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Applications Workflow for SOLID

ISOLATE AMPLIFY & VALIDATE

PREPARE LIBRARY ANALYZE DATA

NUCLEIC ACID SEQUENCE RESULTS

What defines an
Application?

Emulsion

PCR & Sequencing Imaging and
substrate chemistry analysis
preparation



| SOLID™ Applications ]

Genome Transcriptome

Whole Genome Resequencing

Targeted Resequencing Gene Expression Profiling

De Novo Sequencing Small RNA Analysis

Metagenomics Whole Transcriptome Analysis

Epigenome
Chromatin Immunoprecipitation
Methylation Analysis
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Two Types of Libraries for Different Applications

3kb

e

50 base tag

(F3) 50 base tag

(R3)
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3 Types of Sequencing Runs

Fragment : Single Read

Read
—

P1 TG P2

Paired Ends : Read both ends of same molecule. ---- AVAILABLE H12010

Read (f) Read ()
., —
P1  TEGeI—— P2

Mate Paired : Read two separate tags from physically different locations.

Read 1 Read 2

SHEN T O Y
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3 Slide Formats for Sequencing

Individual
Samples

Unsegmented

Full Slide

2 samples/run

8 samples/run

Octet

16 samples/run

Determine most cost effective format to achieve required
coverage/depth per sample

#tags | # segments | total GB | total GB
GB (50bp) per slide per slide per run
slide 12.96 259M 1 12.96 25.92
quad 2.38 47.5M 4 9.5 19
octet 1.0 20.5M 8 8.18 16.4
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Multiplexing capabillities

— —
P1 P2

Multiplexed
Samples
16 barcodes)

_ <16 samples/segment <16 samples/segment
<16 samples/slide <4 segments/slide <8 segments/slide
X 2 slides/run x 2 slides/run x 2 slides/run
< 32 samples/run < 128 samples/run < 256 samples/run
Ay applied
@ biosystems
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RNA-seq

e SAGE -3 and 5’

 Whole Transcriptome
— polyA —-mRNA-seq
— Ribosomal reduced — includes non-coding content

e SMRNA

Ay applied
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Whole Transcriptome Analysis

Exonl |Exon2 | Exon3 Exon4 <
. 3’ Microarray
. . - - All Exon Array
B - ] TagMan Assays

SOLID

Detection of coverage for SNP detection

* Novel transcripts
* Novel exon — exon junctions
* Non coding RNA
* Expressed SNPS :
ABES:ysiems
oo ke



B
RNA-Seqg Analysis Requirements

 Ability to survey coding and non coding RNA
— Only 1-5% of the transcriptome is coding RNA
e Sensitivity to detect low abundance RNA
— Estimated 6-7 logs dynamic range
 Ablility to discover novel transcripts
o Strand-specific expression analysis

 Ablility to detect alternate transcripts and fusion
transcripts

e Throughput to maximize samples/run
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Recent Advances in RNA — SOLID Publications

First ever Whole
First ever Single Cell Whole

Transcriptome Analysis

Techniques for ife scientists and chemists

e natue com/naturemathods

Transcriptome Analysis

Single Cell Lysis

k.“;\"\.H Single cell MRNA

fStem cell transcriptome profiling via massive-scale
mRNA sequencing

cDNA Synthesis

Nicole Cloonan"*, Alistair R R Forrest", Gabriel Kolle", Brooke B A Gardiner!, Geoffrey ] Faulkner',

Mellissa K Brown', Darrin F Taylor!, Anita L Steptoe!, Shivangi Wani!, Graeme Bethel, Alan ] Robertson!,
Andrew C Perkins', Stephen ] Bruce', Clarence C Lee?, Swati S Ranade?, Heather E Peckham?, Jonathan M Manning?,
Kevin ] McKernan? & Sean M Grimmond'

ARTICLE ABSTRACT

Mature Methods €, 377 - 382 (2009)

