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brief backgrounad
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brief backgrounad

genes

DNA subdivided into
chromosomes

chromosomes further divided
into regions called genes

~20-25,000 genes In humans
(exact number still unknown!)



brief backgrounad

gene-expression (vastly simplified)
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brief backgrounad

gene-expression (vastly simplified)
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quantitative
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quantitative PCR

Subjects

P
Samples f){/

interested In exploring the noise introduced at each stage of sample-prep
on reported results
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quantrtative PCR
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quantitative
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quantitative

shameless plug # | :
(for further reading)

name display into |
Daasetlas W (@

DataSet2 x5 M o

{ import new data J

L input manual errors J

Kitchen et al. Methods (2010)
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| DataSethxds  DataSet2.xls |
experiment budget: 1000
1 2 3 4 s 6 7 L] 9 10 1 12
A
2000 1900 21.00 3000 3100 3100 2000 1900 21.00 C edit power parameters 3
E 2500 2200 21.00 5100 3100 3200 2300 2200 21.00
( calculate optimal design )
C 2200 2200 21.00 3400 3200 32,00 2200 2200 21.00 )
O 2000 1900 21.00 29.00 2900 28.00 2000 19.00 21.00 | display cost-optimal plan a
2300 2200 2100 3000 2900 28,00 23.00 2200 2100

Experiment totals

2200 2200 2100 21.00 3100 3200 3100 2500 2200 2200 21.00 2000
C 2000 1900 21.00 21.00 27.00 2600 27.00 2600 2000 19.00 21.00 20.00

Total cost = 9200
Total variance = 5.0434

Lt 23.00 2200 2100 23.00 2500 25.00 27.00 24.00 2300 22,00 21.00 2100

Total power « 0.6327

[ DataSetlxls = DataSet2.xls |

SECPRCIES AN s [1 [l | SBefe |
Samples: 2.52 FF B B B BB B R B B RE B |®B=s]
Rrs 093 felalafutatapetatafaiuiatetaiataguiuiatepatafufuiateaiaqafuyuiafefalafufuyaiefafajapuiuteffalafule} ) 4 S5 gy
ecrs:020 | LAQQGOORROURRRURRRRRRaeeeennonrrrennerraneeetrsentil|®=n
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microarray

FIGURE 4: BEAD DESIGN

Labelled
\ cRNA ’

Target cRNA

Bead Gene-Specific
Identifier Probe

| SE—
Address B

29b Array of

50,000 beads
00000000000
00000000000
Cc | 00000 Q0000O0

Gene-specific probes are concatenated

with a short "address sequence.
Matrix of 96 arrays

gene activity proportional to number
of target molecules captured by bead
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microarray
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microarray

| M )V el j
aim to generate profiles of T i

oenes that can differentiate A
between disease states ’

single samples used often
due to low avallability of
primary material and/or
imited budget

Sarlie et al. 2003 PNAS
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microarray

we're Interested in reproducibility of microarray experiments

microarray quality control consortium (MAQC) engaged In 3-
stage project to assess arrays and RNA-seq

stage | [Nat Biotechnol (2006) vol. 24 (9)] looked at cross-

platform and inter-laboratory consistency using dilution series of
two reference RNA samples

Friday, 11 February 2011



microarray

we took a slightly different approach with a specific goal:

profile intra-experiment technical variation
v’ same laboratory

v’ same technology

v same type of RNA
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microarray

chip 3 chip 5

chip 4 chip 6

run 4 run 5

Detection consistency

and coefficient of Pairwise Pearson

variation analyses of correlations of UHRR
UHRR replicates replicates

Assessment of the utility DE Analysis using a
of UHRR control different statistical
samples method for comparison

Impact of several
normalisation methods
assessed by ANOVA

Analysis of DE following
various normalisations

Histograms showing
differences in UHRR &
tumour duplicates

Average Pearson
correlations of UHRR &
tumour duplicates




microarray
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A raw

B standard
normalisation

C mean-centred

D mean-centred &
variance-adjusted



standard
analysis:

10.6%
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microarray

batch-corrected
analysis:

6/.6%

batch-corrected
analysis + ref:

Vi 575



shameless plug #2:
(for further reading)

microarray

| authars | reviewers | lwaries | about | my RioMed Camtral

Welcome Usiversty of Edinburgh (Subscrigtions) (Log on / regater

Feedback | Swppart | My detad |

Correcting for intra-experiment variation in Illumina BeadChip data is
necessary to generate robust gene-expression profiles

Robert R Kitchen 24, Vicky § Sabine 20 Andrew H Sims 24 F JANE Macaskill 24, Loma Renshaw 24, Jeremy § Thomas 24, Jano §
van Hemert 24, ) MICHAEL Dixon 54 20d John M S Bartiett =4

BNC Genomees 2010, 111134 0041 10.1186/1471-2164-11-134
Published: 24 Fedevary 2010

Abstract (provisional)

Background

Microdrray technlogy & 3 popular means of producing whole genome transcriptional profiles, however high Cost and scarcty of mRNA
has d many Sudes 1O Be COnAUCtad Based 00 the analysis of Unghe samples. We expiof the design of the 1lumina platform, specifically
multipie arrays on each chip, to evaluate intra-experiment techrical variation usng repeated hybridisations of universa human reference
RNA (UHRR) and dupiicate hybrdsations of primary breast tumour samples from a dinical study.

