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Learning Objectives of Module

* Understand the challenges involved in reconstructing
transcripts from RNA-Seq data

* Become familiar with computational algorithms and data
structures leveraged for transcript assembly

e Appreciate the importance of strand-specific RNA-Seq
data for transcript reconstruction

e Differentiate between differential gene expression and
differential transcript usage.
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Assembly Required
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Transcript Reconstruction from RNA-Seq Reads

RNA-Seq reads
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Transcript Reconstruction from RNA-Seq Reads
RNA-Seq reads

Align reads to
genome
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Transcript Reconstruction from RNA-Seq Reads

RNA-Seq reads
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Transcript Reconstruction from RNA-Seq Reads
RNA-Seq reads
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Transcript Reconstruction from RNA-Seq Reads
RNA-Seq reads
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Transcript Reconstruction from RNA-Seq Reads
RNA-Seq reads
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Transcript Reconstruction from RNA-Seq Reads
RNA-Seq reads
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Graph Data Structures Commonly Used For Assembly

RNA-Seq reads
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Graph Data Structures Commonly Used For Assembly

RNA-Seq reads
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GATCGTCCGAGCGATTACA Edges = order, overlap
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176,804 kb 176,806 kb 176,808 kb

176,802 kb

Genome-Guided Transcript Reconstruction

Splice-align reads to the genome
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Genome-Guided Transcript Reconstruction

Splice-align reads to the genome
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Genome-Guided Transcript Reconstruction

Splice-align reads to the genome

176,800 kb 176,802 kb 176,804 kb 176,806 kb 176,808 kb
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Genome-Guided Transcript Reconstruction

Splice-align reads to the genome

176,800 kb 176,802 kb 176,804 kb 176,806 kb 176,808 kb
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Overlapping but different introns = evidence of alternative splicing
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176,804 kb 176,806 kb 176,808 kb

176,802 kb

Genome-Guided Transcript Reconstruction

Splice-align reads to the genome

176,800 kb
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Genome-Guided Transcript Reconstruction

Splice-align reads to the genome

176,800 kb 176,802 kb 176,804 kb
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Individual reads can yield multiple exon and intron segments (splice patterns)
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Genome-Guided Transcript Reconstruction

Splice-align reads to the genome

176,800 kb 176,802 kb 176,804 kb 176,806 kb 176,808 kb
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Nodes = unique splice patterns
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Genome-Guided Transcript Reconstruction

Construct graph from unique splice patterns of aligned reads.
(0 =) [ 00—
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(@ 0— 0 D]/Nodevs = unique splice patterns

Edges = compatible patterns

[]
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Genome-Guided Transcript Reconstruction

Construct graph from unique splice patterns of aligned reads.

(o =] o oH—=)
(1 - o —] (00— )
(@ O—0— 0-0) Nodes = unique splice patterns

Edges = compatible patterns
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Genome-Guided Transcript Reconstruction

Construct graph from unique splice patterns of aligned reads.
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Genome-Guided Transcript Reconstruction

Traverse paths through the graph to assemble transcript isoforms
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Genome-Guided Transcript Reconstruction

Traverse paths through the graph to assemble transcript isoforms

i )
Reconstructed isoforms
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What if you don’t have a high quality reference genome sequence?

Genome-free de novo transcript reconstruction to the rescue.
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Read Overlap Graph: Reads as nodes, overlaps as edges
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Read Overlap Graph: Reads as nodes, overlaps as edges

S ——

Node = read

Ee o
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Read Overlap Graph: Reads as nodes, overlaps as edges

T~
e

Transcript A N

Generate consensus sequence where reads overlap

Node = read

Edge = overlap
\
\

Transcript B NN
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Finding pairwise overlaps between n reads involves ~ n2 comparisons.

Number of alignments (x"2)

0e+00 2e+05 4e+05 6e+05 8e+05 1e+06

I I I I I I
0 200 400 600 800 1000

Number of reads (x)

Impractical for typical RNA-Seq data (50M reads)
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No genome to align to... De novo assembly required
L
| D ==
L B

Want to avoid n? read alignments to define overlaps

Use a de Bruijn graph
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

- k-mers (k=5)

ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S
—J

From Martin & Wang, Nat. Rev. Genet. 2011
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

- k-mers (k=5)

ACCGC

ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S
—J

From Martin & Wang, Nat. Rev. Genet. 2011
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

- k-mers (k=5)
ACCGC
ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S
 (S—
Construct the de Bruijn graph
From Martin & Wang, Nat. Rev. Genet. 2011 Nodes = unique k-mers, Edges - overlap by (k-1)
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

- k-mers (k=5)
CCGCC
ACCGC
ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S
(N
Construct the de Bruijn graph
From Martin & Wang, Nat. Rev. Genet. 2011 Nodes = unique k-mers, Edges - overlap by (k-1)
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

- k-mers (k=5)
(k-1) overlap

CCGCC

ACCGC

ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S

| E— )

Construct the de Bruijn graph
From Martin & Wang, Nat. Rev. Genet. 2011 Nodes = unique k-mers, Edges - overlap by (k-1)
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

- k-mers (k=5)
(k-1) overlap

CCGCC

ACCGC

ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S

| E— )

Construct the de Bruijn graph
From Martin & Wang, Nat. Rev. Genet. 2011 Nodes = unique k-mers, Edges - overlap by (k-1)
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Sequence Assembly via De Bruijn Graphs

