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ERRY GAASTCRLAND, DIRECTOR OF SCRIPPS
INSTITUTION OF OCEAnoGRAPHYS futgst and
most advanced computer facility for life
sciences, beams like a proud mother, The

Seripps Genome Cenrer came online chis vear

and is cranking out millions of lines of DNA
sequences und other information eritical to
understanding marine organisms on the
molecular level, Genomics s where the next
revolution biology s mking place, and
Seripps is well positioned o lead the charge
into the oceans with Gausterland on board,
Sitving in oo room full of compurters,
Gansterlund emphasizes chat genomics is not

just the next best thing—ir 15 the crucial

component when unraveling the hasics of

how life funetions,

“In a sense, the genome is like the inven-
tory of evervthing vou could buy ar Wal-Mare,
if vou could access all their stores anywhere in
the world at the same time,” Gaasterland said.
*So far, our reading of the genome is more a
parts list of everyehing thar could be made ina
given cell. We have a long way 1o go before we

are able o understand the directions on how

0 us?:hm parts.”

Gaasterland 15 a pioneer in the emerging
scientfie ficld of bioinformatics, which ut:rm-
Iines mathemartics, smtistcs, :lnd ll.uuha-.u..
management to help answer  biological
rescarch questions. She spent the past six
vears at Uhe Rockefeller University in New
York Cary eollaborating primanly on cutting-
cdee biomedical swudics. By coming o
Seripps, she is sewing her sights on investi-
garions of the marine environment and life
in the occans by studying their genetic com-
ponents. This move from unraveling DINA
molecules for medical research o marine
studies illuscrares, according o Scripps
Direcror Charles Kennel, “the unity of all
hiological systems.”

PARTNERSHIPS WITH
FACULTY

Establishing a marine genomics center is a
natural extension of Scripps faculoy’s historic
interests in microbial sea life, Microbiologise
Claude E. ZoBell (1904-1959) was the first o
confirm that there are unigue bacteria in sca-
water, even at the deepest depths with the

preatest effects of pressure. ZoBell s cired as




Clovde E. ZoBell

the founder of manne microbiology fur
his hferime of rescarch and his 7940 wex-
book Marine Micobislkgy, the reference
comerstone in the fickl In the 19k
marine physiologise A Aristides Yavanos
was the fimst m solare and culue bacre-
riat fronm thee deep sea, He developed om-
it high-pressure chambsers for presen-
ing smples thae are still i wse moday and
has kepr pressurized microbial commumni-
oes alive in lis kb o decides—even
brnging dricd specimens back w life.
Cumently, there are more than twa
affiliaced  wich

dozen faculoy

Scripps’s Marine
Biology Research
Division specializing
in cell and developmen-
el Bobogy, ecology and
evolution, microbiology,
and physiology, as well
s 4 manne biolopy
students, about one-

quarter al the wotal

Senpps gracleawe soe-
dent  enmollment. A
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Terry Goasterdand, director of the Scripps Genome Cenler, prepores fov o leclure fo the public

at the Birch Aquariuvm af Seripps

these tadisonal munne iologrses and compurer-sivyy studenes are parenenng with
Crmsterland, Tes a merging of conventiona) science with advanced information pro-
cessng e possible with new compunng power and expertise in a process she
deseribes as “computatonal heads coming wopether with biology heads”

In the midst of aquariums and marine biological labs in Hublbs Hall,
Cisterland has buile o half-million-dallar computer center specialized in
handling and storing the enormaous amounts of data necessary for analveing
DNA, gene expression, and genome sequencing. This was mude possibile
by s mllion dollur donation from investment manager Louis Simpson of
Rancho Santa Fe,

litornia. Assisting with the scientific liaison, raining,
and compuring ar the center are research programmers Linda Maepa and
Sheila Padell,

The lab has 6 Sun computer systems

augmented with nme-lome accelertor cards

anc about a terbyte (LMD gigabyies or 109
byres) of memory thur simubite @ cluster of a

thousand compurers. Apple compurer systcms
BIDINFORMATICS:

serve as workstatons (or visualizanon and

storage for 10 terabvies of dac, One purpose Field of computer sci-

of the center s to provide instant aceess o ence that develops

the inrernanonal GenBank DYINA database of
software and compu

sequenced genomes, which s updared every
. . tational tools to orga-

Few days via the Internet from the National
. - PR T . . nize large quantities
Institutes of Healcth’s National Center for R i

Bechesda, of biological data,

H-il?‘ll..'.i.'lll'll!l""_"'_\ Eliﬁlr'll'l."illr'l iI'L
Marvland. "This is accomplished by linking
with mass storige  and high-speed connec-
tions through the UCSD-based California

Institure for Teleccommunications



AR WE FIGURE OQUR WHAT THE FUNCTIONS OF THF

PFROVIEIENS ARE. WHAT CHEMICGALS THEY MAKE, R WHICH

iII'I".I III1H|'IIT.HHJIE II..'I'I'IJI[P'”}_'"I\.. CHEMICALS THEY GHANGE—WE CAN TLRN THAT INTO VERY

Ciaasterland is also recopnized
for developing compurter software
that races through penomes sceking
repeated or specific patterns and in
turn looks for comparisons among
the patterns, One progoum sores
through billions of coded [DNA

imstructions o identify  sequences
that have specific functions, such as
producing protcins—the real work
horses of life. Another applics artifi-
cial intelligence wo analyzing senc
features and relationships, informa-
[.IIIII Lhir HETI R 8. rescarchers m
understanding what genctic materi-
als are bemg vsed when and under
what conditions and in preparing

strategics for further analvses.

