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Sequence alignment
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Sequence alignment - global

http hurlab.med.und.edu/cgi-
bin/SimpleSegAlign/SimpleSegAlign.cgi
AATTTCCC AATTTCCC AATTTCCC
AATATCCC AATTCCC AATTCCCAAT
seql: 1 AATTTCCC  segl: 1 AATTTCCC seql: 1 AATTTCCC--
NEEE N NN I I I I
seq2: 1 AATATCCC seq2: 1 AATT-CCC seq2: 1 AATTCCCAAT
segl: 1 AATTTCCC seql: 1 AATTTCC-C-
N I I R I B
seqg2: 1 AAT-TCCC seq?2: 1 AATTCCCAAT
seql: 1 AATTTCCC seql: 1 AATTTCC--C

NN T T N
seq2: 1 AA-TTCCC seq2: 1 AATTCCCAAT
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Sequence alignment - local R

AATTTCCC
AATTCCCAAT

segl: 1 AATTTCCC

RN
seqg2: 1 AATT-CCC

seql: 1 AATTTCC

RN
seg2: 1 AATTCCC



GHC
Alignments

https://www.ndsu.edu/pubweb/“‘mcclean/pIsc411/BI;st—
explanation-lecture-and-overhead.pdf

Local
Smith-Waterman (algorithm)
Uses a dynamic programming approach

Fast because only small part to work on but works only locally
Global

Needleman-Wunsch (algorithm)

Slow because large sequences to align, therefore CPU-"expensive”

By Stefan Zoller



Task: Go to https://blast.ncbi.nlm.nih.gov/Blast.cgi and blast the sequences below GD C
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BLAST-local alignment

TruSeqgUniversalAdapter
5!
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT

Transcript

TTGTTAAAAAATTTTTTTTAAGTTTTTTTCTCTTTTTTTCATTTAAATATATTTTATAAATTTCTATGAA
ATAGTTAACATTGAATAAGCGAATTTAAAAAAAATGTTCATGATCTTAGATAGACTAATAACGACCTGAT
TATATTCGAGCTGTAGTATTTTTATATTTCACTATTATGTATGAAATTTTTAACATCACAGCCAAGTTAA
TATAACCTCGCTCCAAACCTGAACATTCAAACACTAACTATACTTAAAACGCTAGTTTTGTTAAGTCTAT
CTAAGACCATGATGTAGTTGTATAGCTCGGATCATTTTGAAAATAATAATTGGACTAAACTATAAAAAAA
AAAACATTGGAACATTGTATTATGTAAGTTCATCCAGTTAACTTGGAAAAATTAACTTGGAATGGAAACG
TAAGCTGAACTAAACTTTTCATTCACTTCAAAGCATCCGTATATTCTTGTCGGTGTATGGACTTGTTATG
TAGGATAATTCCATGTTGTGGATTGTTGATTGCGGACAATTGTCGTTTGTTTTAACATGACAATGTTTAT
GACATTTTATTAAACAATCTCTGCATTCGTAACCTTGTTTTCCTAATCTTCGAGCTATGCTTTTACTACA
AACTTGGCACACTGTTCCACCATTTAAGTGCTTGGCAATAAATGTATGATCATTAAAAATGTGCAATTTT
GTGCCTTTTTTACGCCATCTTGATTTTTGTGCTAATGATAATGGTACCAAATAATGTTTTTTAATACCAT
TTTCAAGTGTTTCAAGTACTAATGTG CTTGCTTCATTT AAGTATGTTCG AGTTGAAGCACCGCTTATACC

5 —

5 — B e eegem g o B P —


https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Mappers

Problem

The fast and exact algorithms for local alignments do not scale to large
genomes. Do not handle high sequence errors well.

New approaches needed Solution

First apply very fast algorithms that match short local regions exactly.
Then extend the short regions to larger regions.

) )

By Stefan Zoller



Global mappers s

k-mer based alignment -> RNA-seq
can be fast and quite accurate AGCTTTAGAC ->3-mers: AGC, GCT, CTT, TTT, TTA, TAG, AGA, GAC
when k-mers are redundant, i.e. appear often in sequences/genome

suffix-tree

a tree-like structure that contains all suffixes of the sequences (genome).
Subsequences (reads) can be looked-up very quickly.

needs a lot of memory

compressed suffix-tree
a compressed form, e.g. Burrows-Wheeler transform very fast, very memory efficient.
gets rather slow and inaccurate with high sequence error rates or long reads

