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Define Disruptive Technology

l Disruptive Technology is a term popularized by Harvard 
Business School professor Clayton Christensen in his book The 
Innovator's Dilemma .
ü Christensen believes that the main reason that successful 

and apparently well-run and well established organizations 
loose market share, and sometimes go out of business, is 
that they fail to recognize the distinction between sustaining 
and disruptive technologies.

ü "It has to meet at least two of three criteria: Be ten times 
cheaper than any alternative, have ten times higher     
performance, and ten times higher functionality. All three is   
best" Rick Rotondo, Director of Disruptive Technologies,
MeshNetworks. 
FTransistor vs. vacuum tube 

ü Are microarrays disruptive?
ü And if so, Have biologists recognized the disruption?
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The typical hypothesis generator (pre-
microarray)

Why are microarrays disruptive to biology?

l With small numbers of genes, 
the uncertainty is bounded
ü There are expectations about 

how small numbers of genes 
interact

l 1000’s of genes can be done 
in time taken to do a handful 
previously

l A commodity available to 
non-researcher
ü Interpretation is 

“standardized”
l Output is foreign to basic 

biology researchers
ü Does not load easily into 

standard tools
ü Analysis is non-standard

QuickTime?and a TIFF (Uncompressed) decompressor are needed to see this picture.
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What are the characteristic of a microarray
How do you recognize one?

l Small form-factor capable of measuring significant 
fraction of the ---ome (Genome, Transcriptome, 
Proteome)

l Minimal labor in data acquisition
l Automated data path to a digital electronic format
l Sustainable high throughput processing

Gygi, S. P., Rochon, Y., Franza, B. R. & Aebersold, R. 
Correlation between protein and mRNA abundance in 
yeast. Mol Cell Biol 19, 1720-30 (1999).

Is this a microarray?

QuickTime?and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
200 protein 
measurements 
(antibody based)

QuickTime?and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

106 +++ proteins
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What are we looking for in a microarray

l Rarely: a single gene responsible for a process
l Infrequently: look at a specified genes pathway
l Frequently: a set of genes working in coordinated 

fashion 
ü The assumption: there is structure at the biological 

scale
ü Why should this assumption hold?
ü What evidence do we have that it does?

Why does clustering work in functional 
genomics?

lWhat do you see in the night sky?
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The Gene Universe
牋燢RAF_HUMAN RAF proto-oncogene serine/threonine-protein kinase
牋牋A4_HUMAN Alzheimer's disease amyloid A4 protein precursor
牋牋CD14_HUMAN Monocyte differentiation antigen CD14 precursor
牋牋LEG1_HUMAN Galectin-1
牋牋TAU_HUMAN Microtubule-associated protein tau
牋牋IAPP_HUMAN Islet amyloid polypeptide precursor
牋牋E2K2_HUMAN Interferon-induced, double-stranded RNA-activated protein kinase
牋牋GRAH_HUMANGranzyme H precursor
牋牋TNP3_HUMAN Tumor necrosis factor, alpha-induced protein 3
牋牋PAX3_HUMAN Paired box protein PAX-3
牋牋GA45_HUMAN Growth arrest and DNA-damage-inducible protein GADD45 alpha
牋牋THRR_HUMANThrombin receptor precursor
牋牋 IKBA_HUMANNF-kappaB inhibitor alpha
牋牋AA2A_HUMANAdenosine A2a receptor
牋牋PTN6_HUMAN Protein-tyrosine phosphatase, non-receptor type 6
牋牋 I1BC_HUMAN Interleukin-1 beta convertase precursor
牋牋CCR4_HUMANC-X-C chemokine receptor type 4
牋牋TNF7_HUMAN CD27 ligand
牋牋A1AA_HUMANAlpha-1A adrenergic receptor
牋牋AHR_HUMAN Ah receptor
牋牋TNF9_HUMAN 4-1BB ligand
牋牋AG22_HUMAN Type-2 angiotensin II receptor
牋牋FXR1_HUMAN Fragile X mental retardation syndrome related protein 1
牋牋ICE5_HUMAN Caspase-5 precursor
牋牋SYY_HUMAN Tyrosyl-tRNA synthetase
牋牋CAS_HUMAN Cellular apoptosis susceptibility protein
牋牋CN1B_HUMANCalcium/calmodulin-dependent 3',5'-cyclic nucleotide phosphodiesterase 1B
牋牋E2F1_HUMAN Transcription factor E2F1

