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Recap: Microarrays (1)

When?
e introduced in 1995
What?
» measure extracted mRNA transcripts of a cell

How?

* hybridize the amplified and labeled transcripts to template strands on
a solid surface (microarray), measure which and how many
transcripts have bound

Why?

» to measure gene expression levels of a cell
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1.28 cm . =

Shining a laser light at GeneChip® array causes
tagged DNA fragments that hybridized to glow

1.28 cm

Actual size of
GeneChip® array

Neon-hybridized DNA

Millions of DNA strands
built up in each location

6.5 million locations on
each GeneChip® array Actual strand =

23 base pairs
Hybridized DNA

From Computer Desktop Encyclopedia
Reproduced with permission.
© 2007 Affymetrix

RMNA fragments with fluorescent tags from sample to be tested fiym

~ RNA fragment hybridizes
with DNA on GeneChip® array



Recap: Microarrays (4)

Probes
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Recap: Microarrays (5)

 \What is measured?

DNA fragments of
25 bp length

 How to get gene expression level from this, when only
DNA fragments of 25 bp length are measured?



Recap: Microarrays (6)

MRNA reference sequence

/



Recap: Microarrays (6)

MRNA reference sequence
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Recap: Microarrays (6)

' MRNA reference se quence
5 /

Probe set

3!
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Recap: Microarrays (6)

MRNA reference sequence
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probe

Probe set

<) MRNA reference sequence 3'

. TGTGATGGTGGGAATGGGTCAGAAGGACTCCTATGTGGGTGACGAGGCC. ..

AR RA AR RR RN Y
CCTTACCCAGT(TTCCTGAGGATAC perfect match probe

>< CCTTACCCAGTUAITCCTGAGGATAC mismatch probe
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Recap: Microarrays (6)

MRNA reference sequence
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. TGTGATGGTGGGAATGGGTCAGAAGGACTCCTATGTGGGTGACGAGGCC. ..

AR RA AR RR RN Y
CCTTACCCAGT(TTCCTGAGGATAC perfect match probe

>< CCTTACCCAGTUAITCCTGAGGATAC mismatch probe

Fluorescence intensity image
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State of the art: Problems (1)

» Affymetrix platforms currently in use were designed
before genomes were fully sequenced

- many probes were designed after consensus sequence of clusters
of Expressed Sequence Tags (ESTs)

* Problem: design of probes based on (meanwhile)
outdated genomic knowledge!

(we know it better now)
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State of the art: Problems (2)

* Problem:

— accurate probe set definitions essential for integrating probe
signals into expression levels!

- many old Affymetrix chips still in use in research community
- it takes a lot of time to develop new chips

- What to do with the studies that have been carried out with older
chip-generations?

e Solution:

- analyze the data using updated probe set definitions

15



Updated Probe Set Definitions

= reannotation of the the existing probes on Affymetrix
platforms

— reannotation better reflects transcript information and gene
annotations available today

» Updated probe set definitions map probes to transcript
annotations, e.g.

- EnsEMBL transcripts

- Refseq
- Entrez GenelD

16



Updated Probe Set Definitions
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Motivation (1)

o original Affymetrix probe set definitions:

- many probe sets map to the same gene

* integrative microarray studies use ad-hoc heuristics to integrate
these values into a single expression estimate

e updated probe set definitions

— erroneous or non-specific probes are removed

- probe sets targeting the same gene/transcript are pooled

« fewer probe sets compared with the original
* number of probe pairs per probe set is no longer identical
- better/worse ?!
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Motivation (2)

e Studies showed:

- Updated probe set definitions affect approximately 20-30% of all
probe sets — affect a large portion of gene estimates!

- Genes identified as differentially expressed using original and
updated probe set definitions only show 50% overlap!

- Improvement of cross-platform reproducibility of microarray
experiments when using updated probe set defintions
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Purpose of this study

« Such updated probe set definitions are now available

- can easily be integrated into bioconductor packages (affy, gcrma)

- map the platform probe signals to genes, transcripts and even
exon expression levels

e Aim of this study

- evaluate the impact of updated probe set definitons on precision
and accuracy in estimated expression levels
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Study Design

« What?

- Re-analysis of raw data using updated probe set definitions
- Comparison of results with original Affymetrix probe set definitions

 Why?

- Does usage of updated probe set definitions improve precision
and accuracy of results?

» Hypothesis: variable number of probe pairs integrated into each
probe set — might have negative impact on precision? (fewer probes
in some probe sets)
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Methods (1)

 How?
- Re-analysis of a gene expression data set using

 the original probe set definitions
» 6 updated probe set definitions (custom CDFs)
- Dataset:

« 2 RNA samples which differ in expression of only a few genes

» both samples were hybridized to 2 HG-U133A Affymetrix arrays each
by 5 different labs
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Methods (2)

Sample A, B



Lab 1

Methods (2)

Sample A, B

T,

Lab 2 Lab 3 Lab 4

Lab 5
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Methods (2)

Sample A, B

Lab 3 Lab 4

Hybridized to

~ 2 arrays
NE (HG-U133A)

Lab 5
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o Methods (2)

Sample A, B Hybridized to
2 arrays
(HG-U133A)

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5

A1, A2 A1, A2 A1, A2 A1, A2 A1, A2
B1, B2 B1, B2 B1, B2 B1, B2 B1, B2
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| Methods (2)

Sample A, B Hybridized to
2 arrays
(HG-U133A)

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5

A1, A2 A1, A2 A1, A2 A1,A2 Rawdata
B1, B2 B1, B2 B1, B2 B1,B2 files (CEL)
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| Methods (2)

Sample A, B Hybridized to
2 arrays
(HG-U133A)

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5
A1, A2 A1, A2 A1, A2 A1,A2 Raw data
B1, B2 B1, B2 B1, B2 B1,B2 files (CEL)

