The instruments, the runs, the QC
metrics, and the output

Peter Schweitzer, Director, DNA Sequencing and Genotyping Lab

e QOverview
e  Roche/454 GS-FLX
454 (GSRunbrowser information)
Evaluating run results
Errors produced
Data files that are produced and distributed
*  lllumina (Solexa)
Types of runs available
Evaluating run results
Summary stats page, error graphs, images
Errors produced
Data files produced and distributed
*  Both platforms:
Multiplexing options
Sequence capture technologies
Nimblegen and other microarray-based
Agilent bead-based
Raindance Technologies PCR-based




Resources:

e Cornell DNA Sequencing listserver

— To subscribe, send an email to: dna-sequencing-l-request@cornell.edu
with the word “join” in message

e seganswers.com “‘ le SEQanSWG}IS

g community

e |llumina website (www.illumina.com)

— Publications (www.illumina.com/publications)

e 454 Website (www.454.com)

— Publications (www.454.com/publications-and-resources)




Similarities:

Library preparations very similar (A and B adaptors on dsDNA fragments)
Clonal amplification of single molecules

Sequencing by synthesis

Both produce fasta files with quality scores

Differences:
454 sequencer Illumina sequencer
Read Lengths = 400 nt (average) Read Lengths = 43, 86, 129 nt
~1 million reads per full run ~100-150 million reads per full run
~ 400 Mb per full run Errors are substitutions

Errors are insertions/deletions
sff files also produced




Sample Preparation (generation of small
dsDNA fragments)

Random fragmentation (whole genome sequencing)
(5 ug = ~1.5 million copies of human genome) g

o

Micro RNAs 23—nuc|eotide,
regulatory RNASs)

Chromatin immunoprecipitation
(ChIP)




Roche/454 Genome Sequencer FLX

~1 copy per bead

Clonal amplification

Parallel, clonal
sequencing
(pyrosequencing)

_________________________________________



454: GS Rur







454: GS Runbrowser

454 PTP Image Display
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454 GS RunProcessor
Standard Filters/Trimming

e Filtering

— Bead index

— library beads = TCAG
— control beads = CATG

— Dots filter (too many cycles with no base call)

— Mixed filter (too many incorporations/half
incorporations)

* Trimming
— Quality filter (trims 3’ end for low quality)
— Primer filter (trims any 454 adaptor sequences)

— Valley filter (trims 3’ end or rejects for too many half-
signals)




454 Read Filtering Stats
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454 Read Length Distribution

10,000 Mumber Of Lilbr:

6,000
5,000
4,000
3,000
2,000
1,000

100 200 200 400 500 &00 700 a ano 1_. ooo l_.ll:l u] 1_IEI:I u] 1_. 200

TCAD (Libransd

Length




454 Base Quality Stats
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454: Homopolymer Errors

G CGT C ALGACG C CT GT G4 T G& TCGTAG CGAGA T GT GAC LG CG CTC 4 T GTCG CTCOGTCG A Th GACG AGA T GT GAG COALC 4
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454: Data Files Produced

Region 1 fasta and qual files, control beads

Region 1 fasta and qual files, sample reads

Region 2 fasta and qual files, control beads
Region 2 fasta and qual files, sample reads

Basecaller metrics

Filter metrics

VO P

454 Buntirnebdetrics AN tat

@ gsEunProcessorlog
#

gzBunProcessor errlog  20-Jul-20

—  sfffiles




>FZAOHM40214584 rank=0083510 x=3632.0 y=1366.0 length=528
TCGAAAGGATGAAAACAGAAGATCATCCTTTAACGGCACTTTGAAGCGCGAGAAGGCGTA
GGCCGCCGCGGTCCCAAGCACAATACACAGGACCGTCGATCCAAAACCGATGATGACGGA
ATTGGTAAAGCGCTCCGCAAAGCGCGACGGGCCAGCGATGACAAAGCCATCCTTGCGAAC
AATGCGATCATACCACGTCGTCGGCTCGCCCAGCGTTTGCAGCTCCTCTGCGGACGCCCG
CGTGCGGCTGGTAAAAAGGTTGACATATCCTTCGAGCGTTGGCGAAAACAACGTCTTCGG
CGGATAGGCAATCGCATCCGACGGCGACTTGAAGCCCGTTCCGATAATCCACAGCAGTGG
CAGGAGCGTTATGATCGCATAGACGACCACAAGGCTGCCTGCGAACCATTTTTITGACGGT
TCGAGGGTTCTGTAACCGAATAGCTCATCTTTGTTTGACCTTGTTCAGGGCTTTTGACGT
AGATCGACGCGAGGCCGAACACGGTGACGAAGAGAATGACCGCGTAGG
>FZAOHMA402IN290 rank=0083511 x=3437.0 y=3066.0 length=523
ATCGTCGAACAGCGAGATCTTGGCGTAGGACAGGAGTACGCCGATTTCCGGTCGCGTCAG
GGATTGACCGCCTGCATAGCGCTCGGCCAGCGCCGCATCATCGGGTAGGGTTTCCACCTT
GCGGTTCAGTCGGCCAGAAGCCTCCAAGACGGTCATCAGCCGGGACAGTTCGTCACGATT
TGCGCTGCCCTGACGCGCCACCAGCGAAATCGCCAGGGATTGGAGATAGTTGTTGCGCAA
TACCAGTTCGCCGACTTCCTCGGTCATCGAGGCCAGCAGTTTGTTGCGGGCCGGGAGATC
AAGGCGTCCGGTGGATACCGCCGTTGACAGGGCAATCTTGATATTGACCTCGACGTCGGA
GGAATTGACGCCCGCCGAATTGTCGATGGCGTCGGAATTGCAGCGTCCGCCCTTCAGCGA
AAAGGCGATGCGGCCCTTCTGGGGTGAGGCCAAGATTGGCGCCTTCGCCGATCACCTTGG
CGCCGACCTCGTCCGCCGTAATGCGGATCGGGTCGTTCGCACG

fna file

.qual file
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Distribution of Results

