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Evolucion de la téenica de secuenciacion del ADN

1 thousand DNA bases / day

40 billion DNA

P——
m - bases /day
1 million DNA bases / day 1 billion DNA bases / day

Polimerizacion de los nucledtidos

 El grupo 5 'de un nucleétidos
trifosfato (ANTP) se acerca grupo
hidroxilo 3’ de una cadena de

nucleoétidos. Cadena de ADN




9/4/19

Polimerizacion de los nucleotidos

Polimerizacion de los nucle6tidos
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Polimerizacion de los nucleotidos

|. Secuenciacion masiva

O



http://www.ncbi.nlm.nih.gov/books/NBK22513/
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Ion Torrent — Semi conductor seq

KGIACBICTGAGCAT I TOBTGTACAGE T AG 1AOGTC TGAATUON C6

+ Cada incorporacion de un dNTP libera in ion H*
+ Deteccidn por una placa detectora de iones

Two bases

, Two hydrogen ions
are incorporated

are released
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Pacific BioSciences

+Single Molecule, Real-Time (SMRT) Sequencing
*Average > 10,000 bp, some reads > 60,000 bp
+Single molecule sequencing suffers from poor signal/noise
*The Zero Mode Wave (ZMW) guide acts like a filter to restrict the
fluorescence measurement to the well bottom
@ BIOSCIENCES"

Pacific BioSciences

Real time seqll\llencing thanks to

engineered DNA polymerase and
cleavable fluorophore.

| i = » 80,000 to 300,000 wells.
) ﬁ . [—— * 10,000 nt read length
. : 1 « Strobe sequencing possible
—- |
ﬂ - g @D Bi68CiEnces-
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Oxford Nanopore
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pore modifies the conductance

Need to attach the Exonuclease
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Secuenciacion en cancer — R. A. Ve

DNA can be sequenced by threading it through a microscopic pore in a membrane.

Bases are identified by the way they affect ions flowing through the pore from one

side of the membrane to the other.

™

DNA DOUBLE
HELIX
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Tee
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© A flow of ions through
the pore creates a current.
Each base blocks the

© One protein flow to a different degree,

Bn;iAps hgl\e o altering the current.

ix in

two strands. GATATTOCTTTTOAT 650

© A second

protein creates

apore in the

membrane

and holds

an ter

mo::r;a. © The adapter molecule
keeps bases in place long
enough for them to be
identified electronically.
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MinION Oxford Nanopore Sequencer

Secuenciacién en cancer — R. A. Verdugo - 2015

MinION : 512 pores (early access 2014) - disposable
______________ GridION: 2000-8000 pores (TBD) e
20 racks: human genome in 15 minutes

Secuenciacion en cancer — R. A. Verdugo - 2015

4/9/19
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Illumina Technology
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Secuenciacion en cancer — R. A. Verdugo - 2015 4/9/19
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Secuenciacion @

Clonal amplification

o

Secuenciacion
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Miés detalles en http://bioinformaticsalgorithms.com/faqs/ assembly.
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Image analysis identifies clusters (polonies, beads) and
extracts intensity traces

Detection: Find all clusters on the image
Registration: Track clusters over multiple sequencing cycles

Extraction: Provide intensity estimates for clusters in a given image
1 2 3 4 5 6 Z 8 9

llumina

Visualizing
high-throughput Illumina
four-color sequencing-by-synthesis

W. Trimble
Argonne National Laboratory

http://bioinformaticsalgorithms.com/faqs/assembly-html
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Secuenciacion

Base-calling has two aspects: Identifying the base-call
and assigning a confidence estimate to the call

Making a base-call is usually based on the intensity estimates

— Signal-processing needs to correct for confounding factors:
= Frequency cross-talk (optical detection mechanism)
= Phasing effects (imperfect chemistry)
= Signal decay

Assignment of a confidence estimate or quality score is vital for
downstream analysis
— phred method can be extended to Next_gen technologies

Corrected
Intensity

— C

lomea

Secuenciacion

Quality scores quantify the probability that a base-call is
correct (or wrong)

Termninology:

Base quality scores
— Individual bases have quality scores which reflect the likelihood of the base
being correct/incorrect
Alignment scores
— Probability than an alignment to a given position in the reference genome is
correct
Allele scores, SNP scores,
— Probability that a given allele, SNP was observed (often conditional on the
alignment being correct)
Base and alignment scores are single read scores; SNP scores are
consensus scores
— Consensus calls use information from multiple reads

llumina

12
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Phred scores ]

A base quality score assigned by the phred software (or a program based
on the phred)
A quality score expressed on a logarithmic scale:

