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The 
Cambrian 
Explosion

Every	metazoan	
phylum	came	into	
existence	during	

this	period



The ‘Light Switch’ 
Hypothesis

Andrew Parker hypothesizes that the 
cause of the dramatic evolutionary 
radiation was the evolution of the early 
eye and visual system

This made predatory behavior much 
more successful, leading to defensive 
specializations and transformation from 
precambrian forms (without skeletons) 
to armored and more highly evolved 
Cambrian animals (skeletons, spikes, 
teeth, swimming capabilities and 
armor).

(not everyone agrees: see Morris (2003) 
‘On the First Day, God Said . . .’ for a 
scathing book review)



Using	the	‘Light	Switch’	Metaphor	
for	Scientific	Discovery
Consistent	with	this	hypothesis,	we	might	attempt	to	
look	for:

• ‘Light’	– a	ubiquitous	data	signal	with	rich	substructure

• ‘Evolution’– Accelerated	scientific	discovery

• ‘Eyes’ – Experimental	methods	+	data	gathering

• ‘Visual	System’ - Data	analysis	and	statistics

• ‘Intelligence’ – Scientific	Theory



‘Cancer	in	the	Age	of	Algorithms’	
– a	success	story
Dr.	Shirley	Pepke had	late-stage	
ovarian	cancer	and	used	advanced	
unsupervised	learning	to	help	her	
fight	her	cancer	(with	a	colleague	at	
ISI:	Dr.	Greg	ver Steeg)

“It	was	suddenly	like	looking	at	the	
dictionary	of	tumor	biology.	It	was	
suddenly	pulling	out	all	this	
information	other	algorithms	
couldn’t.	It	looked	really	beautiful	
and	informative.”

Dr.	Pepke switched	treatments	and	
her	cancer	is	in	remission

Dr.	Shirley	Pepke and	Dr.	Greg	Ver Steeg

Washington	Post:	http://gul.ly/9u24h
Soundcloud Link:	http://gul.ly/9u23o



Visual	System:	Greg	ver Steeg’s
‘Correlation	Explanation’	(CorEx)

Search	for	the	“most	
informative”	factors	

for	explaining	
relationships	

in	dataThis	factor	“explains”
the	relationships	in	
the	variables	it	
is	connected	to

Measurement	Data	Variables
https://arxiv.org/abs/1406.1222,	



Expression levels for 
each patient
(sorted by latent factor)

Group of 
genes 
associated
with a latent 
factor

A fraction 
of the CorEX
hierarchical 

structure



Gene	Ontology	Annotations	show	that	groups	reflect	strong,	
specific,	diverse	functions

Leukocyte	migration

Regulation	of	
lymphocyte
proliferation

Regulation	of	immune
Process;	cell	activation

Inflammatory	
response

Leukocyte	migration	
and	activation

Positive	regulation	of	
immune	processRegulation	of	immune	response

Positive	regulation	of
cytokine production

Leukocyte	activation

Immune	response,	
blood coagulation



Where’s	the	Light	Switch?
• ‘Light’	=>	Gene	Expression
• ‘Evolution’	=>	Precision	Medicine
• ‘Eyes’ =>	Gene	Chip	Cancer	Assays
• ‘Visual	System’ =>	CorEx (Unsupervised	Learning)
• ‘Intelligence’ =>	Linkage	to	Gene	Ontology	(requires	
human	curated	models	+	interpretation)

How	does	this	idea	generalize	in	the	broader	context	of	
accelerating	science?



Scientific	Discovery:
From	‘Elements’																						.

Get data to 
characterize 
phenomena
(what 
happens 
when you 
burn things?)

Observe 
phenomena
(‘fire’)

Postulate 
mechanism
(phlogiston)

Find correct
mechanism
(oxygen + 
combustion)

Formulate 
theory
(chemistry)

Export 
reasoning
(periodic 
table)

Technology
(e.g., combustion 
engine)

‘stuck’	paradigm

to	the	Elements
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Cycles	of	Investigation	
.

! 3!

• Given!an!experimental!design,!experimental!results,!and!access!to!literature:!!
• Create!a!plan!for!replicating!the!study!and!validating!the!claims;!!
• Generate!and!rank!alternative!interpretations!of!the!data;!!
• Document!the!study,!communicate!results;!!
• Integrate!results!into!the!larger!body!of!knowledge!within!or!across!disciplines.!