A Gene Galaxy
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Classifications

Non-exclusive Exclusive

Supervised Unsupervised

Taxonomy of machine 
learning

Phylogenetic-type treeRNA Expr
Gene 1

0.7 7.3

RNA Expr
Gene 2

0.3

6.51.2 1.9

RNA Expr
Gene 3

Experiment 1

Experiment 2

8.11.1 0.9Experiment 3

Correlation Coefficient

Gene 2 .88

Gene 1

Gene 3 -.19 -.62

Gene 2

Gene 1

Gene 3
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Phylogenetic-type tree /
Correlation coefficient

l Similarly functioning genes cluster together
ü E.g. cell cycle
ü E.g. structural proteins

l Also found 10 temporal clusters in 8613 
genes in the response of human fibroblasts 
to serum

l Suggests role for hundred’s of unknown 
genes that co-cluster with known genes

.
Iyer VR, Science 1999;283(25):83-7.
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The point

l If you are not looking for global patterns
l If you are not looking for “guilt” by association across 

a significant portion of the “-ome”
ü Then microarray technology may be inappropriate and 

misleading.
ü Why is that a problem?

Decision-
Theoretic 

Approach to the 
Solution

l Finding the low-
hanging fruit

l Understanding 
the costs of false 
positives and 
negatives
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RNA expression detection chips

Schena M, et al. Proc Natl Acad Sci USA; 93: 10614 (1996).
Entire issue. Nature Genetics, 21: supplement (Jan 1999).

Tissue

RNA
Tagged 
with 
fluor

cDNA spotted on glass slide or
oligonucleotides built on slide

Tissue 
under 
influence

or

Two Biochip Technologies

Affymetrix

P. Brown / Stanford
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Robotic Spotter

QuickTime?and a TIFF (Uncompressed) decompressor are needed to see this picture.

Photolithography
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Secondary structure of both probe and target
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The ratio assay

What is the 
ratio?
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Calculated Background Noise
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Average Difference and Reliability



15

Other massively parallel 
expression measurement 

technologies coming...

Other massively parallel 
expression measurement 

technologies coming...
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Inkjet technology

l Speed
ü On-the-fly, non-contact printing
ü Fast turnaround time (FTAT)

l Flexibility
ü In situ synthesis and deposition
ü Customizable
ü Hypothesis driven array design

l Quality
ü Feature control: positioning and size

Inkjet Arrays:
Quality and Flexibility

Inkjet

Pins
2

3

4

90

90x110

100x130

1 70

Feature

(µm)
Sizes

Fires
# TIJ
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QuickTime?and a TIFF (Uncompressed) decompressor are needed to see this picture.
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Binding site
consensus for 

different TF 
mutants
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Inkjet technology

l Speed
ü On-the-fly, non-contact printing
ü Fast turnaround time (FTAT)

l Flexibility
ü In situ synthesis and deposition
ü Customizable
ü Hypothesis driven array design

l Quality
ü Feature control: positioning and size

Inkjet Arrays:
Quality and Flexibility

Inkjet

Pins
2

3

4

90

90x110

100x130

1 70

Feature

(µm)
Sizes

Fires
# TIJ
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A Universal Array
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Tissue “Microarray”?

l å

The Fabulous Genomic Future

l Indeed, what is there that does not appear fabulous 
when it comes to our knowledge for the first time? 
How many things, too, are looked upon as quite 
impossible until they have been actually effected?
ü Pliny the Elder (23 AD - 79 AD), Natural History
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Are Functional Genomicists Plinians?

“They would observe a phenomenon with 
skill that comes from experience and write 
highly detailed notes about what they saw. 
They did not usually employ a method in 
which they formally tested anything.”

Pliny’s Fate
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Imminent Genomic Plinian Eruption?

l Over-promising.
l Slowness to acknowledge the limitations of our 

measurement techniques.
l The challenge of linking genomic data to biological 

and clinical significance.
l The lack of formal hypothesis testing.
l The lack of sufficient multidisciplinary expertise

l Are functional genomicists over-promising?

Intervention fold-differences

RNA Expr
Gene 1

0.7 7.3

RNA Expr
Gene 2

0.3

7.41.2 2.1

RNA Expr
Gene 3

Before Intervention

After Intervention

Fold Difference

Gene 1 1.7

Gene 2 7.0

Gene 3 1.0
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What are we to make of small FD?

l Starvation and longevity in rats (Lee, Science, 1999)

l What is the significance of a false positive?

