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Alternative Splicing (AS)
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Alternative Splicing Events




Components of an AS Event
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Definition of AS event

oAn event e is defined by
e = ( source,, sink,,V )

o Where:
* source : begin coordinate of event e;
* sink : end coordinate of event e;
* V,: set of variants;

* A variant describes an exon/intron structure between source,
and sink, — which can contain multiple transcripts



Event 1 In TNNT

SOUT CEp, sinke, source,, sinke,
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Event 2 in TNNT

SOUT CEq,

| 55,656,933

sinke,

| 55,658,075

source,.,

55,608 525




Protein Domains and Splicing
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The Pfam Database

> Protein families = database of protein families [Punta et al, 2012]

> Pfam domains are organized in different sub-groups:
Pfam-A: high quality and manually curated protein families
Pfam-B: automatic predictions

o,proteinr?‘e ions sharing seauence similarity of high significance
(“domai é"?are represented by profile HMMs [1 , each with a specific
length Ln, a prediction threshold 0, and alignment scores (amino acid
scores and gap penalties)
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Pfam Profile HMM file format

HMMERS/b [3.0 | March 2010]

NAME Antimicrobialii

ACC PF08106.6
DESC Formaecin family

_LENG 16

3A 25.00 25.00:

MM

A C D S T Vv W Y
m->m m->i m->d I->m i->i d->m d->d
COMPO 3.68653 5.37452 4.20831 ... 3.83085 2.62022 2.91489 5.77804 3.54633
2.68618 4.42225 2.77519 ... 2.37887 2.77519 2.98518 4.58477 3.61503
0.01467 4.62483 5.34718 0.61958 0.77255 0.00000 *

1 3.84125 5.47999 4.65486 ... 4.04240 4.37307 4.91201 6.51694 5.82696
2.68618 4.42225 2.77519 ... 2.37887 2.77519 2.98518 4.58477 3.61503
0.01467 4.62483 5.34718 0.61958 0.77255 0.48576 0.95510

2 4.09153 5.75008 4.67229 ... 4.17197 4.33362 4.67489 6.11461 5.14175
2.68618 4.42225 2.77519 ... 2.37887 2.77519 2.98518 4.58477 3.61503
0.01467 4.62483 5.34718 0.61958 0.77255 0.48576 0.95510

15 4.09153 5.75008 4.67229 ... 4.17197 4.33362 4.67489 6.11461 5.14175
2.68618 4.42225 2.77519 ... 2.37887 2.77519 2.98518 4.58477 3.61503
0.01467 4.62483 5.34718 0.61958 0.77255 0.48576 0.95510

16 4.12723 5.39816 5.40081 ... 4.69892 4.40337 3.12238 5.70016 4.58094
2.68618 4.42225 2.77519 ... 2.37887 2.77519 2.98518 4.58477 3.61503
0.00990 4.62006 * 0.61958 0.77255 0.00000 *

15 - -

16 - -



Viterbi algorithm

o Dynamic Programming
* recursive algorithm

* divides exponential problem into
polynomial sub-problems

o Calculate best alighment score
between prefixes:

* Profile HMM =t[1; i] and query
sequence X[1; J]

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



Viterbi algorithm
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Slide 13

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



Aim: Predict Domain Alterations by AS
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Where to scan for AS domains?




How long has to be A,?

(Gap extensions)

BBBB?BB&B

(Gap opening)



What is the minimum required A,

L »x3)—1 ~(0) —fr — x|
A= |[ErXx3) =1 wa(0)=bx—ax]

3 B

L: Jength of profile HMM 1t

a)n(l): optimal alignmentscore for  (optimal suffix alignment starting at position

0,: Domain gathering threshold (Pfam determined) for relevant domain score

(. absolute value of max. bit score to open an insertion (“gap”, state I of the mox«

f: absolute value of max. bit score to extend an insertion




Extension of AS Event
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Fusing Events

Sink, Source, Sink, Source,



Splitting Variants
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Algorithm: Split Variants

