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It’s sink or swim as tidal wave

of data is qpyroacﬁing

Nature editorial, 1999
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GROWTH OF BIOMEDICAL
INFORMATION - GENBANK

= GenBank — WGS
5E+12
» GenBank Rel. 0 (V/1980) /
s 1000 seq
3.75E+12 T 166,000 Tt
2.5E+12 o GenBank Rel. 233 (Aug. 2019) /

» 214 mln seq; 367 bln nt

o 5.6 trillion nt in the “whole
125412 genome shotgun” section
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https:/ /www.ncbi.nlm.nih.gov/genbank/statistics/

TECHNOLOGY MEETS
BIOLOGY
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IMPROVING TECHNOLOGY

100,000,000,000

10,000,000,000

1,000,000,000

100,000,000

10,000,000

1,000,000

100,000

10,000

1.000

100

10

1

Moore's Law Forecast

Human Genomes

235,000

Human Genome

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

" Historical Rate's Forecast

34,000,000,000

4,000,000,000
121,000,000
53“”1

Human Genomes Human Genomes

Thus Far

Capacity
014

by 2019 by 2024

GETTING SEQUENCES

TGCATCGATCGTAGCTAGCTAGCGCATGCTAGCTAGCTAGCTAGCTACGATGCATCG
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
CGCGCGCATTATGCCGCGGCATGCTGCGCACACACAGTACTATAGCATTAGTAAAAA
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT
AGCTAGTGTAGCTAGCTAGCATGCTGCTAGCATGCAGCATGCATCGGGCGCGATGCT
GCTAGCGCTGCTAGCTAGCTAGCTAGCTAGGCGCTAATTATTTATTTTGGGGGGTTA
AAAAAAAAAATTTCGCTGCTTATACCCCCCCCCACATGATGATCGTTAGTAGCTACT
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
AAAGACCCCATCTCTCTCTCTTTTCCCTTCTCTCGCTAGCGGGCGGTACGATTTACC
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT

READING #UNDERSTANDING

Carmina qui quondam studio florente

peregi, flebilis heu maestos cogor inire

modos.

Ecce mihi lacerae dictant scribenda

Camenae et ueris elegi fletibus orarigant.

Boethius, Consolatio Philosophiac

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
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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

CHALLENGE: HOW
FROM THIS...

TGCATCGATCGTAGCTAGCTAGCGCATGCTAGCTAGCTAGCTAGCTACGATGCATCG
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
CGCGCGCATTATGCCGCGGCATGCTGCGCACACACAGTACTATAGCATTAGTAAAAA
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT
AGCTAGTGTAGCTAGCTAGCATGCTGCTAGCATGCAGCATGCATCGGGCGCGATGCT
GCTAGCGCTGCTAGCTAGCTAGCTAGCTAGGCGCTAATTATTTATTTTGGGGGGTTA
AAAAAAAAAATTTCGCTGCTTATACCCCCCCCCACATGATGATCGTTAGTAGCTACT
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
AAAGACCCCATCTCTCTCTCTTTTCCCTTCTCTCGCTAGCGGGCGGTACGATTTACC
GGCCGCGTATATTTTACACGATAGTGCGGCGCGGCGCGTAGCTAGTGCTAGCTAGTC
AGCTCTCATCGCGCGGGGGGATGCTTAGCGTGGTGTGTGTGTGTGGTGTGTGTGGTC
TGCATCGATCGATGCATGCTAGCTAGCTAGCTAGCATGCTAGCTAGCTAGCTATTGG
CTATAATTAGTGCATCGGCGCATCGATGGCTAGTCGATCGATCGATTTTATATATCT
CGCTAGCTAGCATGCATGCATGCATCGATGCATCGATTATAAGCGCGATGACGTCAG
TCCGGTTACACAGGTAGCTAGCTAGCTGCTAGCTAGCTGCTGCATGCATGCATTAGT
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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)

D N / \ Sto r9 DETERMINING THAT DNA IS THE HEREDITARY MATERIAL

@ )
o . Heat-kiled—_ "+ _». Lipids 1. Remove the lipids
1870 Friedrich Miescher 1944 Oswald Avery proves that Scols X7 rbiodaias and cwboftydaies
. . . . Vad o heat-killed S cells.
discovers DNA DNAis a genetic material H Proteins, RNA, and
8 DNA remain.
— 4
2. Subject the
Add Add Add ’
il solution to
¥ proteinases s 18 -
H 1. 2. to dest
4.+ Sample should <1 Sampleshould +:: Sampleshoud  giTES D SERTY
L5 contain i+ contain X contain RNA, or DNA.
%" NO PROTEIN 4% ° NORNA L~ NODNA

|
3. Add a small portion

Add R cells Add R cells ’/Add R cells of each sample to a
K eow K o P culture containing
- R cells. Observe whether

o e, - e, transformation has
) @® - Scels '@ - Scels NoScels  occurred by testing for
i appear o - appear appear the presence of virulent
Scells.

