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Who am I? Why am I here? | o

Part 3
Part 4
Part 5

I am an associate professor in genetics and ecology

Interested in adaptation at the genome level (butterfly / fish)

I could probaby define myself as an experienced user / wet lab
developper playing with NGS in the biodiversity field

] e B
By Jean-Frangois Martin



Goals and expectations m| Part1

The aim of this discussion today : make sure that everyone is on
the same page with regards to NGS approaches

It is also to guide the ones begining with NGS through my own
experience -> interaction !
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What NGS changes for biologists
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What NGS changes for biologists M| Partt

General improvements and changes

The history of NGS development techniques is young
(around 10 years)

It is characterized by general trends

o more and more sequences
o and /or longer sequences
° diminishing prices



What NGS changes for biologists M| Partt

General improvements and changes

From a few 1kb sanger sequences to hundreds of millions reads

This shift in data acquisition has direct an undirect
consequences on lab’s life.



What NGS changes for biologists M| Partt

General improvements and changes

Important parameters for the available technologies:

Length

Quantity of reads
Quality of the reads
Price ?



What NGS changes for biologists m| font

Long standing scientific questions that
can be addressed
Improving phylogenies through multiple markers

Homology ssment
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What NGS changes for biologists

Long standing scientific questions that can be
addressed

Resolving phylogeography and relationships in species
complexes
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What NGS changes for biologists

Long standing scientific questions that
can be addressed

Testing selection and demography scenarios

LGXXI




What NGS changes for biologists M| Partt

Long standing scientific questions that
can be addressed

From population genetics to population genomics
in general

Basically, analyzing genomes in interaction with
their environment is now feasible and
accessible to anyone



What NGS changes for biologists o [l

Basically, analyzing genomes in interaction with their
environment is now feasible and accessible to anyone
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Current technologies &
perspectives
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Current technologies & perspectives g a2
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Currently available technologies

Roche 454
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Current technologies & perspectives g a2

Part 3
Part 4

Workflow

Sample Fragmentation

Library Preparation

emPCR Setup

emPCR Amplification

Pyrosequencing

Data Analysis

Bl
By Jean-Frangois Martin



Part 3
Part 4
Part 5

emPCR

Emulsion PCR is a method of clonal amplification which allows
for millions of unique PCRs to be performed at once through
the generation of micro-reactors.

Emulsion-based conal amplification

o e -

He®

Anneal sstDNA Emulsify beads Clonal amplification Break micro
to an excess of and PCR reagents occurs inside micro reactors,
DNA Capture in water-in-oil reactors enrich for
Beads micro reactors DNA-positive

Current technologies & perspectives g a2
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Current technologies & perspectives gl rae:
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Massively Parallel Sequencing
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Current technologies & perspectives gl ru:
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Pyrosequencing

Signal image
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Current technologies & perspectives gl vz

Part 3
Part 4
Part 5

Data Analysis

T Base ‘ABase [ cBase | G Base
Flow Flow Flow Flow

- Raw Image Files

4

Image Base- Quality
Processing calling Filtering

4
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Current technologies & perspectives gl ru:

454 Platform Updates

GS20 ¢ 100bp reads, ~20Mbp / run
GS-FLX ¢ 250bp reads ~100 Mbp / run (7.5 hrs)
GS-FLX Titanium ¢ 400bp reads ~400 Mbp / run (10 hrs)

R D@ =RIInaREEY » 700 bp reads ~700 Mbp/run (18 hrs)
GS Junior ¢ 400 bp reads ~ 35Mbp/run (10 hrs)




Current technologies & perspectives

454 Sequencing Output

o * sff (standard flowgram format)
e * fna (fasta)
e * qual (Phred quality scores)

Numear Of Lbeary Bases
&3 000 00 — Drary S
5 000 060

*a 000 oco '

B! Part2



Current technologies & perspectives gl ru:

So 454 is well adapted when long sequences are
needed or at least beneficial?

Yes !

