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Molecular 
MedicineValidationVerificationDiscovery

SOLiD™ Sequencers
Highest quality genome 
for discovery of novel 
causative variation

PostLight™ Semiconductor Sequencers
Scalability, simplicity, 
and speed for every 
benchtop

Invitrogen, Ambion, & Dynal Reagents  
Breadth & depth of best-in-
class reagents and 
consumables

Dedicated to Genomic Analysis…

Genetic Analyzers 
Gold standard  in 
Sequencing & 
Fragment Analysis

Real-Time PCR 
High performance, fast, 
Real-Time PCR; variety of 
chemistry choices

Single Molecule Sequencing 
Ultra-long sequencing & 
tunable performance for 
application flexibility
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5500 Series SOLiD™ Sequencer 
Microfluidic FlowChip

• Flexibility to run single or multiple samples 

• Fast turn around times: 1 lane =  typically 1 day for 35 bp
reads

• Cost effective:  Pay per use sequencing

Quickest time to result for 
single lane experiment

Flexible, fast and cost-effective sequencing



Flexible Experiment Configuration

Whole Transcriptome
Whole Exome

Targeted resequencing
Small RNA

ChIP

Whole Genome 
Sequencing

1 sample across multiple lanes

Multiple samples in 1 lane

Multiple experiments on 1 FlowChip



“Bulk” reagents are pay-per-use 

Microfluidic FlowChip enables running 1 or more indep endent lanes 

SOLiD 4:  Single use kits
- 1 fixed read length kit per 
flow cell (e.g. Fragment 50 
kit)

# lanes/read length
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5500 SOLiD™ Series Consumables



Robust –
Embedded Sequencing Control

• Quality control at multiple check 
points in process

• Ability to predict run performance 
and trouble shoot issues.

• Real time analysis enables detection 
and disabling of poor samples to 
save on reagents and time

• Spike In controls
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Portfolio of Solutions for RNA Analysis

Whole 
Transcriptome

SOLiD™
System

WT Analysis Pipeline

Taqman®
Gene 

Expression 
Assays

Small RNA

mirVana™
miRNA

Isolation Kit

SAGE Analysis Tool

SAGE/dGEx Small RNA Analysis 
Pipeline

TRIzol® Plus 
RNA Purification 

System

SOLiD™
SAGE™Kit

SOLiD™ Total 
RNA-Seq Kit

TRIzol® Plus 
RNA Purification 

System



Some RNA Publications on SOLiD™
System

Anthrax Transcriptome 

on SOLiD™ System

Mouse Stem Cell Transcriptome

on SOLiD™ System

Single Cell Expression Analysis 

on SOLiD™ System

Cancer Transcriptome

on SOLiD™ System



Importance of small RNAs or miRNA 

“Our findings demonstrate the 
effectiveness of miRNAs as 
biomarkers for tracing the tissue of 
origin of cancers of unknown primary 
origin.”

• What role do miRNAs play?

• Are there still other small non 
coding RNAs to be discovered?  



Tang et al, Nature Protocols, 2010 

Tang et al, Nature Methods, 2009

• Detailed protocol, from single cell 
collection, library creation, barcoding and  
SOLiD analysis 

• Demonstrates advantage over arrays in 
the identification of novel transcripts

Tang et al, Cell Stem Cell, 2010

• Describes differentiation process from the 
mouse inner cell mass cells to embryonic 
stem cells. Measured splice specific 
differential expression

Single Cell Transcriptome Analysis
Validated low input protocols conserve precious can cer 
samples 



Tuch et al, PLoS ONE, 2010 
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Whole Genome 

Sequencing

•Reveals expression levels, allelic 
imbalance and CNVs all using same 
platform in an oral cancer

•Demonstrates link between CNVs
and gene expression

•Demonstrates that SOLiD™ system 
can measure allelic imbalance in 
transcriptomic data

Combining Sequencing and Transcriptome Data



Composition of the Transcriptome  

• 1-5% of RNA in eukaryotic cells is 
mRNA or polyA RNA that “codes” for 
proteins 

• The remainder is “non-coding” RNA
� rRNA 
� tRNA 
� miRNA  
� piRNA 
� snoRNA
� and others….

1-5% coding RNA

95-99% non coding RNA

Many non coding RNA species have not been 
characterized because until recently there hasn’t 

been a way to study them.
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The Power of RNA-Seq

7 to 9 logs5 to 6 logs for all 
applications

2 to 3 logs

TaqManSOLIDArray

DISCOVERYDISCOVERY VALIDATIONVALIDATION

DISCOVERY                  DISCOVERY                  VALIDATIONVALIDATION



Platform Differences

SOLiD ™ System enables the 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



3’ SOLiD™ SAGE™ Workflow

• Optimized 3’ SAGE kit and 
workflow for SOLiD™ System

• Start with as little as 50 ng
poly-A RNA

• The extended 27 bp tag length 
provided by the EcoP15 
digestion improves mapping

• Tag identifies unique full length 
transcript and is a digital 
enumeration of the number of 
times it is expressed



5’ SAGE™ enables genome-wide 
identification of transcription start sites

• Sensitivity of a single sequence run 
of the SOLiD platform was 100–
1,000 fold greater than that 
observed from 5�end SAGE™ data 
generated from the analysis of 
70,000 tags obtained by Sanger 
sequencing

• The level of expression of these 
genes ranged from 0.02 to 4,704 
transcripts per cell



“How many samples can I multiplex?”
“How can I decide?”

