

[image: image1.png]


March 18, 2008 | Vol. 2 No. 12 
[image: image2.png]



	[image: image3.png]




	Moving From Simulations to Real Data, 
Short-Read Assemblers Start Facing Off

	By Julia Karow
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Research teams in Switzerland and the US have tested the ability of a number of new assembly algorithms to build bacterial genomes from scratch, according to a pair of papers.

 

Last week, scientists from Geneva University Hospitals published an article that, for the first time, compared and contrasted four short-read assembly algorithms, including a new one, on experimental short-read datasets from two bacterial genomes sequenced on Illumina’s Genome Analyzer. 

 

Separately last week, researchers at the Broad Institute published a new algorithm and software system for paired-read assembly after testing it on partially simulated paired-read Illumina data. 

 

Both studies, which were published online in Genome Research, are examples of efforts to show that data from short-read sequencing technologies can be used to assemble genomes, or major parts of them, de novo. 

 

“We can do a lot more with short reads than in the past people thought was possible,” said Iain MacCallum, a computational biologist at the Broad Institute and author of one of the studies.

 

The Swiss researchers, led by David Hernandez, a computer scientist in the genomic research laboratory at the Geneva University Hospitals, used experimental sequencing data to compare for the first time four short-read assembly software applications side by side: Exact De Novo Assembler, or Edena, developed by the Geneva group; Velvet, developed by researchers at the European Bioinformatics Institute; SSAKE, published last year by scientists at the Genome Sciences Center of the British Columbia Cancer Agency; and SHARCGS, published last year by researchers at the Max Planck Institute for Molecular Genetics in Berlin (see table below). 

 

In the comparison, each of the four tools were used to assemble two single-read datasets: almost 4 million unambiguous 35-base-pair reads from Staphylococcus aureus, generated by the Swiss service provider Fasteris, which collaborated on the study; and almost 12 million unambiguous 36-base-pair reads from Helicobacter acinonychis, originally published with the SHARCGS assembler.

 

Edena and Velvet “clearly performed better than the others” and resulted in fewer and larger contigs, Hernandez told In Sequence last week. In addition, they performed the assemblies in minutes, and on a desktop computer, whereas SSAKE and SHARCGS required more time, and SHARCGS also needed a supercomputer.

 

The main reason why Edena and Velvet outperformed the others is that “they have the best approach to handle base errors in the reads,” Hernandez explained. 

 

However, even the assembly with the fewest fragments — obtained with Edena in a “non-strict” mode on the H. acininychis data — still has 302 contigs with an N50 value of 14.2 kilobases, and covers only 98 percent of the genome. Nevertheless, the researchers are “very happy with these results,” Hernandez said. “The main surprise was to be able to produce such long contigs from very short read data.”

 

Depth of coverage is important for the assembly performance, he said. For example, since the paper was submitted, he and his colleagues have increased the coverage of the S. aureus genome from the original 48-fold to 81-fold, cutting the number of contigs of the Edena assembly almost in half, to about 560, while doubling the average contig size to 5 kilobases.

 

Most of the gaps in the genomes are due to repeat sequences, he said, as well as to small regions in the genome that are not covered well by the Illumina technology, probably because they form secondary structures.

 

What is important for a good assembly from short reads as well is the size of the target genome, which must not be larger than a few megabases, Hernandez said. 

 

Although he has so far tested Edena only on Illumina data, “there is no reason that it would work differently” on ABI SOLiD data, he said, which he plans to use in the future. Edena’s only requirement is that the reads must all have the same length, he added.

 

His group now has access to a dataset with paired-end reads as well, but he has not yet implemented a feature that will allow Edena to make use of the paired-end data. 

 

Being able to use paired-end reads will constitute “the main improvement” to Edena in the future, he said. 

 

‘Fundamental Limitations’
 
Meantime, at the Broad Institute, researchers published details of a new algorithm and software system that already uses paired-read data, setting it apart from the other four tools. 

