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Explore Transcriptome using NGS

:lbﬁ!*ahﬂi'm{n.uabqﬂl A E:h
Ge Gao, Ph.D.

Center for Bioinformatics, Peking University

wohbdabpg

EBEEBEBRE
S § B B & 8 8 3




YT +s =s| TAaAcccTAAcccTAACCCTAACCCTAACCCTA |[REEETE e — ok M
FT FE i ‘% 2% | ccTAACCCTAACCCTAACCCTAACCCTAACCC U
if 2% g 2z 2z #s 22| CCCTAACCCCTAACCCTAACCCTAACCCTAAC wig.
N FF BE S® FE == 87| AACCCTAACCCTAACCCTAACCCCTAACCCTA
88 &g = &% #:| ACCCTAACCCCAACCCCAACCCCAACCCCAAC
s CTACCCTAACCCTAACCCTAACCCTAACCCTA
e o6 88 . 'l ACCCTAACCCTAACCCTAACCCCTAACCCTAA

Unit 2:
RNA-Seq: Mapping & Assembling
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Calling
Genetic
Variants

mapping

”

Reference Genome

Mapped alignment

=t Measuring
0 %Mim.nhnu- Lipat Lelodel e
i =ems " Abundance:
(RPI\;} . | e s R 1t RNA‘Seq ]
- s, T ChiP-Seq, etc.

| it
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Mapping: Input Data

mapping
e Reference Genome \
— Nucleotide = ’
— Length: Hundreds of Mb per chromosome. Reference Genome

— ~3 Gb in total (for human genome)

e Reads
— Nucleotide, with_ various qualities¥relatively high error rate: le-
2 ~ le-5)

%’”80 bp perread >
< Hundreds of Gbs per fTun>
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Mapping Reads from RNA-Seq

Genome DNA IS

Junction site

Transcripts *

Reads are mapped I

to the genome — — e
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a Single reads

== = == == =  Detection novel splicing
= wen pmese iSOforms through junction
reads

I
(%]
"
|
ubi
4
o |
3

|| B

B e e e i |soform #2

b Paired-end reads

'.Mapping reads
n n n “ n to genomic DNA I !
=it — — ey ! | ———
— e _— = e— == i
Mapping reads I ‘
{_1[_2 L3 1_4___[_ -S_I i Isoform #1 ;turranscriptume I — -
A T ii .
i | i
! 1
RN RN EE I | i
el T | DNA only |
ST | | —
el e | Isoform #2 _
bt v Dot Mapping junction reads properly
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Handle Junction Reads: “Join exon” strategy

1) Build “conceptual junctions library”  2) Map RNA-Seq reads to the genome
(CJL) for each known transcripts as well as the conceptual junction

library
(1 {23}43 4]
- 12 ] —
1 3
1] 4 ) Unsplicingly map to genome

All possible 3 Fay\
junctions 2 | 4 ]

34 Retry with the CJL

Fast

Can identify novel splicing isoforms
Can NOT find novel exons and
novel genes

Non-junction reads

Junction reads

Copyright © Peking University



Handle Junction Reads: “Split reads” strategy

— =

Unsplicingly map to genome

— Split reads into several - —
T— k-mer seeds
= J Non-junction reads

Retry with these seeds

Y

Stitch mapped seeds

together as whole read e Slower than “join exon”
alignment e Can identify novel splicing isoforms
B I e Can find novel exons and novel
— — - genes

Copyright © Peking University



TopHat

A spliced read mapper for RNA-Seq

Join exon

Split reads

(1) Transcriptome alignment (optional)

[ — ,"”——\‘\ —-—— ——
— — | — == — —
— — Y, W —— e E——
| | | | s [
(2) Genome alignment S

Reads spanning a single exon are mapped

i i
. { ——

(3) Spliced alignment

Readsare split
into segments

(3-1) Segmentalignment to genome

(3-2) Identification of splice sites
(including indels and fusion break points)

(3-3) Segments aligned to junction
flanking sequences

(3-4) Segmentalignments stitched
togetherto form whole read alignments

(3-5) Re-alignment of reads minimally
overlapping introns

Copyright © Peking University

Multi-exon spanning reads
are unmapped

B FRead
[ Exonsfrom annotsted transcripts
. Unzannotasted exons[novel transcripts)

[ intron orintergenic ragion

Read are aligned against transcripto - ~

(Transcriptome index |

v
~~--—_—’

4

Readsare aligned against genome.
-y ~
( Genome index y
L. ’

~~-——_—’

\'r’
Reads are split into smaller segments
which are then aligned toﬁe;eapme- -

( Genome index )
s

~~-_——’

e
Segment mappings are usedto find potential splice sites
usually when the distance between the mapped positions
of the left and the right segments are longer than the
length of the middle part of a read.

b

Sequences flanking a splice site are concatenated
and segments are a[ignebtﬂ‘tﬁ’e‘n? —= -

‘Junctionﬂanking index |}
[R5

h 4 = = —— = )
Mapped segments against either genome or flanking
sequences are gathered to produce whole read alignments.

b

Genome mapped reads with alignments extending a few
basesinto introns are re-aligned to exonsinstead.

(Source: Genome Biol. 14:R36)



1) Assembly: reconstruct full-length transcript sequences from the (mapped)
reads.

2) Quantification: estimate the expression abundance for each transcripts

ssssss

Taaal

— B C D E F
é 1 |gene nscl nscl SE nsc? nsc? SE
= 2 brain protein  18.9574 3.79952 21.5848 3.02241
= = 3 Cluster Inel AWl 110.513 7.84625 114.894 7.95669
= = 4 Cluster Incl AIE 235.873 35.6748 210.349 27.612
_—= 5 (Cluster Incl AVE 47.4605 3.94976 29.6941 3. 6536
—— 6 Cluster Incl AVI 28.4527 3.74512 15.2986 3.62007

7 Cluster Incl AV1 80.302 6.45368 107.23
§ Cluster Incl AVI 40.8113 5.13418 54.0835
9 Cluster Incl AI1 53.1437 3.63392

8. 09591
3. 18591
58.635 5.50994
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Assembling as a graph traveler

B D G 1
a B D —_E H polyA T2
(SR D T3
_C T4
D
T6
T7

(Rationally) weighted edges based

on various supporting evidences

e Existing transcript data: junction
reads

 Sequence context: splicing
junction sites, polyA signals, ....

e Existing annotation
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Cufflinks

Transcript assembly, differential expression, and differential regulation for RNA-Seq _ MU'[U&")/

incompatible
fragments

I:\-\"‘-
Overlap graph

Transcripts

Minimum path cover

Trapnell C. et al. Nature Biotechnology 2010
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Quantifying as a maximum likelihood inference

Genomic DNA
a—C0 2 }—F 3
1 | 3 t,
Transcript —
[ 2 ——> 3 t,
e,=20 e,=40 e;=60
-
e = )
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Abundance estimation  Fedflii[13] ¢

Transcript coverage length
L(p|R) = H Pr(rd. aln. = r)

relR

H Z Pr(rd. aln. = r|trans. = t)Pr(trans. = t)

reR teT

H Z .,( )PT(Td. aln. = rltrans. = t)

reR teT ueT Pu

05 n )(u”‘”i?f )

relR teT
(Nat Biotech 28:511)

|
Hzat( )))+1) [

Quantification ]7
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Summary Questions

 Could the split reads strategy also help for
mapping DNA resequencing reads? Explain

 Could you show a case that the simple
counting quantification in page 16 does NOT
work? Explain
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