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454 Sequencing Systems
Process Overview

LZ i 1. Library Preparation

8y 'a Incorporate 454 A & B sequences

2. Emulsion PCR

Clonal ampilification of library fragments

3. Sequencing
Load PicoTiterPlate device

WWW.454.com

ONE
FRAGMENT

ONE BEAD

ONE WELL =

ONE READ

454

»,
SELQIUENCING




Library Preparation
Fusion Primer Approach

A 454-adaptor
key
MID

— [ I [— — Sequenceof
- 1 T T — — interest
- MID
Locus-specific key
PCR amplification B
200-600 bp

o I —
o e D —

|

emPCR Amplification and sequencing

Consists of 454 A or B sequence + key (library identification) + MID
(barcoded multiplexing) + target specific primer sequence

Experimental designs for unidirectional or bidirectional amplicon sequencing
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Library Preparation
Rapid Ligation Method

Fragmentation of long range PCR
product, RNA, genomic DNA

Ligation of A/B adaptor sequences
with fluorescent label

454
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Library Preparation
cDNA Rapid Ligation

. _— _ ¥
AAAAAAAA - Fragmentation - First strand 5’
e > - - — =
/" AAAAAAAA cDNA synthesis 3' p S .
!
First strand cDNA f
200 ng mRNA 50 to 2000 nt P-N6-primer
Enters the Rapid Library Prep Protocol
>
5.‘ “Illll...“
Second Strand > ,( ) Y - RRELLL -."..... . , End P_ ------------------------------------- -A
synthesis 3 -l e repair A- == e e - P
’ Blunt end / Phosphorylati d
dscDNA with a 3’ overhang ° unten osphorylation an
the addition of overhanging A
Adaptor Adaptor GS FLX Titanium
Adaptor EEEEEEEEEEEEEEEEEEEEEEEEEESR g L )
> _-—em e Em Em e Ee = » emPCR amplification
ligation
Final Library &
Sequencing
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Library Preparation

Sequence Capture

Genomic DNA DOBPERE DD : _
* Sample Prep

03¢
e ey

Solution cArr::}':e
(E2) ap

Capture

Washi |ng
s ig:ﬂ!LPD rt: biotin

Amplification of ' EIute DNA

DNA on Beads n B
/ Enrichment QC Ampllﬁcatlon of Eluted DNA

|
Lag I (aPCR) o .

Enriched s L% | ¥z 3§ . Enriched
5 DT i 5 Target DNA

Target DNA
=
* ‘-:__._\:J-:m-;__q-.ﬁfTAGG

Sequening e eccacTCAGOAG A
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Library Preparation
Paired End Method

Sample DNA

— —
Circularization Adaptor I Circularization Adaptor

~ 20, ~ 8, or ~ 3 Kb Sample DNA Fragments

{

~ 20, ~ 8,0r ~ 3Kb

Circle

Circularized DNA

~ 150 bp ~ 150 bp
WWW.454.COM

| Contig1 il Contig2 il Contig3 [l Contigs |
Paired End reads enable ordering &
orientation of contigs

454,

»,
SELQIUENCING




Emulsion PCR

Reagent Preparation

Emulsion oil and emPCR reagents are mixed to create water-in-oil microreactors

Www.454.com 454,
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Emulsion PCR

Clonal Amplification

Emulsify beads & reagents to form water-in-oil microreactors

Clonal amplification of millions of beads in parallel

After PCR, each bead contains millions of copies of a single library fragment

www.454.com 454 :
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454 Sequencing Systems
Key Concept

Signal image

Polymerase adds nucleotide
Pyrophosphate is released (PPi)

Sulfurylase converts PPi to ATP
(in presence of APS)

Sulfurylase Luciferase hydrolyses ATP and

uses luciferin to make light
Luciferase

Light + oxy luciferin

Simultaneous sequencing of clonally amplified beads in picoliter-size wells
www.454.com 454 "
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454 Sequencing Systems
Sequencing-by-synthesis

Repeated dNTP flow sequence:

s, 00006

_ Process continues until user-defined number of
:-ﬂg‘( -V L nucleotide flow cycles are completed.
: ' "

A AT CGGU CATGTCTAAAAAGTSC

GG0CECCOCECO008G 06O
2 T ol o ; I"L_..a-« ,.-b'l Homo\p[olymerr(ey Sequence

produces more light

www.454.com 454 .
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454 Sequencing Systems

Image Processing Overview

ach well's data
ed, quantified
nalized

1. Raw data is
series of
images

o
1
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Mumber of Bases Mumber of Bases ws. Flow
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Bioinformatic Workflow Options
GS Junior

* Run Assessment
Assembly, Mapping, AV

* Optional:
Separate Datarig(s)

2 hours
Data Processing

10 hours
Sequencing

Local Customer Network

Data Backup

\ _ Archival Storage System

WWW.454.con

== |mages, Analyzed data, Other data
=

Run Assessment
Assembly, Mapping, AVA
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Bioinformatic Workflow Options
GS FLX+ and GS FLX