Transfofmation occurs No transformation occurs
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Sequencing: beginnings

o~ 1968 Ray Wu and A. Dale Kaiser sequenced
1964 Robert W. HOHCH determines 12 bases (1) of A Phagc’s 5 cohesive ends

nucleotide sequences 77 nt) of of its DNA, using rac{ioactivc]y labeled
195% James Watson and the yeast Alanine tRNA nucleotides and Polgacrg]amids ge|
Francis Crick discover J.Biol. Chem. 240: 2122-2128 electrophoresis
J. Mol. Biol. 35: 523~
DNA structure ol. Biol. 35: 525-557

(“Double Helix”)

17 18

Genome_informatics_1.key - November 14, 2019



Sequencing:

Ist generation sequencing

1977 - Allan Maxam and Walter Gilbert

cleve]ola DNA sequencing method i:)t:)

chemical clegradation

1977 Fred Sanger c{eveloPs
Z’,§’~dic|eoxy chain

termination method

Chemical clegraclation sequencing
(Maxam & Gilbert)

DNA extraction The G reaction
Molecule to be sequenced
(many copies)
. Orrrrrrrrrrr o rr ST
DNA fragmentation e
l, l Dimethyl sulfate
X s e
Strand dissociation Orrrrrrrr= 6§ €
Me
O et
. . . 5 Me
Radioactive labeling of 5’ end OrrrrrrrrrrS eSS
1 Piperidine
Nucleotide-specific chemical reaction  eqrrrrrrres B e ans)
Orrrrrrrrrrrore T
O o rre T banas

DNA cleavage at modified site

Figure 4.6 Genomes 3 (© Garland Science 2007)
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Chemical qegraqation sequencing

(Maxam&Gilbert)

5 2PGCTACGTA 3

g

Cleavage a: A+G G C C+T

Four different reactions to detect
four different nucleotides

Polyacrylamide gel electrophoresis can
resolve single-stranded DNA molecules
that differs in length by just one
nucleotide and a sequence is read from
an autoradiograph

vy

“Peer - PPaetac’Pc PP
PGCTAC “PGCTA "PGC
PPGCTACGT 2PGeTA
PPGCTACG
MG G C T

7 - A

6 - T

5 - e G

4 - - |C

3 | - A

2 - T

I - - |C

Sequencing Gel

Chain termination DNA sequencing

(Sanger)
(&) Initiation of strand synthesis  (B) A dideoxynucleotide
Primer P - use of DNA polymerase
' 3 Template DNA Cor 9
PTG 0-p-0=P-0=F-0-CHz _ af .
3 TTTS [ need for primers
ok - for each nucleotide a

different analog
# Position where the
-OHofadNTPis
replaced by -H

similarly to M&G
method separation of
DNA fragments on
polyacrylamide gel

(€) Strand synthesis terminates when a ddNTP is added

an dda for each nucleotide a

separate reaction

= re—ddy - sequence reading from
an autoradiograph
rrrrddh ddA
T THE'A’ FAMILY

Figure 4.2 Genomes 3 (© Garland Science 2007)
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SCC] UCﬂCing: maturation

+ 1985 - Marvin Caruthers deve|0ped
amethod to construct Fragments of N
DNA of Predetermined sequence
from five to about 75 base Pairs
]ong. He and Lerou Hood invented
instruments that could make such
icragnents automatica”g,

1983 ~ Karu Mullis invented the

Polgmerase chain reaction (PCR)

.

.

tecnnique

.