Data: {V., ,..., V., } =variant sets

Result: V., .. = variant set of fused event
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Optimization: Branch-and-bound
Condition for the Viterbi Algorithm

o 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
relevant alignment (score > ).

o condition for the feasibility of a sub-solution
7 .
7+ wli) — logy(| X 1) > 6,

omega = optimal suffix alignment [i..|X]]

log,(|X|) = score normalization factor
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Flybase Wormbase RefSeq UCSC
(dm3) (ceb) (hg19) (hg19)

3,541
s without (valid)
domains >03
d AS genes 3,038
d AS transcripts 9,779
redicted domains 777
events / AS gene 2.3
ive search [min] 12.9
INK search [min] 4.02
)eedup Gain 68.84%

4,124 10,710 15,091

795 1,523 1,899
3,329 9,187 13,192
11,836 33,290 61,525 i

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)




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




Runtime as a Function of the
Density of AS Events
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Examples

Pattern 0 _1d2a

Dimension:
Locus Domain
chr3T. 13477541

chr3E.2260306°

chrdl 23445555

chr3L:9?2814?— PEOS445.0

chraR: 3002254,

chr2l 7933774,
v

c:th:M?lBrﬂrB;] PF13903.5

chraRo2ad 2625

chral:] 60806?}— PF16370.4

R PEOZ21752.15
N PFO15652.19

R PFO0235.18

R PFOOE15.18

‘PEO0411.18

N PEO1525% 158

Scores
7251
7216

11652
1M7.47

43.84
43.84

22.80
A,

MAA,
k.52

164.54
164.54

MLA,
76.91

7hb.65
b4.55

148.32
183.83

Schema

{KEHEEHEH

AN code

142-

142-

142-

142

142-

142-

142-

142-

142-

Variants
FBt075808/F Btrid1134245
FBt075806,/F Btd07 53807

FEt1133596/F BEtll334555/F Bt
FEt0113395/F Bti0302167

FEtO070405
FBt333730

FEt0039411
FEt0039410/F Btd1 14566

FEBt0300600
FEt085553/F BEtll085554/F Bt

FBtO07 1095
FBt07 10594

FEt0100195
FEtO07 0255/ F Bt07 0256

FEtO07 1541
FEt07 1540

FBt091793/F Bt091755/F Bt
FEBtr0091792/F Btid091 794/F Bt




Pattern 0 1a2d3a4d

Dimension:
Locus Domain Scores Schema AN code Variants
— ; P, 0 FBt039957 /FBEtI089958/FBt——
chr2R- 1523137 u u
* -DF0026119 33106 B = = wm 1-213-42 FBI00BS9ES
] P fA 0 FBEt039957 /FEt00539953,F Bt
chr3E-1528137° [ |
: - N NI B = == wm 1-23-4» FBI/0039985
chr=l. 2131877 PFO0071.21 IS, [ U ] FEBt1 12677 FFBt345423
4 ~ [ ——— 193.43 [ I I B 1-203-4n FBt112678/FBt331794
chr=F 1R52297" IS, [ U ] FEBEt1304867
, - PE00209.17  ggg 43 (I — 1-293-44 FBt0304865
che3L 215 TE e PEON025 20 P [ = 0 FBt1 12677 /FBt345428
4 ~ [ 3B.67 [ [ [} L 1-203-4n FBEt112678/FBt0331794
] P fA 0 FBEt039957 /FEt00539953,F Bt
chr3E-1528137° [ |
: - A N/ B = == wm 1-23-4» FB1/00399E5
; [ A 0 FBt039957 /F Bt105399558,/F Bt
chr2R- 1528137 [ |
: ~DE127186 54.11 B = == wm 1-23-4» FBI/0039985
P, 0 FBt1332521
chr2l 14983850 u u
1 = PF10204.8 204 73 B = = wm 1-213-4n FB003057 6/ B0 11101475
chts 17175547 PF12053.7 [, [ i 0 FBt07 4388/ FBt03437653
4 » [ Z28.60 [ [ [} L 1-203-4n FBEtD111000/F Bt03437 54
che3l 2131877 PF0R477 12 [ A [ | 0 FBt1 12677/ FBtl345428
4 > EEEEE— 107 .58 [ - [} ] 1-203-4n FBt112678/FBt331794




