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«Natural selection works like a tinkerer.. A tinkerer who does not know exactly what he is going to 
produce but uses whatever he finds around him.. A tinkerer who uses everything at his disposal to 
produce some kind of workable object»

F. Jacob. Evolution is a tinkerer. 
in Science 10 June 1977 vol. 196, no. 4295

Where does human neurodevelopment come from? 



Copyright © 2012 Elsevier Inc. Terms and Conditions

Cell 2012 149, 912-922DOI: (10.1016/j.cell.2012.03.033) 

http://www.elsevier.com/termsandconditions


Cell 2012 149, 912-922DOI: (10.1016/j.cell.2012.03.033) 

F. Jacob. Evolution is a tinkerer. 
in Science 10 June 1977 vol. 196, no. 4295

"Novelties come from previously unseen association of old material. 
To create is to recombine"



HYDIN2 was generated by the 
juxtaposition of multiple segmental
duplications culminating with the partial
duplication of HYDIN ~3.2 mya. 

We identify a new promoter that
“rescued” the truncated gene duplicate 
and drives a neuronal pattern of 
expression. 

We show that the reciprocal
macro/microcephaly phenotypes
associated with chromosome 1q21 
rearrangements can occur
without HYDIN2 copy number changes.





Current Biology 2015 25, 772-779DOI: (10.1016/j.cub.2015.01.041) 

This study reports the discovery of a 
human-accelerated enhancer of FZD8 
functioning in brain development. 

Boyd et al. demonstrate species-specific
activity differences and show that the 
human enhancer promotes a faster
progenitor cell cycle and increased
neocortical size. 

Enhancer sequence changes may
contribute to unique features of the 
human brain. 



Nature volume 418, pages 869–872 (22 August 2002)
doi:10.1038/nature01025

Silent and replacement nucleotide substitutions mapped
on the phylogeny of primates



Human-specific duplications create new genes and features unique to the human genome

~99% identical





Recurrent de novo segmental aneuploidies
&

Gene-dosage effect



Potocki – Lupski S.
Dup 17p11.2

Smith – Magenis S. 
Del 17p11.2Recurrent de novo segmental aneuploidies

7q11.23 Syn.
Duplication

Williams-Beuren
Del. 7q11.23 

DiGiorge S.
Del. 22q11.2 



The 22q11.2 region

DiGeorge Syndrome
[OMIM 192430]

22q11.2 proximal
microduplication Syndrome
[OMIM 608363]

Distal 22q11.2 microdel/dup syndrome
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Timeline of key discoveries in the history of NDD research

Sztainberg, Yehezkel, and Huda Y. Zoghbi. "Lessons learned from studying syndromic autism spectrum disorders."
Nature neuroscience 19.11 (2016): 1408.



Comprehensive evaluation of the child with intellectual disability
or global developmental delays

Modified from: Moeschler, John B., and Michael Shevell. "Comprehensive evaluation of the child
with intellectual disability or global developmental delays." Pediatrics 134.3 (2014): e903-e918.

AND
Miller, David T., et al. "Consensus statement: chromosomal microarray is a first-tier clinical diagnostic

test for individuals with developmental disabilities or congenital anomalies."
The American Journal of Human Genetics 86.5 (2010): 749-764.
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