10 hours Sequencing

and Image Processing Signal Processing and

Assembly, Mapping, AVA

N\ /

Local Customer Network

Data Backup

- ). Archival Storage System
=== |mages, Analyzed data, Other data
www.454.com - 454
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Run Metrics
GS FLX+/GS FLX/GS Junior

NN

XLR70 | GS Junior

Average Read Length >300bp >300bp

Total Passed Filter Bases >360 million| 19-27 million

Total Reads or totalPassFiltering ~1 Million |50,000-88,000

Total Run Size - including raw images 37 Gb 4 Gb

28 Gb 2.5 Gb

Raw Images Only

WWW.454.com 454 D
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Data Processing

GS RunProcessor

Image Processing
= image normalization, background subtraction

= |ocating ,,active” wells on the PTP device

Signal Processing
= correction steps, e.g. crosstalk between neighboring wells

= quality filtering

= read trimming for good quality

Qi

= flowgram generation : J..HHH H H‘ M{ H

= basecalling

www.454.com 454 .
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Quality Filtering Fundamentals
GS RunProcessor

WWW.454.com

0 smla
.
[ .-

Filter Name

Keypass

Dot
Mixed

Signal Intensity

Primer

Valley or TrimBack




Image and Signal Processing Summary
GS RunProcessor

GS Junior Output
Image Processing

Output

/I\

Image » regions/1.cwf
Processing

D_..imageProcesssing

» gsRunProcessor.log

/I\

Signal
Processing

WWW.454.com

Signal Processing
Output

D_..fullProcessing
»regions/1.cwf

» sff/* sff
»gsRunProcessor.log

»Metrics files- *.csv,
*txt,*.fna,*.qual

454
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Data Browsing

GS Run Browser

G5 Run Erowser

Yersion 2.5

(D 454 Life 5ciences 2006-2010. All rights reserved.

= Browsing results of a sequencing run
= Visualization of the run results

= GUI for starting the data processing pipeline(s)

www.454.com 454 .
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Individual Well - Flowgram
GS Run Browser

Mo Key
Failed

Fassed Filter

Control DMNA

| - G5 Run Browser - Well Flowgram (1: 250, 1024) Status: Passed Filter (Library)

Flowgram Qption

' Corrected Intensity MN-rmers

i M-mers
Shyle

i Ear

i Line

3 Lollipop

Flow: 68 C
MN-mers: 1.93

Legend

Lolalyly

FPTACGTACCGTACGTACGTACCT ACGTACCTACGTACGT ACGTACGT ACGTACGT AC
Flomy

azC

T A C G P 5 W O

L

WWW.454.com

454

»,
SELQIUENCING

)



Read Length Distribution — Reads Tab
GS Run Browser

GS Run Browser

&% CS Run Processor data set: D_2010_04_08_17_07_19_CustSupp0l1_fullProcessing

Owverview Wells Signals Reads | Control DMA Filters

REead Attributes

® Read Length
1 Base Quality

1600 Mumber Of Library Reads

Well Categories La00

® CACT (Librany
' CATG (Control-Type I)
1 ATGC (Control-Type 1)

1,200 -

1,000

g00 +
500 -
A0 CACT iLibrang Region
o 1 Total
Faw Wells 208,568 208,568
0 ey Pass Wells 182,595 182,595
Passed Filter Wells 132,550 132,550
—s=—— Total Bases 59,932,241 (59,932,241
L)
f‘@ Length Average 452.25 452.15
Length 5td Deviation Q6,82
Longest Reads Length 755 755
Shortest Reads Length 40 40
Median Feads Length 486.0 4E86.0

454,
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Data Analysis
Overview

GS de novo Assembler

Genome or Transcriptome de novo assembly; Large genomes; Hybrid
assemblies

GS Reference Mapper

Targeted mapping using Sequence Capture; Genome or Transcriptome
reference mapping; Variation detection including large rearrangements

GS Amplicon Variant Analyzer

Ultra-deep sequencing for variant analyses; Haplotyping

(SFF Tools)

SFF file manipulation
454

»,
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Performance on GS Junior Attended PC

GS de novo Assembler

C. jejuni de novo Assembly

= 118,000 HQ GS FLX Titanium reads containing 40 MB sequence data; 23X
coverage

= 2 minutes

S. cerevisiae cDNA Assembly

= 1,000,000 HQ GS FLX Titanium reads containing 4GB sequence data; 25X coverage

= 2 hours

D. melanogaster de novo Assembly
= 2,000,000 HQ GS FLX Titanium reads containing 9GB sequence data; 22X coverage
= 8 hours

www.454.com 454
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GUI Assembly - Overview

GS de novo Assembler

Project: P_2010_03_31_15_24_40_runAssembly [Cenomic]
Location: fdata/P_2010_03_31_15_24_40_runassembly

