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Central dogma of BiologyCentral dogma of Biology



Structure and transcription of a Structure and transcription of a 
Eukaryotic geneEukaryotic gene

Measuring transcript 
level expression



Alternative splicingAlternative splicing

•• Objective:Objective:
– Detect the concentration of each transcript isoform.

•• Available instrument:Available instrument:
– Microarray detecting exons concentration

•• General issues:General issues:
– Isoforms changes in relative concentrations.

– Yes/No events are very rare.

– Gene‐level effect should be removed in calculating concentration 
variation at exon‐level

– Microarray measurements are quite noisy

– Multiple testing issues

Transcript A

Transcript B

Transcript C



What is MicroarrayWhat is Microarray

• A powerful technology for biological exploration 
which enables to simultaneously measure the level 
of activity of thousands transcripts. 

• The amount of mRNA for each gene in a given 
sample (or a pair of samples) is measured.

• Microarrays are:
– Parallel
– High‐throughput
– Large‐scale
– Genomic scale



GeneChipGeneChip®® Probe ArraysProbe Arrays

Image of hybridized probe array >6.5 million different
complementary probes

GeneChip Probe Array

Hundreds of thousands of copies of 
a specific oligonucleotide probe 

5 µm features

1.28cm



Exon 1.0 ST genechipsExon 1.0 ST genechips



Exon 1.0 ST genechipsExon 1.0 ST genechips

Core

Extended
Full



Exon Annotation LevelsExon Annotation Levels

• Core annotation used to study changes of known isoforms

• Extended/full annotations might be used for new isoforms discovery



• Probably still most dense and complex general purpose expression
microarray since its introduction to the market 

• Unique combination of genomic evidence to design the chip

– over 1 M known and predicted exons 

– more than 12 databases of genomic evidence combined

– 70‐80% of genes are alternatively spliced, so there is no “gene level 
expression”

• Gives the chance to get new types of biological questions answered

• Advanced transcriptomics and advanced computing required

Affymetrix exon arraysAffymetrix exon arrays



•• CoverageCoverage
– > 6M probes

– > 1M exons

•• GranularityGranularity
– On average >25x more probesets per gene

•• QualityQuality

•• The chance to answer new biological questionsThe chance to answer new biological questions
– Splicing  (Wow, a new exon in my favourite gene!)

– Isoforms (Is the long isoform more related to my type of cancer than the short?)

•• One can still do standard (geneOne can still do standard (gene‐‐oriented) expression studiesoriented) expression studies

Okoniewski et al,Biotechniques 2007

Exon arrays Exon arrays ‐‐ advantagesadvantages



•• The need for sophisticated bioinformaticsThe need for sophisticated bioinformatics

– Controlling gene‐transcript‐exon‐probeset‐probe structures

– Cross‐hybridization and multiple targeting (probes that hit in many 
places of the genome)

– Evolving annotations

•• Huge amount of data Huge amount of data 

– A database of annotations needed

– A database to store results...?

•• Great variety of splicing events to analyseGreat variety of splicing events to analyse

– Exon skipping

– Mixtures of isoforms

– Functional domains.... 

Exon arrays Exon arrays ‐‐challengeschallenges



Alternative splicing events (ASEs) Alternative splicing events (ASEs) 
detectiondetection

• Affymetrix  proposed  the 
following  exon‐level  data 
analysis workflow:

– Gene/exon  level  signal 
calculation.

– Removal  of  non‐informative 
signals.

– Calculation of Splice Index.

– Detection of   alternative  splicing 
events  via ANOVA method.

CELFiles

iterPLIER PLIER

DABG pBG filters

Gene level filtered Exon level filtered

MiDAS

ASEs

Gene level Exon level

SI

•• No  information  on  the No  information  on  the 
efficacy  of  this  workflow  is efficacy  of  this  workflow  is 
given by Affymetrix.given by Affymetrix.



Alternative splicing analysis open Alternative splicing analysis open 
issues:issues:

•• Intensity signal calculation affects alternative splicing Intensity signal calculation affects alternative splicing 
analysis?analysis?

•• Which is the efficacy of statistics used in alternative Which is the efficacy of statistics used in alternative 
splicing analysis?splicing analysis?

•• Is it possible to moderate multiple testing errors?Is it possible to moderate multiple testing errors?



