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• How genomics software works… 
• Algos get wrapped into workflows that kick out pretty 

pictures.  User turns knob. Create subset. Repeat. 

Why Ion Torrent loves Galaxy? 

Confidential and  Proprietary—DO NOT DUPLICATE 2 

•  Genomics will impact 
diagnostic medicine. 

•  But there’s a whole lot 
more discovery to 
undertake. 

•  The future of 
genomics in medicine 
is dependent on 
Galaxy. 
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Digital camera chip 

Millions of wells covering those pixels that 
convert chemical into digital information 

Ion Torrent™ sequencing chip 

Covered in millions of pixels that 
convert light to digital information 

  

Ion Torrent™ semiconductor sequencing 
Uses a process similar to that used in a digital camera 
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Whenever a nucleotide is incorporated into a 
single strand of DNA, a hydrogen ion is 
released changing the pH of the surrounding 
solution 

Ion Torrent semiconductor sequencing chip is 
able to detect this change in pH and convert it 
directly to base calls 

Ion Torrent™ semiconductor sequencing 
The world’s smallest pH meter 
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Copy DNA Load chip Incorporate nucleotide Detect and call 

Ion Torrent™ semiconductor sequencing 
The sequencing process 
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Simple Natural Chemistry 

Eliminate source error: 
• Modified bases 
•  Fluorescent bases 
•  Laser detection 

 
Eliminate read length 
limitations: 

• Unnatural bases 
• Protect/de-protect 
• Slow cycle time 

H+	  
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Agenda 

Ion Chef & Accuracy Update 

HiQ Universal Kits for PGM & Preview of P1v4 performance 

Ion Proton™ System 
Exomes, Transcriptomes 
PII Chip update 

Ion Bioinformatics 
Torrent Suite & Ion Reporter Software 

Ion TrueMates Library Kit 
New Long Mate Pair Kit 
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Focus Areas for Ion Torrent 

Workflow Accuracy 
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Simplified Workflow with the Ion Chef™ System 

Simple to use 
•  Fully automated template prep AND chip loading 
•  Simple reagent and consumables loading 
•  Minimizes potential sources of variability 

*Ion Proton™ System supported in Q2 

High throughput 
•  Processes 2 chips and multiple samples within hours 

Flexible 
•  Supports Ion PGM™ and Ion Proton™* systems 

Ion Chef™ System 
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Ion Chef™ for Proton PI Chips – Validation Runs 
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HiQ & Proton Update 
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Approach to Achieving Higher Accuracy 

•  Performed molecular evolution screen 
to identify high accuracy DNA 
polymerases  

•  Screened >10,000 enzyme variants 

•  Identified >10 high accuracy candidates 

•  Yielded new “Hi-Q™ Chemistry” 

•  Observed significant reduction in 
insertion and deletion errors 

The content provided herein may relate to products that have not been officially released and is subject to change without notice 
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HiQ - Dramatic Improvement as seen in IGV 

New 

Kit 
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HiQ - Systematic Errors Reduced by 90%  

SysEr=0.224% SysEr=0.027% 
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Hi-Q™ Enzyme 
Achieved Accuracy of 99.9% on 300bp Templates 
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Ion PGMTM 400 bp kit Ion PGMTM Universal Kit 
with Hi-Q™ 

Hi-QTM Improves Accuracy of a 500bp Template 
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Hi-Q™ Enzyme: High Percentage of bases >Q30 

Data available at Ion Community 
http://ioncommunity.lifetechnologies.com/docs/DOC-8251  

Q30 

All bases >Q30 in range 1-400bp 
Ion PGM System 

Q
 S

co
re 
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Ion Proton P1v3 Sensitivity Jumps to 92% 

Use the right variant caller for Ion data.  NOT GATK! 
Ion data is very competitive with ILMN. 