MEM-mapping
maximal exact match
cannot be extended By Stg;‘an Zoller



Soft clipping during read mapping (bwa
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ATTTACACGTTTGLG TTGITTICCCCTTTGTAGTAT TAAC BAAGAT T TAT TAGTAGEA TELLERNRRLWLWIL AATSTAATAA
ATTTACACGTTTGCG FTIGYTTTCCCCYTTGTAGTATTAAC : D aT=T s v aem " - . Pega ——V
AT:Y-\’A!(,}II\_‘(_(_, H:_,”Ha.,\:r;;}r_\IA(,:A}{/.:z, CAACATTTATTACTA ACAATLIAATARS
A ACA GCG G CC GTAG FAAC = ~ ~ - -
:;71"0,‘2”[;55:: b GTAGTA ! A.. ATTTATTACT ” AATAAG
ATTTACACGTTTGCG TGC TTGYTTTCCCCYTTGTAGTATTAAL CABCATTITATTIACT - AATAAG
/‘\171'\LAIGTYYSCG TGC TTGITTTCCCCTTTGTAGTATTAAC - ~ A o~ A -
ATTTACACGTTTGEG TGC TTGTITTTCCCCTTTGTAGTATTAAC ABCATTTATTACT - AATAAG
ATTTACACGTTTGCG TGl TYGTTTTICCCCYTTGTAGTATTAAC CABCATTIATTACT v AATAAG
ATTTACACGTTTGCG TGC TYGYTTTCCCCTTTGTAGTAT TAAL : - : - - GAATCTAATAAG
ATTTACACGTITTOCG TGCC TTGITTTCCCCTITYGTAGTAT TAAL PLVINS VMAA DS ~ MRS
ﬂr}tar;ck_}”ré; TGCL TTIGYTTTCCCCTYTTGTAGTATTAAC CAACATTTATTACTARCAGTC GAATCTAATAAG
BEL \ oLl [ ™A " p= ~ e ~
ATTTACACGTTTGCG T GG TTGITTTCCCCTYTTGTAGTATTAAC CAACATTTATTACTARCAGTC CAATCTAATAAG
ATTTACACGTTTGEG TGC TIGITTTCCCCTTTGTAGTATTAAC AATAAG
ATTTACACGTTTGCG TGRC TYGTTTTCCCCTTTGTAGTATTAAC AATAAG
T GEC FTIGTTTTCCCCTYTTIGTAGTATTAAC ale sAS
TGRCAGATTYTGYTTTCCCCYTTGTAGTATTAAC
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Sa m/b a m fo r m at https://samtools.github.io/hts-specs/SAMv1.pdf

1565 478

GTGGGGAGATAAAACCGAACTGGTGTGTTAACATCAACGTCTGTCCCTTCACGGTGGGGACCGCGTGCACGACGCGCATCATCCGTCTGCGTGGTGGGGGGTGGTAGTGTAGAATTTCGTTGGTGCTCCTGCCGTCGCAGGACC
NM:i:0 MD:Z:151

GCCTCCA AA7ZFFFAJFFJIIIIIFIIIIFIFIIAIFIFIIIIFIIIF7RIIIFIFIIIIIISFITF<FIFIIIINI<IIIFAIFIIIIIFIIIIIIIIIFF-AJIININIIII-FRIIJIFRIFIIFF)<-A<7FF-<AAF<<7<FF)

AS:i:151 XS:i:0 RG:Z:ERR3418961
ERR3418961.5587914 83 scaffold3_8_ref0000002_ref0000084 1565 60 151M = 1238 -478
CCGACGTCCAGGCGGACGCTCGAGCTCGTGACGGGGAGGTAATCGATGTAGGGCACGACAGTGGTGCCGGAGAAGCCGACGTCTACGACGATCGCAGTCCCACCCGCCTCACACGTCAATTCTCTGTCAATAACATTAGTACCA
ACACTAG JUFJIFIFJIIIIFFIAFIFAIFFFRIFFII0IIIIIIIFIIIIFIIIIARIIIIIIIIIIIFFIIIFIIIIIFII R FFRIJIIIFFFIIRIFIFIFRIF<FIIIIIIIRIIIIIIIIIIIIFFFAA NM:i:0 MD:Z:151 AS:i:151 XS:i:0
RG:Z:ERR3418961
ERR3418961.19317 185 scaffold3_8_ref0000002_ref0000084 4042 16 101S36M14S = 4042
OGCCGTGCATACGCGCAGCGCTCCACGTGACTGCAATTCGTCACATGCTCACTAGTACGTATTATCTCGCTGAACTGCGCTGGCGCTATATGTATATATATATATATATATATACATATATATATATATATATATATGCAAAGTGCAC
GCGT JJJJIFIF7<FJJJJ033J0JJ0JJFAFFIAIIIF7JIJJIFAFFIFFAIIIIIIIII0I0IFII11130300033013031330303033313031333303033333333333303030333333303000000JJJFFFAA NM:i:1 MD:Z:12T723 AS:i:31
XS:i:27 RG:Z:ERR3418961 XA:Z:scaffold3_8_ref0000002_ref0000084,-56115,97527M27S,0;scaffold3_8_ref0000002_ref0000084,+51496,34526M91S,0;

