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Preface
I I I

he purposeof this reportisto updatethe Human Genome 1991-92 Program Report(DOF_./ER-0544P,publishedJune 1992) andprovidenew informationonthe DOE
genomeprogramto researchers,programmanagers,othergovernmentagencias,and the
interestedpublic.This FY 1993 supplementincludesabstractsof 60 new or renewed
projectsand listingsof 112continuingand 28 completedprojects.Thesetwo reports,
takentogether,presentthe mostcompletepublishedviewof the DOE HumanGenome
ProgramthroughFY 1993.

Researchis progressingrapidlytowardthe 15-yeargoalsof mappingandsequencingthe
DNA of each of the 24 differenthumanchromosomes.The DOE humangenomecenters
at lawrence BerkeleyLaboratory,LawrenceLivermoreNationalLaboratory,and Los
AlamosNationalLaboratoryserveas the focusof muchofthe multidisciplinaryresearch,
andtheireffortsare complementedbythoseat otherDOE-supportedlaboratoriesandmore
than 80 universities,researchorganizations,and foreigninstitutions.

DOE welcomesgeneralor scientificinquiriesconcerningitsHumanGenome Program.
Announcementssolicitingresearchapplicationsappearearly intheyear inthe Federal
Register, Science, andotherpublications.The deadlinefor formalapplicationsis generally
midsummerforawardsto be madethe nextfiscalyear, and submissionof preproposalsin
areas of potentialinterestisstronglyencouraged.Furtherinformationmay beobtainedbv
contactingthe programoffice(301/903-6488, Fax: -8521, Internet:genome@ er.doe.gov).

DavidA. Smith, Director
Health Effects and LifeSciences Research Division
Office of Health and Environmental Research
Office of Energy Research
U.S. Department of Energy
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Program Management
II I1'1

he Human GenomeProgramis a majorcomponentofthe geneticsresearchprogramsmaintainedbythe DOE Officeof Health andEnvironmentalResearch(OHER). A part
of the DOE Officeof EnergyResearch,OHER was directedby DavidJ. GalasfromApril1990
to August1993. AristidesPatrinos,Directorof theOHER EnvironmentalSciencesDivision,is
ActingAssociateDirectorof OHER, andJohnC. Wooleyis DeputyAssociateDirector.The
HumanGenomeProgramis administeredthroughthe HealthEffectsandLife Sciences
ResearchDivision,directedbyDavidA. Smith.

Resource Allocation
In FY 1993 DOE program expenditures were over $64 million and included$2.3 millionin
capitalequipmentexpenditures.The tablebelowcategorizesthe 1993 distributionoffunds.
The presidential(proposed)budgetforthe programinFY 1994 isnearly$68 million.

ExpendituresandFY 1994Presidential

BudgetfortheDOE Types of Institutions ConductingHumanGenomeProgrem
7o DOE-Sponsored Genome Research

= 8 DOE nationallaboratories
, 4 Other federalorganizations
. 47 Academicsites

,6 15 Private-sectorinstitutions

,o 15 Companies,includingSBIR*
= 11 Foreigninstitutions
= (8 Russian,2 Canadian,
=6 1 Australian)
2O

15 *SmallBusinessInnovationResearch
lO

6

o
87 lm .89 90 91 92 93 94

YEAR

Human Genome Program Funds Distribution in FY 1993 (in $K)
(Commitments as of December 1993)

ProjectType

OrganizationType Mapping Sequencing Instrumentation Informatics ELSI1 Totals [Percent
Development ofTotal]

DOElaboratories 19634 4426 8841 6593 366 39860 63.6
Academicsites 3836 2140 4672 5278 746 16672 26.7
Institutions(nonprofit) 2390 0 50 653 622 3715 5.9
NIHlaboratodes 190 0 0 85 35 310 0.5
Companies,includingSBIR2 75 575 1075 70 102 1897 3.0
Allorganizations 26125 7141 14638 12679 1871 624543 100
[PercentofTotal] [41.8] [11.4] [23.4] [20.3] [3,0] [100]

1Ethical,Legal.andSocialIssues.
2Includes$1757thousandinSBIRgrants.
3Totalallocationof$64millionlesscapitalequipmentfundsof$2.3million.
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Program
Management Human Genome Coordinating Committee and Human Genome

Program Management Task Group
Program coordination is the responsibility of two groups (see chart below): the Human
Genome Coordinating Committee (HGCC) and the Human Genome Program Manage-
ment Task Group (see box for member lists of both groups, p. 3). HGCC, composed of
contractor/granteescientists,provides OHER with external expertise in mapping and
sequencing, development and implementation of new technologies, and informatics.
HGCC responsibilities includeassistingOHER with overall coordination of DOE-funded
genome research; facilitating the development and dissemination of novel genome
technologies; ensuring proper rnanagement and sharing of data and samples; cooperating
with other national and international efforts; and helping OHER establish ad hoc task

DOE Human Genome Program Management

Office of I
Energy i Health and

Research I Environmental. . Research Advisory
l Committee

Office of Health and I

!Environmental ....
,, Research

I !Review

panels Health Effects and Life
Sciences

Research Division

I

_ Human Genome I

Human Genome Program Coordinating
Management Task Group Committee

1
Projects at universities,

national laboratories,
and industrial institutions
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groups to analyze specific research areas such as ethical, legal, and social issues. HGCC
also discusses informatics requirements of DOE programs; mapping and sequencing
technologies; use of the mouse as a model organism; costs of resource distribution; use
of flow-sorting facilities; research progress; and long-term goals.

The Human Genome Program Management Task Group administers the genome pro-
gram and its evolving needs and reports to the OHER Director. The task group arranges
for periodic workshops and coordinates peer review of research proposals, administration
of awards, and collaboration with all concerned agencies and organizations.

Human Genome Coordinating DOE Human Genome Program
Committee, Management Task Group,
Chair: David A. Smith, Office of Health and Environmental Member Specialty
Research,DOE

David A. Smith, Chair Molecularbiology
Elbert W. Branscomb, Biologistand Principalinvestigator,Human
GenomeCenter Informatics,LawrenceLivermoreNationalLabora- Benjamin J. Barnhart Genetics/Radiation
tory biology

Charles R. Cantor, Director,CenterforAdvanceCResearchin Daniel W. Drell Biology/ELSI

Biotechnology,BostonUniversity Gerald Goldstein Physicalscience/
Anthony V. Carrano, Director,HumanGenomeCenter and Instrumentation

AssociateDirector,Biologyand BiotechnologyResearchProgram, Aristides Patrinos Physicalscience
LawrenceLivermoreNationalLaboratory

C.Thomas Caskey, Director,Institutefor MolecularGenetics, Robert J. Robbins Bioinformatics
BaylorCollegeof Medicine Murray Schulman Radiationbiology

Raymond F. Gesteland, Professorand Cochair,Departmentof Jay Snoddy Molecularbiology/
HumanGenetics,Universityof Utah; Investigator,HowardHughes Informatics
MedicalInstituteLaboratoryforGeneticStudiesatthe Eccles
Institute,Universityof Utah Marvin Stodolsky Molecularbiology

Leroy E. Hood, William Gates III Professorof Biomedical David G. Thomassen Biochemistry
Sciencesand Chair,DepartmentofMolecularBiotechnology, John C. Wooley Computational
Universityof Washington;Director,NationalScienceFoundation Binlogy
ScienceandTechnologyCenter

David T. Kingsbury, Director,GenomeData Base, Johns ltopkins
University

Robed K. Moyzis, Director,CenterforHumanGenomeStudies,
LosAlamosNationalLaboratory

Jasper Rine,* Director,ttuman GenomeCenter, Lawrence
BerkeleyLaboratory

Lloyd M. Smith, AssistantProfessor,AnalyticalDivision,Depart-
ment of Chemistry,Universityof Wisconsin,Madison

HGCC ExecutiveOfficer:Sylvia J. Spengler, HumanGenomeCenter,
LawrenceBerkeleyLaboratory

tallmembersoftheDOEHumanGenomeProgramManagementTaskGroupareex-offlciomembersofHGCC.

*InJanuary1994MohandasNarlabecameActingDirectoroftheLawrenceBerkeleyLaboratoryHumanGenomeCenterand
a memberof HGCC.
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Program
Management Training: Human Genome Distinguished Postdoctoral Fellowships

OHER established the Human Genome Distinguished Postdoctoral Research Program in
1990 to support research on projects related to the DOE Human Genome Program.
Current fellowship recipients and their host institutions are listed below. Fellows have the
opportunity to participate in advanced genome-related research, interact with outstanding
professionals, and become familiar with major programmatic issues. These fellowships
complement the Alexander Hollaender Distinguished Postdoctoral Fellowships, which
provide support in all areas of OHER-sponsored research. Both postdoctoral programs
are administered by the Oak Ridge Institute for Science and Education, which is a univer-
sity consortium and DOE contractor. For additional information, contact Linda Holmes at
615/576-4805, Fax: -0202.

