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Welcome to the Berlin 2018 Trinity Workshop
Wi ki ! ime Activities

Monday, June
1

morning Workshop Introduction -slides-

Exploring the Computational Infrastructure -slides-
afternoon Unix command-line review

Data overview and setup

Using FASTQC and Trimmomatic -slides-

Tuesday, June

12 morning Trinity de novo transcriptome assembly -slides-
Uploading own data or identifying and downloading SRA
afternoon P X g. . ying 9
studies of interest -slides-
Wednesday, . . e .
morning Expression quantification -slides-
June 13
Quality assessment for assembly -slides-
afternoon  QC samples and replicates
Thursday, . Statistical methods for differential expression analysis -
morning .
June 14 slides-
afternoon  Transcript clustering and expression profiling
Methods for functional annotation -slides-
Trinotate and TrinotateWeb
Friday, June . . . .
15 Y morning Functional enrichment analysis

Review and custom data analyses

Comments on software installations for later use on
different resources

https://github.com/trinityrnaseq/BerlinTrinityWorkshop2018/wiki




Transcriptomics
A powerful tool for studying molecular biology

* Yields insights into:
— |dentity of expressed transcripts.
— Levels of expression.

— Differences in expression across
samples or conditions.




Biological Investigations Empowered by Transcriptomics
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Historical Timeline of Transcriptomics (from 1970)

- Note: Just a small
Reverse Transcription (1970) ] 1970 ] i
sampling of what’s
available.
1975
Northern Blot
. Northern blotting | Sanger sequencing
Sanger Sequencing
( 197 7) o ‘ 1980 .
[Srith=Waterman] Smith Waterman (1981)
1985 [FASTA]
RACE qPCR
190 = BLAST (1990)
Expressed Sequence Tags (1992) Diffsrential dizpla
CDNA mlcroarrays (1995) I;]I?-::Cr:cl:;ag;nucl:::i::e microarray =
EST shotgun 2000
SAM
Single molecull L (Ensemb |
ingle molecule .
[Featmeg~ |-cAcE — — Tophat/Cufflinks (2010)
2005 GSEA
RNA-Seq (2006-2008) [RNA-seq 454 } p—
RNA-seq SBS RSEM
[DiroctRNAseq 2010 Nyss (2011)
Trinit
PacBio IsoSeq (2014) E:q
Droplet single cell RNA-Seq (2015) 2015
) Kallisto (2016)
Direct RNA Seq Nanopore (2018) Joz0 Salmon (2017)
From Cieslik and Chinnaiyan,
NRG, 2017




Modern Transcriptome Studies Empowered by RNA-seq

Next-gen Sequencer
(pick your favorite)

Millions to Billions of Reads



Generating RNA-Seq: How to Choose?

Project HiSeq Nova 318 lon

Firefly Next | 2500 | Hiseq | HiSeq | HiSeq SeqS1| Nova | Nova | 9900 | HiQ | lon |Proton
Platform 2018 | MiniSeq| MiSeq | Seq 550 RR 2500 V3| 2500 V4| 4000 |HiSeqX| 2018 | SeqS2 | Seq S4 XL 520 530 P1
Reads: (M) 4] 25 25| a00] e00[ 3000] 4000 5000[ 6000] 3300] 6600[20000] 1400] 35 15-20] 1e5| e0-80] 55 385 | | | [ | -] 400| 1600] 1600[-
Read length: 200 200
(paired-end*) 150*| 150*| 300*| 150*| 100*| 100*| 125*| 150*| 150*| 150* 150*| 150* 60 400 400 200 200 15K 12K| 32K - - - - - --| 100* 50| --
Run time: (d) 0.54 1 2 1.2] 1.125 1 6 3.5 3] 1.66] 1.66] 1.66 7] 0.37( 0.16 --| 0.16 4.3 - - - 2 2 2 - - 1 0.4(--
Yield: (Gb) 1 5 16 120 120 600( 1000| 1500/ 1800 1000| 2000{ 6000 180 1.5 7 10 12 12 5 150 4 8 40( 2400 80 200 8|--
Rate: (Gb/d) 1.85 75 75 100| 106.6 3600 30 5.5 50 --| 93.75 2.8 - - -- 4 20 1200 --| 200 20| --
Reagents: ($K) 0.1 1.756 1 5| 6.145 0.6 - 1 1.2 2.4 - 0.5 45 - - 0.5 - - ==
per-Gb: ($) 100( 233 66 50| 51.2 -- -| 100 -| 200 -| 625| 375] 20[ 43 - - -|--
hg-30x: ($) 12000| 28000] 8000] 5000 6144 | 180 0 - ~[12000] [ 24000 --|_7500[ 4500] 2400 Iq =
Machine: ($) 30K]| 49.5K 99K| 250K| 740K 690K| 900K 1M 999K 999K 999K| 595K 50K| 65K| 243K| 242K| 695K - --| 125K 75K 75K --| 200K ol

