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Impressive Increase
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2003: 10,000 loci x1

Example: 9Mb on Chr22




2004: 100,000 loci x10
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2005: 500,000 loci x50
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2006: 900,000 locl x90
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TODAY
2007: 1,800,000 loci x180

Price: 4,700 loci for an espresso = a ~10K chip for two lattes
(Berkeley, CA, Spring 2008)

_______________________________________________________




Affymetrix CEO, January 9, 2008:

2008(?): 30,000,000 loci
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File sizes:
6.0: 70 MB/chip
5.0: 50 MB/chip
500K: 130 MB/chip set
100K: 50 MB/chip set
10K: 5 MB/chip






aroma.affymetrix processes
unlimited number of arrays

Processes unlimited number of arrays:
— Bounded memory algorithms.
— Works toward file system.
— Persistent memory: robust & picks up where last stopped.

Memory requirements: 1.0-2.0GB RAM.
— Example: RMA on 4500 HG-U133A arrays uses ~500MB of RAM.
— Example: CRMA on 300 SNP6.0 arrays uses ~1.5GB of RAM.
— Example: FIRMA on 200 HUEx-1.0 arrays uses ~1.5GB of RAM.

Cross platform: Linux/Unix, Windows, OSX.

Supports most Affymetrix chip types:
— All chip types with a CDF (and some more).
— Custom CDFs.



aroma.affymetrix "Implements”
several existing methods

+ Pre-processing: L
— Background correction methods: RMA, gcRMA, ...
— Allelic cross-talk calibration, quantile normalization, spatial normalization, ...

Probe-level summarization:
— multiplicative (dChip), affine, and log-additive (RMA) models.

Post-processing:
— PCR fragment-length normalization, GC-content normalization.

Quality assessment:
— RLE (Relative Log Expressions), NUSE (Normalized Unscaled Standard Error)
— Spatial plots: probe signals, PLM residuals, chip effects, CDF annotations, ...

Paired & non-paired copy-number analysis:
— All SNP & CN platforms. Multiple chip types.
— CRMA (our methods for estimating raw CNSs).
— Segmentation method: CBS & GLAD. Easy to add more.

Alternative splicing:
— Finding Isoforms using RMA (FIRMA) (Purdom, Robinson, Simpson, Speed)



aroma.affymetrix is an
open-source solution

) Discussions - aroma. affymetrix | Google Groups - Mozilla Firefox 3 Beta 5 (Build 2001

Ele Edb Vew Hgory Booknarks Iodk tep

c 5| hitpforoups. goagle.com{group arom- affymetrixftopics7gve
G

032620)

0ogle Groups

. aroma.affymetrix

|[[ssarch tnis group | [ Search Groups

[ 1.0

Pages
few: Topiclst, Topi sunmar
Sort b Latest message, Frst necsace K Discussions
+new post
Topic Rating Messages Author Date
X FYL You can also use vou reqular 1 HenrikBengtsson (1 aution  Fep12 | Members;
emal address fo oin this aroup Flles
“ aroma afmetrxy0.81 released 1 Henrik Bengtsson (1 aution  Apr 6
X We need vourhel. 1 HenrikBengtsson (1 autho)  Apr14 | Abstieaias
dChip impor Tnew of 1 ecwooten (1 author) Aoz | Smemenbe
¢ a.uestion n exporting chs data Thew of 1 mortiz (1 authar) a2 [
Marasumant tss
extract posttion and copy number after Tnew of 1 vespinosa@inmegen gob e Apr 22
Seamenation (" author) s mambers
Chiomosome Exglorer data ovenwite 3 cstratowa ( Apr22
Problem with GLAD for Xba arays 1 cstratowa ( or22 Members:
Paralelizing the Total Copy Number o Henrlk Bengtsson (3 authors) Apr 22 Activity: Low activy
Analysis (WS
Problem in GWS 5.0 NV Detection 1 nongnane (1 authon Aorat
where can | ing some detalled 3 areencow (2 authars) Aor20 Seience and Technoiay » Bidoay
exalanation of Firma for exon array Conguders » Sottware
Problem in Identiication of copy-number 6 nongnone (2 authors) Aora change catecgries
jon: Pr More aroup nfo »
Ataurnent mismatch in 2 Henrik Bengtsson (2 autiors) Apr 17

