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NGS

* Cheaper and massively parallel sequencing

Capillary electrophoresis (Sanger)
Between 96 and 384 samples
(76 - 308 Kb/run)

454 Solexa Solid
400,000 samples 32M samples 40M samples

(120Mb / run) (2Gb / run) (2-6 Gb / run)

409 pee




Gene Structure

Primary transcript

5 Exon Intron Exon Intron Exon 3

mRNA
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Introns excised and
exons spliced together
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Isoforms

e Alternative mRNAs
for the same gene

— alternative 5’ (or 3’)
splice sites

— exon skipping
— Intron retention

— mutually exclusive
exons

Exon skipping |
Mutually exclusivé exons
Alternative 5' donor sites

Alternative 3' acceptor sites

Intron retention



RNASeq
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ATCACAGTGGEACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGACEEENNY
GEGACAGAGTCCCCAGCEEACTCARCGCEEGE
ATGAAACATTAAAGTCAAACAATATCAA

Short sequence reads



RNASeq
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IsoLasso

Given reads (single or paired-end reads) from an
RNASeq experiment and a reference genome

— Map reads to the genome

— Infer isoforms

— Infer their expression levels

The predicted expression levels should be as
close as to the number of reads (accuracy)

The observed reads should be explainable by as
few isoforms as possible (minimal interpretation)

All the observed reads should be part of a
predicted isoform (completeness)




Definitions

A gene sequence S of length n is an ordered character sequence S = 5155 --- S,, S; € {A, T, G, C}. Define
B(n) as the set of binary vectors of length n. For a vector b € B(n), b; indicates the ith element of vector b.
For a subset U C B(n), define OR(U) = b € B(n) with b; = 1 iff there is an element ¢ € U such that ¢; = 1.
For a binary vector b € B(n), define the start (or end) of b as the first (or last) non-zero index of b, and is
denoted as I(b) (or u(b)). Hence, each isoform on gene S could be represented as a binary vector b € B(n)
with b; = 1 iff the nucleotide S; i1s included in this 1soform. A single-end or paired-end read mapped to S
could also be represented as an element b € B(n) with b; = 1 iff this read contains S;. A paired-end read is
denoted as p = (b',b?), where b' and b? are the two mapped single-end reads, and I(b') < I(b?). Given a set
of single-end or paired-end reads R, the coverage of S;, or cvg(S;), is the number of reads b with b; = 1.



Definitions

A single-end read b is compatible with an isoform t, denoted as b ~ t, iff b; = t; for I(b) < i < u(b).
Similarly, a paired-end read p = (b', b?) is compatible with isoform ¢, denoted as p ~ t, iff b* ~ t and b2 ~ 1.
Given a set of single-end (or paired-end) reads R mapped to gene S, the connectivity graph (CG) [17] is a
directed acyclic graph (DAG) G = (V,E), where V = {v,v2,...,v,} and e = (v;,v;) € E iff one of the
following conditions is true:

Condition 1. There exists a single-end read or an end of some paired-end read b € R such
that b; =1, b; =1, and by =0, Vi < k < 7;
Condition 2. cvg(S;) > 0, cvg(S;) > 0, and cvg(Sk) =0, Vi < k < j.

Note that Condition 2 is designed to connect two mapped reads separated by a coverage gap. Based on the
definition of CG, a path i in the CG could be readily treated as an isoform by defining the isoform ¢t ast; = 1
iff v; € h. Therefore, a read b is compatible with h (denoted as b ~ h) iff b ~ t. The isoform enumeration
algorithm depicted in Algorithm 1 takes the connectivity graph as the input, and outputs a set of maximal
candidate isoforms T'. The algorithm consists of three phases, Enumeration, Filtration and Condensation. In
the Enumeration phase, all maximal paths in the connectivity graph are enumerated. However, some of these
isoforms are “infeasible” in the sense that they cannot be assembled from the mapped reads (see Figure 1
(right) for an example). In this case, the second phase (i.e., the Filtration phase) is required to remove such
isoforms. For each isoform ¢ generated in the Enumeration phase, the Filtration phase first finds all reads
that are compatible with ¢, and then checks if ¢ can be assembled from these compatible reads (it replaces t
otherwise). Finally, the Condensation phase removes all the isoforms that are not maximal candidates.



Isoform Enumeration

input : A CG G = (V,E), and a set of mapped single-end or paired-end reads R
output: A set of isoforms T

begin

Enumeration:

T« @

for v; € V with indeg(v;) = 0 do
Enumerate all possible maximal paths P that begin at v; and end at some v with outdeg(vi) =0
T+~TUP

Filtration:

fort €T do

L Let t' = OR({b€ R|b ~ t})

T« (T\{t}) U{t')

Condensation:

fort €T do

Let Ry = {b€ R|,b ~t}

for t' € T\ {t} do
Let R, = {b - R|,b ~ fr}
if B; C H;» then

| T« (T\{t})

end



Least Squares Regression

Multiple regression estimates the outcomes (dependent variables) which may be
affected by more than one control parameter (independent variables) or there may be
more than one control parameter being changed at the same time.

An example is the two independent variables x and y and one dependent variable -
in the linear relationship case:

z=a+bx+cy

For a given data set (x),»,z1), (x2,52,22), ---, (Xy,5.25), Where , ~. 3, the best

fitting curve f(x) has the least square error, i.e.,

N n
- 2 .
H:Z[z;—f(xr,}?:}] ZE[EI—(Q‘F.&II +CJ.F:;]:| = fnin.
i=1 =1
Please note that 4, 4, and » are unknown coefficients while all x; , y;, and z; are

given. To obtain the least square error, the unknown coefficients 4, 3, and , must
yield zero first derivatives.



LASSO

* |s aregularization technique if there are
multiple solutions possible which yield a small

squared error.

* LASSO constrains the L, norm of the inferred
coefficient vector to be less then a defined
threshold.



Mathematical Model of RNASeq

* The “segment” model

— A gene is divided into a set of M segments where
a segment is a continuous region uninterrupted
by exon-intron boundaries

— An isoform can be represented by a subset of
segments

— Hence given N isoforms, we can construct an NxM
binary matrix to represent the isoform.



Mathematics Model of RNASeq

* The expected number of reads falling into the
ith segment is proportional to the length of the
segment and the sum of all expression levels
of all isoforms containing the ith segment.
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Least squares formulation

X" =argminf(X) = Z E—i Zaﬁlj

X o



LASSO approach



QP Instance

M \
‘ Ty
min f(X) = Z(g_t — Z aj;T;)°
i=1 °  j=1
s.t r, 20, 1<j<N



How much to constrain?

<

i* =argmin{L; :e; < Fxmin{e;,...e.}}
1<i<k



Completeness constraint

M N
. B ri 2
min f(X) _Z(Ei Zaﬁﬂcj)
1=1 =1
s.t. r; >0, 1<j<N

N
Z T <A
j=1

N
E rja;; = p, 1t segment i has mapped reads
=1
N k—1
E T Qi Ak H (1 —ajn) = p, if the junction between segments
j=1 h=i+1 i and k£ contains mapped reads



Results

(B) IsolLasso, R°=0.80886 (C) Isolnfer, R*=0 8965
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Fig. 3. Sensitivity (left), precision (middle) and effective sensitivity (right) on single-end reads.
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Fig. 4. Sensitivity (left), precision (middle) and effective sensitivity (right) on paired-end reads.
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Running §me (seconds)
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Diversity of Predicted Isoforms
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Next week

* SPINE: a framework for signaling-regulatory
pathway inference from cause-effect
experiments by Ourfali et al. ISMB/ECCB 2007



