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Alternative Splicing (AS)
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Alternative Splicing Events

Exon 1 Exon 2Intron 1

Alternative Splicing Events

Exon 2 Intron 2 Exon 3



Components of an AS Event
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Definition of AS event

oAn event e is defined by

e = ( sourcee , sink

o Where:o Where:

• sourcee: begin coordinate of event e;

• sinke: end coordinate of event e;

• Ve : set of variants;

� A variant describes an exon/intron structure between

and sinke – which can contain multiple transcripts

Definition of AS event

sinke , Ve) 

: begin coordinate of event e;

: end coordinate of event e;

A variant describes an exon/intron structure between sourcee
which can contain multiple transcripts



Event 1 in TNNT1

V1 = {t1,t

V2 = {t3,t

V3 = {t5}

Event 1 in TNNT1
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Event 2 in TNNT1Event 2 in TNNT1

V1 = {t1,t2,t3, 

V2 = {t4}



Protein Domains and Splicing

Human Protein p85A

Human Protein Lyn

Human Protein Nck1

Protein Domains and Splicing



The Pfam Database
o Protein families = database of protein families [Punta et al, 2012]

o Pfam domains are organized in different sub

Pfam-A: high quality and manually curated protein familiesPfam-A: high quality and manually curated protein families

Pfam-B: automatic predictions

o protein regions sharing sequence similarity of high significance 
(“domains”) are represented by profile HMMs       , each with a specific 
length LΠ, a prediction threshold θ, and
scores and gap penalties)

Database
ilies = database of protein families [Punta et al, 2012]

domains are organized in different sub-groups:

: high quality and manually curated protein families: high quality and manually curated protein families

protein regions sharing sequence similarity of high significance 
) are represented by profile HMMs       , each with a specific 

and alignment scores (amino acid
Π



Architecture of profile HMM

Alignment states:

M – match

D – delete

I – insert 

profile HMM



Pfam Profile HMM file format
HMMER3/b [3.0 | March 2010]
NAME  Antimicrobial11
ACC   PF08106.6
DESC  Formaecin family
LENG  16
...
GA    25.00 25.00;
...
HMM               A                 C                  D     ...         S                      T                V           

m->m m->i m->d i->m
COMPO   3.68653  5.37452  4.20831  ...      3.83085  2.62022COMPO   3.68653  5.37452  4.20831  ...      3.83085  2.62022

2.68618  4.42225  2.77519  ...      2.37887 2.77519
0.01467 4.62483 5.34718 0.61958  0.77255  

1   3.84125  5.47999 4.65486  ...      4.04240 4.37307

2.68618 4.42225 2.77519  ... 2.37887 2.77519

0.01467 4.62483 5.34718 0.61958 0.77255

2   4.09153 5.75008 4.67229  ...      4.17197 4.33362
2.68618 4.42225 2.77519  ... 2.37887 2.77519
0.01467  4.62483  5.34718  0.61958  0.77255  

...          
15   4.09153  5.75008  4.67229  ...      4.17197  4.33362  

2.68618  4.42225  2.77519  ...      2.37887  2.77519  
0.01467  4.62483  5.34718 0.61958  0.77255  

16   4.12723  5.39816  5.40081  ...      4.69892  4.40337  
2.68618  4.42225  2.77519  ...      2.37887  2.77519  
0.00990 4.62006        *  0.61958 0.77255  

Profile HMM file format

HMM               A                 C                  D     ...         S                      T                V           W                Y   
i->i d->m d->d

2.62022 2.91489 5.77804 3.546332.62022 2.91489 5.77804 3.54633
2.77519 2.98518 4.58477 3.61503
0.77255  0.00000        *
4.37307 4.91201 6.51694 5.82696      1 - -

2.77519 2.98518 4.58477 3.61503

0.77255 0.48576 0.95510

4.33362 4.67489 6.11461 5.14175      2 - -
2.77519 2.98518 4.58477 3.61503
0.77255  0.48576  0.95510

4.33362  4.67489  6.11461 5.14175     15 - -
2.77519  2.98518  4.58477  3.61503
0.77255  0.48576  0.95510
4.40337  3.12238  5.70016  4.58094     16 - -
2.77519  2.98518  4.58477  3.61503
0.77255  0.00000        *



Viterbi algorithm
o Dynamic Programming

• recursive algorithm

• divides exponential problem into 
polynomial sub-problems

o Calculate best alignment score 
between prefixes:
• Profile HMM π[1; i] and query 

sequence X[1; j]

… … …

…

…i

j

ri,j

X

ri-1,jri-1,j-1

ri,j-1

o path of best alignment is stored 
by pointers to the cell that led to 
highest score

… …

π



Viterbi algorithm



Slide 13

vcoelho2 está errado as probabilidades de emissao... estao como probabilidades de transicao
vitorlc; 22/2/2015



Aim: Predict Domain Alterations by ASAim: Predict Domain Alterations by AS



Where to scan for AS domains?

3L-1gaps

∆π

e1

3L-1gaps

Where to scan for AS domains?

3L-1 gaps

∆π

1

3L-1 gaps



How long has to be

(Gap extensions

β β β β β β β

α

(Gap opening)

be ∆∏?

extensions)

β β β



What is the minimum

length of profile HMM πlength of profile HMM π

optimal alignment score for π (optimal 

Domain gathering threshold (

absolute value of max. bit score to 

absolute value of max. bit score to 

minimum required ∆∏?

score for π (optimal suffix alignment starting at position 1) 

(Pfam determined) for relevant domain score

absolute value of max. bit score to openopenopenopen an insertion (“gap”, state I of the model)

absolute value of max. bit score to extendextendextendextend an insertion



Extension of AS Event

∆

AS event

Extension of AS Event
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Fusing Events

∆π

e1

∆π

Sink1 Source
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Splitting Variants

e2 e3

V1 = {t1,t2,t3, t5}
V2 = {t4}



Algorithm: Split VariantsAlgorithm: Split Variants



Optimization: Branch
Condition for the Viterbi
o improve alignment performance for finding entire domains (no partial hits).

• reduce cells of DP matrix to calculate pruning sub
relevant alignment (score ≥ θπ).

o condition for the feasibility of a sub-solution

omega = optimal suffix alignment  [i

log2(|X|) = score normalization factor

Optimization: Branch-and-bound 
Viterbi Algorithm

improve alignment performance for finding entire domains (no partial hits).
reduce cells of DP matrix to calculate pruning sub-solutions that can no longer produce a 

solution

i..|X|]

|) = score normalization factor



Extract AS 
events
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AS events
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Flybase

(dm3)

Wormbase

AS genes 3,541

AS genes without (valid) 

domains
503

Analyzed AS genes 3,038

Analyzed AS transcripts 9,779Analyzed AS transcripts 9,779

Nr. of predicted domains 777

Avg. nr. events / AS gene 2.3

Exhaustive search [min] 12.9

ASTAFUNK search [min] 4.02

Speedup Gain 68.84%

Wormbase

(ce6)

RefSeq

(hg19)

UCSC

(hg19)

GENC

(hg1

4,124 10,710 15,091

795 1,523 1,899

3,329 9,187 13,192

11,836 33,290 61,525 1411,836 33,290 61,525 14

1,497 1,956 3,078

2.7 2.9 4.7

35.9 688.5 716.0

7.9 29.9 37.6

78% 95.7% 94.7%



AS Density as a determinant of 
Fused Events (overhead)
AS Density as a determinant of 
Fused Events (overhead)



Runtime as a Function of the 
Density/Fusion of AS Events
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Runtime as a Function of the 
Density of AS Events
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Runtime as a Function of the 
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Examples
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