GS De novo Assembler

T\a=

Ready for analysis

Overview Project Parameters. I Result files Alignment results Flowgrarms
Overview
Froject name: P_2010_03_31_15_24_40_runAssembly
Sequence type: Senomic
Froject path: Jdata/P_2010_03_31_15_24_40_runissembly
Mumber of data files: 2
Last run date: 2010/03/31 15:24:53
Assembler version: P .
Owerview I Project FParameters Result files Alignment results Flowgrams

05 reads FASTA reads

EcoliRL. sff non-paired end

105,537

39,375,859

€

D Infa ecoPEhalfaet8kb. sff paired end

309,427

53,788,137

93.37

97.97

0.89

67.04

86.06

www.454.com
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Alignment View
GS de novo Assembler

GS De novo Assembler

Project: P_2010_03_31_15_24_40_rundssembly [Cenomic]
Location: /datafP_2010_03_31_15_24_40_rundssembly

Result files Alignment results Flowarams

Ready for analysis

Overview Froject Parameters

contigd0001

112,392 |/4]

Contig: contigQOQ07 - 144,032 bp. |

Contig00002 66,254 !
Contigno003 105,734 Base 13"*;‘10 At 1;'94“';0
contigQO004 7,946 # 4
contig00005 148,358 comtigOo007 GCGCTGAATGCCGATGCGACT -GAAAAAGT -AA-TTT-CGG-TGCAGG-AAAT -G-CAC
Contig00o06 FXAWNEVO4TZ9YA GCGCTGAATGCCGATGCGACT -GAAAA-GT-AA-TTT-CGG-TGCAGG-AAAT-G-CAC
Sl FXAWNEVDATL ZKS GCGCTGAATGCCGATGCGACT-GAAAAAGT -A—-TTT-CGGN-GCAGG-AAAT-GGCAC
cont FXAWNEVOATTTT] GCGCTGAATGCCGATGCGACT -GAAAAAGT -A—-TTT-CGG-TGCAGG-AAAT-G-CAC
contig00008 F14Q80U01DN22C_1eft GCGCTGAATGCCGATGCGACT -GAAAAAGT ~AA-TTT-CGG-TGCAGG-AAAT-G-CAC
Contig00009 FXANNEVO4 ] RWSR GCGCTGAATGCCGATGCGACT -GAAAAAGT -A--TTT-CGG-TGCAGG-AAAT -G-CAC
: FXAWNEVOAT1SHE GCGCTGAATGCCGATGCGACT -GAAAA-GT -A--TTT-CGG-TGCAGG-AAAT-G-CAC
£ontig0oo10 F14080U01D5WE5_right GCGCTGAATGCCGATGCGACT -GAAAAAGT -AA_TTT-CGG-TGCAGG-AAAT-G-CAC
contig00011 F14080001D02XT GCGCTGAATGCCGATGCGACT-GAAAAAGT -A—-TTT-CGG-TGCAGG-AAAT-G-CAC
FXAWNEVOAINUAY GCGCTGAATGCCGATGCGACT -GAAAAAGT -AA-TTT-CGG-TGCAGG-AAAT-G-CAC

Contig00012

contig0D013

FJ4080U01EB2BH] laft
FJ14080U01DX058_laft

GCOCTOGAATOCCGATOCGACT-GAAAAAGT -AA-TTT-COG-TOGCAGG-AAAT -G-CAC
GCOCTOAATOCCGATOCGACT-GAAAAAGT -AA-TTT-COGG-TGCAGG-AAAT -G-CAC

contig00014 FXAWNEVD41D0KZ GCGCTGAATGLCGATGCGACT -GAAAAAGT -AAATTT-CGG-TGCAGG-AAAT -G-CAC
Contigno015 FJ40B0UD1ERSIS left GCGCTGAATGLCGATGCGACT -GAAAAAGT -AA-TTT-CGG-TGCAGG-AAAT-GGCAC
F14080U01BEZEN GCGCTGAATGECGATGCGACT -GAAAAAGT -AA-TTT-CGG-TGCAGG-AAAT-G-CAC

contigl0016

contigQOO17

contig00018

F14080UD1AOBIU_right
F14080UDO1ARFXB_l1eft

FJ4080UD1EBNOWK_riaht
FI14080UD1AVEBAW_ridht

GCGCTGAATGC AT GACT - GAMAMAGT -AA-TTT-COG-TOCAGG -AAAT-G-CAC
GCGCTGAATGCCGAT

GCGCTOAATOCCGATOCGACT-GAMAAAGT -AA-TTT-COG-TOCAGG-AAAT-G-CAC
CCGCTOAATOCCOATOCGACT -GAMARAGT -AA-TTT-COO-TQCAGO-ARAT -G-CAC

contig0oo19 3,037 F14080UD1BVWSE_riaht GCGCTGAATGCCGATGCGACT -GAAAAAGT -AA-TTT-CGG-TGCAGG-AAAT-G-CAC
contig00020 132,766 F14080U01CA0US GCGCTGAATGCCGATGCGACT -GAAAAAGT -AAATTT-CGG-TGCAGG-AAATAG-CAC Siop
Contigo002 1 40 059 F14080U01DAYEZ GCGCTGAATGCCGATGCGACT-GAAAA-GT-AA-TTT-CGG-TGCAGG-AAAT-G-CAC s