W Perspective on whispering-gallery-mode biosensors Published online: & April 2009 | Corrected online: 19 April 2009 | doi:10.1038/nmeth 1315

mRNA-Seq whole-transcriptome analysis of a single
cell
Fuchou Tang®-2, Catalin Barbacioru®-2, vangzhou WangZ, Ellen NordmanZ, Clarence Lee2,

Hanlan %02, Riaohui Wang?, John Bodeau?, Brian B Tuch?, Asim SiddiquiZ, Kaigin Lao® & M
Azim Suranit

First ever Bacterial Whole
Transcriptome Analysis

1. Bactetiol. doi10.1123/7E.00122-09
Copyright (¢) 2009, American Society for Microbiology andfor the Listed Authars/Institutions. All Rights Reserved

Sequence covarags dspth (hitsii)

=

1980 1981 1982 The Structure and Complexity of a Bacterial Transcriptome
e Karla D. Passalacqua, Anjana Varadarajan, Brian D. Ondov, David T. Okou, Michael E. Zwick, and
Nicholas H. Eergmarl*

= -
School of Biology, Georgia Institute of Technology, Atlanta, GA 30332, USA; Department of Human Genetics, ap pl‘ IEd

Emory University School of Wedicme, Atlanta, G4 30322, TS 4; Electro-Optical Systems Laboratory, Georgia S btﬂ EYStE m5
Tech Research Institute, Atlanta, GA 30332, TTSA




RNA-seq Applications Share Workflow

o« SOLID™ Total RNA-Seq Kit
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ADAPTOR Q )
HYBRIDIZATION

RNA Fragmentation ﬁ@

for larger

L

Species REVERSE

TRANSCRIPTION

7

e Input

SmRNA fraction 10-500ng
polyA RNA — 100 - 500ng
Ribosomal reduced — 200 — 500ng

| RNase H

PCR

41 bp
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Why Is “Strandedness” Important?

 Directionality in respect to start and end points

* Previously assumed that transcription
occurred only in one direction

 Knowledge: Transcription occurs in both
sense/ antisense directions

* \When mapping transcriptional start sites, it Is
crucial to know which strand Is actively being
transcribed

The picture without strand information The picture with strand information
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Preliminary example of “strandedness”
Reads map accurately to sense or antisense strand

chirig: | 1 aso2aea] 1esses 08| tesaza0al 18523508| 1esa4naa| 1e5a4508] 1eEgsass] 1 aegss 08| teaasada|
20 _ YIFFiI coverage (UHR) From S0LA0D
18 = ¥

IPF1i {UHR, rewer
L1}

28 CAMRE1 coverage C(UHRY from SO0LAD

| . .

AMRL {UHE n:usrer

RefSen Genes

CRRM1 - - E [

Encuclopedia of DMA Elements ENMCODEY REegions

CARM1 sequence coverage CARML1 gene YIPF2 sequence YIPF2 gene
on bottom strand annotation coverage on top strand annotation
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SOLID Whole Transcriptome Analysis
Preliminary Exon and Splice junction Coverage

Novel, unannotated exon or
alternative splicing? ~,

Exon/Transcript not

/ present in sample

osan| 48348 54 345660 40345506] 4es45008| 4ns4esan| 40347000 48347500 4345008 40345500
GFHP From SDL D

1“! l

-3159 _

Wil

(4= 3= q GE‘HE‘S

AN

Sequence coverage
across exon junctions

N -
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Counting Module Files

Input: the annotation file (GTF)

segname |source feature start end sltrand frame sdore attribu tes
chrll refGene2 exon 1112845 11128490 - gene_id “CRYA”;

off 59 1 transcript_id “NM_001885"
chrl2 refGene2 exon 8580977 8581129 + gene_id “CLECA4E;

off transcript_id “NM_014358"

Output: counts of annotated feature (GTF)

segname source feature start end gtrand flame count attributes
chrll refGene2 exon 1112845 11128490 - 234  gene_id “CRYAB”;

off 59 1 transcript_id “NM_001885"
chrl2 refGene2 exon 8580977 8581129 + 101 gene_id “CLECAE",

off transcript_id “NM_014358”"

Output: Visualization of coverage (WIG)

genome
coordinate count
75331 10
75332 10

Reads coverage

______ lied
----------- mata?g-systems




How Many Reads Do | Need to Survey
the Transcriptome?