Generate all substrings of length k from the reads

ACAGC TCCTG GTCTC AGCGC CTCTT GGTCG
CACAG TTCCT GGTCT CAGCG CETET TGGTC
CCACA CTTCC TGGTC TGTTG TCAGC TEETE TTGGT
CCCAC GCTTC CTGGT TTGTT CTCAG TTCCT GTTGG —
GCCCA CGCTT GCTGG CTTGT CCTCA CTTCC TGTTG k- m e rS ( k_ 5 )
CGCCC GCGCT TGCTG TCTTG CCCTC GCTTC TTGTT CGTAG
cCcGcecC AGCGC CTGCT CTCTT GCCCT CGCTT CTTGT TCGTA
ACCGC CAGCG CCTGC TETET CGCCC GCGCT TCTTG GTCGT
ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTG CGCCCTCAGCGCTTCCTCTTGTTGGTCGTAG ]— R e a d S

Construct the de Bruijn graph

Sequencing error or SNP

o N N D o G T e R D TR R

From Martin & Wang, Nat. Rev. Genet. 2011 Nodes = unique k-mers, Edges — overlap by (k-1)
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Construct the de Bruijn graph

ny

(@)~ Eneet)

R e o T D e o (L s D

(eend)~(Gener) — \'\\

Collapse the de Bruijn graph

From Martin & Wang, Nat. Rev. Genet. 2011
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Collapse the de Bruijn graph
(Gocoacacd (oo

Traverse the graph

Assemble Transcript Isoforms

====-- ACCGCCCACAGCGCTTCCTGCTGGTCTCTTGTTGGTCGTAG
------ ACCGCCCACAGCGCTTCCT--------CTTGTTGGTCGTAG
-=-=---- BCCGCCCTCAGCGCTTCCT-------- CTTGTTGGTCGTAG
==-=-- ACCGCCCTCAGCGCTTCCTGCTGGTCTCTTGTTGGTCGTAG

From Martin & Wang, Nat. Rev. Genet. 2011
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Contrasting Genome and Transcriptome D@ NOVO Assembly

Genome Assembly

« Uniform coverage

« Single contig per locus

 Assemble small numbers of
large Mb-length chromosomes

 Double-stranded data

Transcriptome Assembly

Exponentially distributed coverage levels

Multiple contigs per locus (alt splicing)

Assemble many thousands of Kb-length
transcripts

Strand-specific data available

¥ [rinity
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Trinity Aggregates Isolated Transcript Graphs

Genome Assembly Trinity Transcriptome Assembly
Single Massive Graph Many Thousands of Small Graphs

Entire chromosomes represented. |deally, one graph per expressed gene.
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Trinity — How it works:

Linear de-Bruijn Transcripts
- ﬁ +
reads contigs graphs
Isoforms
>a1271ln=534% A
—_— = >a122-Jen=2560 Q—f—f
—_——_ T = = o> ..CTTCGCAA..TGATCGGAT...
— — S— ﬂ‘% lan=438 !

o 125 Jen=8aTS s ..ATTCGCAA..TCATCGGAT...
>a126:len=66

Cocad

Thousands o_f—disjoint graphs

Module 7



Chrysalis

>a121:len=5845
=122 ler=2560

>a123 len=4443

=124 lar=44

=a125 kn=887T6

>a2126: len=68

7

Build de Bruijn Graphs
(ideally, one per gene)

Integrate isoforms
via k-1 overlaps

B0 g b
H g B0

kel k-l kel k- k-1
# oooooooooooo h
— s s sssssens -
— et e sessenes P S—

overlap seqs
using (k-1) mers







D
QTCGE) ..CTTCGCAA..TGATCGGAT...

.ATTCGCAA..TCATCGGAT...
. compact
de rBamt:]n co:;p?]ct graph with sequences
grap grap reads (isoforms and paralogs)




Butterfly Example 1:
Reconstruction of Alternatively Spliced Transcripts

@TCC...TATTCTGAG@
/
Butte rfly's Com pa cted @ATA...GCCTGCAG@ 3

Sequence Graph \
2

TATCTTTCTG.. GAACCTCAGT(1752nt)




Reconstruction of Alternatively Spliced Transcripts

@TCC...TATTCTGAG@
/
Butte rfly's Com pa cted @ATA...GCCTGCAG@ 3

Sequence Graph \
2

TATCTTTCTG.. GAACCTCAGT(1752nt)

Reconstructed Transcripts

»




Reconstruction of Alternatively Spliced Transcripts

@TCC...TATTCTGAG@
/
Butterfly’s Compacted @am..oeemcm@ 3

Sequence Graph \
2

TATCTTTCTG.. GAACCTCAGT(1752nt)

Reconstructed Transcripts

»




Reconstruction of Alternatively Spliced Transcripts

AATTGAATCC.. TATTCTGAGG(3647nt)

i

Butte rfly's Com pa Cted @GATA...GCCTGCAG@ 3

Sequence Graph \
2

TATCTTTCTG.. GAACCTCAGT(1752nt)

Reconstructed Transcripts

Aligned to Mouse Genome

I HH H—H—H—HH H H+h
Naa25 Nalpha acteyltransferase 25 (Reference structure)

—i— —i H i ——it —i— H———HH.
—i— —i H i ——i i H———HH.




