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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:
Course Discussions:

Class Hours: Mon + Wed @ 1:30p — 2:45p, Hodson 21 |

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
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=JHU EN.601.749: Computational Genomics: Applied Comparative
Genomics

Prof: Michael Schatz (mschatz @ cs.jhu.edu)

TA: Melanie Kirsche (mkirsche @ jhu.edu)

Class Hours: Monday + Wednesday @ 1:30p - 2:45p in Hodson 211
Schatz Office Hours: Monday @ 3-4p in Malone 323 and by appointment
Kirsche Office Hours: TBD and by appointment

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, The grading will be based on assignments, a midterm exam, class presentations,
and a significant class project. There are no formal course prerequisites, although the course will require familiarity with UNIX scripting and/or
programming to compiete the assignments and course project.

Prerequisites

« Online introduction to Unix/Linux, Students are strongly recommended to complete one of the following online tutorials (or both) before
class begins.
o Code academy's Intro to Unix

¢ Rosalind Bioinformatics Programming in Python

https://github.com/schatzlab/appliedgenomics2020




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

Assignment Date: Wednesday, Jan 28, 2020
Duo Date: Wednesday, Feb. 5 2020 & Y1:50pm

Assignment Overview

I this assignment you will profile the overal structure of the gencmes of several impoctant specios and then study the yeast genome in monre detal, As & reminder, any Guestions sbout the
assigament should be posted to Mazza

Question 1: Chromosome structures
Download the chomesome size flos for the folowing geromes [Noto these Pavi Deen Dregrocessed 10 only inciude man Chromosomes):

1 Arstidopsis thatlana (TAIRD) - An important plast model species (nfo)

2. Tomato {Solanum lycopersicum +4.00) « One of the most important food crops [info)]

3 E. coli (Escherichia col K12} « One of the most commonly studied bacteria [nfo)

4. Frult Fly (Drosophila mefanogaster, dmii] - One of the most important model species for genedics [info]

S Human (hg38) - us :) finfo]

6 Wheat [Triticum aestivam, IWGSC) « The food crop which takes up the largest land area [nfo)

7. Worm (Caenorhabdts elegans, c210) - One of the most important ankmal model species (info)

8 Yeast {Saccheromyces cerevise, sacCerd) - an imporiant eukaryotic model species, also good for bread and boer (o)

Using those files, make a 1abie with the following nformation per speces:

o Question 1.1. Total gencme size
* Question 1.2. Number of chromosomes
* Question 1.3 Largest chromosome size and rame
o Question 1.4, Smalest chromesome $ize and name
o Question 1.5, Mean chromosome length

Question 2: Sequence content
Downlkoad the yeast genome from here: Patp/fschatz-lab.orglappiiedgenomics2020/assignmentsassignment | fyeast.fa gz

https://github.com/schatzlab/appliedgenomics2020
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De novo Mutations in Men
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The contribution of de novo coding mutations to autism spectrum disorder
lossifov et al (2014) Nature. doi:10.1038/nature 13908



Age of Fatherhood
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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



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



lllumina Quality
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33 59 64 73 104 12§
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)
J - Illumina 1.5+ Phred+64, raw reads typically (3, 40)

with O=unused, l=unused, 2«Read Segment Quality Control Indicator (bold)
(Note: See discussion above).
L - Illumina 1.8+ Phred+3l, raw reads typically (0, 41)

http://en.wikipedia.org/wiki/FASTQ _format



FASTQC: Is my data any good?
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http://www.bioinformatics.babraham.ac.uk/projects/fastqc/



Beware of GC Biases
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Illumina sequencing does not

produce uniform coverage

over the genome

* Coverage of extremely high or
extremely low GC content will
have reduced coverage in lllumina
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

Analyzing and minimizing PCR amplification bias in lllumina sequencing libraries.

Aird et al. (201 ) Genome Biology. 12:R18.



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
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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
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lllumina Hacking
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ORIGINAL PAPER

Genome analysis
Assembling the 20 Gb white spruce (Picea glauca) genome from

whole-genome shotgun sequencing data
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1 INTRODUCTION

The assembly of hort reads 10 develop genomsc resources for
non-model spocics remaias an active area of development (Schats
et al, 2012) The feasiddity of the approwch and nis sculabality to

“To whoe correspuondene shouhd e addrewol

ning
approach of iolating ~10kb DNA +f
sequencing fragments & high theough|
CA, USA), & shotgun only sequencing]

In this work, we demonstrate that
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Assembding the 2065 white apruce gencme

anemble the pruce penoese, we wied e ABYSS algocithm
(Simguon er &, 2009), which captures a repecsentation of
read-to-read overlaps by a distnibeted de Brugm graph and
s paralld computations 1o budd the larget genome. The
modular nature of the tool allowed us %0 execute a larpe
mumber of tests 10 tune the message passing interface for 2 vec-
conafiel execution, train the assembly paramesers for an optimal
assembly and quantify the wiility of long reads for karge genome
assemblies. To the best of cur knowledge, the ABySS algocithm
i wmique i its abiity 10 enable penome assemblios of this scale
wiing whole-genome shotgun sequencing data.