DOE Human Genome Distinguished Postdoctoral Fellows

1992

Michael Smith (Salk Institute of Biological Studies)

Julia Perrlah (Baylor College of Medicine)

David Lever (Duke University)

Rhett Affleck (Los Alamos National Laboratory)

Janet Warrington (University of Califomia, San FranciscoLawrence Berkeley Laboratory)

William Bruno (Los Alamos National Laboratory)

1993

Jeffrey Elbert (Oak Ridge National Laboratory)

John Kececloglu (University of California, Davis)

Mark Neff (Lawrence Berkeley Laboratory)



DOE Human Genome Research Centers

stablishedby DOE to fostercollaborationsby teams of investigatorsfrom variousdisciplines,the three DOE humangenome researchcenters[locatedat Lawrence
BerkeleyLaboratory(LBL),LawrenceLivermoreNationalLaboratory(LLNL),and Los
AlamosNationalLaboratory(LANL)]addresssuchmajortasksas geneticand physical
mapping,DNA sequencing,informaticsrelatedto mappingand sequencing,and technol-
ogydevelopment.Contractstothesecentersare fundedannuallyandpeer reviewed
throughsitevisitsevery2 to 3 years. In FY 1993, $30.365 million(48.8%) of the DOE
OHER genomeprogrambudgetwas devotedto thecenters,withLLNL receiving
$9.713 million,LBL$8.599 million,and LANL$12.053 million.

Centersalso play a key role in promoting distribution of genome research technologyand
resources through outside collaborations, public access to laboratory databases, and
"visitor laboratories" at which visiting scientists and pre- and postdoctoral students can
apply genome center expertise and technology to their own research. In addition, the
centers strive to make available their resources--including biologicals, software, data-
bases, instrumentation, and training opportunities--to the entire genome research
community.

All center investigatorsare encouraged to engage in active collaborationswith the private
sector and transfer their resources and technologies for commercial development. Activities
include the transfer of vectors, primers, and software to industry and the further develop-
ment of instrumentation with industrial partners. Short descriptions and recent accomplish-
ments of each center follow.



Lawrence Berkeley Laboratory
I I

stablished in 1988, the LBL Human Genome Center is developing research and
analytical technology to speed genome mapping and sequencing and decrease

costs. Research at the LBL center focuses on mapping and sequencing chromosome 21,
which is the smallest human chromosome and contains an estimated 900 genes. Identi-
fied chromosome 21 genes include those implicated in Down's syndrome and familial
Alzheimer's disease. A major goal of the center is to use low-density maps to catalyze
construction of high-density genetic and physical maps, gene maps, and sequence.
Toward this goal the center is sequencing a biologically interesting 3- to 4-Mb region of
chromosome 21 (including the Down's syndrome region) and creating high-density
genetic maps of that chromosome. Center investigators are aided by groups specializing
in robotics, instrumentation automation, and informatics development. The current focus
at LBL is to develop technology to sequence 10 Mb or more per year at $0.50 per base
with more than 99.9% accuracy. In 1993 Jasper Rine was the center's director, and Sylvia
Spengler was the deputy director. In January 1994 Mohandas Narla became acting
director of the Human Genome Center.

Recent Accomplishments

• An 80-kb insertfroma P1 clonefromthe Down'sregionwassequencedusing
the DOG-tag strategythat generatesdistance,orientation,andgene-size
resolution.Over 150 P1 clonescoveringthe Down'sregionhave been selected
and mappedto yeast artificialchromosomes(YACs).These P1s willprovide
substrates for the DOG-tag strategy.

• Novel mapping resources were developed for chromosome 21, including 60
mapped cDNA clones, over 40 dinucleotide repeat-based genetic markers, a
YAC contig map, a set of somatic cell radiation hybrids (with David Cox,
Stanford University),a cytogenetic map of the long arm enriched by fluores-
cence in situ hybridization (FISH) with 280 YACs and cosmids, and 188
cosmids forming 21 multiple YAC contigs and 4 single YAC contigs.

• Instruments supporting automated mapping and sequencing were developed,
including an automated colony picker and imaging station with supporting
hardware for gel casting and an expandable high-throughput polymerase chain
reaction (PCR) apparatus.

• Companion software produced includes 21Bdb, a database variant of ACEDB
(the Caenorhabditis elegans database) containing physical mapping and
sequence data for chromosome 21; a sequence-analysis package; database
management tools, including ERDRAW, SDT, QST, and OPM Editor; and an
automated generator of user interfaces that changes the interface in response
to changes in the underlying database.

Contact: Mohandas Narla, Acting Director (510/486-7029, Fax: -6746; Human Genome
Center; LBL; Bldg. 74, Rm. 157; 1 Cyclotron Road; Berkeley, CA 94720).



Lawrence Livermore National Laboratory

he Human Genome Center at LLNLwas established in 1990 as an outgrowth ofstudies on the identification and characterization of human DNA repair genes,
specificallyon chromosome 19. Major goals include new cloning, mapping, instrumenta-
tion, informatics, and sequencing technologies focused on the assembly, closure, and
characterization of a high-resolution ordered clone map of human chromosome 19. The
final high-resolution map will consist of cosmid contigs with YACs, bacterial artificial
chromosomes (BACs), and P1 artificial chromosomes (PACs), as well as an EcoR1
restriction map for the minimal spanning set of cosmids. The physical map is being
aligned with genetic maps of chromosome 19. Other goals are to isolate, map, and
sequence chromosome 19 cDNAs, with emphasis on full-length clones; construct (with
LANL) National Laboratory Gene Library Project (NLGLP) chromosome-specific lambda
and cosmid libraries for distribution; and develop new cloning, mapping, and sequencing
technologies. Anthony V. Carrano is the center's director.

Recent Accomplishments

• Coverage has beenachievedon an estimated90% of chromosome19 with
about 800 contigs assembled from over 12,000 cosmids, with use of automated
fluorescence-based fingerprinting.

• Rapid closure of gaps is progressing with the use of YACs, BACs, and PACs;
400 contigs representing about 60% of the chromosome have been regionally
mapped to bands by FISH.

• More than 180 genes and polymorphic markers were localized on the contig
map. FISH was used to localize over 800 cosmids to bands, including an
ordered set of cosmids spaced an average of 1 Mb over the whole chromosome
and 500 kb in selected bands.

• Over 166 kb from chromosome 19 repair-gene regions were sequenced.

• With several collaborators, organization was determined for a number of gene
fahlilies, including carcinoembryonic, olfactory receptor, zinc finger, cytochrome
P450, and fucosyl transferase.

• New vectors for cosmid and P1 cloning systems and novel Alu PCR primers for
fingerprinting and forensic analysis were developed.

• Construction was completed for the NLGLP chromosome-specific lambda and
cosmid libraries from sorted chromosomes 3, 7, and X; libraries for chromo-
somes 9, 12, 18, 19,21,22, and Y are also complete.

• Integrated mapping-analysis software was developed with interactive graphical
display and linkage to local and national databases.

• A high-speed flow cytometer with sorting capabilities was completed for cell and
chromosome purification.

• New instrumentation was developed for high-density filter production.
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Research
Centers: Contacts: Linda Ashworth,Assistantto Center Director(510/422-5665, ashworthl @

Ilnl.gov) orAnthonyCarrano,Director(510/422-5698, Fax:/423-3110, cartanol @llnLgov);
LLNL Human GenomeCenter;LLNL; Biologyand BiotechnologyResearch Program;7000 East

Avenue, L-452; P.O. Box808; Livermore,CA 94551.

Graduate and postdoctoralresearch training is available through the Instituteof Genetics
and Genomics at LLNL (Harvey Mohrenweiser, 510/423-0534).



Los Alamos National Laboratory

he Centerfor Human Genome Studiesat LANLwas establishedin 1988.The LANLcenter'sgoals includeassemblyof completehigh-resolution(0.1 Mb)mapsof
chromosome16 and regionsof chromosome5, studiesatthe molecularlevelof chromo-
somestructureandfunction,andisolationof selectedgenes of intereston chromo-
somes5 and 16. Other goalsare (1) short-termcomputationaldevelopmentandsupport
for large-scalephysicalmappingand sequencingprojectsand long-termdevelopmentof
toolsfor storage,manipulation,and analysisofgenome data;(2) developmentand
applicationof new methodsfor physicalmapping;(3) useof roboticsin handlingand
storingDNA fragments;(4) constructionof DNAlibrariesfromflow-sortedchromosomes;
(5) rapid,inexpensive,large-scalesequencing;and (6) studiesof ethical,legal,and social
issuesarisingfrom the increasedavailabilityanduse of genome data.Technologytrans-
feractivitiesare progressingand includeroboticinstrumentationdevelopment,software
licensing,librarydistribution,and rapidsequencingtechnology.RobertK. Moyzisis the
center'sdirectorand Larry L. Deaven isthe deputydirector.

Recent Accomplishments

• Two maps havebeen constructed:(1) a high-resolutioncosmid/YACphysical
map of human chromosome 16 consisting of regionally localized contigs
covering over 95% of the chromosome and (2) a framework sequence tagged
site map of human chromosome 5 consisting of 300 new markers regionally
assigned with a resolution of 4 Mb on 5q to 1 Mb on 5p.

• The unusual 3-D structure of telomeric DNA was determined (with Alex Rich,
Massachusetts Institute of Technology); the human telomere represents the
endpoint for genetic and physical maps and was identified and cloned at LANL
in 1988.

• Highly conserved centromeric repetitive DNA regions, likely human centromere
components, were identified and cloned.

• A novel complementary DNA (cDNA) library was constructed from mRNA
obtained from a paternally encoded human pregnancy (hydatidiformmole).

• NLGLP chromosome-specific phage and cosmid libraries were constructed with
LLNL (over 2500 DNA libraries were sent to research and production laborato-
ries worldwide, including complete digest libraries for each human chromo-
some); also constructed were partial-digest phage or cosmid libraries for human
chromosomes 4, 5, 6, 8, 10, 11, 13, 14, 16, 17, 20, X, and Y; and complete
digest low-chimeric YAC libraries for human chromosomes 5, 9, 16, and 21.

