1 Tuesday, October 10,2023 introduction

2 Tuesday, October 17,2023 Linux/shell/ssh
3 Tuesday, October 24,2023 R(1)

4 Tuesday, October 31,2023 QC+RNASeq
5 Tuesday, November 7,2023 R (2)

Syllabus and grading

AD

6 Tuesday, November 14, 2023 bedtoolsivcftools/samtools AD

7 Tuesday, November 21, 2023 Denovo
8 Tuesday, November 28, 2023 ChipSeg/chirp
9 Tuesday, December 5, 2023  metaholomics
10 Tuesday, December 12, 2023 Exome/SNP calling
11 Tuesday, December 19, 2023 presentations
12 Tuesday, January 9, 2024 presentations
13 Tuesday, January 16, 2024 final projects Support

MR

MR assign presentations
MR

AD  assign final projects
MR+AD

Overview of Bioinformatics, sequence alignment

Introduction to Linux and the command line, bash scripting and ssh

Introduction to the R programming language and Rstudio usage

Next generation sequencing: introduction, quality control and gene expression analysis for RNAseq

Advances R subjects, introduction to Bioconductor

Command ine tool usage: bedtools, vcftools, samtools etc.

NGS for denovo genome and transciptome assembly C ]
NGS analysis for molecular interactions (ChipSeg, (Par-)Clip, structural sequencing, chromosome conformation capture (3C))
Genome-scale models of metaholism and macromolecular expression, Biological applications of Transformers

Pipelines for SNP calling, especially for exome sequencing using the GATK pipeling

Paper presentations by students

MR+AD Paper presentations by students

MR+AD Support for the final project
Grade 100%
Presentation 30%
Exercises 20%
Final Project 50%




26 tools found in literature that support transcript DE
10 still active
6 user friendly enough for being used (!)
open-source with source code released under a license

Tuxedo Suite 2012 5390
2 RSEM 2011 4068
3 New Tuxedo Suite 2016 215
4 sleuth 2017 169
5 BitSeq 2012 164
6 EBSeq 2015 4

.
(slide by A. Dimopoulos) EI’ Ir

GREECE



De-novo genome sequence assembly,
Genome-Based and Genome-Free Transcript
Reconstruction and Analysis
Using RNA-Seq Data

based on material fromm Mathias Haimel, EBI

https://www.ebi.ac.uk/training/online/sites/ebi.ac.uk.training.online/files/user/18/private/velvet_1.pdf

and Brian Haas
Broad Institute, modified by M. Reczko




Next Generation Sequencing

’} Enhancers —_§
4
ther i Whole Genome

w

DNA sequencing
l[Transcri ption |

Sh ’flnt_rons‘
pre-mRNA 2ol ‘E;‘ﬂ P Exon v Exon  Exon
| [Splicing RNA-Seq
Whole Transcriptome
Open reading :
MRNA 5' UTR frame 3' UTR sequencing

l[TransIation ]

protein m

DNA @ et Ne ChIP-Seq
Y Chromatin Immunoprecipitation
with DNA sequencing

11 09.03.12 Velvet / Curtain
EMBL-EBI




Next Generation Sequencing

Fragments

19 09.03.12 Velvet / Curtain EMBL-EBI ::



De novo transcriptome assembly

No genome required

Empower studies of non-model organisms
— expressed gene content
— transcript abundance
— differential expression



Shortest Superstring Problem

* Problem: Given a set of strings, find a
shortest string that contains all of them

* Input: Strings s,, S,,...., S,
* Qutput: A string s that contains all strings

S,, S,,-.-., S, @s substrings, such that the
length of s iIs minimized

* Complexity: NP — complete
* Note: this formulation does not take into account
sequencing errors



Shortest Superstring Problem: Example

The Shortest Superstring problem

Set of strings: {000, 001, 010, 011, 100, 101, 110, 111}

Concatenation
_ . 000 001 010 011 100 101 110 111
Superstring
| 110
Shortest had

: 0001110100
superstring | g9 |

111

L1 |

|
100



e | “‘“"m
[fﬁ]:. o b Y .n.u. -.-.--d-'-ﬁr

o — . . .

http://feedthedatamonster.com/home/2014/12/24/three-billion-puzzle-pieces-insights-into-the-human-genome-project



Overlap-Layout-Consensus

Assemblers: ARACHNE, PHRAP, CAP, TIGR, CELERA

Overiap: find potentially overlapping reads _mm_

Layout: merge reads into contigs and
contigs into supercontigs = A e s B ok e
SaS EFSLT S Too
Consensus: derive the DNA
ACGATTACAATAGGTT..

sequence and correct read errors



The General Approach to
De novo DNA/RNA-Seq Assembly
Using De Bruijn Graphs



De Bruijn graph

* A concept in combinatorial mathematics
* In combinatorics, de bruijn graph is usually fully connected
* http://en.wikipedia.org/wiki/De_Bruijn_graph

. 1] o) _____(ou)
de bruijn sequence 7 ( B

* Related concept (© 1)) SR @@35 |

* Path through graph \/ mw “-ﬂj

S oGo

* Velvet @:: ‘:H/

* de Bruijn inspired graph structure e ) ——
)
N\ gl

Velvet / Curtain EMBL-EBI : ;E.