The number of reads needed is dictated by the compl  exity of application

Application Complexity Reads Estimate mappable Samples
reads needed SOLID 3

Small RNA Low 35bp ~10M Up to 20/slide

Discovery

SAGE Low 35bp 5M 40/ slide

Expression of Mid 50bp Minimum 50M Up to 4/slide

annotated (human

genes

Whole High (alternative 50 bp Minimum 100 2/slide

Transcriptome transcripts & splicing million (human)

Discovery

Allele Specific High (variants to be 50 bp > 150 million 1/slide

Expression defined) (human)

* Current best estimates from literature and internal research BB s
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Epigenetics

* ChlIP-Seq

* Methylation

Ay applied
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ChIP-Seq on SOLID System
TFBS by Chromatin Immunoprecipitation

WORK o WA Yo
WX X WA Yo WA
AR00B0K ax Y WX WA Y
WAX AKX WA W
: 3 Precinitate 4. Reverse cross-link 5. 50LID fragment
1. DMA-hinding protein 2. Isolate chromatin and chrumafiln itk and digest protein. library construction:
cross-linked to DNA shear DNA. protein-specific Ligate P1 and P2
antibody adapters to ONA
' fragments.
Figure 1: DA enrichment by chromatin immunoprecipitation (ChiF) and SOLID fragment library construction,
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ChlIP-Seq Results

Sample Library SOLiD™ Data
Preparation Construction Sequencing Analysis
chrl: 159450500 | 150460000 | 150460500 | 159461000 |
FOXAZ binding sequence
FOX¥AZ binding sequence g|
[4EI4E /)N IS B3 BB [ < 1L 21 3 O} [4m e - .-FQ-}“;?‘IIFEQ-S--. € < N WeE 3] (£ ¢ 15 B J¢ 'O i< Qi< §s ¢ W S D]
W TR Mlea T M W TSR Yacal, " 1B 7 TL RSSO GH
" BV RIRREL = T RA N
ELART PITMT ™
“ia e
‘!! l-l.--
EH 12
B WL
Bl il
fita 4
Y H
[lf’, H
e
S |
i
-
10 _ FOXA3 signal
FOXAZ signal
0_
Input reads
(< ] »1 - xa - !’ =1 - [ | l‘,
10 _ Input signal
Control signal
0 _ i = T — ]
POAS UCSC Genes Based on RefSeq, UniProt, GenBank, CCDS and Comparative Genomics
APOA2 - - -

Figure 3. Evidence for FOXA3 protein-DMNA interaction at the BCAS1 locus binding to the APOA2 promaoter. Graphic representation of alignment of reads derived
from size selected SOLID™ ChiIP-Seq libraries (red) and from control input sample (blue) along Chromeosome 20 is shown. lllustrated in the UCSC Genome

EBrowser are the mapped forward (red) and reverse (blue) reads and the region of overlap (black). The peak is just upstream of the first exon located and spans the
predicted FOXA3 binkiing motif.



MAGnify ™ ChIP System - 37 New ChIP Qualified
Antibodies :

