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GROWTH OF BIOMEDICAL
INFORMATION - GENBANK

— GenBank

e GenBank Rel. 0 (V/1980)

® 1000 seq

3.75E+12
e 100,000 nt

GenBank Rel. 233 (Aug. 2019)
e 214 mln seq; 367 bln nt

2.5E+12

e 5.6 trillion nt in the “whole

P genome shotgun” section
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TECHNOLOGY MEETS
BIOLOGY

e BECKMAN

COULTER

eppendorf




IMPROVING TECHNOLOGY

Number of Humans Genomes Sequenced Over the Next 5 and 10 Years

Moore's Law Forecast ® Historical Rate's Forecast
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Human Genomes Human Genome Human Genomes Human Genomes
Sequenced Thus Far Sequencing Capacity Sequenced by 2019 Sequenced by 2024
2014

http://ark-invest.com/genomic-revolution/declining-costs-of-genome-sequencing




GETTING SEQUENCES
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READING #UNDERSTANDING

Carmina qui qguondam studio florente

peregi, flebilis heu maestos cogor inire
modos.

Ecce mihi lacerae dictant scribenda

Camenae et ueris elegi fletibus orarigant.

Boethius, Consolatio Philosophiae




READING #UNDERSTANDING

We shall best understand the probable course of
natural selection by taking the case of a country
undergoing some physical change. If the country
were open were open on its borders, new forms
would certainly immigrate, and this also would
bla, bla bla become extinct inhabitants.

Charles Darwin - The Origin of Species




READING #UNDERSTANDING

Wrstand the probable course of
y takmg the case of a country

undergoing.:some-physical.change. If the country
were open were open on its borders, new forms
would certainly.immigrate, and this also would
bla, bla bla become extinct inhabitants.

Charles Darwin - The Origin of Species




CHALLENGE: HOW
FROM THIS...
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“The double helix is indeed a remarkable molecule.
Modern man is perhaps 50,000 years old,
civilization has existed for scarcely 10,000 years and
the United States for only just over 200 years; but
DNA and RNA have been around for at least several
billion years. All that time the double helix has been
there, and active, and yet we are the first creatures
on Earth to become aware of its existence.”

Francis Crick (1916—2004)
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g DNA storg

1870 Friedrich Miescher 1944 Oswald Avery proves that
discovers DNA DNA is a genetic material




DETERMINING THAT DNA IS THE HEREDITARY MATERIAL
P

Heat-kil s Lipids
Scells ¥
Carbohydrates

3. Add a small portion
of each sample to a
culture containing

R cells. Observe whether
transformation has
occurred by testing for
the presence of virulent
S cells.
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1955 James Watson and
Francis Crick discover
DNA structure

(“Double Helix?)
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Sequencing: beginnings

1968 Ray Wu and A. Dale Kaiser sequencecl
1964 Robert W, HO”CQ determines 12 bases () of A Phage’s 5 cohesive ends

nucleotide sequences (77 nt) of of its DNA, using radioactively labeled
the 9east Alanine tRNA nucleotides and Polgacrglamicje gel
J. Biol. Chem. 240: 2122-2128 clectrophoresis

J. Mol. Biol. 35: 523-5%7
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1977 ~ Allan Maxam and Walter Gilbert 1977 Fred Sanger Aevelops
:; clevelop DNA sequencing method bg 2’,5’~clic‘eo><9 chain

et

chemical clegraclation termination method
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| Chemical clegraclation sequencing

(Maxam & Gilbert)
; Molecule to be sequenced
1 ‘L (many copies)
| DNA fragmentation S
g \L l Dimethyl sulfate
1
| e Me
1 Strand dissociation Orrrrrrrrrr S FrO T S
e
1 \L Orrrrrrrrrrr S S S e
. : : Me
Radioactive labeling of 5° end DS S Y -

\L 1 Piperidine
Nucleotide-specific chemical reaction o6 e lass
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DNA cleavage at modified site

Figure 4.8 Genomes 3 (© Garland Science 2007)
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: Chemical clegraclation sequencing

(Maxam&Gilbert)

5 PGCTACGTA 3'

/N

Cleavage at: A+G G C C+T

Four different reactions to detect i i i i

four different nucleotides
2pcer - 2PeeracPe - ?Pg

“PACiAC 32Pgeta *Pec
S2PGCTACGT 32pGeTA
32 PGCTACG
ARG G e e
7 | - A
Polyacrylamide gel electrophoresis can 6 -
resolve single-stranded DNA molecules D | . —-— G
that differs in length by just one ‘ - a» | C
nucleotide and a sequence is read from 3 | e=m A
an autoradiograph 2 e |T
1 as ae | C
Sequencing Gel