De Bruijn graph (velvet)

* Representation of
* a sequence based on short words (k-mers)
* overlaps between words

* K-mer: word of length k

- K=5
FCCTTqZCA
o k-1 Ojerlap/

G GCCTT GCCTT
CCTTC D C I CCTTC
CTTCC C}JCC

TCCA

GCCTTCCA GCCTTCCA GCCTTCCA

Velvet / Curtain EMBL-EBI ;E.



De Bruijn graph (velvet)

GCCTTCCAATTT
GCCTTCAAATTT

EMBL-EBI i &



Example

TAGTCGAGGCTTTAGATCCGATGAGGCTTTAGAGACAG

AGTCGAG CTTTAGA CGATGAG CTTTAGA
GTCGAGG TTAGATC ATGAGGC GAGACAG
GAGGCTC ATCCGAT AGGCTTT GAGACAG
AGTCGAG TAGATCC ATGAGGC TAGAGAA
TAGTCGA CTTTAGA CCGATGA TTAGAGA
CGAGGCT AGATCCG TGAGGCT AGAGACA
TAGTCGA GCTTTAG TCCGATG GCTCTAG
TCGACGC GATCCGA GAGGCTT AGAGACA
TAGTCGE TTAGATC GATGAGG TTTAGAG
GTCGAGG TCTAGAT ATGAGGC TAGAGA
AGGCTTT ATCCGAT AGGCTTT GAGA HG
AGTCGAG TTAGATT ATGAGGC AGAGACA
GGCTTTA TCCGATG TTTAGAG
CGAGGCT TAGATCC TGAGGCT GAGACAG
AGTCGAG TTTAGATC ATGAGGC TTAGAGA
GAGGCTT GATCCGA GAGGCTT GAGACAG

Velvet / Curtain

EMBL-EBI




Example

Read: GTCGAGG

GICG




Example

Read: GICGAGG

GTCEZ TCGR
{1=x) (L1x)




Example

Read: GTCGAGG




Example

Read: GTCGAGG




Example

New read: CGAGGCT

P r8—re—>a

GICEz TCER CGRE  GAGG
{1x} {L1x) {2x) {1l=)




Example

Read: CGAGGCT




Example

Read: CGAGGCT

—re—re—re—i8

GICE TCGRh CERE  GREE AGGC
{1x} (L) {2z} (2x) {1x)




Example

Read: CGAGGCT

EICGE TCER CERE GRGEE REEC GGCT
{1lx} [1lx) {Z2x}) (2x) {1lx} {1x)

Velvet | Curtzin



Example

New read: TCGACGC

GTICG TCER CERZ FREZ LEEC
{1x) [2x} {Z2x) (2=) {1x)




Example

Read: TCGACGC

GICE TCGRA |\ CGRE GAGE AEEC

{1z} (2= | {2x) (Z=) {1x)
s .
CGAC CACE ACGC

(1=) (1) (1x)




Example

" [l

AE  RIGR  GAIG CGART CCGEa TICCz  ATCC
%) {Bx} {5x) {8x=) (7=) (7=} (7=}

/GCTC C©TCT  TCTA

* (2]} {1x) [Zx)

TAGT RETC GTCG TCER | CEAG  GRGG BGEC  GGBCT ™, TAGhL  AGAGC GAGA  AGAC GACA
(3x) [Tx) {92}  (10x} | (Bx} (1l6x) (lex) (1lx) g  og  wg (16x}  {9=) (l2x) {9z} {Bx) (5x)

! GCTT CIIT TITA TIRG

re— e »e (8x) (8=}  (8x)  {(1Zx)
CGAC GACG  ACGC
(1x)  (1xm) [1x)

Velvet / Curtain EMBL-ERBI




Example

After simplification...

s
GATT
e
/ GATCCGATGAG
TAGTCGA CGAG |
" R RS . -SR-S
Y
b GRGGCT GGCT
- i
CGACGC

Velvet / Curtain

AGAT
i‘ D
= AGAA
GCTCTAG \ e
ol E | /
\:::-‘“ e 1 = 8
__,,f"
e TAGA AGAGA AGACAG
GCTTTAG

EMBL-EBI




Example

Tips removed...

AGAT
i i ol — —__
/-___. -"'-._‘\\\\

/ GATCCGATGAG %

/ GCTCTAG \

e |

TAGTCGA CGAG . . \\ /

[ ] = .'-; — — :'.'.'_'___R e . -
GAGGCT GGCT i | e TAGA AGAGA AGACAG
GCTTTAG

Velvet / Curtain EMBL-EBI




Example

TAGTCGAGGCTTTAGATCCGATGAGGCTTTAGAGACAG

Final simplification...

AGATCCGATGAG

m
N
L] I-ﬂ e
TAGTCGAG GAGGCTTTAGA AGAGACAG
One possible walk through the graph ...
TAGTCGAG
GAGGCTTTAGA
AGATCCGATGAG

GAGGCTTTAGA
AGAGACAG

Velvet / Curtain EMBL-EBI




2. Sequencing, tools and computers.

(2.6 Assembly evaluation)

During the assembly optimization will be generated several assemblies. The r
parameters to evaluate the assembly are:
|. Total Assembly Size,
How far is this value from the estimated genome size
2. Total Number of Sequences (Scaffold/Contigs)
How far is this value from the number of chromosomes.
3. Longest scaffold/contig
4. Average scaffold/contig size
5. N50/L50 (or any other N/L)

Number sequence (N) and minimum size of them (L) that represent:
the assembly if the sequences are sorted by size, from bigger to smal




