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Biological Foundations: Transcription
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More Terminology: Splice Sites

Acceptor Splice Site (3’Site)

D Splice Site (5’ Sit
onor Splice {16) 4 3 2 1 /
s S GuU_| [ AT Tpy-py-py[  AGIHINCIORIN 3

i n t r o n

= Canonical Splice Site Consensus: GT---AG

= GT Occurs about 1 billion times in the 3 Billion
nucleotide long human DNA
= Acceptor Consensus
" A64G73G100T100A62R68C84 T 63
= Donor Consensus
" CesA100G100
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RNA-Seq

= The mRNA is converted to cDNA for sequencing

= A small part of the cDNA is sequenced and is
called an Expressed Sequence Tag (EST)

= NGS gives alarge number of very small reads
which can then be alignhed to the genome

fl-oNnA RV E T - .
EST I

RNA-Seq s =me =
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S

Two types of reads

Mapping to genome
= Unspliced Read (Black)
» Read lies within exactly one exon
= Spliced Read (Blue)
= Read overlaps between two or more exons
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Tools for Spliced Alignment

= QPALMA
= PALMAPPER
= Map Splice
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PALMapper

= Tool for Performing Spliced Alignments of RNA-
Seq Reads

= GenomeMapper identies unspliced alignments and seed
regions for spliced reads

= QPALMA infers spliced alignments from seed regions

PALMapper

Sequence input

mANA Genome
Reads Sequence
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QPALMA: Optimal Spliced Alignments of Reads

= Q= Quality
» Uses a read’s quality information

» Raw Illumina Genome Analyzer data comes with per-base intensities for
each position

ACGTACGTACGTACACAAGTAGACGAACGTAGCTAA

40404040333836363632323230251818404040403583836363032323230251818251818

= PALMA
» Uses Computational Splice Site Prediction
* Information Used in QPALMA

= Quality Information
= Splice Site Predictions
= Intron Length Models
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Splice Site Prediction

= Two SVMs

= Donor Splice Site vs. Not
= Acceptor Splice Site vs. Not

.CGTACACGCT. . .CCGATTGACTGT
CATACAC ATTCA
= Training

= Known Acceptor & Donor Sites

» Obtained by aligning EST and cDNA sequences using BLAT
(or any program for spliced alignments for long sequences)

High quality alignments can be used as positive examples
Other decoy sites used as negative examples

Window of length 141 nt around the splice site

Weighted degree kernel
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Relationship between PALMapper & Smith
Waterman Algorithm

= PALMapper is an “Intelligent” variant of SW that
changes the scoring matrix in certain ways to
Incorporate

= Sequence Quality Scores

= |[ntron Length Model

* To perform spliced alignments of short read
sequences against a genome

10
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Smith Waterman Algorithm

GTAGCT . .. .CCGTHGTTTTGTCTGTGTTG. .

gap A C G T N
9ap 033 03 01203 03 055 Source of Information

A 031 012 012 0.3 0.55 033 @ Sequence matches

044 012 044 03 059 012

0
G 0.13 0.85 031 0.33 051 0.3 V1 1) M (S-S0
T 055012013 012 011 0.1 V(i j)=max | t—= Ly —=D+MOEl),5p
\

Vii— 1, D+ M(Sg(n), ")
012 0,01 03 01203 001 . .o .
/\ | Viig—1D+MC=".5p())

Classical scoring f : 2 x L — R —— _\
score of alignment between

Sg(1:1) and Sp(1:)) based upon
a 6x6 substitution matrix 11
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Smith Waterman Algorithm

= =700

- —600

- 500

Sequence 1 {v)

Sequence 2 (w)

12
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Smith Waterman Algorithm Output

001 HSGVHOLGGVEVHNGRPLEDSTROKIVELAHSGARPCDISRILVSHNGIVSKILGEYYETGSIRE

CEVTREEERT st ety r e e e ey e e e e e el
001 HSGVHOLGGVEVGGRFLEDSTROKIVELAHSGARPCDISERILOVSHNGCVSKILGEYYETGSIRE

065 PRAIGGSEPRVATPEVVSKIAQYKRECPSIFAWEIRDRLLSEGVCTHNDNIPSVSSTIHEVLENLAS

FEVTREEERT ==t e e e e e v e e e e ey e:
065 RATGGSKPRVATARVVSKISOYKRECESIFAWEIRDRLLOENVCTHDNIPSVSSINEVLENLAR

129  EK-—[———m - m o mm oo m e Q--—-M-——mm -
o | :
129 QOQEEQOSTGSGSSSTSAGHNS ISAK YV SVSIGENVSHNVASGSRGTLSSSTDLMOTATPFLNSSES GEA