#Page maintained by http://twitter.com/albertvilella http://tinyurl.com/ngslytics #Editable version: http://tinyurl.com/ngsspecsshared
#curl "https://docs.google.com/spreadsheets/d/1 GMMfhyLK0-g8Xklo3YxIWaZA5vVMuhU1kg4 1g4xLkXc/export?gid=4&format=csv" | grep -v '"M#' | grep -v 'A"' | column -t -s\, | less -S

*Not all shown at scale



Generating RNA-Seq: How to Choose?

Project HiSeq

Firefly Next | 2500 | Hiseq
Platform 2018 | MiniSeq| MiSeq |[Seq550| RR |2500V
Reads: (M) 4 25 25 400 600| 300
Read length:
(paired-end*) 150*| 150*| 300*| 150*| 100*[ 100
Run time: (d) 0.54 1 2 1.2] 1.125 1
Yield: (Gb) 1 7.5 15 120 120 60!
Rate: (Gb/d) 1.85 7.5 7.5 100( 106.6 5
Reagents: ($K) 0.1 1.75 1 5| 6.145| 234
per-Gb: ($) 100| 233 66 50| 51.2| 39.
hg-30x: ($) 12000| 28000| 8000 5000 6144 469
Machine: ($) 30K| 49.5K| 99K| 250K| 740K| 690I

#Page maintained by http://twitter.com/albertvilella http:/t

#curl "https://docs.google.com/spreadsheets/d/1 GMMfhyLKO0-q¢

-—

QiaGen
Gene

@ = - - - -—-| 400 1600

- - A=~ -] 100%| 50|

“What I especially like about this baby is this little
drawer where I can keep my lunch.”

Thx Joshua Levin, for the cartoon. ©



Small to Large

Each has pros/cons




Small to Less Large




Personal Reflections... (and haunting memories)
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Cost per Raw Megabase of DNA Sequence

$10K

$1K

Moore's Law

$100 Hello Next-Gen \

Sequencing!

$10

Trinity published,
Nature Biotech

$1

o SO

genome.gov/sequencingcosts

Trinity protocol,

National Human Genome l Nature Protocols

Research Institute

N

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

From https://www.genome.gov/sequencingcostsdata/



A Plethora of Biological Sequence Analyses Enabled by RNA-Seq

| Genetic readouts | Virus Abundance |Functional readouts |

Isoforms

Structural
variants

Chimeras

Editing

Figure 2 | Transcriptome profiling for genetic causes and functional phenotypic

readouts. o o
From Cieslik and Chinnaiyan, NRG, 2017



RNA-Seq is Empowering Discovery at Single Cell Resolution

Rare subtype

. @/
- Discrete types
ST e A
e o WatSle °
(] ] ° ‘.U .::. °
r::a...‘.dwé...o o =
L. Spatial position
Continuous phenotypes <& .
Regulatory [ Pro-inflammatory
Revisiting a
Erythrocyte previous state
A\ N.eutrophil
Source state _ | N L
HSc  [-lymphocyte
Unidirectional State vacillation

temporal progression

Wagner, Regev, and Yosef. NBT 2016



RNA-Seq: How do we make cDNA?