2. Sequencing, tools and computers.

( 2.6 Assembly evaluation )

N50/L50

Sequences order by descending size (Mb)




2. Sequencing, tools and computers.

( 2.6 Assembly evaluation)

N50/L50

N50

Sequences order by descending size (Mb)

93 87 75 68 GZ‘SGISOH 37|30 (252018

N50 = 7 sequences

L50 = 50 Mb



2. Sequencing, tools and computers.

( 2.6 Assembly evaluation)

N90/L90

N90

90 % assembly: 900 Mb

Sequences order by descending size (Mb)

93 87 75 68 62 ‘ 56 | 50 ‘44 37|30 |25 |20]18

N90 = 29 sequences

L90 = 12.5 Mb



De Bruijn graph biology extensions (velvet)

* Handling of reverse strand
* DNA is read in two directions
* Paired-end data

* Handling small differences, which are “uninteresting”
* Errors in sequencing technology

* Memory
* reqularly use 80, 100GB real memory
* easily getto 1TB real memory requirements

Velvet / Curtain EMBL-EBI



De Bruijn graph representations (velvet)
TTCA

ATTC TCAG
Error free, no repeat, X. ‘ ‘

no polymorphism

\ 4

Repeat > kmer length

SNP, variant, < kmer length ~/\ >

Structural variant, inversion L e )
Structural variant, deletion... J

Velvet / Curtain EMBL-EBl




Contrasting Genome and Transcriptome Assembly

Genome Assembly Transcriptome Assembly
* Uniform coverage * Exponentially distributed coverage levels
* Single contig per locus * Multiple contigs per locus (alt splicing)
* Double-stranded * Strand-specific

¥ [ rinity




Trinity Aggregates Isolated Transcript Graphs

Genome Assembly Trinity Transcriptome Assembly
Single Massive Graph Many Thousands of Small Graphs
« ©
s2r0%0 0t o8
e TS A
b @' &
oK . @
A;’w: ~l\\\‘\§‘ \ 3'*‘& t» N
>N
s ‘;%\\\\Q"rp“ ew® ‘@
BZANNE WA &\ b
\E V,‘\‘NS'I\ ‘ ! - &
AR TN { ‘6\‘,“ ® & 9
SN ol g™
AV & Ve .
\ / S\ ‘ & ’w’
Px0ve
Entire chromosomes represented. Ideally, one graph per expressed gene.



Applied for: Olive fly Bactrocera oleae (dakos)

@ Ordo: Diptera
@ Family: Tephritidae
@ Genus: Bactrocera

Monophagous
Production losses > 30% possible
Affects quantity and quality

Global economic damage estimated: 800.000.000 $

Collaborative effort of
r’_&\ Department of Biochemistry and Biotechnology

m University of Thessaly

Laboratory of Mlecular Biology and Genomics

- K. Mathiopoulos, E. Sagri

ALEXANDER FLEMING

Biomedical Sciences Research Center
- J. Ragoussis, M. Reczko , K. Salpea, V. Harokopos, A. Dimopoulos



Trinity - How it works:

_Bruii - Transcripts
de-Bruijn

Linear
contigs graphs +
S Isoforms
=121 lan=584%
T — >a122:len=2560
e el iaat ..CTTCGCAA... TGATCGGAT...
N —— >al 24 lan=48
=125 e =BATA LATTCGCAA. TCATCGGAT...
=31 26 len=66

Thousands of disjoint graphs



Inchworm Algorithm

Decompose all reads into overlapping Kmers (25-mers)

Identify seed kmer as most abundant Kmer, ignoring low-complexity kmers.

Extend kmer at 3’ end, guided by coverage.

GATTACA
9



Inchworm Algorithm




Inchworm Algorithm



Inchworm Algorithm



Inchworm Algorithm




Inchworm Algorithm

G

4

A 1
GATTACA
9
T 0]

C

4
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Inchworm Algorithm

5

/

G

4

GATTACA /
9



Inchworm Algorithm

5

/

C, G,

T /
O% GATTACA
A; 9

G
1



= Inchworm Algorithm

5

/

G

4

GATTACA /
A 9

P

Report contig:  ....AAGATTACAGA....

Remove assembled kmers from catalog, then repeat the entire process.



| _ | Inchworm Contigs from Alt-Spliced Transcripts

Expressed isoforms

soform . [ TR
soform & - [



) Inchworm Contigs from Alt-Spliced Transcripts

Expressed isoforms Expression

soform A T (low)
soforme [ (high)

Graphical
representation



, Inchworm Contigs from Alt-Spliced Transcripts




; ; |= ===
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Chrysalis Re-groups Related Inchworm Contigs

Chrysalis uses (k-1) overlaps and read
support to link related Inchworm contigs



Chrysalis

=312 1:ler=5845
»a122: ler= 2560
=123 ln=d4443
>a124: k=44
=125 lr=58T5
3-11EI.3:II-.En=Iﬂ

\

K0 g

Integrate isoforms

. Build de Bruijn Graphs
via k-1 overlaps ' P

(ideally, one per gene)

k-1 k-l kel k-1 - |
e
_'lr ------------ -1_
— st ansasnns " S—
|
overlap segs

using (k-1) mers
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de Bruijn
graph

compact
graph

.CTTCGCAA. TGATCGGAT...
.ATTCGCAA..TCATCGGAT...

compact
graph with sequences
reads (isoforms and paralogs)