: : F14080UD1AMKES_1eft AATGCCGATGCGACT-GAAAAAGTTAA-TT
contigh0022 6,554 F14080U0LEDNSY GACTAGAAAMAGT -AA-TTT-CGG-TGCAGG-AAAT-G-CAC
contignoo23 5,333 F14080U01ECWVL _right ACT-GAAAAAGT -AA-TTT-CGG-TGCAGG-AAAT -G-CAC
Contig00024 36 644 F14080U01DI6KE_1eft ACT-GAAAAAGT -AA_TTT-CGG-TGCAGG-AAAT-G-CAC

. : F14080U01CDPAG_right BA- - GT-AA-TTTACGG-TGCAGG-AAATAG-CAC
contig00025 78,495 FXANNEVOA TP 3KT TTT-CGG-TGCAGGTAAATAG-CAC
contig00026 40,756 F14080U01D6GWH_Tett CGG-TGCAGG-AAAT-G-CAC

i F14080UD1CHRI4 GG-TGCAGG-AAAT-G-CAC
CHTLORDE £ G | FXMWNEVDAIII72 BAAT-G-CAC
contig00023 45,670 - FJ4080UD1AJBLL_right T-G-CAC
hase:
read:

val:

[4] | [»
WwWw.454.com 454 5
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Flowgram View
GS de novo Assembler

Owerview Project

Farameters

G5 De novo Assembler

Project: F_Assembly_Ecoli_ShotgunPE [Genomic]
Location: /data/Distribution_Datasets/Genomic/Ecoli_EL/F_Assembly_Ecoli_ShotgunPE

Result files  Alignment resul  Flowgrams |

Feady for analysis

Read MName:

FJ4Q80UD1AXEEL ...

-

I
un
—

flow
count = 0

Flowegram

Ll

TACG

Mumbier of Bases - Consensus

TACGTACGTACGTACGT ACCTACGTACGCTACGTACGTACGTACGTACCT ACC

Y

Mumber of Bases - Read (reverse complement)

TACCTACCTACGCTACGT ACCTACGCTACGCTACGCGTACCTACCTACGCGTACGCGT ACC

Fy

Stop

Mumber of Bases - Difference

WWW.454.com
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Variations and Structural Rearrangements

GS Reference Mapper

Overview | Project | Parameters |

Result files |(Variants |> Profile | Alignment results Flowgrams
—

HC Diffs | Structural Variants |

()5
B

APD09048.1 AP009048.1 4,646,332 100.00 Point
APD09048.1 44]<-- AP009048.1 4,646,285|--> 98.91] 184/ 4,64...[Region

e ? 100.00 5 Point  [100.0

Export to text > ? 100.00 14 Point  [100.0

> ? 100.00 11 Point  [100.0

. > AP009048.1 655,413|<-- 100.00 12| 1,199Foint [100.0

Ovendew  Project  Parameters  Resuifiles  Varams | Frofle  Algnmentresuts  Flowgrams
HC Diffs | Structural Variants i
Show.&lignment.
APD09048.1 2,034, 2,034, A G 100.0 15 Show alignment corresponding to HEDifWariaml ! B /
APOOS048.1 P I e e AT CC 923 |13 s TYTy 9 3 10
APONS04E8. 1 2,564, |2,564, . |CA - 536 |28 B6.7 47.4 B 9 9
APODS04E8 1 2,564, |2,564,.. |C - 536 |28 66,7 47.4 & 9 9
APODS04E8 1 2,564, |2,564,.. |C - 50.0 |26 62.5 44 4 3 g 8
APODS04E8. 1 2,866,... |2,866,... |A G 100.0 |17 100.0 100.0 i & i
APODS048. 1 3,680,... |3,680,... |ATT TA 211 |19 10.0 33.3 1 3 10
APOO9048.1 4074, 14,079, |C - 100.0 (15 100.0 100.0 9 & 9
APOOS048.1 4154,.. |4,154,... [T [ 100.0 |17 100.0 100.0 11 & 11
APONS04E8. 1 4371, 4,371, |AA - 100.0 |19 100.0 100.0 14 5 14
WWW.454.com 454

B,
SERQUENCING




Variants Tab
GS Amplicon Variant Analyzer

o GS Amplicon Varlant Analyzer 7777777777777

Cwverview [

Project Klame: EGFR

Location:

