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Applications Workflow for SOLiD

Application 
specific
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specific
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Imaging and 
analysis 
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specific
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What defines an 
Application?



Chromatin Immunoprecipitation

Methylation Analysis

Epigenome

Gene Expression Profiling

Small RNA Analysis

Whole Transcriptome Analysis

Transcriptome

Whole Genome Resequencing

Targeted Resequencing

De Novo Sequencing

Metagenomics 

Genome



Two Types of Libraries for Different Applications

Fragment Library

Mate Pair Library

1µm

bead

Forward

Adapter

Reverse

AdapterDNA Fragment

60-90 Bases

1µm

bead

Forward

Adapter

Reverse

AdapterInternal Adapter
50 base

Tag #1

50 base

Tag #2

• Whole 
Transcriptome

• Quantitative RNA 

• MicroRNA Discovery

• Resequencing 

• 3’ SAGE or 5’ SAGE

• ChIPSeq

• SNP Discovery

• Whole Genome 
Sequencing 

• Methylation

• SNP Discovery

• Structural Re-
arrangements / Copy 
Number

( 0.6 – 10 kb)

3kb

50 base tag
(F3)

50 base tag
(R3)



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

3 Types of Sequencing Runs

Tag1                         Tag 2 P2P1

Read 1 Read 2

Target P2  P1

Read (f) Read (r)

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

Target P2P1

Read

Fragment : Single Read



3 Slide Formats for Sequencing 

8 samples/run2 samples/run 16 samples/run

Individual
Samples

Unsegmented
Full Slide

Quad Octet

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

20.5M

47.5M

259M

# tags 
(50bp)

16.48.1881.0octet

199.542.38quad

25.9212.96112.96slide

total GB 
per run

total GB 
per slide

# segments 
per slideGB



Multiplexing capabilities

<16 samples/slide
x 2 slides/run

< 32 samples/run

<16 samples/segment
<4 segments/slide

x 2 slides/run

< 128 samples/run

<16 samples/segment
<8 segments/slide

x 2 slides/run

< 256 samples/run

Multiplexed
Samples

(16 barcodes)

Quad Octet

Target P2P1

Full



RNA-seq

• SAGE – 3’ and 5’

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

• smRNA



Whole Transcriptome Analysis 

Detection of….
• Novel transcripts
• Novel exon – exon junctions
• Non coding RNA
• Expressed SNPS

3’ Microarray

All Exon Array

Exon 2 Exon 3 Exon 4Exon 1

TaqMan Assays

SOLID

coverage for SNP detection



RNA-Seq Analysis Requirements

• Ability to survey coding and non coding RNA
— Only 1-5% of the transcriptome is coding RNA

• Sensitivity to detect low abundance RNA
— Estimated 6-7 logs dynamic range

• Ability to discover novel transcripts 
• Strand-specific expression analysis 
• Ability to detect alternate transcripts and fusion 

transcripts
• Throughput to maximize samples/run
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Recent Advances in RNA – SOLID Publications

First ever Bacterial Whole 
Transcriptome Analysis

First ever Single Cell  Whole 
Transcriptome Analysis

First ever Whole 
Transcriptome Analysis



ADAPTOR
HYBRIDIZATION

DIRECTIONAL 
LIGATION

REVERSE 
TRANSCRIPTION

RNase H

PCR

GEL
PURIF.

RNA-seq Applications Share Workflow

Libraries

Sample
Isolation

Library
Prep

ePCR Seq’ing
Data

Analysis

• SOLiD™ Total RNA-Seq Kit

• Input
— smRNA fraction 10-500ng
— polyA RNA – 100 - 500ng
— Ribosomal reduced – 200 – 500ng

RNA Fragmentation 
for larger species

41 bp 48 bp

P1 IA P2



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



Preliminary example of “strandedness”
Reads map accurately to sense or antisense strand

Repeat

YIPF2 sequence 
coverage on top strand

YIPF2 gene
annotation

CARM1 gene 
annotation

CARM1 sequence coverage 
on bottom strand



SOLiD Whole Transcriptome Analysis
Preliminary Exon and Splice junction Coverage

Novel, unannotated exon or 
alternative splicing?