Butterfly Example 1:
Reconstruction of Alternatively Spliced Transcripts

AATTGAATCC.. TATTCTGAGG(3647nt)

A

Butterfly’s Compacted  Ciccreronm. ccracactaim > 3

Sequence Graph \
2

TATCTTTCTG..GAACCTCAGT(1752nt)




Reconstruction of Alternatively Spliced Transcripts

AATTGAATCC.. TATTCTGAGG(3647nt)

A

Butterfly’s Compacted  Ciccreronm. ccracactaim > 3

Sequence Graph \
2

TATCTTTCTG..GAACCTCAGT(1752nt)

Reconstructed Transcripts




Reconstruction of Alternatively Spliced Transcripts

AATTGAATCC.. TATTCTGAGG(3647nt)

A

Butterfly’s Compacted  Ciccreronm. ccracactaim > 3

Sequence Graph \
2

TATCTTTCTG..GAACCTCAGT(1752nt)

Reconstructed Transcripts




Reconstruction of Alternatively Spliced Transcripts

AATTGAATCC.. TATTCTGAGG(3647nt)

A

Butterfly’s Compacted  Ciccreronm. ccracactaim > 3

Sequence Graph \
2

TATCTTTCTG..GAACCTCAGT(1752nt)

Reconstructed Transcripts

Aligned to Mouse Genome

{ HH —H——H—HH H H+HHH
Naa25 Nalpha acteyltransferase 25 (Reference structure)

| 1—i L H i i -1 —i1 H——1— .

I —i— —i H | ——i —i H———1

o




Trinity output: A multi-fasta file

[eompd. c0_seql len=5528 path=[1:0-3646 10775:3647-3T775 3648:3776=5527)

AR TOART OO T T T T TG T AT TEARARA G T TEARATE ARAL AL ATATAL AL AT TR TG ARAA T AT AR TG ART T L GARL AR T TARRATTATOGARAATAT AL ARARTTGA’
TECASTOTCEATOA: AGATACTACALALGAC TATCEGTCE AL ALCARRGAR TTETTTITITTCAGTET
GTARAL AL TAGT oL TG T T T T IG T T T T T TTARATATE ARTTTACE AL AL RARARAL AAAAC AGARE RARACE AT AT ARACE AL AECAGE A CAGE AL TE GO TTGAGE AT TETE CTTAGATEC TAE TE AL ATAL AGGE
GTGEGEAGRGGAG TR T A T ARG AR T AT AT AT AT AT AT AT AL T T T TARC TG TAL AL AR TG TATAG THE ATGACAGE T T ARRAGART AL AL TEATARARGATATT EATTTCATARTTTCACTOTITITTAL
AT TRT O T AR AT G T AR GART T AGA T T AT T AR ATGE TAC A T TTAS T AAGARAATCAGE ARG TRACAGAGE ARG TG TARD COE AL CATE AL AT TAT T TG TE AR ARG A CAGTGE AEGECE TACATETTAE RECAGE
ARG AT AL AGGR T AR AT T A AGE ARG AL O T AT G O TGRS S G e C A T ARG A G L A TG AL T CA T RS G GACE AT G TE AL C TR ARG T TaA T T TAGAGE AT TETGACEGTGARE AL AL A CACART TTGART
ATCCCARGRARE ATTATTOL AGGAGE CAGEGE AETECARGCARAC GO CACECAGTOLCATE ERRARTEALGETE TTCARE COATCT
TR T ARRRAGE OO T T T T T T TG GE A TGS AL A G TE AT AL TE TG A TGE ARG AT GA TG T AGE S TOL AR T T AL ARG T ARG R ARG T AL T T TECACAC AT T TE O TTACARE TAART TAL TTARCE AL TATHE TG A
TTTGTEAATOOL AL AL G TTACGATARAGARTGE AR TE G TG TG TEC TGE A CAG TOL ATGEGARAGACE A T CTCACE ARG TCATE T T T TOACE TTAL AGTTAL TETE AGGARTAAAG TG AL AEGEAAC ARG RACAGA
TTAGEGAAL AGGECACEARCETTAL
TRAACCEATATTTARTECTTECATECE AARG
AL REARATATCAGACTCOCETECACACACEALGT

BARCTTEGACTTECTCACTGECE TEAL
GTGE A TACTOAGE CACATE T E T TGAG O TO TG TGEGTOCAT
GECTALCEAACECAARC TELCAC TGE ATGATE ARARRGCARL
T TTE TTGE T e C TG TATGTATGE AL AL GTATARRL ACTE

CEACAGCATTGE ARATTACAGTC TGARG T CAGTARCE
TEALALTARL T GACACECARAGE ATGACAGARATAGTO T ARL GARE ARGACE A
CARTAGTTCT AL TARAGATEC ARG AL TAT T T T TAT T GTTEC TG TATATOCAL T ACTTOGEAL TEAL AGCAGE CAGARE
TEARGARE CTGE O AT TG TG L GAR L AL G L ARG ARG L GE T A TOART T TOE TTE TEART ARRE CHETTECRCE! EEACETETAGE TETTOE AL GAGE ARALGAREGATE TEGATE CEGEAEGASACA
CEGTTETETEAEATETTETE TETTEGHETCEAL AGGET ARG AL T TG ARG T oL AL T AT CAG e C T AL G T T AR GAGEGART TE T TARCE AL AT L T T TE T T L T CAAGGAGAG TTTETTATEETETTE