Alternative splicing analysisAlternative splicing analysis

• To compare statistical methods for alternative splicing 
as well as the effects of various filtering we have 
developed a semi‐synthetic exon skipped data set.

• To create this data set we started from the latin‐square 
experiment of Abdueva (2007):
• 25 genes were selected as ideal spike‐in genes due to their 
expression absence in HeLa cells. 

• The spike‐in concentration were 0, 2, 32, 128 and 512 pM
• The 25 genes were grouped in 5 subset. 
• Each experimental point was technically replicated three 
times for a total of 15 arrays.



Alternative splicing analysisAlternative splicing analysis

• For the construction of the exon‐skipping benchmark 
experiment we used 4 out of the 5 groups of spike‐in 
genes. 

• We focus on those because they were all part of the 
Exon 1.0 ST core annotation subset. 

• For each of the PSR (exonic Probe Selection Region) of 
the 20 genes we produced three sets of synthetic exon 
skipping events exchanging:
– the intensities associated to the 128 pM spike‐in with 
those of the 32 pM (128‐32), 

– the intensities associated to the 32 pM spike‐in with the 2 
pM (32‐2), 

– the intensities associated to the 2 pM spike‐in with 0 pM 
(2‐0). 



Benchmark datasetBenchmark dataset
• Semi‐synthetic exon‐skipping benchmark experiment embeds a total of 268 exon 

skipping events.



Alternative splicing analysisAlternative splicing analysis

• The  theoretical  differential  expression  of  the 
spliced exons, expressed as delta splice  index 
(ΔSI), is respectively:
– 2 (128‐32), 

– 4 (32‐2),

– >4 (2‐0) log2(folds) 

• associated  at  the  presence  of  a  gene‐level 
differential expression of 2 (512 versus 128‐32 
and  128  versus  32‐2)  or  >  2  (32  versus  2‐0) 
log2(folds).



Alternative splicing analysisAlternative splicing analysis
• Furthermore, the skipping events were manually inspected to 

check  that  the  skipping event  represents  the most  changing 
event within the synthetic gene.

0

SI

0 PSR

G5skipE3
128-32

G5skipE3
2-0



RMA or PLIER?RMA or PLIER?

• To compare the effect of RMA 
and PLIER on the detection of 
alternative  splicing events we 
check  the  ability  to  detect 
splicing  events  on  our  exon 
skipping data set by MiDAS.

• Receiver  Operating 
Characteristic (ROC) curve was 
used to evaluate the effect of 
intensity  summary  on 
alternative splicing detection.

• Inspected  Exon‐probesets: 
228264.

CELFiles

iterPLIER/RMA PLIER/RMA

Gene level Exon level

MiDAS



RMARMA or or PLIERPLIER??

At exonAt exon--level, RMA and PLIER produce similar results on an analysis perflevel, RMA and PLIER produce similar results on an analysis performed ormed 
on our semion our semi--synthetic data set.synthetic data set.
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• The case studies show that both detection call and variance  filtering are 
viable methods of filtering which can increase the number of differentially 
expressed genes identified. 

• The  simulation  study  demonstrates  that  when  paired  with  a  false 
discovery rate method, filtering by variance can increase power while still 
controlling the false discovery rate.



Data filteringData filtering

• A  critical  issue  is  the  important 
number  of  multiple  testing 
errors  that  are  accumulated  if 
the full set of Exon 1.0 core data 
is used for the detection of ASEs. 

• To  moderate  this  issue,  we 
decided  to  reduce  the 
complexity  of  the  data  set, 
testing  the  efficacy  of  filtering   
non‐informative  data  at 
annotation or intensity level:
• cross hybridization filter
• DABG filter (p ≤ 0.05)
• ENSEMBL filter

CELFiles

RMA RMA

Gene level Exon level

filters



Data filteringData filtering

• cross hybridization filter:
• using  the  exon‐level  probe  set  annotation  information  provided  by 

Affymetrix, we removed all probe sets where all the probes in the probe 
set  perfectly  match  more  than  one  sequence  in  the  putatively 
transcribed  array  design  content  as well  as  those where  the  probes 
either perfectly match or partially match more  than one  sequence in 
the putatively transcribed array design content.

• DABG filter:
• DABG pvalue  filter, used  in  this work,  is designed  to retain only probe 

sets characterized by a DABG p‐value ≤ 0.05 in 90% the arrays.