• Flow-cytometry techniques were developed to detect single DNA molecules,
resulting in a Cooperative Researchand Development Agreement (called
CRADA) with Life Technologies, Inc., for codevelopment of a rapid
DNA-sequencing technology.

• A robot was constructed for high-density cosmid/YAC array replication and
distribution.
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Research
Centers: • SIGMA (Systemfor IntegratedGenomeMapAssembly),an X windows-based

softwaretool,was developedfor creating,editing,and viewingintegrated
LANL genome maps.

• cDNA-Inform,a collectionof publicandprivatesequencesand softwarefor
automaticsearchesand comparisons,wasproduced.

Contact; LynnClark,TechnicalCoordinator(505/667-9376, Fax: -2891; moyzis@
flovax.lan/.gov)_Centerfor HumanGenomeStudies;LANL;LifeSciencesDivision,
MS M886; LosAlamos,NM 87545.
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Abstracts of DOE-Funded Research

he abstractsin thissection(beginningon p. 19) werecontributedbyDOE HumanGenomeProgramgranteesandcontractors.Namesof principalinvestigatorsare in
boldprint.Telephuneandtelefax numbersand electronicmailaddressare forthe first
investigatornamedunlessnotedotherwise.Descriptionsof the researchcategoriesfollow,
and a tableof contentsof categorizedprojectswiththeirprincipalinvestigatorsbeginson
the next page. An indexof all investigatorsnamedinthe abstractsis givenat theend of
thisreport.

Descriptions of Research Category Listings

• Projects New in FY 1993: Projectsthat were reviewedbythefall 1992 paneland
fundedinthe genomeprogramare representedbycompleteabstracts(including
investigators,affiliations,and contactinformation).

• Projects Renewed in FY 1993: FV 1992 final-yearprojectsthat were renewedfor
FY 1993 are alsorepresentedbycompleteabstracts.

• Projects Continuing into FY 1993: Projectsfor whichfundingwas initiatedpriorto
FY 1993 and continuesinFY 1993 are representedbytitles,investigators,affiliations,
andcontactinformation.Completeabstractsare in the DOE Human Genome 1991-92
Program Report (pleaseconsultits indexbeginningon p. 243).

I

• Projects Completed in FY 1993: Titlesof projectsthat terminatedinthe fallof 1992
are listedwiththeirinvestigators.

11



Project Categories and Principal Investigators*
III III I I IIIIIII I I

*Thirteen new projects
(designated by an Principalinvestigatorsof the researchprojectsdescribedby the abstractsinthissectionare listed
asterisk)are funded hereundertheirrespectivesubjectcategories.
through small emer-
gency grants to
Russian scientists RESOURCE DEVELOPMENT
following December New Projects
1992 site reviews by
David Galas (formerly *lngaP. Arman ....................................................................................................................... 19
OHER), Raymond *MaximL. FilipenkoandElena I. Yantsen.............................................................................. 19
Gesteland (University Jeff Gingrichand AnthonyCarrano........................................................................................20
of Utah), and Elbert *A. D. Mirzabekov...................................................................................................................20

Branscomb (LLNL). *Olga IgorevnaPodgomaya...................................................................................................21
*O. L. Polanovsky...................................................................................................................21
LisaStubbsand ElbertBranscomb........................................................................................22
*V. Vlassov.............................................................................................................................23

Projects Continuing into FY 1993
RaghbirS. Athwal...................................................................................................................23
E. MortonBradburyandJoe M. Gatewood............................................................................23
CharlesR. Cantor...................................................................................................................23

Jan-FangChang.....................................................................................................................24
LarryL. Deaven ......................................................................................................................24
Larry L. Deaven ......................................................................................................................24
JeffGingrich...........................................................................................................................24
Joe Gray.................................................................................................................................24
CynthiaL. Jackson.................................................................................................................24
Fa-Ten Kao.............................................................................................................................24

JuliaR. Korenberg..................................................................................................................25
MichaelJ. Lane, Peter Hahn, andJohnHozier......................................................................25

GregoryG. LennonandAnthonyV. Carrano......................................................................... 25
ChristopherH. Martinand MichaelJ. Palazzolo..................................................................... 25
MaryKay McCormick,Larry Deaven, andRobertMoyzis....................................................... 25
DonaldT. Moir........................................................................................................................25

RobedK. Moyzis....................................................................................................................26
DavidL. Nelson......................................................................................................................26

WilliamC. Nierman andDonnaR. Maglott.............................................................................26
Mihael H. Polymeropoulos.......................................................................................................26
EugeneRinchikand RichardWoychik...................................................................................26
MichaelJ. Siciliano.................................................................................................................26
JamesM. Sikela .....................................................................................................................26
Marcelo Bento Soares...........................................................................................................27
Jean-MichelH. Vos ................................................................................................................27

GeoffreyWahl.........................................................................................................................27
RichardWoychikand Eugene Rinchik...................................................................................27

PHYSICAL AND GENETIC MAPPING

New Projects
AliaLishanskiandJasper Rine ..............................................................................................28

12
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Maynard Olson .......................................................................................................................28
ElaineA. Ostrander................................................................................................................28
JasperRine ............................................................................................................................29
BarbaraTrask andGer van den Engh ...................................................................................30
*NickK. Yankovsky................................................................................................................30

Projects Continuing Into FY 1993
MarkBatzer ............................................................................................................................31

BrigetteBrandriffandAnthonyCarrano.................................................................................31
AnthonyV. Carrano ................................................................................................................31
C. ThomasCaskey andDavid L. Nelson................................................................................31
Jan-FangCheng.....................................................................................................................31
GlenA. Evans.........................................................................................................................31

ChristopherH. Martinand MichaelJ. Palazzolo.....................................................................31
HarveyW. Mohrenweiser.......................................................................................................32
R. K.Moyzis ...........................................................................................................................32
AnneS. Olsen ........................................................................................................................32
MelvinI. Simon.......................................................................................................................32
CassandraL. Smith................................................................................................................32

LisaJ. Stubbsand Eugene Rinchik........................................................................................32
GrantR. Sutherland................................................................................................................33

MAPPING INSTRUMENTATION

New Projects
*AlexandreS. Boitsov.............................................................................................................34
*AndreiI. Poletaev..................................................................................................................34

Migue;Salmeron.....................................................................................................................35
Ger van den Enghand BarbaraTrask ...................................................................................35

Projects Continuing into FY 1993
Tony J. Beugelsdijk................................................................................................................36
James H. Jett, JohnC. Martin, and MarkE. Wilder................................................................36

BarryL. Karger .......................................................................................................................36
WilliamF. Kolbe,JosephE. Katz, andJosephM. Jaklevic....................................................36
PatriciaA. Medvick.................................................................................................................37
DonaldC. Uber.......................................................................................................................37

SEQUENCING TECHNOLOGIES

New Projects

RadomirCrkvenjakov.............................................................................................................38
RadojeDrmanac.....................................................................................................................38
AndreiMirzabekov..................................................................................................................39

*Oleg I. Serpinsky...................................................................................................................40
F. WilliamStudierand JohnJ. Dunn ......................................................................................41

Renewed Projects

EdwardS. Yeung....................................................................................................................41
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Pl'o.ecti Projects Continuing into FY 1993
Categories Thomas M. Brennan ...............................................................................................................42
and Principal Gilbert M. Brown .....................................................................................................................42

Investiclators c.H. WinstonChen,MarvinG. Payne,and K.BruceJacobson............................................42
George Church.......................................................................................................................42
RadomirCrkvenjakov andRadoje Drmanac.........................................................................42
JackB. Davidson....................................................................................................................42
M. BonnetDentonand RichardKeller....................................................................................42
NormanJ. Dovichi..................................................................................................................43
JohnJ. DunnandF. WilliamStudier......................................................................................43

ThomasL. Ferrell,RobedJ. Warmack,and DavidP. Allison................................................43
RobedS. Foote ......................................................................................................................43

RaymondF. Gesteland...........................................................................................................43
LeroyE. Hood.........................................................................................................................43
K. BruceJacobson.................................................................................................................43

JosephM. JaklevicandW. HenryBennor..............................................................................44
James H. Jett, RichardA. Keller,JohnC. Martin,andE. BrooksShera ................................44
ChristopherH. MartinandMichaelJ. Palazzolo.....................................................................44
RichardA. MathiesandAlexanderN.Glazer .........................................................................44

MichaelC. Pirrung..................................................................................................................44
CharlesC. Richardson...........................................................................................................44

ArthurD. Riggs.......................................................................................................................44
LloydM. Smith........................................................................................................................45
LloydM. SmithandBrianChait..............................................................................................45
LloydM. SmithandDavidMead ..............................................................................................45
RichardD. Smith ....................................................................................................................45
F. WilliamStudierandJohnJ. Dunn ......................................................................................45

PeterWilliamsand NealWoodbury........................................................................................45

INFORMATICS

New Projects
*AlexanderB. Chetverin,A. R. Rubinov,andM. S. Gelfand..................................................46

Gary A.Churchill....................................................................................................................46
MichaelJ. Cinkosky................................................................................................................47
RadomirCrkvenjakov.............................................................................................................47
RadojeDrmanac.....................................................................................................................48
*NikolayA. Kolchanov............................................................................................................49
SuzannaLewis,John McCarthy,andEdwardTheil ...............................................................50
Hwa A.Lira .............................................................................................................................50
RossOverbeekand PatrickGillevet.......................................................................................51
StewartScherer......................................................................................................................52