(A) Initiation of strand synthesis  (B) A dideoxynucleotide
Primer 0"
5 1

5 ‘  Template DNA

3 TTTS

TTTS
¥ Position where the

5’ 37
10 ATTTIRTTTTTTTTN -OH of a dNTP is

TTTS replaced by -H

(C) Strand synthesis terminates when a ddNTP is added

T A ——

T TT

dd‘ —_— sy dd A

T T T

ddA —— A A

L THE ‘A’ FAMILY
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SCqUCﬂCiﬂgz maturation

+ 198% - Marvin Caruthers cleveloped

a method to construct Fragments of
DNA of Precleterminecl sequence
from five to about 75 base pairs
long. He and Lerog Hood invented
instruments that could make such

Fragments automatica”u.

1985 - Kary Mullis invented the
Polgmerase chain reaction (PCR)

tecnnique

1987 - ABI 370; first Fu”g automated
sequencing machine bu Lerou Hood

» 1995 - Craig Venter uses whole- -
genome snotgun sequencing
tecnnique to determine comPlete
genome of bacterium Haemophilus

influenzae

s 2005 - introduction of GS-20
sequencing machine; first in the line
of “Next Generation Sequencing”,
a”owing th-througnput

Production




ddA @ ddC @ ddNTPs - each with a -
ddT @ ddG ( different fluorescentlabel =

l Sequencing reactions,
fractionation of products

ddA @
ddA @

_::f : .—» Imaging system ¥

s ddC @) Dpetector
. ddG O

Fluorescent bands
move past the detector
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https://www.dnalc.org/view/15912-Sequencing-DNA.html
https://www.dnalc.org/view/15912-Sequencing-DNA.html

Wells for
samples
Back plate

Gel, <1 mm
thick

SLAB GEL

CAPILLARY GEL

Front plate

Gel, 0.1 mm
diameter

Capillary,
50-80 cm
in length
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Sequenci Ng: maturation

* 1985 - Marvin Caruthers
cleveloped a method to construct
Fragments of DNA of
Precleterminecl sequence from five
to about 79 base Pairs long. He
and Leroy Hood invented
instruments that could make such

Fragments automatica”g.

» 1985 - Kary Mullis invented the
Polgmerase chain reaction PCR)

tecnnique

+ 1987 - ABI%70; first tully o

automated sec]uencing machine

TPt e T

» 1995 - Craig Venter uses whole-
genome sno’cgun sequencing
tecnnic]ue to determine comple‘ce
genome of bacterium Haemophilus

influenzae

s 2005 - introduction of GS20

sequencing machine (454 Lige
Sciences); first in the line of “Next

Generation Sequencing” f
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Next Generation SCquencing

+ Massive Para”elization of the

scqucncing process

- Rclativclg short reads

< DhCFerent aPProaches From

imProving Sanger’s techniquc to
direct “observation” of DNA

through a microscoPe

- Attempts to sequence singlc

molecules without amplhcication stel:)
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Next Generation Sec]uencing

ol = Pgrosequencing (Roche454)
{ + 2 — lon torrent (Thermo Fisher) |
|
o 3 — lllumina |
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NGS — pyros
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equencing

!ibrarg Preparation

2) Clonal Amplification 3) Load beads and enzymes
on 28 p beads in PicoTiterPlate™
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NGS - Pyrosequencing

sample Preparation

(} & » I: Load Enzyme
Load beadsinto <o v o X Beads
PicoTiterPlate™ ”1 1 3

q

Centrifugation

ol )

e T e T T Sy T T e vttty TR o A IO LT TR




S sl o

Bl & 3 g i S s i BT s . i

L5 LB e i, <l sl

NG - Pgrosequencing

+ After the emulsion PCR has been + The Plate IS couplecl to a fiber oPtic
Pcr?ormecl, the oil is removed, and chip. A CCD camera records the
the beads are Put into a “Picotiter” Iiglﬁt Hashes from each well.

Plate. Each well isjus’c big enough to
hold a single bead.