Read columns: 1) r ; 2) 3) ; 4) ; 5) ; 6)
string;7) RNEXT; 8) Position of next read in alignment (pair); 9) observed template length; 10) sequence; 11)

quality per base; 12) optional information

SAM flags: https://broadinstitute.github.io/picard/explain-flags.html 12
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NP caller

Alignment/mapping
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tructural variants

ATTOOCCTTAACCECCOATTATCAGOAT
Shghe Pucieotidie vanant ATTOOCCTTAACCIRCCOATTATCAGOAT
SNP
| ATTOOCCTTAACCS COATTATCAGGAT
PIMTION-GEENON VANt 4 s gacCTTAACE COATTATCAGOAT

ATTOQCCTTAM SATTATCAGOAY | i

| S seititen $
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Variant types

* SNP (single nucleotide polymorphism)
* INDEL (insertion/deletion)

* MNP (multi-nucleotide polymorphism, e.g. a dinucleotide
substitution, haplotypes)

e CLUMPED (A clumping of nearby SNPs, MNPs or Indel, haplotypes)
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Alignment/mapping

Sample1l Sample 2

Pos1  AA AT
Pos 2 1T AA
Pos 3 AT TT
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l Local realignment

Sample 1l Sample 2

Pos 1 AA AT
Pos 2 TT AA
Pos 3 AT TT
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Joint calling

Sample1l Sample 2

Pos 1 AA AT
Pos 2 TT AA
Pos 3 AT TT
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SNP callers

* Samtools

e GATK

* FreeBayes

* Platypus

* Popoolation
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Reads

Observed Haplotypes

TACCGAT

Variant
Region

CATTGGATCA
CATTGGATCA
TATTGCATCG
CATTGGATCA
TATTGGATCG
C-TTGGATCA
CATGGGATCA

CATTGGATCA

TATTGGATCGC

X8
X9
x1
X1

eeBayes

CGATTCC. ..
CGATTCC. . .GCATTGC
.GCATTGC
.GCATTGC
. GCATTGC

.GCATTGC

C..

GCATTGC

GCATTGC
-

Variant
Region

1A

(GA(

GACCGCA

CCGCA

SACCGCA

"CGCA

ACCGCA

(A);

(A)g

X7

X1

X1
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##fileformat=VCFv4.3 ##fileDate=20090805 ##source=mylmputationProgramV3.1
##treference=file:///seq/references/1000GenomesPilot-NCBI36.fasta
##contig=<ID=20,length=62435964,assembly=B36,md5=f126cdf8a6e0c7f379d618ff66beb2da,species="Homo
sapiens" taxonomy=x> ##phasing=partial ##INFO=<ID=NS,Number=1,Type=Integer,Description="Number of Samples With
Data"> ##INFO=<ID=DP,Number=1,Type=Integer,Description="Total Depth">

#H#INFO=<ID=AF Number=A,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">
##INFO=<ID=DB,Number=0,Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership"> ##FILTER=<ID=q10,Description="Quality
below 10"> ##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=GQ,Number=1,Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ,Number=2,Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NAOOOO1 NAOOOO2 NAOOOO3

20 14370. G A 29.NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HOQ 0/0:42:1:51 51 1/0:48:8:51,51 1/1:43:5:.,.
2017330.T A 3.NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0/0:49:2:52 50 0/1:3:5:65,3 .:141:3

20 1110696 . A G,T 67 . NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1/2:21:6:22 27 2/1:2:0:12,2 2/2:35:4

25



GOC

ystdnz
aJjua)
A3TISUdAT(Q
>133U89

. AT
. TEEAY, LalA
GCATCEAT
571 sCh
atec I warce fig
ATGCA scar atslhiLia
AT A TS
Geh QF AU AR B0
ATECR R WY A tH
ATGCA iV A .
113 caT cA
o (AT
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2014370. GA29. NS=3;DP=14;AF=0.5;DB;H2 GT:GO:DP:HO, 1/0:48:8:51,51 1/1:43:5..,.

