INTRODUCTION TO READ
MAPPING

Dhivya Arasappan
(With several slides borrowed from Dr. Jeff Barrick )



What does an alignment
look like™?

Ref=TAGATCAGATTCGATACCAGACCATGATCATACGATCCA
Read=AGACCATG

Found at offset 18!
TAGATCAGATTCGATACCAGACCATGATCATACGATCCA




What is an alignment look like”?
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What does an alignment look like”
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https://visci.github.io/lscc_docs/tutorials/rna_seq_dge_basic/rna_seq_basic_tutorial/




Why Is alignment a difficult
problem?

100’s of millions of reads

Billions of bases to search
through

Approximate matching
Looking for a tiny pattern

(~100-120 bp read) in a large,
often redundant sequence.




Basic steps of mapping reads

* Pre-mapping QC

(e Build a reference sequence index. A
 Map sequencing reads to the reference index.
* Convert results to SAM/BAM format and
obtain mapping statistics.
\_ PpINg Y,

e Post-mapping analysis.



What to know about your data before mapping?

KNOW YOUR DATA!
* Paired end? Single end?

. , <
* Traditional RNA-Seq? 3’ tag ? Read
* Insert size estimate?
Theashold === ﬂ
PREPROCESSING NN NNNTP:'S]G,»\CNGCC-'«G GAA CCATGCCTGC RN

* Adaptor sequences trimmed?
* Primer sequences/barcodes removed?
* Poor quality regions trimmed?



What will your reads look like?

FASTQ FORMAT

C @HWI-EAS216 91209:1:2:454:192#0/1 A
GTTGATGAATTTCTCCAGCGCGAATTTGTGGGCT
+HWI-EAS216_91209:1:2:454:192#0/1
B@BBBBBB@BBBBAAAA>@AABA?BBBAAB??>A?

\ 4
Line 1: @read name
Line 2: called base sequence
Line 3: +read name (optional after +)
Line 4: base quality scores




What to know about your reference before
mapping?

* Mapping to genome vs transcriptome?

164,744 kb 164,746 kb
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* |syour reference the right version?

* Does your annotation match your reference?



What will your reference look like?

* FASTA Format

>gi|254160123|ref| NC_012967.1| Escherichia coli B str. REL606
agcttttcattctgactgcaacgggcaatatgtctctgtgtggattaaaaaaagagtgtc
tgatagcagcttctgaactggttacctgccgtgagtaaattaaaattttattgacttagg
tcactaaatactttaaccaatataggcatagcgcacagacagataaaaattacagagtac
acaacatccatgaaacgcattagcaccaccattaccaccaccatcaccattaccacaggt

* Using complex reference sequence names is a common problem
during analysis. Might rename:

>REL606
agcttttcattctgactgcaacgggcaatatgtctctgtgtggattaaaaaaagagtgtc
tgatagcagcttctgaactggttacctgccgtgagtaaattaaaattttattgacttagg



What will your annotation look like?

* GFF3 Format

segname - The name of the sequence.

source - The program that generated this feature.

feature — Examples: "CDS", "start_codon", "stop_codon", and "exon".
start - The starting position of the feature in the sequence.

end - The ending position of the feature (inclusive).

score - A score between 0 and 1000.

strand - Valid entries include '+', '-', or '." (for don't know/don't care).
Frame — reading frame

group — ID and other information about the entry

Example:
Rel606 refseq cds 1450 1540 500+ . Gene_id=« test_gene »

 Make sure the GFF3 file matches your reference fasta file.



Where to get your references?

Biolteam X
. , B
UCSC o tair
‘ W Saccharomuyces
Ensembl @ GENOME DATABASE

Organism specific databases/websites.

e/Ensembl

UCSC Genome Bioinformatics



Mapping RNA-Seq Data

Class Category Package Notes Uses
Read mapping
Unspliced Seed methods Short-read mapping package Smith-Waterman extension Aligning reads to a
aligners? (SHRiMP)“1 reference transcriptome
Stampy? Probabilistic model
Burrows-Wheeler Bowtie4?
transform methods BWA*4 Incorporates quality scores
Spliced aligners  Exon-first methods MapSplice®? Works with multiple unspliced Aligning reads to a
SpliceMap®° aligners reference genome. Allows
TopHat®! Uses Bowtie alignments for the id'ent?ﬁcat.ion of
novel splice junctions
Seed-extend methods GSNAP>3 Can use SNP databases
QPALMA>4 Smith-Waterman for large gaps
Figure :

Garber et al, Nature Methods, 2011



Types of Unspliced Mappers

DIFFERENT FLAVORS

SEED BASED:

* Hash-table based implementations, Multi-seed mappers

e Spaced seed implementations

BWT BASED:

 Burrows Wheeler Transform (BWT) based
mappers



d

Spaced seeds

Reference genome
(> 3 gigabases)

Chri

Chr2
Chr3 mmm
Chr4

Short read

ACTCCCGTACTCTAAT

Hash table enables lookup of exact matches.