1
oy
Histone Modifications Chromatin Associated and/or
SKU SKU N Modifying Proteins
ame . SKU SKU Name
28_1882 Egﬁmg 23322:; EES?I 2222:3 49-1025 HDAC1 (Human, Mouse) (Host: Rabbit
49-1005 H3K4me3 (Human, Mouse) (Host: Rabbit) jgjg% '\D"E"a}é’;mﬁ:)sg;‘(ﬁggaggg{)“)
49-1006 H3K9me1 (Human) (Host: Rabbit) 49-1029 MeCP2 (Human) (Host: Rabbit)
49-1007 H3K9me2 (Human) (Host: Rabbit) 49-1035 Suz12 (Human, Mouse) (Host: Rabbit)
49-1008 H3K9me3 (Human, Mouse) (Host: Rabbit) X g .
49-1009 H3K9ac (Human) (Host: Rabbit) 49-1037 TIP5 (Human, Mouse) (Host: Rabbit)
49-1010 H3K9/14ac (Human) (Host: Rabbit) Transcription Factors
49-1011 H3K9acS10p (Human) (Host: Rabbit)
49-1012 H3K27me1 (Human) (Host: Rabbit) SKU SKU Name _
49-1013 H3K27me2 (Human) (Host: Rabbit) 49-1001 CIITA (Human) (Host: Rabbit)
49-1014 H3K27me3 (Human) (Host: Rabbit) 49-1030 NF-YB (Human) (Host: Rabbit)
49-1015 H3K27me3S28p (Human) (Host: Rabbit) 49-1031 P53 (Human) (Host: Rabbit)
49-1016 H3K36me1 (Human) (Host: Rabbit) 49-1032 p63 (Human) (Host: Rabbit)
49-1017 H3K36me3 (Human, Mouse) (Host: Rabbit) 49-1033 Pol Il (Human) (Host: Rabbit) -
49-1018 H3K79me1 (Human) (Host: Rabbit) 49-1034 RFX-AP (Human) (Host: Rabbit)
49-1019 H3K79me2 (Human) (Host: Rabbit) 49-1036 TBP (Human) (Host: Rabbit)
49-1020 H3K79me3 (Human, Mouse) (Host: Rabbit)
49-1021 H3R17me2 (Human) (Host: Rabbit) Nuclear Receptors
49-1022 H4K8ac (Human) (Host: Rabbit SKU SKU Name
49-1023 H4K20me1 (Human) (Host: Rabbit) 49-1002 Estrogen Receptor alpha (Human) (Host: Mouse)
49-1024 H4K20me3 (Human) (Host: Rabbit) 49-1026 Glucocorticoid Receptor (Human) (Host: Mouse)
Mix of Monoclonal, Polyclonal, Crude Serum and Ascites but ALL mapp lied
are ChlIP qualified—pricing ranges from $295 - $350 per aliquot biosystems

Lie




Workflow Comparison to Homebrew

applied
P biosystems
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Methylation 3 methods

Workflows for
MethylMiner™ MBD-bead based
enrichment of CpG-methylated DNA

Genomic DNA CHy
fragments CHy ——
(5 ng to 25 pg) CHy =~ ___
CHs
Capture CpG-methylated dsDNA
on beads
on
o i &

Fractionate
Elute CpG-methylated dsDNA CpG-mﬁ[hh:::;esdocf(sDNA
as a single fraction OR increasing [NaCll

(optional)
M
with 4 with Nacl o
2M NaCl proteinase K .
e@
200 mM =
NaCl
CH,
CH. CH cH ==
3 3 5
i IO i cHs oH,
s ey By CHy ==  cH,
CH, CHy L0 g,
CH,

Analyse DNA (+ /- bisulfite conversion)
by PCR/qPCR, sequencing, microarray, other assays

299 270 999009999009 o

L
Methylation-sensitive Enzyrmes Methylation-dependent
{Hpall, Hhal, Acil, BstUl, Maell) Endonuclease (MerBC)

soes 0o 20000
Methylated

Unmethylated
Compartment

Compartment

Circulan zation with
SOLID™ Internal Adaptor

EcoP15l

EcoP15l

Sites Sites

Methylated Unmethylated
Mate-Paired Library

Mate-Paired Library

Emulsion PCR & SOLID™
‘Sequencing

Capture

unmethylated methylated
--CG-- ~-CMG--
bis
~-UG-- ~-CMG--

PCR

~TG-- -C G—

Enzymatic

Bisulfite
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Workflows for
MethylMiner™ MBD-bead based
enrichment of CpG-methylated DNA

H.
GCenomic DNA e
fragments CHy
(5 hg to 25 Ll(._]" CHg '—u
CH

Capture CpG-methylated dsDMNA |
on beads

Fractionate
CpG-methylated dsDMNA
with steps of
OR increasing [NaCl]

