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ﬁh GenomeWeb

Application-Focus Newsletters
i- : Weekly News Reports on Key Research Applications

The GenomeWweb
Intelligence Hetwark

In today’s competitive research environment, success depends on having the most up-to-date
information. Scientists and executives around the world rely on GenomeWeb Application-Focus
Newsletters to bring them exclusive, in-depth coverage of leading research technologies and
practitioners. From bioinformatics to proteomics, from microarrays to RNA interference, if you need
to know, you need GenomeWeb Application-Focus Newsletters.

Newsletter Application Focus Published On

= Microarrays

= Gene expression

= Functional genomics
= Molecular diagnostics

Tuesday

= Diversified research tools suppliers:
= Management
= Marketing
= Product development

Wednesday

= Bioinformatics

= Computational systems biology
= Pathways and modeling

= Research computing

Friday

= High-content screening
= Cell-based assays

= Cellular imaging

= Functional genomics

Friday

= Pharmacogenomics
= FDA Regulation

= Reimbursement

= Theranostics

Pharmacugenumlc
p Wednesday

‘Reporter

= Proteomics

= Protein biomarkers

= Mass spectrometry

= Protein therapeutics

Thursday

= RNA interference
k = Gene silencing

TICHHOLOGY Fol rw:rr:mm = Micro RNAs and siRNAs
RNAiNews.com = Therapeutic RNAI

Thursday

Every newsletter provides forward-looking coverage of its application focus, including:

= In-depth business, technology, and research news

= Updates on patents, licensing, and IP litigation

= Technology transfer and translational research

= Funding reports, including research grants and venture capital

= Exclusive interviews with business, technology, and research leaders
= New product launches and upgrades

= Summaries of relevant research papers

» Management news: hirings, firings, and promotions
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amplification

One just right for you.

Find the cycler that best reflects your needs among the full line of Bio-Rad amplification products.

Bio-Rad is committed to providing you with the best tools for
your PCR needs. This dedication is proven by our history of
innovation, quality, and regard for researchers’ needs.

= Flexible, space-saving dual blocks and multi-bay instruments

= The only modular real-time cycler upgrade with a thermal
gradient; choose from 1 to 5 colors

= Innovative enzymes that work where others fail
= PCR tubes, plates, and sealers for any application Bio-Rad offers the most complete line of

. . . . . thermal cyclers anywhere.
= Dedicated technical support by experienced scientists y o

For more information, visit us on the Web at www.bio-rad.com/amplification/

Purchase of this instrument conveys a limited non-transferable immunity from suit for the purchaser’s own internal research and
development and for use in applied fields other than Human In Vitro Diagnostics under one or more of U.S. Patents Nos. 5,656,493,
5,333,675, 5,475,610 (claims 1, 44, 158, 160-163 and 167 only), and 6,703,236 (claims 1-7 only), or corresponding claims in their non-
U.S. counterparts, owned by Applera Corporation. No right is conveyed expressly, by implication or by estoppel under any other patent
claim, such as claims to apparatus, reagents, kits, or methods such as 5' nuclease methods. Further information on purchasing licenses
may be obtained by contacting the Director of Licensing, Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404, USA.

Bio-Rad’s real-time thermal cyclers are licensed real-time thermal cyclers under Applera’s United States Patent No. 6,814,934 B1 for use in
research and for all other fields except the fields of human diagnostics and veterinary diagnostics.

Visit us on the Web at discover.bio-rad.com
Call toll free at 1-800-4BIORAD (1-800-424-6723); B ' o .RAD

outside the US, contact your local sales office.
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BO bs SNP GENOTYPING TE

June 2006
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I n s ide Integrated Biol ogy

1,990 readers share salary,
career, and benefits data.

Genome Technology  Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page qMags


http://www.qmags.com
http://www.qmags.com
http://www.genome-technology.com
http://www.genome-technology.com

Genome Technology Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page qMags

Finally, your lab can run
high-performance BLAST,
without the furnace.

Q CodeQuest The Biocomputing Workstation for Biologists

TimeLogic’s CodeQuest™ is an accelerated biocomputing work-
station that puts you in control of your genome exploration,
454 data set analysis and oligo mapping—without having to
build and administer your own cluster. Avoid ongoing power
& cooling expenses and server maintenance headaches.

Simply plug CodeQuest into a standard outlet and network

jack. Your entire lab can immediately run the most advanced
analyses at blistering speeds. Don't wait for your IT group—
answer your toughest bioinformatics questions now!

CodeQuest includes:
Q CodeQuest enables you to run large analyses faster. In

« A powerful HP workstation with 2-CPUs, 1 terabyte of data Thour, you can map 26,000 30-mers to the rat genome,
storage, a 19” flat-panel monitor, 1 or 2 DeCypher Engine” compare 2,000 protein sequences to Pfam for family
Accelerator cards for ultra-fast processing and PipeWorks", assignment, and run 30,000 sequences past GenBank NR.
a drag-and-drop interface for building analysis pipelines This performance rivals that of hundreds of CPUs, without

» Tera-BLAST", HMM and Smith-Waterman applications to enable the hassles and expenses of running a server farm.

comprehensive comparisons with GenBank, UniProt and Pfam
In addition to freeing you from high power, cooling,

space, administration and maintenance costs, CodeQuest

is priced less than a 10-CPU cluster. Contact us today to

« GeneDetective™ to generate intron/exon models and bring CodeQuest’s performance and usability to your lab.
putative RNA transcripts for alternative splicing studies

» Tera-Probe” for mapping oligos to the genome with high speci-
ficity to select optimal microarray probes and locate SNPs

North America Europe Asia I .

Active Motif, Inc. Active Motif SA Active Motif Japan lme

Toll Free: 877-222-9543 x4 Direct: +32 (0)2 653 0001 Direct: +81(0)3 5225 3638 biocomputing solutions
timelogic@activemotif.com eurotech@activemotif.com japantech@activemotif.com

Additional international distributors: www.timelogic.com/distributors A brand of Active Motif?” Inc.
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REAL-TIME PCR
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SALARY SURVEY

Arizona’s
Answer to
Systems Bio

TGen’s Jeff Trent bills the

new Center for Systems and
Computational Biology as the
home of ‘multi-investigator,
multi-institute teams with
multimillion-dollar budgets.’ It

hasn’t exactly been a tough sell.

By Jennifer Crebs

Genome Technology

PCR: The
Conquests
Continue

For 20 years, PCR has
constantly evolved, making
itself relevant to one new
research field after another.

The latest toeholds for real-time
PCR: microRNAs, single-cell

analysis, and clinical diagnostics.

By Meredith W. Salisbury

Your Money
(and More)

Genome Technology’s fourth
annual salary survey shows that,
for the most part, scientists are
in better shape than they were

a year ago. (Sorry, postdocs, not
you.) A by-the-numbers look at
the state of the field in 2006.

By Jennifer Crebs and
Meredith Salisbury

ON THE COVER

23 Exclusive! 4th annual
salary survey
20 New apps for real-time PCR

15 Pathways: welcome to BioPAX

HA s
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www.roche-applied-science.com

NEW FuGENE" HD Transfection Reagent

Cover new ground
One reagent for superior results

Roche Applied Science set the standard for transfection with

(A) FUuGENE® HD Transfection Reagent FuGENE® 6 Transfection Reagent. With the launch of FuGENE® HD
Transfection Reagent, Roche again takes transfection to a higher level,
enabling the results you need to move your research forward.

® Achieve new levels of transfection efficiency in cell lines not
transfected well by other reagents (Figure 1).

® Generate physiologically relevant data you can trust by using a
reagent that has exceptionally low cytotoxicity.

(B) L2k ® Produce higher levels of protein expression over extended
periods with scalability that other reagents cannot provide.

® Accelerate the move to development by using this unique
non-liposomal reagent that is free of animal-derived components.

Cover new ground and move closer to new discovery.

For more information and a list of successfully transfected cell lines,
visit www.roche-applied-science.com/fugene

Figure 1: GFP expression in RAW 264.7 cells, 48
hours following transfection using (A) FUGENE®

HD Transfection Reagent or (B) a transfection
reagent (L2k) from another supplier.

Roche Diagnostics GmbH
Roche Applied Science

FUGENE is a registered trademark of Fugent, L.L.C., USA. 68298 Mannheim
© 2006 Roche Diagnostics GmbH. All rights reserved. Germany

Genome Technology Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page qMags


http://www.roche-applied-science.com/fugene
http://www.roche-applied-science.com
http://www.qmags.com
http://www.qmags.com
http://www.genome-technology.com
http://www.genome-technology.com

Genome Technology  Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page qMags

Genome Technology

I ntegrated

I n side

B iol ogy

markers

METAGENOMICS .e.eereereereenrensens 10
From JGI, community
archives for the microbial set

OPTICAL MAPPING .....conrernreranens 11
OpGen’s new path: sequence
demand, instrument launch

MOLECULAR DIAGNOSTICS ...... 12
Invitrogen, building Dx play,
welcomes competition

BOOK REVIEWS ...eoeereereeeeerensens 13
Won for All and When a Gene
Makes You Smell Like a Fish

BIOMARKERS .....eueereeressesesesnes 14

NASA software aids
cancer research

Genome Technology

columns

INFORMATICS INSIDER ......u....... 15
A pathway to pathways

IN every issue

PRIMER 7
Year four: still going strong

WHERE ARE THEY NOW? .....ccooeeeee 8
Hello salaries, goodbye FGT,
welcome standards

PATTERN RECOGNITION ............ 37
Sowing ag dollars

UPCOMING EVENTS .........coonnneee 48

BLUNT END 50
Sudoku for scientists

June 2006
T TN

spotlights

BIOINFORMATICS ....cureeeeeessasnns 39
After uncertainty, EMBOSS
secures long-term funding

RNA INTERFERENCE ......ccrvuuunens 41
Sigma targets academics with
partnership program

PHARMACOGENOMICS ......cccuueee 42
Clinical data to launch
Clozapine Dx later in 06

SEQUENCING «.eovereeereereseesensenns 43
Microdevice relies on
tried-and-true Sanger

PROTEOMICS ..covvveuussrseseessssasans 45
Researchers now testing
PSI's GE MIAPE module

MICROARRAYS ..ccvvuussrmeeeeesssasnns 46
Array diagnostic
development heats up

At

Genome Technology Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page qMags


http://www.qmags.com
http://www.qmags.com
http://www.genome-technology.com
http://www.genome-technology.com

Genome Technology Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page gMags

] - T ]
i s ar
';' ‘e fi - - .
T 4 g
e - o r L Lol - ¥ ¥ g
" - o I R - L 3
- - AF # \
0 - y
- ]
] o, - £
L] . . - [ - - - * -
} &=l T .
' o7 % ;  Roiad y 1 :' £ - P
% . 2 3 il y .
H s a-"-r -'. g
- - - ot »
: % ) . ‘. .- 4 ‘_..-..F =
i L d&m - 28 L =
. W s r . i i .
n‘. - F . ‘ - b S = L g s g LA
o - = . g - i ” 3 i L w0 i
3 . vk T
f R 2
b fiea " r ] k
q i Y o, . i - 4 ¢
1 n ? ‘' r 9 . - .
: . i P 5 R Yenar e & .
4 B ia o R &N ---h'. W o
" v f [ = i
v - “ L W ’ _ r-_ 4
¥, [ i 1 ! * "__," f
4 " - = . ¥ . .
- Y e
"y [ -
oo [ 1 sl a
g o 2 & '
L] r [ » < -
[ w .
- o )
% = -
: ] 2 ] =y ' r-' n 'l:': 7 o o)
- - ; rl'.’ § r'. q'
1 A e, = | o
- . - -y ] -
PN e € - . -
Bl hi% k 4 - 3 - =
.t e i a i Ok - ] . = - E
: , -
[ . & ‘- P -!F' L3 . .
e v ' =
r o E . .
o h k i 2 .
[ 8 1! 4 "' -
u, i A F
3 W, .
7/ Fae
; e - - . o A Al w i

.
s

DNASTAR Lasergene software is synonymous with sequence analysis.

For over 20 years, Lasergene has continued to meet molecular biclogists' needs for desktop sequence analysis.
Whether for Win or Mac platforms, discover how Lasergene software can help in your sequence analyses and help

you discover the order of nature.

To download a free fully-functional version contact:

DNASTAR, INC

GO T58-T420
TOLL FRE
INFOEDb

11-6080

Ll

IN GERMANY
GATC BIOTECH AG
ATC-BIOTECH.COM
STANZ, GERMANY
531 81600

TC-BIOTECH.COM

IN JAPAN
NETWELL CORPORATION

*

DMASTAR

Lasergene”

www. dnastar.com/lasargane
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PRIMER

Letter from the Editor

Year Four: Still Going Strong

ow. That’s

been the
response around
here as we tallied
up the results of
our fourth annual
salary survey and
saw just how
many people took
the time to share
their job data. This year was our best
yet for participant turnout, beating the
previous record of about 1,500 with a
whopping 1,990. Many thanks to all of
you who filled out the survey — its
only with your cooperation that we can
turn out such a useful resource for all of
our readers. Let’s face it: this may be the
only earnings report of the year that
you actually care about. Yowll find it,
seven pages of poked-and-prodded data
goodness, beginning on p. 27.

Well, that probably cleared the room,
but for the three of you who stuck
around, we have lots of other great
pieces in this issue. As a sidenote to our
salary survey, we invited readers to
submit their career-related questions to
us so we could track down appropriate
experts and get their advice for you.
Again, response was overwhelming: as
I write this, one of the piles on my clut-
tered desk is reserved for the six
densely packed pages of questions you
sent in. (Our favorite: “Why did I
choose this field? What abnormality
led me to low pay, long hours, zero
hope of efficient training, a future post-
doc and assurances that I will not have
a stable [tenured] job until I am 45
years old — if even then?” Whoever
you are, we're not sure what the answer
is. If some diligent genotyper homes in
on that abnormality anytime soon,
we'll let you know.)

Not surprisingly, many of you want

to know about negotiating tactics:
increasing your salary, scoring a pro-
motion or a raise, convincing an organ-
ization that you're the right person for
the job. Another common query was
about networking skills. (For what it’s
worth: after getting cornered by the bar
at a conference dinner earlier this year,
I realized that during the course of the
evening I had seen and chatted with a
good half the folks in the room, simply
because I was standing nearby as they
waited for their drinks. It’s definitely an
effective strategy for mingling.) We
combed through the suggestions,
pulled out the most commonly asked
questions, and found people in the
field who had experience in those
areas. Their advice and practical tips
for early career, late career, and every-
thing in between can be found starting
on p. 32.

Also in this issue, you'll find a profile
of the new Center for Systems and
Computational Biology, a joint initia-
tive between Jeff Trent’s TGen and the
Arizona State University’s Biodesign
Institute, headed up by George Poste
(longtime readers may remember that
both men appeared on GT covers in
2002 for their pioneering work). The
center’s unusual approach has even
eschewed specialized core labs in favor
of integrated technology facilities span-
ning many different disciplines — an
interesting model that may very well
gain proponents at other institutions as
this kind of center becomes more com-
mon. You'll find that story, from senior
editor Jen Crebs, on p. 17.

l"'l’fuf LEX PML\J Eigtnen *d -

Meredith W. Salisbury, Editor
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WHERE ARE THEY NOW?

GT In Years Past

Hello Salaries, Goodbye FGT, Welcome Standards

ne year ago in Genome Technology, the magazine [l » .

featured its third annual salary survey, for which we K818 101168 (& 1T1TE 17541
boiled down salary data offered by 1,447 respondents. P IERsTiLg
Compared with the results from two years back, which
were based on the answers provided by 1,180 of you, last
year’s forecast indicated that the field’s economic roller
coaster had finally hit a brake run. As we reported at the
time, salaries were holding, pay cuts weren’t as wide-
spread as before, and layoff rates were comparable to
those in the previous year.