Extract seeds

Position N

Position 2
CTGC CGTA AACT AATG

Position 1
ACTG CCGT AAAC TAAT

ACTG *x*xx AAAC **xxx +—

******** AAAC TAAT [~
ACTG CCGT ****x x%*x
**x CCGT AAAC **xxx

llndex seed

Seed index
(tens of gigabytes)

ACTG *x*xx AAAC *xxx*

\/

ACTC CCGT ACTC TAAT
L1
Six seed
pairs per —] 3 |
read/
fragment

pairs

Look up each pair
of seeds in index

Hits identify positions
in genome where
spaced seed pair

is found

Confirm hits
by checking
“xxx+” positions

—

Subsequence Reference Positions
ATAGCTAATCCAAA 2341,2617264
ATAGCTAATCCAAT

ATAGCTAATCCAAC 134,13311, 732661,
ATAGCTATCCAAAG

ATAGCTAATCCATA

ATAGCTAATCCATT 3452
ATAGCTAATCCATC

ATAGCTATCCAATG 234456673

Table is sorted and complete so you
can jump immediately to matches.
(But this can take a lot of memory.)

May include N bases, skip positions, etc.

Trapnell, C. & Salzberg, S. L. How to map billions of short
reads onto genomes. Nature Biotech. 27, 455-457 (2009).



b Burrows-Wheeler Burrows-Wheeler transform compresses sequence.

Reference genome Short read
(> 3 gigabases)

Chr1 ACTCCCGTACTCTAAT Input SIX.MIXED.PIXIES.SIFT.SIXTY.PIXIE.DUST.BOXES
Chr2
Chr3 mm=m= Output TEXYDST.E.IXIXIXXSSMPPS.B..E.S.EUSFXDIIOIIIT
Chr4
Concatenate into
single string .
Suffix tree enables fast lookup of subsequences.

(. J
'
Burrows-Wheeler l

transform and indexing

Bowtie index [

) B
(~2 glgabyteS) I::I ACTCCCZFACTCTAAT O
2| T , "

Look up AT v\.~__.","

‘suffixes’ AAT ¢ NA -7 ¢ NA$

of read e

5 - 2
ACTCCCGTACTCTAAT

Hits identify $ NAS$

positions in
genome where

read is found - 3 1

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

Exact matches at all positions below a node.

Convert each

gzr?:;‘;tlzcaﬁon Trapnell, C. & Salzberg, S. L. How to map billions of short

S — reads onto genomes. Nature Biotech. 27, 455—-457 (2009).




Paired end mapping

paired-end * Pairs map with expected insert size.
* One part of the pair, after mapping,

is the anchor for the next read’s
mapping.
two inwardly oriented
reads separated by ~200 nt
J—-
PAIRED END READ MAPPING ,/' s

VERY HELPFUL IN RNA SEQ!! ==

gene X gene Y

Need to cite: http://genomebiology.com/content/12/1/R6



Spliced mapping

* Needed for quantifying and identifying splice
variants from RNA Seq data.

— TOphat/H|SAT2 = ﬂr:ﬂ = ﬂml‘ ﬂr:ﬂ
: __ExonA __ JExonB Exon C
- SpIICEMap Processed mRNA
— MapSplice
— STAR _— =
— RUM Mapping to genome

Trapnell, C. & Salzberg, S. L. How to map
billions of short reads onto genomes.
Nature Biotech. 27, 455-457 (2009).