1987 - ABI 370; first Fu”g automated
sequencing machine bg Lerog Hood

1995 - Craig Venter uses whole-
genome slﬂotgun sequencing,
technique to determine comP|ete
genome of bacterium HaemoPhilus
influenzae

2005 - introduction of Gs-20
sequencing machine; first in the line
of “Next Generation Sequencing”,
a”owing hihg—throug[ﬁput

Productio n

Sequencing: maturation

ddA @ ddC@® {dNTPs - each witha
ddT @ ddG different fluorescent label

Sequencing reactions,
fractionation of products

——ddT@
— ddA @

—ddA @

ddG i Imaging system ..
——ddc® | K .
e ddC Detector £
——ddG

Fluorescent bands
move past the detector
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SCquencin g: maturation

Sequencing: maturation

CACCGCATCGAAATTAACTTCCAAAGTTAAGCTTGG SLAB GEL I
Wells for
samples
Back plate — ~—— Front plate ~—— Capillary,
50-80cm
Gel, <1 mm —, Gel, 0.1 mm — inlength
thick diameter
Chromatogram of a DNA sequence generated by ABI sequencing y
machine (https://www.dnalc.org/view/15912-Sequencin; -DNA.html ) '
25 26

Sec]uenci Ng;: maturation

+ 1987 - ABI 370; first fully
+ 1983 - Marvin Caruthers automated sequencing machine
devc|oPcd amethod to construct
ﬁagmcnts of DNA of
Predetermined sequence from five + 1995 - Craig Venter uses whole-
to about 75 base Pairs Iong He genome slqotgun sequer\cing

and Leroy Hood invented tcchnicluc to determine comP!ctc

instruments that could make such genome of bacterium Haemophi!us
Fragrnents automatica”g. influenzae

+ 1983 - Kary Mullis invented the + 2005 - introduction of GS20
Polgmerasc chain reaction (PCR) Sequencing, Tachiﬂe (‘?5‘1' Lige
technique Sciences); first in the line of “Next

Generation Sequencing”

Next Generation Sec]uencing

+ Massive Para”clization of the

sequencing process
- Relative‘y short reads

+ Different aPProaches from
imProving Sanger’s tecl‘vniquc to
direct “observation” of DNA
through amicroscope

- Attempts to sequence sing|c

molecules without amP|hcication step

27
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Next Generation Sequencing

°l= Pgrosequencing (Roche454)

+ 2 — lon torrent (Thermo Fisher)

+ 3 —llumina

NGS — Pgrosequencing

|ibrar9 Prcparation

LN i

2) Clonal Amplification 3) Load beads and enzymes
on 28 s beads. in PicoTiterPlate™

29
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NGS - Pgrosequencing

5amPlc PrcParation

Load Enzyme
Load beads into  ° Beads
PicoTiterPlate™ @Q
B ———
Centrifugation

NGS -~ Pgrosequencing

+ After the emulsion PCR has been + The P|ate is couP|cc] toa fiber optic
Pcrformcd, the oil is removed, and c}ﬂ'P. A CCD camera records the
the beads are put intoa “Picotiter” [x’g{qt flashes from cach well.

P|atc Each well is‘just brg cnough to
hold a sing|c bead.

+ The pyrosequencing enzymes are

attached to much smaller bcads,
which are then added to each well.
The P|ate is then rePcatec”H washed
with the each of the four ANTPs,
P|us other necessary reagcnts, ina

rePeating cycle. Light+ o ucferin

.

31
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NGS - Pgrosequencing

Extension with individual dNTPs gves a

35 PCR-amplified 3’ &5 readout. The readout is rec<})|j<:lcc| bg a
‘ colony detector that measures Posxtlon of |rg}1t
—): o / flashes and intensity of light flashes.
C v
G o . > T
8 8 Extended
Extended with dCTP

with dATP

5
—_—0 ]
°
H i /
C e © oe

oY Yo ) s
06— @
o> e o

Continue cycles

NGS - Pgrosequencing

Example of a Flowgram

s TTCTGCG

iy

— |
LU, ‘J_.I,_U_. LD

Key sequence = TCAG for identifying wells and calibration

Ll Mu._._u_ i
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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

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

NGS -ion torrent
Simple Natural Chemistrg

Sequencing bg sgnthesis
5 — 4dNTPY 5 E— Eliminate source of sequencing errors:
—— | e—— _ Modified bases
aNTPs ~ Fluorescent bases
—h— —  Laser detection
Example: Primer . —  Enzymatic amplification cascades

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

(@ W1 )6 @ 0 C

(RRPERREED,

——
Template

35
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NGS -ion torrent
Fast Direct Detection

dNTP . DNA - lons > Sequence

B 5 — 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  recelver “ LR

NGS -ION TORRENT

Four nucleotides flow sequentially

AT

Nucleotide———" \
incorporates . Hydrogen ion
into DNA is released
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Base call NGS ~-ION TORRENT
5
4! ........................................................................

