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Assignment 1: Chromosome Structures
Due Wed Sept 11 @ 11:59pm

https://github.com/schatzlab/biomedicalresearch2019



Assignment 2: De novo Assembly
Due Wed Sept 18 @ 11:59pm

https://github.com/schatzlab/biomedicalresearch2019



Part 1: Recap



Initial sequencing and analysis of the human genome
International Human Genome Sequencing Consortium
Nature 409, pp 860–921 (2001)

The Sequence of the Human Genome
Venter et al.
Science 291. pp 1304-1351 (2001)





The human genome - basic stats

http://uswest.ensembl.org/Homo_sapiens/Location/Genome

● 3.096 billion base pairs (haploid)
● 20,454 protein coding genes
● 226,950 coding transcripts 

(isoforms of a gene that each 
encode a distinct protein product)



Genomics Arsenal in the Year 2019

Sample Preparation Sequencing Chromosome Mapping
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Assembly Complexity
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The advantages of SMRT sequencing
Roberts, RJ, Carneiro, MO, Schatz, MC (2013) Genome Biology. 14:405



PacBio Single Molecule Real Time Sequencing
(SMRT-sequencing)



PacBio: SMRT Sequencing

Time
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http://www.youtube.com/watch?v=v8p4ph2MAvI

Imaging of florescent phospholinked labeled nucleotides as they are incorporated 
by a polymerase anchored to a Zero-Mode Waveguide (ZMW).

http://www.youtube.com/watch?v=v8p4ph2MAvI






Oxford Nanopore Technologies (ONT)



Nanopore Sequencing

Sequences DNA/RNA by measuring changes in ionic 
current as nucleotide strand passes through a pore

nanoporetech.com/applications/dna-nanopore-sequencinghttps://www.youtube.com/watch?v=CE4dW64x3Ts

https://www.youtube.com/watch?v=CE4dW64x3Ts


More Throughput

MinION
Quick Mobile Sequencing

$1k / instrument
5-10 GB / day

PromethION
High Throughput Desktop Sequencer

$75k / instrument
>>1TB / day





Single Molecule Sequences



“Corrective Lens” for Sequencing



“Corrective Lens” for Sequencing

If you are starting with 16% error, how much can we improve?



Consensus Accuracy and Coverage

Coverage can overcome random errors
• Dashed: error model from binomial sampling; solid: observed accuracy 
• For same reason, CCS is extremely accurate when using 5+ subreads

coverage



Recent Long Read Assemblies

Third-generation sequencing and the future of genomics
Lee et al (2016) bioRxiv
doi: http://dx.doi.org/10.1101/048603

Assemblytics: a web analytics tool for the detection of variants
from an assembly
Nattestad & Schatz (2016) Bioinformatics.
doi: 10.1093/bioinformatics/btw369

Insertions

Repeat Expansion

Tandem ExpansionTandem Contraction

Repeat Contraction

Deletions

Structural Variants in CHM1 



First Telomere-to-Telomere Human Chromosome

Telomere-to-telomere assembly of a complete human X chromosome
Miga et al. (2019) bioRxiv. https://doi.org/10.1101/735928



Assembly Summary

Assembly quality depends on 
1. Coverage: low coverage is mathematically hopeless
2. Repeat composition: high repeat content is challenging
3. Read length: longer reads help resolve repeats
4. Error rate: errors reduce coverage, obscure true overlaps

• Assembly is a hierarchical, starting from individual reads, build high 
confidence contigs/unitigs, incorporate the mates to build scaffolds 
– Extensive error correction is the key to getting the best assembly possible 

from a given data set

• Watch out for collapsed repeats & other misassemblies
– Globally/Locally reassemble data from scratch with better parameters & 

stitch the 2 assemblies together



Part 2: Whole Genome Alignment



Whole Genome Alignment
with MUMmer

Slides Courtesy of Adam M. Phillippy
NHGRI



Goal of WGA
• For two genomes, A and B, find a mapping from 

each position in A to its corresponding 
position in B

CCGGTAGGCTATTAAACGGGGTGAGGAGCGTTGGCATAGCA

CCGGTAGGCTATTAAACGGGGTGAGGAGCGTTGGCATAGCA



Not so fast...
• Genome A may have insertions, deletions, 

translocations, inversions, duplications or SNPs 
with respect to B (sometimes all of the above)

CCGGTAGGATATTAAACGGGGTGAGGAGCGTTGGCATAGCA

CCGCTAGGCTATTAAAACCCCGGAGGAG....GGCTGAGCA



WGA visualization
• How can we visualize whole genome alignments?

• With an alignment dot plot
– N x M matrix

• Let i = position in genome A
• Let j = position in genome B
• Fill cell (i,j) if Ai shows similarity to Bj

– A perfect alignment between A and B would completely fill 
the positive diagonal
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SV Types

• Different structural 
variation types / 
misassemblies will be 
apparent by their 
pattern of breakpoints

• Most breakpoints will 
be at or near repeats

• Things quickly get 
complicated in real 
genomes

http://mummer.sf.net/manual/
AlignmentTypes.pdf



Alignment of 2 strains of Y. pestis
http://mummer.sourceforge.net/manual/



Next Steps
1. Reflect on the magic and power of DNA J

2. Check out the course webpage

3. Work on HW2