This year, we're continuing the salary survey tradition
with our cover story, and it looks like the field is continu-
ing to enjoy an economic springtime. Salary ranges are on
the rise, company-wide layoff rates continue to drop, and raises are slightly up from
last year. For those of you who did receive a recent bump up in pay, the percentage
increases were significantly higher than those reported last year. Responses this year
were also tracked in regions outside of the US and Canada, so we'll be able to report
on global salary trends in this and future issues. For details on all of this and more,
check out this year’s results, starting on p. 23.

In last year’s issue, we also spoke with Andy Feinberg about his work to trace loss
of imprinting of the IGF2 gene, an epigenetic mutation that he found increases the
chance of developing intestinal tumors. Soon after the issue published, Feinberg
teamed up with Orion Genomics to develop a colon cancer molecular diagnostic test
based on methylation patterns. Since then, Feinberg has joined in the call for a
Human Epigenome Project, and most recently delved into the epigenetic bases of
cancer for attendees at an AACR meet-the-experts session.

Five years ago, our cover story focused on the early days of First Genetic Trust,
the biobanking business set up by Arthur Holden and Andrea Califano. Califano left
the firm in 2003 for a faculty post at Columbia University, where he leads several
bioinformatics and systems biology research efforts. First Genetic Trust, meanwhile,
shuttered its operations late last year. Arthur Holden has been appointed as Illu-
mina’s senior vice president of corporate and market development.

Hiroaki Kitano appeared in these pages five years ago, back when his international
conference on systems biology was still a newbie. The meeting kicked off in Tokyo
in 2000 and will return to Japan — Yokohama, to be precise — for its seventh incar-
nation this October.

The Human Proteome Organization was also in the news five years ago, back
when it was little more than 24 advisory members hashing out initial goals in a
McLean, Va., conference room. HUPO has come a long
way since then, having even established an interna-
tional secretariat in Montreal last summer. Most
recently, leaders of the organization’s Proteomics Stan-
dards Initiative met to work out ways to integrate
MIAPE standards with publication guidelines. Realiz-
ing that marrying disciplinary and presentation norms
is hardly specific to proteomics, scientists at the meet-
ing called for the construction of a central registry of
reporting standards. We'll let you know as soon as more
meta-information about minimum information comes
to a white paper near you.

June 2005

June 2001 — Jen Crebs

Ik
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COMING UP

Next Month in GT

Don’t miss these features in the
July/August issue:

Funding: NIH & beyond

After years of double-digit increases
in NIH funding, systems biology
researchers are faced with an NIH
budget crunch. GT will provide an in-
depth look at where NIH dollars are
going — and how readers can grab their
share — as well as external funding
opportunities available for this field.

Pharmacoproteomics

More and more, proteomics-based
companies are proving their value
through collaborations with big
pharma. This story will examine how
these partnerships work, and how
pharma researchers are advancing their
work thanks to the integration of pro-
teomics data.

Roundtable

This year’s roundtable theme: setting
up the lab of the future. In this second
installment, experts discuss informatics
and data handling issues for the cutting-
edge laboratory of tomorrow.

NEED HELP?

Reader Services
REPRINTS:

For permission to reproduce material
from Genome Technology, or to order
offset-printed or Web-ready PDF reprints,
write to reprints@genomeweb.com or
call +1 212 651 5618

CHANGE OF ADDRESS:

Please send your subscriber number (top line of
the address label) along with your complete old
and new mailing address information

to: subscriptions@genomeweb.com

ARCHIVE ACCESS:

The complete, searchable archive of all issues
of Genome Technology /s available online

at www.Genome-Technology.com

www.genome-technology.com
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Here's to a long and productive PCR relationship

Look at the history of PCR, and you’ll find a company that understands the value of commitment.
Applied Biosystems revolutionized PCR when we commercialized the first thermal cyclers and PCR enzymes. By
developing PCR for broader applications we enabled scientists to move beyond conventional research boundaries.
Now our PCR solutions—from enzymes and dNTPs to thermal cyclers and plastics—are used in thousands of
laboratories every day. As we celebrate our 25th anniversary, we thank you for making our PCR solutions the most

widely used in the world. Our commitment to meeting your research needs is stronger than ever.

To learn more, visit www.appliedbiosystems.com/pcr
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News Roundup

| Short Reads

Thermo Electron and

Fisher Scientific announced a
$10.6 billion all-stock merger. The
combined company will be called
Thermo Fisher Scientific. Fisher’s
CEO Paul Montrone will step
down, and Thermo CEO Marijn
Dekkers will become president

and CEO of the new entity.

The UK’s Biotechnology and
Biological Sciences Research
Council has awarded £27 million
to create three new centers for
integrative systems biology at the
Universities of Edinburgh,
Nottingham, and Oxford. These
will join the three other centers
created last year at Imperial
College, Manchester, and

Newcastle.

In an attempt to settle
their patent dispute, ABI parent
Applera and Beckman Coulter

have agreed to pay each other
royalty-bearing licenses for their
respective technologies. The
settlement resolves “all outstanding
legal disputes” regarding Beckman’s
CE and PCR technologies, as

well as Applera’s breach-of-

contract allegations.

The Virginia Bioinformatics
Institute and Brazil's Oswaldo
Cruz Foundation have teamed
up to develop drugs, vaccines,

diagnostics, and other technologies
for infectious diseases, which
include dengue fever, HIV/

AIDS, hepatitis C, influenza,

pneumonia, and malaria.

M

METAGENOMICS

FROM JGI, COMMUNITY ARCHIVES
FOR THE MICROBIAL SET

More than 250 microbial genomes have
been sequenced to date and, with 700
more projects in the works, making sense
of that flood of data has never looked more
daunting. This is no surprise to scientists
at the Joint Genome Institute, which has
spearheaded nearly a quarter of the world’s
bacterial genome projects. To help
researchers make sense of it all, the insti-
tute recently launched IMG/M, an experi-
mental metagenome data management and
analysis system.

“IMG/M arose from our interest in mak-
ing it easier for users to access and analyze
their data,” says JGI Director Eddy Rubin.
Advances in sequencing technology have
made it possible to sequence a microbial
genome in a day, he says, which presents
the risk that some genomes will be neg-
lected due to the sheer volume of data
available.

Hence the creation of IMG/M, which
builds on JGI's integrated microbial
genomes (IMG) system and extends its
comparative tools to metagenome data. The
IMG system, built through a collaboration
with Lawrence Berkeley National Lab, is
updated quarterly and contains both draft
and complete JGI genomes, in addition to
other publicly available microbial genomes.
Researchers interested in analysis, as
opposed to just browsing the bank, can
navigate the samples by phenotypes, eco-
type, disease, and relevance.

According to Victor Markowitz, head of
Lawrence Berkeley National Laboratory’s
Biological Data Management and Technol-
ogy Center and the system’s chief architect,
the idea was always to broaden IMG’s remit.
“Once we had IMG, we asked what it would
take to extend [the system] to
metagenomes,” Markowitz says. It took a
lot, especially in terms of conceptual organ-
ization of the raw data. Whereas IMG charts
isolate genomes for which assembly and
gene prediction is done, IMG/M must con-
tend with data from entire microbial com-

Eddy Rubin

munities for which assembly scaffolds come
from different organisms.

Given those complexities, the LBNL team
forged ahead to create a repository capable
of evolving with its diverse data sets. Work-
ing on the system mostly on weekends, the
group built IMG/M over a period of five
months, and a preliminary version was dis-
tributed for expert testing at the end of last
year. One of the early users, JGI's Phil
Hugenholtz, test drove the system to ana-
lyze enhanced biological phosphorus
removing (EBPR) sewage sludge
metagenomes, which yielded results slated
to appear in an upcoming paper.

Hugenholtz also helped train the system
on other microbial communities recently
sequenced by JGI, including microbes colo-
nizing the termite hindgut. “Termites are
world-class biomass converters,” says
Rubin, and understanding those metabolic
pathways may help meet “one of our great-
est needs to convert cellulose into starch for
alternative fuel development.”

In addition to isolate genomes found in
IMG 1.3, the current version of IMG/M
contains metagenomic sequences generated
from several environmental samples. At
press time, there were data from two EBPR
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sludge samples, three deep sea “whale fall”
carcasses courtesy of Rubin’s team, an agri-
cultural soil sample, and an acid mine
drainage biofilm. These samples are repre-
sentative of a range of species diversity,
dominant organism abundance, and
sequencing depth.

The next version of IMG/M is slated for
July 1, when IMG will also be loaded with

OPTICAL MAPPING

more isolate genome data. After that, both
repositories will be updated quarterly.
“We're committed to progressively adding
and annotating everything that [JGI]
sequences or that is sequenced elsewhere,”
Rubin says, adding that the continual
updates coupled with IMG/M’s easily nav-
igable interface make “it a really Kkiller
application.” — Jen Crebs

OPGEN’S NEW PATH: SEQUENCE
DEMAND, INSTRUMENT LAUNCH

Little OpGen, which made its debut in
2003 and the following year boasted a sin-
gle customer, has by all accounts truly
turned a corner. The company, which ini-
tially planned to have a service-only model

Joe Shaw

for its optical mapping technology, recently
announced a deal with an instrument man-
ufacturer to turn that tool into a product
customers could bring in-house. With close
to 50 customers last year, the potential of
demand from the next-generation sequenc-
ing market, and new scientific advisors Bud
Mishra and Thomas Anantharaman from
New York University, the OpGen of 2006 is
a whole new animal.

In April, OpGen teamed up with Stratos
Product Development to come up with a

Genome Technology

commercial instrument based on the four
machines currently running at the com-
pany. A similar alliance with Micronics,
meanwhile, is aimed at designing the dis-
posable reagents for the instrument.

The new business model — a shift from
services to placing instruments with cus-
tomers — stems from a demand that
OpGen couldn’t meet, according to CEO
Joe Shaw. “The service business is doing
well, but demand, frankly, is exceeding our
capacity,” he says. Take that and combine it
with the reluctance of potential customers
to hand off their DNA samples or sequence
information to an outside company, and
youwve got a good argument for selling
instruments, Shaw says. Whether any single
customer has high enough demand to jus-
tify buying an instrument, however,
remains to be seen.

Shaw and his crew will first target the
clinical microbiology community with the
instrument, which is expected to run
around $225,000 and be in beta testing by
the first quarter of next year. Since optical
mapping is often used to detect isolates of a
particular organism, for instance, Shaw says
it's a natural fit for situations such as iden-
tifying an infectious agent — and possibly
even being used to help fit a particular
antibiotic treatment to a patient.

Meanwhile, demand for OpGen’s tech-
nology has gotten a somewhat unexpected
boost with the next-generation sequencing
tools on the market. Techniques like 454,
which produce much shorter reads than
traditional Sanger sequencing, are helped

News Roundup

Seymour Benzer, Caltech’s
Drosophila genomics pioneer,
received the $500,000 Albany
Medical Center Prize, which is the
US’s largest monetary award for

medicine and biomedical research.

Danish drug developer Santaris
Pharma has created a MicroRNA
Research Consortium in partnership
with the Department for Medical
Biochemistry and Genetics at the
University of Copenhagen. The
new consortium is partially
supported by a grant from the the
Danish Advanced Technology
Foundation worth €1.3 million,
which will be matched by the
University of Copenhagen and

Santaris Pharma.

Millipore has plans to acquire
Serologicals for $1.4 billion in

cash — which is about how much
revenue the combined company will
make this year. The acquisition

will close on June 30.

Pelican Life Sciences, one of the
newer reagent shops on the block,
has raised $100 million in private
equity for acquisitions and
development. The company also
completed its first acquisition, that
of PML Microbiologicals, originally

announced last December.

Third Wave Technologies has
made two new appointments to

its senior management team: Jorge
Garces has been appointed vice
president of product and platform
development, and Cindy Ahn has
been appointed vice president

and general counsel.
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News Roundup

The Nasdaq exchange has given
Sequenom until June 15 to comply
with its minimum closing bid price

requirement (that’s $1.00) and

remain listed on the exchange.

The times are a-changin’ for
Affymetrix management. Susan
Siegel resigned from her position
as president, but will stay on as
an advisor reporting to chairman
and CEO Stephen Fodor. Thane
Kreiner is now senior veep of
marketing and sales, while Richard
Rava has been appointed head of
product development. Mitchell
Kennedy, previously VP

of global technical support,

has left the company.

The NIH has awarded a

$1.58 million grant to researchers
led by Thomas Earnest at Lawrence
Berkeley National Laboratory to
develop new robotic systems

for high-throughput protein
crystallography and related

structural biology research.

UK-based BioWisdom has
joined the AddNeuroMed project
of the European Commission’s
Innovative Medicines for Europe
consortium, where it will use its
Sofia software platform to help
identify and validate Alzheimer’s

disease biomarkers.

Reagent company Panomics

has opened a wholly owned
European subsidiary, Panomics
SRL, located in Milan, Italy.
Bio-Rad alumnus Luigi Pirovano
was named managing director

of the new unit.

M
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along by a long-ranging scaffold from
which to hang the reads. Colin Dykes,
OpGen’s CSO, says that optical maps “can
certainly work as a scaffold” for this type of
read, and complement the base-by-base
information with higher-level data includ-
ing rearrangements, insertions, and dele-
tions. Shaw says OpGen has had “a number
of clients” who have approached the com-
pany because they couldn’t properly assem-
ble 454 reads. Given that Solexa, Helicos,
Agencourt, and other next-gen sequencing
technologies nearing the market all share

MOLECULAR DIAGNOSTICS

the short-read problem, OpGen could be
well positioned to introduce its technology
to a whole new clientele.

The company is currently in the process
of closing a new round of funding worth
about $15 million, Shaw says. In another
change for the OpGen crew, longtime scien-
tific collaborator David Schwartz is no
longer closely tied to the company, Shaw
confirms. Instead, Schwartz’s former NYU
colleagues Mishra and Anantharaman have
joined the company’s scientific advisory
board. — Meredith Salisbury

INVITROGEN, BUILDING DX PLAY,
WELCOMES COMPETITION

Invitrogen, aiming to expand into the
molecular diagnostics market, made a delib-
erate splash in the field at this year’s annual
BIO meeting, held in Chicago. Three out of
the seven sessions at which the company
had speakers centered around diagnostics.

Todd Nelson, vice president of corporate
development at the life sciences power-
house, said at a molecular diagnostics ses-
sion that what is now competition from
small, private shops will eventually become
“collaboration” opportunities for Invitro-
gen, which has grown in size and scope in
recent years by adhering to a diet of steady
acquisitions.

In fact, Invitrogen disclosed one such col-
laboration during the conference — a deal
with Germany’s Signalomics to develop
nanocrystal reagents to identify tumors in
vivo in patient tissue. The agreement con-
tinues a joint development program
between Signalomics and the BioPixels
business unit of BioCrystal, which Invitro-
gen acquired in October 2005.

Invitrogen’s interest in the molecular
diagnostics industry has been building over
the past couple of years and the company
has made a string of acquisitions to bolster
that play. In particular, its purchases of Mol-
ecular Probes in 2003 and its acquisitions of
Dynal, Caltag, and BioSource last year were
made with an eye on grabbing a chunk of
the molecular diagnostics market.

The firm furthered this goal in January
when it realigned its BioDiscovery unit into
two divisions, Life Sciences and Enabling
Technologies. The Enabling Technologies
division, which now primarily targets the
research market, will focus on nanotechnol-
ogy, imaging and microscopy, cell separa-
tion and analysis, labeling and detection,
bead-based separations, and the firm’s anti-
body center of excellence.