Prime with Random Hexamers (R6)
mRNA

5’ 3’
8] [&] [&]

Reverse transcriptase ‘

cDNA First strand synthesis

~{R¢] =R,] —R,]
RNase H ‘

DNA polymerase
DNA Ligase

cDNA Second strand synthesis

v

lllumina cDNA Library

Slide courtesy of Joshua Levin, Broad Institute.



YuE Illumina Sequencing by Synthesis

1/7\}
,\!/,

l Cluster Generation

M o) 2:01/5712

Numinalnc  https://www.youtube.com/watch?v=fCd6B5HRaZ8




RNA-seq library fragmentation and size selection strategies that influence
interpretation and analysis.

Tissue

Isolate total RNA

JAY COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library fragmentation and size selection strategies that influence
interpretation and analysis.

Tissue
’g

Assess RNA quality ¢=== [Isolate total RNA

"4

Gel electrophoresis of RNA

— Partially Heavily Intact

degraded
total RNA €9 degraded mANA

total RNA  total RNA
12,000

— S.000

— 2,000
— s -

—1,000
— 50
e

— 500 -
400
- 300
00
100

AN COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library fragmentation and size selection strategies that influence
interpretation and analysis.

Tissue
Assess RNA quality ¢=== [Isolate total RNA

Gel electrophoresis of RNA

Partially Heavily Intact
lnt:lctnNA degraded  degraded mANA
tot total RNA  total RNA

2000
— -
—1000
—550
— 50
500 -
=0
w300
00
- 100

1 Capillary electrophoresis of total RNA

Intact total RNA Partially degraded total RNA
85 185
< %
£ 155 RINIO ¥ s RING
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Heavily degraded total RNA Completely degraded total RNA
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SR COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library fragmentation and size selection strategies that influence
interpretation and analysis.

Tissue

Assess RNA quality ¢== Isolate total RNA

P pp— of AR / DNAse treat and enrich
trophoresis A
2 m v\’\\ \/\
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http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS | BIOLOGY




RNA-seq library fragmentation and size selection strategies that influence
interpretation and analysis.

ﬂssue

Assess RNA quality ¢== Isolate total RNA

/ DNAse treat and enrich
Gel electrophoresis of RNA V\ \/\
Intact :artiumly Heavily Intact V\ V\/\ Enviched RNA
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SR COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library fragmentation and size selection strategies that influence
interpretation and analysis.

ﬂssue

Assess RNA quality ¢== Isolate total RNA
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http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue

Isolate RNA,
DNAse

!

Initial RNA pool N Legend
——_ N_" N\

"Vl o~ genomic DNA

~— N — immature RNA
—==... mature RNA

non-coding RNA
0=  ribosomal RNA
=3 paired end reads

] _ IR COMPUTATIONAL
http://iournals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue

o
P
D

‘

Isolate RNA,
DNAse
Initial RNA pool N Legend
—\_ N L
A VaVaN o~ genomic DNA
——==... Mmature RNA
J non-coding RNA

. ) Total 05 ribosomal RNA

Selection/depletion  pna o A

Resulting RNA pool

.......................................

A.Total RNA

iBroasd transcript representation” L. T i
1 High rRNAs

1 Abundant mANAs dominate

1 High unprocessed RNA

1 High genomic DNA

R COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 @PLOS BIOLOGY




RNA-seq library enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue

& 4

+

Isolate RNA,
DNAse
Initial RNA pool Legend
—\/\/-\
W\ NN genomic DNA
;_i immature RNA

... mature RNA
J J non-coding RNA

. ) Total RNA “0o5<  ribosomal RNA
Selection/depletion  pnaA  reduction s ialial Al iAe

Resulting RNA pool

A.Total RNA

i High (RNAs

i Abundant mANAs dominate
1 High unprocessed RNA

1 High genomic DNA

B. rRNA reduction j

E Broad transcript representation i
1 Low rRNAs

' Abundant mRNAs dominate

+ High unprocessed RNA

. Expef:ted Al‘ignnrluents ‘ _ @PLOS COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 ~Z BIOLOGY




RNA-seq library enrichment strategies that influence interpretation and analysis.
RNA-seq Strategy Tissue

& 4

+

Isolate RNA,
DNAse
Initial RNA pool Legend
—\/\/\
W\ NN\ genomic DNA
) 7 : ——==.. immature RNA