But no



Current technologies & perspectives g a2
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Currently available technologies

Ton torrent Applied Biosystems:
Ion Torrent PGM
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Current technologies & perspectives g a2
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Ion Torrent

* lon Semiconductor Sequencing fEmm—____. e = 3
+ Detection of hydrogen ions during

the polymerization DNA S

» Sequencing occurs in microwells s

with ion sensors
* No modified nucleotides
* No optics

I
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Current technologies & perspectives

Ion Torrent

e DNA - 1Ions - Sequence

- Nucleotides flow sequentially over Ion
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

To column
receiver

Silicon Substrate

Part 1
Part 2
Part 3
Part 4
Part 5
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Current technologies & perspectives gl ra2

Ion Torrent: System Updates

314 Chip e 100bp reads ~10 Mb/run (1.5 hrs)

. e 100 bp reads ~100 Mbp / run (2 hrs)
316 Chip [ bp reads ~200 Mbp/run (3 hrs)

318 Chip e 200 bp reads ~1 Gbp / run (4.5 hrs)

N

400 bp reads
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Ion Torrent Reads

e * off (standard flowgram format)

e * fastq (sequence and corresponding quality
score encoded with an ASCII character, phred-
like quality score + 33)

Qualty scomes 2crens o Dases (Sarger / fuming | & encodeg)

Read Length Histogram

NIl
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Current technologies & perspectives gl ru:

Currently available technologies

Applied Biosystems SOLID

SOLID




Current technologies & perspectives g a2
4
Part 5
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Sequencing by Ligation
~
> ” & C-T-n-n-nez- +
g . Primer g 3W+ 3 G-G-n-n-n-z-2-2 +3' = — +
| 8 TITTTT
Bead - 3
| Adapter Sequence Template Sequence
g T ¥ Primer +
| IIIIIIIIIE-TA-MI-I
é vBead - Adapter Sequence Template Sequence .
g A w Primer e :*
g T TcAmmss
g Bead ; U ¥
| < Adapter Sequence Template Sequence
J
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Current technologies & perspectives

2 Base encoding

Possible Dinucleotides Encoded By Each Color

2nd Base

Template Sequence

— AT AC AA
CG CA CC TC
— GC GF GG AG

_I—-TA 16 TT T

ACGT\

1st Base

[—-IG)O?P\

Double Interrogation

With 2 base encoding each
base is defined twice
A T G G A

Part 1
B! Part2
Part 3
Part 4
Part 5
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Current technologies & perspectives gl ru:

AT
CG
GC
Primer n TA

Primer n=2 AA

Part 3
TT GT TT GT AT Part 4
GG TG GG TG CG
cc AC  €C AC  GC Part 5
AA CA AA CA TA
GT T T T AT T
TG 6 G G € G G
AC C c cC G¢ c
CNA AN NA NA TNA  NA

TT T 7
G G G G
c C c cC
NNA ANN_  ANNA

o RN ERRRERREREARS AR ARRR RN RN RRRRRRRRRRRRRRRRR RN

. P1 Adapter T 3

T TT TT

G GG GG

Cc ccC ccC
Primer n-3 AAA NNNAANNN

T
G
Cc

TT
GG
cc

TT
GG
cc

NNNAANNNA NNNAANNNAAN

T T T O T T T T T T T T T T T T

. P1 Adapter T 'Ls'

TGTTTACCTGAAGTTACTTAGGCATGTGCAAG

TTTTTTTTITTTITIT T I I I T I rToToTT

. P1 Adapter ITAGACAAATGGACTTCAATGAATCCGTACACGTTC 3’

Primer n-4 AA

ITITTTTT T T T T

Template
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Current technologies & perspectives

AA™ AC\AC /AA-A AT AA AG AG
CC CA CA" CC c1(\ccs,cc—c CT
GG GT GT GG GA "GC GG GA\GA
m T8 T 1TI TC TA TI TC TC

B! Part2

L=
AA AC CA AA AG GC CC CT TC

¥

AA C A A G C C T C

3
AACAAGCCTC



Current technologies & perspectives gl ru:

Platform Updates

. e 50bp Paired reads ~50Gbp / run
SOINDES (12 days)

. e 50bp Paired reads ~100Gbp / run
SOLID 4 i

e 75bp Paired reads ~300Gbp / run
5500xl e

Maximum yield / day 21,000,000,000bp
7x the human genome
3.5 hours of sequencing for a 1 fold coverage.....
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Current technologies & perspectives g/ sz

o * csfasta (colour space fasta)
e * qual (Phred quality scores)

AC

AG

AT

cC

Cca

CT

CG

GG

GT

GA

GC
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Yellow

Part 3
Part 4
Part 5

SOLiD Colour Space Reads
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Current technologies & perspectives gl ra2

Currently available technologies

SMRT pacific biosciences




Current technologies & perspectives g sz

Single Molecule Real Time sequencing — Pacific Bioscience

Specificity : uses a DNA polymerase as real time sequencing engine
Challenges : accomodate the intrinsic speed and processivity of the enzymes