3+

e IIII """" mi

wn
[
7]
13}
m

TACGTACGTCTGAGCATCGATCGAT GTACAGCTACGTACGT CT GAGCAT CGAT
0 20 40

Flow
A

Base call NGS ~ION TORRENT
5k
G|

3L

W
]
wn
[}
m

2+
0
TACG|ACGTCTGAGCAT CGATCGAT GT ACAGCTACGTACGT CTGAGCATCGAT

0 20 40
Flow

39
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Base call NGS -ION TORRENT

TACGTAQGTCTGAGCAT CGATCGATGT ACAGCTACGTACGT CT GAGCATCGAT
0 20 40
Flow

A TC

Base call NGS -ION TORRENT

Bases

2+
0
TACGTAQGTCTGAGCATCGATCGAT GTACAGCTACGTACGT CT GAGCATCGAT

0 20 40
Flow

A TC 4xT

41
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Base call NGS ~-ION TORRENT

5]
47, ........................................................................
SR S & I SR
27, ...............................................................

-

TACGTACGTCTGAGCAT CGATCGATGT ACAGCTACGTACGT CTGAGCATCGAT
0 20 40
Flow

wn
@
w0
©
[as]

ATCGTGTTTTAGGGTCCCCGGGGTTAAAA...

NGS - llumina
Workflow

GENERATION SEQUENCING & ANALYSIS

[

|
‘ -

43
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NGS - lllumina

T}’IC ‘HOW CC” - acore CO!’nPOI’]CI’lt

G EXCEPT SAMPLE PREPARATION IS COMPLETED ON THE FLOW CELL
nealing (1 - 96 samples)

plification

primer hybridization

ig-by-synthesis reaction

of fluorescent signal

NGS - lllumina

PrcParation of template

\QQCE@ template DNA
1
9 fragment  eeeeeens »
1
_ repair ends
a 1
p— add A overhang
¢ ligate adaptors &
1 purify on gel - -
= =] enrich 8 - [m
1 e T r
genomic library = 1 ‘ b‘( UU‘
& florary QG ES gl
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NGS - llumina
PreParation of template

5 Transposomes 3
DNA

Another sheering method: transposomes — enzymes for DNA cleavage

NGS - lllumina
The flow cell is mounted on the cBot

IMATICALLY

ibrary into the lanes of the flow cell

ies templates

s sequencing primer to templates

Terminal
Sequence 1 Index 1 Index 2
s i— >
? - s
Primer T . X .
Adapter Primer Binding Site 1 Binding Site 2 T Terminal ntion-free clonal amplification in 4 hours
Sequence 2
Adapter touch screen operation
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NGS - llumina
Hgbridization of temP!ate

OH Or > > —_—
BT BT Y
1 11 11 11
P7 PS5
Grafted flowcell Template Initial extension Denaturation
Hybridization (Taq Polymerase) (Formamide)

NGS - llumina
Amplhcication of temPIate

1t cycle 1t cycle 1t cycle 2m cycle
Denaturation Annealing Extension Denaturation
(Formamide) (Bst Polymerase) (Formamide) l
N n=35
i OV ) total
iy —
! by
L 11 I
L 27 cycle 27 cycle
extension annealing
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NGS - lllumina

lncorporation

1. Incorporation

Eadiad

NGS - lllumina

Scanning

1. Incorporation

2. Scan

51
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NGS - llumina
Cleavage

1. Incorporation
2. Scan

3. Cleavage

NGS - lllumina

Millions of clusters are sec]uencecl in Para”el

53
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NGS - lllumina NGS - lllumiﬂa
A Picture is taken every time a new base is added The How ce” is mountecl on tl’le sequencer
. HEEEEEENENNNEENEEENEEER
Sequencing EENEENENNEEEEEEENEENE
36bp —100bp CCD camera
collects
laser-excited
fluorescence
§ sequencing reagents pass
G through the 8 lanes inside
the flow cell
1 2 3 4 5 6 7 8 9 :
Q. -Q..1'e .1 . T -
o =0 o il sequencing
reaction is
Image acquisition Base calling ‘Ecrg'n)\er;tée
55 56

Third Generation Sequencing Pacbio

1 — Pacific Bioscience (Pachio)

2 — Minlon (Oxford Nanochhnologics)

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

57 58

Minlon: Sequencing using

Minlon

nano PO I'eés
ShhbbRESddIIVVIVYY VYL
+ Nanopores as Po|5mer sensors. O‘Zﬁf'"‘
3
. . S5 o e o D)
+ Theidea cmerged in ear|5 1990s. g'Of‘ "r)/\" ;QS/
+ Fundamental work done 135 David e G
. . R NAAALD
Deamer and Daniel Branton in =N ‘@
. . . . [-.‘7(}'.‘A-' 3 -
collaboration with John Kasianowicz. /;:3 gﬂ’g‘ ./‘d!