134 -———- GA--DGMYDK-------—--—----L---R-——-—--——-—--M - -L——-NH--G—-
: HHEN | : :
193 SHSGEGSEQEATIYEKLERLLHNTOHAAGPGPLEPARAAPLVGISFHNHLGTRS SHPQLVHGHHDATD

148 ----0--—-——-—- TGSW-————————— GTRP-——G--WY-——————m———— - SR GTS-

I SN cen ot I [
2357 QHDDUSWPPRHYSGSWYPTSLSEIPISSAPHIAS?TAYASGPSLAHSLSPPNDIESLASIGHDR

164 ---VPEIPT----0-DGCOQ0E---GGGENTHSISSNGED SDEAOMRLOLERELOENRTSFTOE
liiz: i Dlalasl Dellbadssslbessssss sl bslERIPRILDIT] s
321 NCPVATEDIHLEKELDGHOSDETGSGEGENSHGGASNIGNTEDDOARLILERKLOENETSEFTHD

217 QIEﬁLEKEFERTHYPDVF&RERLA&KIDLPEARIDVHFSNRR&KWRREEKLRHDRRD&SNTPSH

AR N N N R NN RN
385 QIDSLEKEFERTHYPD?FARERLAGKIGLPEARIDvwFSNRRAKWRREEKLRHDRRTPHSTGAS

281 IPISSSFSTSVYDPIPDPTTP?SSFTSGSMLG———RTDTAL T- HTYSALPPHPSFTHANHLP—
A A R A A R R | 3 E N I
449 ATSSSTSATASLTDSPHSLSACSSLLSGSAGGPSVSTINGLSSPSTLSTHHNAP——TLGAGIDS

339 MOPPEVESOTSSYSCMLETSPSVHGR-SYD----- TYTPFHMOTHMNSOFMGTSGTTSTGLISEG
511 SESL&Ligﬁiﬁﬁéé———ééDHDééﬁDéﬁéCRRVCéPé$£&é&éé0&Tﬁﬁiééﬂéﬁgééﬁéiééﬁ
397 Vs 13
572 ié
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Extended Smith Waterman Algorithm

= Extension-1 (Quality Scores)

F|\ ;TCGGTAGCT .CCGTAGTTTTGTCTGTGTTG
A H(L 3 AATT(EH
9ap A C G T N _
gap 033 £.O) £0) £O) £0) £.0) Source of Information
A o031 £0) £0O £0 £0 £0) x Sequence matches
C o04a £ £0) £O £0O £0 e Computational splice site
G o013 £0) £0O £0O £O £0O predictions
T 055 5,0 10O 1O 10O £0) o Intron length model
N o012 L0 10 10 10 L) x Read quality information

14

Quality scoring f: (. xR) x X — R
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Extended Smith Waterman Algorithm

= Extension-1 (Quality scores)
EETH AijTHGCT....CCGTAGAATTIACTGTGTTG..

A

38 38 38 48 38 38 38 38 26 3@ 38 26 383

gap A C G T N
gap 033 f,() f.() £.0) £0¢) £0)
A o031 T f0O 10O 1.0 £

C o044 £0) £O £O £O 0
G 013 £0 tO tO £ §0
T o055 £0 £0) £O £0 £0)
N 012 £ 10 10 10 10 g e
\
Quality scoring f : (Z 5 I[\P.) Y SR Regularized linear spline! 15
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Extended Smith Waterman Algorithm

= Extension-2 (SVM Scores)

: .ACGT|;TCF|&CGCT. - .CCGT\TTG?CTGTGTTG. .
: .(Jjé(gTAéAé AATTGA
Penalizes the scoring if the SVM does not think

that there is a plausible intron. The actual scoring
functions are learnt as linear splines.

gap A C G T N
gap 0.33 0.3 012 0.3 0.3 0.55 Source of Information

A 03101201203 055 0,33 x Sequence matches
R R e N e s ¥ Computational splice site
0.13 085 031 033 051 0.3 predictionS

G

0.55 0,12 013 0,12 0,11 0.1
T @ Intron length model
N

012 001 03 01203 001

x Read quality information

Classical scoring f : L x 2 — IR 16



: ,,,EAS* % Pakistan Institute of Engineering & Applied Sciences

CIS529: BIOINFORMATICS

............