Spliced mapping

a Exon-first approach

Exon 1 Exon2 | RNA
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Seed-extend approach
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Figure :
Garber et al, Nature Methods, 2011



Mapping Quality

 Mapping quality is the probability that a read is
aligned to the wrong place.
p=10** (-q/10)

* BWA mapping quality calculated by considering:
e Repeat structure of reference
* Read base quality
* Read alignment quality (mismatches etc)
* Number of mappings



Mappers comparisons

Mapping Accuracy - Spliced Data to Whole Genome

Mapsplice
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ABI Bioscope
7 Mapped correctly

M Mapped incorrectly

P P Not mapped
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Mappers comparison

C) Junction Detection Accuracy
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Mappers comparison

CPU Time - Whole Chromosome

SOAP

Bowtie

BWA

ABI Bioscope

Mapsplice (Threaded)

Tophat

Splicemap

Mapsplice (Not Threaded)

T T T T T T

0 200 400 600 800 1000 1200

Time (mins)

1400

1

1600




SAM file format

Alignment results generated in Sequence Alignment/
Map format

Tab delimited, with fixed columns followed by user-
extendable key:data values.

Most mappers also output unmapped reads in SAM
file.

SAMTOOLS - toolkit to manipulate, parse SAM files.



SAM File Format

SAM fixed fields: http://samtools.sourceforge.net/
Col Field Type Regexp/Range Brief description
1 QNAME String [!-7A-"1{1,255} Query template NAME
2  FLAG Int [0,2%6-1] bitwise FLAG
3  RNAME String \*|[!'-OQ+-<>-"]1['-"]% Reference sequence NAME
4 POS Int [0,2%%-1] 1-based leftmost mapping POSition
5 MAPQ Int [0,2%-1] MAPping Quality
6 CIGAR String  \*| ([0-9]+[MIDNSHPX=])+ CIGAR string
7  RNEXT  String \x|=|['-O+-<>-"]1[!-"1* Ref. name of the mate/next segment
8 PNEXT Int [0,2%9-1] Position of the mate/next segment
9 TLEN Int [-229+1,2%9-1] observed Template LENgth
10 SEQ String  \*|[A-Za-z=.]+ segment SEQuence
11  QUAL String [!-"1+ ASCII of Phred-scaled base QUALity+33

SRR030257.264529

99 NC_012967

1521

29 34M2S = 1564

79 CTGGCCATTATCTCGGTGGTAGGACATGGCATGCCC
AAAAAA;AA;AAAAAA??A%.;?&'3735',()0%,
XT:A:M NM:i:3 SM:i:29 AM:i:29 XM:i:3 XO:i:0 XG:i:0 MD:Z:23T0G4T4



CIGAR score

Ref CTGGCCATTATCTC--GGTGGTAGGACATGGCATGCCC

Read aaATGTCGCGGTG.TAGGAggatcc
2S5M2T1I4M1D4M6S
Op BAM Description
M 0 alignment match (can be a sequence match or mismatch)
I 1 insertion to the reference
D 2 deletion from the reference
* N 3 skipped region from the reference
S 4 soft clipping (clipped sequences present in SEQ)
* H 5 hard clipping (clipped sequences NOT present in SEQ)
* P 6 padding (silent deletion from padded reference)
* = 7 sequence match .
. Rarer / newer
* X 8 sequence mismatch

CIGAR = "Concise ldiosyncratic Gapped Alignment Report"



BAM format

SAM files are converted to BAM format through
SAMTOOLS command:

e samtools view —b =S samfile > bamfile

BAM file is binary format.
BAM file is compressed.

BAM files are usually what you need for post
mapping analysis and visualization.









QNAME SRR035022.2621862

FLAG

SAM FILE FLAGS EXPLAINED

163

The QNAME is the query name. For the FLAG of 163 we transform this into a binary

string: 10100011. So accordingly to the flag table:

Flag Description
0x0001 |the read is paired in sequencing, no matter whether it is mapped in a pair
0x0002 |the read is mapped in a proper pair (depends on the protocol, normally inferred during alignment)
0x0004 |the query sequence itself is unmapped
0x0008 |the mate is unmapped !
0x0010 |strand of the query (0 for forward; 1 for reverse strand)
0x0020 |strand of the mate
0x0040 |the read is the first read in a pair 1.2
0x0080 |the read is the second read in a pair 1.2
0x0100 |the alignment is not primary (a read having split hits may have multiple primary alignment records)
0x0200 |the read fails platform/vendor quality checks
0x0400 |the read is either a PCR duplicate or an optical duplicate

mate is not unmapped
1  thereadis paired in sequencing, no forward strand

matter whether it is mapped in a pair
the read is mapped in a proper pair

1
0

mate strand is negative

R O PFr OO

not unmapped

the read is not the first read in a pair
the read is the second read in a pair