*EvgenijE. Selkov..................................................................................................................52
Gary D. Stormo......................................................................................................................53
EdwardH. Theil ......................................................................................................................53

EugeneVeklerovand ChristopherMartin ..............................................................................54
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Manfred D. Zorn .....................................................................................................................54
ManfredD. Zorn .....................................................................................................................55

Renewed ProJectm
EugeneLawlerand DanielGusfield.......................................................................................55
DavidB. Seads.......................................................................................................................56

Projects Continuing into FY 1993
Elbed Branscomb...................................................................................................................57
RichardJ. Douthart................................................................................................................57

Vance Faber and DavidTomey .............................................................................................57
JamesW. Fickett....................................................................................................................58

ChristopherA. Fieldsand CarolA. Soderlund.......................................................................58
Tim Hunkapiller.......................................................................................................................58
JerzyJurka .............................................................................................................................58
David Kingsbury.....................................................................................................................58
CharlesB. Lawrenceand EugeneW. Myers..........................................................................58
VictorM. Markowitz................................................................................................................58
VictorM. Markowitz................................................................................................................59
Thomas G. Mart and AndrewReiner .....................................................................................59
JudeW. Shavlikand MichielO. Noordewier..........................................................................59

DavidTomey ...........................................................................................................................59
EdwardUberbacherand RichardMural .................................................................................59

I

Edward Uberbacher, Richard Mural, and Reinhold Mann ......................................................59

ETHICAL, LEGAL, AND SOCIAL ISSUES

New Projects
GeorgeJ. Annas.....................................................................................................................60
Diane Bakerand PaulaGregory.............................................................................................60
AlexCapronandBartha Knoppers.........................................................................................61
CharlesC. Carlson.................................................................................................................61

Joseph D. Mclnemey .............................................................................................................62
DeclanMurphyandClaudetteCyr Friedman.........................................................................62
PhilipR. Reilly ........................................................................................................................63
Alan F. Westin........................................................................................................................63

MichaelS. Yesley ...................................................................................................................64
FranklinM. Zweig ...................................................................................................................65
1993 Conferences

ThomasG. Field .....................................................................................................................65
Ed Golub ................................................................................................................................65
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Projects New
*Toward Cloning Human Chromosome 19 in Yeast Artificial in FY 1993
Chromosomes
Inga P. Arman, Alexander B. Devin,and SvetlanaP. Legchilina *Thirteen new projects
Laboratoryof MolecularYeast Genetics;Instituteof MolecularGenetics;RussianAcademyof (designated by an
Sciences;Moscow123182, Russia asterisk) are funded
+7-095/196-5625, Fax:-0221, Internet:img@glass.apc.org through small emer-

gency grants to
We are collaboratingon a projectthat has focusedthe effortsof severalRussianlaboratorieson Russian scientists
cloning,mapping,and sequencingthe codingregionsof humanchromosome19. We have con- following December
structeda partialyeastartificialchromosome(YAC) libraryfroma hybrid(human/hamster)cell line 1992 site reviews by
that retainsonlyhumanchromosome19and are screeningIhe libraryfor humanDNA fragments. David Galas (formerly
For now,ourlaboratoryis primarilyconcernedwithoptimizingYAC librarystorage. OHER), Raymond

LongDNA fragmentsclonedin YACsare oftenusedas a sourceof startingmaterialforfurther Gesteland (University
restrictionanalysisand seque,,cing.However,maintainingclonedhuman DNA inyeastcells iswell of Utah), and Elbert
knownto be a cause of humansequencevariation.In somecasesthisvariation,sometimesreferred Branscomb (LLNL).
to as structureinstability,is quite noticeable.Minimizingvariationby properYAC maintenanceis
thereforehighlydesirable.

One way to reducethefrequencyof inaccuratesequencesina YAC libraryisto introducecertain
changesinthe genotypeof recipientcells.Mutationsof genesRAD52 andRAD1 have been found
to cause reductioninchimerismand recombinationalrearrangementsinsome YACs. We have
beguna systematicstudyto determinethe relationshipof clonedDNA and hostgenotype.We
isolatedandcharacterizedmutationsin severalnuclearspontaneousrho-mutability(SRM) genes
that mediatemaintenanceof variousredundantandoptionalgeneticstructuresin yeastcells.The
firststep of thisprojectwill be to analyzeYAC maintenance(i.e.0structurevariationandmitotic
stabilityof YACsfromourlibrary)inmutantSRM cells.

*Refining the Map Location of 5q31-5q33 Deletion with
Known Molecular Markers
Maxim L. FIIipenko and Elena I. Yantsen
Human Genome Group; Department of Molecular Biology; Institute of Bioorganic Chemistry;
Siberian Branch of the Russian Academy of Sciences;Novosibirsk630090, Russia
+7.3832/351-667, Fax:-665, Internet:max@moduLbioch.nsk.su

A usefulapproachforconstructingphysicalmapsof definedchromosomalregionsisto use a hybrid
cell linecontaininghumanchromosomeswitha deletioninthe DNA regionof interest.DNA from
suchcellsmay be usedforselectionof a restrictednumberof cosmidclonesto enableeasier
mappingof a particularchromosome.

We prepareda hybridcell line containinghumanchromosomeshavinga deletionthat mapsto
5q31-5q33 by G-banding.Ourgoal is to identifymolecularmarkersinthe deletionregionand use
them _oscreenyeastartificialchromosome(YAC) andcosmicllibrariesforcorrespondingclones.
These markersandcloneswillprovideusefulstartingpointsfor developingphysicalmapsof
orderedclones.

The workwillbe performedintwo steps:(1) fromavailablesequencedata,polymerasechain
reactionprimerswill be designedand usedto testfor the presenceof these markersinthe 5q31-
5q35 region;and (2) markersmappingpositivelyto thisregionwillbe usedto screenthe YAC and
cosmidlibraries.

Thisworkis beingcarriedoutas partof the Chromosome5 projectofthe RussianNationalHuman
GenomeProgram.
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Projects New
in FY 1993 A Novel Bacteriophage PI-Derived Electroporation-Based

Vector for the Construction of Large-lnsert Recombinant
DNA Libraries
Jeff Glngrlch, Mark Batzer, Jeffrey Games, and Anthony Carrano
HumanGenomeCenter;LawrenceLivermoreNationalLaboratory;Livermore,CA 94550
5101423-8145, Fax:-3608, Intemet:gingrich I @llnLgov

A numberof differentcloningsystemsare currentlybeingusedto generatecontiguousphysical
mapsof individualchromosomes;these systemsincludeyeastartificialchromosomes(YACs),
cosmids,andbacteriophagePI. Eachof thesetraditionalcloningvehiclesiseither limitedinthe
abilityto propagatelarge DNA fragments(e.g., 40 kbfor cosmidsand90 kb for PI phage)or
containsa highproportionofchimericDNA molecules(YACs).To mitigatethese limitations,we
have modifiedthe bacteriophagePI vectorsystemforproducingrecombinantmoleculesby
transformationintohostceils throughelectroporation.We callthiscloningsystemP1-derived
artificialchromosomes(PACs).

We are presentlyconstructinga fivefoldredundanttotal humangenomiclibraryusingthe PAC
cloningsystem.The PACcloningvectoroffersmany ofthe advantagesof bacterialartificialchromo-
somes(BACs),whichare derivedfromthe bacterialF-factorand offerease of manipulationin
bacterialhostsas wellas a verylowfrequencyof chimericclones. Inaddition,the PAC cIonlng
systemoffersa selectablemarkerfor recombinantclones(SacB geneproduct,levansucrase)using
mediumthat containssucroseforselectionandhas the abilityto amplifyclonesusingan isopropyl
B-D-thiogalactopyranoside(IPTG)-induciblehigh-copy-numberoriginof replication.The maximum
sizeof PACclonesis not limitedby a heedfulpackagingmechanism(traditionalPI cloningsystems)
andcan accommodateinsertsupto 300 kb in length.

To isolatechromosome19-specific PACclonesforclosingthe chromosome,we useda Biomek
workstationto constructa set ot high-densitycolonyfiltersfroma portionofthe PAC library.The
filtershave been screenedusinga varietyof chromosome19-specificprobes,includinginter-Alu
polymerasechainreaction(PCR) products,"degenerateoligo-primed"PCR (DOP-PCFI)products,
and a 37-bp repetitiveelement(pe670). We isolateda numberof chromosome19-specificclones,
and sixputativepe670-positivePAC cloneshave been identified.Assuminga randomdistributionof
pe670 repeatsonchromosome19, screeninga 0.25-foldredundantfiltersetshouldresultin
localizing13 pe670-positivePACs.The isolationof six pe670-positivePACsprobablyresultsfrom
the nonrandomdistributionof the pe670 repeatalongchromosome19. PACsthatcontainedpe670
were usedas probesto screenchromosome19-specifichigh-densitycosmidfilters.The hybridiza-
tionof individualPACclonestoa numberof chromosome19--specificcosmidsis beingconfirmed.
These data demonstratethe potentialof PACclonesforgeneratinga contiguouschromosome19
physicalmap.