Dene FoxyProcy: Disabled | ) € Cngulr Mikes Minder | 51/ @) Now: Partly Sunny, 15°C







Complete aroma.affymetrix script for copy-
number analysis of 270 SNP6.0 samples

cs <- AffynetrixCel Set $byName(" HapMap270",
chi pType="CGenoneW deSNP_6, Ful | ")

acc <- AllelicCrosstal kCalibration(cs)
csC <- process(acc)

pl m<- AvgCnPl m(csC, conbi neAl |l el es=TRUE)
fit(plm

ces <- getCnhipEffectSet(plm
fln <- Fragnent Lengt hNor nal i zati on( ces)
cesN <- process(fln)

seg <- CbsMbdel (cesN)
fit(seq)

ce <- ChronosoneExpl orer(seq)
process(ce)



Offline & online dynamic HTML reports
Example: ChromosomeExplorer

Chromosorme Explorer
Sample: NA1 2892 Zoom: [001] 02 004 [H08] [0 16] [032] 06H [x128]

Sample: [HADG225] [NACS2D3] [NADS2S] [HADTIOO] [HADTOZE] [NADTOS [NADTOSS] [HADT 0S5E] [HADT3A5] [MAOTIST] [MNA11520] [HNA1 18307 [HA1 1831 [NAT1232] [NA1 1239] [HAT 12407 [MA1 185 1] [NA1 1882]
[MAA 1992 [HA11993] [HA11994] [NA11995] [NA1Z2002] [HA12009] [MA12005] [MA1 2008] [MA12043] [MA120449] [HAT2056] [MA12057] [NA1Z 194 [N A2 1495] [HA12 196] [NA12154] [MA12155] [NA12 156] [HA12224]
[NATZZEE] [NATZ2230] [MA122498] [NA1ZZ290] [NATZ269] [MA12T 6] [MA1 2T AT [MA1Z2TE0] [MATZ2T 5] [NAT2TE0] [MATZTE 1] [NA1ZTE2] [NATZTER] [NATZ212] [MA12813] [NAT28 1] [NAT2215] [MA12 87 2] [MA128T 3
[NA1ZS7 ] [NATZETS] [NA12891] [NAIZE92]  Step: [prew][nexd] Play: [stad][stop] zlowerfaster
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B i .- b .o & g8 & e . . L 3 . k] .
Chr
y-axis
]
5]
iy
g
o
I
g
l M
=] =] =] =] =] =] [=] [=]
- nl 2] =+ 13} =) [
P'hy
ke ntitec regboas : Mapplg 2501 HepStot belea ks ik mage URL: Mapplag 2501 Ha Sk el M A 1 25500 0 b 123 000 Lo

HAVIGATION: * Drag the blue rectangle to scroll along genome, or® elick the navigator panel (fop)ito move the genome panel (bottom). * Double click the panel to move the verdical cursor. Click to lodk it. HINT:
“ou can also type, say 'TOS' + ENTER to select another sample. Same for all other links on thiz page. PROBLEMS™: If it get stuck loading, just click another link or reload page.

Chromosome Explorer by Henrik Bengtsson (o, braju. comdRA, 2006, iTerkdon IB508 Flreta 1520 Fowered by Mebeuts




Setup Is as simple as placing the files In
a strict & standardized directory structure

annot at i onDat a/
chi pTypes/
GenomeW deSNP_6/
GenonmeW deSNP_6, Ful | . CDF
GenonmeW deSNP_6, Ful | . UGP
GenoneW deSNP_6, Ful | . UFL

r awbDat a/
HapMap270, 6. 0, CEU, t est Set /
GenonmeW deSNP_6/
* . CEL



No (absolute) pathnames are used
- maximizes portability

annot at i onDat a/
chi pTypes/
GenomeW deSNP_6/
GenomeW deSNP_6, Ful | . CDF  GenoneW deSNP_6, Ful | . UGP

cdf <- Affynetri xCdf Fi | eSbyNanme(" GenonmeW deSNP_6", tags="Full")
print (cdf)