—===... mature RNA
non-coding RNA
ribosomal RNA
paired end reads

i i

i . Total rRNA
Selection/depletion  pnaA  reduction

D. cDNA capture
1

Very low rRNAs {
Abundant mRNAs de-emphasized
Moderate unprocessed RNA

i High (RNAs

i Abundant mANAs &

1 High unprocessed RNA
1 High genomic DNA

B. rRNA reduction j

! Broad transcript representation VARNA |
ilow rRNAS

' Abundant mRNAs dominate
+ High unprocessed RNA

. Expe‘cted Al‘ignnrluents ‘ _ @PLOS COMPUTATIONAL
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393 ~Z BIOLOGY




RNA-seq Strategy
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RNA-seq library enrichment strategies that influence interpretation and analysis.
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Overview of RNA-Seq

fragmen-
\V tation

MRNA l RT
sequence library
RT\,_> =
fragmen- -
tation

short sequence reads

From: http://www2.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics.html



Common Data Formats for RNA-Seq

FASTA format:

>61DFRAAXX100204:1:100:10494:3070/1
AAACAACAGGGCACATTGTCACTCTTGTATTTGAAAAACACTTTCCGGCCAT

FASTQ format:

@61DFRAAXX100204:1:100:10494:3070/1
AAACAACAGGGCACATTGTCACTCTTGTATTTGAAAAACACTTTCCGGCCAT | Read

+
ACCCCCCCCCCCCCreececceccecceeeBLrccccccccCc@@cAcceeCcA | Quality values




Interpreting Base Quality Values

@61DFRAAXX100204:1:100:10494:3070.1
AAACAACAGGGCACATTGTCACTCTTGTATI TGAAAAACACTTTCCGGCCAT

+
ACCCCCCCCCCCCececcececcccececgBrccccccccc@@cAcccecA

T

AsciiEncodedQual (‘B’) = 63

Phred_Quality_Value = AsciiEncodedQual(‘B’) — 33 =30

Phred_Quality_Value =-10 * log,,(Pwrong(‘T’))

Pwrong(‘T’) = 10~(30/-10) = 10~-3 = 0.001

Read

Quality values



Paired-end Sequences

e

Two FastQ files, read name indicates
left (/1) or right (/2) read of paired-end

@61DFRAAXX100204:1:100:10494:3070/1
AAACAACAGGGCACATTGTCACTCTTGTATTTGAAAAACACTTTCCGGCCAT
+

ACCCCCCCCCCCreerceeccecccccceceBcrccececcccc@@mcAaccececca

@61DFRAAXX100204:1:100:10494:3070/2
CTCAAATGGTTAATTCTCAGGCTGCAAATATTCGTTCAGGATGGAAGAACA
+

C<CCCCCCCACCCCLeLCecececceeccececccccecceccececceccecceceenccecce




Overview of RNA-Seq

fragmen-
\ tation

mMRNA l RT
sequence library
RT\,_>
fragmen- -
tation

short sequence reads
Reconstruct original
full-length transcripts

From: http://www2.fml.tuebingen.mpg.de/raetsch/members/research/transcriptomics.html



The Ever-Growing Trinity User Community

namre
bmluhnuloﬂ\

e ~3k unique users per month
e ~8k literature citations
* Open Source software development contributions from

the Trinity community. .
GitHub*

http://trinityrnaseq.github.io

Nature Biotechnology, 2011
Nature Protocols, 2013

Trinity Usage Tracked by Unique IP Address
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Trinity Usage is Global

Use at 486 institutions in 51 countries

'!
-
-
User support and training: 1 10 100 1k
e Google group and Twitter feed for community  Demo and training videos
interaction and support.
* Extensive documentation, user guides, tutorials e On-site training workshops

and protocols



nature

protocols

De novo transcript sequence reconstruction
from RNA-seq using the Trinity platform for
reference generation and analysis

Brian J Haas, Alexie Papanicolaou, Moran Yassour, Manfred Grabherr, Philip D Blood,
Joshua Bowden, Matthew Brian Couger, David Eccles, Bo Li, Matthias Lieber, Matthew
D MacManes, Michael Ott, Joshua Orvis, Nathalie Pochet, Francesco Strozzi, Nathan