At BIO, Nelson said he was “thrilled” that
privately held companies have been devel-
oping technologies to play in a space for
which Invitrogen is gunning. Specifically,
he said he was glad that as these companies
grow, they are transferring the “burden” of
risk to venture capital companies — and
presumably off of potential suitors —
which will enable them to develop a wide
array of diagnostic technology.

To be sure, Nelson’s remarks do not nec-
essarily signal that Invitrogen has a
molecular diagnostics acquisition in the
works. But while Invitrogen remains
tight-lipped about its plans for this arena,
Nelson said that one area of interest for
the company could be “enabling” pharma-
ceutical companies that want to partner
with diagnostic shops to develop compan-
ion drug-diagnostic products, or so-called
theranostics. According to Nelson, this is
an area of “exceptional growth.”

— Kirell Lakhman
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BOOK REVIEWS

News Roundup

In honor of summer, Genome Technology’s staff turned toward books that might make great beach reads.
Here are a couple that won’t weigh down your tote bag.

Won for All: How the Drosophila
Genome Was Sequenced
By Michael Ashburner

Described by the publisher as a “non-
fiction novel,” Ashburner’s memoir-
esque Won for All is aimed at people
who were involved in, or at least
intrigued by, the sequencing of the
Drosophila genome. The book, roughly
100 pages, is the
author’s cathartic
tale of what he went
through during this
period (including
memories of hotels,
flights, and limo
service) and the
main text refers to
most fellow partici-

Won for All

L T Y SN TRy —
iy joguemad

pants by first name only. It’s an enter-
taining and quick read, but will likely
be of interest mainly to people who are
already fairly well acquainted with the
field and events discussed.

Publisher: Cold Spring Harbor

Laboratory Press
Publication date: March 1, 2006
ISBN: 0879698020

When a Gene Makes You Smell Like
a Fish ... and Other Tales about the
Genes in Your Body
By Lisa Seachrist Chiu

Chiu offers to take lay readers on an
engaging road trip through the human
genome with her debut book, pointing
out sights both strange and fascinating
along the way. The book’s title hearkens

to the story of a

woman who sulffers .F.'-T,E: When
from trimethylamin- Gene

uria, a metabolic

disorder determined Smell

by mutations in the |. [ish...

FMO3 gene. Plenty
more genes, muta- )::\1 4
tions, and their con- F o
sequences are deftly
explained via Chiu’s anecdotal vignettes.
Non-specialists will not only be enter-
tained by a catalog of weird genes, but
may also come away with a basic under-
standing of epigenetics, the HapMap
project, and classic genetics.

Publisher: Oxford University Press

Publication date: May 1, 2006

ISBN: 0195169948
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News Roundup

BIOMARKERS
NASA SOFTWARE AIDS CANCER RESEARCH

Cancer research and planetary science
are fairly distant cousins in science’s fam-
ily tree, but that doesn't mean they have
nothing in common. With help from
researchers at CalTech’s Jet Propulsion
Lab, one technology is being used to organ-
ize and share data from both quarters.

Just as biologists mine clinical data
for evidence of biomarkers heralding
the early onset of cancer, planetary sci-
entists must manage diverse physical
samples to substantiate theories about
what's happening in more remote corners
of the universe. This analogy wasn’t lost
on the National Cancer Institute, which
recruited JPL's Daniel Crichton to
implement a software framework his
group initially developed for NASA to
share planetary data across geographi-
cally distributed research centers.

That effort, known as the Object Ori-
ented Data Technology, plugs into
existing systems and provides an archi-
tectural framework for integrating
information across diverse networks.
This key feature allows researchers
from different sites in NCI’s Early
Detection Research Network to share
clinical data that would otherwise be
buried in a babel of homegrown terms.

The common data elements endorsed
by the EDRN are harnessed by Crich-
ton’s OODT implementation, and pro-
vide a lingua franca for describing
biospecimens. There are 90,000 speci-
mens currently catalogued, which are
parsed by more than 600 common data
elements. So far, the informatics frame-
work is live and connecting nine sites
via the EDRN Resource Network

Exchange, which is NCI’s virtual speci-
men bank. Crichton says that 15 sites
will be sharing data by the year’s end.
By providing a common language to
describe biospecimens, the NCI hopes
to foster collaborations across different
sites to identify and classify putative
biomarkers. To that end, JPLs team is
currently at work on a system to capture
and manage data coming out of bio-
marker validation studies. Known as
the EDRN Knowledge Environment,
this will provide “a one-stop shop for
looking at information” like clinical
data, protocol information, specimen
descriptions, and details on the bio-
markers themselves, Crichton says. The
JPL team expects to have informatics
tools and infrastructure in place by the
end of the summer. — Jen Crebs
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INFORMATICS INSIDER

When you could count the number of pathway databases on your fingers, parsing the data

wasn't problematic. With the plethora of databases now, though, the BioPAX effort aims to

help scientists make sense of it all. Participant Joanne Luciano outlines the initiative.

ouldn’t it be nice if you
could load ligand, receptor,
signal transduction, gene

regulation, and metabolic pathway
databases into your local database —
and then be able to traverse them from
a ligand binding to a cell surface recep-
tor, through a signaling pathway that
turns on a gene for an enzyme that cat-
alyzes a metabolic reaction? We're not
quite there yet, but an effort called
BioPAX is making strides in turning
this into a reality.

BioPAX is a community-based initia-
tive founded to create a formal standard
for data exchange and representation of
biological pathways and their nuances.
When there were only a handful of
pathway databases, writing a few
parsers was not an issue. But as the
number and type of databases began to
increase, researchers rallied to head off
the impending integration nightmare.
What emerged was BioPAX, whose
ontology was created to enable integra-
tion of the increasing number of path-
way databases that began mushrooming
about five years ago.

THE PROBLEM
WITH PATHWAYS

That biological pathways are central
to biomedical research is no surprise to
this community; they are the scaffold
upon which we build our knowledge
about biological mechanisms.

Pathway data is typically divided into
metabolic pathways, molecular interac-

Genome Technology

tions, gene regulation networks, and
signaling pathways. Metabolic path-
ways are characterized as a series of
enzyme-substrate-product reactions.
Molecular interactions, such as protein-
protein interactions obtained from
yeast two-hybrid experiments and used
to identify the interacting components
of complexes, are usually simplified as
simple binary interactions. Meanwhile,
gene regulation pathways show interac-
tions between transcription factors and
the genes whose transcription they acti-
vate or repress. And signaling pathway
representations, the most varied, range
from vague and general representations
such as ‘There’s an activation chain in
which A activates B activates C’ to spe-
cific and detailed representations
involving a series of complex binding
reactions and protein post-translational
modifications.

PathGuide, an online list of pathway
resources, contains more than 200 bio-
logical pathway resources, and the list
continues to grow in number as the
databases grow in size. But how much
of this pathway data is useful? If you're
a biologist and need to order reagents
for your experiment, or you are new to
the subject and want a quick learn,
then a visual representation of a path-
way is most helpful. It is easy to under-
stand, informative, and, after all, a pic-
ture is worth a thousand words. On the
other hand, if you are a bioinformati-
cist or a research scientist and want to
integrate these pathways into your

knowledge base, then you'd rather
have the thousand words. Images can’t
be read with computer programs, so
they're essentially useless when it
comes to computation.

Currently, to consolidate the knowl-
edge required for many research proj-
ects, one must extract the relevant path-
way data from each database, transform
it into a standard data representation,
and load it into an integrated repository.
If you want to navigate through data-
bases, then your best bet — and, in fact,
your only hope at the moment — is to
use gene and protein IDs.

But you still have a lot of work to do
if you want to integrate data from dif-
ferent databases, because the semantics
of those databases are not the same: dif-
ferent terms are used to describe the
same thing, or in some cases the same
name is used for two things. Without a
human to do the mapping, there’s no
way for a computer to figure out the
connections.

ENTER BIOPAX

And that’'s where BioPAX comes in. Its
main goal is to create a formal represen-
tation whereby multiple types of path-
way conceptualizations can be brought
together into one framework. So far,
only a few databases export their data in
BioPAX format, allowing the aggrega-
tion of these data and queries across the
datasets. Stanford has created the first
public resource based entirely on
BioPAX data, the Pathway Knowledge

A
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INFORMATICS INSIDER

Base, which aggregates data from Bio-
Cyc, KEGG, and Reactome.

That's one type of integration, the
aggregation of data. It is based on being
able to tell whether two things are the
same or different by comparing their
database identifiers. The mapping of
those identifiers, however, is done by
humans; integration based on matching
identifiers doesn’'t embed much in the
way of semantics. For example: here’s a
BioCyc pathway, here’s a KEGG path-
way — are they the same? By contrast,
an example of semantic integration is
the ability to infer whether things are
the same based on their descriptions.
One plus one may equal two, but it’s
not identical to two. So is the reaction
A + B> Cthesameas C<> B+ A?

We would also like a reasoner to be
able to infer and properly map different
levels of descriptions for the same
entity. This would enable two sources
with different levels of detail to be inte-

grated, such as a database with protein-
protein interactions with a database of
kinases, or a database of chemical com-
pounds structures with a database of
reactions that involve those com-
pounds.

BioPAX is also wrestling with more
subtle issues in biological representa-
tion, such as how to handle incomplete
knowledge of mechanism, the combina-
torial explosion of protein states, and
ambiguous representations such as
polymerization reactions.

Currently, pathway data can be
exchanged and aggregated in BioPAX
format, but we're still working through
representational issues of pathways in
OWL in order to use an automated rea-
soner to determine whether two things
are the same or different based on their
descriptions rather than their identifiers.
Furthermore, we want a reasoner to be
able to point out when experts don't
agree. BioPAX will never be able to
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resolve the differences of opinion, of
course, but it can highlight them so that
someone with the right skill and initia-
tive can undertake the experiments that
would be needed to resolve the disagree-
ment. OWL, description logic experts,
reasoners, domain experts (such as the
database providers), and knowledge
engineers and users are all required, and
that's why BioPAX is a community effort
— one that hopes to provide researchers
with a pathway to pathways. GT

Joanne Luciano is a lec-
turer in the Genetics
Department at Harvard
Medical School, a visit-
ing research fellow at
the University of Man-
chester, and president
and founder of Predictive Medicine. She
is a co-organizer of the BioPathways
Consortium and a member of the BioPAX
Workgroup.
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UNDER ONE ROOF

Harnessing Diverse Research Tools

Arizona's Answer to Systems Bio

TGen Jeff Trent bills the new Center for Systems and Computational Biology as the

home of ‘multi-investigator, multi-institute teams with multimillion-dollar budgets.’

It hasn't exactly been a tough sell.

By Jennifer Crebs

ake room, Boston.
Flush with cash
dedicated to bio-

sciences, Phoenix may be
well on its way to becoming
the biotech hotbed of the
southwest. The latest in the
Sun Belt arsenal is the Cen-
ter for Systems and Compu-
tational Biology, a team
solution to the challenge of
team science.

Not yet even six months
old, the center is the prod-
uct of a close partnership
between Arizona State Uni-
versity’s Biodesign Institute and the
Translational Genomics Research Insti-
tute. Its mandate is to jump-start
advances in personalized medicine and
diagnostics, a likely endeavor consider-
ing everything the center has going for
it: top-tier faculty, both co-appointed
and newly recruited especially for the
job; access to one of the world’s most
powerful supercomputers; a roster of
high-level genomic and proteomic tech-
nologies; and enviable funding streams
from state, industry, and philanthropic
sources. The only thing it lacks at the
moment is a dedicated director.

In the interim, George Poste and Jeffrey
Trent are jointly steering the center
through its initial months. Trent, presi-
dent and scientific director of TGen, was
instrumental in rallying state and tax-
payer support to build up Arizona’s bio-
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The Center for Systems and -
Computational Biology is housed in
Arizona State University’s Biodesign Institute

science industry. Immediately prior to
taking up his post at TGen, Trent spent
nearly a decade as scientific director of
the National Human Genome Research
Institute. In 2004, he took on the lead
role at TGen; not long after, George Poste
was lured out of his retirement from
SmithKline Beecham to man the helm at
the Biodesign Institute. Trent says that the
two have shared a good working relation-
ship “for 25 years or so.” Most recently,
the two co-directors have concentrated
on building the infrastructure and faculty
to achieve “an endpoint of earlier diag-
nostics and smarter treatments.”

To do so, the Center for Systems and
Computational Biology is drawing on
the strengths of both of its parent insti-
tutions. “TGen is unique from the
standpoint that we have really focused
on the translational window a little dif-
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ferently,” Trent says. That is, instead of
cobbling together an interdisciplinary
program within the confines of a larger
matrix, TGen has integrated its transla-
tional research efforts from the get-go.

This tack is complemented by a simi-
larly cohesive strategy at the Biodesign
Institute, which sports a research port-
folio that defies standard classification
schemes. The institute organizes its
efforts around four key areas — biolog-
ical systems, nanoscale systems, cogni-
tive systems, and sustainable systems —
and focuses on translating fundamental
biological discoveries directly into real-
world use. To this end, Biodesign works
with ASU’s commercialization body, Ari-
zona Technology Enterprises, to strike
up partnerships, license IP, and launch
new companies.

Biodesign’s commitment to commer-

A
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Harnessing Diverse Research Tools

cializing technologies is echoed by
TGen’s focus on translating basic
research to the clinic, and the underlying
emphasis on moving research findings
out of the lab is a part of the center’s
mandate as well. “Given some of the
spinoff organizations we have, we're try-
ing to move toward developing diagnos-
tics or getting preclinical testing done on
therapeutic leads — toward building all
of that into the fabric of putting this
together,” Trent says. The Molecular
Profiling Institute is one such spinoff
company that provides prognostic test-
ing facilities, services, and resources for
genomic and proteomic profiling.

FORMALIZING
THE INEVITABLE

While it's clear that researchers at
Biodesign and TGen have already forged
extensive working partnerships among
research groups, the new center gives
them a formal framework. “What we're
trying to do is work on bigger projects,
and those require multi-investigator,
multi-institute teams with multi-million
dollar budgets,” says Trent. “I see [the
center| begin to take its shape in the
ability to capture the people for some of
these larger projects.”

One such person is Michael Bittner,
co-director of TGen’s computational
biology division and head of the meas-
urement and inference lab. Bittner is
interested in flushing out background
assumptions made about complex sys-
tems, wherein the sheer number of pos-
sible relationships outpowers the
human faculty of tracking them. Enter
high-performance computing, which
Bittner uses to model, predict, and gen-
erate reliability estimates about gene
interactions. The end goal of his work is
to develop new measurement systems
capable of identifying valid relationships
within complex systems. Bittner, who
already collaborates with Sudhir Kumar,
director of Biodesign’s Center for Evolu-
tionary Functional Genomics, says that
it was natural for him to get involved in
being one of the partners of the center.

R e

ﬁ Name: Center for Systems and Computational Biology
Hosts: The Translational Genomics Research Institute (TGen) and Arizona

State University’s Biodesign Institute

Leadership: Jeffrey Trent and George Poste head the center right now, while a
newly recruited director will take the reins by summer’s end.

Staff: Currently, the center is populated with about a dozen faculty members
from Biodesign and TGen. Eventually, plans are to outfit the center with 20

faculty posts.

Funding stats: The center is one of the latest fruits of Arizona’s heavy invest-
ment in bioscience research. Taxpayers voted in 2000 to drive $1 billion to
state university research support. The center also benefits from the state leg-
islature’s pledge of $150 million to foster bioscience research, which was
matched by industry investment. To recruit a dedicated director, the center
will use $5 million from the Virginia G. Piper Charitable Trust’s outlay of $50
million to attract personalized medicine leaders.

