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Welcome!
The primary goal of the course is for students to be grounded in theory 
and leave the course empowered to conduct independent genomic 
analyses. 
• We will study the leading computational and quantitative approaches for 

comparing and analyzing genomes starting from raw sequencing data. 
• The course will focus on human genomics and human medical 

applications, but the techniques will be broadly applicable across the tree 
of life. 

• The topics will include genome assembly & comparative genomics, 
variant identification & analysis, gene expression & regulation, personal 
genome analysis, and cancer genomics.

Course Webpage: https://github.com/schatzlab/appliedgenomics2020
Course Discussions: http://piazza.com

Class Hours: Mon + Wed @ 1:30p – 2:45p, Hodson 211 

Schatz Office Hours: Mon @ 3-4p and by appointment
Kirsche Office Hours: TBD and by appointment

Please try Piazza first!

https://github.com/schatzlab/appliedgenomics2020
http://piazza.com/


Course Webpage

https://github.com/schatzlab/appliedgenomics2020



Assignment 1: Chromosome Structures
Due Feb 5 @ 11:59pm

https://github.com/schatzlab/appliedgenomics2020



Piazza

https://piazza.com/class/k5vn2kkfo8g6n7



GradeScope

https://www.gradescope.com/
Entry Code: MR652Z

https://www.gradescope.com/


The contribution of de novo coding mutations to autism spectrum disorder
Iossifov et al (2014) Nature. doi:10.1038/nature13908

De novo Mutations in Men



The age of fathers in the USA is rising: an analysis of 168 867 480 births from 1972 to 2015 
Khandwala et al (2017) Human Reproduction. https://doi.org/10.1093/humrep/dex267

Age of Fatherhood



Second Generation Sequencing

Metzker (2010) Nature Reviews Genetics 11:31-46
https://www.youtube.com/watch?v=fCd6B5HRaZ8

Illumina NovaSeq 6000
Sequencing by Synthesis

>3Tbp / day

1. Attach

2. Amplify

3. Image



Illumina Quality

http://en.wikipedia.org/wiki/FASTQ_format

QV perror

40 1/10000

30 1/1000

20 1/100

10 1/10



FASTQC: Is my data any good?

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/



Beware of GC Biases

Analyzing and minimizing PCR amplification bias in Illumina sequencing libraries.
Aird et al. (2011) Genome Biology. 12:R18.

Illumina sequencing does not 
produce uniform coverage 
over the genome
• Coverage of extremely high or 

extremely low GC content will 
have reduced coverage in Illumina
sequencing

• Biases primarily introduced during 
PCR; lower temperatures, slower 
heating, and fewer rounds 
minimize biases

• This makes it very difficult to 
identify variants (SNPs, CNVs, etc) 
in certain regions of the genome



Beware of Duplicate Reads

The Sequence alignment/map (SAM) format and SAMtools.
Li et al. (2009) Bioinformatics. 25:2078-9

Picard: http://picard.sourceforge.net

http://picard.sourceforge.net/


Beware of (Systematic) Errors

Identification and correction of systematic error in high-throughput sequence data
Meacham et al. (2011) BMC Bioinformatics. 12:451

A closer look at RNA editing.
Lior Pachter (2012) Nature Biotechnology. 30:246-247



Question?

We would love to generate 
longer and longer reads with this technology

What can we do?



Illumina Hacking



Paired-end and Mate-pairs
Paired-end sequencing
• Read one end of the molecule, flip, and read the other end
• Generate pair of reads separated by up to 500bp with inward orientation

Mate-pair sequencing
• Circularize long molecules (1-10kbp), shear into fragments, & sequence
• Mate failures create short paired-end reads

10kbp

10kbp
circle

300bp

2x100 @ ~10kbp (outies)

2x100 @ 300bp (innies)



FASTQ Files

http://en.wikipedia.org/wiki/FASTQ_format

reads.1.fq reads.2.fq

@Identifier
Sequence
+Separator
Quality Values
…



Illumina Sequencing Summary

Ira Hall

Advantages:
- Best throughput, accuracy and read length 

for any 2nd gen. sequencer
- Fast & robust library preparation

Disadvantages:
- Inherent limits to read length 

(practically, 150bp)
- Some runs are error prone
- Requires amplification, sequences a 

population of molecules

Illumina HiSeq
~3 billion paired 100bp reads

~600Gb, $10K, 8 days
(or “rapid run” ~90Gb in 1-2 days)

Illumina X Ten
~6 billion paired 150bp reads

1.8Tb, <3 days, ~1000 / genome($$)
(or “rapid run” ~90Gb in 1-2 days)

Illumina NextSeq 
One human genome in <30 hours



ILMN



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

2. Check out the course webpage

3. Register on Piazza

4. Work on Assignment 1

1. Set up Linux, set up Virtual Machine, set up Ubuntu
2. Set up Dropbox for yourself!
3. Get comfortable on the command line