Positional noise
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Frequency content of array
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Incyte’s GEM Microarray
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Case History

l Four different patients with glucose 
intolerance, without diabetes

l RNA from each muscle biopsy sample placed 
on two sets of Affymetrix Hu35K microarrays

l Goal: find genes differentially expressed 
between patients
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Seemingly high reproducibility

l Correlation coefficients of intrapatient repeated 
measurements ranged from 0.76 to 0.84

l Dropped to 0.69 to 0.73 with log transformation

Poor reproducibility
l Very poor correlation coefficients for interpatient fold 

differences
l Ranged from 0.01 to 0.09

l Restricting to “present” calls is not enough
l If the entire experiment had not been reproduced, we would never

know the fold differences were in question

With one set of chips, this gene 
was 10x higher in patient 1 
than patient 3

With the other set of chips, this 
gene was 10x lower in patient 
1 than patient 3
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Why does this happen?

0.6
0.3 = 2 fold up

600
300

= 2 fold up

0.3
0.6 = 2 fold 

down

599.7
300.3 ≈ 2 fold up

± 0.3 noise

PSB 2001

Lack of Platform Comparability

60 Cell Lines (NCI-60) Oligonucleotide vs cDNA

Bioinformatics
2001
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Poor Correlation Across Different Generations of the 
Same Platform 

HuGeneFL 
vs 

U95A

Under 
review
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Chudin , 
Genome 
Biology, 2001

Lest  you despair…

l Low hanging fruit
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Finding the Needle in the Haystack: A Case 
History

l Cerebellum has pivotal roles in the coordination of posture and locomotion
l Laminar organization of the cerebellar cortex has facilitated understanding its 

basic circuitry, functions and ontogeny

Sonic Hedgehog (Shh), development and 
tumorigenesis
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The challenge

l Find novel members (the needles) of the Shh 
pathway in a large haystack.

l The haystack
ü Large number of probes
ü Whole cerebellum 

F(whole organ, multiple cell types)

l But the signal of interest is confined to thin 
superficial layer

l Can we find the signal in time and space?

Overall schema
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A noise model  with triplicate measurements

What average are we calculating?

s1 s2 s3 v1 v2 v3

1
3 s i

i=1

3

∑

1
3 vi

i=1

3

∑
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How do you calculate average interest rate?

l If 4 different interest rates over four years

l (1+r1)(1+r2)(1+r3)(1+r4)P ≡ Q4P

lQ=

(1+ r1)(1+ r2)(1+ r3)(1+ r4)4

Biological 
validation: In situ 

hybridization

1/2 FP of ratio of means

Same sensitivity

Zhao et al. PNAS 2002
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Relevance to Human Disease

l How can we leverage this developmental view of the 
mouse?

l Human medulloblastoma microarray data
ü Pomeroy et al, Nature 2002

l Find the mouse homologues of the genes up and 
down regulated in the tumors.

l Principal Component Analysis to find the main 
sources of variance in the developmental time series

QuickTime?and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
Q u i c k T i m e ? a n d  a

T I F F  ( U n c o m p r e s s e d )  d e c o m p r e s s o r
a r e  n e e d e d  t o  s e e  t h i s  p i c t u r e .

Mouse Cerebellar time course by first two 
principal compents

Principal component 1
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Up and Down
Regulated Human

Genes Mapped 
onto

The Mouse Genes
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The New Histopatholgy and History 
Repeated

l Lobstein (1829) and Cohnheim (1887) were amongst 
the first to theorize similarities between human 
embryogenesis and the biology of cancer cells 

l The brain tumor classification system devised by 
Bailey and Cushing in 1926, from which modern 
taxonomies derive, emphasizes histological 
resemblance to cells of the developing central 
nervous system 

Relation 
between 

tumor and 
day of 

development
PN 15-30

PN 50-60

PN 1-3

PN 5-10

NORMAL

TUMOR
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Summary

l Microarrays provide high throughput snapshot of the 
‘ome

l Expression arrays are the most mature and still very 
noisy

l Much remains to be done in both measurement 
technology and analysis

l Careful use of the data permits
ü Generation of a  natural classification of disease
ü With further insight into mechanism