Key research areas: Computational biology, integrated cancer genomics,
genetic basis of human disease, clinical translational genomics, applied
nanobioscience, evolutionary functional genomics, innovations in medicine,

protein and peptide therapeutics.

Notable technology: The ASU-TGen supercomputer, a 1,024-CPU IBM cluster
ranked as one of the top supercomputers in the world.

“Typically, projects that deal with com-
plex systems or complex problems do
much better when there’s a larger mass
of people simultaneously attacking vari-
ous aspects of it,” he says. “We think the
center will give us the chance to recruit
some very smart people who are going to
help speed the plow.”

John Carpten, director of TGen’s inte-
grated cancer genomics division, agrees
that more is merrier when it comes to
speeding discoveries to the clinic.
Carpten’s research focuses on develop-
ing more sensitive cancer biomarkers by
way of generating comprehensive pro-
files based on multiple data points. “I
don’t think any one scientist or any one
technology will win the war on cancer,”
he says. Instead, he believes that suc-
cessful cancer research requires a team
research approach and an integrated
technology model — two things that the
center promises to provide in spades.
“Having an entire center dedicated
specifically to helping us integrate dif-
ferent technology platforms is going to
be critical to moving these discoveries
into the clinic,” he says.

Specific tools in Carpten’s arsenal
include microarray and high-throughput
sequencing technologies, as well as the

strong collaborations he’s initiated with
facilities boasting high-resolution mass
spectroscopy platforms. Whereas a num-
ber of institutions have strong programs
in genomics or proteomics, he says, very
few are performing comprehensive stud-
ies using one data set on multiple tech-
nology platforms. Carpten says his
“hope is to bring to bear gene expression
profiling, copy number analysis, pro-
moter methylation, DNA mutation, as
well as proteomics” on cancer research.
Having access to the center’s resources
and infrastructure will therefore be a
“huge advantage,” he says.

Next up for the center will be the
installation of a new director, which
Trent expects to happen by the end of
the summer. Additional faculty are
also being recruited, and these investi-
gators will have joint appointments
with the founding research institutes.
Getting funding to attract talent is
hardly a problem. “At the moment,
Arizona has a ridiculous wealth of
opportunities to build the biomedical
sciences,” Trent says. “The bottom line
is that Arizona is one of these remark-
able places that’s really growing and
for which there is a lot of funding to
facilitate research.” Gl
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TagMan® MicroRNA Assays —the miRNA quantitation solution.

TagMan” MicroRNA Assays are exactly what’s needed for high-quality gene expression quantitation results
in miRNA research. Whether profiling miRNA or monitoring specific miRNA genes, you'll get the gold
standard in sensitivity, specificity, and ease of use that only real-time PCRTagMan® assays can provide.
TheTagMan MicroRNA Assay specifically measures the biologically active mature form—not the inactive
precursor miRNA transcript. And since the assays are functionally validated, you can be confident they

will work for your target of interest. TagMan® chemistry provides the single-base specificity to differentiate
between closely related sequences, and unparalleled sensitivity to help conserve your precious samples.
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The rapidly growing TagMan™ MicroRNA Assays portfolio includes assays for human, :u_';"",'- _'é - "l".i':'-

mouse, and rat with C. elegans, Drosophila and Arabidopsis coming soon.
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Get all the specifics at mirna.appliedbiosystems.com Blosystems
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PCR: The Conquests Continue

For 20 years, PCR has constantly evolved, making itself relevant to one new

research field after another. The latest toeholds for real-time PCR:

microRNAs, single-cell analysis, and clinical diagnostics.

By Meredith W. Salisbury

or people who aren’t working on
F the cutting edge of the amplifica-

tion field, it can be hard to get
excited about PCR. Hey, it’s understand-
able for a technology that’s been a main-
stay of this community for 20 years. But
for people who pay attention to the tool
as it continually expands into new
research applications, each evolution of
real-time PCR is a breakthrough unto
itself. Thanks to the versatility of the
amplification technology, it makes its
mark on virtually each new research
field, schmoozing with whole new
groups of scientists until they, too, find
they can't live without it.

This has been the modus operandi of
PCR throughout its lengthy career.
Beginning in 1985 with Kary Mullis’
inspired plan to get strands of DNA to
make copies of themselves, the tool has
kept up with the times. One major evo-
lution was the invention of reverse-
transcription PCR, which allowed
researchers to use RNA strands as the
template; another was the development
of real-time PCR, also known as quanti-
tative PCR because it gave scientists the
ability to quantify mRNA. Over the
years, various other improvements, large
and small, included finding a ther-
mostable enzyme, specialty enzymes for
higher fidelity and longer read length,
hot start PCR, higher-throughput reac-
tions, and identifying optimal concen-
trations and read lengths. These techni-

e

cal advances have all served to put PCR
in the hands of people for whom it
wasn’t previously a viable tool.

These days, PCR — especially the
real-time version — continues to
extend its reach. According to experts
who spoke with Genome Technology,
three major areas into which real-time
is currently taking hold are in RNAi,
applications with smaller sample sizes,
and the clinical and diagnostic arena.
Beyond that, indicators show that real-
time PCR has a whole host of other
applications for which it’s just starting
to heat up.

RNA INTERFERENCE

Ask anyone who’s running real-time
PCR about what theyre doing today
that they weren't doing a year ago, and
one term is virtually guaranteed to pop
up: microRNAs. Vladimir Benes, who
runs a genomics core facility at EMBL,
says his lab has seen “microRNA profil-
ing by qPCR, which definitely was not
the case even a year ago.”

“Before the RNAi explosion, people
were looking at gene expression,” says
Tony Favello at Sigma-Aldrich. “Now
they're looking at changes in gene
expression and knockdowns.”

But researchers’ yen to quantify their
microRNAs wasn't a technically simple
feat for PCR vendors. Weighing in
around just 22 bases, microRNAs
proved an especially difficult target for

Tony Favello,
Sigma-Aldrich

amplification and detection. Applied
Biosystems, which launched its
microRNA assays this spring, finagled
the technology to get it to work in this
burgeoning field. “We do a little bit of a
trick to use the real-time PCR for
microRNA quantitation and detection,”
says Kathleen Shelton, senior product
manager for microRNAs at ABIL The
technique relies on an “RT-specific step
where we extend the product ... [so we
are| able to get the specificity, sensitiv-
ity, and reproducibility that you get with
regular TagMan.” So far, ABI has
microRNA assays out for human,
mouse, and rat, with plans to launch
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Arabidopsis, Drosophila, and C. elegans
shortly. Shelton says her team relies on
the information deposited in public
databases for sources on which to
design their microRNA assays. Addi-
tional assays will be developed as data
from more organisms is deposited in the
public domain.

ABI certainly isn't the only vendor
anticipating growth in this arena. PCR
experts at Invitrogen, Qiagen, and
Sigma-Aldrich all pointed to the same
trend in their conversations with
Genome Technology.

And microRNAs aren’t the only
genetic snippets to benefit from real-
time PCR. Dirk Loeffert, director of
R&D in the modification amplification

technology center at Qiagen, says he
sees customers using the technology to
evaluate siRNA potency as well
“Researchers are validating more and
more of the siRNA knockdown expres-
sion by real-time PCR,” he says.

SMALLER SAMPLES
AND SINGLE CELLS

As PCR companies have streamlined
the sensitivity of their products, cus-
tomers have been able to use the tool on
smaller and smaller samples — down to
the point where, today, scientists can
use real-time PCR even on the single-
cell level.

“People are doing more and more
[studies with] pure samples collected by
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Invitrogen’s
Ken Rosser

THE EXPLORATION CONTINUES

Experts who spoke with Genome Technology highlighted
a number of trends in the expansion of real-time PCR.
These include:

EPIGENETICS — Dirk Loeffert at Qiagen says the trend is
still forming, but more and more researchers are coming
around to the idea of using real-time PCR to study DNA
methylation patterns. Reagents still have to be developed
to really encourage this field, he says, but technically
speaking, real-time is more effective in helping distinguish
a specific from a nonspecific methylation event, he says
— which could prove a real boon to epigenetics scientists.
NON-DNA ASSAYS — “There’s been a slow but steady
use of quantitative PCR for assays that aren’t DNA at all,”
says Ernie Mueller at Sigma-Aldrich. Scientists interested
in detecting antibodies, proteins, and other analytes are
starting to tag those with DNA molecules and “piggy-
backing off of PCR” to identify by proxy their target of
interest, Mueller says.

IMMUNO PCR — This technique, a tool used for protein
detection, is on the upswing, says Mikael Kubista at the
TATAA Biocenter in Sweden. What was once an esoteric
tool has become “an emerging field” in the real-time com-
munity, he says.

THE RISE OF MULTIPLEXING — Greg Shipley, a research
assistant professor at the University of Texas Health Sci-
ence Center, says multiplexing will become more and
more common in the coming years. Many vendors don’t
handle anything higher-throughput than a 384-well plate,
but “for any sort of normal screening, 1,536 is the stan-
dard in the field,” he says, anticipating that as real-time

Genome Technology

PCR moves further downstream vendors will amp up their
plexing to meet this demand.

NANOSCALE REACTIONS — Jo Vandesompele from
Ghent University Hospital says current PCR protocols use
“huge vessels” and need to be pared down to accommo-
date nanoscale reactions instead. Two companies he’s
got his eye on, BioTrove and Fluidigm, have products that
seem promising in helping shrink the real-time reaction,
he says.

MORE GENE EXPRESSION — Real-time is no stranger to
gene expression, but scientists believe the demand for
this application is on track to skyrocket. As more people
realize that data from microarrays is not sufficient to
detect lower-level changes, predicts Mikael Kubista, sci-
entists will design their expression experiments to include
real-time PCR. One such possibility, he says, would be
doing a broad scan on a microarray to find a few dozen
genes of interest, and then following up on those with
real-time PCR. “It’s more sensitive, the reproducibility is
higher, and the dynamic range is much larger,” he says.
MODEL ORGANISM STUDIES — Criss Walworth, a prod-
uct line director at Applied Biosystems, says demand is
growing for organism-specific assays, particularly in the
comparative genomics field. Coming soon: targeted sets
for rhesus and canine, according to Walworth.

SPEEDY PCR — Researchers are clamoring for the new,
fast PCR techniques vendors have released recently.
Some vendors have gotten what used to be an hour and a
half process down to the neighborhood of 30 minutes.
“Now the running of reactions takes less time than prepar-
ing your plates,” says Vandesompele. — MWS
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laser-capture microdissection,” says
Mikael Kubista at the TATAA Biocenter.
“During the last year or so, a number of
robust pre-amplification methods have
appeared [making] it possible to analyze
small sample amounts.”

For the most part, this level of exper-
iment means bypassing the RNA isola-
tion steps, says Ken Rosser at Invitro-
gen. “Any type of RNA isolation method
that you use is going to result in some
kind of sample loss,” he says. And for
samples as small as his customers want
to use, “you really cant afford to lose
any of your nucleic acid because you
compromise your sensitivity.”

Criss Walworth, product line director
for gene expression assays at ABI, says
the company has a product in develop-
ment right now that’s a “kind of ... sam-
ple stretcher.” That type of tool, Wal-
worth adds, will be “really enabling for
people who are really sample-limited.”
Conceptually, of course, requiring less
sample for these experiments opens the
doors for customers in forensics or clin-
ical research who previously couldn’t
make use of real-time PCR because
their samples were simply too scarce or
precious.

At the extreme, scientists are now
focusing all the way down to the single-
cell level. That's been made possible by
new kits, many with isothermal
enzymes, that work on whole transcrip-
tome amplification, according to Jo Van-
desompele at Ghent University Hospi-
tal. The idea is to do pre-amplification
and a limited number of PCR cycles to
prevent the introduction of any bias into
the product, he says.

Kubista says this has allowed scien-
tists to find whole new biological phe-
nomena. His team published a paper
late last year showing significant varia-
tion in the gene expression in individual
cells compared to what shows up in
expression studies of a cluster of cells.
“That’s very important in trying to
understand how biological processes are
controlled,” he says, pointing out that
even a year ago this kind of study would
not have been possible.
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DIAGNOSTICS AND
THE CLINIC

Like so many technologies in the sys-
tems biology field, real-time PCR is
making its way downstream, with recent
appearances in animal and human diag-
nostics. Dirk Loeffert at Qiagen says
that veterinary tests in particular have
picked up on real-time PCR as a replace-
ment for some ELISA tests. It’s likely
that human diagnostics will follow more
slowly, as they may be governed by the
FDA. In the meantime, he says, the tool
will likely be used to study infectious
disease and in GMO detection.

“Today it’s mainly used in research and
to diagnose infectious diseases,” says
Kubista, “but it’s reasonable that in a
couple years’ time we'll see the first diag-
nostic kits for complex diseases based on
expression profiles.”

In fact, a company called Genomic
Health, led by Incyte founder Randy
Scott, has introduced a breast cancer
diagnostic test that analyzes the expres-
sion of a 21-gene panel to predict cancer
recurrence.

“The application of real-time PCR in
the clinic definitely has increasing pop-
ularity,” says Vandesompele. What was
once a primarily academic tool has been
put to use for pathogen detection and,
he believes, promises to provide the
basis for a host of diagnostics based on

expression pattern. G1
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your
Money

(And More)

Genome Technology’s fourth annual salary survey shows that,
for the most part, scientists are in better shape than

they were a year ago. (Sorry, postdocs, not you.)

A by-the-numbers look at the state of the field in 2006.

By Jennifer Crebs and Meredith Salisbury

To the survey respondent who wrote, “I am really not interested in salary. My job
is very interesting and that is what matters,” we’d like to say: more power to you.
To the rest of our respondents, and indeed all of our readers, it seems that salary
and overall compensation package are of much greater importance to you. One way
we know this is that the response rate to our annual salary survey keeps going up:
this year, 1,990 of you took the time to tell us how much you earn, what your perks
are, and plenty of other great facts that served as the basis of the results you're about
to read. Many thanks to all of you for your time and cooperation.

In our exclusive fourth annual salary survey, we have information for the first time
from readers in Europe and Asia — allowing us to help you compare compensation
data on a more global level. As always, we include results on layoffs, benefits, and
more, broken out into public versus private sector, scientific tasks, and job title.

