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chrX: 52139240 152139290 152139300 152139310 152139320 152139330
Geﬂome --->CGCCGTCCCTCAGAATGGAAACCTCGCTTCTCTCTGCCCCACAATGCGCAAGTCAG

Sequence read 6—)

A simple case of string matching




chrX: 52139240 152139290 152139300 152139310 152139320 152139330
(GGenome S CGCCGTCCCTCAGAATGGAAACCTCGCTTCTCTCTGCCCCACAATGCGCAAGT CAG

Sequence reads GTCCCTCAGATI GGAAACCTCGCIT

Difficult In practice




Volume of data: ~3 Gbp

~50% of genome is repeat regions that cannot be covered by reads

— Simple repeats, tandem, interspersed

— Transposons

— Segmental duplications where mapping is unclear
Gap or unfinished regions

— peri-centromere, sub-telomere

— ~5Mb unigue to ethnic groups (e.g., African, Asian)

Finishing errors(1/10,000bp), miscalled base incorporated

Challenges:
HumMan genome Is large and complex




» Genome Reference Consortium: “...workingto =~ EMBL- EBI i
create assemblies that better represent
diversity and provide more robust substrates ? wielkcorme s
for genome analysis.” .sanger

nstitute

NCBI
» novel assembly algorithm

(GENOME
> correcting assembly errors (fix patches) g‘f?@i&'{i‘i‘i‘

» addition of new alternate loci (patches)

> filling In gaps

Challenges:
Genome iIs continuously changing




—nsembl, UCSC and NCBI all use the same genome assemblies or

builds provided by the GRC (i.e GrCh37 = hg19)
Patches are provided by the GRC, but incorporated as updates by

each database at different intervals

At any point in time, the sequence can vary between databases but

coordinates are unchanged

Always use the same biological database for all reference data!

Challenges:
Sources of genome reference sequence




Closing the gaps; more complete
genome information

8000 nucleotides altered

Several misassembled regions
corrected

201 alternate loci across 178

regions (improved diversity)

Sequence information for

centromeres

The Science Web

Putting the "omic" into
comical....

« Your awful, bigoted opnions are encoded
n your genes

Human species advised to move to GRCh37
Posted on Aprl 15, 2015 by jovialscentist

BOSTON. The entire human species has been advised to convert their genome to GRCh37 by
the GATK Best Practices team at the Broad Institute, The ScienceWeb has learned.

GRCh37 is the previous version of the human genome reference. Last year, a rogue team of
militant terrorist bioinformaticians within the Genome Reference Consortium released
GRCh38, a hellish combination of core chromosomes, patches, unplaced contigs and
alternate loci. In one fell swoop they broke every single bicinformatics pipeline ever written.

“Enough is enough” said Geraldine Van Damme, former martial arts expert and now head of
the GATK team. “We took one look at GRCh38 and though ‘that’s it, we're sticking to
GRCh37 and never moving”. We're therefore recommending that every human on the planet
converts their genome to GRCh37. They should use CRISPR or something. It’s going to make
our lives a lot easier” she finished.

However, not everyone agrees. Deanna Cathedral, formerly Head of Anything Useful at the
National Church of Biology Idiots (NCBI) said: “This reminds of the early days of the human
genome project, when Frankie Collins suggested we try and genetically modify everyone to be
haploid. It's just not realistic” she concluded.

Recent Posts
» Human species advised to

move to GRCh37

» Your awful, bigoted opin-

ions are encoded in
your genes

+ Only three gel images ever

made, admit scientists

+ Bacteria will pay you to

sequence them by 2016,
analysis reveals

» SGM held at Birmingham

to allow scientists to col-
lect filthy new diseases

GRCh37 vs. GRCh38




LIftOver at UCSC

You can obtain corresponding coordinates of a
different genome build, if you have a set of
coordinates from a known build using the LiftOver

tool (UCSC)

N Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Lift Genome Annotations

This tool converts genome coordinates and genome annotation files between assemblies. The input data can
be pasted into the text box, or uploaded from a file. If a pair of assemblies cannot be selected from the pull-
down menus, a direct lift between them is unavailable. However, a sequential lift may be possible. Example: lift
from Mouse, May 2004, to Mouse, Feb. 2006, and then from Mouse, Feb. 2006 to Mouse, July 2007 to achieve
a lift from mm5 to mm®.