Affymetri xCdf Fi | e:

Pat h: annot ati onDat a/ chi pTypes/ GenoneW deSNP_6
Fi |l enane: GenoneW deSNP_6, Ful | . cdf

Fil esize: 470.44NB

File format: v4 (Dbinary; XDA)

Chip type: GenomeW deSNP_6, Ful |

Di mensi on: 2572x2680

Nunber of cells: 6892960

Nunber of units: 1881415



The file system is the memory
- data Is loaded only when needed

cs <- Affymetri xCel Set $byName(" HapMap270",
chi pType="GenomeW deSNP_6, Ful | ")
print(cs)

Af fymetri xCel Set :

Name: HapMap270

Tags:

Pat h: rawbDat a/ HapMap270/ GenoneW deSNP_6
Chip type: GenoneW deSNP 6, Ful |

Nunber of arrays:. 270

Nanes: NA06985, NA06991, .... NA07019
Total file size: 17.7CB

RAM 0. 01MB



Normalized data Is stored as CEL files
- Import to any software

acc <- AllelicCrosstal kCalibration(cs)

csC <- process(acc)

print(csC

Affynetri xCel Set :

Name: HapMap270

Tags: ACC

Pat h: probeDat a/ HapMap270, ACC/ GenoneW deSNP_6

Chip type: GenoneW deSNP_6, Ful |
Nunber of arrays:. 270

Nanes: NA06985, NA06991, ..., NA07019
Total file size: 17.7@GB
RAM 0.01MB

files <- getPat hnanes(csC

print(files[1])

[ 1] " probeDat a/ HapMap270, 6. 0, CEU, t est Set , ACC, r a,
- XY/ GenomeW deSNP_6/ NA06985. CEL"



Data sets (directories) are marked
with unique tags

gn <- QuantileNornalization(csC
csN <- process(qn)

print(csN)

Affynetri xCel Set:

Name: HapMap270

Tags: ACC, ON

Pat h: probeDat a/ HapMap270, ACC, QW GenoneW deSNP_6

Chip type: GenoneW deSNP_6, Ful |
Nunber of arrays:. 270

Nanes: NA06985, NA06991, ..., NA07019
Total file size: 17.7@GB
RAM 0. 01MB






Memoization speed up computational
expensive tasks by caching to file

Argument values -> md5 key -> cache lookup/update:
|1 brary(R cache)

nySl owcn <- function(foo, bar=2, verbose=TRUE) {
key <- |ist(nmethod="nySl owkcn", foo=foo, bar=Dbar)
res <- | oadCache(key)
1 f (is.null(res)) {

# Conmput ati onal expensive al gorithm
res <- ...

saveCache( key, res)

}

res
}



Extending
aroma.affymetrix




Methods can be added by subclassing
- CBS segmentation via a simple wrapper

set Construct or S3(" CbhsModel ", function(cesTupl e=NULL, ...) {

i brary(" DNAcopy")

ext end( CopyNunber Segnent ati onMbdel (cesTupl e=cesTuple, ...), "CbsModel")
1)
set Met hodS3("fitOne", "CbsModel", function(this, data, chr, ...) {

nbrO&f Units <- nrow data)

data <- DNAcopy:: CNA(genondat =data[,"M'], mapl oc=data[, "x"],
chronerep(chr, nbrOUnits))

DNAcopy: : segnent (data, ...)

})

set Met hodS3( " extract CopyNunber Regi ons", "DNAcopy", function(fit, ...) {
w th(fit$output, {
CopyNunber Regi ons(chronosone=chr om
start=loc.start, stop=loc.end, nean=seg.nean, count=num narKk)

})
})






aroma.affymetrix is preparing
for local-network parallelization

Given:
1. Shared persistent memory, i.e. file system.
2. Processing of arrays / units / probes in chunks.

Today:
1. Manually launch multiple hosts.

2. Run single-array methods (e.g. some normalization, segmentation
methods) by manual/tedious coordination.

Tomorrow:
1. Run identical analysis script on multiple hosts.

Requires:
1.A file-locking mechanism (HELP NEEDED?!).
2.Randomized processing (of arrays / units / probes).
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