Original	  NIST	  paper	  comparison	  (Fig	  3d	  and	  Supp	  Fig29-‐32):	  target	  +	  off	  target	  

Data	   Pipeline	  
GIB	  

SensiLvity	  
GIB	  

Specificity	   Ti/Tv	   SNPs	   Indels	   Novel	  %	  
Illumina(150X)	   BWA+Freebayes-‐Prep	   96.88%	   100.00%	   1.965	   377,501	  (93.07%)	   27,559	  (6.79%)	   39,969	  (9.85%)	  
Ion	  (30X)	   IonT-‐30x-‐Tmap+Gatk_HC-‐Prep	   42.01%	   99.96%	   2.828	   21,747	  (41.38%)	   30,801	  (58.61%)	   28,765	  (54.74%)	  
Illumina(150X)	   Novoalign+Freebayes-‐Prep	   96.31%	   100.00%	   2.061	   287,744	  (92.22%)	   23,872	  (7.65%)	   18,492	  (5.93%)	  
Illumina(150X)	   Novoalign+Samtools-‐Prep	   96.91%	   100.00%	   1.94	   380,122	  (92.71%)	   29,871	  (7.29%)	   37,526	  (9.15%)	  
	  	  

Our	  new	  comparison:	  target	  region	  only	  

Data	   Pipeline	  
GIB	  

SensiLvity	  
GIB	  

Specificity	   Ti/Tv	   SNPs	   Indels	   Novel	  %	  
Illumina(150X)	   BWA+Freebayes-‐Prep	   96.88%	   100.00%	   2.612	   37,031	  (94.48%)	   2,126	  (5.42%)	   1,599	  (4.08%)	  
Ion	  (30X)	   IonT-‐30x-‐Tmap+Gatk_HC-‐Prep	   42.01%	   99.96%	   3.119	   13,625	  (36.70%)	   23,494	  (63.29%)	   22,207	  (59.82%)	  
Ion	  (30X)	   Tmap+Gatk_UG	   77.33%	   99.73%	   2.983	   18,924	  (12.31%)	   134,756	  (87.69%)	   128,514	  (83.62%)	  
Ion	  (30X)	   TMAP+FREEBAYES+Prep	   82.42%	   99.92%	   2.79	   20,553	  (35.86%)	   36,748	  (64.12%)	   35,120	  (61.28%)	  
Ion	  (123X)	   TMAP+TVC+Prep	   92.53%	   100.00%	   2.532	   48,292	  (95.34%)	   2,320	  (4.58%)	   817	  (1.61%)	  

New Ion Exome Data with P1v3 and TSv4.0  
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Preview of Ion PI™ v4 Chemistry Development 

•  99.1% raw read accuracy 
•  230 bp MRL AQ20 
•  19.8 Gb total bases 
•  PI v4 chip innovation + 

Hi-Q™ Chemistry 

The content provided herein may relate to products that have not been officially released and is subject to change without notice 
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Ion PII™ Chip: A 660 Megapixel Proton Video Camera 

Contrast to the Ion PI™ Chip: 
•  4x as many wells and transistors for 

much higher throughput 

•  Twice the data rate to maximize data 
analysis rates and minimize analysis 
times 

• Higher signal to noise to maximize 
quality of signal output 

The content provided herein may relate to products that have not been officially released and is subject to change without notice 
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Ion PII™ Progress Update 

New design/packaging for data transfer 
•  Increased number of functional Phase-Locked 

Loops (PLL) and I/O devices to allow high speed 
links 

•  >6Gbps data transfer rates achieved to enable 
high sampling rates & SNR 

 
 
Microwell design 
•   Complete, validated, and production ready 

  
 
“DNA-ready chips” 
•  PII Surface-treated chips on target for early 

access program 

ü 

ü 

ü 

→ 
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Ion PII™ Chip Transcriptomes 

Internal HBR Library Internal UHR Library Customer Library 
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Want to analyze your Ion RNA-seq data in Galaxy? 

http://ioncommunity.lifetechnologies.com/docs/DOC-7062 

Visit Ion 
Community for 
detailed info on 

methods 



24 

Sample Data is Freely Available at the Ion Community 
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Ion True Mates – Long Mate Pair Library Kit 
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Long Mates Bridge Gaps from Short Reads in Assembly 

contig contig contig 

Frags 

Mates 

Scaffold 
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Ion TrueMate Libraries – One read gives two ends 

Key Performance Metrics: 
•  Construction of “true” mate-pair 

libraries (not paired-end reads) 
 
•  Produces LMP libraries with 2-8 kb 

inserts now, 10-50 kb later 
 
•  gDNA input from 2-10ug total 
 
•  <8 kb protocol does not require the 

use of agarose gels (“gel-free”) 

•  Chimera code enrich for true mates 

•  3 day workflow w 6 ½ hrs hands on 
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Ion True Mates K12 Runs Data & Mapping 

Library: 6kb gTUBE 
DAV-308 

8kb gTUBE  
BUT-874 

10kb gTUBE 
 RAT-314 

8kb Mega 
BEL-842 

Raw reads 5,749,629 7,057,911 6,184,059 6,909,356 

Mates 3,385,544 (59%) 3,777,430 (54%) 3,911,402 
(63%) 