*Identification and Mapping of DNA-Binding Proteins Along
Genomic DNA by DNA-Protein Crosslinking
A. D. Mlrzabekov, V. L. Karpov, O. V. Preobrazhenskaya,D. A. Papazenko,and I. V. Priporava
EngelhardtInstituteof MolecularBiology;RussianAcademyof Sciences;Moscow117984, Russia
Fax: +7.095/135-1405, Internet:amir@imb.msk.su

Techniquessuchas chemicalprotectionandenzymaticfootprintingtogetherwithgel-retardation
assaysenable the mappingof proteinsongenomicDNA but provideno informationon bound
proteins.We have developedthe "protein-image"hybridizationmethod,whichallowsus to identify
the sizeof proteinsassociatedwithspecificDNA sequences.This isaccomplishedeitherdirectlyin
vivoinwhole-cellexperimentsby usinguv-inducedDNA-proteincrosslinksor inisolatednucleiby
chemicalcrosslinking.
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A protein can be precisely localizedon DNA by digestionof crosslinkedDNA withrestriction
endonucleaseand exonucleaseII1.Manysequencescan be testedby repeatedlyhybridizingthe
sameblotwitha numberof probes.Successfuldevelopmentof genomeprogramswillprovidehuge
amountsof new sequences,includingthoseof regulatoryandstructuralregionsthat maybe
associatedwithspecificproteins.Withoutmuchadditionaleffort,mappingof proteinsalonggenomic
DNA can be directlycoupledwiththe programofgenomesequencing.

*Sequence-Specific Proteins Binding to the Repetitive
Sequences of the Human Genome
Olge Igorevna Podgorneye, Olga Barmina,Tamara Smirnova,andAlekseyMittenberg
Laboratoryof Cell Biology;Departmentof Cell Cultures;Instituteof Cytology;RussianAcademyof
Sciences;St. Petersburg194064, Russia
+7-812/247-7450, Fax:-0341, Internet:root@cell.spb.su

Althoughrepetitivesequencesoccupya largepartofthe wholeeukaryoticgenome,theirpurposeis
notwellunderstood.We willattemptto elucidatetheirroleby examiningsequence-specific
DNA-bindingproteins(SSBPs). MethodsandtechnologyforfindingSSBP were establishedby
usinghumanAlu retroposon-likeshortinterspersedrepeatedsequences(SINEs) as a model.Two
proteinswithmolecularweightsof 40 and 80 kilodaltons(kDa) were foundin HeLanuclearextracts
andpartiallypurified.The 80-kDa protein(Alu-SSBP) was foundto bindthe sequencewithinthe Alu
repeatthat is homologousto the T-antigenbindingsiteof SV40;cellcyclecontrolmaybe mediated
via A/u-SSBP.

Repetitivesequenceswithsimplestructuresmightplaya roleinthree-dimensionalchromatin
organization.The presenceof SSBP thatspecificallybindswithhumansatellite3 (HS3) wasshown
usingthe developedmodelsystemanda gelshiftassaywithconstituentsfrom a partiallysolubilized
nuclearmatrix.HS3 has multiplebindingsitesfor thisspecificSSBP, andbindinginfluencesthe
secondarystructureof HS3 by bendingthe DNA. The molecularweightof HS3-SSBP is 80 kDa; in
the moststableretardedcomplexit apparentlyexistsas a dimer,andin solutionunderphysiological
conditionsit assembleswithothermatrixproteinsintocomplexeswithmolecularweightsof about
800 kDa.

A humanembryo%gtl1 expressionlibrarywasscreenedwith labeledHS3 undersuitableconditions
for DNA-proteinbinding.The identifiedcloneproduceda fusionproteinwithstrongaffinityfor HS3.
Immunofluorescencewithantibodiesagainstthis fusionproteindemonstrateda characteristic
intranuclearpattern inHeLa cellsand onthe isolatednuclearmatrix.Futureplansare to obtainthe
genesof the Alu-bindingproteinsandlookfor proteinsto the otherchromosome-specificsatellitesin
the nuclearmatrix.

*Protein-Binding DNA Sequences
O. L. Polanovsky, A. G. Stepchenko, and N. N. Luchina
EngelhardtInstituteof MolecularBiology;RussianAcademyof Sciences;Moscow117984, Russia
Fax:+7-095/135-1405, Internet:po/@imb.msk.su

A randommodificationmethodwasdevelopedto determinea targetsiteon DNA that wouldbe
recognizedby specificDNA bindingproteinssuchas the Oct-2Btranscriptionfactor.To thisend we
have usedas a probea randomoligonucleotideof the followingstructure:

CCGGGAAGCTGnnnnnnnnGTGCTGCCTTCGACnnnnnnnnCACGACGGGCC,

where n is any of the four bases A, G, C, or T.

DNA fragments containing the binding area were cloned and sequenced. We found two grc ps of
sequences interacting with the conservative POU domain of octomer proteins, one group r_ntaining
a common tetranucleotide T/CAAA and the other having the tetranucleotide TAAT. All tested probes

i
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Projects New
differ in their affinity to the POU domain.The stabilityof DNA-proteincomplexesdependsonthe

in FY 1993 structure of core and flanking sequences. The affinity of a group to the POU domain depends
particularly on the presence of the second half of the binding site (ATGC). Our results indicate that
the Oct-2Bproteininteractswithcanonicalsequenceand degeneratedsequences,These data have
greatlyincreasedthe numberof potentialtargetsforoctamerproteinson DNA andchangedour
view on gene-expressionregulationby these proteinfactors.

Strategies for Identification of Evolutionarily Conserved
DNA Sequences
Llsa Stubbs and Elbert Branscomb I
BiologyDivision;Oak Ridge NationalLaboratory;Oak Ridge, TN 37831-8077
615/574-0848, Fax: -1283
_HumanGenome Center; Biology and Biotechnotogy Research Program; Lawrence Livermore
National Laboratory; Livermore, CA 94551

Protein-coding sequences occupy only a small fraction of the mammalian genome and generally
exist as small, widely scattered segments interspersedbetween large stretches of noncoding DNA.
Identification of all such gene sequences located throughout the human genome is, therefore, a
technically challenging task. If mapping and sequencing data are to be correlated eventually with
biological functions encoded throughout the human genome, rapid and efficient methods must be
developed to identify such functionally critical DNA sequences.

The goal of this project is to exploit mouse-human genomic homologies and develop and test
strategies for identifying, isolating, and analyzing these evolutionarily conserved sequences from
large cloned segments of human DNA. Pilot studies, which focus on specially targeted regions of
human chromosome19, are being done in close collaboration with genome center staff at Lawrence i
Livermore National Laboratory (LLNL).

Human and mouse genes are, on the whole, very similar in sequence; nongene regions, by con-
trast, will generally vary greatly between two such highly divergent species. Our approach is based
on the fact that DNA sequences encoding important biological functions are most likely to be
conserved throughout evolution. We are currently exploring several different means for selectively
cloning the most similar sequences in mouse and human DNA. The ultimate goal of these studies is
to provide means by which large, cloned genomic regions can be scanned rapidly for the presence
of genes and other functionally significant sequences.

These strategies focus on using conserved sequences in murine yeast artificial chromosome (YAC)
or Pl-based artificial chromosome clones to "trap" sequences from human cosmids that are similar
to those found in the mouse. This project has been designed to capitalize on LLNL's collection of
contiguous cosmid and YAC clones, whichspanwithsomegapsthe lengthof humanchromosome19.
Most cloned HSA19 genes and DNA markers have been localized to specific cosmid clones, but
many more unidentified genes are expected to be scattered throughout each contig. Our current
efforts are focused on a limited number of well.characterized regions known to be similar in humans
and mice. Eventually we intend to apply these methods to identify genes along the length of HSA19.
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*Development of New Reactive Oligonucleotide Derivatives
for Sequence-Specific Fragmenting of Genomic DNA and
Mapping Naturally Open Sequences in Cellular DNA
V. Vlassov, S. Gaidamakov, T. Ivanova, T. Abramova, and O. Gimautdinova
Instituteof BioorganicChemistry;Novosibirsk630090, Russia
+7-3832/353-162, Fax: -459, Internet:vlasov@modu/.bioch.nsk.su

A numberof oligonucleotidesequippedwithalkylatinggroupsand groupsthatgeneratefree radicals
have beendevelopedfor sequence-specificmodificationand cleavageof largeDNA fragments.
Alkylatingderivativesof oligonucleotideswere usedto investigatethe interactionofoligonucleotides
withsingle-strandedand double-strandedDNAs.Also,cellularDNA wasfoundto have some
naturallyopensequencescapable of bindingoligonucleotides.The biologicalroleof thisphenom-
enon remainsunknown.

We are nowoptimizingthe structureof alkylatinggroupsof oligonucleotidederivativesto develop
efficiert reagentscapableof introducingrarecutsinlarge DNA fiagments. To achievean optimal
geometryfor modifyingsingle-and double-strandedDNA, we planto introducelinkersof different
sizeandflexibilitybetweenthe oligonucleotidemoietyand the reactive._itrogenmustardresidue.
We are alsotryingto developbinarymixturesof oligonucleotidederivativesbearingfragmentsof
potentialreactivestructures,whichwillbe activateduponsimultaneousbindingof mixturecompo-
nentsto the DNA targetby forcingcontactof the compounds.The firstcompoundsof thistypewill
be structurescapableof bindingmetalions,whichcan produceactivatedoxygenspecies.

By the endof thisyear we planto developnew improvedversionsof alkylatingderivativesof
oligonucleotides.We hopeto developbinaryoligonucleotidereagentsthat mayopen newpossibili-
ties indesigningspecificDNA probesandartificialDNA-cleavingmolecules.