Elute CpG-methylated dsDNA
as a single fraction

with wi‘rh
ar Ea
20 Macl proteinase K T

‘ 200 mh
NacCl

.

i) o |

CHy T
CH,

CH.,

Analyse DMNA {+ /- bisulfite conversion)
by PCR /gPCR, sequencing, microarray, other assays

ﬂB

applied
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SOLID MethylMiner-Seq outperforms MeDIP-chip

AT1G04900.1 =k AT1G04945. 1 i AT1TE04620; & /
AT1TED4510- = AT1G04945 2w AT1G04970.2 A
; AT1TEQ4500: = AT1G04940.1 Femee AT1G04970.1khens®. _ AT1G05000.
Gene Models AT 1604820 1 R AT 1G04060. 4t AT 1G04800 1 WliisrhraAT 1604920 T4 AT1G04950.1 G4 AT 1604985 1
GD4800.1  <H+=#AT1G04830.1 SR AT1G04870 1 EHAT1G04910 1 urrrrr AT1G04950 3 ERHHATIGl
CEEAT1G04840.1 RHHAT1G04870.2 SrEElATIG04930.1  WarrAT1G04960.1 WmrIAT1GC
AT 1G04850 1 AT 1604950 2
SR AT1G04880.1 e AT1 G04960 2
e 1
Repeats | |
- 1 1

Bisulfite-seq
MeDIP-chip | ‘ | |

SOLiD-seq
500 mM fraction

SOLiD-seq : I
1000 mM fraction |

applied
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P990 999 9909999 99000 ¢

Methylation-zensitive Enzymes Methylation-dependent
{Hpall, Hhal, Acil, Bstl], Mazll) Endonuclease (MorBC)

__________ 0_____________ Fractionate Genome &

End Polishing [N LY

bl o

Methylated

Unmethylated
Compartment

Compartment

Circulari zation with

SOLD™ Intemal Adaptor

EcoP15l
Sites

EcoP15l

Sites

o
End Polish & Adaptor
---------- 0 T 0
| [ =]
Methylated Unmethylated

Mate-Paired Library

Emulsion PCR & SOLID™
“Sequencing

Mate-Paired Library
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chré1 (g2Z.11)

HUNK mil}
CpG. island [ SRR

— unmethylated Red - methylated

applied
A bﬁarg}&‘:yatem%

Courtesy of J. Edwards , Columbia University Lﬁ-



Applied Biosystems SOLID™ 3 System

SOLID™ Fragment Library Preparation Protocol for Bisulfite
Genomic Methylation Profiling

unmethylated methylated

__QG__ __Q G3--
bis

UG-  -C"G-

PCR

~TG-- -C G—

Applied Biosystems Demonstrated Protocol

Al lied
™ b Bﬁrggystﬂms

MDD biosystems
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Resequencing

 Whole Genome Resequencing
> “low complexity” - bacterial Genomes
> “High Complexity” — Human Genomes
> De Novo — microbe genomes

e Targeted Resequencing
> PCR based Enrichment
> Hybridization Enrichment

mappiied
@ biosystems



B
DNA-Seqg Analysis Requirements

 Adequate Read Length to achieve coverage needed
e Accuracy for calling SNPs

 Ablility to detect all major SV aberrations

e Higher sensitivity to detect changes

e Throughput to maximize samples/run

Ay applied
A b?gsy-stems.






The full spectrum of genomic variation

SNPs Small Large Inversions

Insertion-Deletions Insertion-Deletions v applied
'@ biosystems

R



EE . ——
Two Types of Libraries for Different Applications

Fragment Library

Forward Reverse

Adapter DNA Fragment Adapter
1pm
bead 1

60-90 Bases
Mate Pair Library
(0.6 — 10 kb)

Forward Reverse

Adapter Internal Adapter Adapter
1pm 50 base 50 base
bead I I

Tag #1 Tag #2

mapp lied
biosystems
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Comparison of Fragment and Mate-paired Analysis
WG Microbial Resequencing — H. Influenza