Butterfly Example 2:
Teasing Apart Transcripts of Paralogous Genes

Ap2a2
Ap20&1/ \p a

ICITGYAACJ:TQ CAACCTCCT Gjecs) ICYOCMATTQ MhCTTG;'Tqam]

\
n3

JarccacaccT. accaoaaancian |

S/ \15'

o

|accracacTaccTaaec s | |ernceTacacTaccTaocy) |
\ e \

lcTaasanacaraTacacacTaaccaacTC |

\
i\

125 122
= \ / 120
| GAGTTCTCCC . CCCACATTOARS) |
~ T~
1= 124 \
| TACAGTTATT . AGAGGAGATC (140 |GACOATCATC . AGAGRAAATT 184 |
\ 153 14 /

JaracTaanaa aTasacTACALE |
- TN
1=
= =

Jaroaacacca _oataccacaes |

e / \ 100

|ecTacaaaTe. carcoacceTarz) | |CATCCAGATT. AxTasATEAGER |

|

e




Butterfly Example 2:
Teasing Apart Transcripts of Paralogous Genes

Ap2a2
Ap20&1/ \p a

IGTGYMCJS_‘TQ CAACCTCCTGjacs) [CTOCMATTQ AM:HG:anm]
\ n3 0oe
JarccacaccT. accaoaaancian |
= / \ =
chr7:148,744,197-148,821,437 o~ ~
NM_007459; Ap2a2 adaptor protein complex AP-2, alpha 2 subunit "l"xmmcuicmoaq |mvxr$~xmxnmn|
w0E 27

lcTaasanacaraTacacacTaaccaacTC |

’IE/ \15

chr7:52,150,889-52,189,508
NM_001077264; Ap2al adaptor protein complex AP-2, alpha 1 subunit 12 120

| GAGTTCTCCC . CCCACATTGARS) |

12!/ \124

[TacaaTiaTT Acacaacarc e |GACOATCATC . AGAGRAAATT 184 |
\ 153 14
JaracTaanaa aTasacTACALE |
- T~
m =
S
= 1=

Jaroaacacca _oataccacaes |

/

1 100

|ecTacaaaTe. carcoacceTarz) | |CATCCAGATT. AxTasATEAGER |

e




Strand-specific RNA-Seq is Preferred

Computationally: fewer confounding graph structures in de novo assembly:
ex. Forward !=reverse complement
(GGAA !=TTCC)
Biologically: separate sense vs. antisense transcription

NATURE METHODS | VOL.7 N0.9 | SEPTEMBER 2010 | ‘02 % BROAD

M INSTITUTE

Comprehensive comparative analysis of strand-specific
RNA sequencing methods

Joshua Z Levin'®, Moran Yassour!-38, Xian Adiconis!, Chad Nusbaum', Dawn Anne Thompson!,
Nir Friedman®?, Andreas Gnirke' & Aviv Regev!>?

Strand-specific, massively parallel cDNA sequencing (RNA-seq) Nevertheless, direct information on the originating strand can
is a powerful tool for transcript discovery, genome annotation substantially enhance the value of an RNA-seq experiment. For
and expression profiling. There are multiple published methods  example, such information would help to accurately identify antx

. ‘dUTP second strand marking’ identified as the leading protocol ot

tunlp‘uwuuuut PIFSUNIC W tumpa © vret b'l’ Juoer L’ ey rronas Tt Uiralnidalicy wi CLU|‘.\LCIJL b’cuc: tradviiocTua Vi UP’P\J)!LC Sll'dx'l'\.'.lb'd.l'l'ld
any RNA-seq method. Using the well-annotated Saccharomyces resolve the correct expression levels of coding or noncoding over-
cerevisiae transcriptome as a benchmark, we compared seven lapping transcripts. These tasks are particularly challenging in
library-construction protocols, including both published and small microbial genomes, prokaryotic and eukaryotic, in which




dUTP 2nd Strand Method: Our Favorite

RNA

1 First-strand synthesis with normal dNTPs

cDNA

1 Second-strand synthesis with dTTP 2 dUTP

w— = = UU U uu

1 Adaptor ligation

/
/IU-U—UU —— ) — U -
/
/U-U_UU — ) — ) -
1 USER™
1 Remove “U"s (Uracil-Specific Excision Reagent)
/
7~ T T T T
/

7T T = =
1 PCR and paired-end sequencing
J/

7

Modified from Parkhomchuk et al. (2009) Nucleic Acids Res. 37:e123
Slide from J. Levin




Overlapping UTRs from Opposite Strands

Schizosacharomyces pombe
(fission yeast)

chr1: 5,329,037-5,333,190

—- 4,137 bp -
Assembled  EHEE-NE-E> IENENENENENENENENE
Beqncos KEKECEIET K- KA E —HHEIKE

Forward (0-500)

Reverse

>
HEHE K1 >
Known SPAPSA3.08
annotation myosin Il light chain KK EKEE - EEEEEEE K4+

SPAPS8A3.09c
Protein phosphatase regulatory subunit Paa1




Antisense-dominated Transcription

chr2:1,674,778-1,683,672

D 8,852 bp >
> > > ) )y )y )
Assembled < comp3099_c512_seq1;6.726
sequences ¢ ¢ ¢ ¢ K« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ £ L
compl453_c208_seql0;17.408 comp5369_cl113_seq5;0.392

[0 - 500]
o ‘m
Read . . :