Monochromosomal Hybrids for the Analysis of the Human Genome
IPIh __l A.I.__

Raghbir S. Athwal n-'rojects
Fels Institute for Cancer Researchand MolecularBiology;Temple University;Philadelphia,PA Continuing
19140
215/707-6931 or-4300, Fax: o4318 into FY 1993

An Investigation of Gene Organization Within the Human Genome
Utilizing eDNA Sequencing
E. Morton Bradbury and Joe M. Gatewood
Centerfor HumanGenome Studies;Life SciencesDivision;LosAlamosNationalLaboratory;
LosAlamos,NM 87545
505/667-2690,Fax:/665-3024

Overcoming Genome-Mapping Bottlenecks
Charles R. Cantor
CenterforAdvancedResearchin Biotechnology;BostonUniversity;Boston,MA02215
617/353-8500, Fax:-8501
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Continuing Isolation of Chromosome-Specific cDNA Clones
into FY 1993 JarPFang Cheng and Victor Boyartchuk

Human Genome Center; Cell and Molecular Biology Division; Lawrence Berkeley Laboratory;
Berkeley, CA 94720
510/486-6549, Fax: -6816, Intemet:jfcheng@lbl.gov

Chromosome Structure and Function

Larry L. Deaven, EvelynCampbell,andMary Campbell
Center forHuman GenomeStudies;LifeSciencesDivision;LosAlamosNationalLaboratory;los
Alamos,NM 87545
505/667-3114, Fax:/665-3024, Internet:moyzis@flovax.lanl.gov

Human Recombinant DNA Library
Larry L. Deaven, Jon L. Longmire, MaryKay McCormick,_DeborahL. Grady,and RobertK. Moyzis
Center forHuman GenomeStudies;LifeSciences Division;LosAlamosNationalLaboratory;
LosAlamos,NM 87545
505/667-3114, Fax:/665-3024, Internet:moyzis@flovax.lanl.gov
_MassachusettsGeneral Hospital;Charlestown,MA 02129

Gene Libraries for Each Human Chromosome: Construction and
Distribution

Jeff Gingrich, Jeff Games, and Anthony V. Carrano
Human Genome Center; Biology and BiotechnologyResearchProgram;LawrenceLivermore
NationalLaboratory;Livermore,CA 94550
510/423-8145, Fax:-3608, Internet:gingrich I @llnl.gov

Molecular Cytogenetics and Computer-Assisted Microscopy
Joe Gray, Dan Pinkel, Wen-LinKuo,DamirSudar,and Don Peters
Departmentof LaboratoryMedicine;Divisionof MolecularCytometry;Universityof California;
San Francisco,CA 94143-0808
415/476-3461, Fax: -8218, Intemet:gray @Icaquips.ucsf.edu

An Improved Method for Producing Radiation Hybrids Applied to
Human Chromosome 19

Cynthia L. Jackson and HonFongL. Mark
RhodeIslandHospitalandBrownUniversity;Providence,RI 02903
401/277-4370, Fax: -8514

Chromosome Region-Specific Libraries for Human Genome Analysis
Fa-Ten Kao andJing-WeiYu_
EleanorRooseveltInstituteand Departmentof Biochemistry,Biophysics,and Genetics;University
of ColoradoHealthSciencesCenter;Denver,CO 8026_
303/333-4515, Fax: -8423
_EleanorRooseveltInstitute;Denver,CO 80262
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Human cDNA Mapping Using Fluorescence In Situ Hybridization
Julia R. Korenberg
Department of Pediatrics; Medical Genetics; Cedars-SinaiMedicalCenter;Universityof California;
Los Angeles,CA 90048
310/855-6451, Fax:/967-0112

Construction of a Human Genome Library Composed of
Multimegabase Acentric Chromosome Fragments
Michael J. Lane, Peter Hahn,1and John Hozler2
Departmentsof Medicineand Microbiologyand'Department of Radiology;State Universityof
New York-HealthScienceCenterat Syracuse;Syracuse,NY 13210
315/464-5446, Fax: -8255
2Departmentof MedicalGenetics;FloridaInstituteofTechnology;Melbourne,FL 32901

The cDNA Genome: Strategies and Results with Particular Reference
to Human Chromosome 19

Gregory G. Lennon, HarveyMohrenweiser,and Anthony V. Carrano
Human GenomeCenter; Biologyand BiotechnologyResearchProgram;LawrenceLivermore
NationalLaboratory;Livermore,CA94551
510/422-5711, Fax:/423-3608, Internet:greg@mendel.llnl.gov

Identification and Characterization of Expressed Chromosomal
Sequences
Christopher H. Martin, CarolA. Mayeda, and Michael J. Palazzolo
HumanGenomeCenter;Cell and MolecularBiologyDivision;LawrenceBerkeleyLaboratory;
Berkeley,CA 94720
Martinand Palazzolo:510/486-5909, Fax: -6816, Internet:chrism @genome.lbl.govor
mjpalazzolo @lbl.gov

Application of Flow-Sorted Chromosomes to the Construction of
Human Chromosome-Specific Yeast Artificial Chromosomes
Linda Meincke, Mary Campbell,EvelynCampbell,John Fawcett,MaryKay McCormick,1
Larry Deaven,2and Robed Moyzis2
LifeSciencesDivisionand2CenterforHumanGenomeStudies;LosAlamosNationalLaboratory;
Los Alamos,NM 87545
Deaven:505/667-3114, Fax:/665-3024, Internet:moyzis@flovax.lanl.gov
1MassachusettsGeneral Hospital;Charlestown,MA02129

Chimera-Free, High-Copy-Number YAC Libraries and Efficient
Methods of Analysis
Donald T. Molr
Collaborative Research, Inc.; Waltham, MA 02154
617/487-7979, Fax:-7960, Internet:moir@crie.com
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Continuing Genome Organization and Function
into FY 1993 Robert K. Moyzis, Julie Meyne, and RobertL. Ratliff

Center forHumanGenomeStudies;LifeSciencesDivision;LosAlamosNationalLaboratory;
LosAlamos,NM 87545
505/667-3912, Fax:/665-3024, Internet:moyzis@flovax.lanLgov

Isolation of cDNAs from the Human X Chromosome and Derivation
of Related STSs
David L. Nelson
Institute for Molecular Genetics; Baylor College of Medicine; Houston, TX 77030-3498
713/798-3122, Fax: -5386, Intemet:nelson @bcm.tmc.edu

Multiplex Mapping of Human cDNAs
William C. Nierman, Donna R. Maglott, and ScottDurkin
AmericanType Culture Collection;Rockville,MD 20852-1776
301/231-5559, Fax:/770-1848

Chromosomal Localization of Brain cDNAs

Mihael H. Polymeropoulos, HongXiao,and Carl R. Merrill
NeuroscienceCenterat St. Elizabeth'sHospital;NationalInstituteof MentalHealth;Washington,
DC 20032
202/373-6077, Fax:-6087

Development of a Large-Scale Targeted Mutagenesis Program for
Determining Organismal Function of Specific Human Genes
Mike Mucenski, Bill Lee, Eugene Rlnchik, _and Richard Woychik
BiologyDivision;Oak RidgeNationalLaboratory;Oak Ridge, TN 37831-8077
615/574-0703, Fax:-1274
_SarahLawrenceCollege;Bronxville,NY 10708

Sequence Tagged Sites for Human Chromosome 19 cDNAs
Michael J. Slcillano andAnthonyV. Carrano_
Departmentof MolecularGenetics;UniversityofTexas M.D. AndersonCancer Center;Houston,
TX 77030
713/792-2910, Fax:/794-4394
'Human GenomeCenter;LawrenceLivermoreNationalLaboratory;Livermore,CA 94550

cDNA/STS Map of the Human Genome: Methods Development and
Applications Using Brain cDNAs
James M. Sikela, Akbar S. Khan,1ArtoK. Orpana,AndreaS. Wilcox,Janet A. Hopkins,and
TamaraJ. Stevens
Departmentof Pharmacology;Universityof ColoradoHealthSciencesCenter;Denver,CO 80262
303/270-8637, Fax:-7097, Internet:sikela.j%maui@ vaxf.colorado,edu
_SamuelRobertsNobleFoundation,Inc.;Ardmore,OK 73402
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Chromosome-Specific cDNAs and Sequence Tagged Sites
Mercelo Bento Soares, PierreJeienc,1StephenBrown,Mariade FaUmaBonaldo,andAgirisEfstratJadis1
Departmentof Psychiatryand 1Departmentof GeneticsandDevelopment;ColumbiaUniversity;
New York,NY 10032
212/960-2313, Fax:/795-5886

Development of Human Genomic Virus-Based Library of 150- to
200-kb Inserts

Jean-Michel H. Vos, Tian-QiangSun, andSharonMichael
Departmentof Biochemistryand Biophysicsand LinebergerComprehensiveCancerResearch
Center;Universityof NorthCarolina;ChapelHill,NC 27599-7295
919/966-6888, Fax: -3015, Internet:vos@med.unc.edu

Isolation of Specific Human Telomeric Clones by Homologous
Recombination and YAC Rescue

Geoffrey Wahl and Linnea Brody
Gene Expression Laboratory; Salk Institutefor BiologicalStudies;La Jolla,CA 92037
619/453-4100 Ext. 587, Fax:/455-1349

Development of an Embryonic Stem (ES) Cell-Based System for the
In Vitro Generation of Germline Deletion Complexes Throughout the
Mouse Genome

Richard Woychik andEugene Rlnchik1
BiologyDivision;Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-8077
615/574-3965 or -3966, Fax: -1274
_SarahLawrenceCollege;Bronxville,NY 10708
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Projects New
in FY 1993 A Method for Heterozygous Carrier Screening Using an