(PNAS 1996 146:15770-1577%)

- Bio]ogica|5 relevant exPeriments - i
since 2010. » ) o

59 60
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, 4
-

)
.

Ty T AT AA €CGC TCACCCETC TGCA T e ¥

308 W 32
Tire (s)

MinlON basics

https://nanoporetech.com/science-technology/introduction-

to-nanopore-sensing/introduction-to-nanopore-sensin

L]

s U

- Sgntl'lctic membrane

© Afiowof ions thr

el
- NanoPore () is created b}j 0 onoproen —— (S S
s | Wﬁ:’:nb ‘altering the current.
modified protein pores: o~ ot I
hcmolgsin, CsgG from E.coli ?ﬁ?ﬁm ‘ll\w-lmmlh
s
and holds.

an ‘adapter”
+ Non-destructive motor Protcin i ::-“w'm*
) (actua”g serves as a break) eried dectonical.

61
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MinlON basics

https://nanoporetech.com/science-technology/introduction-

to-nanoporc-scnsi ng/ introduction—to—nanoporc—scnsing

I \‘
ONADOUBLE
HELX f

© Aflowof ons th
the pore creates acurent
Each base tlocks the
fowtoa dffeent degree,
curent

512 channels (Porcs) per flow cell.
Usua][ﬂ about 90% are working.

QRCad iength: overa mi”ion OF bP

+Read sPeed: 8 bases to 20 bases/

sec
+Run time: max 48 hours
+Error rate = 5-10 %

oSequcnce gie]d per flowcell: 15cb

ientfied electonicaly.

.ComP|c>< a]gorit]qm for base ca”ing
using neural network aPProach

{QNANOPQRE.

High molecular
wieight DNA >30 kb

Easy, standard template l el

. Fragments
preparation E, §;§; <‘ %j
Time of |ibrary preparation:

1D - about ten minutes
2D - up to two hours

Costofa single run:
reagents $200
flowcell s1000

Goniton tho Fagmonts
o nancpors ssancng

63
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MinlON dataflow

MinlON — the device

Nanopore sensing s carried out on the sensor chip, contained in the Aow cell inside the MinlON device. Data s processed by an
Application-Specific Integrated Circuit (ASIC) also in the flow cell and processed in real time by the MinkNOW software

MiIinKNOW - the software

MInKNOW is the software that controls the MinlON. It carries out several core data tasks and can be used to change experimental

workflows or parameters. MinKNOW runs on the user’s computer.

ALBACORE - base calling

Albacore s a command-line (some programming skils are required) base-calling software, developed for Minion and accounts for
specific sequencingerrors

Numerous aPPlications explorecl by MinlON
Access Program (MAP)

+ Genomic DNA sequencing,

+ Metagenomic analysis

+ Medical diagnostics (in development)
« Species identification in the field

+ Splice variants identification

+ Virus detection in the field

« Sequencing in space, efc ... ©

65
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Comparison table

Comparison table

454 llumina lon Torrent PacBio Minlon
Method i Bridge ficati lon semi ingle-molecule in
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
chemoluminicent nucleotides. Detector: ion sensor  |labeled cleaved when different
synthesis | reaction (luciferase | Detector: CCD camera pyrophosphates. [nucleotides pass the
enzyme). Detector: ZMW re.
Detector: CCD camera camera (sensitive!) ~|Detector: ASIC
-measures ionic
current flow

llumina: https:/wow.youtube.com/watch?v=FCdéB5HRazs

Jon Torrent: https:/ /w.youtube.com/watchv=WyBzbxlfuks

PacBio: htps: youtube.com/watchv= B cUZshsYU

Miolon: htps//nanaporetech.com/how-t-works

454 lllumina lon Torrent PacBio Minlon
Read length 700 bp 50-250 bp 200 bp 3000-15000bp | 500-100000
Reads per run 1 million upto3 upto 5 million 35000-75000 30-400
billion million
Time per run 24 hours 1-10 days 2 hours 30min-2hours | 6-48 hours
Cost per million 10$ 0.05-0.15% 13 2 2
bases
Machine cost 120.000- 80.0005 695.000% 15008
650.000$
Error rate 0.1-1% 05-1% 12% 12% 5-10%