Reverse
Known
annotation < < <
SPCC417.05c¢ SPCC417.06¢ SPCC417.07c
chitin synthase regulatory meiosis specific protein MT organizer Mtol

factor Chr2 (predicted) kinase Mug27/Slk1




Trinity output: a multi-fasta file

comp0_c0_seql len=5528 path=[1:0-3646 10775:3647-3775 3648:3776-5527)

AT A AT T T T T T G T AT T A A A A AL T T A A A T AR A A AT AT A AL AT T AR T T G T GA T TG AR A A T AT AAT G AR T T T CAAAC AR T T AR AA T TATCAAAAT AT ACAAAATTCGATOGCACCACACCTAGETTTE
AT T AT AT T A G A T AT A A AL A T AT LG T O AL AL A AR G AR T A A T TG A AL AT T O T T T T G AR AL T O T TGAC T TAGC AT CTCAGT AL TATAAAAAGC AL TCATTUTTTITTITTCAGYCY
T AR AL AT T T T T T TG T L T T T T T A AA T AT CAA T T TACC AL AL AR AAAC AR AACAGAAC AR AACCCATATAAACCAC AL CAGC AL CAGC AL TCGUCCTTAAGC AT TCTCOTTAGATECOTAL ACATACACGC
GTG"G"A..A..GAG"C'.:'.'TCACTCAGTMCMTATATATATATATATAE"T"TMCTCTACAEM"""A"AGTCCATCACAGE"TCEAMAGMTA"I-E" EATAAAAGATATTGUCCATTTCATAATTTCACTCOTTTITTAL

T AT T A A A AT G T AR G A AT T A GA T T AT T AR AT G T A A T T T A T A A G A A A AT A G AR G T AR CAGA G ARG TG T AACCCC AL CATCACATTATTTUTCAACAACACCAGTGUALGCCCTACATUTTACALCAGE
A"AC""AEA AT AGAC AT TAGAGC AAGE AL CTATGLOTCAGUGCCATAGECAGECCATGLALTCCATACCGACCATGE! EA"CTCACAGAGE"TCA"T"AGAGEATCTG?CACEGTCMEACAEA"CACMT"TGM"
AT AR AR A AT T AT T O AL GAGC CAGL GO AL T CCAA L CAAACECCCACCCAGTCCCATUGU AAAC ALGUCACAAL TACAGAAC AL TACC AL AN COTATTCAAGECAALTC, TCACGUTCTTCAACCCATCTY
AT T A A A G T T T T T T G G AT G AL A T AT AL T T AT G AR AT AT T AGE T O L AL CACA T O T AL ARG T AAGAAAGT AL T T T CCACACATTTCOTTACAALTAAATTALTTAACCACTATECOTGA
T AR T AL A AL T T A A T A AR G A AT G AR T G TG TG T O TG L AL CAG T O L AT GL A AR GAC C AL T O T CAC L ARG T CAT C T T T TCACC T TAC AL TTACTC TCACGAATAAAL TCAC ALGUAACAAG. MCM-\

T AL AL AL GAGA T TCAGACAC A AR AL T AL GO AR AL L TGO T O GAGE T G E CA T AL AT AR T AR GA G AL T T T TCAT T TOTCLCAGACC AL CC TCTTAAGE TEGAGUCTTAGUGAAC ACGECACCAACE T

