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The burden of proof lies on the person making the 

claim; there is no 3rd party burden to disprove.



“The simplest explanation is the best.”

William of Ockham (c. 1287-1347)

“We consider it a good principle to explain the 

phenomena by the simplest hypothesis possible”

Ptolemy (c. 90-168)



Francis Crick:

• “While Ockham's razor is a useful tool in the physical 

sciences, it can be a very dangerous implement in 

biology. It is thus very rash to use simplicity and 

elegance as a guide in biological research”



Only ~2% of the human genome encodes protein coding genes 

(versus over 98% of a bacterial genome).



“the Encyclopedia of DNA Elements (ENCODE), has found that 80% of 

the human genome serves some (generally regulatory) purpose, 

biochemically speaking.”
Science 337:1159-1161, 2012

PLoS Biol 4:e1001046



microRNAs “fine tune” mRNA stability and suppress protein translation

microRNAs help define the initial conditions of critical cell pathways that are 

sequentially amplified, producing a systemic ripple effect that induces 

large and unanticipated phenotypes 
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x → 4 x (1 – x) and y → x + y if x + y < 1 (x + y – 1 otherwise)

“The Butterfly Effect”
Sensitivity to initial conditions in complex systems: 



Circulation. 2009 119:1263-71

The heart failure mRNA signature is not reversed by left ventricular 

mechanical support, but the miR signature is. 
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Regulated by disease status

Regulated by disease

AAAA

Effect

transcription translation function

gene mRNA protein

microRNA expression is disconnected from mRNA levels

microRNA



AAAA

Effect

transcription translation function

gene mRNA protein

microRNA

transcription

factor phosphoprotein

P
P

kinase/

phosphatase

microRNA effects are complex



“Does the flap of a butterfly's wings in Brazil set off a tornado in Texas?”

Edward Lorenz’s presentation at the 139th Annual Meeting of the AAAS (1979)

Lorenz EN. Deterministic Nonperiodic Flow. Journal of the Atmospheric Sciences 1963; 20:130–41 



David Bartel: 

“The (miR) responsive proteins are 

not necessarily the endogenous 

(miR) targets, and the magnitude 

and kinetics of mRNA and protein 

changes are not expected to match 

those of endogenous targeting.”

Baek D, et al. The Impact of 

microRNAs on Protein Output. 

Nature, 2008
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Translational applications of microRNAs



Anti-miRs as therapeutics



“the Encyclopedia of DNA Elements (ENCODE), has found that 80% of 

the human genome serves some (generally regulatory) purpose, 

biochemically speaking.”
Science 337:1159-1161, 2012

PLoS Biol 4:e1001046
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“Making the cut”

CRISPR genome-editing technology shows its power.



Gene editing using CRISPR/Cas9



Potential applications for CRISPR:

“Gene drive” – bias trans-generational inheritance

Malaria control

“Gene editing” – specifically altering DNA sequence

Mutation correction, xenotransplantation

“Gene delivery” – modulate activity of a single gene

Therapy and discovery



Mutational Ds: 

loss of function

correct gene mutation

Translational applications of gene editing

Mutational Ds: 

gain of function 

(poison peptide)

silence mutant gene

Models of genetic disease

human iPS cells

mice, rats, pigs, etc

Screen for gene-gene effects

human iPS cells





Heart (short) isoform

Skeletal (long) isoform

Splicing mutant eliminates cardiac isoform resulting in ectopic 

expression of a cardiotoxic skeletal muscle enzyme.

STOP STOP

Heart (short) isoform



Skeletal (long) isoform

Heart (short) isoform

STOP STOP

CRISPR to correct mutation

(Fix it)
microRNA to suppress skeletal isoform

(Suppress it)

CRISPR to scramble mutant gene

(Kill it)



Try multiple approaches to achieve the best outcome