» Q=-10log10( probability of an error )

» Example: Q20 = 1% error probability

Secuenciacion en cancer — R. A. Verdugo - 2015

Capacidad de secuenciacion de equipos
[llumina disponibles en el mercado

-

M|seq NextSeq 500 H|Seq 2500
Run mode N/A Mid Ouput  High Output | Rapid Run  High Output
Flow cells processed per run 1 1 1 1lor2 Tor2
Output range 05-15Gb | 20-39Gb 30-120Gb [10-180Gb 50- 1000 Gb
Run time 5-65hours |15-26 hours 12 -30 hours|7 - 40 hours < 1 day - 6 days
Single-end reads per flow cell 25 Million 130 Million 400 Million | 300 Million 2 Billion
Max read length 2x300bp | 2x150bp 2x150bp |2x150bp 2 x125bp

13
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Numero de muestras que pueden ser estudiadas en
una corrida

Key Area MiSeq NextSeq 500 HiSeq 2500
DNA Sequencing

Whole Genome - Large (e.g. Human) - 1 1-10

Whole Genome - Small (e.g. E. coli) 1-96 120 -792 96 - 6660

Targeted - Exome or large panels 1 1-12 12-160

Targeted - Small gene panels 3 15-48 36-72
RNA Sequencing

RNA Profiling 1-2 12-36 24 - 396

Transcriptome Analysis - 3-10 8-96

Small RNA Analysis 1-5 25-80 60-792

Targeted RNA 384 384 6144

Regulation Applications
ChlIP-Seq 1 8-24 20 - 264
Methylation Analysis - 1

. Basic NGS Workflow

Aligned Reads

Sample Prep Sequencing Data Analysis
Isolation of material Library QC QC and pipeline analysis
PCR amplification Cluster generation Data interpretation

End repair, size selection Instrument operation

_ Olson et al. _

14
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High Throughput Data Analysis Overview

s Collect- Instrument Specific
§ Sequences +
Q ' Quality values
individual = i 1 I
Q sﬂ:wm educe Application Specific
g P . m"‘;m;oene model
§ i;ﬁg « Geno list
& PR, * Vian
Muitiple npare - Experiment Specific Reiterative
A Data sets P g = Corwe?;tc sitistics Process
* Clustering
+ Splicing analysis
W * Alele frequency
Custering > JTumor soecific mutalions |
5 == -
& ) Genes | Discover — Experiment Specific
isoforms of (e .
interest 2 -%
1S L fro s * Networks
£ « Annotation
v «

Olson et al.

Typical Data Analysis Pipelines
Genotyping (GATK) RNA-seq (Tuxedo)

Condition A Congten 8

= Typically by lang ——— ——Typically multiple sampies simultanecusly but can be single sample alone —— %
put ( P ) :.'.(wl)....(WN] -

15



9/4/19

NGS data files

Process ) _ .
from HiSeq Call Variants

HiSeq BCL files FASTQ format Mapped BAM Cleaned BAM
BWA Align GATK Realign GATK Call
CASAVA 1.8 St Lelft Align Indels
bcl2fastq Samtools Reformat Ricad Pt ::I;i:ate
“Unmapped  cak | Recatibrate
FASTQ format Mapped BAM Cleaned BAM Filtered VCF

Raw

File Sizes

Depth FASTQ.gz  BAM

Exome

Assume 100 bp read length

16
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Raw sequencing data: Fastq format

[eEL3T 368K

TCCCTTACCCCCAAGCTCCATACCCTCCTAATGCCCACACCTCTTACCTTAGGA * Instrument serial #
+ * Lane
| FECEFFFEEFFFFFFFEFFEFFFEFCFC<EEFEFFFCEFF<; EEFF=FEE?FCE s Suath
[@IL31_4368:1:1:996:21421/2 bl
CAAAAACTTTCACTTTACCTGCCGGGTTTCCCAGTTTACATTCCACTGTTTGAC * Xcoord
4 * Ycoord

|_>DBDDB, B9BAA4AABTBB?7BBB=91;+*@; 5<87+*=/*@@29=73=.7) 7~

[@IL31_4368:1:1:997:10572/2
GATCTTCTGTGACTGGAAGAAAATGTGTTACATATTACATTTCTGTCCCCATTG
+

| E?=EECE<EEEE98EEEEAEEBD??BE@AEAB><EEABCEEDEC<<EBDA=DEE

[@IL31_4368:1:1:997:15684/2
CAGCCTCAGATTCAGCATTCTCAAATTCAGCTGCGGCTGAAACAGCAGCAGGAC

* Read direction

+
EEEEDEEESEAEEDEEEEEEEEEECEEAAEEDEE<CD=D=*BCAC?;CB,<D@,
@IL31_4368:1:1:997:15249/2
AATGTTCTGAAACCTCTGAGAAAGCAAATATTTATTTTAATGAAAAATCCTTAT
+