67
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T e 100000 o P

2025 8 At

chil:)~seq experiments

1. Chromatin crosslinking

) ¢

2. Chromatin shearing

3. Immunoprecipitation

-

4. De-crosslinking

9

5. Library preparation
-

Methods in Molecular Biology r204:15°24 (01)

69
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chip-—seq expcriments

60
N
0.14
|

40
N

20
N
T
5

tag density
0
L

tag counts

Ul alial

-20
1

T
5
0.04
1

0.02

-40
|
strand cross—correlation coefficient
o

A

— T T T T T — T T T T T T T
110,500,100 110,500,200 110,500,300 -100 -50 0O 50 100 150 200 250 300
position on chromosome 1 relative strand shift

-10

0.00

Nat Biotechnol. 2008 Dec; 26(12): 13511359

Single-ce” sequencing

200

150 METHOD OF THE YEAR -

100

; .|ILII‘|

50
2007 2009 2011 2013 2015 2017 2019

Number of articles in PubMed

71
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5ing|c~ce” sequencing

appllca’clons

- Dcvclopmcntalﬁio]ogg
«+ Cancer Biologg
- Microbiologg

- Ncuro]ogzj

Develol:)mental Biologg

How do animals grow and
develop from a single cell?

socrn

73

° Qs,‘,mm.

Pluripotent Stem Cells

A Differentiation
0 ) ) seftrenewal

Tissue Stem/Progenitor Cells

2 TR

B =

4@

v
0 )~ 0

Various cel ltypes

Developmental Biologg

+ We need sing|e—ce” resolution to:

« Discover more comP[icatecl mechanisms in cellular

development

« Confirm the distinct gene cxpression signatures
across different cell tgpes

« Identify functional differences among the same cell
Y g

cell tHPC

75
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5ing|c~ce” sequencing

aPPIications

- Developmcntal Bio]ogg
« Cancer Biologg
- Microbiologg

- Ncuro]ogg

Cancer Biologg
® 06 @®_§

Egg Y Sperm Egg Sperm
oo + chance -
@ A Qi wemon: ﬁ ﬂ\ D Farmaiogs inhorts

|8, tsien n onocopyof i gene @ Mutation in one copy of AB gene

© Mutation in second copy of RB
gene occurs inone or more retina cll.

%E‘E‘g ) @ @

Mutation in second copy of AB.

S
®

gene occurs in one or more retina cells.

N ~
3§ ”’{
SRS Mooy
008 o

77

78

Genome_informatics_1.key - November 14, 2019




Cancer Biologg

A Stochastic model

Tumors are composed of

genetically and phenotypically ¥ — x
heterogeneous clones Q -9 .
v

Genetic F / B Cancer stem cellmode!

change that O O 'e)

is neither . oO—0—0 %
inherited \' N \“

nor passed

onto the ° C ombination model

offspring is . e} 1 e N O

calleda ° o—0—0 %
ey | ‘S $

A, Mo genetcepigenetoavents
http: thelcr. ile/1415/himl/10439

Cancer Biologg

A Stochastic model

Y- x .
Q - :|>
v—&
O O O
000 }@

C Combination model

Deep (bulk) sequencing can only

capture 1% of the cell population 2 l, 2 l, 2 %
(excluding some types such as N N N
circulating tumor cells). “ O 0

A Mofr gensticepigenstic vents

hitp:/www.thelcrorgfarticle/viewFile/1415/himl/10439
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Caner Biologg

+ We need sing!e~ce” resolution to:
+ Find evidence for models of cancer
+ Infer timing of mutations and the drivers

Y Evaluate effectiveness of targetccl therapg

Single~ce” sequencing

aPPlications

- DcveloPmcnta[ Biologg
«+ Cancer Biologg

- Microbio]ogg

- Ncuro[ogg

81
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Microbiologg

Microbiologg

+ We need singlc-ce” resolution to:

+ Discover low-abundance sPCcics that are

difficult to culture in vitro

«+ Monitor transcriPtional gene activation

mechanisms for functional annotation

83
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Singlc-ce” sequencing

appllca’clons

. Dcvclopmcntal Bio]ogy
«+ Cancer Biologg

. Microbiologg

- Ncuro]og@

Microbiologtj

4§

Neuro-  Radial ORG Migrating Immature Mature Intermediate Mature Intemeuron
epithelial ~glial (RG) neuron  astrocyle astrocyle  progenitor neuron

85
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Neurologg

+ We need single—cc” resolution to:

- Study the mosaic genomes of individual neurons
and comPositions in the brain

+ Follow genetic variations during fetal development

- DcveloP targeted t]'mcrapg for neurologica|

diseases for sPeciFic cell types

88

» Standard genome sequencing

DNA s extracted from allthe nuclei.