+ The Pgrosequencing enzymes are
attached to much smaller bea&s,
which are then added to each well.

polymerase

lll'lllllllllllllllm
CGGCATGCTAAAGTCA

Anneal primer

o The Plate is then rel:)eatecng washed
with the each of the four ANTPs,

Plus other necessary reagents, na

PP,

Light + oxy luciferin

Sulfurylase

Luciferase

rePea’cing cgcle.

s T T T T




Extended
with dCTP
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Extended
ith dATP

colony
W

~ PCR-amplfied 3’ 5
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NGS ~ion torrent

’Ten times faster workflow than other
NGS systems

’”2 hour sequencing runs (real-time
detection of sequence extension)

’Batch sample preparation (six samples =
in six hours) —

’Capable of six samples/day on two

PGM Systems 1 ¥ §=l

https://www.youtube.com/watch?v=DyijNSOLWBY
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R
Template

Eliminate source of sequencing errors:
— Modified bases
—  Fluorescent bases
— Laser detection
—  Enzymatic amplification cascades

Eliminate source of read length limitations:
— Unnatural bases
—  Faulty synthesis
—  Slow cycle time




DNA - lons - Sequence

Nucleotides flow sequentially over lon
semiconductor chip

One sensor per well per sequencing reaction
Direct detection of natural DNA extension
Millions of sequencing reactions per chip
Fast cycle time, real time detection

Sensing Layer
Sensor Plate

Drain Source - To column
Silicon Substrate receiver




;NGS-ION TORRENT

'Four nucleotides flow sequentially

j
|
|
|
|
incorporates Hydrogen ion

& | into DNA is released
















ACGTACGTCTGAGCAT CGATCGAT GT ACAGCTACGTACGT CTGAGCATCGAT







PLE PREPARATION IS COMPLETED ON THE FLOW CELL

- 96 samples)

bridization

2sis reaction




template DNA
fragment
repair ends

add A overhang

ligate adaptors &
purify on gel

enrich

genomic library
& library QC

Connect Nebulizer to
compressed air or
nitrogen using this port




Transposomes

- 8 -

DNA

Another sheering method: transposomes — enzymes for DNA cleavage

Terminal
Sequence 1 Index 1 Index 2

T- /P Primer/P

Primer Binding Site 1 Binding Site 2 TTerminal
Adapter g . Sequence 2

Adapter
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NGS - lllumina

The How cell is mounted on the cBot

AUTOMATICALLY
joads library into the lanes of the flow cell
amplifies templates

anneals sequencing primer to templates

FEATURES
Intervention-free clonal amplification in 4 hours

simple touch screen operation




P7 P5

Grafted flowcell Template Initial extension Denaturation
Hybridization (Tag Polymerase) (Formamide)




Denaturation
(Formamide)

1st cycle
Extension
(Bst Polymerase)

2nd cycle
extension

2nd cycle
Denaturation
(Formamide)

2nd cycle
annealing




1. Incorporation




1. Incorporation

2. Scan




1. Incorporation

2. Scan

3. Cleavage







Sequencing
36bp — 100bp

1 2 3 4 5 6 7 8 9
EREEERERSE T

Image acquisition Base calling
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NGS - lllumina

The How cell is mo

sequencing reagents pass
through the 8 lanes inside
the flow cell

u
n
n

N
n
n

ted on the s

ERERRRERN
ERRRRAER
CCD camera
collects
laser-excited
fluorescence

sequencing
reaction is

temperature
controlled
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' Third Generation Sequencing |

{
| — Pacific Bioscience (PacBhio) e

|

¢

2 — Ninlon (Oxgorcl NanoTechnologies)
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PacBio

https://www.youtube.com/watch?v=_B_cUZ8hSYU
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Minlon
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Minlon: Sequencing using

na ﬂOPOf’CS

Nanopores as Polgmer Sensors.
The idea cmerged N earlg 1990s.

l:undamental WOI"‘( CIOHC bﬂ Davicﬂ

Deamer and Daniel Branton in

collaboration with John Kasianowicz.

(PNAS 1996 14-6:13770-1377%)

Biologicalg relevant experiments =
since 2010.
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MinlON basics

https: i nanoporetech .com/ science~techno|og5 /introduction-

to-nanopore-sensing/ introcluction~to~nanopore-sensing;
} < ) —

- Sgnthetic membrane

- Nanopore (2) is created bg
modified Pro‘ccin pores: &X-
hemolgsin) CsgG from E.coli

« Non-destructive motor Protein

1) (actua”g serves as a break)

© One protein
unzips the
DNA helix into
two strands.

