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• Background 
• Human growth is unique 
• The interaction between growth, the environment and development 
• What is ‘omic data 
• Network models 

 

• Age-dependent gene expression & the effect of the environment on child growth 
• Age-related changes in gene expression – defining networks of gene interactions 
• The effect of latitude & summer daylight exposure on growth  
• Evolutionary age of a gene is related to growth and metabolism 
 

• Growth trajectories and links to health in later life 
• Network models of rate of growth 
• Age of puberty and health 
• Leukaemia as an example 

 

• Conclusions 

Outline 



INFANCY CHILDHOOD PUBERTY ADULT 



W = weaning, *P = puberty (Tanner 1962 redrawn by Bogin 1999) 

I C P 

I = Infancy,  C = Childhood, P = puberty (from Bogin 1999) 

• ? • Age-related, tissue-independent 
gene expression shown in mice 
 
Finkielstain GP et al. Endocrinology 2009;150(4):1791-800 

Human growth pattern is unique 



Genes interact with the environment 

….and the developmental process 



Waddington’s Landscape 

C.H. Waddington 1905-1975 

….is a metaphor for how gene regulation modulates development 

How do genes effect development? 



Central Concept of Molecular Biology 

Information 

Flow/Process 

Function 

What is ‘Omic Data 
“big data”  - a complete set of information about a feature of cell 



What is ‘Omic Data 

‘Omic data sets include: 
 
• Genetic  
 
• Transcriptomics – Gene Expression 
• Proteomics 
• Metabolome 
 

Fixed 

Gene:Environment: 
Development 

How is ‘omic data analysed? 

~ 22 000 genes in humans 



Causal Pathways 

“Transitive triangle” 

Network Analysis 

• Function 
• Prediction 

Clusters of genes 



Waddington’s Differentiation Landscape 

C.H. Waddington 1905-1975 



Evolutionary conserved growth pathways are associated with the 
the phases of childhood growth 
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Evolutionarily Conserved Growth Pathways A 



The evolutionary age of genes is associated with network properties 

Bossi A, Lehner B: Tissue specificity and the human protein interaction network. Mol Syst Biol 2009, 5:260 

Recently evolved proteins make few protein 
interactions. 
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Causal Networks 

Network Model 

Mechanism 

The Effect of Latitude and Summer Daylight Exposure on Growth 



Catch-Up Growth in SGA children 



Catch-Up Growth in SGA children 



Catch-Up Growth in SGA children 

Blue = gene expression change - protein “seed” 
Red= metabolomic change 



Female age and embryonic gene expression 
  

Helen Smith 

 
 
 
 
 
 

Human blastocysts (n=10) 

329 genes correlated with maternal age: 139 positively, 190 negatively  

Tipping point at female age = 35, maps onto decline in female fertility 

Epigenetic regulators overrepresented (11 ZFPs, HIST1H2AE, METTL2B, L6) 

 

 

 



Conclusions 

• Human growth has features that are unique in 
the animal kingdom 
 

• ‘omic data and network modelling gives us the 
tools to relate gene:environment:development 
 

• The evolutionary age of a gene can act as a 
marker to relate growth and metabolic function 
 

• Changes of growth rate in early life are related 
to health in later life 
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