Loads o
& =)
o SN

=

P -

DA S S
Asan ousands to is broken into ragments  The sequences are asse a
il ted and then sequenced. s

5ingle~Ce” Technologies

wEEEeE

(i) isolate single cells
(ii)y amplify genome efficiently

(iii) sequence DNA

89
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Single—-Ce” Technologies

Flow cytometry
e.g. FACS

e.g. laser capture e.g. mechanical

e.g. chamber or droplet
aspirator

/. —-/»
\
(5 _Q\
900 000 \ °® @@
Y/
Z
\ ! /‘(/
ChiP-gPCR/seq;

histone modifications

3 pooled
3 cells DamID:
Single-cell >>
3 Subpopulation factors
analysis

Cell Sorting

Manual

dissociated cells

o D@
o= .
Glass- 4 capiary Micro-
fluorescence botomaish || manipulator
microscope N
25x |
\ Objective

catipne / \:‘::;;:L‘ Rucieosoma mapping o ©@
~100 cells
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. “$A-Tracer: tracking of protein-DNA interactions
FUM-FRET: chromatin compaction
TRENDS in Coll Bology
Cell sorti Cell Sorti
. ) LCM LCM: laser capture microdissection
FACS FACS: fluorescence activated cell sorting
. k - cryosectioned
dissociated cells tissue
nozzle ¢ = =
Eops ” i
low
[ o} Tcell laser beam VA cyto- uv
o suspension meter laser
]
Laser O g e =
Q)- [reem—"
FACS P IR
: machine * » » ey laser |
Jqe © (@) O =) 4. cell culture,
N (=) @ analysis, etc.
= 2. staining of U g +1000
>10 000 membrane; R I
@ oo cytoplasm, Eiwarl JW, 2000jan02 cells

and nucleus 3. cell sorting

93

Cell Sorting

Before Ab secretion After Ab secretion

Sorted droplets

y < Incubation off-chip | - >
BIOIG) N OIS
8137 *C/5% CO,

Laser slit

==
C® Ab-producing cell ‘ﬁ' Streplavidin bead |~ Detection Ab
covered with
@® Nonproducer Y~ capture Ab Y Secreted Ab

({37 Jcccececee >}
Encapsulation 100 L&-hjocmn

https://media.nature.com/full

prot/j ges_article/nprot.2013.046-F4.jpg

High-throughput (~100,000 cells) Encapsulation

Cell Sorting

Reverse transcription
in droplets. reaction in droplets

Drop-seq single cell analysis

L@ L ek
& - ¥%

hity

1000s of DNA-barcoded single-cell transcriptomes

Drop-seq inDrop

cell.corr 50092-8674(15)00549-8 http ww.cell.cor

50092-8674(15)00500-0
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(i) isolate single cells

(ii) amplify genome efficiently

(iii) sequence DNA

chuencing informatics

AB
[ Genome map
Mapped segment — =]

of DNA Shotgun sequencing
of entire genome

l Shotgun sequencing
of mapped segment

Assembled A B o e it Assembled
sequence  SlE—=
Position of Markers used to
sequence s \ / / anchor assembled
already known sequences on to
. _ the map

AB C DE F GH

Figure 3-3 Genomes 3 (2 Garland Science 2007)

Sec]ucncing informatics

Genome map
Mapped segment — == .
of DNA Shotgun sequencing
of entire genome

l Shotgun sequencing
of mapped segment

D E H

Assembled Assembled
sequence
Position of Markers used to
sequence is \ / / anchor assembled
already known sequences on to
— — - the map

Figure 3-3 Genomes 3 (& Garland Science 2007)
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chuence asscmblg

+Afundamental goa] of DNA sequencing has been to
generate [argc, continuous rcgions of DNA sequence —
CONTIGS

~In Princip[c, asscml::[inga sequence isjust a matter of Finding
ovcrlaPs and combining them.