• Given!a!collection!of!experimental!and!observational!studies:!
• Infer! a! causal! effect! of! interest,! e.g.,! the! role! of! a! specific! gene!or! combination!of! genes! in! a!

specific!biological!process;!
• Calculate! scientific! parameters,! e.g.,! geophysical! characteristics! affecting! earthquakes,! by!

solving!an!inverse!problem!by!comparing!simulations!to!the!observations.!!
• Given!a!scientific!question!and!a!network!of!researchers,!assemble!a!team!that!is!best!equipped!to!

answer!the!question.!
• Track!scientific!progress,!evolution!of!scientific!disciplines,!and!scientific!impact.!!

Cognitive! tools! for! acclerating! science! could! lead! to! dramatic! increases! in! scientific! productivity! by!
increasing!efficiency!of!the!key!steps!in!scientific!process,!and!in!the!quality!of!science!that!is!carried!out!
(by!reducing!error,!enhancing!reproducibility),!allow!scientific!treatment!of!topics!that!were!previously!
impossible! to! address,! and! enable! new! modes! of! discovery! that! leverage! large! amounts! of! data,!
knowledge,!and!automated! inference.!The!sections! that! follow!attempt! to! further! flesh!out!our!vision!
for!accelerating!science!by!accelerating!increasingly!larger!fractions!of!the!scientific!process.!*

THE*SCIENTIFIC*PROCESS*

To! understand! where! the! major!
bottlenecks!to!scientific!progress!are,!it!is!
useful! to! revisit! a! simplified! model! or!
template! of! the! scientific! process! (See!
Hacking,! 1983;! Chalmers,! 1999;!
Rosenberg,! 2000! for! reviews).! Figure! 1!
summarizes! the! key! elements! of! the!
scientific!process.!

Typically,! scientific! inquiry! starts! with! a!
question! within! a! domain! of! study,! e.g.,!
biology.! With! the! question! in! hand,! one!
has! to! assemble! the! background!
information! and! acquire! the! data!
necessary! to! answer! the! question.! Then!
one! proceeds! to! construct! one! or!more!models! from!data! (and! background! information).! Choosing! a!
small! set! of! models! from! among! a! much! larger! set! of! candidates! involves! additional! considerations!
(simplicity,!consistency!with!what!else! is!known),!etc.!The!models!can!be!used!to!advance!hypotheses!
that! result,! ideally,! in! testable! predictions.! The! observations! or! experiments! designed! to! test! the!
predictions!yield!additional!data!that!feed!into!the!larger!scientific!process.!Science!is!a!social!endeavor,!
with!multiple!individuals!and!teams,!driven!by!intrinsic!as!well!as!extrinsic!incentives.!Scientific!findings!
go! through! peer! review,! communication,! and! publication,! and! replication! before! they! are! integrated!
into!the!larger!body!of!knowledge!in!the!relevant!discipline.!!

It! is!worth! noting! that! there! is! considerable! variability! across! scientific! disciplines,! e.g.,! in! cosmology,!
where! there! is! little! possibility! of! executing!designed!experiments,! one! typically! has! to!make!do!with!
observational!data!or!the!results!of!‘natural’!experiments.!Nevertheless,!it!is!clear!that!the!processes!of!

Figure*1:*A*Cartoon*of*the*Scientific*Process*

(‘KQED’	Model)



The	Complexity	of	Data	
Spaces
Neuroscience	is	an	example	of	a	
complex	multi-level	domain
A	variety	of	variables	are	needed	to	
describe	models	across	scales	and	
systems.	
Complex	experiments	have	to	be	
designed	and	executed	by	human	
experts	to	investigate	and	test	these	
models.	
How	to	apply	the	Cambrian	Metaphor	
here?



Knowledge	Engineering	
from	Experimental	
Design
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Gene Expression Lab Study
Khan et al. (2007)

Russ et al (2011), BMC Bioinformatics



E-Science	Workflows	

An	example	of	a	workflow	for	
genomic	analysis	from	the	WINGS	
workflow	system

http://www.wings-workflows.org/



Measurements	and	Metadata	
Define	the	Data	Space
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Could	we	apply	tools	
like	CorEx to	
examine	the	
structure	of	this	
space?	

Would	this	be	like	
suddenly	flipping	
the	switch	and	
turning	on	the	
lights?
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