* Images captured of metrics using RunBrowser

— Read length histogram, read length table, base
quality histogram, quality table

e Data folder zipped, including:
— Folder of sff files
— fna and qual files
— All metrics files and images

e Distributed to User using Cornell Dropbox




Major Applications for
Roche/454 GS-FLX

e Genomic de novo sequencing
e Metagenomics

* Transcriptomes




lllumina Genome Analyzer
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lllumina: Runs Available

* Single-end 43 or 86 nt (129 nt possible)

e Paired-end reads from short fragments (200-250
bp fragments)

— 2x43 nt
— 2x86nt
— 2x129 nt

* Mate-pair large insert libraries
— 2 kb to 5 kb “insert” size




e Each image (tile
contains 150K t
pA0[0] ¢




lllumina Filtering

e |dentifies and discards clusters with mixed
bases

— Currently, first 4 cycles analyzed
. PRS- P

L]
‘e o e M s N e’ &
L2 5 q o .‘ .

 Reads with low signal intensity, or signal to
noise ratio, removed (generally over the first
25 bases)




lllumina: Evaluating Run Results
phiX control alignment)

100301 HWI-EAS339 0004 61GGLAAXX

T5;1186
T10:111

Lane Aligned Passedl 0 Errors

lane 1

phiX
control
lane

PF and Raw Counts

T5;1186
T10:111




lllumina: Evaluating Run Results

Lane Results Sumins:

phiX
control
lane

e
o

5_1_DO0B_realign. b

Error rates by cycle for file Stats/s_8_0001_rescore.txt 024_rescore.txt
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IVC plots
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lllumina: Substitution Errors

Error rates by cycle for file Stats/s_8 0042_rescore.txt

§ | i M i -

10 15 20 25 30 35 40

Error rates by cycle for file Stats/s_8_0043_rescore.txt




lllumina: Data File

e Text file format (20M sequences, 43 bp = 3 Gb):

Sequence name

$330 0001:3:1:1056:1220740/1

TGCATGTGGGCATCAGAGTCGTATGCCGTCTT S Sequence
Sequence name (again)
Quality scores (ASCII + 64)

+HWI-ELS _DDDl:H:l:lDEE i,
bbhbbbhebhbhabhhceh ' “hYybh bhabZhabhbh*hh'




lllumina distribution: bioHPC

Sequencing results for sample "RDTtest384"

Parametel
Run Name: 1
Lane#: .
Analysis Software:
Sample Name:

Parameter This Lane Ctrl Lane

Length known  unknown
Clusters_raw )
Clusters_PF

Lane Annotations:

Orders:
Expiration Date:

enerate a download script.




Major Applications for lllumina
Genome Analyzer Sequencing

* Primarily, sequencing where reference
genome is available

— Genomic re-sequencing
— Transcriptome analysis
— SNP discovery
— SNP genotyping
— ChlIP
— MmIRNA
e Some de novo applications




Multiplexing (barcoding) Options

e Both platforms can utilize barcodes/indexes/MIDs to pool
samples in a single lane or region.

RL1 ™ ACACCACCACT
ACACGTAGTAT
ACACTACTCGT
FLg * ACCACACCTAT

RL7*  |ACGTACACACT
RLE*  |ACGTACTGTGT
RL1Z*  |ACTCGCGTCGT

Incorporating barcodes into adaptors (lllumina shown):

ACACTCTTTCCCTACACGACGCTCTTCCGATCT P-GATCGGAAGAGCGGTTCAGCAGGAATGCCGAG
ACACTCTTTCCCTACACGACGCTCTTCCGATCT T P- AGATCGGAAGAGCGGTTCAGCAGGAATGCCGAG

ACACTCTTTCCCTACACGACGCTCTTCCGATCT  (sequencing primer)




Targeted Resequencing

(for sequencing exons only or
chromosomal region)

e Micorarray capture (Nimblegen, Agilent, Febit)

e Bead-based capture (Agilent)

 PCR-based (Raindance Technologies)




Microarray (e.g. Nimblegen)

TARGET TARGET TARGET
REGION A REGION B REGIONC

L IR ARG X B

e Customized genomic enrichment:
— 385K custom array, which captures up to 5MB of sequence.
— 2.1M custom array, which captures up to 30MB of sequence

e 2.1M Human Exome Array:
— captures the entire human exome (180,000 exons) on a single array




Bead based: Agilent SureSelect

m m SureSelect
A Target Enrichment System
VWA Capture Process
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PCR amplification: Raindance Technologies

e Raindance microfluidic PCR

— Up to 4,000 PCR primer pairs, in uniplex reactions
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