Project [

jdatafampProjects/Demos/EGFR

Computations [

Variants [ |

Global Align [

Consansus Align

Flowgrarms

Alignment Read Type
® Consensus
0 Individual

Show values

i Combined

) Forward + reverse
i Al three

ECFR_Exon_18

ﬁ ECFR_Exon_18

97 A C

12e:G/A

Variants

14.232
»12.29 | 415.80

15.92
»15.03 4116.58

Samplez2

Samplet

14.23 (942)
»12.29 (423

15.92 (1,595)
» 15 03 (672)

415 B0 (519

-

97:AJC, 126:G/A
Samplez

4165.58 (923 Global Aligg

ECFR_Exon_2 1

152:TJG

12.31

Variant staths

+11.11 [ 418.18

] - 15.79
ECFR_Exon_22 [43:A4C » 15 .79 4 - _

[w] Show denominators Femowe Variant

Filter values Define Haplotype
Min = 10.00 %

Max = 20.00 25

Apply min/max % to

® Forward or reverse
{_J Forward and reverse
1 Available data
Combined also

Variant status
L2 -

Compact table

E
Yariants To Load

combined %
forward %
reverse %
combined of
forward of
reverse of

[ —— D
s
454

»,
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Global Align Tab (Roche
GS Amplicon Variant Analyzer

Overview [ Project [ Computations [ Variants [ Global Align [ Consensus Align
Global Align - Sample_1_Rep_1_MV2 x HLA_A _Exon2
Alignmem Data i-@ 100 wariation % mumber of Reads
Sample 1_Re.. v:h EE | | L 40,000
Sample 1 Rep 1|4
hich Sample to display
‘ F 20,000
z0 A
| 1 L LT | o
=< = Feference Sequence Paosition
__TRelative - - -
E B
Eead Orientation [CC-TGOGG-CCOLCOOG-CGCAGCACC-GOG---CC0CA-GCCOGCGCCCOOCAGGAGGOCTCOCGGCAGGT C -
Ay LCC-CoOC-COCCooG-CoCACCACC-COG---CA-CCCOCoCCCCCoACCGAGCGCOTCCCOOCOCSOTC (-~
3 Forward LCC-CoOC-COCCooG-CoCASCCACC-C oG- - - QA -CCCCCOCCoCCoACCSASCSOCTCOGOCCOOT C-
{3 Revarse LCC-CoOC-CCCCoG-CoCACCHYCC-C oG- - -GOTA-CCCCCCCCCCoACCASCOCTCOGOCCOAT C-
FCC--0C-COCCCG-CoCASCCHYCC-COG0- - -CA-CCCOCCCCCCoACCASCOCTCOOOCOGOTC
LCC-CoC-CCCCoCG-CoCASCHYCC-COG0- - -GOTA-CCCOCCCCCCoACCASCOCTCOGOGOCOCATC
LCC-COCo-COCCCA-CCCAGC CC—CGG———GTA—GCCGCGCCGGGAGGAGGGTCGGGTGGGTC!
]CC—CGG—CGGGGA—CGCAGGACC—CGG———GTA—GCCGCGCCGGGAGGAGGGTCGGGTGGGTC-!
]CC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-i
CCC-OC0oCCoCoG-CoCASCCACC-Co0G---0A-CCCOCOCCoCoACCOASCOTCOGOGOCOOOT CS
]CC—TGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCL.GGTC-!
:CC——GG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-!
]CC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-i
Refposn: LCC-CoOC-COCCooG-CoCASCACC-COG0---0A-CCCOCOCCoCoACCASCOTCOGOCOOOT C
NG = ]CC—TGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCL.GGTC-!
C% = ]CC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-!
C oo [CC-CGG-COG0GCGG-CGCAGGACC-COG---GAA- GCCGCGCCCOCGAGGAGGGTCGGGCGGGT Cy
= FCC-COG-CoCooG-CoOCAGCACCCGO G -- -0 A-CCCOCCGCCOCooAGCSAGGOTCOCOGCGGOGTC
T % 'CC—TGG—CGGGGG—CGCAGGACC—GGG———GA—GCCGCGCCGGGAGGAGGGTCGGGCAGGTC-!
M % = 'CC—TGG—CGGGGG—CGCAGGACC—GGG———GA—GCCGCGCCGGGAGGAGGGTCGGGCAGGTC-!
JT :CC—GGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTCj
# reads: ECC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-i
LCC-COo-CoO0ooG-CoCAGCACC-CO0G0---0A-CGCCOCOCCOOoACGCASGCGOTCOGOGOLCOGOGT CY
]CC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-!
]CC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTCj
Legend ]CC——GG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTC-i
] LCC-COGG-CO0COGG-CLGCAGCACC-COGG---CGA-GCCOGCGCCCOCAGGAGGGTCOGGLGGCAGGT CH
]CC—CGG—CGGGGG—CGCAGGACC—CGG———GAA—GCCGCGCCGGGAGGAGGGTCGGGCGGGTCJ;
] [CC-CooG-CCoooG-CoOCAGCACC-TGOG- - -GRA-GCCGCCCCCOoAGCGAGGCOTCOGGGCOGGGTCY
ACCT M # PCC-CGG-COGGGG-CGCAGGACC-CGG- - -GAA- GCCGCGCCOGOGOGAGGAGGGTCGGGEGGGT C v
i T T S =l bR ! T
Www.454.com 454,
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Data Analysis
Overview