Weeks, Rick Westerman, Thomas William, Colin N Dewey, Robert Henschel, Richard D

LeDuc, Nir Friedman & Aviv Regev

Affiliations | Contributions | Corresponding authors

Nature Protocols 8, 1494-1512 (2013) | doi:10.1038/nprot.2013.084
Published online 11 July 2013

ad L
Reads | | | | » Combine reads
(per sample) l l l l Assembled i Normalization?
transcripts
Abundance estimation <«———— —  De novo assembly
(all samples)
Assembled
transcripts
Identify differentially expressed transcripts Identify coding regions
MA plot Volcano plot
S

Expression patterns, transcript clusters




Framework for De novo Transcriptome Assembly and Analysis

Reads
(per sample) l i i i

Abundance estimation =

oenrin T

Assembled
transcripts

(all samples)

I DN\ e
G i, 2
L g ke
‘sﬁgf'y T

Identify differentially expressed transcripts

MA plot Volcano plot
S
EdgeR,
Bioconductor, Expression patterns, transcript clusters

& Trinity

» Combine reads

i Normalization?

De novo assembly

Assembled
transcripts

Identify coding regions

1.3 Billion
Total Reads
86 Million

Normalized Reads



= C' | @ GitHub, Inc. [US] https://github.com/trinityrnaseq/trinityrnaseq/wiki Y a EH o D@ ¢ L] &

RNA-Seq De novo Assembly Using Trinity » Pages €2)

e Trinity Wiki Home
¢ Installing Trinity
o Trinity Computing
Requirements
o Accessing Trinity on
Publicly Available
Compute Resources
o Run Trinity using Docker
e Running Trinity
o Genome Guided Trinity
Transcriptome Assembly

o Gene Structure
Annotation of Genomes

» Trinity process and resource

Quick Guide for the Impatient monitoring

o Monitoring Progress
Trinity assembles transcript sequences from Illlumina RNA-Seq data. During a Trinity Run
o Examining Resource

Download Trinity here. Us.a_ge at the End of a
Trinity Run
Build Trinity by typing 'make' in the base installation directory. * Output of Trinity Assembly
o Assembly Quality
Assemble RNA-Seq data like so: Assessment

o Counting Full-length
Transcripts
Trinity --seqType fq --left reads_1.fq --right reads_2.fq --CPU 6 --max_memory 20G o RNA-Seq Read

Representation

o Contig Nx and ExN50

Find assembled transcripts as: 'trinity_out_dir/Trinity.fasta’ stats

o Examine strand-

Use the documentation links in the right-sidebar to navigate this documentation, and e
specificity of reads

contact our Google group for technical support. « Downstream Analyses



Example Applications of the Trinity RNA-Seq Protocol

ISSN 0962-1083

Volume-18
Number 3

e EMMOLECULAR
ECOLOGY

JUNE
2017

Published by

WILEY

Resource

A Tissue-Mapped Axolotl De Novo Transcriptome Enables
Identification of Limb Regeneration Factors

Original Article

Loggerhead sea turtle embryos ( Caretta caretta)
regulate expression of stress response and
Donald M. Bryant" €, Kimberly Johnson- €, Tia DiTommaso’, Timothy Tickle?, Matthew Brian Couger®, developmental genes when eXpOSEd to a

Duygu Payzin-Dogru’, Tae J. Lee, Nicholas D. Leigh', Tzu-Hsing Kuo', Francis G. Davis', Joel Bateman', blOIOglca"y realistic heat stress
Sevara Bryant!, Anna R. Guzikowski', Stephanie L. Tsai*, Steven Coyne', William W. Ye', Robert M.

- Blair P. Bentley 9, Brian ). Haas, Jamie N. Tedeschi, Oliver Ber
Freeman Jr.%, Leonid PeshkinS, Clifford J. Tabin®, Aviv Regev?, Brian J. Haas? # ™ jessica L. Whited™ 7 Y J J i



Got RNA-Seq?

Run Trinity