EDEEC; EEE; EEE?EECE; 7TAEEEEEEQ7EECEA; D6D>+EE4ETEEE4 ; E=EA
@IL31_4368:1:1:997:6273/2
ACATTTACCAAGACCAAAGGAAACTTACCTTGCAAGAATTAGACAGTTCATTTG
+
LEEAAFFFEEFEFCFAFFAFCCFFEFEF>EFFFFB?ABARECEE=<F@DE@DDF;
@IL31_4368:1:1:997:1657/2
CCCACCTCTCTCAATGTTTTCCATATGGCAGGGACTCAGCACAGGTGGATTAAT
(eos)

Fastq Read ID Variations

@EAS139:136:FC706VJ:2:2104:15343:197393 1:Y:18:ATCACG

EAS139 ithe unique instrument name
136  the runid
FC706VJ the flowcell id
2 flowcell lane
2104  tile number within the flowcell lane
15343 'x-coordinate of the cluster within the tile
197393 'y-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y  Yifthe read is fittered, N otherwise
18 .0 when none of the control bits are on, otherwise it is an even number

ATCACG index sequence

17
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PHRED-like quality
m Phred=-10log10(error)

@SEQ ID

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

PR ((((**RE))BBBH+) (3888) . Ix**—d* ' ') ) x*55CCF>>>>>>CCCCCCCE5

B R Ry

|
33 59 64 73
Ouevevnnnnnnnnnnsasanness260003liuuueaad0

Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)
J - Illumina 1.5+ Phred+64, raw reads typically (3, 40)
with O=unused, 1=unused, 2=Read Segment Quality Control Indicator (bold)
(Note: See discussion above).
L - Illumina 1.8+ Phred+33, raw reads typically (0, 41)

II1. Standard NGS Analysis Pipeline

O

reportes

18
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IV. Control de Calidad en NGS

Tecnologias NGS - R. A. Verdugo

4/9/19

Control de Calidad en NGS

5S - R. A. Verdugo

4/9/19
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https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%20Analysis%20Modules/
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Sequence Analysis Viewer (SAV)

Tecnologias NGS - R. A. Verdugo 4/9/19

Sequence Analysis Viewer
quence Analysis Viewer (SAV)
~ LANE READ CLUSTER PF (%) %2Q30 YIELD ERROR RATE% DENSITY  TILES LEGACY PHAS/PREPHAS (%) INTENSITY  COMMENTS STATUS
a 1 1 76.99 £1.07 8438 4.23Gbp 1.16 £0.16 33919 72 0.211/0.166 3,865 2334 QC Passed
2() 91.34 395.00 Mbp 0.00 £0.00 0.000 / 0.000 2,088 +185
30) 90.14 394,72 Mbp 0.00 £0.00 0.000/0.000 1,784 158
4 80.15 4.23Gbp 1.290.18 0.223/0.189 29192303
o 2 Aa 77484119 8408 418Gbp 1234024 55713284 33216 72 0228/0.174 3,586 4177 QC Passed
20) 9065  389.79Mbp 0.0020.00 0.000/0.000 1957 4114
30) 90.08 389.66 Mbp 0.00 £0.00 0.000/ 0.000 1,704 195
4 79.39 418 Gbp 1.3610.21 0.223/0.194 2,765 2167
D) 3 1 75.58+1.19 8286 4.15Gbp 1.50 10.26 55376,164 33914 72 0.221/0.158 3,252 1384 QC Passed
2() 90.38 387.60 Mbp 0.00 £0.00 0.000 /0.000 1,768 £213
30) 89.01 387.35 Mbp 0.00 £0.00 0.000 /0.000 1,571 2198
4 78.32 4.15Gbp 1.64 £0.23 0.217/0.191 2511 2312
O 4 1 76.32 £1.60 83.08 4.15Gbp 1.4610.34 55,336,016 33519 72 0.230/0.161 34192419 QC Passed
20) 90.01 387.31 Mbp 0.000.00 0.000/0.000 1,852 2240
3() 89.08 386.99 Mbp 0.00 £0.00 0.000 / 0.000 1,620 £228
4 762 414Gbp 1.64 40,34 0229/0.199 25751369
Tecnologias NGS - R. A. Verdugo 4/9/19

20



9/4/19

QScore Distribution
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Tecnologias NGS - R. A. Verdugo
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Tecnologias NGS - R.