Finally, we added to the survey this year an invitation to readers to submit career-
related questions. Boy, did we hit a nerve. We whittled down the list to the most
common questions, and took those to experts in the field to provide you with prac-
tical tips and advice. That section begins on p. 32.
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RESPONDENT
DEMOGRAPHICS

Years In Research
More than 20 years

Less than
1 year 2%

1-3 years

3-5 years

5-7 years

15-20 years

10-15 years
7-10 years

Respondents by Region
Other
1%

Asia/Pacific

Europe

US/Canada

IR a1
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Type of organization

Academic medical/
ife sciences institute

|
University

Government

Pharmaceutical/

Agriscience compan
biotech . pany

Computing/informatics
company 2%

Primary Scientific Background

Bioinformatics Biology

Genetics ﬁ Biochemistry

W Chemistry

Mathematics/
statistics

Engineering
Software/
programming
Physics

1%

Molecular biology

Type of Region

Large metropolitan area

>

College town

Suburban
neighborhood

Rural
neighborhood
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MEDIAN SALARIES BY ORGANIZATION AND SIZE

MEDIAN SALARY

TITLE 2006

SMALL PHARMA/BIOTECH (<500 EMPLOYEES)
$200,000-$299,999
$150,000-$174,999
$125,000-$149,999
$75,000-$99,999

Chairman, president, CEO

CTO, COO, CSO, CFO

VP, director, senior manager

Senior scientist, senior researcher,
senior technologist

$75,000-$99,999

$30,000-$49,999

Staff scientist, researcher, programmer
Lab technician, technical specialist

$150,000-$174,999
$75,000-$99,999

VP, director, senior manager
Senior scientist, senior researcher,
senior technologist
$75,000-$99,999
N/A

Staff scientist, researcher, programmer
Lab technician, technical specialist
LARGE PHARMA/BIOTECH (>5,000 EMPLOYEES)
$150,000-%$174,999
$100,000-%$124,999

VP, director, senior manager
Senior scientist, senior researcher,
senior technologist
$75,000-$99,999
N/A

Staff scientist, researcher, programmer
Lab technician, technical specialist
UNIVERSITY/ACADEMIC LIFE SCIENCES INSTITUTE
$100,000-%$124,999
$75,000-$99,999
$75,000-$99,999
$50,000-$74,999
$75,000-$99,999 =~

Dean, VP, director, senior manager

Professor or principal investigator

Associate or assistant professor

Core lab manager

Senior scientist, senior researcher,
senior technologist
$50,000-$74,999
$30,000-$49,999
$30,000-$49,999

Less than $30,000

Staff scientist, researcher, programmer

Lab technician, technical specialist

Fellow or postdoc

Graduate student

GOVERNMENT AGENCY

VP, director, senior manager $75,000-$99,999

$100,000-$124,999
$75,000-$99,999

Professor or principal investigator

Senior scientist, senior researcher,
senior technologist

Staff scientist, researcher, programmer $75,000-$99,999

$75,000-$99,999

$50,000-$74,999 =~

$50,000-$74,999

Core lab manager
Lab technician, technical specialist
Fellow or postdoc

MEDIAN SALARY

2005

R $175,000-$199,999 ¢ $200,000-$299,999
$150,000-$174,999 ® $125,000-$149,999
$125,000-$149,999 & $100,000-$124,999

$75,000-$99,999

$75,000-$99,999

22$30,000-$49,999

MIDSIZE PHARMA/BIOTECH (500-5,000 EMPLOYEES)

R $100,000-$124,999 ¢ $125,000-$149,999

$75,000-$99,999

$75,000-$99,999

%2$50,000-$74,999

$150,000-$174,999
$100,000-$124,999 =~

$75,000-$99,999
$50,000-$74,999

$100,000-$124,999 ¢ $125,000-$149,999
¢ $100,000-$124,999

$75,000-$99,999
$50,000-$74,999
$50,000-$74,999

$50,000-$74,999
$30,000-$49,999
$30,000-$49,999

Less than $30,000

¢22$100,000-$124,999
$100,000-$124,999

$75,000-$99,999

$75,000-$99,999
$75,000-$99,999

22$30,000-$49,999

$50,000-$74,999

MEDIAN SALARY
2004

$75,000-$99,999

R $50,000-$74,999
$30,000-$49,999

$75,000-$99,999

R $50,000-$74,999
N/A

$150,000-$174,999
$75,000-$99,999

$75,000-$99,999
N/A

$100,000-$124,999

s $50,000-$74,999
$50,000-$74,999

¢ $75,000-$99,999

$50,000-$74,999
$30,000-$49,999
$30,000-$49,999

N/A

$100,000-$124,999
$100,000-$124,999
$75,000-$99,999

R $50,000-$74,999

N/A
¢  $50,000-$74,999
R 2$30,000-$49,999

22 median falls evenly between this level and next higher level
R median increased from previous year
¢ median decreased from previous year
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Need a custom antibody to differentiate

between closely-related antigens?

It can be yours in just 8 weeks!

Our HUCAL GOLD® recombinant antibody library is
ideal for direct selection of monoclonal antibodies
that do not recognize related antigens.

Pre-adsorption of the library and intelligent counter-
screening drive the antibody selection process
towards the unique epitopes on your specific

antigen.

We also offer direct selection of:

B Epitope- and phospho-specific antibodies

B Anti-idiotypic antibodies

B Antibodies recognizing related antigens

Our experienced scientists will develop the best
selection strategy based on your antigens and your

specificity needs.

Just complete an Inquiry Form on-line at www.a-by-d.com/inquiry-GT or email us

at antibodies@a-by-d.com and get started on your antibody project today!

Antibodies by Design

A Division of MorphoSys

Tel: +49 89 899 27 234
Fax: +49 89 899 27 5234

Email: antibodies@a-by-d.com
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Typical Salaries by Region and Title
Median salaries reported by respondents who fell in the PI, senior scientist, or researcher categories
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YANSWERS?

/

THA

1 ng DNA “Are my PCR reactions specific enough? Will my experiment be contaminated from
animal-sourced antibodies? Will the DNA be damaged from extensive heat denaturation?
= - Will my results be compromised?” If these are some of the questions you’re asking

yourself, try HotStart-IT." Developed by USB scientists, HotStart-IT is an elegant new
method that doesn’t use antibodies or chemically modified enzymes. Instead, HotStart-IT
relies on a unique protein that binds and sequesters primers at lower temperatures
which prevents mispriming and the formation of primer-dimers. When PCR is initiated,
Results cleary demanstate & shi the protein is inactivated during the heat denaturation step and the primers are free to
L TSR participate in the subsequent amplification cycles. The result?

§ Included in the feactions. Higher specificity. Higher yield. And, most importantly, a higher

level of confidence for you.

Fueling
For a FREE sample of new HotStart-IT,

call 800.321.9322 or visit www.usbweb.com/hotstart
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MEDIAN SALARY BY SECTOR AND YEARS OF RESEARCH EXPERIENCE

YEARS IN RESEARCH PRIVATE SECTOR PUBLIC SECTOR
MEDIAN MEDIAN

Less than 1 year $75,000-$99,999 $50,000-$74,999

1-3 years $50,000-$74,999 $30,000-$49,999

3-5 years $75,000-$99,999 $30,000-$49,999 |
5-7 years 24$50,000-$74,999 $50,000-$74,999

7-10 years $75,000-$99,999 $50,000-$74,999 I
10-15 years $75,000-$99,999 $50,000-$74,999 : !
15-20 years $100,000-$124,999 $75,000-$99,999 r
More than 20 years 22$100,000-$124,999 $100,000-$124,999 i
22 median falls evenly between this level and next higher level

MEDIAN SALARY BY SCIENTIFIC TASK

BASED ON WHAT RESPONDENTS SAY IS THE PRIMARY SCIENTIFIC OR TECHNICAL TASK OF THEIR DAY j
$50,000-$74,999 $75,000-$99,999
“Microarray analysis or gene expression SNP analysis or genotyping
Structural biology Biostatistics/data analysis
DNA sequencing Computing infrastructure/applications development
Functional genomics/RNAI Proteomics or protein analysis
PCR or PCR-related tasks Automation/robotics/engineering
Quality assurance/quality control

2 median falls evenly between this level and next higher level

JOB TENURE

MOST COMMONLY REPORTED JOB TENURE BY RESPONDENTS’ PRIMARY SCIENTIFIC OR TECHNICAL TASK
1-4 YEARS 4-7 YEARS
Biostatistics/data analysis Functional genomics/RNAI
Computing infrastructure/applications development Structural biology
Microarray analysis or gene expression SNP analysis or genotyping
Proteomics or protein analysis DNA sequencing
Quality assurance/quality control Automation/robotics/engineering
PCR or PCR-related tasks

BENEFITS

BY RANKING AND REGION, MOST COMMONLY REPORTED BENEFITS IN RESPONDENTS’ SALARY PACKAGES
Asia/Pacific Europe US/Canada
Medical/dental insurance 1 2 1
Retirement plan 1 1 2
Annual bonus 3 3 4
Education/tuition benefit 4 4 3 i
Stock options 4 4 5 \

o
Genome Technology June 200‘ﬂ""""". ,
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Reported Layoffs

Based on primary scientific or technical task of their day,
percentage of respondents who reported that their companies had layoffs in the past year

Computing infrastructure/applications development

|/ | |
SNP analysis or genotyping 371

|/ | |
Quality assurance/quality control 36.8

| |
Structural biology 32.0

| |
Microarray analysis or gene expression 317

A
Proteomics or protein analysis 31.0

|/ |
Biostatistics/data analysis 30.6

Scientific Task

Functional genomics/RNAi
DNA sequencing

PCR or PCR-related tasks

Automation/robotics/engineering

20 25 30 35 40
Percentage of respondents from each task reporting layoffs

Salary from Grants

Respondents who say more than half of their salary comes from grants,
based on primary scientific or technical task of their day

Structural biology 38.5
Biostatistics/data an‘a\lysis | | | | 36.1

DNA sequencing | | | | 34.8
Proteomics or proteiL analysis | | | 33.1
Microarray analysis t‘)r gene expression | | | 32.4
SNP analysis or gentLtyping | | | 31.1
Computing infrastruc‘:ture/applications dev‘elopment | 29.4
PCR or PCR-related t‘asks | | 25.9
Functional genomics‘/RNAi | 24.6

|
Automation/robotics/engineering 19.2

Scientific Task

Quality assurance/qJAality control 0

10 15 20 25 30 35 40
Percentage of respondents from each task reporting grant-based salary

I e T —
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Raises and Expected Raises

Percentage of respondents by organization type
reporting raises or expected raises

85

84.5
83.9
83.3
77.9
76.4
75
70

Government  Academic institute/ Pharma/biotech
university

. Expect raise this year I:I Got a raise in last year

Genome Technology
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Materials and Methods:
A Career Improvement How-to Guide

In an added twist to the salary survey this year, GT invited
respondents to submit their career questions to us. We fol-
lowed up with experts in the field to get answers to the most
commonly asked questions.

SALARY & COMPENSATION

How do | negotiate my salary and benefits package?

This was by far the most common question scientists asked;
most experts responded with some variation of “it depends.”

Linda Kirsch, a professional executive recruiter who special-
izes in the life sciences, says each person has to figure out
what's most important to him and go from there. “For some
people, money is number one; for some people, a title is really
important,” she says. She warns against “negotiating hard”:
“Be careful that you don’t set the bar so high that if a manager
hires you, they’re always feeling that they’ve overpaid,” she
says. “Likewise, if somebody underpays for you, you as the
employee always have this feeling [that] they’re not giving me
what I'm worth.” She adds, “both parties at the end have to feel
good about it or otherwise there’s an undercurrent of discon-
tent that rides throughout the relationship.”

Pragmatically, she says, “the best time you can negotiate a
salary is when you're coming in the door.” She’s seen people
boost their incomes by 20 or 30 percent by changing jobs.

Jodi Greco, senior employment administrator at the Broad
Institute, says, “A candidate should attempt to determine the
hiring range for the position and obtain a copy of the job
description [to] try to figure out where he/she fits in the
range.” She also indicates that while industry is fairly open to
negotiation, it’s much less so in academia, where successful
negotiations are more likely to result in things like an extra
week of vacation or flex time than in salary adjustments. For
current employees, she recommends that people negotiate
for salary increases tied to specific goals or added responsi-
bilities.

| want to stay at my company, but I’d like a promotion. Is
it wise to get an offer from another organization to use as
leverage?

No way, says Laurie Irwin, a longtime biotech recruiter who
works for Fortune Personnel Consultants. “It’s like a cheating
spouse,” she says, pointing out that arriving on your supervi-
sor’s doorstep with a competing offer “could be perceived as a
threat.” The better course of action, she says, is to “sit down
with your boss or manager and talk about reasons why you're

M e

feeling a little stale.” She notes that in a case where somebody
did use another offer as leverage, a company that six months
down the road had to downsize might look at that person less
favorably.

Which reference guides are used to establish salary
baselines?

The formality of salary baselines varies considerably from
one organization to another, says Kirsch. Some places actually
set up salary grades corresponding to certain titles, and within
those grades there may be very little flexibility.

At the Broad Institute, Greco says a number of factors go
into salary ranges. These include external surveys as well as
industry and market analyses. She also points to resources
such as the Radford life sciences sector survey and
monster.com as other potential sources of salary baseline
information.

Jim Maus, grants coordinator at WashU, says that at the
genome center there much of the salary guidelines are
“handed down by the university.” There’s some wiggle room
within that — in fact, the university just finished an extensive
market analysis and regraded its salary ranges.

Baylor’s genome center works similarly. Roxanne Beltran-
Reyna, who heads up HR there, says the university standards
are established by a compensation group that issues guidelines
based on title, responsibility, education, and experience. Reyna
says the genome center can sometimes justify slightly higher
salaries in order to compete with industry compensation.

Do | have to disclose my current salary when I’m looking
for a job?

Most likely. “I think you always have to disclose and you
have to be honest about what you’ve made in the past,” says
Kirsch. In her experience, many companies will actually ask to
see a potential employee’s previous W2 forms to get a salary
history. “They can't force you [to provide those], but if you
don’t they might not make you an offer,” Kirsch says. Greco at
the Broad Institute advises giving your prospective employer a
salary range instead of an exact number.

TRANSITIONS

I’m a bench scientist but I’d like to get into the marketing
or management side of the company. What’s the best
route? Should | get an MBA?

www.genome-technology.com
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Nate Lakey, CEO of Orion Genomics, started out on the
technology and science side of the field and made the transi-
tion to the business front. He credits much of that with the
volume of business reading he did, including topics like sta-
tistical process control and total quality management. “I was
interested in the processes behind science,” he says. “Pretty
quickly you find yourself getting into business questions.”
That led him to accept and excel at an operations position,
which paved the way for his business career.

Kirsch says she considered getting an MBA when she real-
ized she wanted to go from science to the business side, but
decided that for her, the cost/benefit analysis didn’t make
sense. She recommends that scientists take executive classes
and other business training classes when possible, noting that
most highly regarded management schools offer short week-
end or evening programs on very specific business topics.

Jane Krug, a former scientist who now runs her own mar-
keting consultancy, says her path involved spending time in
the sales department as her transition period. “I was really glad
I had that experience.” She also notes that this kind of move
can be easier in a startup environment, where boundaries
aren't as rigid.
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I’m about to start my own lab. What factors should |
consider?

Rob Mitra, assistant professor in the genetics department at
Washington University, says that the most practical considera-
tions are equipping your lab, choosing staff, and selecting a
research goal. “Be focused and figure out exactly what you're
going to do in the next two, three, four years,” he says. That
information will help you with the other key steps: “Figure out
what equipment has to go in the lab. ... [And] try to get the
best graduate students and postdocs and technicians that you
can,” he says.

I am an unhappy postdoc. How do | get out of this lab
before my project is completed?

Mitra at WashU advises people in this position to sit down
with their PI and talk candidly about the situation. “I think it’s
important to have a frank discussion as to what it is that makes
you unhappy,” he says. “Your PI shouldn’t be surprised.” He
says that in a case where there is no clear way to come to an
agreement, a PI would be likely to release, and even help find
a new position for, the postdoc. “It’s the honorable thing to
do,” Mitra says.
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How do | know when it’s time to move on?

“If you're feeling stale or bored or underutilized, it’s time to
look,” says Irwin. She says if you find that you're no longer being
challenged, you've accomplished what you set out to do, or that
the organization is not doing well, you should take stock of your
situation and seriously consider a move to another place.

Kirsch says obvious situations include those where “your
needs aren’t being met [or] when there are situations that you
know you can’t correct.” She says it’s common for people to try
to ride out bad times with a company, but it may be time to go
in cases where that’s actually hurting your livelihood or ability
to provide for your family.

EDUCATION

Should | get a PhD? Will just having a master’s limit my
advancement?

