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•Challenges 

•Combining methods for better genome assembly 

•Functional genomics – let’s sequence it 

• Principles and major findings  

• Single cell genomics – why and how 

• Applications and examples 

• What’s next? 

Outline 
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Challenges: variants discovery and characterization 
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Structural variation and repetitive  
DNA pose unsolved challenges! 

patterns of intrachromosomal (blue) and  
interchromosomal segmental duplication  
(red,≥10 kb) 

Bailey et al Science 2002 
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Why do these regions matter? 

• segmental duplications preceded divergence of humans 
• segments encode human/great ape-specific gene families 
• genes with functions in neurodevelopment, cell proliferation 
• CNVs in segmental duplication regions are implicated  
      in many human disease 
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How to assemble such regions? 

• reduce complexity by sequencing haploid genomes -> 
 - hydatidiform moles 
 - HAP1 and hapESC cells 

Huddleston et al. 2017, Genome Research 
Bickart, 2017, Nature Genetics 
Burton, 2013, G3 

• longer reads -> PacBio, nanopore and short-read sequencing  
                                 for error corrections 

• adding proximity context –> Hi-C 



State-of-the-art – the most complete mammalian genome 
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Context allows deconvolution of complex samples 
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Variants are everywhere – what do they mean? 
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The challenge is enormous…this is just representing  

the coding portion of the genome (<1%). 



Functional genomics – massively parallel assays 
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Saturation mutagenesis 

Fowler & Fields Nat. Methods 2010 

…any variant associated with a selectable function can be interrogated… 

cell growth 
drug resistance 
aggregation 
expression of reporter 
          

neutral 

beneficial 

deleterious 

possibly beneficial 



Examples 

Mating and invasive growth converge on a single transcription factor: Ste12. 

Dorrity et al., PNAS, 2018 

Dolan, Kirkman & Fields, PNAS (1989) 

invasion cofactor Tec1 

Yeast mating – a canonical MAPK pathway with several phenotypic 
outputs 
 



Ste12 variant performance in mating 

all variants 

positional means 



Are there Ste12 DBD mutants that separate traits?  

Phenotyping thousands of variants by 

sequencing 

 
Input library of Ste12 variants 

mating assay invasion assay 

Deep mutational scanning allows assessing functional consequences of all (most) 
possible Ste12 DBD variants for mating and invasion under different conditions. 
 



Single mutation suffices to shift between traits 

Certain Ste12 variants confer hyperinvasion at the cost of mating. 

Dorrity et al. PNAS 2018 



From yeast to human genes – within genomic context 



BRCA1 – the breast cancer gene 

Starita et al. Nature in press. 

Starita et al. Genetics 2015 



Challenge – how to scale up??? 

generating all possible variants: 

• efficient insertion of variant libraries in genome OR efficient editing 

selection regimes and relevant phenotypes: 

• protein aggregation holds functional information –> VAMP-seq 
• cell shape -> advanced microscopy compatible with selection of cells 
• nucleoli shape and size 

NEXT Frontier: assessing function of proteins in similar fashion with  
  mass spectrometry 

Matreyek et al. 2018 Nature Genetics 



VAMP-seq – deceptively simple… 

Matreyek et al. 2018 Nature Genetics 

How does cellular  
gene expression  
differ for each cell 
carrying a particular  
variant? 
Or accessibility? 
Or TF occupancy 



Single-cell genomics – when? 

Wang & Navin 2015 Mol. Cell 

 

Hu et al. Frontiers in Cell and  

Developmental Biology 2018 

 



Single-cell genomics – why? 

• discover new cell types 

• reveal developmental trajectories 
• understand heterogeneity 

• cancer 
• neurodevelopment and memory 
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Single-cell genomics – technical principles 

Macosko et al. 2015 Cell 

 Drop-seq 
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Sci-seq – combinatorial indexing 

Nature 2018 

eLife 2018 

Science 2017 

Vitak et al 2017 Nature Methods 

Science 2015 
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Exploring single biology in well-studied models 

John Sulston - ‎1983 – embryonic development 

C. elegans  - 959 cells 



What do we find – rare neuronal cells 
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What’s next? 

Combine functional genomics with single-cell genomics 

How does cellular gene expression  
differ for each cell carrying a 
particular enhancer or gene variant? 
Or accessibility? 
Or TF occupancy? 
 Or protein content? 