GTGAACAACATCAATACACCOTGAT CAGT"’E"TMGTCTCMEA"CACRCLMCA"CA"GECLAT"A"MML’KTAECT"T"TCMECTAMACT"MMACC"AG""TAMCCCAT&T"TM"CCT"LCA"ECEAME
OO T TAAAAGC AL TAGAGT AL TAAATC T T TTCCAACCATATTTATUCATATE T T AL T AT CAAT CAGC T ECACAALGTGACT TAATGACC AL AC AAATATCAGACTCUCCTECACACACCACGT
ACAACCTCTTCCAACAGE T T TTCCACCTTTCCCAGAACALC T A ARG T A G T G TG TG T C A AT T T O T T COTCAAAGTGUGCACAACTTCGACTTCOTCACTGLCCTCA
GLTCACCTOTCCCAGEACCCGUGLTCGUAGATCTCTTGLCTGCTCGLGe TEACCACT TG T T TGO CACE TACTCAGCCACATCTCCCTTGAGLOTCOTATGUATCCAT
ceceaTee ARG T TG T CTGLATCTCCTACACCTCCTTTTCCCTCATACGUECTAC ALY EGCCTACCCAACCCAAACTCCCACTGCATGAT
A TG T T AL G T AT G T AT AT AT T T T AT T G L T T G T AT AL A A A T G T O AL O A G CA T T O T AL T LG L AL T AL G TG L GL T CT O T T C T TGL T T COTATATOGTATGUAC AL
AT A T T T T N T T T AT AT A AR T A AT T T A T T L T T G T AT AT AT T T AATACC T CAAAAAT TAAT T CACGAT CAAAL TCOTTCATGOATTTAT GEAAGTTCTCGATTAL
TTTGCTCGE AT T T AT T TG T G AR T T G T G T T T AT G T T A G A AT T T A AR T T T T AL T T T O T T TG T AL T LT CAAGTO T T T T TOTCAGC ALCTCCCCTETCTCCAGANE
AR T T G AL T T T O T G e A AL T T T T A A AR T T T T O T T T O T T LU TAGACGATACAAL TTTCOTOTAAL! AT T CARGT O TAACTCCAATCACATOTGCTTCAALTCOTTTAATATEOAT
A A AT T G AR AT T A A T T G AR T A T AR T A T T T A AR TG T AR A T T G AL G AT A T AT G T T T T T T T T T T T O T T T T T O T T T T T O TG ATAT T TAATTTEUTATCATCUCANG,
A AL T AR T G A A AR G AT A A G A A A T A T T A A AR AR A A AT T L T T AGC AL T A T G G T T T A AT T O AT TG T AAC T T L T AAC ALGTCCCC T TTACATE TECTGAACACACCTT T
CAAT AL ST O T AL T AAAGAT CCAAC AL TATT T TCTATTCATTCOTGTATATCC AL ACCOCTCTAAGCCACTGE! CARGC T CATACATGTCUCTGACCACATGOAAGE AL TCGACTTCGCACTCACALCAGCCAGANLC
ARG AR TG AT O G T G L GAAC AL G O ARG AR G G L T A T G AAT T T O T T O T CAAT AR AL CC O T T CCC U T C T CCACCGCCACCTCTAGL TUT TG ALGAGC AAACGAALGATUTCGATCCOGUALGACACA
T A AT T T T T AL T T T T G T O AL AL Gl T G T AR AL T TG ARG T O AL T AT A G C T AR G T T AA L GAGC GAAT T C T T AACCACAT GO T T T C T TCC TCCAALGAGAGTTTOTTATLCTCTTC
A AR AT T T T T T T GA T AR T AR A A A A A T ARG T T T T TGO T T O A AR T T T O A T A A AT A T T T O T T G CTCAGA T TCATTGAT T TCATAC TTTCTCCCAAGE TAATTCATATGT
T T T AR T A G AR T T AR A G AT O LG T AL T O T AL T T T A AR AT G AL AL AR T T AT T C AL CC T T T O T AAA AL CO AT ARAC T LT CGE AT CT T C T CAAATGCACCATATTTUTAALCTTCAATAATGTAT
TCTCH ATC
T A T G AR A AR T A G T G A A AL T T A AL A TG A G CAG AL AT A T A CA G A T CA G AT AT CLGU T C AL AAGATAGC CAATGU T CTCATGL TCCATCTCCTTAGCATCOAC AL TCGAGT
A A AT AL AT G T T CAAA T CCACCCAGC AL GO AL TAGAT CCC AACAAL TAGC AATTTCAACTCGAGCATTCGATEGUCTATGLATTAACCCTTOTT GCACACTCACGUCCTCCCACACCOCCAGTOTCCTCACCTY
T T T AT A AT A AT A G A AT AR AL O AL A G A G T AR T A T T A G AR T AL T L T T T T A AR CA AL AL C L C L CAAR T O AL T CCC T CCTCU TACC T TAACATCALTTOTTTGACCACATCCAL
O AL T T T AT AT G T T G T AL ARG AR GAG O T T AL TG A AR CA A A GA T TG L T AL L T LG ATGTCL G COGC ALGUCAALCTTATCCTOTATCUGLATCOACAATEGAAC AACTCCAN
AL CTGU T TAAT CAAT TG TG TG AL TCGUCCGCALGCAAGAGE TCAACCAACACCTTCAGE ™ ARG AL AT G T T AT L L GAA L T T O T T CAAAT AL TEGAAC AT TAAL TCTTCAGLGTCACCCAGETTGTAT
T AT T AL AL O T TG T G AR G G TG A T AL T AL T T A T AL T T G T GO A AT G T O AL AL T T T a T GA T O T T T TATCC T T COTCTATAAAL TTCACAGCATCTTC TCCAGAGE ALTC
TACTTCCCOTTOTAAG TG T T OO T AL CAGE O GG T O AL G T T T L AR T AL T CGAAA GACAGAAT CO AR AT ARG TCAGATAGAAL TECC AL T CATCTGAGT T T T TCAGAALGAGECOTCGUGAAAGEGLGT
AT G AL T TG T AL T T T T AL AT G L AT GO AT T TOT T T T CCCGACTCTGAATTTCALT AT T T T AA T T T TCC T CTAATGACATCCAGEGL TTCCTCATACTTTCCCAAGLGLETCCAGA
AT A AT AR AL T T AR T A T T A G T T AT T T T O T O T T AL AT T T L T L T AC AT T L T C T CCC OO AL GUGC AL AAAC ATGU T T T TGO ACACGTTCTCATCCCUTCCCGATATAGATTGCATGATCAA
AT A T A AR ARG T AL T A AL G T T T T T G A A AT T T A T A CAGA G AT O AL L T TG AT O T T C T TOTAC T CGCCC AL TCTCGCAT ALGCCATCAAGAGE TCAC AL TCATACTCOTCUCTGTTUGCAN
CTTTCTTCACACCCGCOTCATAGAGE TTT AL T AR T LG LG TG ATCTOTCOATACACAATCATCAGEGCCTGCALGEALTTGTCATE D EGCCTCAMGECAGCCACCTCOTGAGCCAALGTCGAAAGETTCTY
TG T T G AT T T T T A AR AR T G T T AL AR T T T A A T A AT T T TG TG T T T O T T AR A T T T AT A G T TG T AR T T AT T T TAT TATT T CCATTATCAACATAATCGTAAATGEGCCE
A CC G T G T TAGLGTCC T CCACAT GO CCCCCUTCGCCATCATCGACAALCECAGAACCTCAGT