 

“There are fundamental limitations in how far you can go with unpaired data and assembly,” MacCallum, team leader of the new sequencing assembly group at the Broad, told In Sequence last week. “We use the paired reads to give us extra information to overcome the difficulties that you have in assembling the short-read data.”

 

The Broad’s algorithm, called Allpaths, was designed as a paired-read assembler from the get-go at a time when paired-end data for Illumina’s platform was not yet available. “We started developing this before we even had a glimmer of getting a working machine,” MacCallum said. 

 

The paired-read information allows the researchers to assemble small, localized sections of the genome instead of the entire genome at once, MacCallum explained. “Basically, it’s like in silico clone-by-clone sequencing,” he said.

 

	

“The main surprise was to be able to produce such long contigs from very short read data.” 





Lacking experimental paired-end data, the scientists took experimental 36-base single-read Illumina data from E. coli, which they artificially turned into paired-read data by assigning reads to each other. Using Allpaths, they assembled these pairs and obtained 58 components — which are similar to contigs — with an N50 size of 145 kilobases that covered 99.1 percent of the genome. Those were connected into a single scaffold, with 12 discrepancies from the reference genome. 

 

Since submitting its article, the Broad team has moved on to experimental paired-end Illumina data from bacterial genomes, showing its first results — assemblies of S. aureus, E. coli, and M. tuberculosis — at the Advances in Genome Biology and Technology meeting on Marco Island last month. According to the meeting abstract, they achieved “excellent long-range continuity and very high base accuracy.” 

According to MacCallum, Allpaths is “completely agnostic as to the type of short reads,” and could also be used to assemble paired-end data from 454’s sequencer or the ABI SOLiD system, for example. 

One challenge that all assembly teams grapple with, he said, is the error profiles of the new sequencing technologies, which are not yet well understood and change constantly as the technologies improve. 

“It is very important to know what [the errors] are, but it’s difficult to actually pin it down at this moment,” said MacCallum. “It’s a moving target.” 

The team’s next task is to assemble a fungal-sized genome from experimental data, “and we are interested in taking it further if we can,” he said. 

Other research groups are also working on new short-read assemblers. Inanc Birol and colleagues at the Genome Sciences Center of the British Columbia Cancer Agency in Vancouver, for example, have developed Assembly By Short Sequences, or ABySS, and used the recent AGBT meeting to present assemblies of single- and paired-read Illumina data from human BAC clones. 

ABySS mainly differs from the other algorithms in that it uses a spatial description of sequence data, Birol told In Sequence by e-mail this week. “Most significantly, such a description gives us flexibility to parallelize our assembly,” he said, meaning that it can be scaled up. He and his colleagues are already using ABySS in a production pipeline for bacterial genomes, he said. 

Another researcher, Steve Skiena of the State University of New York Stony Brook, has been developing an algorithm that, like Allpaths, uses paired-end data and is targeted for data from both ABI’s SOLiD and Illumina’s Genome Analyzer. 

So far the algorithm, called Shorty, has been tested on simulated SOLiD data of bacterial genomes at 55-fold coverage and has generated assemblies with N50 sizes of about 25 kilobases, Skiena told In Sequence by e-mail. He said he plans to complete assemblies on real datasets “in the near future.” 

In addition, researchers in Australia have been working on an algorithm that can use short paired-end reads from any system, as long as they are of equal length, to assemble BACs from complex eukaryotic genomes. 

“The assembly of reads obtained from complex eukaryotic DNA poses additional problems” compared to bacterial genomes, Mike Imelfort, who is developing the program at the University of Queensland in Brisbane, told In Sequence in an e-mail message. His algorithm’s graph-building method is most similar to Edena’s, he said, and, like Allpaths, it tries to extend “seed” reads. 

So far, he has tested the algorithm on simulated datasets of eukaryotic BACs. “However, real BAC sequence data from the SOLiD system exhibits unusual error patterns” that “may just be a feature of our data and not representative of the SOLiD system,” he said. 