Apply probe
set definition

ensEMBL enseMBL Entrez UniGene
transcripts genes Gene IDs RefSeq
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i | Methods (2)

T Sample A, B Hybridized to
N

2 arrays
(HG-U133A)
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| Methods (2)

Sample A, B Hybridized to
2 arrays
(HG-U133A)

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5
A1, A2 A1, A2 A1, A2 A1,A2 Raw data
B1, B2 B1, B2 B1, B2 B1,B2 files (CEL)

Apply probe
set definition
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Experimental Data

* 4 arrays per lab

- 2x sample A (A1, A2)
- 2x sample B (B1, B2)

» computed expression values using 7 different probe set definitions
(default vs. updated) and 3 different probe set summarization
algorithms

* Within each lab:
 pairs of replicates used to estimate precision and accuracy
* 5 l|abs performed identical experiment:

» estimated precision and accuracy obtained in each lab can be
summarized to provide a robust assessment of the effects
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Precision (1)

 Measures data reproducibility and variability

* Precision = correlation between the relative log2
expression ratios of the 2 RNA samples using the 2
pairs of replicate pairs:

- A1/B1 vs. A2/B2
« Clear indication of experiment performance

— Correlation of 1 — perfect precision

— Correlation of 0 — no precision
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Precision (2)

« Comparison of precision between original probe set
definitions and updated probe set definitions:

Table |: Improved precision using update probe set definitions

ensEMBL exon ensEMBL gene ensEMBL transcript_ Entrez RefSeq UniGene
MASS 00014 0.013 0013 Q.04 Q.ole QU023
p = 0.094 p = 0.057 p = 0.0092 p = 0.056 p=00l8 p = 0.052
RMA 0035 0.053 0.030 0.059 0.045 0.047
p = 0.004] p = 0.00025 p=0.007] p= 0.000] | p = 0.00045 p = 2.9E-06
GCRMA Einy 0.023 -0.0043 0.040 0.031 0.028
p = 0.000051 p = 0.045 p=0.28 p=0019 == p=0.062 p =0.007
Mean precision difference
| for updated probe set
. definition compared with ignifi '
Precision better for all updated the original prgbe set (SZIqtgliTIeCc?n(;?rggctjlrees"’gnce
probe set definitions but exons P 13

— why?



Precision (3)

« Possible reason for decrease in precision for probe set
definition to ensEMBLE exons?

- mean number of probes per probe set is lower for ensEMBL
exons

- using fewer probes when estimating an expression level likely
Increases variance and lowers precision
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Precision (4)

* Improved precision for other updated probe set
definitions could be due to larger number of probes
mapping to each probe set

- mean number of probes higher than for original probe set
definition

Table 1: Characteristics of probe set definitions

Probe set definition Mumber of probe sets Mean number of probe pairs per probe set
MNetAffx {original) 21283 |11
" ensEMBL exon 35191 9.3 |
ensEMEBL gene | 867 | 14.0
ensEMBL transcripe 6174 3.9
Entrez 2132 |4.1
RefSeq | 7880 14.9
UIniGene | 1694 |5.0
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Precision (9)

* Precision was analyzed as a function of the number of
probes used to estimate each probe set

- Positive correlation
between the number of
probes per probe set
and precision found

Precision

06

04

02

¢ NetAffx (default)
ensEMBL exons

-+ ensEMBL genes

»- ensEMBL transcript
Entrez

*- RefSeq

¢ UniGene

35
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6-9

| | | |
1013 1417 1821 22-25 26-29 30-33
Mumber of probes per probe set
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Precision (6)

e But;

- Updated probe set definitions appear to achieve better precision,
even when similar number of probes were integrated into signal
estimates!

— Updated probe set definitions have significant
Improvements in precision!

- removal of erroneous or non-specific probes that otherwise add
noise
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Accuracy (1)

» Accuracy estimates how close microarry estimates are
to the .real expression” changes

- most often ,real” expression is measured using RT-PCR (real time
PCR)

* To assess accuracy the updated probe set definitions
achieved:

- Differential expression detected with microarrays was compared
to those measured with RT-PCR for 16 genes (for the different
probe set definitions)
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Accuracy (2)

» Accuracy was defined as the slope after a linear
regression between RT-PCR and microarry data

- An accuracy of 1.0 is optimal

 Difference in accuracy for each lab between the

updated probe set definitions and the standard probe
set definition was calculated

- Test: is mean accuracy difference (averaged across the 5 labs)
significant?

» Using paired t-test (2-tailed distribution)
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Accuracy (3)

 Significant improvements in accuracy were observed
(when data was normalized using RMA) for all but
UniGene definition

Table 3: Improved accuracy using updated probe set definitions

RMA Mean Slope p-value Std
MNetAffx (original) 074 0.02
ensEMBL gene 0.83 0.00040 0.01
ensEMBL transcript 0.83 0.00053 0.01
Entrez 0.78 0.00430 0.01
RefSeq 0.78 0.00381 / 0.01
UniGene 075 0.07085 / 0.0
The slopes

estimated from the

5 different labs are

in good 40
agreement.



Accuracy (4)
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Results (1)

e Significant |
Improvement in 08 |
precision using
updated probe |
set definitions! |

06 |

Precision
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ensEMEL exons

- ensEMBL genes

»— ensEMBL transcript

0.2 Entrez
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Accuracy

Results (2)
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Summary

 Updated probe set definitions offer expression levels
that are more accurately associated to genes and
transcripts.

- |t could be shown in this study that they also improve the
estimated transcript levels:

 using updated probe set definitions improves both the precision and
accuracy of the relative expression level estimates

* The results of this study encourage a wide spread use
of updated probe set definitions.
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