>comp0_c0_seq2 len=5399 path=[1:0-3646 3648:3647-5398)

AT A AT T T T T T T AT T AR A A AL T T A AR T AR A A AT AT A AL AT T AR T T G T GA T TG AR AR T A T A AT G AR T T T CGAAC AR T T AR AA T TATCAAAATATACAAAATTGATCGCACCACACCTAGETTT
AT T AT A T T A A T A T A A A A T AT G T O AL AL A AR G AR T AR T TG AA L A T T O T T T T G AR AL T T T GAC T TAGC AT CTCAGT AL TATAAAAAGC AL TCATTUTTTITTITTCAGTCT
GTAAACACTAGTCOCT CARAACAGAAC ARAACCCATATAAACCACALCAGCALCAGCACTOGUCCTTGAGCATTCTCOTTAGATUCTALTCACATACALGE
GTGUGUALALGAGUCT TCACTCACTMGMTATATATAT&TATATAE"T"TMCTGTAEACMTETATACTCCATCACAGE'.'TCCAMAGMTA'JAE'.‘EATMGATATTGSCEAT"TCA"MT"TCACTCT'.‘TT’.‘AC
AT AT T A AR AT G T AR G A AT T AGA T T AT T AR AT G TACA T T T AG T AAGAAA AT CAGC ARG T AR CAGAGE ARG TG T AACCCC AL CATCAC AT TATTTU TCAACAAC AL CAGTGOACGCCCTACATOTTACALCAGE
A A A AL GATAGAC AT T AGA G AR G AL T AT G O T GAGL G AT A G CA G O AT GO AL T C AT AL GA L AT GL T C AL CTGACAGAGE T TAA T TTAGAGC AT CTOGTGACCATGAAC AC AT AUCACAATTTGAAT
AT AR AR AT TA T T AL GAGE CAGL G AL TUCAA L CAAACECCCACCCAGTCUCATUGUAAA L ALGECACAAL TACAGAAC AL TACC AL AN CTCTTCAAGECAALTCARAATCALGUTCTTCAACCOATET
A T AR A A G T T T T T T T G G AT G AL A T AT AL T T AT G AR AT GA T A G T O L AL CACA T CCT AL ARG T AR GAAAGT AL T TTOCACACATTTCOTTACAAL TAAATTAUTTAACCACTATECTGA
TT O T CAATCCCACAC AL TTACGATAAAGAATGCAATEGTETGLTEOTGE AT AT G GAAAGAC AL T T CAC ARG TCAT T T T TCACC TTAC AL TTACTCTCACGAATAAAL TCAC ALGUAACARE. MC.\CA
A A AL A GAGA T T A GA A A AR A AL T A G AR O T T O A TG A T AL AT AR T L AR A G AL T T T TCA T C T T O T CU CAGACC AL CO T C T TAAGC TECAGECTTAGUGAAC ALGECACCARCE T
T A AR A T AR T A A T A T AT T T T ARG T T AR AL A A AR A T AL G AT T A T A AR A AT AL T T T T T CAA L CT AR AAC T T AAAAACC TAGE TTAAAC COATATTTAATCCTTCCATCCCAAAG
T T AR AR G A T A G A T AL T A AR T T T T T A AT AT T AT AT AT T T AT T T T T AL T AT CAAT CAGC T CACAALGTGACT TAATCGACCAC AC ARAATATCAGACTCOCCTUCACACACCACGT
ACAACCTCTTCCAACAGETTTTCCACCTTT GAACACCA CGUCTCAGTCTCAGE, T A ARG T A G T G T O TG T AL AT T T O T T CCTCAAAGTGUGCACAACTTCGACTTCCTCACTGLCCTCAL
GrToancTeT A GG T Gt GA T T T TGl O TG T GG L T T ARG CA AR AL T AL CAC T T G T CA T T TG TGC OO T C T A TCUCACE TACTCAGC CACATCTCCCTTGAGLCTCTATGUATCCAT
T T T T G AT G A AR A TG A T A G L AR G T TG T T G G T O T O L T A AL T T T T T O T CAT AL GUCTAC AL TATCGUCTACCCAACCCAAACTCCCACTGCATCATE ARAAALCANC
A TG T AL G T AT G T A T AL T T AT T T AT T T G T T G T AT AL A A AT G T O L AL O CA G CA T T O T GAG L T GO AL T AL G TGO GL T T O T T T TGL T T COTOTATGTATGOAC ACGTATAAALACTC
T AR A AT A G G T T T T G T T T AT AT A A T A AT T T AR T T T T T AT AT AT T T AR T A T AR A A AT T A AT T C AL AT AR AL T T T CAT GO AT T TG TCAGCAAGTTCTEGATTACAACAATGLCAGE
A AT TG T T T T TG G A G TG T T T AT T T T T T G AR O T T O G T G T T T AT G T T A G A AT T O T T A AR T T T T T AG T T T O T T TG T AL T C T CAAGT O T T T T TOTCAGCALCTCCCCTETCTCCAGARE
C A T TG AL T T T O TG A AL T T T T AR A T T T T T T T T T O T A G A G A T A G A T T T T O T AAC T AL CTC L T L ARG T CTAAGTGCAAT CACATG TGO TTCAALTCCTTTAATATCAT