2 METHODS

2.1 Sample collection

Apical shoot thsuss were collected in April 206 from » sngle white
spesce (Pices ghoses, gezotype PGY) tree ot the Rescarch
Station of the British Cotumia Mimistry of Forests and Ranges, Vernon,
Rrithh Columiia, Canads. Genomie DNA was exsmacied from (0gm
Swue by MoSAT (uttps/www bowoom. Mostral, QC. Camada)
wsing an organdie excheson method yiekiing 300 ¢ of high qualty pur-
Wled nuckar DNA

22 Library preparation and sequencing

DNA qualty was amewed by spoctrophotometry and gef et

Sefors Wbraty coostruction. DNA was sheared for 455 wsing an £210
sonkcator (Covari) and then asalywd on 1% PAGE geb. The 200-
2000y (for Ebearies with 250byp imen size) or 4505500y (for Edeaties
with SO0 % iment siae) DNA sire frnctions were ewised asd cuted from
e pel shoes overnight at 4'C in 3005 of eluson bufler (51 fvelivol]
LoTE buffer [JeeM Tes-HQL (pH 7.5) 02mM EDTAJT.SM asmeso-
sien sccune) and was purifid usieg & Spin'X Fiber Tube (Fisber
Sceonfic) and ctharol precipuation. Genome Nbearies wese poepared
wsing & modifed pairedend tag (PET) protocol sepphed by Muming
Tnc. This imvedved DNA end repuit and fomeation of 3 sdesosise over:
Banp wing the Kicsow fragnant of DNA polymerase | (¥-§ cxomude-
an misw) and Egation to Ismina PE adapiers (witt §' overhang)
Adsprer-Sgated rodects were parificd o0 QiAgeick i colemm
(Qiapen) and smplificd sxing Mhesos DNA polymerase (NES) and 10
FCR cycles with the PE primer 1.0 and 20 (Bumina). FCR prodacts of
e dovired sise range were parifind fross adapter Bgaticn arefacts seing
$% PAGE g DNA quality wan amcwed and quastificd weng an
Aglent DNA 1000 series 11 assary (Agsheat) and Naoodrop 7500 spectro-
photometer (Nasodrop). DNA was subsequenty dduted 10 5aM. The
fimal concentration was confiemed using a Quast(T SDNA HS assay kit
wnd Qubnt fuorometer (Tavitroges).

The mate pair (MPET, ak & jumping) Wdvaries wesr constreciod ssing
Apg of peoomic DNA with e [Mursiza Nevsera Mase Pulr Wdrary ooo-
strucsion pestocol and sagent (FC-132:1001). The genomic DNA sample
was and taggnd with & bwot e

jusction adepicr, which kit 3 short soqucsce @p is the tagmenad
DNA The pap wan Slled by 2 strand displacanent reaction uisg & poly-
mczase 10 e that al fragmests were Mesh and ready for cocularica-
Som. Aficr an AMPure Bead deanup, sire scketion was doe on & 0.6%
agarose gel W excine 6-91b and 91315 feactiom, which were purified
wsing & Zymodean Large Fragmens DNA Recovery Kit. The fragments
were circudasisnd by bgascn, foluwed by 2 digeaticn Lo ramove a2y Enear
mokeculos and left cirvelariaed DNA for shearing. The sheared DNA
fragmancs that costan U eoanylated adapeer (mate pair (rag-
ments) weee penfiad by meam of Biedeg 10 Srplaviin magseic beads,
aad the wwanied sohiotisylated moleosky weae wathed sway. The
DNA frapmenss wore Ben ond ropaimed and A-ssded followsng ¢

prosocel msd kgated 10 ledexed TruSeq sdapeers. The fisal Wbeary wes o
rched by a 10<ycle PCR and purified by AMPare bead deunap.
Library quality azd e were suewod by Agiknt DNA 1000 series 11
avay and KAPA Liseary Qunification peotocol The two frac-
toms were pocled for wquencing puired end Obp weng [lermina
HiSeq2000,

mmmofml*lbmwmmmmm.
Iiybend 454 Thumena procedure. Briey, 50 of gesomsc DYA-

mened for 20 cycks 3t speed code 12 wing a Hydrosbd

MA} cquipped with a ke amenbly mods]
menied DNA was Joaded 0n & 1% agarose gel, and (mugmes
185D were exmcied. Beoanylaved oscularizanon edapiers
Titaniurs Pairod-cnd Adapior st (454 Life Sciencon Roc]
CT) were addad 10 ends of the gebexiracicd frapucets.
recombiranon of the ends was performed with Cre recon
England Biolabw, Ipsaich, MA), and linear mobecudes somalf