• For SAGE, expect a million tags to be sufficient*

• For small RNA discovery, expect that 10-40M reads are sufficient 
� AB has detected >100 novel miRNAs with 40M reads

• For small RNA profiling, expect 2-10M reads to be sufficient*

• For Whole Transcriptome Analysis, expect at least 50 reads to be sufficient*
� Profiling will require less reads
� Splice junctions and fusion transcripts will require some more reads
� Allele-specific expression will require more reads, depending on level of depth and allele 

expression ratios 

* “Sufficient” can’t easily be quantified, thus approximate ranges given



Single-tube sku

Two tube sku

OR

ERCC Product

NIST SRM plasmids

in vitro transcription

Robotic pooling and formulation

Pool A

Pool D

Pool C
Pool B

4X

0.5X

0.67X

1X

ERCC1 ERCC2

Pool A

Pool D

Pool C
Pool B



What Can We do With 92 RNA Controls and 
SOLiD Sequencing?

Provide Quality Control for RNA library preparation  and sequencing

•Sensitivity
•Define the limit of detection and dynamic range for  an experiment

•Accuracy
•Determine how close the results are to expectation

•Reproducibility
•Evaluate the variability between samples



Sensitivity
Lower Limit of Detection for SOLiD RNA-Seq

|  Life Technologies Proprietary & Confidential |  5/18/2011
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Control Concentration (molecules/100 ng mRNA)

18.8 Million Unique Reads
53.8 Million Unique Reads

71,235

22,546

LLD = 1X Coverage

Dose Response Curve

We can detect as few 
as 0.24 transcript 
copies per cell with ~19 
million uniquely 
mapped reads or 0.08 
copies per cell with ~54 
million reads

Set detection at 1X 
coverage



RNA Isolation and enrichement or 
depletion strategies

TRIzol® Plus RNA Purification System

���������	
�����������	
�����������	
�����������	
��
 


 �������	
�
���
����
���������	
�
���
����
���������	
�
���
����
���������	
�
���
����
��

RiboMinus™ Eukaryote Kit for RNA Seq



Gene Expression Decision Tree

Total RNA

Poly (A) RNA

rRNA Depleted
(including Non-coding
RNA + Poly (A) RNA
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TRIzol® Plus RNA Purification System

Spike in ERCC



Why is Maintaining RNA Strand Specificity
Important?

• RNA is transcribed from both DNA strands

• The SOLiD™ Total RNA-Seq Kit conserves strand information by directional 
addition of primer/adapters to the RNA

• Mapping sequence back to a specific strand of DNA is crucial to understand 
transcript structure

?
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5’ ligation
junction

3’ ligation
junction

5’ RNA
adaptor

5’ ‘guide’
adaptor

3’ DNA
adaptor

3’ ‘guide’ adaptor 
(3’ blocked)

Small RNA

12,14,16 nts

3’-amine
3’ RT primer



Strand Information Conserved

YIPF2 annotation

YIPF2 sequence coverageCARM1 sequence coverage

CARM1 annotation

• Reads map accurately to sense or antisense strand

• The data shows that both red and blue transcripts reads extend beyond the 3’ end in 
the genome annotation 

• Genome annotation can be updated



Identification of Alternate Transcripts
Number of Reads critical to achieve exon 
coverage

Long alternate 3’end 
of transcript expressed

Short alternate 3’end 
of transcript not expressed

5’end 
of transcript



BioScope - Whole Transcriptome Workflow

•Multi-step mapping process to identify sequencing artifacts and exon
junctions

•Count files contain RPKM* values for detecting differential expression
•Built in tool for identifying fusion transcripts and novel splice variants
•Data visualization via Integrative Genomics Viewer or UCSC Genome 
Browser

*RPKM reference: http://www.nature.com/nmeth/journal/v5/n7/abs/nmeth.1226.html

Colorspace
Reads

Filter Mapping
Junction 
Mapping

Genomic 
Mapping

Merge

Mapping Results (.bam)

Fusion 
Detection



Simplified Output

•Simplified output for identifying known and putative splice variants
•Confidence score provided for each junction (JCV)
•Allows researcher to quickly identify which junctions to validate

E1E1-reference s E1-start E1-end E2E2-reference s E2-start E2-end Unique-PR Unique SR JCV Known
AGRN-1 chr1 + 945366 945616 AGRN-2 chr1 + 947444 947705 36 10 100 Known
AGRN-2 chr1 + 947444 947705 AGRN-3 chr1 + 960520 960567 14 8 100 Known
AGRN-3 chr1 + 960520 960567 AGRN-4 chr1 + 965908 966123 2 3 46.41 Known
AGRN-5 chr1 + 966416 966640 AGRN-6 chr1 + 966721 966945 20 5 100 Known
AGRN-6 chr1 + 966721 966945 AGRN-7 chr1 + 967199 967405 6 4 100 Known
AGRN-7 chr1 + 967199 967405 AGRN-8 chr1 + 968482 968700 17 9 100 Known
AGRN-8 chr1 + 968482 968700 AGRN-9 chr1 + 968781 968975 24 7 100 Known
AGRN-9 chr1 + 968781 968975 AGRN-10 chr1 + 969066 969266 42 15 100 Known