Extended Smith Waterman Algorithm

= Extension-3 (Intron length model)

.CCGTH.GAATTGACTGTGTTG. ..
AATTGA

\ Penalizes the scoring if the intron

length is not “expected”

gap A C G T N

9ap 0.33 03 01203 03 055 Source of Information

A 03101201203 0,55 033 x Sequence matches
0.44 012 0.44 0.3 059 012 ¥ Computational splice site
0.13 0.85 0.31 0,33 0,51 0.3 predictions

G
T o055 012 013 0,12 011 0.1 x Intron Iength model
N 012 00103 01203 0.01

¥ Read quality information

Classical scoring f: Z x X — R 17
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Max-Margin Optimization

= The parameters © of the functions are optimized

during training
= Training
= Given

= N true alignments A*, i=1...N
= Wrong alignments Ay

= Learning problem
N Exponential number of constraints!

|
' — 4+ CP(#
min =) §i+CP®)

=

st folAD)—fo(AT) > 1=

Regularization term for the linear
splines

(Working set type solution!)

/

Vi and A~ #AT.

18
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Genome Mumina
Annotation Genomic
Resources Sequence
(TAIR 7) Reads
EST/cDNA
Alignments
:l.qu:::' using vmatch
Tay confirmed in silico
Training donor and Spicing
acceptor
splice sites

Fig. 1. Work-flow for training QPALMA: Confirmed donor and acceptor

sites are used to train a SVM-based splice site predictor (Sonnenburg ef al.,

2007). Short sequence reads (36 nt) obtained from an Illumina 1G sequencing

machine and the A.thaliana genome annotation (TAIR 7) were used to derive

a training and evaluation set. QPALMA generalizes the Smith—Waterman

algorithm by including sequence quality information and an intron model 19
considering splice site predictions as well as intron length information to

learn how to produce optimally spliced alignments.
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Learnt Match/Mismatch/IndelScoring

2.0
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Alignment score
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_0_5-

deletions |
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Quality score

Fig. 5. Learned piece-wise linear functions to score matches (4 x green),

mismatches (12 x red), N’s (5 x black) and deletions (5 x blue). Larger

quality scores for matches contribute stronger to the alignment score.

Mismatches with larger quality score receive a lower alignment score than 20
with medium sized quality scores.
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Fig. 4. Learned piece-wise linear functions to score acceptor and donor
splice sites: High probabilities for splice sites contribute strongly to the

alignment score. 21
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Comparison with SW Extensions

= (% of correct alignments)

Quality information  Intron length  Splice site pred.

Error rate (%)

-
+ 4+ + +

14.19
13.49
9.96
0.68
3.16
2.81
.94
1.78
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More Results

= Data
= A. Thaliana
= Chromosomes |-V
= 2.98 M Reads

= 10% spliced (excluding the ones used in
training) = 285,530

= Spliced Reads

= With significant overlap (>4nt) into the exon
= 0.5%

= With 1-2nt into the next or previous exon
= 12%

23
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Summary

= Asread length becomes larger more reads
require spliced alignment

= There are many tools for this task:

» TopHat (uses Bowtie for ungapped mapping)
*» MapSplice (uses Bowtie)

* RUM (uses Bowtie and BLAT)

* PASS

L)
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&
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L)

4

L)

L)

4

L)

L)
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Comparison

m Perfectly mapped O Part correctly mapped B Mapped, no base correct @ No base correctly mapped but intersecting correct location
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Figure 3 | Read placement accuracy for simulated spliced reads.

Figure from:

Systematic evaluation of spliced alignment programs for RNA-seq data

Nature Methods (2013) 25
http://www.nature.com/nmeth/journal/vaop/ncurrent/full/nmeth.2722.html
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