Coverage in small organisms

Red indicates uncovered bases

From center outwards

1. Strainl(F)(3.55%) .

2. Strain 2 (F) (3.34%)

3. Strain 3 (F) (4.49%)

4. Strain 4 (F) (4%) UL RRONS
5. Strain 1(MP) (0.143%) ’%?%ﬁ’ﬁf?i}%‘\;‘&
6. Strain 1(MP) (0.139%) _\ %ﬂﬂ%{h\%\\\\w\i

25 base reads

77777

00000

00000

Mate paired analysis allows maximal coverage even in small org‘anisms
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SOLID: Low Coverage Uncovers Most SNPs

e sk AkARAALAEAKELE A ** f."“:‘”;'_’""‘ EY¥EEEFRESE’
-
o* 1 ad
- ’ _‘. ‘. . -
80% +— Ty
& ¢
8 ¢
5 60% ,
g
8 ’ - &+ Homozygotes
§ ] - -4 - Heterozylyotes
40% g
4
0 ]
20% 3
U% 1 1 I 1 ]
0 5 10 15 20 25 30 35 40  MdKernan et al., 2009

coverage

Figure 3. Dependence of genotype calling by dibase sequencing on depth of sequence

coverage. The %dbSNP concordance 1s shown for homozygous and heterozygous SINPs

at each level of coverage up to 40x. Two reads of the variant allele are required to call a s
homozygous SNP while two reads of each allele are required to call a heterozygous SNP. 1 biosystems
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SNP analysis

2333323000113121110002021300101320030201 21011100221033131302301220232203300033

13303230113021110002021300101320030201

1011100221033131302301220232203200133

22303230#11130211100020213001013200302010 1011100221033131302301220232203200133
23303230%1¢1130211100020213001013200302010 1011100221033131302301220232203200133
23303230[201130211100020213001013200302010 1011100221033131302301220232202%00133
23303230[001130211100220213001013200302010 1011100221033131302301220232203100133
21303230[001130211300020213001013200302010 1011100221033131302301220232203300133
2[J032307%11130211100020213001013200102010 1011100221033131302301220232203200133
23303230~11130211100020213001013200302010 1011100221033131302301220232203200133
22303230 1130211100020213001033230322!!@2 1011100221033131302301220232202!00133
23203230/911302111030202130010132303120103 011100221033131302201220232203100133
23303230%1¢11302111003202130010332003220103 011100221033131302201220232203100133
2320323071¢11302111000202130010132p4ek#i21103 011100221033131302201220232203200133
Gray — isolated error; Green — valid adjacent (SNP);

Yellow — two adjacent SNPs; Red — three adjacent SNPs

Blue —

invalid adjacent mismatches

AB

applied
biosystems
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Large indel inference from clusters of discrepant
paired-end clones mappings

sample

reference (hgl8)

Insertion deletion

7 [T
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SOLID: Large Indel Detection

MCF7 aCGH

MCF7 SOLID-PET

Better Resolution:
New amplicons

Slide courtesy of Rijuan Yuan, GIS



MCF7 genome 2o Indel

21 .
structure map 20 / Inversions

19 / CNV

18 Translocations
3

u 7

16

15
14
13

12

11

10 7
Courtesy of Yijun Ruan, GIS 9 8




de novo assembly

* Reconstruction of a genome sequence from reads
alone, without any reference sequence

5 ST S U R £ S A £ N £ I A R £

Mapping/referenced assembly de novo assembly



Target Resequencing



SOLID™ Targeted Resequencing Workflow

 Amount of sequence to be targeted/# of samples
e Cost
e Available material



General summary

Long-range | Array In-solution
PCR PCR hybridization | hybridization
DNA input 50 ng 250 ng 10-20 pg 3 ug
barrier
Capture 150-600 bp | 5-20 kb 1-30 MB 3-4 MB
Region
Cost/sample Low Low High Medium to
High

Number of Medium to | Medium to Low Medium to
samples High High High
Number of Low Low High High
loci
Time <1 day 1-2 days 2.5-3 days 1.5-2 days
Library Fragment | Fragment Fragment Fragment
Type(s) Mate-paired