GS de novo Assembler

Genome or Transcriptome de novo assembly; Large genomes; Hybrid
assemblies

GS Reference Mapper

Targeted mapping using Sequence Capture; Genome or Transcriptome
reference mapping; Variation detection including large rearrangements

GS Amplicon Variant Analyzer

Ultra-deep sequencing for variant analyses; Haplotyping

(SFF Tools)

SFF file manipulation
454

»,
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454 Sequencing Systems
One Fragment, One Bead, One Read

> AL >
Shear DNA and add ‘Emulsion PCR’ Deposition of beads into wells of
linkers Clonal amplification PicoTiterPlate device

Sequencing-by-synthesis Flowgram displays the
Detection of PPi release sequence of reads based on
WWW.454.Com light intensity 454
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454 Sequencing Systems
First GS Junior Publication

Immunogenetics
DO 10.1007/50025 1-010-0481-9

BRIEF COMMUNICATION

Characterization of Mauritian cynomolgus macaque major
histocompatibility complex class I haplotypes
by high-resolution pyrosequencing

Melisa L. Budde « Roger W. Wiseman - Julie A. Karl -

Bozena Hanczaruk - Birgitte B. Simen -
David H. O’Connor

Received: 27 July 2010/ Acceptad: 13 September 2010
) Springer-Verlag 2010

Abstract Major histocompatibility complex (MHC) class 1
alleles of nonhuman primates have been associated with
disease susceptibility, resistance, and resolution. Here,
using high-resolution pyrosequencing, we characterized
MHC class [ transecripts expressed in Mauritian cynomolgus

WWW.454.com

Major histocompatibility complex (MHC) class [ proteins
are present on all nucleated cells and present peptides to
circulating CD8+ T cells (Parham 1994). In humans, MHC
class 1 loci are well defined with only three classical
polymorphic genes per haplotype (HLA-A, HLA-B, and
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454 Sequencing Systems
First GS Junior Publication

= Sequencing of MHC class | transcripts in macaques to discover all
expressed transcripts from common class | haplotypes

= Sequenced 3 amplicons from ~440 to 620 bases

= Combination experiment
— 7 individuals on GS FLX System, 3 using GS Junior System
- ldentified all sequences found previously

- Discovered 2x more haplotypes than with previous Sanger-based
approach

= 440-600 base amplicons allow resolution of haplotypes that are impossible
with 190 base amplicons

www.454.com 454
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CFTR Exon Resequencing
Utility of MIDs with Amplicon Pooling

11 Coriell samples with known CF variants
34 amplicons cover 27 exons total: 11 x 34 = 374 amplicons
Each sample was MID-labeled and pooled after multiplex PCR

Single GS Junior run with average coverage 182x

96% of the High Quality Reads mapped back to the CF gene region

AVA output - showing 5 of 11 samples vs. variants discovered

MADEZ3E. .

MALL277. ..

MALL12E]. ..

MALLZ2ES. .

MAZ1551...

exonll_ref_ Q012
exonll_ref Q012
exonls_ref_ 0019

122:6/A4 |
234-236:TCT/-—- ]|

JET/G

100.00

100.00

100.00

99.60

98.70

0.00

100.00

0.00

100.00

47.73

exond7_ref_0034 233:G/A

100.00

48.03

0.00

0.00

54.56
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454 Sequencing Systems

Rare Variant Detection

AAC Accepts, published online ahead of print on 4 April 2011
Antimicrob. Agents Chemother. doi:10.1128/AAC.00091-11
Copyright © 2011, American Scociety for Microbiclogy andi/or the Listed Authors/institutions. All Rights Reserved.

1 Concordance Between Two Phenotypic Assays and Ultra Deep
2 Pyrosequencing for Determining HIV-1 Tropism
3

a Adrien Saliou,' Pierre De[obel,l'l Martine Du!:n::-i-s.l'3 Florence Nicot,l'3 Stéphanie Raymoncl,lj
5 Vincent Calvez.® Bernard l!".f'I:3.:-"::(:]|.h'f:]if:r.i Jacques Izopctl'?’* and the ANRS AC11 Resistance

6 Study Group

HIV “quasispecies” can use CCR5 and/or CXCR4 cell-surface receptors to enter cells

Drugs that block CCR5 receptors work only if CXCR4-binding variants are absent
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454 Sequencing Systems

Rare Variant Detection

= 415 base cDNA amplicon covering V3 env region of HIV-1

= 23 individual samples pooled & loaded onto a single GS Junior run
= (Obtained ~3,500 reads per sample