AR AT T OO TG T O T T T T G AT O R A Th ARG AR A T O AR G T T TG T TG T O TG O A AR T L T T A T G SRR R TR T T T T T G O T O AGA T T AT TGAT TTE AT AL TTTE T L ARGE TARTTEATATGT
TETARCAGE ATCEGETEA RCT RAARATGEAGAGARTTATTEAGCETHTTCETARAN TARAE TETGGEATCTTE TEARRTGE ALCATAT T TG TAKGC TTEARTARTGTAT

ATE

AGTGEARARACC THAGTGE ARAL T TAL AGG AL TEEGAGE CAGE ALCATAC TGACE CAGHGATHCAGE ATATCGGE TEAL ARGATAGE CARTGE T TE G TGE THGATE TEC TTAGEATCE AGAL THGAGT
AGATCEACCACT T AAR T A A G A LG AL T A AT L O A A ARG T AGE AR T T T L AR TO AL AT T L GAT GO TG TG L ST TARL CE T TOTTE CAGE AL d 4 COLCAGTETOETEADST
GETTOTOTCEAT AL ATCARTGAGE AL ATGAAL AL AL CAGECAG T AR T AG TE TEAGARE THCARE TE TETE TTEAARC AL AGCECECARRETOD 3 TETTTGACEALATCCAL

CTT TG AL T T TATOL ATGE TET GG T AL AAGE CARE GAGEC G TS TE AL O TGE AL AACACACAGA TGO TGO T CAGECE T GEATG TOGGE CEGE AL G CRATEGARCARCTOCAL

A TG T T AR L AR T T TG TG AL TG L G e AL Gl ARG A T AR AR AL T T oA T T T ARG L AL AT G T T AT O G AR TTO T AR AT AL TEGARE AT TARE TE T TOAGEGTOACE CAGE TTGTAT
TEGTCATTAL A O T TGE TG ARG EGE CTGAT G AL C T L AL O TTAGE TAGE TH TE G CL TEGE AL ATG TOL AL AL C T T TG TGA TGO E T TE T TAT O T T CTC TAT AR A TTCACAGE ATC TTE TECAGAGE AGT G
AT O T T T AR G A TG T T L e C e T L AL ARG S S GG T oL A GG T T O E T AR T AL T e AR A G A A AR T L A AR T ARG T A AT A AR T O AL T AT TEAS T T T T TEAGAAE S AGE CETEGECARAGEGEST
TR T GO AL T TG T A T T T TG DAL A TG E O A TG L AT T TG T T T T O GRS T T o AR T T T A T TG T AR T T TE T e T AR T T T TEE TE TAATGAC AT CAGEGE T TEE THGTAL TTTECE ARGEGE TECAGA
AT AT T AR T ARG T T AR O T A G T T A T T AT T T L T O T O L T T EACE AT O T T E T E TACE AT TE T L e L E AL GEGE AL ARAE ATGETTTTGE AG AL GTTETEATED CECATATASATTGEATGATEAL
G AT RS TG AL AR ARG TG T ARG GG T T T T T it E A AR T O T T AT A AGAGE CA TG L AL CE TG O TG L AT C T TE T TG TAL TEGE CEAL TE THGE AT AL GECATE AAGAG TOGTALTECTCOCTGTTOGEAR
CTTTOTTL AL AL CE GO TCATAGAGE TTTE TEALTARE TGS TG AT TO TG TAL AL AR T GTCAGEGECTGE AL T AT T L LG O TO AR GO CAGE CACE TE O TEAGE CARE GTGARAGE T TOT
TEETGE T TGECAGT TETE T TARACE ARTEGE CTTEALARCETT A R TG AR AT T T TG TG T T e T T A ARG T T TATCAGE TTGE T AR T TGE CAT T T TAT TAT T T CAT TATC ARG AT ARTEGTARATGEGEC G

L L GETEGTTAGEGTOE T CACAT EGECATEATGACAAL CECAGARLCTCAGT

>compQ, c0_seq2 len=5399 path=[1:0-3646 3648:3647-5398]