AT T G AR AT T ACA G T T GAAL T CAGTAACC TAGCTOCT T CGAAACTGE TCAAGAT TGO ACGCATGATCATGLTCGTTTOT T T T T T T T T T TG ATAT T TAATTTCTATEGTCUCAACACACT
TCACALTAAL T CGACACCCAAAGEATGACAGAAA TAGTCTCAACGAAL ARGACCACATTCTCTAGEAL TCCAGUCTGUATCTTCACATT .‘CEATCTCTMCT“C"M" COTCCCCTTTACATETCCTGAACACACCTT
AT A T T T AL T A AR G A T ARG A AT T T T T AT G T T T G T AT AT AL T T A T O T ARG CAC T GL T C T C ARG T C AT ACATCTCUCTCACC AL ATCE AAGEAC TCGACTTCGCACTCACALCAGECAGAAL
ARG AR TG AT O T G T G L AR AL G O ARG AR G GL T A T G AAT T T O T T O T CAAT AR AL COCT T CCC U TC T CCACCGLCACCTCTAGE TUTTGUALGAGC ARACGARD CGUAUGACACA
T T T A AT T T T T AL T T O T T Gl T O A AL Gl T G T A AL AL T T G AR G T O AL T AT A G C T AR G T T AR GAGC GAAT T C T T AACC AL AT GO T T T LT TCC TCCAALGAGAGTTTOTTATICTCTTC
A AR AT T T T T T T L GA T AR T A A AR A A A T ARG T T T T TGO T T O A AR T T T A T A A AT A T T T O T T G O TCAGA T TCATTGAT T TCATACTTTCTCCCAAGE TAATTCATATGT
T T T AR T A G A T O T AR A G AT O G T AL T O T AL T T T A AR A T G A AL AR T T AT T AL O T T T O T AAA AL CO AT AR AL T C T CGC AT CT T C T CAAATGCACCATATTTUTAALCTTCAATAATGTAT
A T AT T T T TG T TG AL T A AR AR T AL T A AR G T T ACA G AL T G AL GO AL CA G AT AL T AL CC AL G AT AL CATAT CCLATCAGAAC AT ALCCAATCATATCUTUCTGUATGTGUTTALCATC
AT GO AL T AGAGA T AL AL T G T T ARA TG AL O AL CA L CAG T AL AT L GAAC ARG T AL CAA T T TGAAL T AL CAT TG ATGUGC TETCGE T TAAGC CTTCTTCCACCAGAGTCAGEGLOTGOCAGACCGLAL
T AL T O T T T T CATACA T C AR T AL CACA T C AR CA G GAGC AL G AL T A AT AL T T AL AR C TG AR T O T G T O T T CAAAC AR GAGC G CC AAAL T CCAGTCCATGL TUATACCTTAACATCAGTTCT T
A A A A G T T TG A T T T AT A T O TG T GL TACAA L CC ARG AL C LG T O TCAG L T CACAAC AL AL AL AT G T O TGO ALGL CTCOGATE T AU CCGUCAGUGEARGE TTATCCTCTUTCGUCUTCGACAATGE
AR AR T AR A G G T T A AT A AT T L T T A TGl G Gl A A AL AL G T AR L AR A T T AL G T O T a TG AL CA G AT GL O T TAT CCC CC AR C T T C T TEAAATACTGE AACATTAACTCTTCALGUTCALC
A T T AT T T AT T A A G T T G T L AR O O T AT A G T A G T T AL T AL G TG TG G O T O GACA T T L GAGA G T T T T AT G T O T T TATCCTGTCC TCTATAAACT TCACACCATCTTCT
A A A TG T AL T T T T T ARG AL T T T O O T A G AL G L GL O C T CAG L O T T O T CAAT CAGT OO AAAC AL AL AR T CGAAA TAAL TCAC AT ACAACTGCCAGTCATC TCACTTTTTCACAAGEALGLGTCC
AR G T TG AL T O G AT T A T T O T T A A T G A T A T T T T T T T O AL T T AR T T T AL T TG T AR T T O T O T O TAAT T T T CCTCTAATCACATCCACGUCTTCCTGUTACTTTCCCA
A T A AR T AT G T AR T A A G T T AR T AL T T AL T AT T TG T O T T T AL AT T T O T T AL CA T T O T O T O L L CAGE GU CACAAA CATCCT T TTECACGAGE TTCTCATCCCATGUGUATATACAT
AT AT AR T AT AL T A AR AL T A T A G G T T T T TG G E A AR T T T AT A AL AL AT G AL T G T CA T T T O T T TACT L CCCACTOTGUCATAGECCATCAACALGTCGAGAGTGUTACTCCTC
TG AL T T T T T A A G O T AT AL AL T T T T AL T AR T O L G O G U T CA T T T L GL TAGAGAAT CL T CALGUCC TECAGUGAGTTU T CATCTATGUGL TCAAGUGCACCCACCTCCTUALCCAAGE
AR T T T T T O AL T T T T G T A A A A A T G O T T A AR T T T G A AL T AR A T T T T T T T T T T AR AL T T AT AL T T T GAAT T CCCAT T T TATTATTTCCATTATCAAGATAATCE
OGO AL GGG T O T TALGU T COTCCACATCUCCCCGUATCUCCATCATCACAAGEGC AL AACCTCALT