This page, below, Terry Goasterhand discusses ENGUONICING oot
with computer programmess Lindo Moepa [right] and Shedo Podell [skend
ing|. Opposite poge, top, Sanks of automaned DNA sequencers af the
Sanger Center in Cambridge, England, were used for the Human Gename

Project. Botom, Human Ganome Project Director |, Craig Venler

PRACTICAL APPLICATIONS." Py CpaAsTERE AN

INTO THE OCEANS

Bur why apply these bicinformatics technigues to studies
ar an occanographie insoooon?

“As it tums our, marine organisms are excellent maod-
els for many human processes—ertlzanon, early devel-
apment, cellular organaton, and more,”  Gaasterland
explaned, " That's part of why s so exciting o initiae
new questons about manne orgamisms on the DINA Jevel,”

She also cites the potential for finding novel com
pounds with biomedical vses, such as drigs or cellula
regeneration. and chemicals that could be useful in indis-
||'|:I1 1|ftl|.'L':'1-\L:\ AT ] l'll'.;i”!lll_" |Ii'| FOONIL COVITTHIImEents,
Informanion i murime genomes can also be osed as a ther-
LTI TS 6 'HI v’.‘lrk1lu:|l|1:i.'|'|t'.|| 1'1]|'||.||||I'"'|"‘\

“By going to the ocean and leoking e che DINA thar is
there, we can find oot moch more aboue the diversioy of life
andd the beschemical potenoals,” CGaasterland smd. “Being
able o ke all of these genomics technologics and apply
them means thar we've suddenly gor the abilivy o look at the

thiversiey of manne hife ar o level that we never conld belore,”



There are three peneral arcas of
rescarch to be explored ur the new
center. Comparative genomics uses
organisms or groups of organisms o
understand the biochemical path-
wavs they use to adapr and survive,
especially  prorein production and
diversit. Environmental genomics
involves analvzing DNA from  all
organisms  within  a  particular
microcnvironment, such as a liter
(one quart) of scawarer, and then
recexamining the same environment
at another ome o look for changes
and clues to what may have caused
them. Developmental  genomics
builds upon a legacy of experiments
conducted in marine cembrvology
und gene regulation that will now be
enhanced with improved invesoga-
tive techmigues,

'he new Scripps Genome
Conter creates more ||.u-.'1111||ilwa
I.l:ll £+ "HH.'.II., i.ll'l'ill'{llll:_'. [{1] III'.IIiTIE
bielogist Douglas Barclete, whao
studies microbes in deep-sca envi-
ronments, Microbiologist  Faroog
Azam said the center provides pow-
erful resources for understanding life
and an environment  that allows
researchers and soudents o work in

wavs that intcpmite penomics ineo

KE
DEOXYRIBONUCLEIC ACID
(DNA): An acid containing

the genetic material of
organisms. A major compo
nent of chromosames, DNA
is divided into genes that

issue instructions for the
development of life at the

cellular level

existng ological rescarch, The center, said marine biologise
Brian Palenik. is an attempt to “make something thar is more than

the sum of individual research effors,”™
HOW DDES IT WORK?

Cienome analysis begings with exoraction of an organism’s DNA fol
lowed by a lengthy process of adding chemicals, cloning fragmenis,

letting cells multply, adding genctic materials, and ending up with




Ballions of DINA stds with cheir
four subumits, or bases, marked by fo-
orescent dyves, The bases of [INA are
adening, thymine, cytosine, and pua-
nming—the familiar A, T G, G lewers
.‘.".‘;I'!'I'i.'I[l:d with ECnome  sCquences
that are alwavs linked us pairs. The
order of the base pairs is a code, part
of which rells a cell the order in which
o string together amino acuds o
make specific proteins. By encoding
the ype of proteins produced, [INA
derermines the cell’s funcrion—to
make tissues or bones or antibodies—
ancd what an organsm looks hike—the
color of fur or the shape of a shell.
Until the bge 198505, the color-
coded DINA was tmanually processed
in the lab and pamstakingly analyeed
over weeks and months, "Today, DNA
samples are sent to Gciliies that oper-
HEE DUTOIMEnIe scouencing ZII'I.'I':.'lllr'II_"\1
such as Diversa Corporation in San
Dhicpo, where they can be read injust
a few hours. The strands are placed in

g  eelatinlike  substance in the

gmant is presant [0 o

serjuencers. An elecme current s then
apphed, causing the DDNA molecules
ror miove through the gel, Smaller mol
coules pass through the gel more
rapicdly, separating the DNA ino dif-
ferent bands according o their size.
As the DINA preces mavel through the
gel, the machime reads the order of A-
15 and C-Gs and reconds this infor-
AL 1 3 Compuier,