La calidad es dependiente de la tecnologia,
configuracién, concepixacion de libreria,
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Calidad Q30 en MiSeq

Quality Scores'’

MiSeq Reagent Kit v2 MiSeq Reagent Kit v3

> 90% bases higher than Q30 at 1 x 36 bp > 85% bases higher than Q30 at 2 x 75 bp

> 90% bases higher than Q30 at 2 x 25 bp > 70% bases higher than Q30 at 2 x 300 bp
> 80% bases higher than Q30 at 2 x 150 bp

> 75% bases higher than Q30 at 2 x 250 bp

1 A quality score (Q-score) is a prediction of the probability of an error in base calling. The percentage of bases > Q30 is
averaged across the entire run.

Tecnologias NGS - R. A. Verdugo 4/9/19

Calidad Q30 en NextSeq

Quality Scores™

> 75% bases higher than Q30 at 2 x 150 bp > 75% bases higher than Q30 at 2 x 150 bp

> 80% bases higher than Q30 at 2 x 75 bp > 80% bases higher than Q30 at 2 x 75 bp

> 80% bases higher than Q30 at 1 x 75 bp

11A quality score (Q-score) is a prediction of the probability of an error in base calling. The percentage of bases > Q30 is
averaged across the entire run.

Tecnologias NGS - R. A. Verdugo 4/9/19
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Valores historicos de calidad obtenidos en ChileGenomico

RUN NAME INSTRUMENT FLOWCELLID % PF  AVG %030 YIELD OWNER CREATED v SIZE CYCLES LANE & QC STATUS RUN STATUS
WESSGPooling3 & NB551.. HGLKSA.. 76.60% 82.00% 36.53Gbp Ricardo.. 2017-11-2. 22GB 76|76 QCPassed Complete
Pool4MomiaNificelPlomo & NBSS1.. H3CY2B.. 97.07% 96.91% 1254Gbp Ricardo... 2017-110.. 7G8 38138 QCPassed Failed
SEQMomia_DNAAntiguo @D MO315..  0000000.. 97.43% 90.52% 136Gbp Ricardo.. 2017-092.. 2GB 76|76 QCPassed Comgplete
PoolExomeAgilentRun3 @ NBSS1.. HGL3NA.. 87.40% 88.27% 2664Gbp Ricardo.. 2017-080.. 14GB 76|76 QCPassed Complete
WGSINIAI e NBSS1.. H5VC2B.. 93.49% 8312% 13091Gbp Ricardo.. 2017-06-1.. 64GB 151|151 QCPassed Complete
T Poolprunus2 @ NBSS1.. HG2LYB.. 94.35% 8525% 122.51Gbp Ricardo.. 2017-060.. 59GB 151|151 QCPassed Complete
AgilentExomasrun2 €D NBSS1.. HGLM3A.. 83.80% 87.95% 3523Gbp Ricardo.. 2017-052.. 19GB 76|76 QCPassed Complete
AGILENTEXOME1 @D NB5S1.. HGL3YA.. 86.13% 88.59% 29.42Gbp Ricardo.. 2017-052.. 16GB 76176 QCPassed Complete
EDP4-Run2 €D NB5S1.. HGLSHA.. 77.39% B84.30% 3248Gbp Ricardo... 2017-051.. 1GB 76176 QCPassed Complete
Patagonia_WG_Run_1 an NBSS1.. HWHYGB.. 9543% 88.16% 127.13Gbp Ricardo.. 201604-2.. 59GB 151|151 QCPassed Complete

Tecnologias NGS - R. A. Verdugo 4/9/19
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QScore Heatmap
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Densidad de Clusters

Oty S00000000AP81) Outh Surteces

Figure 3: Data by Lane: Density. The blue boxes illustrate the raw cluster density range, the green boxes illustrate the %PF cluster density
range, and the red lines indicate the median cluster density values. A) Optimal density. B) Overclustered. C) Severely overclustered.

Table 1: Optimal Raw Densities for lllumina sequencing systems
HiSeq 2500 HiSeq 2500 High

MiniSeq™ MiSeq NextSeq®
Rapid Run (RR) Output (HO)
; High and Mid v2 High and Mid
Versions Output v2 v3 Output v1 and v2 V3 vé4
Raw Density (K/mm) 170-220 ‘1%%%‘ 1200-1400 170-220 850-1000  750-850 950-1050

Tecnologias NGS - R. A. Verdugo 4/9/19

Quality scores across all bases (lumina >v1.3 encoding)
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