E. coil Mismatch Binding Protein, MutS; Application to the
Cystic Fibrosis Gene
Alia Lishanskl and Jasper Rine
Human Genome Center; Lawrence BerkeleyLaboratory;Berkeley,CA 94720
510/486.7332, Fax:-6818, Internet:allali@genome.lbl.gov

AnexperimentalstrategyfordetectingheterozygosityingenomicDNA has beendevelopedbased
ona preferentialbindingof Escherichia coil MutSproteinto DNA moleculescontainingmismatched
bases.The bindingwas detectedby a gel mobility--shiftassay.This approachwastested usingthe
mostcommonlyoccurringmutationswithinthe cysticfibrosisgene(CFTR) as a model.Genomic
DNA sampleswereamplifiedusing5'-end-labeledprimersthatbracketthe siteof the AF508 3-bp
deletionin exon10 of the CFTR gene. The renaturedpolymerasechainreaction(PCR) products
fromhomozygotesproducedhomoduplexes,andthe PCR productsfromheterozygotesproduced
heteroduplexesand homoduplexes(1:1). MutSproteinboundmorestronglyto heteroduplexes
correspondingto heterozygouscarriersof _F508 andcontaininga CTT or GAAloopin oneof the
strandsthanto homoduplexescorrespondingto homozygotes.The abilityof MutSto detecthetero-
duplexesin PCR-amplifiedDNA extendedto fragments-500 bpin length.The methodwasalso
able to detectcarriersof the pointmutationsinexon 11of the CFTR geneby a preferentialbinding
of MutS to single-basemismatchesinPCR-amplifiedDNA.

Vertically Integrated Analysis of Human DNA
Maynard Olson
University of Washington; Seattle, WA 98195
206/685-7346, Fax:-7344, Internet:mvo@u.washington.edu

A systematicapproachwillbe developedforthe verticallyintegratedanalysisofhuman DNA
segmentsranginginsize upto a few megabasepairs.Verticalintegrationdenotessequential
analysisof a genomicregionat all levelsof detailfromlow-resolutionphysicalmappingto finished
sequence.Thisprojectwillemphasizethe stepsprecedingDNA sequencing,particularlythe
hierarchicalanalysisof genomesegmentsin somaticcell lines,yeastartificialchromosomes,
cosmids,lambdas,plasmids,andfilamentous-phageclones.Thegoalwillbeprecise,high-resolution
physicalmapsonwhichthe endsof the insertsof small-insertclones,suitablefor use as sequenc-
ingtemplates,willbe placedexactly.

The projectwillfocusonsimple,modular,experimentalstrategiesthat are goodcandidatesforhigh-
levelautomation.The rawdata willbe capturedby electronicallyimagingelectrophoreticgelsthat
have bandingpatternspredictableenoughforcompletelyautomatedinterpretation.Earlystepswill
be taken towardautomationof these procedureson a scale thatwouldallowthe analysisof millions
of clones.

Construction of a Genetic Map Across Chromosome 21
Elaine A. Ostrander
Fred Hutchinson Cancer Research Center; Seattle, WA 98104
206/667-5000, Fax: -6124

The goal of our group is to develop and implement technologies aimed at high-resolution mapping of
individual human chromosomes. Our initial efforts have focused on developing strategies for
identifying and characterizing polymorphic microsatellite repeat sequences; these repeats are
extremely abundant in all mammalian genomes and usually have multiple, highly informative alleles.
We intend to construct a high-density genetic map of chromosome 21 with polymorphic repeat
markers spaced every 0.5 to 1 cM, based on simple sequence microsatellite repeats.
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We have fully sequenced 43 (CA), repeat-ba_d markerspreparedfromchromosome21 cosmids.
Aftereliminating2 previouslyidentifiedmarkersand 5 containingAlu sequences,we localized14 of
the remainingmarkersto theirspecificlocationsonchromosome21 andidentifiedyeastartificial
chromosomescontainingthe markers.

With computer-analysi_programspreparedby LawrenceBerkeleyLaboratory'sengineeringgroup,
we have adaptedthe automatedlaserfluorescent(calledA.L.F,)sequencerfor use in
fluorescence-taggedgeneticmappingstudies.The markersidentifiedandmappedto date are fairly
welldistributedandrepresenta strongfoundationon whichto continueour studies.

A Physical and Genetic Map of Human Chromosome 21---
A Prelude to Sequence: Overview
Jasper Rlne, R. Blaiez,Jan-FangCheng,JeffreyGingrich,S. R. Lowry,Elaine Ostrander,'
StewartScherer,SylviaSpengler,D. Scott,F. Shadravan,T. Torok,K.M. Wilson,and Y. Zhu
Human GenomeCenter;LawrenceBerkeleyLaboratory;Berkeley,CA94720
510/643-5592, Fax:/642-6420
tFredHutchinsonCancer ResearchCenter;Seattle,WA 98104

Advancesin physicalandgeneticmaps have setthe stageforthe next biologicalgoalsof genome
research:obtaininggenomicsequencefromsubstantialregionsof the genomeand preparingthe
geneticinfrastructureforgenotypingpopulations.Towardtheseendswe are preparingto sequence
a 3- to 4-Mb regionfroma medicallysignificantportionof chromosome21 and are workingtoward
saturatingthechromosomewithgeneticmarkers.LawrenceBerkeleyLaboratory(LBL)hasdesigned,
implemented,andtestedonan 80,000-bpsegmentofgenomicDNAa directedsequencingapproachthat
producedcompletedDNA sequencesat a highrate ofthroughputandwithhighaccuracy.

Inthe evaluationof potentialDNA sourcesforsequencingtemplates,theyeast artificialchromo-
somes(YACs) usedin chromosome21 sequencetaggedsites(STSs)failed toexhibitobvious
deletions.Thus,YACs appearto be poorchoicesforsequencingstudies.The rapidsuccessof the
directedgenome-sequencingstrategyat LBLhas focusedourattentiononthe humanP1 libraryof
Shepherdand Sternberg.P1 clonescan carry 100,000 insertedbasesandare the bestsourceof
materialthatcan serve directlyassequencingtemplatesforourstrategy.We have constructed
pools1000clonesdeep fromthe ShepherdandSternberglibraryand have screenedthesewith
STSs fromthe 22.2 to 22.3 regionof chromosome21. These Pls are nowinthe pipelinefor
large-scaledirectedDNA sequencing.Thisprocessinvolvesconstructingphysicalmapsin which
the distance(d) andorientation(o) of eachgene-sizedsequencingtemplate(g) is knownand
taggedbysequencefromeach end.This procedure,knownas dog tagging,offersthe best-known
methodfor large-scalegenomesequencingandavoidsthe sequence-assemblyheadachesof
randomstrategies.

We have usedmarker-selectiontechniquesto isolatea large numberof simplesequencerepeats
fromchromosome21 as a sourceof geneticmarkers.STSs producedfromabout40 ofthese
repeatshave beenassignedto the map,witha resolutionof a few hundredkUobases.We have
approximatelydoubledthe densityof geneticmarkersonthischromosome,makingit themost
denselymarkedhumanchromosome.

Our physicalmappingeffortshave focusedon thedistalthirdof the q arm.In thisregionwe have
usedfluorescenceinsituhybridizationto map about280 YACspluscosmidsandhave constructed
contigmaps.Thismappinghas allowedus to detectandcorrecterrorsinthe recentlypublished
map (Chumakovet al., 1992), includinggene misplacementofas muchas 2 Mb. Correctedmaps
forthese regionswillbe presented.

We havedevelopedmethodsforphysicalselectionof cDNAscorrespondingto mappedYACs and
cosmids.We have mapped21 new cDNAsto their respectivelocationsonchromosome21. By
sequenceanalysis,each ofthese definesnewgenesand pioneerproteins.ThecDNA effort is now
focusedonsaturatingthe multimegabasetargetof the genomic-sequencingeffort.
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Projects New
All the programs involve close interaction among the center's biology, instrumentation and automa-

in FY 1993 tion, and informatics groups. Major instrument development includes automation of steps in directed
sequencing; a large-scale,extensiblethermocycler;anda large-scaleoligonucleotidedeveloper.
Softwareforsequenceassemblyand analysisis underdevelopment.

The capacityto producegenomeinformationhas outstrippedthe capacityof formalpublication
proceduresto disseminatethe informationto the community.To helpclosethe gap between
producersand consumers,allof our unpublishedcDNA sequenceshave beendepositedinthe
cDNA Informdatabase(LosAlamosNationalLaboratory),allgeneticmarkc.-sinGenomeData
Base, andthe sequencesfromwhichtheyare derivedin GenBank°. In addition,we are establishing
a publicdatabaseat LBLthat willserveas an opennotebookforchromosome21 mappingdata and
sequenceinformationfromP1 clones.Our mappingdataenterthisdatabasedirectly,andthe
sequenceentersas each 3-kb dogunitis complete.