AGRN-10 chr1 + 969066 969266 AGRN-11 chr1 + 969352 969500 7 6 100 Known
AGRN-11 chr1 + 969352 969500 AGRN-12 chr1 + 969577 969682 47 11 100 Known
AGRN-12 chr1 + 969577 969682 AGRN-13 chr1 + 970404 970520 10 4 100 Known
AGRN-13 chr1 + 970404 970520 AGRN-14 chr1 + 970602 970766 20 2 100 Known
AGRN-14 chr1 + 970602 970766 AGRN-15 chr1 + 970976 971119 27 6 100 Known
AGRN-15 chr1 + 970976 971119 AGRN-16 chr1 + 971207 971331 35 8 100 Known
AGRN-15 chr1 + 970976 971119 AGRN-18 chr1 + 971640 971978 4 1 77.54 Putative
AGRN-16 chr1 + 971207 971331 AGRN-17 chr1 + 971403 971508 47 15 100 Known
AGRN-17 chr1 + 971403 971508 AGRN-18 chr1 + 971640 971978 32 3 100 Known
AGRN-19 chr1 + 972063 972200 AGRN-20 chr1 + 972570 972697 31 7 100 Known
AGRN-20 chr1 + 972570 972697 AGRN-21 chr1 + 972816 972930 41 12 100 Known
AGRN-21 chr1 + 972816 972930 AGRN-22 chr1 + 973019 973138 34 11 100 Known
AGRN-22 chr1 + 973019 973138 AGRN-23 chr1 + 973255 973608 28 8 100 Known
AGRN-23 chr1 + 973255 973608 AGRN-24 chr1 + 974110 974302 8 3 100 Known
AGRN-24 chr1 + 974110 974302 AGRN-25 chr1 + 974479 974694 12 8 100 Known

AGRN-15 chr1 + 970976 971119 AGRN-16 chr1 + 971207 971331 35 8 100 Known
AGRN-15 chr1 + 970976 971119 AGRN-18 chr1 + 971640 971978 4 1 77.54 Putative



•Use .bam file to visualize coverage in the Integrative Genomics Viewer 
and load annotation tracks

•Use .wig files to visualize coverage in UCSC’s Genome Browser

Data Visualization



•Import BAM file into Partek Genomics Suite
•Detect novel start sites / exons and comparative analysis

Tertiary Analysis- 3rd Party Software

Expressio
n Peaks

Unexpected 
Expression 

Peaks

Novel Exon
candidate



Fusion Transcripts

•BioScope can detect fusion transcripts using paired-end reads

Paired-End
Reads

Red: Inter Chromosome Fusion
Black: Intra Chromosome Fusion
Blue: Inverted Intra Chromosome Fusion



Finding Fusions or Alternative Splicing 
Events with Short Reads

Exon-X Exon-Y

Single Read Evidence

Paired Read Evidence*

transcript

putative junction

* Insert size matters
Expect: 75 to 
125

Definition for calling as ‘Present’:
PE+SR – regular junction = 1 unique PE + 1 unique SR
PE+SR – fusion = 2 unique PE + 2 unique SR
SR – junction or fusion = 2 unique SR *



Single Reads + Paired End Reads Enable 
More Efficient Detection of Junctions 
than Single Reads Only



Detection of Putative Fusion 
Transcripts in UHR RNA Libraries

Library #1-16 M uniquely mappable reads Library #2-17 M uniquely mappable reads

Library 1+2 - 33 M uniquely mappable reads

PE+SR

SR

9

58

PE+SR

SR

10

67

PE+SR

SR

16

169



Fusions identified by BioScope Software and 
Validated with TaqMan® Assays

~90% of putative fusions validate 
with Taqman® assays
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TaqMan® Gene Expression Assays

• Gold Standard in real-time PCR chemistry
• Wide dynamic range: at least 6 orders of magnitude
• Reproducible results
• Sensitivity:detects 1 copy in 10-100 cells
• >90% coverage of all RefSeq transcripts

•Simple-Fast-Reliable

•Single tube or Low Density Arrays

•Universal Thermal Conditions

•No optimization



TaqMan® MicroRNA 
Assays

miRNA
RT primer

Step 1:
Stem-loop RT

Step 2:
Real-time PCR

cDNA

Forward primer

Reverse
primer

FQ
TaqMan probe

Four oligos per miRNA
1. RT primer

2. Forward primer
3. Reverse primer
4. TaqMan probe

Two enzymes required
1. Reverse transcriptase

2. AmpliTaq Gold ® DNA 
Polymerase

All components are from AB!













THANK YOU-
QUESTIONS ???