4,106,400 (59%) 

True mates 3,181,604 
(94% of mates) 

3,559,833 
 (94% of mates) 

3,824,755 
(98% of mates) 

3,985,628 
(97% of mates) 

Chimera 203,940 (6%) 217,597 (6%) 86,647 (2%) 120,772 (3%) 

Split reads 
(mate reads) 

2,667,486 (84%) 
(5,334,972) 

2,933,787 (82%) 
(5,867,574) 

3,206,630 
(84%) 

 

3,288,275 (83%) 
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Now which mate pair library would you rather use? 
Mate pair frequency vs Mate pair distance 

► TrueMate means tighter size distribution and more pairs! 
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6	  kb	  TrueMate:	  2.24	  million	  pairs

Nextera:	  0.28	  million	  pairs
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Ion Gives One Scaffold for K12.  Illumina gives 8! 
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Mate pair consistency comparison - DNAStar 

   8kb TrueMates   Nextera 
Total mate pair reads:  6,566,706   2,724,966 
Total pairs:   3,283,353   1,362,483 
Unassembled pairs:   972,775 (30% of total)  1,122,230 (82% of total) 
 
Assembled pairs:  2,310,578      240,253 
Pairs consistent:                1,761,158  (76%)      167,136 (69%) 
Pairs inconsistent:        14,863  (>1%)       16,245  (10%) 
thus pairs used for scaffolding = 544,557        56,872 
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Long Mates Improve Assemblies Using SPAdes v3.1 
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Ion Informatics Update 
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Torrent Variant Caller – Available Stand Alone 

Supports Ubuntu 10.04.  
 
Compile successfully on  
•  Debian 7 (Wheezy) and 

newer 
•  Ubuntu 10.04, 11.10, 

12.04, 13.10, 14.0 
•  CentOS 6.4 
•  CentOS 5.9 

Both mapping and variant calling can now run outside of 
Torrent Suite on your own compute cluster or in Galaxy 
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Torrent Server Virtual Machine for TSS 4.2 

• Torrent Server Virtual Machine (TS-VM) is a way for 
customers to test-drive a newer version of TS without having 
to upgrade their version of Torrent Suite. 

• Some key features: 
• Run Virtual Machine on customer’s own Torrent Server 
• Re-analyze existing data without copying any files. 
• Run new plugin-ins on existing Reports. 
•  TS-VM is possible for TS 4.0, but command line setup is required. 
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TS-VM Analysis Options 

• Re-analysis options depend on what File Types are Imported 
into the TS-VM. 

• Re-analyze from Wells 
• User has to Import ‘Basecaller Input’ category for desired Run. 
• No need to “Copy” files. 

• Re-run a Plug-in 
• User has to Import ‘Report Files’ category for the desired Run. 
•  The selected Report shows up in the TS-VM and can be displayed – and 

plugins executed. 

File Type Imported Re-analysis Possible 
Report Files (BAM & FASTQ) Selected Plugins 
Basecaller Input (WELLS) Basecalling and Alignment 
Signal Processing Input (DAT) Signal Processing 
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12 fold speed boost in TVC v4.2 

12 fold speed boost by integrating the 
candidate generation and evaluation 
steps and thereby reducing the rework 
involved in loading BAM files.  
 
In addition, the primer trimming step will 
also be optimized and integrated within 
TVC.  
 
Further improvements will come from 
integrating and optimizing long index 
assembly step. 
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Paired analysis 
How do the variants differ between these two samples? 

Ion Reporter™ Software 

Simple workflows for one, two, or three samples 

Single sample analysis 
What is different from a reference genome? 

Somatic paired analysis 
What variants exist in a tumor but not the germline sample? 

Trio exome analysis for inherited diseases 
What variants are shared/different across related individuals? 
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IR 4.2: Multi-Sample Visualization (Heatmaps) 
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Multi-Sample Visualization: Variant Comparison 

Effect Score is a function of 
location and variant type 
 
6 – Splice Site 
5 – Frameshift Indel 
4 – Missense SNV, In-frame Indel 
3 – Nonsense SNV 
2 – UTR mutations 
1 – Silent SNVs 
0 – Intronic Mutations 
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Multi-Sample Visualization: CNV 
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Sequencing for All™ 

lifetechnologies.com/iontorrent 