“A PhD in the sciences really takes you a long way,” says
Linda Kirsch, noting that very few senior level people in aca-
demia or industry don't have a doctorate. She says opportuni-
ties are more open in fields like sales, marketing, or field oper-
ations for people who choose not to pursue a PhD.

Laurie Irwin says smaller organizations, like small pharma or
biotech, are more likely to advance people who have a master’s
degree. Greco at the Broad says having a PhD is more critical
for academic careers than industry ones.

“Often [organizations] still weed people out that don’t have
PhDs,” says Rhonda Knudsen, HR director at the Institute for
Systems Biology, adding that that trend is slowly changing. “It’s
fundamentally hard to change that bias.”

NETWORKING

I know networking is important, but how do I do it?

There’s no trade secret for how to become a well-connected
person, but experts agree that many simple steps can help the
process. Consultant Jane Krug says when she gets someone’s
business card, she writes a note on the back about where she
met the person or about some aspect of their conversation that
she wants to follow up on. In cases where she wants to keep in
touch with the person, she says, “I'll often e-mail them right
after and say it was great to meet you.”

Krug also encourages people to walk the exhibit hall floors
and attend social functions at conferences — and don’t stand
“with the people you know,” she says.

Meeting people at a conference may seem about as appealing
as cold-calling for a telemarketing firm, but once you get past
any reluctance it can be quite painless. “If you're shy, you can
overcome that by asking people questions about them — peo-
ple like to talk,” says Nate Lakey at Orion Genomics. “I try to
really reach out. If I meet someone who’s new I proactively
introduce them to everyone I know. They’ll return the favor and
introduce you to people that they know.” Lakey also cautions
scientists to keep their expectations reasonable. “It takes about
three to five years” for most people to feel solidly connected, he

M
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says. “You've got to pick a meeting and go to it for three to five
years.” At the end of that, he says, yowll come away “tired but
with a great network.”

ISB's Knudsen recommends joining associations — alumni,
scientific, social — to meet more people. She points out that if
you move, often associations have other regional branches and
become a great way to plug in to a new community. “You have
to put yourself out there,” she says.

JOB SEARCH

I’m a scientist later in my career, and I’m concerned about
looking for a new job. Do you have any advice for people
in my position?

Experts agree that this topic has become a particular chal-
lenge in this field. “As you go up the pyramid, there are fewer
jobs,” says Kirsch, who encourages people to keep their net-
works active and always be open to opportunities. “Say you're
55 years old and you get laid off ... you might have to take a
step back, you might have to make less money.”

Irwin recommends networking and keeping up with new
trends and supplemental education, when possible. “With so
much downsizing, people who have been secure in their
positions for the past five to 10 years are suddenly out there
looking,” she says. “If they haven’t kept up to date, if they
haven’t continued with their education ... then they’re going
to be stale.”

Greco from the Broad says contract work is one possible
avenue of tracking down another job as a more senior person.
Those “often lead to permanent positions,” she says.

Which areas are poised for growth or slowdown in the
next several years?

Laurie Irwin sees hiring trends in academia and government
more so than industry at the moment. Within the field of bioin-
formatics, she says, she sees companies looking for expertise in
specific therapeutic areas and statistics in particular.

Kirsch says that “employers are spending more money closer
to the product, no matter what the product.” She’s noticed peo-
ple who were in earlier-stage research heading down the
pipeline to pharmacogenomics, for instance, or other clinical
areas.

Are there opportunities for part-time positions or flex
scheduling?

There may be such opportunities out there, but don’t count
on finding many, experts say. “I'm seeing organizations offering
contract work,” says recruiter Laurie Irwin. “I can’t say that I've
seen any part-time [work], not that it's not out there.”

At ISB, Knudsen says she really hasn't seen part-time posi-
tions either. “Most of our people [work] more than a 40-hour
week,” she says. But as far as flexible scheduling goes, “people
are just expected to get their work done” — there’s no set
schedule for staff, she says. GT
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Deerac Fluidics
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Low-Volume Liquid Handling Systems.
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e Low-volume DNA sequencing reaction setup
e High-throughput SNP genotyping
® Low-volume PCR reaction setup

Drug Discovery
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e Gradient dispensing
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PATTERN RECOGNITION

Grants, Budgets & Funding Data

Sowing Ag Dollars

For this fiscal year, the US Department of Agriculture was
allocated some $95.4 billion, of which an estimated $19.4
billion will go toward discretionary spending, the broad
umbrella under which the agency’s research grant funding lies.
That's a decrease from about $22 billion last year.

Researchers with an agricultural bent have found plenty of
grant opportunities — especially for crop sequencing and
pathogen genomics — for their science. We opted to look into

USDA's records to see where the money is going. Using their
grant search tool, we plugged in key words such as “bioinfor-
matics,” “RNAi,” “genome,” and “microarray” to track down
the funding relevant to this field.

The list below shows the highest and most systems biology-
targeted awards. It is by no means comprehensive and is
meant to give you a sampling of the type of research USDA
has chosen to support.

INSTITUTE/AWARD PI
Auburn University

$690,000 Zhanjiang Liu
Baylor College of Medicine

$388,000 Sarah Highlander
Colorado State University

$715,000 Jan Leach

Institute for Genomic Research
$1,000,000 Robin Buell
Massachusetts Institute of Technology

$1,872,774 Chad Nusbaum
Michigan State University

$125,000 Ning Jiang
Mississippi State University
$403,000 Mark Lawrence
Mississippi State University
$350,000 Shane Burgess

National Center for Genome Resources
$849,226 Stephen Kingsmore
North Carolina State University

$700,000 Gary Payne

North Carolina State University

$354,500 Christina Grozinger
North Carolina State University
$321,773 Eric Davis
North Carolina State University
$762,000 Ralph Dean
Oregon State University

$577,000 Lynda Ciuffetti
Texas A&M University

$438,096 Loren Skow
Tufts University

$688,000 Stuart Levy

University of California, Berkeley

$1,500,000 Dan Rokhsar
University of California, Davis

$750,000 Venkatesan Sundaresan
University of California, Davis

$715,000 Pamela Ronald
University of Georgia

$399,900 Richard Hussey
University of lllinois

$5,000,000 Larry Schook
University of Maine

$350,000 Benildo de los Reyes

USDA Agricultural Research Service
$548,372 Tad Sonstegard
Virginia Polytechnic Inst. and State Univ.
$545,000 Allan Dickerman
Washington State University

$100,000 Michael Kahn
Washington State University

$375,000 Michael Konkel
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b 1 O 1 O Database Toolbox
g , L Excel Builder

Excel Link
MATLAB is a powerful technical computing software environment for data MATLAB Compilr
analysis, visualization, and algorithm development. Curve Fitiing Toolbox
Bioinformatics Toolbox

Use the Bioinformatics Toolbox to easily read data from
online databases, such as GenBank, EMBL, PDB, and PIR,

or microarray files, such as Affymetrix, ImaGene, or

GenePix. Perform sequence alignment, microarray nor-

Easily read sequence and microarray
data into MATLAB. malization, mass spec analysis, and phylogenetic analysis.

Deploy applications in MATLAB as stand-alone executables or Excel plug-ins.

Integrate your applications with BioPerl, BioJava, and other code.

Find out what MATLAB can do for your data. MAT - A 3
For application examples, demos, and user stories, SIMJU: - INK®
p W)

visit www.mathworks.com/bio

Pharmaceutical firms and universities

worldwide use MATLAB for sequence analysis,

mass spectrometry, and microarray data analysis.
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After Uncertainty, EMBOSS Secures Long-Term Funding

Plans are underway to cele-
brate the 10th birthday of the
EMBOSS software package this summer,
now that its developers have received word
that their funding is secure for at least three
additional years — a decision that ends two
years of uncertainty around the popular
open source bioinformatics suite.

In April, the European Bioinformatics
Institute announced that the UK’s Biotech-
nology and Biological Sciences Research
Council had agreed to support the project.
While the amount of the funding was not
disclosed, project leader Peter Rice says that
it is enough to support two developers at
the EBI, in addition to himself, for three
years as of May 1.

But the funding means more than just
three jobs. Rice says the support guarantees
that the core software will remain stable,
which should encourage developers from
academia and industry to begin contribut-
ing to the open source project and eventu-
ally expand its capabilities.

“We hope in coming years that we’ll have

US Patent 7,031,847. Method and apparatus for displaying
gene expression patterns. Inventors: Yasuyuki Nozaki, Ryo
Nakashige, Tsunehiko Watanabe, and Takuro Tamura. Assignee:
Hitachi Software Engineering. Issued: April 18, 2006.

This patent “discloses a method for displaying gene expression
patterns of multiple genes that change according to the experi-

5 bioTuFORm

a lot more outside collabora-
tors,” Rice says. “Obviously,
nobody wanted to collaborate too much if
we could disappear in a few months. It
wasn’t a great time to set up collaborations.

Now we’ll be really looking to see
who’d like to use EMBOSS as the basis for
development.”

Since the UK’s Medical Research Council
in 2004 closed the bioinformatics division
of the Rosalind Franklin Center for
Genomics Research, which housed the bulk
of the EMBOSS development team, the
three core developers have managed to keep
the project alive through “interim” funding
from the EBI, but the effort has largely been
“on hold,” according to Rice.

The impact of this holding pattern on
users and collaborators is unclear, but it
appears that many remained loyal to the
effort despite the funding uncertainty. Rice
notes that letters of support from dedicated
EMBOSS users across the world helped con-
vince BBSRC to fund the project.

— Bernadette Toner

DATAPOINT

percent

ment cases, where a first axis represents the genes and a second

axis represents the experiment cases,” according to the abstract.

US Patent 7,031,846. Method, system, and computer soft-

Decline in Compugen's first

quarter revenue compared to

ware for the presentation and storage of analysis results.

Inventors: Shantanu Kaushikkar, Teresa Webster, Rui Mei, and

Linda McAllister. Assignee: Affymetrix. Issued: April 18, 2006.
This patent describes a computer program “that processes

emission intensity data corresponding to probes of a biological

the same quarter a year ago,

down to $200,000 from

probe array. [It] includes a genotype and statistical analysis man-

ager that determines absolute or relative expression values based,

$481,000. Meanwhile,

at least in part, on a statistical measure of the emission intensity

data and at least one user-selectable statistical parameter. ... The

RE&D spending decreased

analysis manager may further display the absolute or relative

expression values based, at least in part, on at least one user-

22 percent and net losses

selectable display parameter and/or a measure of normalized

change between genotype calls.”

Genome Technology

declined 19 percent.

iIBIOINFORMATICS

The European Bioinformatics
Institute is planning a format
change for the EMBL Nucleotide
Database scheduled to take place
this month. In a notice to users,

EBI said that the “ID” line will have a
different structure and the “SV” line
will be removed beginning with

release 87 of the database.

Ariadne Genomics joined the
Affymetrix GeneChip-compatible
Applications Program and says that
its PathwayStudio 4.0 pathway
analysis software has earned

GeneChip-compatible status.

Organizers of the BioCreative (Critical
Assessment of Information Extraction
Systems in Biology) text-mining
challenge have issued the first call

for participation in BioCreative I,
which will be held in October, with
the workshop to be held next spring.
Training data will be released this
month. The evaluation’s three tracks
will focus on finding the mentions of
genes and proteins in sentences
drawn from Medline abstracts;
producing a list of Entrez Gene
identifiers for all the human genes
and proteins mentioned in a collection
of Medline abstracts; and identifying
protein-protein interactions from full
text papers for curation into the

IntAct and MINT databases.

GeneGo and XB TransMed
Solutions integrated their platforms
— MetaCore pathway software and
XB-Biolntegration Suite translational
medicine software — to allow shared
customers to capture, manage,

and mine integrated clinical,

preclinical, and molecular data.
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Advancing RNAI Technology.

Dharmacon ... the world’s most trusted siRNA resource

 The largest and most referenced siRNA supplier Potent Gene Silencing with
» Target any unique human, mouse or rat gene - Dharmacon SMARTselection™ Technologies
« Highest level of guaranteed silencing available s 120
« Innovative technologies to enhance specificity S 100
o
 Breakthrough siRNA transfection reagents s
 Expert technical support 2 804
=
. . 60 -
Leading RNAI researchers count on Dharmacon’s §
state-of-the-art SMARTselection™ and SMARTpool® S 40 +
technologies for potent and specific gene silencing. =
Four individual siRNAs and a SMARTpool siRNA o 20+
reagent are available for over 66,000 unique & o |
human, mouse, and rat genes — each with the THNYSS TAPYISS TARYIZE TAWIYSE
industry’s best performance guarantee and backed SSSSSE ZSSS°t ZS228:5 Z222e¢
Industry P _ g _ TEIXEES TETEcS TEZEES ZEZEZEES
by our expert technical support. Simply use our smBBg seBaI amBBg seBBI
on-line siGENOME™ search tool to identify the @ @ @ @
siRNA reagents for your target gene. Cyclophilin B MEK1 MEK2 ATE

No wonder Dharmacon is the most frequently
referenced siRNA supplier in peer-reviewed journals!

Want to know more about RNAIi?
Visit our website to request your FREE
copy of the RNAi Technical Reference
& Application Guide today.

a DHARMACON
N

RNA TECHNOLOGIES

www.dharmacon.com For European offices and distributors,
Tel: 303-604-9499 or 800-235-9880 ¢ Fax: 303-604-9680 please visit www.perbio.com

© Dharmacon, Inc., 2005 qb
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Sigma Targets Academics with Partnership Program

Sigma-Aldrich has estab- i
lished a partnership program ¥
designed to strengthen ties between the
company and academic users of its RNAi
and other functional genomics products, as
well as boost the company’s visibility in the
RNAI space.

The first alliance under the so-called
RNAi Partnership Program has been formed
with Rutgers University, according to Sigma-
Aldrich.

The deal also represents the latest step in
a trend among some RNAi reagent firms that
want to set themselves apart from their com-
petitors — an important point for Sigma-
Aldrich, which is a relative latecomer to the
RNAI party.

According to Doug Johnson, market seg-
ment manager for functional genomics at
Sigma-Aldrich, the company set up the pro-
gram as “a way to develop partnerships with
academic institutions.”

Participants in the program will get early
access to new Sigma-Aldrich technologies,
and will have a dedicated support team to

PATENT WATCH

US patent application 20060089324. RNAi modulation of
RSV, PIV, and other respiratory viruses and uses thereof.

Inventor: Sailen Barik. Filed: June 14, 2005.

This invention is based on an in vivo demonstration of RSV

assist with products from the

T Fllllinm company’s functional genomics

product portfolio, which includes the Mis-
sion TRC shRNA libraries developed in con-
junction with the Broad Institute’s RNAi
Consortium.

“We wanted to be more than just a sup-
plier of reagents,” Johnson says. Addition-
ally, Sigma-Aldrich hopes the program will
educate researchers who previously hadn’t
thought of the company as a life sciences
player.

“One of the things we had heard in the
past was ... people saying, ‘1 didn't realize
Sigma provided these kinds of reagents. I
didn’t know Sigma had quantitative PCR or
reagents ... for proteomics” or any of the
other tools used in gene-knockdown exper-
iments, Johnson says. “There are still a lot of
people who think of us ... as [providing]
chemicals first and not necessarily some of
the more biotech-related products. [The
program] definitely helps us let them know
about those sorts of things.”

— Doug Macron
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HaElC I RNAI

Publishing in Nature Methods, EMBL
researchers have described their
development of an automated, high-
throughput platform that incorporates
video imaging to bring time-lapse
microscopy to genome-wide RNAI
screens. The team, led by Jan
Ellenberg, is collaborating with other
European researchers to make the

technology widely available.