Pattern 1a2e 3ade

Dimension:

Locus Domain SCores Schema AS code Variants
I s 3 = . @ s .
R ey = . 3 e

ciarBR:EEdl 145115 PF10193.8 91#112 .—-I—- ;i} Egiggggglg

LA pr00333 19 64 il ;j} BT 1 14B/FBN 11147
hIR19T2% proporo s 7753 - ¥ B4 FBL R S BI0S
DRI g — = ¥ FEvo1 12009

R s = . o
Sy T P ¥ e

TP EuIe N P ¥ FEvooeses2

B AT o ¥ POV BB 1147



Pattern degree-6 dimension-2

Dimension:

Locus Domain HBCOres schema AS code Variants
 chr3L.1686062: 95 41 s B - 1[249-49- FEHO075336 T

) . PE01529.19 N — B FEt1332702

chr2L.3713360- 3128 B T 1[2+3-5n FEHO077537

) , DE00686.18 N — B 4[5 FEO077538

chr2L257880-3 1m0 g 59,97 - [ 124540 FE0331205/F Bti1331208

. y bl M/ i 5[ FEt0331207

Chr3R191600% 1o pg ¢ 10356 — - 1 1934756 FEt299957

4 S —— A, — 2] FEt12995953

| ; 308.74 12] FEtO070R09/F B070610/F Bty

cheol 3877028 pRoggs4 20 31210 B e 3456] FBt007 0605

4 2 P

chr3L1887004% 104120 1 56,20 1 B 1934456 FEtO075060

1 p T 56.20 — 2] FBt112917

chr2L297880-3 1 cacs 164 58 . ] 127340 FEt0331206/F Bt1331208

’ ) TR M B 5[5 FEt0331207

chr3L.6704860- 100,45 I [ 120 FEO07E942

) . PEO0071.2] N I ——— 3[45-6n FBt1333072

chr3L1162354E proooan oy 17520 . [ 124540 FEtO076136/F Bti1331546

] p TeRRES 178.48 . 5[5 FEO076139

chr3R:1825352¢ NiA = C 0 FEt0310373

) , LE04433.16 3217 R s R s B s B 1-23-40560  FBI310384

chr3R:9365398- 26832 . ] 127340 FEtO0A2026

= ~ PF00291.24 /A, . 5[5 FEt082027



Pattern degree-6 dimension-3

Dimension:
Locus Domain Scores Schema AN code Variants
_ c 297 96 - B 1[3n FEt0078413
 che3L2l2V813 ppggsn1 07 oa7oe —— I[an FEt0333126 |
! ' s 1 4[5 FEt0078414
_ - 592,34 - B 1[3n FEt345511
chral 7699457 pr(1392 1 52,34 —— I[an FEt0070138
! ' 45.05 1 4[5 FBt112928
_ /A, N m 0 FEtr0310431/FBt310494/F Bt
chri{A081354-¢ pri1530, 17 52,3 CEE R - 120340 FEt0310493
! g 52.50 L - 34 FBt0310492/F Bt0310495
_ . 25.32 [ I 1[3 FEtr0080369/FBt0333089
chrel 1243445¢ pr7145 14 % 32 —— I[an FEt0344550
! ' M/A, - 4[5 FEt333090
_ .77 [ 1-4] FEt299875
chrel 2224015 o 1656 22 3477 B — 1-5] FEt0334168
‘ ' s B—Em 2-3] FBt1334169
_ 368.27 [ - m 128 FEtr0304925/FBti0333067
chreR: 1010974 prin365 19 W7 u - o 341 FEtr0085420/F Bti0038422
! g 37562 L - £-Gin FEtr00a5421
NA - = 0 FBtr0333628
. p s 132.95 - 1-203-42 FEtr0081770/FBt113202/F Bt
4
80.92 — — 14 FEtr0299642/FBt0331844
. g CEOUI68.25 B0.15 N 204- FEtr0299645/F BtiI299646/F Bt

1
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