At the moment, he and his colleagues are “resolving the error model” of the SOLiD reads and plan a “similar analysis using Solexa data very soon.” 

“The most important aspect of producing an inexpensive and reliable assembly algorithm is understanding the error patterns of the data and trying to minimize the effect that errors have on the output,” Imelfort said. “We believe that our method is the only one which can assemble complex eukaryote genome sequence, although this is a very fast moving area.” 

It is unclear which algorithm will be most widely used in the future, and it may be that a combination of several will yield the best results, according to Skiena. For example, Hernandez and his colleagues obtained the fewest and largest contigs with a combination of Velvet and Edena, he pointed out, showing that “there is more work to be done before anyone can claim to have the ultimate assembler.” 

Meantime, Imelfort recommends that scientists review available methods when they generate their sequence data and consider reassembling the data once better methods evolve. 

MacCallum agreed that the field has not settled. “De novo assembly from short reads is perhaps something people had thought would not be possible,” he said. “But the slew of papers that have appeared recently suggest otherwise, and hopefully, out of all this, something will appear which will do the job.” 
 

 

	Algorithms and Programs 
for De Novo Assembly of Short Reads

	Name
	Developers
	Publication

	ABySS
	Inanc Birol, Steven Jones, et al., Genome Sciences Center, British Columbia Cancer Agency
	Unpublished

	Allpaths
	Jonathan Butler, Iain MacCallum, David Jaffe, et al., Broad Institute of MIT and Harvard
	Genome Res. 2008 Mar 13 [Epub ahead of print]

	Edena (Exact DE Novo Assembler)
	David Hernandez et al., Genomic Research Laboratory, Geneva University Hospitals
	Genome Res. 2008 Mar 10 [Epub ahead of print]

	N/A
	Michael Imelfort, David Edwards, et al., University of Queensland, Brisbane
	Unpublished

	SHARCGS (SHort read Assembler based on Robust Contig extension for Genome Sequencing)
	Juliane Dohm, Heinz Himmelbauer, et al., Max-Planck-Institute for Molecular Genetics, Berlin
	Genome Res. 2007 Nov;17(11):1697-706. Epub 2007 Oct 1.

	Shorty
	Steven Skiena, State University of New York at Stony Brook
	Under review

	SSAKE (Short Sequence Assembly by K-mer search and 3' read Extension)
	Rene Warren, Robert Holt, et al., Genome Sciences Center, British Columbia Cancer Agency
	Bioinformatics. 2007 Feb 15;23(4):500-1. Epub 2006 Dec 8.

	VCAKE (Verified Consensus Assembly by K-mer Extension)
	William Jeck, Corbin Jones, et al., University of North Carolina at Chapel Hill
	Bioinformatics. 2007 Nov 1;23(21):2942-4. Epub 2007 Sep 24.

	Velvet
	Daniel Zerbino and Ewan Birney, European Bioinformatics Institute
	Genome Res. 2008 Mar 18 [Epub ahead of print] 
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	Ontario Institute for Cancer Research 
Building Next-Gen Sequencing Facility

	By Julia Karow
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As it is gearing up to become a “center of excellence” in cancer research, the Ontario Institute for Cancer Research is building a next-generation sequencing facility designed to analyze tumor DNA that may put it on par with other large-scale sequencing centers, In Sequence has learned.

 

Founded at the end of 2005, the Toronto-based non-profit institute is in the process of recruiting 20 internal faculty members and building new lab space. John McPherson, who joined OICR last July as director of cancer genomics, is currently setting up the institute’s cancer genomics and high-throughput screening platform. 

 

The center has so far accumulated five Illumina Genome Analyzers and five Applied Biosystems SOLiD systems and plans to increase its next-generation sequencing capacity another three- to fourfold over the next two to three years, said McPherson.