1. The DNA synthesis speed shows stochastic variations, what implies that the
observation has to be ate the molecular level

2. The chemical contact surface should allow for the reaction to inhibate non
specific marked dNTPs adsorption

3. The dNTPs carrying the marker should not inhibate the polymerisation

4. The instrument should be reliable at detecting the synthesis and distinguish
between each dNTP.
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Current technologies & perspectives g/ sz

Part 3
Part 4
Part 5

Intensity mp

Pacbio RS — raw data

] C o
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Current technologies & perspectives gl ra2

Technical specifications (v3.0)

« Speed: 4.7 bases / s, no spatial correlation

« Signal noise ratio above 24

« 37% ZMWs produce unique and full length sequences

« Error rate is around 14% (D:7,4%; 1:4,5%; S:2,1%)



Current technologies & perspectives gl ru:

Circular consensus sequencing

1. generate amplicon 5 forward strand 3"

3’ reverse strand 5°

\4
2. ligate adaptors SMm{:( ) ‘ly O

3. sequence

polymerase

4. data analysis
raw long read

v
processed long read i
* [}
Qo
single-molecule fragments 3
b4 S,
w

circular consensus sequence (ccs)

Fichot, E. B., & Norman, R. 5. (2013). Microbial phylogenetic profiling with the Pacific Biosciences sequencing platform.
Microbiome, 1(1), 10. doi:10.1186/2049-2618-1-10



Current technologies & perspectives gl ra2

Pacbio RS sequencer

Main results from the field

« 100k sequences, including 19-

21k CCS A 3 encocin o
« Upto 17k bases / sequence at R T W
the time (march 2014) W“l

run to the next

+ Highly variable quality from one 5 £ HHHHHH MHHHI

« 15% eror rate on controls Position |
4
WL ¥ AN &F -"
S wmme, 2 Circular consensus sequence (CCS)
* "'.U' ‘.ﬂ

Today on a Pacbio RS Il, 15kb median, 40kb max
o N
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Currently available technologies

Illumina Illumina HiSeq
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Current technologies & perspectives gl ru:

Platform Updates

Solexa 1G e 18bp reads, ~1Gbp / run
Illumina GA e 36bp reads ~3Gbp / run
Illumina GAII e 75bp paired reads ~10Gbp / run (8 days)
Illumina GAIIx e 75bp paired reads ~40Gbp / run (8 days)
I (STaalla-R g IS{=te QA0 o]0l » 100 bp paired reads ~200 Gbp/ run (10 days)
ISl R g [SY=e PRV RSI= 1) » 100bp paired reads ~600Gbp / run (12 days)

MiSeq e 150 paired reads ~1.5 Gb/run (27 hrs)

W

Maximum yield / day 50,Gbp 300bp paired reads
~16x the human genome
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Current technologies & perspectives g/ sz

Part 3
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Part 5

Illumina fastq

1 2 3 4 5 67 8
@HWI-ST226:253){D14WFACXX: 2}{1101):2743]:[29814][1]{N]: 0
TGCGGAAGGATCATTGTGGAATTCTCGGGTGCCAAGGAACTCCAGTCACATCACGATCTCGTATGCCGTCTTCTGCTT
GAAAAAAAAAAAAAAAAAATTA
+
BQCFFFFFHHFFHJIIIGHIHIJJIIJIIJIGDCHIIIJIIIIIIGIGIHHEHR) =FREIGHHEHFFFFDCBBD : @CCRC
: <CDDDD50559<B########

unique instrument ID and run ID

Flow cell ID and lane

tile number within the flow cell lane

'x'-coordinate of the cluster within the tile

'y'-coordinate of the cluster within the tile

the member of a pair, /1 or /2 (paired-end or mate-pair reads only)
N if the read passes filter, Y if read fails filter otherwise

Index sequence

e .

B
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Current technologies & perspectives g a2

Part 3
Part 4
Part 5

Illumina Sequencing Output

o * fastq (sequence and corresponding quality
score encoded with an ASCII character, phred-
like quality score + 33)

Quaity scores scross all bases Sanger / lluming 1 9 encodng)

0 S
18 9
36 | - R 1}
14 I
n =
30 2 P | )
by
26
24
n
L
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Current technologies & perspectives g a2

Part 3
Part 4

Gigabses per run (log scale)

Developments in High Throughput Sequencing

Part 5

10000 -
1000 -
100 -
10 7
1 GS FLX /
L
-
0.1 1 v
PacBio RS
0.01 -
0.001
b |
0.0001 - @
‘Sanger’
0.00001 Lex Nederbragt (2014) http://dx.doi.org'/10.6084/m9.ﬁgshare.100940 ' ,
10 100 1000 10000

Read length (log scale)
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Current technologies & perspectives g sz

Perspectives
What to expect for tomorrow?