= GS AVA software used to align to reference

= Processed the reads using third party prediction software

= Detected quasispecies to 0.6% reliably

= (Calculated mean error rate of .000853 from control plasmids
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Pathogen Discovery R~

R Genetic Detection and Characterization of Lujo Virus, a
Metagenomlcs Eew Hemorrhagic Fever-Associated Arenavirus from
outhern Africa

ThmaBese ¥, Janusz T. Paweska®”, Laura K. McMullan?, Stephen K. Hutchison®, Craig Street',

‘M' L. Kh H line Weyer®, Robert Swanepoel®, Mu:h al Eghalm®,
Stuart T, Nichal®, W, fan Lipkin
1%

Abstract

Lujo wirus (LU, 2 new member of the farrily and the first h h faver-assocated from the
Did Werld Imuvemd thmee decades, was Bolated n South Africs dusing an outbeeak of human diseae characterized by
mmmmm ial tr: bonand dented ngh case fa uity te of 80% (45 cases). Unbiased pyr use-quenr_ng of A

nnnnnnnnnnnnnnnnnnnnnn

noms analysa of LUJ'U' showed it to be unique and branching aff the ancastral
rexde of the Old World L The virus G1 sequence was highly diverse and almost equidista rflorr
that of other Old World ai d Mew World arenavinses, consistent win a 2 potental distinctive receptor tropism. LUV js
rovel, genetically distinct, highly pathogenic arenavins.

Case from Sandton, South Africa

Infected paramedic during transfer, nurse at hospital,
cleaning staff, and nurse of paramedic- 4/5 did not survive

Serum and tissue samples from victims were subjected to unbiased pyrosequencing,
yielding within 72 hours of sample receipt, multiple discrete sequence fragments that
represented approximately 50% of a prototypic arenavirus genome.

Recapitulated GS FLX System study in single GS Junior
System run

250 Hits to LuJo Virus covering 57% of the L-segment and
79% of the S-segment

454
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Transcriptome Sequencing

One-step Discovery and Annotation

In silico gene model
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~75% of the EST contigs are full-length transcripts

Long 454 Sequencing single reads cover up to 9 exons
EST coverage is even across the transcript length
Long reads enable re-construction of full-length alternatively spliced variants
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Bacterial de novo Assembly

8 Kb Paired End

Microbial Genome Assembly

Organism 5. pneumoiiae E. coli I thermophilus C. jejuni
Number of Chromosomes 1 1 2 1
Large Scaffolds 1 1 2 1
Genome Size 2.2 Mb 4.6 Mb 2.1 Mb 1.6 Mb
N50 Scaffold Size 2.2 Mb 4.6 Mb 18 Mb 1.6 Mb
NS0 Contig Size 26.1 kb 571 kb 105 kb 153.8 kb
Genome Coverage 99.6% 1009% 100% 99.3%
Oversampling 25x 15x 33x 33x
Number of GS FLX Runs 1/4 1/4 1/4 1/4
Number of GS Junior Runs 2 2 2 2

WWW.454.com
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GS FLX+ System
Delivering Sequencing Reads up to 1,000 bp

WWW.454.com
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454 Sequencing Systems
Read Length Evolution

1,000 A
e
g 750 4
—
()]
c
S 500 4 400 b
T ¥ GS FLX Titanium
e
250 A y
"~ @GS FLX Standard
2005 2007 2008 2011
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GS FLX+ Improvements
Read Length Comparison

Base Count Distribution

3000000 -
GS FLX GS FLX+
2000000 -
s
Q
o
-]
&
2 1000000 -
0
0 100 200 300 400 500 600 700 800 900 1000

Read Length (bp)

New GS FLX+ generates significantly more bases > 500 bp
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454 Sequencing Systems
XL+ Chemistry Comparison

GS FLX+ System

Read Lengths Up to 1,000 bp Up to 600 bp
Modal Read Length 700 bp 450 bp
Throughput Profile - 85% of total bases from reads >500 bp - 850 of total bases from reads > 300 bp

s rneeon oo mon

Table 1: GS FLX+ System performance using either the GS FLX Titanium Sequencing Kit XL+ or XLR70. Actual results depend on specific sample and
genomic characteristics. * Consensus accuracy at 15x coverage in E. coll.

www.454.com 454 .
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GS FLX+ Applications
De novo Assembly - Budgie Bird

Genome size = 1.23 Gb

Question: Do GS FLX+ extra-long sequencing
reads improve assembly quality?