© Asecond
peotein creates
aporein the
membrane
and holds
an “adapter”

molecule.

HELIX

© A flow of ions through
the pore creates a current
Each base blocks the

flow to a different degree,
altering the current

i

O The adapter molecule
keeps bases in place long
enough for them to be
identfied electronically.

DNA DOUBLE Al [n\ |
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https://nanoporetech.com/science-technology/introduction-to-nanopore-sensing/introduction-to-nanopore-sensing
https://nanoporetech.com/science-technology/introduction-to-nanopore-sensing/introduction-to-nanopore-sensing
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MinlON basics

https: i nanoporctech .com/ science~technologg /introduction-

to-nanopore-sensing/ introcluction~to~nanopore-sensing;
} < ) —

DNA DOUBLE Al [nu |

512 channels (Pores) per How cell. <
Usua”g about 90% are worldng. )

HELIX J-

+Read length: over a million of bp

© A flow of ions through
the pore creates acurrent

Ry Each base blocks th
+Read spee&: 8 basesto 20 bases/ 6 onepoun : fiow $oa dferent degree,
unzips the Q altering the current.
two strands. ,:. T —C_ru
)
3 oA d >
+Run time: max 48 hours o aiee e H 1
aporein the °
membrane ,? ‘ _PJ JLPL
+Error rate = 5-10 % ::‘{mgfm_ s . |
mo;;cuk.l_ 4 O The adapter molecule
. keeps bases in place long
oSCquence 916[& per How cell: 15 Gb - enough for them 1o be
- identfied electronically.

-

7 MEMBRANE

oComplex algorithm for base ca”ing o

USiﬂg neural I’]CtWOl"l{ aPProaclﬁ
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https://nanoporetech.com/science-technology/introduction-to-nanopore-sensing/introduction-to-nanopore-sensing
https://nanoporetech.com/science-technology/introduction-to-nanopore-sensing/introduction-to-nanopore-sensing
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MHRION aatafiow

MinION = the device

Nanopore sensing is carried out on the sensor clﬁiP, contained in the flow cell inside the MinlON device. Datais Processed bg an

ApplicatiomSPechCic lntegratcd Circuit (ASIC) also in the flow cell and Proccssed in real time by the MinK NOW software ;

|
MInKNOW — the software

| MinKNOW is the software that controls the MinlON. It carries out several core data tasks and can be used to c]’mange expcrimcntal “,

workflows or Parame’cers‘ MinKNOW runs on the user’s computer.

ALBACORE — base ca”ing

1 Albacore is a command-line (some Programming skills are reciuirecb base-ca”ing soFtware, cleveloped for Minlon and accounts for '-

speciﬁc sequencing errors
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Numerous applications explorecl l:>9 MinlON
Access Program (MAP)

Genomic DNA sequencing
Metagenomic analgsis

Medical diagnostics (in development)
Species identification in the field
Splice variants identification

Virus detection in the field

Sequencing in space, etc ... ©
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Comparlson table

T T e e A

454 lllumina lon Torrent PacBio Minlon
Method | Pyrosequencing: Bridge amplification; |lon semiconductor: Single-molecule in | Nanopores: X
all pyrophosphates detection of label free detection real-time: detection | modified pore proteins |
sequence | detection by fluorescently labeled | of released protons. | of fluorescently detect current change |
by chemoluminicent nucleotides. Detector: ion sensor | labeled cleaved when different
synthesis | reaction (luciferase Detector: CCD camera pyrophosphates. nucleotides pass the

enzyme).
Detector: CCD camera

Detector: ZMW
camera (sensitive!)

pore.
Detector: ASIC
-measures ionic
current flow

———
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454 ht’clps:/ / www.goutubc.com/ watch?v:nFFgWGFeOaA

lumina: https: /) www.goutube.com/ watch?v=fCd6R5HRAZ8

lon Torrent: httPS: / www.youtube.com/watch?v=WYBzbxifuks

PacBio: https:/ /www.goutube.com/watch?w B cUZ8hsyU

Miolon: h’ctps:/ / nanoporetcch.com/ how-it-works

G



https://www.youtube.com/watch?v=nFfgWGFe0aA
https://www.youtube.com/watch?v=nFfgWGFe0aA
https://www.youtube.com/watch?v=fCd6B5HRaZ8
https://www.youtube.com/watch?v=fCd6B5HRaZ8
https://www.youtube.com/watch?v=WYBzbxIfuKs
https://www.youtube.com/watch?v=WYBzbxIfuKs
https://www.youtube.com/watch?v=_B_cUZ8hSYU
https://www.youtube.com/watch?v=_B_cUZ8hSYU
https://nanoporetech.com/how-it-works
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Parlson table