 

Cancer genomics and high-throughput screening is one of four technology platforms housed at OICR. Besides next-gen sequencing, it will include genotyping on Sequenom’s MassArray system and Illumina’s BeadStation, laser capture microscopy, and qPCR. The other three platforms at the institute are imaging, biorepositories, and informatics.

 

The aim of the genomics platform is to analyze hundreds or even thousands of tumors, McPherson told In Sequence last week. “We feel that the old school of ’10 tumors, 10 normals’ doesn’t cut it anymore,” he said.

 

As whole-genome sequencing is still too expensive, even with the new technologies, he and his team plan to study the transcriptome, the methylome, the exome, structural variations, and copy number variations of tumor samples. “And the core of all that, right now, is next-generation sequencing,” he said.

 

Since he arrived at OICR in July from Baylor College of Medicine, where he was an associate professor in the department of molecular and human genetics and at the Human Genome Sequencing Center, McPherson has been setting up the sequencing equipment and building the bioinformatics back end. “We are really starting from scratch here,” he said. “We had empty labs and empty server rooms, building our clusters, our storage, et cetera.”

 

Right now, his team is still evaluating the sequencing systems as it collects fresh pancreatic cancer samples in order to generate xenografts for its first tumor-analysis project.

 

The reason he chose five Illumina and five ABI next-gen sequencing platforms is that they may serve different purposes. Though the two platforms are perceived by many as competing head-to-head, McPherson believes that is not necessarily the case. “I think that there is a lot of room for both in the arena,” he said. His group plans to identify the most appropriate applications for each system. 

 

For example, one platform might be better suited for SNP detection, while the other might be stronger in mapping structural variations. Alternatively, it might be best to combine data from both systems for a given application. 

 

“It remains to be seen which one is going to work better for which analysis,” McPherson said. 

 

	

“We feel that the old school of ’10 tumors, 10 normals’ doesn’t cut it anymore.” 





The two platforms might also have different biases, resulting, for example, from the nature of their sequencing chemistry or the way they amplify sample DNA. “At this point, we don’t know, we are still investigating that,” he said.

 

Over the next two to three years, the institute plans to increase its current sequencing capacity by three- to fourfold, though McPherson has not decided how many instruments of which type it will likely add as new systems from Helicos BioSciences, Pacific Biosciences, or others come to market. 

 

Owing to the nature of the planned projects, the facility decided to forgo both 454’s sequencing system and Sanger sequencers, at least for now. 

 

The reason he passed on 454’s Genome Sequencer is that “for what I want to do, at least initially, the longer reads are not as important to me as having more reads,” McPherson said. 

 

He added that the center will outsource its Sanger sequencing needs, which will mostly involve sequence validation.

‘Biggest Headache’
 

According to McPherson, the biggest challenge for the fledgling facility will be data analysis, especially since the Illumina and ABI platforms generate different data types.

 

To prepare for the onslaught of data, which he called “the biggest headache,” of the endeavor, the institute is currently expanding its computing equipment, which is “growing leaps and bounds at the moment,” McPherson said. 

 

Storage capacity adds up to several hundred terabytes right now, he estimated, and will grow to “probably well over a petabyte.” The institute’s bioinformatics cluster has reached about 750 cores and will grow to around 4,000 cores eventually.

 

Also, about half of the institute’s 20 internal faculty will do research in the area of bioinformatics. Recently, OICR recruited Lincoln Stein from Cold Spring Harbor Laboratory to be its director of bioinformatics. He is expected to start in the fall.

 

Another challenge will be to keep up with the rapidly changing technology, both in terms of instruments and protocols. “It seems like every week things are changing,” McPherson said, adding that “it will settle down a little more by the summer, perhaps.”

 

In addition, because few the existing samples in OICR’s tumor collections have the appropriate consent for sequencing, the center will “have to start collecting anew or go back and re-consent,” he said.

 

Besides the internal research groups, housed at the so-called MaRS Center downtown, near the University of Toronto, OICR will also fund 30 faculty at other research institutions in Ontario.