Experimental Design

- Shotgun sequence depth: 3.5X coverage
each using XL+ and XLR70

- Paired end sequence depth: 2.5X coverage -
3, 8 and 20 kb span using XLR70
Analysis

- Assembled data separately, compared
results

Budgerigar Parrot

Data courtesy of the Erich Jarvis Lab, Duke University Medical Center
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GS FLX+ Applications
De novo Assembly - Budgie Bird

Assembly Metrics

GS FLX System
(w/ 3, 8, 20 kb PE)

GS FLX+ System
(w/ 3, 8, 20 kb PE)

Improvement

Sequence Depth 6X 6X -

Number of Bases 8,018,686,780 8,019,891,335 -

Scaffold Metrics

Number of Scaffolds 54 K 53 K -2% (fewer is better)

Avg. Scaffold Size 22.5 Kb 23.1 Kb +3%

N50 Scaffold Size 1.9 Mb 2.5 Mb +27%

Largest Scaffold 14.0 Mb 15.6 Mb +11%

Contig Metrics

Number Of Contigs 418 K 302 K -28% (fewer is better)

Avg. Contig Size 2.3 Kb 3.3 Kb +42 %

N50 Contig Size 3.2Kb 5.2 Kb +60 %
N\In%_r%g%togontig 39 Kb 57 Kb +47 %




Synteny Between Budgie and Reference
A Snapshot of Chr 4

TRV
111l GS FLX (w/ Paired End*)

Reference: Zebra Finch Chr 4 [25 MB-65 MB]

WW.454 . com . ) ; 454
*Note: Same paired end reads (3, 8, 20 kb) used in both assemblies. SERLENGING




GS FLX+ Applications
Transcriptome Sequencing

= Sample: Drosophila larva; gene count 16,600;

21,784 transcripts

* Question: Do longer read lengths improve
transcriptome assembly?
* Experimental Design:

- Random primed Drosophila larva cDNA
libraries (from mRNA)

- GS FLX cDNA Rapid library protocol
- Sequenced using XL+ and XLR70

» Analysis: Compared mapping and assembly
metrics

WWW.454.com
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Transcriptome Sequencing
Transcript Coverage Analysis

= Transcripts are grouped according to their lengths:

- Small transcripts: <15kb
- Medium transcripts: 1.5t0 4.5 kb
-Large transcripts: = 4.5 kb

= Within each and every transcript, every 5% of its length would be mapped
back to the reference and percentage of mappable hits are reported

= Same number of reads from XLR70 and XL+ are compared

WWW.454.com 454 &
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Transcriptome Sequencing
Transcript Coverage

Small Transcript Coverage

100

<1.5kb

90 4

70 4
60 4
50 4

Evidence

30 4
20 4
10 4

% Small Trasncripts (<=1500) with EST

5 10 15 20 25 30 35 40 45 50 55 60 65

5'to 3' Transcript Coverage

70 75 80 85

100

Medium Transcript Coverage

1.5to 4.5 kb

%Medium Transcripts (>1500&<4500)
with EST Evidence

90 95 100 5 10 15

25 30 35 40 45 50 55 60 65

5'to 3' Transcript Coverage

70

75 80 85 90 95 100

100

Large Transcript Coverage

2 4.5 kb

90 H
80 -
70 A
60 -
50 A
40 -
30 A
20 4
10 A

%Large Transcripts (>4500) with EST
Evidence

15 20 25 30

35 40 45 50 55 60

5' to 3' Transcript Coverage

65

70

75

80 85 90 95 100

Extra long reads provide much better coverage of long transcripts.
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Transcriptome Sequencing
Mapping Results

Mapping to the Chromosome GS FLX GS FLX+ Benefit
Number of Reads 1,557,790

% Reads Mapped 94% 92%

Number of Bases Mapped 547,105,393 732,429,546 +34%

Gene/Transcript/Exon Detection

% Genes 86% 86% -
% Transcripts 89% 89% -
% Exons 83% 85% +2%
% Avg. Transcript Length Covered 60% 74% +14%

% Chromosome Coverage

chr2L 249% 26% +2%
chr2R 29% 31% +2%
chr3L 25% 25% +2%
chr3R 26% 29% +3%
chra 39% 40% +1%
chrX 25% 28% +3%

Extra long reads improve transcriptome mappability
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Transcriptome Sequencing
Transcript Assembly Example

} Reference
E } GS FLX+
} GS FLX

= Assembled putative transcript from GS FLX+ EST data is an accurate
reconstruction of the full length reference transcript, including the splice
junctions
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= Reference Tepll transcript is 4,535 bp in length

wwiRefetemce Source: Flybase Version 5.18 454,

SERUENCING




Transcriptome de novo Assembly
GS FLX+ Advancements

Extra-long reads:

= Increase coverage of full-length transcripts, particularly transcripts with
length = 4.5 kb

= Span more exons and thus provide more information on splicing patterns
and splice junctions

= Generate more accurate and complete assemblies by reducing ambiguity

= Increase the total bases or genes that can be mapped uniquely to the
genome

WWW.454.com 454 &

SERUENCING




WWW.454.com

For life science research only. Not for use in diagnostic procedures.

454, 454 SEQUENCING, 454 LIFE SCIENCES, EMPCR, GS 20, GS FLX, GS JUNIOR, GS FLX TITANIUM, PTP,
FASTSTART and PICOTITERPLATE are trademarks of Roche.

454

»,
SELQIUENCING