Merck Research Laboratories,
hoping to improve the efficiency

of siRNA assay runs in its Automated
Biotechnology Laboratories, will help
Cerionx optimize its cold-plasma
process for automated pipette

tip cleaning.

Australian RNAi drug firm Benitec
has cut half of its US workforce and
begun moving to a less-expensive
facility as part of a cost-reduction
effort expected to save about

$4 million a year. The company has
also begun exploring the possible
merger, acquisition, or divestiture

options for its US operations.

and PIC inhibition via the intranasal and parenteral administra-
tion of RNAi agents. The application suggests that viral reduc-
tion can be achieved with more than one virus being treated
concurrently. Based on these findings, the invention provides
compositions and methods that are able to reduce respiratory
virus mRNA levels, protein levels, and viral titers in subjects.

Alnylam Pharmaceuticals has

For a sub-genomic signed a cooperative research and

development agreement with the

library representing roughly United States Army Medical

Research Institute of Infectious
US patent application 20060073127. Therapeutic alter- one-tenth of the human
ation of transplantable tissues through in situ or ex vivo
exposure to RNA interference molecules. Inventors: Tim-
othy Kowalik and Marc Uknis. Assignee: University of Massa-
chusetts Medical School. Filed: July 11, 2005.

This invention concerns the discovery of methods of effec-
tively delivering an RNAi agent (which includes siRNAs) to a
transplantable tissue. Agents described in the application can be
delivered as “naked” molecules or by using liposomal and other
modes of delivery to tissues. Delivery can occur either via per-
fusion of the RNAi agent in solution through the vasculature of
whole or partial organs, or else through the bathing, injection,
or other treatment of transplantable cells with RNAi agents.

Diseases to collaborate on the

. i f RNAI-b
genome, Louis Staudt of the discovery o I-based drugs

for biodefense.

NCl's Center for Cancer Research

Following the company’s sale of its

has cultivated about 7,500 RNAI therapeutics assets to Nastech

Pharmaceuticals in February,

shRNA vectors used to o ) )
Galenea has officially realigned itself

identify cancer-relevant to focus exclusively on discovering

and developing non-RNAi drugs to

pathways. treat central nervous system diseases.

Genome Technology
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Gene Logic plans to help

Organon Pharmaceuticals find
new uses for a number of failed
compounds, though it is not yet
decided which or how many
compounds are up for repositioning.
In a twist on Gene Logic’s standard
repositioning deal, the company

will own half of any compound

that Organon decides to pursue.

Writing for Nature, John Lindon
and colleagues at Imperial College
London and Pfizer have reported
a proof-of-concept study using
metabolomic profiles to predict

the extent of liver damage in

rats receiving acetaminophen.

Biocon intends to file for
regulatory approval of its EGFR-
targeting drug Biomab from the

government of India. Meanwhile,

the company’s subsidiary Biocon
Biopharmaceuticals recently finished
clinical trials for the head-and-neck
anticancer compound. Biocon
Biopharmaceuticals is a joint project
with the Cuba-based Center for

Molecular Immunology.
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Clinical Data to Launch Clozapine Dx Later in '06

Clinical Data plans to [ )2
launch its first molecular diag-
nostic later this year, a product designed to
identify patients at risk for developing
severe adverse events to the third-line schiz-
ophrenia drug clozapine, says Carol Reed,
the company’s chief medical officer.

Clinical Data will offer the test before the
end of the year through its CLIA lab, but
the company is not discounting plans to
talk about the test with US regulators. “We
certainly have plans to discuss the implica-
tions of this with” the US Food and Drug
Administration, Reed says. “Some of the
groups at FDA are already aware of what
we’ve been doing, and we look forward to
continuing those relationships, as well as
cultivating some other groups within FDA
who need to know, but might not be as
familiar with it.”

Approximately 0.8 percent of patients
taking clozapine develop agranulocytosis,
which is an inability to create white blood
cells that can quickly lead to infections and

POVAVARE

death. Patients prescribed

ENon
- lfﬂ clozapine must have failed at

least two other treatments, and they are
required to undergo weekly blood testing to
detect white blood-cell depletion.

“I think the need to seek FDA approval
for [the test] will depend on the life-cycle
management issues ... as well as discus-
sions with FDA and where they might like
to see it go,” Reed says.

Sales for clozapine amount to approxi-
mately $200 million per year. Between
80,000 and 90,000 people in the United
States take the drug, with “at least that
many” in Europe, Reed estimates.

The company says it hopes the test will
encourage US regulators to consider
upgrading clozapine to a first-line, and thus
more widely prescribed, treatment. How-
ever, the firm has not begun discussing with
the FDA whether its test can play a role in
the agency’s decision to make the drug a
first-line therapy.

— Chris Womack

PATENT WATCH

US Patent 7,033,755. Diagnostics and therapeutics for
glaucoma. Inventors: Abbot Clark, John Fingert, Loretta
McNatt, Edwin Stone, and Wan-Heng Wang. Assignees: Alcon
and the University of Iowa Research Foundation. Issued:
April 25, 2006.

This patent covers methods for diagnosing and treating

glaucoma, including a diagnostic method by which the

In the first study of its kind,

expression level of mRNA encoding human frizzled related
protein-1 is detected in a patient sample of trabecular mesh-
work cells, and wherein an aberrantly high level of the mRNA
relative to that of a normal person is diagnostic of a glauco-
matous state.

Canada-based Warnex has agreed Pharmacogenetics Research

to acquire PRO-DNA Diagnostic for

$2 million. The genetic-testing service Network scientists measured

provider will operate as a division of 11 different protein markers
P US Patent 7,034,135. Molecules of the NBS/LRR protein

family and uses thereof. Inventors: John Bertin, Weiye
Wang, and Maria Blatcher. Assignees: Millennium Pharma-
ceuticals and Wyeth. Issued: April 25, 2006.

Novel NBS-2, NBS-3, PYRIN-12/NBS-4, and NBS-5
polypeptides, proteins, and nucleic acid molecules are dis-
closed in this application. Each of the described genes has a
nucleotide binding site domain, which is present in a number
of proteins that transmit signals which activate apoptotic and
inflammatory pathways in response to stress and other stim-
uli. Diagnostic, screening, and therapeutic methods using
compositions of the invention are also provided.

Warnex Medical Laboratories and will

be relocated from Montreal to the of tumor response to Pfizer's

Warnex facilities in Laval, Quebec. )
chemotherapeutic Camptosar.

Digene has announced plans The markers didn't jibe with
to market and distribute cystic

fibrosis screening products made tumor location, implying that

by A h ly fi
y Asuragen, the newly formed cancer treatment may be better

molecular diagnostic company

spun out of Ambion. guided by diagnostic data.
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Microdevice Relies on Tried-and-True Sanger

Is Sanger sequencing on its M Baily News
way out? Developers of alter- :

At the moment, the tech-
nology has enabled its inven-

native DNA-sequencing technologies might
suggest it is, but other innovators believe
the technique will evolve much like com-
puters have: from a roomful of expensive
and labor-intensive equipment to integrated
microdevices requiring little oversight.

In April, a team of academic scientists
working with Microchip Biotechnologies, a
Dublin, Calif.-based startup founded by
three Amersham veterans and a UC Berke-
ley researcher, published details of an inte-
grated, Sanger-based micro DNA sequencer
they developed that fits into the palm of
your hand. The company is one of at least
three groups trying to lower the cost of and
miniaturize Sanger sequencing.

Developers say these devices will cut
reagent and personnel costs while maintain-
ing the high accuracy and long sequence
reads for which the Sanger method is
known. By using tiny amounts of starting
material, they also plan eventually to abol-
ish clonal libraries, a cumbersome step in
sample preparation, and replace them with
bead-based amplification.

PATENT WATCH

US Patent 7,034,143. Systems and methods for

tors to create a 556-base sequence read
with 99 percent accuracy. So far, none of
the rival emerging sequencing technolo-
gies, like those developed by 454 Life Sci-
ences and Solexa, has published similar
read lengths. Such read lengths are required
to detect structural genome variations —
including repetitive sequences, gene inver-
sions, deletions, and duplications — that
play an important role in diseases like can-
cer, according to Richard Mathies, a profes-
sor of biophysical and bioanalytical chem-
istry at Berkeley.

“This is one of the reasons why we
thought it was important pushing Sanger to
its ultimate limit,” says Mathies, senior
author of the paper, which appears in PNAS.

Microchip Biotechnologies CEO Stevan
Jovanovich says he wants to commercial-
ize an integrated, microfabricated DNA
sequencer based on Mathies’ develop-
ments that includes bead-based template
amplification, sample prep, and separa-
tion, in 2008.

— Julia Karow

sequencing by hybridization. Inventors: Franco Preparata
and Eliezer Upfal. Assignee: Brown University Research Foun-
dation. Issued: April 25, 2006.

This patent covers a method related to “nucleic acid probes
comprising a pattern of universal and designate nucleotides, or
‘gapped’ probes, and the use of sets of gapped probes in
sequencing by hybridization to determine the sequence of
nucleic acid sequences. The inclusion of universal nucleotides
in the probes allows for efficient and rapid sequencing of
longer nucleotide sequences than can be sequenced using tra-
ditional probes.”

US Patent 7,041,455. Method and apparatus for pattern
identification in diploid DNA sequence data. Inventors:
Charles Magness and Dake Sun. Assignee: Illumigen Bio-
sciences. Issued: May 9, 2006.

This provides methods for (1) obtaining two parental allele
sequences from diploid DNA sequence signal data, (2) identify-
ing the mutation and haplotype patterns in the two parental
allele sequences, (3) assigning likelihood scores for the muta-
tions thus identified, and (4) identifying patterns of methylation.

Genome Technology

o
MITLLION

Revenues generated by
454 Life Sciences from sales
of instruments, reagents,
fee-for-service sales, and
milestone and royalty payments
for the first quarter of this year,

up from $1.3 million a year ago.

ISEQUENCING

During its quarterly earnings

report this spring, Applied
Biosystems noted that revenue
from its DNA sequencing segment
declined 4 percent to $136.5 million.
Overall, the company reported an

8 percent increase in sales, buoyed
by its mass spec and real-time

PCR divisions.

DNAStar introduced its “Rising Star”
grant program for small colleges,
aimed at helping smaller academic
institutions buy the company’s
Lasergene sequence-analysis software.
Colleges or universities meeting the
terms of the program can receive up
to $2,500 in matching funds toward

the purchase of the software.

454 Life Sciences and distribution
partner Roche Diagnostics expect to
release the beta version of a new
sequencer, called the Genome
Sequencer 100, that they say will be
better at sequencing larger genomes.
Meanwhile, the companies also
introduced a new version of the
current Genome Sequencer 20
machine that has improved single-
read accuracy, software algorithms
with additional applications, better

reagents, and a LIMS interface.

Reveo, an R&D firm based in
Elmsford, NY, announced that it

has partnered with the University

of Washington to develop a portable
DNA sequencer based on nanoprobe
arrays. Babalk Parviz, director of the
Nanosystems Laboratory and a faculty
member in the Department of
Electrical Engineering at the University
of Washington, will lead the

university's participation.
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Genetic Data Management and Analysis System

Introducing the Rosetta Syllego™ system, a genetic data management
and analysis solution. The path to breakthrough science just became more
straightforward. With the Rosetta Syllego system, you can better plan and execute
genetic studies and ensure high-quality data to prevent loss of time in downstream
analyses. It also helps you connect relevant genotypic and phenotypic study data
and catalog these data and analysis results for drawing solid conclusions. All so you
can focus on what really matters—advancing your research and drug development
"’ programs. Go to www.rosettabio.com/syllego for more information.

1.800.737.6583 (U.S.)

ROSETTA +1.206.926.1220 (Qutside the U.S.)

BIOSOFTWARE sales@rosettabio.com

Copyright © 2006 Rosetta Inpharmatics LLC. All rights reserved. Syllego is a trademark of Rosetta Inpharmatics LLC.
The Rosetta Biosoftware convergence icon is a registered trademark of Rosetta Inpharmatics LLC.
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Researchers Now Testing PSl's GE MIAPE Module

Proteomics researchers are
currently testing preliminary
guidelines released by the gel electrophore-
sis module of the Proteomics Standards Ini-
tiative’s Minimum Information About a Pro-
teomics Experiment standard, according to
PSI officials.

Frank Gibson, the leader of MIAPE’s gel
electrophoresis module, reported during the
PSI’s spring workshop in San Francisco this
April that the MIAPE-GE committee had
finished gathering a requirements list, and
had obtained comments about the list from
a panel of experts on gel electrophoresis.
Proteomics researchers are now testing the
guidelines.

“The external reviewers said in general
that the coverage [of the guidelines] is com-
prehensive and the clarity is excellent,” said
Gibson. “Overall, they said, Keep it at a
minimum. Don’t add more.””

Some of the MIAPE-GE reporting require-
ments include disclosing the date the exper-
iment was performed; the person who per-
formed the experiment; the name of the
electrophoresis process used; the sample
name; a description of the loading buffer;

PATENT WATCH

US Patent 7,034,287. Mass spectrometer and method
of use. Inventors: Akihiko Okumura and Izumi Waki.

Assignee: Hitachi. Issued: April 25, 2006.

This patent pertains to “a mass spectrometer combining

the number of dimensions of
the electrophoresis process;
the separation method employed for each
dimension; a description of the gel matrix;
the physical dimensions of the gel; a
description of the protocol used to run the
gel; a description of what was done between
gel dimensions; a description of the pro-
tein/peptide detection process; the name of
the image acquisition process; and a
description of the gel image, including
image name, dimensions, and resolution.
In the first stage of the MIAPE-GE test-
ing, the requirements were simply listed in
a Microsoft Word document, Gibson said.
However, it would be a goal in later stages
to have software programs that can auto-
mate the information-gathering process.
The gel electrophoresis module is one of
nine MIAPE modules that have been
formed so far. The PSI created the MIAPE
guidelines in order to enable researchers to
reproduce proteomics experiments origi-
nally performed by their peers, and to be
able to reanalyze data from those experi-
ments to answer different questions.
— Tien-Shun Lee

an ion trap and a TOF/MS non-coaxially, wherein ion trap-
ping efficiency, mass resolution, and CID efficiency can be
maximized. [This includes] having a mass filter disposed
between an ion source and an ion trap and a controller for
controlling the gas pressure inside the ion trap and the gas
pressure inside the mass filter independently, wherein the
gas pressure inside the ion trap is set to the level higher than
that inside the mass filter.”

US Patent 7,030,373. MALDI plate construction with
grid. Inventors: Marvin Vestal and Timothy Hutchins.
Assignee: Applera, MDS. Issued: April 18, 2006.

A MALDI plate construction is provided to support a sam-
ple in a manner to effect mass spectrometry of the sample.
The plate construction comprises a sample receiving surface,
a plate holder for retaining that surface, and an electrically
conductive grid positioned adjacent to the sample receiving
surface and in electrical contact with the plate holder.

Genome Technology
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Value of NIH award to a team

of scientists led by the Texas
Agricultural Experiment Station to
determine the three-dimensional
structures of a “large number" of
Mycobacterium tuberculosis
proteins. The five-year project
will use protein crystallography
to identify potential

drug-binding sites.

IPROTEOMICS

Thermo Electron reported that first-
quarter revenues grew 22 percent as
R&D spending rose 6.6 percent and
profits fell by 4 percent. Sales in the
firm’s measurement and control
segment increased 4 percent to

$172 million from $166 million.

Meanwhile, Waters announced

that sales for the first quarter
increased 8.2 percent atop rising
R&D spending and a narrowed profit.
The company credited in particular
growth in Asia and the Acquity UPLC
chromatography technology for its
performance, which Waters
characterized as “above our

projections.”