~In Practice:
smost genomes contain multiple copics of many sequences,

sthere are random mutations (either natura[lg occurring
cell-to-cell variation or generatcd 139 PCR or c[oning) s

OtI’ICrC are SCCIUCI’!Cfﬂg errors

DNA

500 bp

Fragments

Sequences
CAATGCATIT A s & |

101
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Assemblg Problems

Problems with genome-wide repeats

two genome-wide repeats

/ \ DNA

Problems with tandemly repeated DNA
DNA

Fragments

Q Fragments
Sequences
|5 GAT|AGATTAGATTA o
GCATAGCT H Sequences Lo Sessie oy
i SCATAGET, Incorrect
Incorrect overlap,
overlap
103 104
Assemb |9 PrOb lems: Sequencing gaps - pair end reads to
sequencing gaps the rescue
' Genome Short-Insert Paired End Reads
______________ sequence
ST TRE T REET RS Mini-
= = = = sequences
kb - <
Scaffolds
SCAFFOLD 1 SCAFFOLD 2 Long-Insert Paired End Reads (Mate Pair)

e e N e A
Sequence contigs Physical gap Sequence gaps
e

15kb

105
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Overview of genome asscmblg 6,

Sample collection

/ _
DEZX

DNA sequencing

Overview of genome assemblg )

String graph construction %_»

Contig construction —=—==

Scaffold construction

i ..AGCTTTAGGCTAGCAATGC
Pairwise read overlaps GCAATGCTATAGGCCT... /—\
7N 7N
Based on Fig. 1 at Sedlazeck et al. 2018 Based on Fig. 1 at Sedlazeck et al. 2018
107 108
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Assemblg evaluation - N50O

15kb
15kb
okb 12kb
12kb 9kb ) 9kb
2kb __Tkb
__Tkb 6kb
5kb kb

2kb

If one orders the set of contigs produced by the assembler by size, then
N50 is the size of the contig such that 50% of the total bases are in
contigs of equal or greater size.

15+12+9+7+6+5+2 = 56.

56/2 =28 -> N50is 9kb (15+12 = 27 is less than 50%)

Secluence assemblg
NGS case

+ Volume and read lcngtl’a of data from next-gen scqucncing
machines meant that the read-centric ovcrlaP aPProac]'!es
were not feasible

- A]reac]g in 1980’ Pevzner et al. introduced an alternative
asscmblﬂ framework based on de Bruﬁn graph

+ Based onaideaof a graph with Fixec}—]ength subsequences
(k-mers)

+ Keyis that not storing read sequences —J’us’c k-mer

abundance informationin a graPh structure

109
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De bruﬂn graph construction
» ATGCTATGCGT

k-mers (k=4)
3 [ ATGCTA
8. CTATGC = |ATGC TGCT GCTA CTAT
@ ATGCGT TATG ATGC TGCG GCGT

/ ATGC — ATG,TGC
/ k-mer (k-1)-mer

de Bruijn Graph
Eulerian path

TATG

+&-continuous linear stretches within the graph
-@-assembler keeps information about reads coverage for each k-mer/node.

Flicek & Birney (2000) Nat Meth, 6: $6-S12.

Linear Streich

ARG REARELT
) ) ® [ (29

Linear Stretch

Graph is simplified to combine nodes that are associated with the continuous
linear stretches into single, larger nodes of various k-mer sizes.

Error correction removes the tips and bubbles that result from sequencing errors.
Sequencing errors are low frequency tips in the graph.

Flicek & Birney (2009) Nat Meth, 6: S6-S12.
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SCqUCﬂCC assembly: genome or

transcriPtomc

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

L]

e Neee®t e

1Y &Orcow.z [}

N'.Hiooq“ 90
w & ek ‘

be, bi;’;' --w

Entire chromosomes represented. Ideally, one graph per expressed gene.

Next~gen assemblers

WFirstde Bruijn based assembler was Newbler dcvc]opcd bg 454 Life
Sciences
oAdaPted to handle main source of error in 454 data — indels in
homopo|3mer tracts
+Many de Bruijn assemblers subsequcntlﬂ clcve[opcd
+SHARCGS, VCAKE, VELVET, EULER-SR, EDENA, ABySS and
ALLPATHS, SOAP
+Most can use Pair—matc information
.S[ight]g different aPProach to transcriPtome assembly:
+lthas to allow many discontinuous 5raPh5 rcprcsentingsinglc
transc.ript, inc|uc|ing Paralogs and a|ternativelg 5P|icec| ones.
+SOAP-Trans, Trinity
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BIOINFORMATICS CREED

¢ Remember about biology
« Do not trust the data

* Use comparative approach
« Use statistics

o Know the limits

e Remember about biology!!!
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