- Longer and even more cheaper
sequences

- Faster and easier libraries preparation

-> The wait and sample strategy



Current technologies & perspectives g a2

Oxford Nanopore

Part 3
Part 4
Part 5

I
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https://nanoporetech.com/technology/analytes-and-applications-dna-rna-proteins/dna-an-introduction-to-nanopore-sequencing

Current technologies & perspectives gl ru:

Oxford Nanopore

Highly scalable system

MinION
512 pores

GridION
5 000 pores



Applications overview

Applications overview

Part 1
Part 2
Il Part3
Part 4
Part 5
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genome assembly

metagenomics

-Kinship analysis

-Pedigree reconstruction

-Outlier analysis
-Phylogeography
-Demography
-Introgression

-Host-parasite coevolution
-Genomic capture

-Functional characterization
-Genome annotation

-QTL mapping
-Association studies
-Admixture mapping

-Comparative genomics
-Alternative splicing
-Microarray design
-Candidate genes

-Exon capture

development of molecular markers

characterization

S

Nucleotide variation profiling

S-RAD

normalized
........ reduced representation CDNA library
library (RRL) or
standard
cDNA library
B gDNA
’
whole 7 ™ [ saGE ibrary Hoeep-sace
genome @ \
equencing _./
transcriptome\
[genome smallRNA
\ epigenome ,
' ' 7/
amplicon N - .
: S )
Jsequencing targeted DNA
| S—
ChiP-seq
RainStorm gDNA \—— .
—
NimbleGen MeDIP
sequence
capture
SureSelect l_ £ BS-seq

Next Generation Sequencing

gene expression

Il Part3

Applications of next
generation sequencing
in molecular ecology of
non-model organisms,
Heredity, 2011

Chromatin structure
DNA-protein interaction

Methylation

gene regulation




Challenges

Experimental design
Before starting — thinking ahead

1. Scientific question first
2.  What kind of data?
3. How much data?

B! Part4



Challenges

Experimental design
Data acquisition

Commercial kits or not?

Being a geek has a cost

B! Part4



Challenges

B! Part4

Experimental design
Data acquisition

e Number of samples

e Type of read

e Type of library

e Number of reads

e Read length

o Complexity of library

e Which sequencing machine to use




Challenges

B! Part4

Experimental design

Data acquisition
e Steps of library construcCon and sequencing

e Making Fragment libraries (to generate
fragment or paired end reads)

e Making Jumping libraries (to generate mate
pair reads)

e Pooling with or without barcoding

e Possible artefacts of library construction
H e



Challenges
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Experimental design
Data analysis

Huge references list, difficult to sort out

Specialized workshops, bring your own
data



Inhouse development and outsourcing

' Part5

Inhouse development | |
Outsourcing projects

amazon
webservices™

VS

Labeling & AIDC Solutions Provider

<% eurofins




Inhouse development or outsourcing

' Part5

Comparing strategies :
Data acquisition & computing capabilities

_ Inhouse Outsourcing

Cost
Time
Quality

Other



Inhouse development or outsourcing | ..

Do it yourself : acquire data

1- lab setup

Part 3
Part 4
' Part5
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Inhouse development or outsourcing

. . ' Part5
Do it yourself : acquire data

1- lab setup

70 k€ (x25in cz

crown)




Inhouse development or outsourcing | ..

Part 3
Part 4
' Part5

Do it yourself : acquire data

2 — staff training
Communication inside the lab
Team dynamics
Quality management

Labs network and joint meetings at the regional scale

e B
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http://www1.montpellier.inra.fr/CBGP/wikis/bm/
http://www1.montpellier.inra.fr/CBGP/wikis/bm/

Inhouse development or outsourcing

' Part5

Do it yourself : store and analyse data

7 k€
storage

A good system and infrastructure administrator : priceless!
o N



Inhouse development or outsourcing

' Part5

Comparing strategies :
conclusion

_ Inhouse Outsourcing

Cost

Time

IT DEPENDS !

Quality

Other
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