 

OICR is not the first institute to embark on large-scale genomic analysis of tumors. For example, both the pilot phase of the National Institutes of Health’s Cancer Genome Atlas and the Wellcome Trust Sanger Institute’s Cancer Genome Project are currently ongoing. 

 

McPherson said he and his US and UK colleagues who are working on these projects are working together closely to avoid duplicating efforts. 
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	UCLA Team Maps Methylation in Arabidopsis 
At Single-Base Res; Larger Genomes to Come

	By Julia Karow
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A team of researchers led by the University of California Los Angeles has generated the first genome-wide map of DNA methylation with single-base resolution. 

 

The study, which they conducted in Arabidopsis thaliana, paves the way for large-scale epigenomics studies in humans and other mammals.

 

To assess methylation in the organism, the scientists combined bisulfite treatment of genomic DNA with sequencing on Illumina’s Genome Analyzer, and analyzed the data with internally developed computational methods. The approach, called BS-Seq, could be scaled up to study methylation in mammalian genomes, they say.

 

Bisulfite sequencing has been the gold standard for determining cytosine methylation in DNA, according to Matteo Pellegrini, an assistant professor in the department of molecular, cell, and developmental biology at UCLA, and a main author of the study, which was published last week in Nature. 

 

Bisulfite treatment converts unmethylated cytosines to uracil, leaving methylated C’s intact. Unlike chromatin immunoprecipitation-based approaches, bisulfite sequencing provides single-nucleotide resolution. However, researchers have only used it so far to characterize small regions of the genome because of the low throughput and high cost of Sanger sequencing. 

 

The throughput of the Genome Analyzer “is sufficient that you can now start applying [it] to a compact genome like Arabidopsis, and there is nothing, really, to stop you from scaling it up to a human genome,” according to Pellegrini.

 

In their Arabidopsis study, the scientists generated approximately 3.8 gigabases of high-quality sequence data from bisulfite-converted DNA libraries that were prepared by Steve Jacobsen’s group at UCLA, which developed the necessary library preparation methods. In their analysis, they used approximately 2.6 gigabases of the data, which mapped to unique locations in the genome with high confidence. 

 

According to Pellegrini, the data covered about 90 percent of all cytosines in the 120-megabase Arabidopsis genome at about 20-fold coverage for the diploid genome.

 

Pellegrini and his colleagues developed new data analysis methods for base calling and mapping of the sequence reads, which are available here. The base-calling software improves on Illumina’s own base caller, which “doesn’t do a very good job of estimating C’s” in bisulfite-converted DNA, where the majority of C’s are transformed to T’s, according to Pellegrini.

 

	

“There is nothing, really, to stop you from scaling it up to a human genome.” 





For mapping reads back to the genome, his group developed a method that takes into account the sequencing errors of the Illumina platform, which increase towards the end of the read. By assigning probabilities to each of the four nucleotides at each position, they can more accurately assign reads to their correct position in the genome, he explained. 

 

“We think it’s important to account for the uncertainty in the base calls when mapping back onto the genome,” at least in bisulfite sequencing, he said.

 

While the base-calling software is specific to Illumina’s platform, the mapping approach can be used for data from any sequencer, as long as each base has a probability for each of the four nucleotides attached to it, according to Pelligrini.

 

The study not only represents a new standard for genomic methylation in Arabidopsis, he said, but “there should not be any major technical hurdles to scale this up to the human, [or to another] mammalian genome.”

 

In their article, the researchers also used the BS-Seq method to analyze 60 megabases of sequence data from wild-type and mutant mouse embryonic stem cells, and map 46 megabases of sequence data from mouse germ-cell tissue to the reference genome. 

 

About two-thirds of the reads mapped uniquely, “suggesting that it is practical to apply BS-Seq to entire mammalian genomes,” they report in the article. Pellegrini told In Sequence that his group is currently not applying bisulfite shotgun sequencing to larger genomes.