Sigma reported that sales were
up 10.8 percent, R&D costs grew
8.3 percent, and net income fell
10 percent during the first

quarter of this year.

Russia’s Ministry of Health and
Social Development has approved
as medical devices Bruker Daltonics’
entire MALDI-TOF product line,
including Bruker’s microflex, autoflex
TOF or TOF/TOF, and ultraflex
TOF/TOF mass spectrometers, as
well as its ClinProRobot sample

preparation platform.

NIH gave a five-year, $13.3 million
grant to researchers from Carnegie
Mellon University and the
University of Pittsburgh to establish
a National Technology Center for
Networks and Pathways. The center
will focus on developing fluorescent
probe and imaging technologies to
investigate regulatory pathways and

networks in real time in living cells.
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MICROARRAYS =aarTll

DNAVision has become a

service provider for Eppendorf’s
DualChip microarrays, which makes
DNAVision the first European lab

to provide services for low- to

medium-density microarray testing.

The International Standards
Organization has awarded
Geneservice’s facilities its 1ISO
9001:2000 certification for functional
genomic products and the conduct of
contract research for academic and
commercial customers. The Cambridge,
UK-based company offers genotyping

and gene expression services.

CombiMatrix Molecular Diagnostics
has begun shipping its first diagnostic
microarray product, a chip developed
with Array Genomics that uses array
CGH to detect copy number variations
associated with both chromosome
imbalances and imbalances linked to
more than 40 defined genetic

diseases and syndromes.

Scienion has launched

the sciProclimate One climate
chamber — which was developed

by Ribocon, a Max Planck Institute
for Marine Microbiology spin-off —
that the company claims can provide
constant temperature and humidity
during the binding of capture
molecules onto microarray
substrates in the microarray

production process.
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Array Diagnostic Development Heats Up

Now in its ninth month, _ is an injustice to the rest of the
Baylor College of Medicine’s [array CGH] community.”

Prenatal Chromosomal Microarray Analysis
service — the first of its kind — is just
beginning to gain momentum, according to
Arthur Beaudet, director of Baylor’s cytoge-
netics lab.

Beaudet, who also chairs Baylor’s Depart-
ment of Molecular and Human Genetics,
says that demand so far has been “relatively
minimal, [but] it’s just starting to increase. I
think we are doing something between two
to four [analyses] per week right now.”

Baylor’s service makes use of array com-
parative genomic hybridization using bac-
terial artificial chromosomes to interrogate
a sample of amniotic fluid for more than 65
genetic disorders. While many in the field
agree that array CGH is well-suited for pre-
natal screening, some of Baylor's commer-
cial rivals believe its service is too much,
too soon.

According to Mansoor Mohammed, CSO
and executive vice president of CombiMa-
trix Molecular Diagnostics, “prenatal testing

CMDX has its own plans to offer a diag-
nostic service using array CGH, and will
begin screening samples for constitutional
changes in adult patients with mental retar-
dation later this month. However,
Mohammed previously said that there is not
enough data available to support compre-
hensive array CGH-based prenatal testing.

“More genotype-phenotype associations
need to be [made] before [array CGH] can be
used in the prenatal arena,” Mohammed
says. He adds that it is too soon to begin
using an emerging technology like array
CGH to counsel patients who could decide to
terminate a pregnancy based on the analysis.

Others have voiced concern over Baylor’s
CMA service, and the issue prompted a
Nature editorial on the topic in the Dec. 8,
2005 issue of the journal. The editorial used
Baylor’'s case to specifically call for an
increased regulatory presence in the area of
microarray-based diagnostics.

— Justin Petrone

PATENT WATCH

US Patent 7,033,757. Mutation scanning array, and
methods of use thereof. Inventor: Gerassimos Makrigior-

gos. Assignee: Dana-Farber Cancer Institute. Issued: April

25, 2006.

According to the abstract, the method described in this
patent is directed to using a mutation scanning array to iden-
tify mismatches or polymorphisms in multiple genes or the

CombiMatrix received

$1.9 million from the US Army

Research Office to develop whole genes.

a mini microarray reader for

same gene in multiple individuals. The array can be a chip or
a microsphere and has elements containing immobilized
oligonucleotides that collectively span at least 10 different

US Patent 7,025,935. Apparatus and methods for refor-

matting liquid samples. Inventor: Aaron Jones and Brett Ell-

biodefense applications.

man. Assignee: Illumina. Issued: April 11, 2006.

This invention describes a compact and efficient format for

liquid handling, which does not require active automation
for transferring samples and which can be used to transfer
fluid samples in the absence of an externally applied force.
An apparatus or method of the invention can be used for
reformatting samples when the array of source sample loca-
tions differs in shape or orientation from the array of desti-
nation sample locations.

Eurogentec has obtained a license Robin Liu, the Pl on the

for Oxford Gene Technology’s

Southern array patents, which are contract, aims to develop

the fundamental IP covering the a rugged, toaster-sized reader

manufacture, use, and marketing

of oligonucleotide microarrays. that costs only $20,000.
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Register by July 28th and Save up to $400!

Target Discovery &
Target Validation Strategies

CONCURRENT CONFERENCES

CHE
Small |

4
RNAI FOR |
AND TA

ION CHAN
An Emerging Targ
Corporate Sponsors: Puﬂ‘@n a DHARMACON ' FEI COMPANY  GENE<»*>LOGIC

Reference Keycode S71 when registering

www.DiscoveryOnTarget.com

|
HE Cambridge Healthtech Institute
MEIE 1037 Chestnut Street, Newton Upper Falls, MA 02464 o T: 617-630-1300 or tollHree in the U.S. 888-999-6288 o F: 617-630-1325 ® www.healthtech.com
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UPCOMING EVENTS

Calendar of Meetings, Deadlines & Workshops

DATE CONFERENCE ORGANIZER LOCATION CATEGORY
JUNE
Jun 2-6 42nd ASCO Annual Meeting ASCO Atlanta Cancer
Jun 7-9 Bangalore Bio 2006 Bangalore General
Jun 8-9 CAMDA 2006 CAMDA North Carolina Arrays
Jun 13-15 DDT China IBC Life Sciences  Shanghai, China Pharma
Jun 15-16 Structure-Based Drug Design CHI Boston Pharma
Jun 18-22 Drug Information Association 42nd Annual Meeting DIA Philadelphia Pharma
Jun19-21 Beyond Genome CHI San Francisco Genomics
JULY
Jul9-21 Quantitative Approaches to Gene ucsD ucsD Systems biology
Regulatory Systems
Jul12-14 3rd Joint BSPR/EBI Proteomics Meeting British Society for Hinxton, UK Proteomics
Proteome Research
Jul12-14 Conference on Systems Biology of Mammalian Cells Heidelberg, Germany Systems biology
Jul17-18 Systems Biology, Toxicogenomics, Medical College of Milwaukee, Wi Systems biology
and Drug Discovery Wisconsin, PhysioGenix
Jul 20-23 First International Conference on Fudan University Shanghai, China Systems biology
Computational Systems Biology
AUGUST
Aug 5-9 20th Annual Symposium of the Protein Society ~ Protein Society  San Diego Proteomics
Aug 6-10 11th International Congress of Human Genetics  Internat. Fed. of  Brisbane, Australia Genetics
Human Genetics Societies
Aug 6-10 ISMB 2006 ISCB Fortaleza, Brazil Bioinformatics
Aug 7-10 Drug Discovery Technology World Congress IBC Boston Drug discovery
Aug14-18  Computational Systems Bioinformatics Life Sciences Stanford, CA Bioinformatics
Conference society
SEPTEMBER
Sep 10-14 5th European Conference on Diesenhaus- Eilat, Israel Bioinformatics
Computational Biology 2006 Unitours
Sep 14-16 HGV2006: Human Genome Variation and Hong Kong Genomics
complex Genome Analysis
Sep 17-21 Society for Biomolecular Sciences SBS Seattle screening
Sep 25-28 Chips to Hits IBC Life Sciences  Boston Microarrays
Sep 27-0ct1  Genome Informatics Hinxton, UK Bioinformatics
Sep 28-29 RNAi Europe Prague RNAi
Sep 29-Oct 2 3rd Biologie Prospective Santorini Biologie santorini, Greece
Conference 2006 Prospective
OCTOBER
oct 8-12 International Conference of Diamond Budapest, Hungary Genomics
Immunogenomics and Immunomics congress
oct 8-13 Pathways, Networks and Systems 4 Mykonos, Greece Pathways
oct 9-13 International Conference for Systems Biology Yokohama, Japan Systems biology
Oct 10-14 ASHG 2006 ASHG New Orleans Genomics
oct 14-18 Neuroscience 2006 Annual Meeting society for Atlanta General
Neuroscience
0ct 16-19 GSAC 2006: Genomes, Medicine, and Venter Institute  Hilton Head, SC Genomics
the Environment
Oct 28-Nov1  HUPO 5th Annual World Congress HUPO Long Beach, CA Proteomics
NOVEMBER
Nov13-14  4th Symposium on the Functional NIH Bethesda, MD Genomics
Genomics of Critical lllness and Injury
Nov15-18  Pharmacogenomics CSHL Cold Spring Harbor, NY Genomics
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DEADLINES

June 8 — Poster submission deadline
for the 5th European Conference on
Computational Biology 2006. Soft-
ware demo proposals are also due on
this date.

June 16 — Full proposals are due in
response to NSF solicitation 06-555,
Plant Genome Comparative
Sequencing Program.

June 15 — Closing date to get applica-
tions in for the USDA’s Animal
Genome National Research Initia-
tive, also known by the catchy handle
USDA-GRANTS-101705-001.

June 21 — Applications due for
NHGRI’s research initiative on the
Identification of All Functional Ele-
ments in Selected Model Organism
Genomes, RFA-HG-06-006. Between
six and 12 awards will be made under
this RFA, which will be funded with
$16.5 million dollars.

June 21 — Both letters of intent and
applications are due at NHGRI for
RFA-HG-06-007, A Data Coordina-
tion Center for the Model Organism
ENCODE Project (modENCODE). A
total of $1.5 million dollars per year in
total costs for three years is to be
awarded through this RFA.

June 23 — Applications are due for
RFA-RM-06-007, Nanomedicine
Development Centers by the NIH
Nanomedicine Roadmap program.
Each multidisciplinary center will join
a network of four NDCs that were
awarded in fiscal year 2005.

June 24 — Applications due in
response to PAR-06-088, Innovations
in Biomedical Computational Sci-
ence and Technology SBIR Initiative.
The NIH asks that projects “span the
interface of biomedical research and
biomedical computational science and
technology.”

Genome Technology

June 26 — Poster presentation
abstract submission deadline for the
Society for Biomolecular Sci-
ence’s 12th Annual Conference
and Exhibition.

June 27 — Registration begins for the
232nd National Meeting of the
American Chemical Society.

June 30 — Early registration due for
the International Conference of
Immunogenomics and Immu-
nomics.

July 1 — HUPO 5th Annual World Con-
gress abstract submission deadline.

July 1 — Final deadline to submit
abstracts for the poster session at the
7th International Conference on
Systems Biology. Topics include
systems biology for medicine, sys-
tems biology of basic biological
processes, and expanding fronts in
systems biology.

July 11 — Applications are due in
response to NSF’s program solicitation
05-0577, Biological Databases and
Informatics. The program encour-
ages research on new methods, data
structure, metadatabase architectures,
algorithms, ontologies, and related
sofware tools for biology.

July 12 — Full proposal target date for
PD 04-1114, Cellular Systems Clus-
ter. This NSF program focuses on the
structure, function, and regulation of
plant, animal, and microbial cells, and
their interactions with the environ-
ment and with one another. Research
using multidisciplinary approaches,
computation and modeling, and
approaches that exploit genomic
information is encouraged.

July 15 — Young Investigator Award
Competition deadline for HUPO 5th
Annual World Congress.
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Bioinformatics Package

For x86, Power Linux.

Secure Login, Data Access.
Integrated System Management.
Workstation, Cluster Support.

Elegant Web Interface

¥-Bio's single, tightly integrated
interface enables genomics
researchers to benefit lrom
uniflied data management and

analysis.

Suppaort lor 32- and 64-hit x86
and Power Linux. Also available
from Péngiun Computing as
the ClusterWare HPC - Life

‘ Sciences Suite.

*
' Value Added Reseller

A

www.lerrasoftsolutions.com
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BLUNT END

The Lighter Side of Life Sciences

Sudoku for Scientists

Here at Genome Technology, we're big fans of the “if you = numbers 1 through 9, we use letters. When completed, one line
can’t beat ’em, join ’em” philosophy. We tried waiting out  of the puzzle will spell a name or term common in this field.
the Sudoku craze — it has to go away at some point, right? In case you haven't gotten hooked yourself, the rules are
but finally we broke down and embraced the grid fad. Here’s  simple: each row, column, and bold-outlined box must contain
our version of Sudoku, with a genome twist: instead of the all of the letters with no repeats. Good luck!

Puzzle #1 uses these letters: CGINOT Puzzle #2 uses these letters:t AEGNRS

TN E|N G|A

Puzzle #3 uses these letters:t AJIMNOSTW

W S|O
N J

Answers will appear under
the Blunt End section on
www.genome-technology.com

I
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PCR so reliable, we guarantee your results. Get successful PCR the first time with AccuPrime™ enzymes and
== primers from Invitrogen. Put an end to waste: reduce rework, optimization, and repeat reactions. Start getting used to PCR
you can count on. And if something goes wrong, we’ll troubleshoot it and make it right—even redesign and synthesize

primers at no charge. See how dependable PCR can be at www.invitrogen.com/accuprime.

() | éinvitrogen’

© 2006 Invitrogen Corporation. All rights reserved. These products may be covered by one or more Limited Use Label Licenses (see the Invitrogen catalog or our website, www.invitrogen.com).
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amplification

One just right for you.

Find the cycler that best reflects your needs among the full line of Bio-Rad amplification products.

Bio-Rad is committed to providing you with the best tools for
your PCR needs. This dedication is proven by our history of
innovation, quality, and regard for researchers’ needs.

= Flexible, space-saving dual blocks and multi-bay instruments

= The only modular real-time cycler upgrade with a thermal
gradient; choose from 1 to 5 colors

= Innovative enzymes that work where others fail
= PCR tubes, plates, and sealers for any application Bio-Rad offers the most complete line of

. . . . . thermal cyclers anywhere.
= Dedicated technical support by experienced scientists y o

For more information, visit us on the Web at www.bio-rad.com/amplification/

Purchase of this instrument conveys a limited non-transferable immunity from suit for the purchaser’s own internal research and
development and for use in applied fields other than Human In Vitro Diagnostics under one or more of U.S. Patents Nos. 5,656,493,
5,333,675, 5,475,610 (claims 1, 44, 158, 160-163 and 167 only), and 6,703,236 (claims 1-7 only), or corresponding claims in their non-
U.S. counterparts, owned by Applera Corporation. No right is conveyed expressly, by implication or by estoppel under any other patent
claim, such as claims to apparatus, reagents, kits, or methods such as 5' nuclease methods. Further information on purchasing licenses
may be obtained by contacting the Director of Licensing, Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404, USA.

Bio-Rad’s real-time thermal cyclers are licensed real-time thermal cyclers under Applera’s United States Patent No. 6,814,934 B1 for use in
research and for all other fields except the fields of human diagnostics and veterinary diagnostics.

Visit us on the Web at discover.bio-rad.com
Call toll free at 1-800-4BIORAD (1-800-424-6723); B ' o .RAD

outside the US, contact your local sales office.
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