454 lllumina lon Torrent PacBio Minlon

Read length 700 bp 50-250 bp 200 bp 3000-15000 bp 500-100000
Reads per run 1 million upto3 up to 5 million 35000-75000 30-400
billion million

Time per run 24 hours 1-10 days 2 hours 30 min — 2 hours 6-48 hours

Cost per million 10S 0.05-0.15S$ 1S 2S 28
bases
Machine cost 120.000- 80.0005 695.000$ 1500$
650.0005

Error rate 0.1-1% 0.5-1% 1-2% 12% 5-10%

T N S ELC  CEER

T T Sy T e e ey TN W AWty AN (T

-y Y ST T




B 1,000,000 Genome
B 100,000 Genome
| 3,000,000 Genome
B 2,000 Rare Genome

1.USA: 1,000,000 Genome @ Veterans Project & All of Us Reserach Program | 2.United Kingdom: 100,000 Genomes project | 3.China: 100,000 genomes project | 4.Saudi Arabia: 100,000 Genome Project (Saudi
Genome) | 5.United Arab Emirates: 3,000,000 Genome Project | 6.Estonia: 100,000 Genome Project (Personalized Medicine Program) 7.France: 100,000 Genome Project (French Plan for Genomic Medicine
2025) | 8.Australia: 100,000 Genome Project (The Australian Genomics Health Futures Mission) 9.Japan: 2,000 Genome Project (Initiatives on Rare and Undiagnosed Diseases)




1. Chromatin crosslinking

X

2. Chromatin shearing

\

3. Immunoprecipitation

._{

4. De-crosslinking

5. Library preparation
[—
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rental E)iologg

P The cell "double checks” the

4V duplicated chromosomes for

Self-renewal

error, making any needed

/ repairs. M't i
- // itosis )
Y Pluripotent Stem Cells
\ / P \
IN | o““‘es 2
I/ c' . . -
. { ‘ Differentiation
: K4 ,,4' G, it
Y
Each o‘ the 46 %ﬁ\ / |
B chromosomes is |
N > duplicated by the Cellular contents,
cell excluding the chromosomes, " Self-renewal
\ 2 are duplicated. / g’ \ /"

Tissue Stem/Progenitor Cells

b .:)-j'. Go
<= Differentiation
Cell cycle arrest.

N
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Various cell types
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Dc—:\/elopmental Biologg
o We need sing|e~ce” resolution to:

+ Discover more complicated mechanisms in cellular

clevelopment

+ Confirm the distinct gene exPression signatures

across cligerent ce” tgpes

. lclenthcg functional differences among the same cell

cell t}jPC
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Sperm Sperm

@ Fertilized egg has 50% chance O Fertilized e
gg inherits
/‘ of inheriting RB mutation. no RB mutation.

oN

@ Mutation in one copy of RB gene @ Mutation in one copy of RB gene

| is inherited in all body cells. | occasionally occurs as cells divide.

© Mutation in second copy of RB
gene occurs in one or more retina cells.

© Mutation in second copy of RB
gene occurs in one or more retina cells.

»

© 2012 Pearson Education, Inc.



Cancer Biologg

A  Stochastic model

Tumors are composed of

genetically and phenotypically v —> X

heterogeneous clones ® v—» &
v~

B Cancer stem cell model

Genetic

change that < ’\*; ' O O O QSi

— 1‘ is neither . /\A\ .\_:’ .\T’ .\ ¢
inherited ’_,' | '_j % ) o8

nor passed %
onto the

~

_ Combination model

offspring is

% I \ n
called a /A ‘ _> C\_) e\
somapc , . % %’

o

mutation?