ARTTGARTCECTTITTIGTAT T TGAARTEARAG AL AT AT AL AL AT TG AR T T E G TEAT TGHE ARAR T ATARTGE ART TTEGAAL AR T TARRATTATGARARAT AT AL ARARTTGA’
SR T O T A T AT T A G AT A T A L AL AL A T AT O LG T O AL AL S AR A ARG AR T T GAAE L GA T IO T T T TGE AR AL TE T IO A T AGE ATE T AGT AL TATARARAGE A TTETTTITITTCAGTET
GTARRLAGTAGTC T T T TG T TE T I T TTARATATE ART TTACCAL AL AARARAL ARARC AGRAE ARARCE CATATARACE AL AGCAGE AECAGE AL THGECL TTGAGE ATTETECTTAGATECTAG TEACATAL AGGE
GTGAGE AL R GGG O T T A T A G T A AGART AT AT AT AT AT AT AT AL TT T TAA S TGT AL AL AR T TATAG TGE ATGA T AGE TTOL AR AAGART AL AL TE AT RAAAGATATTGECE ATTTOATART T TOACTOTTTT TAL
AT TR T AR TG T ARGAR T T AGAT LG AT T ARATGE TACAT TTAG TARGARAATCAGE ARG TARCAGAGE ARG TG TARC COE ALCATE AL AT TATT TG TE ARC ARG AL CAGTGE AGGECE TACATE TTAEALCALE
AL AT A R A T A A A T T A A G R A A O T A T G O TG A G O O A T A G A G L O A TG AL T L A T AL G A AT Gl T AL O T A A AGE T T O AT T T AL AGE AT TETGAC ECTGARE AL AL AL CACART TTGART
ATCECARGARAL AT TATTOL AGGAGE CAGEGE AL TECAASC AARCGCE CACECAG T CATEGE ARRL AEGE CACAAE TACAGARL AETACE AL ARGE TG TG TTE ARGE CARE TE ARARTE AL GETE TTCARE CEATET
TATTCARARAGE CECTTTTTTIGEGEATGE AECAC! GATGEARCE ATGATE TAGECTOL AGCACATECTAL RAG T ARGAAAG TAGT T T CACAC AT T TECTTACARE TARATTAL TTARCE ACTATEC TGA.
TTTGTEARTEOL AL AL AETTACGATARRGARTGEAR TGh AL A T A TGE GAARG ACE A T CTEACE ARG TEATE T T T TEACE T TAL AETTAL TE TEALGARTARK EAGGEARCAREARCAGA
AGGAGATTCAGAC ACARARE AETE ACGE ARG CE O TG T GAGE TEGECATE AL ATARTE AAGAGE AE T T TOATE TTO IO CAGAC C AL CE TE TTAAGE TEGAGEC TTAGEGARE AEGE CACCARCE TTAL
TG AR AR AT AR T A A O T A T A T T T T AR G TG T A AL A A A A A AT AL G O AT T AT ARA AL AT AL O T T T T IO AR T ARRAS T T ARAAA S TAGE T TARALCE ATAT T TARTECTTECATE CEAARE
CECCOE TTAARAAGE AL TAGAGT AL TARATE 6T T T L CARG AT AT T T AT CAT AT G TE AT T TG TE TE AL T ATCARTCAG L TE CAC ARG GTGAC TTARTGACE AE AL AARATATCAGAC TCECETE CACACACE ACGT
T T T T ARG TEEGE AL ARCTTECACTTEC TOACTGECETEAL

A TACTCAGE CACATE TECE T TGAGEC TCTUTGEGTECAT

CEAECTGETET Auctc

ATEGTCOCEAREAEACTT

CTGARGACACCTTT
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Trinity Demo

Readsi i i i » Combine reads

(per sample)

Assembled v Mormalization?

o tr ipts
Abundance estimation el De novo assembly
(all samples)

Assembled
v transcripts

Identify differentially expressed transcripts |dentify coding regions
MA plot Volcano plot

Expression patterns, transcript clusters




Prediction of coding potential

25

* Periodicity detection
— Coding sequences have an inherent periodicity of

257

Frequency (%)
L=

three -
— Especially good on long coding sequences o
— Auto-correlation 261

* Seeking the strongest response when shifted sequenceis 04
compared with original

» Michel (1986), J. Theor. Biol. 120, 223-236. ' ‘

Codon position
— Fourier transformation: Spectral analysis

* Detection of peak at position corresponding to 1/3 of the
frequency

e Silverman and Linsker (1986), J. Theor. Biol. 118, 295-300.

>

LR

[
]
m.

1 2 3

http://www.fruitfly.org/GASP1/tutorial/presentation/sld082.htm https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3125259/



http://www.fruitfly.org/GASP1/tutorial/presentation/sld082.htm

Expectation maximization used in gmap
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Expectation maximization used in gmap
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Expectation maximization used in gmap

033 . aligned reads
transcript bt with proportional
abundances () D) - 4= @  assignmentto
-— b — — transcripts
E-step “ o
> Dlug =————----- transcripts
= SR e el FA R i aligned to
(I S genome
033 033

genome

M-step

E-step

027
0.27
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0® o
.55
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Trinity transcripts aligned to genome scaffolds to examine intron/exon structures

(Trinity transcripts aligned using GMAP)
800 IGV
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Trinity Demo

* Assemble RNA-Seq using Trinity

* Examine Trinity in context of a genome:

— Align Trinity transcripts to the genome using
GMAP

— Align rna-seq reads to genome using Tophat
— Visualize all alignments using IGV



Improved reconstruction with deeper sequencing depth
and
Genome-based reconstruction is
more sensitive than de novo methods

# Genes w/ fully d

reconstructed

transcripts == Cufflinks/Gsnap
[ == Trinity

o

Mouse data

Million PE reads



Summary of Key Points

RNA-Seq is a versatile method for transcriptome analysis
enabling quantification and novel transcript discovery.

Genome-based and genome-free methods exist for transcript
reconstruction

Expression quantification is based on sampling and counting
reads derived from transcripts

Fold changes based on few read counts lack statistical
significance.
Multiple analysis frameworks are available - alternative and

often complementary approaches to support biological
investigations.



