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Outline

Å Background
ï Long read sequencing technology

Å The limitations of short read mapping illustrated by the Genome 
Mappability Score (GMS)

Å The Resurgence of reference quality genome (3Cs)
ï The next version of Lander-Waterman Statistics (Contiguity)
ï Historical human genome quality by gene block analysis (Completeness)
ï The effectiveness of long reads in de novo assembly (Correctness)

Å Sugarcane de novo genome assembly challenges
ï The effectiveness of accurate long reads in de novo assembly especially for highly 

heterozygous aneuploidgenome
ï Pure long read de novo assembly, combine with accurate long reads and 

erroneous long reads

Å Contributions
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Background
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Å BAC-by-BAC + Sanger Era (1995 to 2007)
ï Very high quality reference genomes for human, mouse, worm, fly, rice, 

Arabidopsis and a select few other high value species. 
ï Contigsizes in the megabases, but costs in the 10s to 100s of millions of dollars

Å Next-Gen Era (2007 to current)
ï Costs dropped, but genome quality suffered
ïDŜƴƻƳŜ ŦƛƴƛǎƘƛƴƎ ŀƭƳƻǎǘ ŎƻƳǇƭŜǘŜƭȅ ŀōŀƴŘƻƴŜŘΤ άŜȄƻƴ-ǎƛȊŜŘέ contigs
ï These low quality draft sequences are (1) missing important sequences, (2) lack 

context to discover regulatory elements or evolutionary patterns, and (3) 
contain many errors

Å Third-Gen Era (current)
ï New biotechnologies (single molecule, chromatin assays, etc) and new 

algorithms (MHAP, LACHESIS, etc) are leading to a Resurgence of Reference 
Quality Genomes 

ï De novoassemblies of human and other large genomes with contigsizes over 
1Mbp.
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Third-Gen Sequencing Technology

Illumina/Moleculo

3-5kbp
(Kuleshovet al. 2014)

Pacific Biosciences

10-15kbp
(Berlin et al, 2014)

Oxford Nanopore

5-10kbp
(Quick et al, 2014)

Å Long Read Sequencing: De novo assembly, SV analysis, phasing

Å Long Span Sequencing: Chromosome Scaffolding, SV analysis, phasing

Molecular Barcoding

30-60kbp
(10Xgenomics.com)

Optical Mapping

100-150kbp
(Cao et al, 2014)

Chromatin Assays

25-100kbp
(Putnam et al, 2015)
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Outline

Å Background
ï Long read sequencing technology and algorithms

Å The limitations of short read mapping illustrated by the 
Genome MappabilityScore (GMS)

Å The Resurgence of reference quality genome (3Cs)
ï The next version of Lander-Waterman Statistics (Contiguity)

ï Historical human genome quality by gene block analysis (Completeness)

ï The effectiveness of long reads in de novo assembly (Correctness)

Å Sugarcane de novo genome assembly challenge
ï The effectiveness of accurate long reads in de novo assembly especially 

for highly heterozygous aneuploidy genome

ï Pure long read de novo assembly, combine with accurate long reads and 
erroneous long reads

Å Contributions
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Short read mapping (Resequencing)

Å Discovering genome variations

Å Investigating the relationship between variations and phenotypes

Å Profiling epigenetic activations and inactivations

ÅMeasuring transcription rates
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Repeats
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Read Quality Score ςMAQ
Sensitivity of Read Mapping Score
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ÅThere is inherent uncertainty to mapping
ÅRead quality score is very sensitive to a minute change
ÅBase quality score is useful only inside a single read
ÅRead quality score is assigned to each read not a position of 

a genome, thus provides only local view
ÅHowever, there is no tool to measure the reliability of 

mapped reads to the reference genome in a global 
perspective.

It does not consider all possible reads
²Ŝ ƴŜŜŘ ƳƻǊŜ ǎǘŀōƭŜ άGPSέ ŦƻǊ ŀ ƎŜƴƻƳŜ

Challenges
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Genome MappabilityScore (GMS)

Åu is a position
Åx is a reference

Åz is a read
Ål is read length
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Genome MappabilityAnalyzer (GMA)
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GMS vs. MAQ
Sensitivity of Read Mapping Score
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Read Length
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Variation Accuracy Simulator (VAS)

ÅSimulation of resequencing 
experiments to measure 
the accuracy of variation 
detection
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Genomic Dark Matter

ÅUnlike false negatives in high GMS region that can be 
discovered in high coverage (>=20-fold), false negatives in low 
GMS regions cannot be discovered, because variation calling 
program will not use poorly mapped reads
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