Original Genome: Original Assembly: New Genome: New Assembly:
| Human 2 Mar. 2006 (NCBI36/hg18) Human Feb. 2009 (GRCh37/hg19)



https://genome.ucsc.edu/cgi-bin/hgLiftOver
https://genome.ucsc.edu/cgi-bin/hgLiftOver

Short reads: 50-150 bp (versus a very long reference)

— Non-unigue alignment

— Sensitive to sequencing errors

Massive amount of short reads: one lane produces = 150
million 100 nucleotide reads

Small insert size: 200-500 bp libraries

Challenges: short read NGS data




Reference ATCTCCATAGGACTAGAAGTAG

Substitution ATCTCCATAGCACTAGAAGTAG
Deletion  ATCTCCATAGGAC-AGAAGTAG
Insertion  ATCTCCATAGGACTAGAAGTTAG

3bp deletion ATCTC---AGGACTAGAAGTAG

Challenges: non-exact matching




|_ocal alignment vs Global alignment

» Local alignment matches the query with a substring (k-mer) of the reference

» Tailored towards finding regions of highly similar sequence and aligning around
those by working outwards to align the rest

Local Alignment

5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3

P PP PRl
5' TACTCACGGATGAGGTACTTTAGAGGC 3'

Global Alignment

5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3

[TLTELTTT LELTEE PR E Tl
5' ACTACTAGATT--——ACGGATC--GTACTTTAGAGGCTAGCAACCA 3'

» A global alignment performs end-to-end alignment between the query and the
reference




Reference ATCTCCATAGGACTAGAAGTAG

Substitution ATCTCCATAGCACTAGAAGTAG
Deletion  ATCTCCATAGGAC-AGAAGTAG
Insertion  ATCTCCATAGGACTAGAAGTTAG

3bp deletion ATCTC---AGGACTAGAAGTAG

General concepts: edit distance




Reference CGTCCCTCAGATTGGAA—CCTCGCTT

Read TCCCTCAGAATGGAAACCTCGCT

Edit distance =3

General concepts: edit distance




Bullding an Index

» For each read we need to scan the entire
corpus as fast as possible

» Having an index of the reference genome
provides an efficient way to search

» Once index is built, it can be queried any
number of times

» Indexes are genome and tool-specific




Alignment tools can be grouped based on
iNndexing method

» Some examples include:
» Hash-based
» Suffix arrays

» Burrows-Wheeler Transform




Genome

Alighment

Genome

Splice-Aware
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Splice-aware alignment




Splice-aware alignment tools:
STAR, MapSplice, SOAPSplice, Passion, SpliceMap,

HISATZ,

RUM, A

SBMapper, C

RAC, GMA

P-GSNAP, HMMSplicer, Olego,

SLAT

here are excellent aligners available that are not splice-aware. These

are useful for aligning directly to genes. However, you will lose isoform

iINformation.

SowtieZ,

BWA, Novoalign (not free), SOAPaligner

Splice-aware alignment



https://ccb.jhu.edu/software/hisat2/index.shtml
https://code.google.com/p/rna-star/
http://www.netlab.uky.edu/p/bioinfo/MapSplice
http://soap.genomics.org.cn/soapsplice.html
https://trac.nbic.nl/passion
http://www.stanford.edu/group/wonglab/SpliceMap/
http://www.cbil.upenn.edu/RUM/
http://hkbic.cuhk.edu.hk/software/abmapper
http://crac.gforge.inria.fr/
http://research-pub.gene.com/gmap/
http://derisilab.ucsf.edu/index.php?software=105
http://zhanglab.c2b2.columbia.edu/index.php/OLego
http://genome.ucsc.edu/goldenPath/help/blatSpec.html
http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml
http://bio-bwa.sourceforge.net/
http://www.novocraft.com/main/index.php
http://soap.genomics.org.cn/soapaligner.html

Biological samples/Library preparation

» Use the genome and GTF from the same

source (l.e. Ensembl, NCBI, UCSC)

» Choose an aligner that can allow for a

read to be “split” across distant regions

to account for splice events
_ . Adapter Trimmin Optional
» Evaluate your computational resources (Op )

and use an aligner that would work best
within the confines of the available

memory and CPU _ _ _
Counting reads associated with genes

Statistical analysis to identify
differentially expressed genes

Splice-aware mapping to genome

Alignment for RNA-seq




These materials have been developed by members of the teaching team at the Harvard
Chan Bioinformatics Core (HBC). These are open access materials distributed under
the terms of the Creative Commons Attribution license (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original

author and source are credited.



http://bioinformatics.sph.harvard.edu/
http://bioinformatics.sph.harvard.edu/
http://creativecommons.org/licenses/by/4.0/

