenz Data Set:

Lymphoma 673 (Expression Project For
Oncology)

Colon 128 * cancer patients from the expO
Breast 2109 RIOCE
Prostate 300 ©1973 HG-U133 Plus 2.0 ChIpS
Lung 256
Leukaemia [1163
SUM
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ldeas for analyzing
Differences In gene interaction
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modelling and estimating gene interaction

Cancer 1/ Group 1 Cancer 2 / Group 2 Cancer 3/ Group 3

Normalization all together
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¥ 5/0CONDUCTOR

Parallelization in R & BioC

e Multiprocessors <-> pnmath, ?? ROMP ??
— Multiprocessors available for everyone
— Difficult to use in packages

e Multicomputers <-> Rmpi, snow, papply, ( pvm )
— Cluster not available for everyone
e Cloud Computing <-> ?? RamazonEC2 ??

— Cluster Management necessary
« sfCluster or slurm or ?? RSunGridEngine ??

« GPU
— New and promising technology
— Probably available for everyone (graphic board - cheap)
— NVIDIA CUDA <-> ?? RCUDA ??

Markus Schmidberger, IBE _ _ _ UseR 2008
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Parallelized preprocessing algorithms
for high-density oligonucleotide array data
&
Large applied study for evaluation
M. Schmidberger, U. Mansmann; Parallelized preprocessing algorithms for high-
density oligonucleotide array data; 22th International Parallel and Distributed

Processing Symposium (IPDPS 2008), Proceedings, ISBN: 978-1-4244-1693-6, 14-
18 April 2008, Miami, FL, USA. IEEE 2008
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Literature Parallel Computing
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Problems

Computation Time

Qo //O
@ | | --- AffyBatch 2
—— Background correction RMA g/@
Quantile normalization -

S - --- Summarization avgdiff-pmonly /p’

¥ — —- Expresso preprocessing Q,Q

S How many arrays can | RMA

process?
° (Ben Bolstad)
CEL files http://bmbolstad.com/misc/Comp
uteRMAFAQ/size.html
System max. CEL files
64-bit linux system with 4 GB main memory 400 Chip: HG-U133A
32-bit linux system with 4 GB main memory 160 45.000 Probes
32-bit Microsoft Windows XP system with 1 GB main memory 60 - orlesrows
Markus Schmidberger, IBE UseR 2008



Collecting data from public
libraries

 Chip Type ?

e Search criteria

— Size of experiments

— Avallable data:
— data

e Databases

— ArrayExpress (AE)
— Gene Expression Omnibus (GEO)

3.6.2008
GEO ID AE ID Beschreibung # GEO # AE SUMME
GPL69 A-AFFY-33 | HG-U133A 16490 17161 33651
GPL570 A-AFFY-44 | HG-U133 Plus 2.0 14323 6888 21211
GPL2641 | A-AFFY-65 | Mapping 10K 2.0 Array Xba 142 7823 45 7868
GPL91 A-AFFY-9 HG-U95A 4708 1429 6137
GPL97 A-AFFY-34 | HG-U133B 3830 4017 7847
* Lung, leukaemia, breast, prostate, colon, lymphoma
UseR 2008
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