Software Links

Tuxedo

— Bowtie: http://bowtie-bio.sourceforge.net/index.shtml
— Tophat: http://tophat.cbcb.umd.edu/

— Cufflinks: http://cufflinks.cbcb.umd.edu/
Trinity
http://trinityrnaseq.sourceforge.net

|GV for Visualization
http://www.broadinstitute.org/igv/
GMAP

http://research-pub.gene.com/gma
Samtools

http://samtools.sourceforge.net



http://bowtie-bio.sourceforge.net/index.shtml
http://tophat.cbcb.umd.edu/
http://cufflinks.cbcb.umd.edu/
http://trinityrnaseq.sourceforge.net/
http://www.broadinstitute.org/igv/
http://research-pub.gene.com/gmap/
http://samtools.sourceforge.net/

Papers of Interest

* Next generation transcriptome assembly
— http://www.nature.com/nrg/journal/v12/n10/full/nrg3068.html

* Tuxedo protocol
— http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334321/
* Trinity
— http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571712/
— http://www.nature.com/nprot/journal/v8/n8/full/nprot.2013.084.html



http://www.nature.com/nrg/journal/v12/n10/full/nrg3068.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334321/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571712/
http://www.nature.com/nprot/journal/v8/n8/full/nprot.2013.084.html

Single Cell Sequencing

A - - .

Manual Multiplexing Icni:igirtited Fluidic Iéf;::i;arl'dl»'?g Nanodroplets Picowells In situ barcoding

S e I =

Tang et al 2009 Islam etal 2011 Brennecke et al 2013 Jaitin et al 2014 Klein etal 2015 Bose etal 2015 Caoetal 2017

Macosko etal 2015 Rosenberg et al 2017
B
> 1,000,000 10x Genomics ;
S 100,000 Drop-seq SPLIT-Seq
= f CytoSeq O inDrop (@) sci-RNA-seq
2 10.000 MARS-Seq © o o DroNC-Seq
E ' o Q o OO% gé Seqg-Well
= 1,000 Fluidigm C1 P O
= STRT-Seq CEL-Seq X" s °© @
O 100 Tang et al (o] o o © g0
0] o fo) ~
5 10 o) o©° © ~Smart-seq2
= Tang et al SMART-Seq - O
o 1 o
S O A v & e O o X
g > P > P . . 1 P

Study Publication Date

Figure 1: Scaling of scRNA-seq experiments (A) Key technologies allowing jumps in experimental
scale. A jump to ~100 cells was enabled by sample multiplexing, a jump to ~1,000 cells by large scale
studies using integrated fluidic circuits (IFCs), followed by a jump to several thousands using liquid
handling robotics. Further order of magnitude jumps were enabled by random capture technologies
through nanodroplets and picowell technologies. Recent studies have employed in situ barcoding to
reach the next order of magnitude. (B) Cell humbers reported in representative publications by
publication date. Key technologies and protocols are marked, and a full table with corresponding
numbers is available in Supplementary Table 1.

Svensson et al. Nature Protocols 2018

Single Cell Sequencing - Eric Chow (UCSF)
https://www.youtube.com/watch?v=k9VFNLLQP8c



https://www.youtube.com/watch?v=k9VFNLLQP8c

Bead: Cell barcode and unique molecular identifiers (UMIs) ==

Drop-seq single cell analysis * Cell barcode: which cell the read comes from
Eoke * UMI: which mRNA molecule the read comes
= from (helps to detect PCR duplicates)
Distinctly
barcoded
beads

)~] B garcoded primer bead
2/ |

\ /

TTT(T27)

PCR Cell UMI
* handle barcode

1000s of DNA-barcoded single-cell transcriptomes Figure by Macosko et al, Cell, 161:1202-1214, 2015




From reads to digital gene expression matrix (DGE) =

cscC

Overview of DGE extraction

Cell
barcode UMI CDNA (50-bp sequenced) T — ] DX
g ; 4 o [ TTocCmImeToTaseat. i
T ———" = { TTGCCGTOATATTIATOONGS . . . oo v verer s s ceasence | NOP2
E- 8 TTGCCATGEAGTCOTOAGA0. ..o vvevee s rreeanss | ACTB
AAATTATGACGATOTOCTTO. .o o oo veveses - R Cell: 1 2 N
SO RI0N0E « 022 ¢ L e — o [ COTTAGNTOGCATOCCO0G. .. craamer ] [ BR Count unique UMIs
AAATTATGACGAAGTTTOTA. « .\ v vvevnras GCTCATAA ' = | comarscrcermen............. reamcor ] ODF2 for each gene GENE 1 L 2 14
ACCCTAGCTGT . v v evrreenss armmrer CONA allgnmem to 8 OREPREISUEATCEASECT < v o s o vo s & sssarcer ] HIF1A in each cell GENE 2 4 27
GTGGGGGT. ..o vvvurness ammcere  Jenome and QIR S GENE 3 0 0 1
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AOPETOTA. . cuavivnnnes AGATGGGG B ot CEREEEE expressmn matrlx GENE M 6 2 0
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CGTTAGATGGCACCTGTOTA TGGTACGT O ATCCOOTE. .o ouvvnrnnns TTAAACCE ]
___________ (Thousands of cells)

(Hundreds of millions of reads)

Figure by Macosko et al, Cell, 161:1202-1214, 2015
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Single Cell RNA Sequencing and its main applications

O |dentification of new cell populations and subpopulations in complex tissues
QO studying gene dynamics in developmental studies
Immune cell profiling
O Cancer research
O Personalized medicine

Complex Tissue Component Single RNA ACTG... Computation &
tissue sample cell mixture cells molecules visualization