B LU P s s S

\ Major genetic/epigenetic events

http://www.thetcr.org/article/viewFile/1415/html/10439
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Cancer stem cell .
specific therapy Tumor regression

/0’ 2

Conventional Tumor relapse B Cancer stem cell model

o O O O

A  Stochastic model

‘o - 000
o8 o8

C Combination model

Deep (bulk) sequencing can only

capture 1% of the cell population g }, 8 l) g °
(excluding some types such as \. \. \'

circulating tumor cells).
\ Major genetic/epigenetic events

http://www.thetcr.org/article/viewFile/1415/html/10439
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Caner Biologg
+ We need single—-ce” resolution to:
+ Find evidence for models of cancer

« Infer timing of mutations and the drivers

S E\/aluate egectiveness omc targc—:tecl therapg




t ? 2 5 3
Ak
Lt
¥

SRR ELIHOE SR RPN — R 3 5 )

2 J

2 J

R J

S J

5ing|e~c:e” seciuencing

appllcatlons

Developmental Biologg

Cancer E)iologg

Microbiologg

Neurologg

T g T T Sy T T e vty TR T o A IO LT TR




AL g gy,

PREERE TR

i S i s

R S T e S St SV SR

e =




. 8

gt s s b - L ibinir

Microbiologg

« We need 5ing|e—-ce” resolution to:

« Discover low-abundance sPccies that are

dif

icult to culture in vitro

+ Monitor transcriptiona‘ gene activation

mechanisms for functional annotation
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Neuro- Radial oRG Migrating Immature Mature Intermediate Mature Interneuron
epithelial  glial (RG) neuron  astrocyte astrocyte progenitor neuron
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Neurolo 2y
o We need sing|e~ce“ resolution to:

- Stuclg the mosaic genomes ot individual neurons

and com[:)ositions in the brain
« Follow genetic variations cluring fetal de\/elopment

X8 Develop targetecl therapg for neurological

diseases for spechcic cell tgl:)es




ONE GENOME FROM MANY

Sequencing the genomes of single cells is similar to sequencing
those from multiple cells — but errors are more likely.

A sample containing thousands to
millions of cells is isolated.

» Single-cell sequencing

A single cell is difficult to isolate, but
it can be done mechanically or with
an automated cell sorter.

DNA is extracted from all the nuclei. DNA is broken into fragments
and then sequenced.

DNA amplification

The DNA is extracted and amplified, Amplified DNA is sequenced.
during which errors can creep in.

The sequences are assembled to give a
common, ‘consensus’ sequence.

=

Errors introduced in earlier steps make
sequence assembly difficult; the final
sequence can have gaps.
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isolate single cells
(i) amplify genome efficiently

(iii) sequence DNA

(1)
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Microdissection Micromanipulation Microfluidics
e.g. laser capture e.g. mechanical e.g. chamber or droplet
aspirator

P

—

—

e

ChiP-qPCR/seq:
histone modifications

DamliD:
chromatin-associated
Subpopulation factors
analysis
Genome-wide
Cell-lysate Live-cell nucleosome mapping
analysis analysis

qRT-PCR/RNA-seq: transcriptomics Fluorescent reporter for gene expression

Hi-C: 3D chromosome conformation CiA: induction of chromatin modifications

RSMA/bisulfite seq: DNA methylation Fabs/Histac: global distribution of chromatin modifications

locus-specific nucleosome mapping "eA-Tracer: tracking of protein-DNA interactions
FLIM-FRET: chromatin compaction

TRENDS in Cell Biology



i o il 0 e iy, N

BeSLl P Sl s N

Manual

dissociated cells

fluorescence
microscope

\)

o
©

~100 cells

Cell SOrting

CCD

Glass-
bottom dish

5 4
camera g

Condenser ==

A capillary

25x
Objective

Glass

|
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Micro-
manipulator,
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FACS

dissociated cells

>10 000
cells

nozzle ¢

flow sort

1. cell laser beam electro

s | PESTSTERR cyto-
suspension

-~
' ‘ ® =) 4. cell culture,

analysis, etc.

2. staining of é’/ \é
membrane,
cytoplasm,

and nucleus 3. cell sorting

Ellwart JW, 2000jan02



LCM LCM: laser capture microdissection

cryosectioned
tissue




Before Ab secretion

covered with
capture Ab

C® Ab-producing cell .ﬁ‘ Streptavidin bead | Detection Ab

@® Nonproducer Y Secreted Ab

-

!!\l((( [2.39
Sy

jection | = 1%

e




High-throughput (~100,000 cells)

~ Drop-seq single cell analysis " G X

B

o) — @) - ¥

Drop-seq

http://www.cell.com/abstract/S0092-8674(15)00549-8 http://www.cell.com/cell/abstract/S0092-8674(15)00500-0
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isolate single cells
(i) amplify genome efficiently