 

According to Stephan Beck, a professor of medical genomics at the UCL Cancer Institute at University College London, the study “will certainly stimulate efforts” to attempt the bisulfite sequencing approach on mammalian genomes, which are about 20 times larger and more complex than Arabidopsis. 

 

“In addition to cost, the main challenge [of using BS-Seq on mammalian genomes] will be to overcome the ‘reduced complexity’ problem associated with reads, particularly short reads, derived from bisulfite-converted DNA,” Beck said by e-mail.

 

He and his colleagues have recently sequenced immunoprecipitated methylated DNA from male human germline cells using Illumina’s sequencer, according to a recent review article by Beck. 

 

If researchers were able to scale up the new bisulfite sequencing method to the human genome, it could be used in large-scale studies such as the NIH Roadmap Epigenomics project or the Encyclopedia of DNA Elements project.

 

Alex Meissner, an assistant professor in the department of stem cell and regenerative biology at Harvard University, and an associate member of the Broad Institute, is involved in an ENCODE-funded project to study DNA methylation (see In Sequence 11/27/2007).

 

His group has been working on a method for analyzing bisulfite-treated DNA at reduced representation with Illumina’s Genome Analyzer, which it has used to study mouse embryonic stem cells (see In Sequence 11/20/2007). The study “will be published soon,” he told In Sequence by e-mail last week.

 

Last year, he told In Sequence that bisulfite-sequencing an entire mouse genome at full representation was still too complex and expensive, but Pellegrini’s method “points in the right direction,” he said.

 

“Both [methods] lead the way towards, ultimately, sequencing the whole methylome” of mammalian genomes, he told In Sequence by e-mail this week. “The technology is there and it will be possible very soon.”
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ABI Sequences Human Genome with SOLiD, Submits Data to NCBI
 

Applied Biosystems said last week that it has sequenced a human genome at 12-fold coverage for less than $60,000 in reagent costs and has submitted the data to the National Center for Biotechnology Information.

 

ABI scientists sequenced the genome of an anonymous African male of the Yoruba people of Ibadan, Nigeria, who participated in the International HapMap Project (see In Sequence 2/26/2008). 

 

They generated 36 gigabases of sequence data in seven runs on the SOLiD system, 3.5 fragment runs and 3.5 paired-end runs, resulting in 12-fold coverage of the genome. 

 

The company said the researchers were able to “confidently identify” millions of SNPs, and to analyze structural variations. 

 

ABI said that it expects the public availability of the data “will help drive innovation and speed the development of new bioinformatics tools.”

 

In addition to the full human dataset, ABI said it has also submitted subsets of the sequence data to NCBI. The datasets, which are available here, “can be accessed by independent academic and commercial software developers to further enable the development of analytical tools.”

 

The company has also released an analysis tool through the SOLiD System Software Development Community to help researchers analyze the data. 

 



 
Northwestern University Center to Buy ABI SOLiD Sequencer
 

Northwestern University said earlier this month that a benefactor has donated $600,000 to the school’s Robert H. Lurie Comprehensive Cancer Center and the Center for Genetic Medicine so it can purchase a SOLiD sequencer from Applied Biosystems.

 

According to a statement by the university, Chicago philanthropist Ann Lurie, who is also the widow of Robert Lurie, donated the funds for the ABI SOLiD sequencer. The Center for Genetic Medicine intends to use the system to study genetic variations associated with type-2 diabetes and asthma.

 



 
Senate Passes Resolution that Could Raise NIH Budget by $2.1B
 

The US Senate late last week passed a resolution that would add $2.1 billion to the White House’s proposed National Institutes of Health budget for 2009. 

 

Senators Arlen Specter (R – Pa.) and Tom Harkin (D – Iowa) added the extra funds to the President’s proposed $29.5 billion through an amendment to a budget resolution that will set the limits on the spending frame for an upcoming debate on the 2009 budget. 

 

“The funding for the National Institutes of Health is grossly insufficient,” Specter said in a statement. “This increase in funding will enable the National Institutes of Health to continue to produce remarkable achievements in scientific advances,” he added.

