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Waddington landscape 



Identical genomes yield  
different phenotypes 

Twins have different fingerprints  

Clonal cats have different patterning 

Raser and O’Shea (2005) 

Aryoles et al (2015) 

Behavioral differences 

Bierbach et al (2017) 



A delicate balance 

Developmental specification  

• Allows for genetic buffering 
and promotes robustness  

Developmental variation  

• Increases adaptability and 
evolvability 

 

Outcome is individuality  

If gene expression reflects epigenetic states, are 
there markers of identity that remain over time?  

Is there an individuality signature that we can 
detect that will easily distinguish between 
identical genomes?  



Intrinsic versus extrinsic noise 

Raj and van Oudenaarden, 2008 



Genetic background has a large impact 

Pritchard et al. 2006  

The evidence that most gene 

regulation is trans and strongly 

influenced by genetic background, 

suggests that pathways that are 

modified by an allelic variant, may only 

exhibit differential expression in the 

specific genetic backgrounds in which 

they were identified. 

 …the average rate of successful 

translation from animal models to 

clinical cancer trials is less than 8%. 

Mak et al. 2014  

Noyes et al. 2010  



Human data is highly variable 

Van Baak, Coarfa et al (2018) 

This “epigenetic supersimilarity” 

apparently results from locus-

specific establishment of 

epigenotype prior to embryo 

cleavage during twinning. 

Epigenetically supersimilar loci 

exhibit systemic interindividual 

epigenetic variation and plasticity 

to periconceptional environment 

and are enriched in sub-telomeric 

regions. In case-control studies 

nested in a prospective cohort, 

blood DNA methylation at these 

loci years before diagnosis is 

associated with risk of developing 
several types of cancer. 

Higher methylation similarity among MZ over DZ 

Epigenetic discrimination of identical twins 
from blood under the forensic scenario 

Vidaki et al (2017) 

Martino et al (2013) 

Methylation differences across time may be twin specific 



Human twins are unusual 

 



Dasypus novemcinctus 



Monozygotic quadruplets 





New World Mammal 



Litter sizes across the armadillo species 

Delsuc et al (2016) 
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Waddington landscape 



Data collection 

 

PBMCs at three time points over a year 



Higher transcriptional similarity 
within than across litters 
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Stable genes are enriched for known 
human housekeeping genes 

Eisenberg and Levanon 2013 

3804 human housekeeping genes 



 



X-inactivation: canalized intrinsic noise 

X-inactivation assays 

X-skewing ratios 



Variation in human X-inactivation 
within an individual across tissues 

Skewed X-inactivation Random X-inactivation 



 

Individual armadillo X-inactivation ratios 



~25 cells in the initial population 

 



Predicting identity 



X-skew predicts identity 

 



Canalized intrinsic noise marks lineage 

Genes don’t overlap so not 
likely to be X related.  Also, in 
males. 



Extrinsic noise 

 



Canalized extrinsic noise predicts identity 

 



Revisiting: Why armadillos? 

 



Suppression of environmental noise 

 



Why this matters to disease: 

 



Thanks 

 
• Gillis lab 

– Sara Ballouz 
– Risa Kawaguchi 
– Megan Crow 
– Stephan Fischer 
– Manthan Shah 
– Ben Harris 
– Shaina Lu 
  
 
– Jonathan Werner 
– Nathan Fox 
– John Lee 
– Conor  Cremin 

 

• HRSA 
- Maria Pena 
- Linda Adams 