Uhe DDNA sequence in s rw
form s all jumbled topecher, with
gaps and ambiginnies that are assem-
Bled by compurer programs, Millions
of trillions of comparisons are macde
by these proprams o construct the
"_:‘.'r'll|||'||-~"—-|”|-F cven then o TELINIes

the wlents of computer specialists

known as finishers o deal wich any
maccuracies, Repeared sequencing
and careful checking helps keep
COTOrS [0 2 minimam

The final outpur of genomic
information can ke wo forms: a
seuence or a map. A sequence lists
the order of every DDINA base pair in
the genome, whereas o map shows a
series o Lindmarks in the genome.
Athough the map is less deoled,
provides cliues as o where che impaor-
nt parts of the genmme sequence
ean be found and s oosed o help
sequence the genome. 1y exoremely
difficulr w ook ar the whaole
secjuence of milhons, even billions, of
bases and derermine which parts are
of inrercst and which pars are exom
neous, Only abour 25 percent of the
DINA In o most genomes appears
do the majority of the work, leaving
long stretches of "junk IXNALT so
nmamed because sciensts don’t ver
know what, if anvthing, it does. The

human genome contins three billion



base pairs—and other genomes are
even larger. One species of wad has
seven billion. and a lhly has nearly
100 billion. Simpler life forms such
ps micmbes, however, have much
smaller genomes, in the range of ens
of millions o hundreds of milhons
El:lHL' |:L|Irh.

Cinee the maps and sequences arc
refimed, sclenosos scour them, pri-
marily  looking  for protein-making
instructions and regulatory sequences
that determine where, when, and in
what amouns proteins are produced.
For some studies. this mighe be all
the information that is necded tw
determine  how 2 microorganism
functions of relates o another organ-
ismoor s environment, Other scien-
tsts may rake more proacrive mea-
sures, such as mutating or knocking
LETHTS II:I“"! ”II '!lL'. HCNCHTE [en e “h:“
happens—will the microbe continue
its normal  biochemieal  Tonetions o
will it even survive? By doing this,
they leam what pans of the genomme
perform which Tunetions,

Pare of what's bringing abour chis
evolution i manne biology rescarch
is cconomics, Its estimared thar o
sequence a single base pair—owa let-
wers among millions—in 1990 was $10
whereas that cost s about one-renth
of 1¢ odav, “It ok geming all of
these tools down o the rght price
point before we could apply them

the oceans,” Caasterland said,

BACK TO THE OCEANS

Among those nooraceed oo microlaolo-
EY il'l l]l-".'- OGNS 15 ECNOITICs VIisionary
Dr. ). Craig Yenter, leader of the
Human Genome l'mjr.:{'T thait sugeess-
fully sequenced human LXINA in 2000,
Venter, a UCSDY praduace, scarches for
interesting DNA around  the world,

often aboard his 95-foot (29%-metor)

vache thar he converted for use as a research vessel. In a 2004 Science magazine
article, Venter reported on che collections thar he and his research ream made in
the Sargasso Sea off Bermuda where they found an estimared 1,800 species of
microbes, based on their DNA srructures, including 150 new bacteria.

A prant from the US. Deportment of Energy and the Gordon
and Berry Moore Foundarion is providing funds for sequencing the DINA of these
microbes and crearing an online databuse as part of a large-scule marne microb-
ology research initianive. Th understand gene expression and protein produe-
ton in the Sargasso Sca dare, Crasterland s working, with biochemist Susan
Tavlor ot the LICSE School of Medicine and svstems biologise Adam Godzik a
the Bumbam Instture in San Dicpo, Other rescarchers at Scripps are using the
data o make comparisons with the genomes of microbes collected clsewhere.

The most important aspect of the Seripps Genome Center, according o
Chasterland, s that it provides a place where there s sufficient compurnng
power and knowledge about genomies o ke advantage of the new kinds of

information and echnologies resulving from the genomics revolution in biolo-

v Whether it investigations of the environment, animals, or organism diver-
sity, she sces her job as “helping marne biologists ask questions ar a scale

unavailable before.”

“BEING ADLE 10O TAKE ALL OF THESE GENOMICS TECHNOLOGIES

AND APPLY THEM MEANS THAT WE'WE SUDDENLY GO THE ABILI-
Y0 LOOE AT THE IMVERSITY OF MARINE LIFE AT A LEVEL THXI

WE NEVER COULD BEFORE." —TEruy GAASTHRLAND