 

The amendment passed the Senate by a vote of 95 to 4, although the budget resolution itself passed by a smaller margin of 51 to 44. 

 



 
Roche NimbleGen, Affymetrix Expand Microarray IP Agreement
 

Roche NimbleGen said last week it has expanded a patent license agreement with Affymetrix to include diagnostic rights to array-based DNA analysis and array-based re-sequencing. 

 

NimbleGen and Affymetrix originally agreed to the patent license, which gave NimbleGen the rights to patents related to the manufacture, use, and sale of nucleic acid microarrays, in October 2006. When Roche purchased NimbleGen last June for $272 million, the licensing rights were transferred to Roche NimbleGen. 

 

Roche NimbleGen makes high-density arrays of long oligo probes used in studying genomic and epigenomics variation. 

 



 
University of Copenhagen Licenses CLC Bio's Software
 

The University of Copenhagen has bought a site license for CLC Bio’s Combined Workbench and Educational Suite software platforms, CLC Bio said last week. 

 

Under the agreement, the department of biology at the university has licensed access to the software for five years for “several hundred seats,” the company said. 

 

The university’s genomics projects include retrieving DNA from fossils, gene regulation and SNP cancer research, primate genome evolution, bacterial genome sequencing, and other programs. 
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	CAMERA 1.2.6, PCRboost
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Version 1.2.6 of CAMERA is available here. The new version includes six new publicly available metagenomic datasets, including the Mediterranean gutless worm metagenome, the acid mine drainage metagenome, and the Waseca county farm soil metagenome. The database also includes a new annotation pipeline, improved navigation, improved Blast services, and an enhanced fragment recruitment viewer. 

 



 
Biomatrica has introduced PCRboost, a reagent that enhances PCR and RT-PCR amplification of difficult samples. Researchers replace the water in the reaction with PCRboost to improve amplification of trace samples of less than or equal to 1 nanogram, degraded samples, low-copy transcripts, multiplexing, and samples containing inhibitory factors.
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	Joel McComb, Gregory Heath, Stephen Becker, Beth Ladin
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Joel McComb has become senior vice president and general manager of Illumina’s life sciences business unit, and Gregory Heath has become senior vice president and general manager of the company’s diagnostics business unit, Illumina said this week.

 

McComb joins Illumina from GE Healthcare, where he held a number of executive positions, most recently president of the interventional medicine business. Prior to this role, he was president of life sciences discovery systems, a business unit that was formed after GE acquired Amersham Biosciences. McComb holds a BS in genetics from the University of California, Davis, and an MBA from the Golden Gate University in San Francisco. In his new position at Illumina, he is responsible for managing all products and services related to the research market, namely the BeadArray, BeadXpress, and sequencing product lines. 

 

Heath comes to Illumina from Roche Molecular Systems, where he held a number of senior executive positions, including head of clinical genomics, senior vice president of global product marketing, senior vice president of global marketing and business development, and, most recently, senior vice president of global business. Heath holds a PhD in experimental psychology from Virginia Commonwealth University, an MA in experimental psychology from Hollins College, and a BS in psychology from Illinois State University. At Illumina, he is responsible for managing the emerging diagnostics business, specifically overseeing the development of diagnostic content for the BeadXpress system, and ultimately for Illumina's sequencing products.

 



 
Stephen Becker has become vice president and commercial officer of RainDance Technologies, the company said this week. He joins RainDance from Agilent Technologies, where he was senior sales manager in the company's Americas field operations. Prior to that, he held several senior management positions at GE Healthcare, formerly Amersham Pharmacia Biotech. Becker has a bachelor's degree in biology from St. Mary's College of California. 

 



 
Beth Ladin has become vice president of operations at NuGen Technologies, the company said this week. Prior to NuGen, she held several positions at Applied Biosystems, where she most recently was senior director of scientific operations for the applied markets division. 
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