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Identifying genetic differences that makes 
us human through comparative genomics
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Structural variation is the largest 
source of genetic novelty

• Relative to the human reference 
genome:


• Every human has ~3 
Megabases of single nucleotide 
variants


• Every human has ~20 
Megabases of structural 
variation
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Studying structural variation in 
short read assemblies is hard 

Orangutan Gorilla Chimpanzee

Short read N50 21 kb 21 kb 401 kb
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Single Molecule Real Time (SMRT) genome assembly 
is drastically improving SV comparative studies

Orangutan Gorilla Chimpanzee

Short read N50 21 kb 21 kb 401 kb

PacBio (P6)  
depth of 
coverage

74X 74X 97X

SMRT N50 
(Falcon asembly) 11.2 11.6 Mb 12 Mb

Improvement 530X 560X 32X

•Closed ~300k  gaps in orangutan 
(96%)

•Closed 30,000 gaps in chimpanzee 
(50%)

•Removed > 27Mb of extemporaneous 
sequence in panTro5  
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High contiguity of SMRT ape 
assemblies 
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The SMRT great ape assemblies 
increase the size of syntenic blocks 
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Removing the bias of the human reference 
genome through integrated scaffolding 

Optical maps (Bionano) Hi-C (DNAse)

BAC end sequencing 

FISH’ed BACs
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Chromosome-level scaffolds reveal 
Mb+ sized evolutionary events

Yunis and Prakash, Science 1982 9



Optical maps 
revealed dozens of 

~Mb sized 
evolutionary events 
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SMRTie-SV a new cross-
species tool for discovering SVs   

• > 600K SVs greater than 50bp 
were discovered


• > 90% validation rate


• Open source: https://
github.com/zeeev/smartie-sv


• Snakemake pipeline that can 
run on most clusters


• Uses a modified version of 
BLASR (Chaisson)


• Largest SV discovered ~ 60K
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Defined > 60Mb of lineage specific structural variation

• SMARTie-SV


• Genotyping w. 100 primates


• SVTyper 


• dCGH


• Lineage Specific (VST or 
FST > 0.8)
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We doubled the number of human 
conserved deletions (hCONDELs)



Allelic variation in gorilla near the 
androgen receptor hCONDEL  



A novel human specific deletion of CARD8



A simple and yet 
complex human 

specific deletion in 
the FADS gene 

cluster



Human specific SVs were associated 
with down regulated genes in Radial Glia



In conclusion 
• SMRT assemblies enable structural variation detection and 

comparative genomics


• SMRTie-SV is an accurate tools for identifying structural 
variation 


• We identified an association between gene regulation and 
structural variation in radial glia and excitatory neurons


• There are several human specific variants that warrant 
further investigation 
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Questions?



Gene annotation using CAT  
and IsoSeq



Improvements in transcript 
mapping and annotations



A significant association between human 
specific structural variants and neuronal 

gene expression   

Example: WEE1 is unregulated in cortical radial glia 



A map of human specific structural 
variation reveals hotspots
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PanTro5 false inversion