CGTCATET




Flavors of Differential Expression Analyses

* Transcripts:
— Differential Transcript Expression (DTE)
— Differential Transcript Usage (DTU)
— Differential Exon Usage (DEU)

e Gene:

— Differential Gene Expression (DGE) o
— Gene Differential Expression (GDE) -




Differential Gene Expression (DGE) and Differential Transcript Expression (DTE)
(Example 1)

Iso 2 I E I I




Differential Gene Expression (DGE) and Differential Transcript Expression (DTE)
(Example 1)

Iso 2 I E I I

Feature Diff Expressed?

high
C] MyGene Yes
Yes
- Iso_2 Yes

low

& 0 Diff. Transcript Usage ?
*00 &7 Oé‘e N4 (eg. Isoform switching) No
& & @
Sample A Sample B




Differential Gene Expression (DGE) and Differential Transcript Expression (DTE)
(Example 2)

Iso 2 I E I I

Feature Diff Expressed?

high

MyGene Yes
L]
Yes
L]

|lso 2 Yes

low
< a @ N Diff. Transcript Usage ? Yes

& il @0"' &’ (eg. Isoform switching)




Differential Gene Expression (DGE) and Differential Transcript Expression (DTE)
(Example 3)

Iso 2 I E I I

Feature Diff Expressed?
high
L]
MyGene No
Yes
- |lso 2 Yes
low
< a @ N Diff. Transcript Usage ? Yes
& il @0"' &’ (eg. Isoform switching)




Differential Gene Expression (DGE) and Differential Transcript Expression (DTE)
(Example 3)

Prevailing viewpoint:

DTE or DTU -> Gene Diff Expressed (GDE)

| T | * MyGene

Iso 1 Yes

* . |lso 2 Yes

Diff. Transcript Usage ? Yes
(eg. Isoform switching)

low




Clarifying view: (DTE or DTU or DGE) as special cases of Ge

A

DTE :

condition A

secondary isoform

DTE

primary isoform

DTE: differential transcript expression

DTU: differential transcript usage

DGE.: differential gene expression (gene-level analysis)
GDE: gene differential expression (transcript-level analysis)

Ntranos, Yi, et al., 2018 — see supp.

See Lior Pachter’s blog post: https://liorpachter.wordpress.com/2019/01/07/fast-and-accurate-gene-differential-expression-
by-testing-transcript-compatibility-counts/



https://liorpachter.wordpress.com/2019/01/07/fast-and-accurate-gene-differential-expression-by-testing-transcript-compatibility-counts/

High Confidence Differential Transcript Expression is
Difficult to Attain With Many Candidate Isoforms
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Measure Differential Transcript Usage (DTU) via Differential Exon Usage (DEU)
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SENOME
RESEARCH

CSHL Press | Journal Home | Subscriptions | eTOC Alerts | BioSupplyNet

Genome Res. 2012 Oct; 22(10): 2008-2017.

PMCID: PMC3460195
doi: 10.1101/gr.133744.111

Detecting differential usage of exons from RNA-seq data

Simon Anders,1'2 Alejandro Reyes,1 and Wolfgang Huber
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Flattened gene structure:

22286132 22298894 22311655 22324417 22337179 22349940 22362702 22375464 22388225 22400987

Figure 3. The treatment of knocking down the splicing factor pasilla affects the fourth exon (counting
bin E004) of the gene Ten-m (CG5723). (Top panel) Fitted values according to the linear model; (middle

panel) normalized counts for each sample; (bottom panel) flattened gene model. (Red) Data for
knockdown samples; (blue) control.




Enabling Differential Transcript Usage Analysis for De novo Transcriptome Assemblies

Davidson et al. Genome Biology (2017) 18:148

DOI 10.1186/513059-017-1284-1 Genome B|O|0gy

SuperTranscripts: a data driven reference @
for analysis and visualisation of
transcriptomes

Nadia M. Davidson"%’, Anthony D. K. Hawkins' and Alicia Oshlack’**




Enabling Differential Transcript Usage Analysis for De novo Transcriptome Assemblies

Davidson et al. Genome Biology (2017) 18:148

DOI 10.1186/513059-017-1284-1 Genome B|O|0gy

SuperTranscripts: a data driven reference @
for analysis and visualisation of
transcriptomes

Nadia M. Davidson"%’, Anthony D. K. Hawkins' and Alicia Oshlack’**

Transcript splice graph:

Similar method and protocols now integrated into Trinity:
https://github.com/trinityrnaseq/trinityrnaseq/wiki/SuperTranscripts



https://github.com/trinityrnaseq/trinityrnaseq/wiki/SuperTranscripts

Enabling Differential Transcript Usage Analysis for De novo Transcriptome Assemblies

Davidson et al. Genome Biology (2017) 18:148

DOI 10.1186/513059-017-1284-1 Genome B|O|0gy

SuperTranscripts: a data driven reference @
for analysis and visualisation of
transcriptomes

Nadia M. Davidson"%’, Anthony D. K. Hawkins' and Alicia Oshlack’**

Transcript splice graph:

Linearize graph via topological sorting
or graph multiple alignment

SuperTranscript:

| Q—&

DEXseq for DTU,

Similar method and protocols now integrated into Trinity: GATK for Variant Detection
https://github.com/trinityrnaseg/trinityrnaseq/wiki/SuperTranscripts



https://github.com/trinityrnaseq/trinityrnaseq/wiki/SuperTranscripts

Time for Transcript Reconstruction Lab




We are on a Coffee Break &
Networking Session

Workshop Sponsors:

v
! 4. Canadian Centre for McGill initiative in
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for Cancer Research
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