• ENSEMBL filter:
• retains only exons of genes which are  linked  to multiple  transcripts  in 

the ENSEMBL database



Data filteringData filtering

ENSEMBL



EGs list

org.XX.eg.db

This filter take advantage of the biomaRt library which allows the interrogation of 
ENSEMBL DB.

ENSEMBL DB

EGs with 
>1 mRNA?

EGs 
sublist

org.XX.eg.db



ASEs statistical detectionASEs statistical detection

• Detection of Alternative 
Splicing Events (ASEs) was 
done  using:

– an ANOVA based algorithm 
(MiDAS) applied on SI 
transformed data 

– a permutation based algorithm 
(RP) applied on SI, RPSI, or 
directly to exon intensity 
signals, RPI. 

CELFiles

RMA RMA

DABG pBG filters

Gene level filtered Exon level filtered

ASEs statistics

ASEs

Gene level Exon level

Annotation filter
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ROC curves were used to detect the efficacy of MiDAS and RP in the 
detection of ASEs. 
A) ROC curves for ASEs detection using MiDAS. 
B) ROC curves for ASEs detection using RPSI. RP was calculated using 
exon signal normalized with respect to gene signal, i.e. SI. 
C) ROC curves for ASEs detection RPI. RPI was calculated using exon 
intensity signal without any further normalization.



Since the two methods are based on completely different assumptions, it is 
feasible that random events (FPs) contaminating the TPs will not be the 
same. 
Therefore, the intersection of the results obtained by both statistics, given 
an arbitrary p-value threshold, might effectively reduces FPs.

(p ≤ 0.05)

(p ≤ 0.05)



Since at the present time statistics specifically devoted to the detection of ASEs 
which also address the multiple tests problem are not available, our approach 
represents an efficient temporary solution for moderating FP.

Further reduction of FP can be realized selecting only those ASEs with a 
certain level of  average signal variation between the two experimental 
conditions under analysis. 



Della Beffa et al. BMC Genomics 2008, 9:571



Algorithms for ASEs detectionAlgorithms for ASEs detection



Algorithms for ASEs detectionAlgorithms for ASEs detection

FIRMA uses an additive model which includes the possibility of alternative 
splicing or different levels of expression per exon

ci is the chip effect (expression level) for chip i,
ej is the relative change in exon expression for exon j, 
dij is the interaction between chip and exon giving the relative change for sample 
i in exon j, 
pk(j) is the nested relative probe effect for the k-th probe in exon j.

( ) )()()(2log jijkjkijjijijk pdecPM ε++++=

ddijij indicates the discrepancy of a given sample in exon j from the indicates the discrepancy of a given sample in exon j from the expected expected 
expression for that exon. expression for that exon. 
Large values of dLarge values of dijij indicates differential alternative splicing.indicates differential alternative splicing.

Implementation in aroma.affymetrix package.



Algorithms for ASEs detectionAlgorithms for ASEs detection

• MADS   uses a series of  low‐
level  analysis  algorithms  to 
construct  an  efficient 
statistic  for  differential 
splicing:

– Background correction

– Iterative  probe  selection  for 
expression index calculation.

– Detection/removal  of 
sequence‐specific  cross‐
hybridization  to  off‐target 
transcripts.

• The  correction  of  the major 
source  of  noise  allows  a 
more  efficient  detection  of 
differential splicing.

• Splicing events are detected 
at probe level by t‐test.

t-test

Implementation  in R available



Algorithms for ASEs detectionAlgorithms for ASEs detection

•REMAS is a regression method for AS detection: 
•Features of alternatively spliced exons are scaled by reasonably defined 
variables. 
•A hierarchical model, which can represent gene structure and transcriptional 
influence to exons, and the lasso type penalties is introduced in calculation 
because of huge variable size.
•An iterative two-step algorithm was developed to select alternatively spliced 
genes and exons. 

No implementation is available.

BMC Bioinformatics. 2009 Jan 30;10 Suppl 1:S18.



ConclusionsConclusions

• Our  analysis  pipe‐line  represents  a  temporary 
solution for ASE detection for final users.

• Available  ASEs  detection  tools  mainly  focus  on 
optimization of signal data.

• Very little is available as optimized statistics for ASEs 
detection.

• Experimental  reference  benchmark  is  needed  for 
efficient methods comparison.
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Gene-level modelling statistics

Gene-level permutation statistics

Exon-level statistics
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