Soences Roche, Braxford. CT), wad fragment end-onpair fof

Assembling the 20 Gb white spruce (Picea glawca) genome from whole-genome shotgun
sequencing data
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tatling was porformad with the GS Raped Lideay
Soences Roche, Branford, CT). TraSeq Adapion (Rwmingg
CA) were Ngatod 10 the repaisod/A-tailed cods. Biotizylasd
weme entichod wing Stplavidincoupied Dysabesds (Life 7]
Grand hbad NY) and smplified by PCR usisg 1]
primen.

Randors bacterial actificial chromosome (BAC) sy
perfoemed wirg DNA froen e same pesotype oo 4
Titankes with §ib pairedend Bbeaties at the PlaicFoesy
Cénomicea of e Instests for Sywems and Istopsl
(Usiverssé Laval, Quebes Oy, QC). A sngle pained-end]
prepasad oa & pool of 15 BACK (equimelsr conestration)|
carlier in the tewt wih the olowisg modifcatins: 15pg
(ragmensed ining » Mydronhear with s wandand
o wpood code 1%, 6-10k5 fragments were catracted from
GS-FLX Ebeary adapton were Rpuied (0 the repuired A
e, GSFLX soquendng using the litanius chenssiry wi
sccoedieg 10 manufacturer’s Bstrectons (454 Lie Soo
Searford, CT). Sanger soquencing method was wed 1o obf
BAC wquemang data s previoaly decribed (Hamberger
Keekng er of, 2010).

23 MiSeq medification

s sequending the spruce proome, we genemaled looger rea
ol ying the MiSeq platform. The MiSey uses & clamshedl s
(Sepplementary Fig SIA) 1o bold reagent tsbes &= &2 ey
coued by the MiSeq's sippers Mont of the rageens s of
Jeagth indegendent sieps sech as denaluration and chaster prf
throe reagents, the Scan. Cleavage and Iscorponition miy
swmed at oach cycle, ARhough the MiSeq allows any sead
wpealiod = the contool soltware, the soageel cartridge cannof
during the rus withost wioppizg & Iecreasing Lhe read ke
requires mcrvaning e quanaty of the leng-depemdent
careridge. This Jod 10 D solstion of combiing the leeg]
reagents of two ks 3o cne.

A ool was designod that opens the ssap-hook leicha|
carstidge logether (Sepplemernary Figs S18 aad S2), g
the reapmt tubes, yet allowing the carrdgs 10 be pet o
wibost damage 0 s componmits (Supplemestary 1y
el the ok kngth-depeadent seagent comances allow]
i of ~650 eycles i total. To maviemire the potential of
ik approwch, & Dew Toagren tray with 0wl wely was
plecod in a modified chumshell taso.
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Figure S1. Modification of the MiSeq cartridge. MiSeq reagent cartridge was modified 1o
allow for longer read lengths. (A.B)Opumofmndmuhdluylem-odse (C) Contents of
the modified cartridge. This was initially used to combine two PE150 kits for PE300 runs. When
[llumina introduced the P250 kit, the same apparatus was used to enable PESO0 runs.




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

300bp > -

Mate-pair sequencing
* Circularize long molecules (1-10kbp), shear into fragments, & sequence

* Mate failures create short paired-end reads

2x100 @ ~10kbp (outies)

> <€

10kbp
circle

2x100 @ 300bp (innies)
> <




FASTQ Files

reads.1.fq reads.2.fq

@SEQ ID @ldentifier
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT Sequence

+ +Separator

LU w((((*%%+))8%%++) (338%) . 1***—4+*' ') ) **55CCF>>>>>>CCCCCCCH5 Quality Values

http://en.wikipedia.org/wiki/FASTQ _format



lllumina Sequencing Summary

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

Ira Hall

lllumina HiSeq

~3 billion paired 100bp reads
~600Gb, $10K, 8 days
(or “rapid run” ~90Gb in 1-2 days)

lllumina X Ten
~6 billion paired 150bp reads
1.8Tb, <3 days, ~1000 / genome(SS)
(or “rapid run” ~90Gb in 1-2 days)

lllumina NextSeq
One human genome in <30 hours
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Next Steps

|. Reflect on the magic and power of DNA ©
2. Check out the course webpage
3. Register on Piazza

4. Work on Assignment |

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