Exon/Transcript not 
present in sample

Sequence coverage 
across exon junctions



Input: the annotation file (GTF)

seqname source feature start end strand frame score attribu tes

chr11 refGene2
gff

exon 1112845
59

11128490
1

- . . gene_id “CRYA”; 
transcript_id “NM_001885”

chr12 refGene2
gff

exon 8580977 8581129 + . . gene_id “CLEC4E; 
transcript_id “NM_014358”

seqname source feature start end strand frame count attributes

chr11 refGene2
gff

exon 1112845
59

11128490
1

- . 234 gene_id “CRYAB”; 
transcript_id “NM_001885”

chr12 refGene2
gff

exon 8580977 8581129 + . 101 gene_id “CLEC4E”; 
transcript_id “NM_014358”

Output: counts of annotated feature (GTF)

genome 
coordinate count

75331 10

75332 10

Output: Visualization of coverage (WIG)

Counting Module FilesCounting Module Files

R
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How Many Reads Do I Need to Survey 
the Transcriptome? 

Application Complexity Reads Estimate mappable
reads needed

Samples

SOLID 3

Small RNA 
Discovery

Low 35bp ~10M Up to 20/slide

SAGE Low 35bp 5M 40/ slide

Expression of 
annotated 
genes

Mid 50bp Minimum 50M 
(human

Up to 4/slide

Whole 
Transcriptome 
Discovery

High (alternative 
transcripts & splicing

50 bp Minimum 100 
million (human)

2/slide

Allele Specific 
Expression

High (variants to be 
defined)

50 bp > 150 million 
(human)

1/slide

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

* Current best estimates from literature and internal research 



Epigenetics

• ChIP-Seq

• Methylation



ChIP-Seq on SOLiD System
TFBS by Chromatin Immunoprecipitation

Researcher, IP Step SOLiD



ChIP-Seq Results



MAGnify TM ChIP System  - 37  New ChIP Qualified 
Antibodies



Workflow Comparison to Homebrew



Methylation 3 methods

bis

PCR

Capture                                  Enzymatic          Bisulfite





SOLiD MethylMiner-Seq outperforms MeDIP-chip
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Green – unmethylated Red - methylated

Courtesy of J. Edwards , Columbia University



bis

PCR



Resequencing

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

• Targeted Resequencing
> PCR based Enrichment
> Hybridization Enrichment



DNA-Seq Analysis Requirements

• Adequate Read Length to achieve coverage needed
• Accuracy for calling SNPs
• Ability to detect all major SV aberrations
• Higher sensitivity to detect changes
• Throughput to maximize samples/run
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The full spectrum of genomic variation

SNPs Small
Insertion-Deletions

Large
Insertion-Deletions

Inversions



Two Types of Libraries for Different Applications

Fragment Library

Mate Pair Library

1µm

bead

Forward

Adapter

Reverse

AdapterDNA Fragment

60-90 Bases

1µm

bead

Forward

Adapter

Reverse

AdapterInternal Adapter
50 base

Tag #1

50 base

Tag #2

( 0.6 – 10 kb)



Comparison of Fragment and Mate-paired Analysis
WG Microbial Resequencing – H. Influenza

Coverage in small organisms

Red indicates uncovered bases

From center outwards
1. Strain 1 (F) (3.55%)
2. Strain 2 (F) (3.34%)
3. Strain 3 (F) (4.49%)
4. Strain 4 (F) (4%)
5. Strain 1(MP) (0.143%)
6. Strain 1(MP) (0.139%)

Mate paired analysis allows maximal coverage even in small organMate paired analysis allows maximal coverage even in small organisms isms 

25 base reads



SOLiD: Low Coverage Uncovers Most SNPs

MdKernan et al., 2009



Gray – isolated error; Green – valid adjacent (SNP);
Yellow – two adjacent SNPs; Red – three adjacent SNPs
Blue – invalid adjacent mismatches 

SNP analysis



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

insertion deletion

sample

reference (hg18)



Better Resolution:
New amplicons

MCF7 aCGH

MCF7 SOLID-PET 

Slide courtesy of Rijuan Yuan, GIS

SOLiD: Large Indel Detection
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MCF7 genome
structure map

Courtesy of Yijun Ruan, GIS

Indel
Inversions

CNV

Translocations



de novo assembly

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

Mapping/referenced assembly de novo assembly



Target Resequencing



SOLiD™ Targeted Resequencing Workflow

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



General summary

1.5-2 days2.5-3 days1-2 days<1 dayTime

FragmentFragmentFragment
Mate-paired

FragmentLibrary 
Type(s)

HighHighLowLowNumber of 
loci

Medium to 
High

LowMedium to 
High

Medium to  
High

Number of 
samples

Medium to 
High

HighLowLowCost/sample

3-4 MB1-30 MB5-20 kb150-600 bpCapture 
Region

3 µg10-20 µg250 ng50 ngDNA input  
barrier

In-solution 
hybridization

Array 
hybridization

Long-range 
PCRPCR