(iii) sequence DNA

(1)
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Clone contig
approach

Mapped segment —
of DNA

1 Shotgun sequencing
of mapped segment

Assembled
sequence

Position of
sequence is
already known

Figure 3-3 Genomes 3 (© Garland Science 2007)

Whole-genome shotgun
approach

Genome map

Shotgun sequencing

\of entire genome

sequences

Markers used to
anchor assembled
sequences on to
the map




Clone contig
approach

Mapped segment —
of DNA

1 Shotgun sequencing
of mapped segment

Assembled
sequence

Position of
sequence is
already known

Figure 3-3 Genomes 3 (© Garland Science 2007)

Whole-genome shotgun
approach

Genome map

Shotgun sequencing

\of entire genome

sequences

Markers used to
anchor assembled
sequences on to
the map
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Sequence assemblg

+A fundamental goal of DNA sequencing has been to
generate large, continuous regjons of DNA sequence —
L ONTIGS
N Principle, assembling a sequence isjust a matter of Fincling
overlaps and combining them.
oln Practice:
smost genomes contain mul’tiple coPies of many sequences,
+there are random mutations (ei’tlﬁer natura”g occurring
cell-to-cell variation or generatecl bﬂ FOR oF cloning))

othere Al SCC]UCﬂCiﬂg CIrrors

e SRS s s
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Sequences

CAATGCATITA e i |
s GCAGCCAATGC




Problems ith gnme-ide rpeats

two genome-wide repeats

Fragments

GCATAGCT Sequences

GCATAGCT
ﬁ

Incorrect
overlap




p Probs ‘ » emly eated » o

| e GATTIAGATTAGATTA

Incorrect
overlap




—_— . Genome
-1 sequence

. - .. Mini-

sequences

E

Ikb
Scaffolds

SCAFFOLD 1 SCAFFOLD 2
N R A
Sequence contigs  Physical gap Sequence gaps

| |

15kb




Short-Insert Paired End Reads

Long-Insert Paired End Reads (Mate Pair)
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Overview of genome assemblg ¢,

Sample collection

DNA sequencing

Pairwise read overlaps '“AGCTTTAGGCTASEQQ}SETATAGGCCT".

o o TR

4

. Based on Fig. 1 at Sedlazeck et al. 2018
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Overview of genome assembly (2)

String graph construction _"’_’m’_’_’_’_’ t ‘
b

Contig construction i
Scaffold construction
R —— m— o —t

Based on Fig. 1 at Sedlazeck et al. 2018
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Sunence assemblg
NGS case

S Volume ancl reacl length oxc cla‘ca 1Crom nex’c~gen sequencing
machines meant that the read—-centric over|ap aPProaches

were not feasible

. Alreadg in 1980’s Pevzner et al. introduced an alternative

assemblg Framcwork basecl on CIC L’)ruﬂn graph

+ Pasedonaideaofa graph with FixedJength subsequences
(k-mers)

- Keg is that not storing read sequences -ju5t k-mer

abundance information in a graph structure




k-mers (k=4)
ATGS;:TGC =) |[ATGC TGCT GCTA CTAT

ATGCGT TATG ATGC TGCG GCGT



Linear Stretch

Linear Stretch




Genome Assembly
Single Massive Graph

a,
/.

v
B \
r‘:‘ \“~\i‘l‘\

s e N R ‘l“’
<§ SN ,,'xl -

Entire chromosomes represented.

Trinity Transcriptome Assembly
Many Thousands of Small Graphs

Ideally, one graph per expressed gene.




:
Next»gen assembilers

+First de Bruijn based assembler was Newbler clevelope& bg o Life

Sciences

oAclaptecl to handle main source of error in 454 data — indels in

homopolgmer tracts
S Mang de Bruijn assemblers subsec]uentlg developecl

+ SHARCGS, VCAKE, VELVET, EULER-SR, EDENA, ABYSS and
ALLPATHS, SOAP

+Most can use Pair~mate information
oSIigl’ntlg different aPProach to transcriptome assemblg:

+lt has to a”ow many discontinuous gral:)hs representing single

transcript, inclucling Paralogs and alternativelg sPlicecj ones.

+SOAP-Trans, Trinitg
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-« Remember about biology!!!

DIOINFORMATICS CKEE 1)

e Remember about biology

e Do not trust the data

e Use comparative approach
e Use statistics

¢ Know the limits

e : TR e A g