&

T—— @
n @
S %
Sample Tissue _ Cell o g _ e Al K :Q..
procuremen processmg isolation equencmg nalytics : %30
(1
. oQe® 5o
o:'no'
Fixation Tissue Disruption Flow Cytometry Cell lysis Quality Control
Cryopreservation Erythrocyte Lysis Droplet-based techniques Single-cell barcoding Pre-processing
Density Cell Separation Well-based techniques Reverse Transcription Dimensionality reduction
Magnetic Cell Separation Combinatorial barcoding PCR Trajectory inference
Sample multiplexing Tagmentation Subtype discovery
Differential expression analysis
Logistics Cell sources Miniaturization & optimization State-of-the-art equipment Updated algorithms
& hardware
Blood Fresh cells & tissues Seqg-Well NextSeq
Brain Fixed cells & tissues Smart-Seq2 NovaSeq FASTGenomics
BAL Extracted nuclei BD Rhapsody Auto-encoder
Lung Patch-Seq Bayesian models
Intestine scATAC-Seq Batch correction

Sparse2Big (Helmholtz)
The Machine (HPE)

(slides by ITBI student Dimitra Panou)



scRNAseq pipeline

Start

Cellx
gene
Matrix

1. Quality Control & Cell selection

h O Detect + remove low quality cells from downstream
analysis
" Genes detected/cell
Total reads/cell
% of reads in mitochondrial genome/cell

Cell selection

gerome/cell

detected/cell

Total counts/cell

Geres

% of reads mapped to mitocharria!

End

Red lines show the filtering points



scRNAseq pipeline

Highly variable genes

2. Normalization & Scaling R
*  Global normalization ' : T

—  Correcting for sequencing depth differences .
between cells

—  Log transformation
. Detection of Highly variable genes

—  Mean.var.plot method (mvp) highly variable
genes

—  Scaling transformation

. Calculation of scaled values for all genes Ny
—  Scales + centers the genes in dataset

Dispersion

Average Expression

3. Dimensional reduction

PCA analysis

Detection of most informative principal components
a Moving to PCA space can help reducing runtime of cell clustering
Q May fail to capture local patterns in scRNA data

Non linear methods

t-Distributed Stochastic Neighbor Embedding (t-SNE)

Q Can capture subtle local patterns of expression in the data

Q Places cells with similar local neighborhoods in high dimensional space together
in low dimensional space

a It may fail to give a precise representation of clusters’ size and distances

Uniform Manifold Approximation and Projection (UMAP)

a Preserves better the global structure of the data

a Faster runtime than tSNE

Q It may fail to illuminate the lineage structure of the data




scRNAseq pipeline

4. Clustering analysis

O Creation of a Shared nearest neighbor graph

QO Clusters represent
® cell population
* cell sub-population
" cell state

Clustering

o
i
7

Percent of cells
)
{54
5

&

0.00 -
0 1 2 3 4 5 6 4 8 9

© @ N e m s w N R oo

Standard Deviation

PCA

100




scRNAseq pipeline

5. Differential Expression Analysis
Design of the analysis

. Cells belonging to one cluster VS Cells
belonging to another
. Cells belonging to one cluster VS Cells

belonging to the rest of the clusters
Selection of D.E.A test
. Wilcoxon test, Student’s t-test, Poisson, MAST *
Marker gene analysis
. Identify marker genes per cluster
Those genes can distinguish one cluster from the rest

. High average expression in cells of the cluster,
low in the other cells

Differential expression analysis

> e
i i i L E F £

i R AT A ¢
oo 4 s A e
1 { I
tr A
Ut Lkl Bl

s

O wilcoxon test .
O JogFC >=0.25
Q  pval<0.01
O Percentage of expression >= 25% '
Inspection of top marker genes oo
a Feature plots in UMAP space S S i e
O Color denotes normalized expression o M34A1 o GNLY o
5 s 5
o~ 4 o~ 5 ~
g I: g * » '4 g’
z s 13 s 2 € 5
0 [1]
-10 10 -10
RN
-10 o S -10 -5 a 5 -10 5 4] 5
UMAP_1 UMAP_1 UMAP_1

* MAST: a flexible statistical framework for assessing transcriptional changes and characterizing heterogeneity in single-cell RNA sequencing da

ta
G Finak, A McDavid, M Yajima, J Deng, V Gersuk, AK Shalek, CK Slichter et al Genome biology 16 (1), 278

orNWE


https://genomebiology.biomedcentral.com/articles/10.1186/s13059-015-0844-5
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-015-0844-5

scRNAseq pipeline

6. Cluster annotation

. Compare cluster marker genes to canonical markers | * N
for different cell types from the literature B e _‘

. Using computational methods, match cluster labels [& R~ :> : m«ﬂm‘w
from a different dataset (e.g. a cell atlas of the ’ b < i j R o *
studied organism) to your own clusters . P 5 R

10 0 N 10 -10 0 T 10

7. Trajectory-Pseudotime analysis

e ‘I‘;»"‘ Pseudotime ordering
Q Infer the lineage structure of the dataset e I
O Order the cells along the predicted topology /

Q  PCsasinput
O Output in UMAP plot




* Useful links

— Seurat - Guided Clustering Tutorial

https://satijalab.org/seurat/articles/pbmc3k tutor
ial.html

Online scRNAseq analysis

— https://singlecell.usegalaxy.eu/
— http://scala.fleming.gr/app/scala
— https://crescent.cloud/



https://satijalab.org/seurat/articles/pbmc3k_tutorial.html
https://satijalab.org/seurat/articles/pbmc3k_tutorial.html
https://singlecell.usegalaxy.eu/
http://scala.fleming.gr/app/scala
https://crescent.cloud/
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