A dear batch-spechic bias was detected In the messured expressions of both the UMRR and dirical samples. This bias was found to
persist folowing standard microdrray normalisation technigques. However, when mean-centering or empirical Bayes batch-correction
maethods (ComBat) were appied 10 the data, inter-batch variation in the UHRR and dinical sarmgies were greatly reduced. Correlation
between replicate UMRR samples improved By two orders of magnitude folowing batch-cormection using ComBat (ranging from 0,983
0.9991 10 0.9997-0.9999) and increased the consistency of the gene-lsts from the duplicate dinical samples, from 1 1.6% in quantile

BMC Genomica
Volume 11

Viewing oplions:
« Abstract
« POF (6.3MD)

Assodated material:
s Readers’ comments )

Related lterature:

« Other articies by authors
®en Coogle Schelar
©zn PubMed

* Related articies/pages
o Google
on Coogle Schelar

Tools:

o Dowrioad cration(s)
o Email 2 a frend

¢ Order regrints

« Post » comment

Post to:

= Cheubke

' Cornoted

o" Delicko.us
Facebosk
Mendaley

A Twitier

normalsed data 1o 656 .4% in Batch corrected data. The use of UHRR as a0 inter-2atch calitrator provided a smal addticnal Benefit when used in conjunction with

ComBat, further iIncreasing the agreement between the two gene-lsts, up to 74.1%

Conclusion

In the interests of raticalitios a0 (st these resulls SU00eS! that Single samples can generate rellable data, But onky afar »s-nt

—_—

Niissiearetal, BMC Genomics (2010 vol. 11 ()
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microarray

current interest Is In correlating observed experiment noise with
specific probe properties:

FIGURE 4: BEAD DESIGN

Labelled
\ cRNA
) S—

Address

29Yb

Gene-specific probes are concatenated
with a short "address sequence.

e EE G ACACAGAGGAATCCAGCCATTTCCACAGCGTCCAGERGIIEE
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microarray

current interest Is In correlating observed experiment noise with
specific probe properties:

for example:
= probe position within target gene
= number of transcripts consecutively hit by the probe
B @ concnt
= CpG count
= rough total length of target gene

Friday, 11 February 2011
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microarray
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2"d generation sequencing

mMRNA

b Random array

}

—— ——
RNA fragments l cDNA
EST library

with adaptors

}

ATCACAGTGGGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGCAGACINYNYY Short sequence reads
GGACAGAGTCCCCAGCGCGGCTCAAGGGEG
ATGAAACATTAAAGTCAAACAATATGAA

‘ }

F ORF
Coding sequence =
D----- o
Sttt Exonic reads
s
1 ——
gDNA or Junctionreads "= = = ——="= poly(A) end reads
_ O e —
DNA = — — = = —
c = —— = = Mapped sequence reads
Locus-specific +
probe Base-resolution expression profile
26-70 nt

RNA expression level

Nucleotide position

microarray RNA-seq

Fan, Chee, Gunderson (2006) Wang, Gerstein, Snyder (2009)
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2"d generation sequencing

Histogram of probe positions as fraction of target gene length
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2"d generation sequencing

Histogram of probe positions as fraction of target gene length
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2"d generation sequencing

Histogram of probe positions as fraction of target gene length
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2"d generation sequencin

correlation
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2"d generation sequencing

15000

pCor = 0.7408
pCor = 0.7437

10000
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2"d generation sequencing

Gene-level, raw
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2"d generation sequencing
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2"d generation sequencing
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2"d generation sequencing

Guality Scores for SoLesal ) 5 A scoquence geality,pey
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abel-free proteomics

similar; In principle, to RNA-seq:

RNAseq LF-MS/MS proteomics

v many short fragments v many short fragments

v assign fragments to parent
protein

v assign fragments to parent
RNA transcript

v Incomplete reference v very iIncomplete reference

Friday, 11 February 2011



abel-free proteomics

LF-MS/MS proteomics experiments currently rely on curated
protein reference databases for peptide assignment

such reliance limits 1ts effectiveness as a discovery tool
from our data, a typical rate of peptide assignment ~30%

Bitton et al. (2010) used an in-silico translation of the entire
human genome & identified 346 ‘putative’ novel peptides

Friday, 11 February 2011



Normalized publication rate over time

otal publications
e e
nmn o »v o°o

of t
._A
o

Percent
-
0

M sage

Friday, 11 February 2011

future

Normalized publication rate over time
0.12

o o
< -
o

o

o
(=]
N

Percentoltotalgblicaﬁons
8 8

M sage B lllumina I pyrosequencer ] orbitrap




integrated RNAseq / proteomics

RNAseq data lends rtself perfectly as a source of protein
reference

perform in-silico translation of RNA known to be present In
a given set of samples -- map peptides to this reference

RNA/protein expression analysed simultaneously, reduce
false-positives etc.
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our own, very preliminary, very naive analysis shows promise:

Friday, 11 February 2011

integrated RNAseq / proteomics
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integrated RNAseq / proteomics

ANAseq|Gene)_log2(FC)

* RNAseqg|Exon)_log2{FC)

log2(fold-change)
o

R ¢
| @ Q....Q ® '.....’

compared to protein
direction of change: R

53% of array probes agree ( x * pVal=0.886)
71% of exon-level RNA-seq agree ( x 2 pVal=0.012)
|00% of gene-level RNA-seq agree (only 5 of them...)
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