2017330.TA3.NS=3;DP=11;AF=0.017 G1:GQ:DP:HQO, 0/1:3:5:65,3 .:41:3
201110696 . A G,T 67 . NS=2;DP=10;AF=0.333,0.667;AA=T;DB G1:GO:DP:HO 2/1:2:0:18,2 2/2:35:4

2014370 G/A A/A
2017330 T/A NA
201110696 G/TT/T

Nare Bt description (soe the specifcation for cetals)
1 OMON The narme of T soguence Fypicaly a chromosome) on which $he vasadon ik beng calied. Tha S6Quence & wiualy srown a5 The Nforence Sequence’, | @ the seguence agans! which $e ghven saTpie vrkes
2 POS The * Tatod p0aB0N of Pe sarition On Te GIvOs SaQuroe

3o The et of e «anaton, ¢ 0. 2 SOSNFP i ceiar, or F urhnoen 2 * * Watpe i0eaten should De Se0red Dy Some-aoions ainout wiia-40ae00
& REF The relrenco Dase (of Dases 1\ T case of 4% irdel) 8 T gven DORBON 0N TN GIot ANt SO0 00
L S The ki of atornative alelos af Bia poalion.

6 QUM A Guaity score sssocaied with the MWerence of the gven sleies
T ALTER | Alagindcasng which of & given set of 1iters T varation has jessed
B WNFO AN @0PGD® S o iy VD iy (Se0n) S0A0ADNY) T VAN 500 LODw 10 500 0O ON Sos VU RGe Sel0h 4% S00M MOD Dy SOMCOMONE Wi (ORONN VLSS I e MM <iayre<datar( ,data]

8 FORNAT  As optonal) exteralie Bt of fechs K descrling Tie sampies. Soe Detw ¢ 500 Common helds

26
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multiple samples

1

Sample 1 Sample 2

Sample 1 Sample 2

Pos1  AA AT Pos1  AA AT
Pos3 AT T - Pos2  TT AA

Pos 3 AT TT

hard filter

28
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Tools for ftiltering e

e \/cftools
* \V/cflib
 Bcftools
* Rvcf

29
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“ontext dependant errors
' !

CHEBE S T 4 7T C A A4 57T 7TT8B53250137%2 502105 C T B2 AEEBTYE AN

FER RER ERD

Rank Context (%] (%] (%]
1 ACGGCGGT 26.1 0.5 25.6
2 GTGGCGGT 25.1 0.7 24.4
3 GCGGCGGT 22.9 0.7 22.2
4 GTGGCTGT 22.4 0.6 21.8
5 ATGGCGGT 21.2 1.0 20.3
6 NCGGCGGT 20.0 0.7 19.3
7 GTGGCTTG 20.2 1.2 19.0
8 GNGGCGGT 19.2 0.7 18.5
9 GCGGCTGT 18.8 0.7 18.1
10 ACGGCTGT 18.6 0.8 17.7

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3622629/
31
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Filter Criteria

* low quality of mapping (and bases)

* read depth (coverage)

* missing sites

* remove samples with a lot of missign sites

 "quality / coverage"(higher coverage sites should have higher quality)
e keep SNPs only (= no indels)

e keep biallelic SNPs only (= no multiallelic SNPs)

e alleles that are found only on one strand (or reads)

e remove SNPs with large discrepancy between reference and alternative allele
e filter for minimum minor allele frequency (MAF), e.g. 5%

e filter for quality ratio of forward and reverse reads
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Genotype likelihoods

scaffold3/99 | ref0000050|ref0000027 285 . A G  539.871.

AB=0;ABP=0;AC=12;AF=0.146341;AN=82;A0=83;CIGAR=1X;DP=4295;DPB=42
95;DPRA=0.359959;EPP=28.1523;EPPR=23.8636;GTI=6;LEN=1;MEANALT=1.1
6667;MQM=30.4096;MQMR=59.131;NS=41;NUMALT=1;0DDS=2.47263;PAIR
ED=1;PAIREDR=0.941051;PA0=0;PQA=0;PQR=0;PRO=0;QA=3137;QR=150052
;RO=4207;RPL=2;RPP=166.289;RPPR=13.8625;RPR=81;RUN=1;SAF=59;SAP=3
5.0591;SAR=24;SRF=2074;SRP=4.80704;SRR=2133;TYPE=snp;technology.lllu

mina=1 GT:DP:DPR:RO:QR:AO:QA: 0/0:151:151,0:151:5286:0:0:0,-
45.4555,-473.625 0/0:43:43,1:42:1397:1:34:
0/0:53:53,1:52:1826:1:34: 1/1:20:20,20:0:0:20:807:

0/1:61:61,10:51:1695:10:354:
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Ultra low coverage sequencing L

Angsd (http://www.popgen.dk/angsd/index.php/ANGSD)



~ Take home massage

Mappings are normally be full of noise
SNP calling is computational intensive
Raw SNP tables needs to be filtered
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