Chromosome Mapping by Fluorescent In Situ Hybridization
to Interphase Nuclei
Barbara Trask andGer van den Engh
Departmentof MolecularBiotechnology;Schoolof Medicine;Universityof Washington;Seattle,
WA 98195
206/685-7347, Fax -7354, Internet:trask@fishnet.mbt washington.edu

Thisprojectaims to developa new,efficientapproachforhigh-resolutionchromosomemappingby
insituhybridization.The approachis basedonthe observationthatthe foldingof DNA inthe
interphasenucleuscan be describedby a randomwalk model.This modelprovidesthe theoretical
basisforusingthe averagedistanceobservedbetweenhybridizationsites inthe interphasenucleus
to estimatedistancebetweentwo markersmeasuredalongthe DNA strand.We have developeda
rapidgraphicalmethodthatmakespossiblethe accumulationof thousandsof distancemeasure-
mentsperday and have usedthisapproachto confirmthe publishedmap ofa 4-Mb regionof
chromosome4. We planto (1) furtherimprovedata collectionmethodsand (2) developsoftwarefor
calculatingthe mostprobableprobeorderandrelativedistancefroma set of interphasedistance
measurements.We willdevelopsimilargraphicalproceduresforefficientlymappingprobesto
metaphasechromosomesandcombinethese techniquesto buildselectedchromosomeregion
mapswithaveragedensityof 100 kb.

*A Chromosome 13 Mapping Project Based on the Los
Alamos Cosmid Library
Nick K. Yankovsky, B. I. Kapanadze,V. M. Brodjansky,and G. E. Sulimora
Laboratoryof GenomeAnalysis;Instituteof GeneralGenetics;RussianAcademyof Sciences;
Moscow 117809, Russia
+7-095/135-4307, Fax:. 1289, Internet:bion @g/as.ape.org

The maingoal of thisprojectisto contributeto contigmappingof humanchromosome13with
cosmidsand YACsas elements.The startingpointis productionof microsatellitemarkersfrom
cosmidsalreadymappedto the 13q14 region.Sourcesof clonesare an sCos cosmidchromosome
13 libraryfromLosAlamosNationalLaboratory(LANL)and a similarLorist-basedlibraryfromthe
ImperialCancer ResearchFund(ICRF) in the UnitedKingdom.Restrictionpatternsformorethan
150 cosmidshavebeen establishedwithoneor two restrictionenzymes,anda supportingdatabase
has beencreatedto supportcontigassembly.

Chromosome13-specificclonesare foundby hybridizationwitha nylon-griddedlibraryof all the
cosmidclones.A totalhumangenomeYAC libra_ has been obtainedfromICRF; poolshave been
formed,andscreeningwithchromosome13-specificprobeshas begun.Some equipmentforthis
projectwas suppliedby the RussianHumanGenomeOrganizationboard.
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Projects
New Strategies for Closure of the Chromosome 19 Contig Map Continuing
Mark Batzer and Anthony V. Carrano into FY 1993
Human Genome Center; Biology and Biotechnology Research Program; Lawrence Livermore
National Laboratory; Livermore, CA 94551
510/422-5721, Fax:/423-3608, Intemet:batzer2@llnLgov

DNA Sequence Mapping by Fluorescence in Situ Hybridization
Brlgette Brandriff, Laurie Gordon, Anne Bergmann, Marl Christensen, Anne Fertitta,and
Anthony Carrano
Human GenomeCenter; BiologyandBiotechnologyResearchProgram:LawrenceLivermore
NationalLaboratory;Livermore,CA 94551
510/423-0758, Fax:-3608, Intemet:brandriff@llnl.gov

Core Facility for Support of Chromosome 19 Physical Mapping
Anthony V. Carrano, AnneOlsen, Mark Batzer,Jane Lamerdin,and LindaK. Ashworth
HumanGenomeCenter;BiologyandBiotechnologyResearchProgram;LawrenceLivermore
NationalLaboratory;Livermore,CA 94550
510/422-5698, Internet:carrano 1@linl.gov

Mapping and Ordered Cloning of Human X Chromosome
C. Thomas Caskey and David L. Nelson
InstituteforMolecularGenetics;BaylorCollegeof Medicine;Houston,TX 77030-3498
Nelson:713/798-3122, Fax:-5386, Internet:nelson @bcm.tmc.edu

Massive Isolation and Contig Building of Chromosome-Specific YAC
Clones

Jan-Fang Cheng andJulia Nikolic
Human GenomeCenter;Cell andMolecularBiologyDivision;LawrenceBerkeleyLaboratory;
Berkeley,CA 94720
510/486-6549, Fax: -6816, Internet:jfcheng@lbl.gov

Physical and Transcription Mapping of Human Chromosome 11
Glen A. Evans, David McEIligott, Steven Clark, Suzanne Clancy, Licia Selleri, Michael Smith,
Merl Hoekstra,and Gary Hermanson
MolecularGeneticsLaboratory;Salk InstituteforBiologicalStudies;San Diego, CA92186-5800
619/453-4100 Ext. 279, Fax:/558-9513, Intemet:gevans@salk.sd2.sdsc.edu

A Clone-Limited STS Strategy for Physical Mapping
Christopher H. Martin, CarolA. Mayeda, andMichael J. Palazzolo
HumanGenomeCenter;Cell and MolecularBiologyDivision;LawrenceBerkeleyLaboratory;
Berkeley,CA 94720
Martinand Palazzolo:510/486-5909, Fax: -6816, Internet:chrism @genome.lbl.govor
mjpalazzolo @lbl.gov
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Projects
Interdigitatlon of the Genetic and Physical/Cosmid Contlg Maps ofContinuing

into FY 1993 HumanChromosome19
Harvey W. Mohrenwelser, Elbert Branscomb, and Anthony V. Carrano
Human Genome Center; Biology and Biotechnology Research Program; Lawrence Livermore
National Laboratory; Livermore, CA 94551
510/423-0534, Fax:/422-2282, Internet:harvey@cea.llnl.gov

Physical Mapping of Human Chromosome 16
N. A. Doggett,C. E. Hildebrand,M, K. McCormick?L. L. Deaven,' D. F. Callen,_G. R. Sutherland,3
K. Okumura,4D. C. Ward,sand R. K. Moyzis_
Life SciencesDivisionand 'Center forHumanGenomeStudies;LosAlamosNationalLaboratory;
Los Alamos,NM 87545
Moyzis:505/667-3912, Fax:/665-3024, Internet:moyzis@f/ovax.lan/.gov
2MassachusettsGeneralHospital;Charlestown,MA 02129
3Depadmentof CytogeneticsandMolecularGenetics;AdelaideChildren'sHospital;NorthAdelaide,
SouthAustralia5006, Australia
_JuntendoUniversitySchoolof Medicine;Departmentof Immunology;Tokyo 113,Japan
6Departmentof HumanGenetics;Yale UniversitySchoolof Medicine;New Haven, CT 06510

Assembly, Closure, and Characterization of a Chromosome 19
Contig Map
Anne S. Olsen, Emilio Garcia, Linda Ashworth, Alex Copeland,andAnthonyV. Carrano
Human GenomeCenter;BiologyandBiotechnologyResearchProgram;LawrenceLivermore
NationalLaboratory;Livermore,CA 94551
510/423-4927, Fax:-3608, Internet:olsen@ecor1.11nl.gov

Developing a Physical Map of Human Chromosome 22
Melvin I. Simon, BruceBirren,and HiroakiShizuya
BiologyD!vision;CaliforniaInstituteof Technology;Pasadena,CA 91125
8181356-3944,Fax:/796-7066

Physical Structure of Human Chromosome 21
Cassandra L. Smith, Denan Wang,_KaoruYoshida,'Jesus Sainz? Carita Fockler,'and
Meire Bremer'
CenterforAdvancedResearchinBiotechnology;BostonUniversity;Boston,MA 02215
617/353-2800, Fax:-5929, Internet:cls@buenga.bu.edu
_Divisionof ChemicalBiodynamics;LawrenceBerkeleyLaboratory;Berkeley,CA 94720
2Cedars-SinaiMedicalCenter;LosAngeles,CA 90048

Generating a Comparative Physical Map of Mouse Chromosome 7
Llu J. Stubbs, Eugene Rinchik,_and EstelaGeneroso
BiologyDivision;Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-8077
6151574-0848or -0864, Fax: -1283
_SarahLawrenceCollege;Bronxville,NY 10708
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Correlatlon of Physlcal and Genetic Maps of Human Chromosome 16
David F. Callen,SinoulaApostolou,ElizabethBaker, LlangZ. Chen, Helen Kozman,Sharon A.
Lane, JuUeNancarrow,HllaryA, Phillips,Yang Shen, AndrewD. Thompson,ScottA. Whitmore,
NormanA. Doggett,_RaymondL, Stallings,'C. Edgar Hildebrand,_JohnC. Mulley,RobertI.
Richards,andGrant R. Sutherland
Departmentof CytogenetlcsandMolecularGenetics;AdelaideChildren'sHospital;NorthAdelaide,
SouthAustralia5006, Australia
Sutherland:+ 61/8-204-7333 or -7284, Fax:-7384 or -7342
1Centerfor HumanGenomeStudies;LifeSciencesDivision;LosAlamosNationalLaboratory;
LosAlamos,NM 87545
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Projects New
in FY 1993 *Electrotransformation for Introducing DNA

Into Industrial Bacilli
Alexandre S. Boltsov
Department of Biophysics; St. Petersburg State Technical University; St. Petersburg195251,
Russia
+7-812/552-7964, Fax: -6086, Interne|:boitsov@bio.stu.spb.su

This groupis involvedin researchintwo majorfields,bacilligeneticsandgeneticengineering.We
have recentlybegunexploringelectrotransformation(ET) as a methodfor introducingDNA Into
industrialbacilli.In theseprojectsphysicsand biologyresearchersfromdifferentSt. Petersburg
institutesgatheredtogetherin ECOGENE, a sciencetechnologycompany.

We are attemptingto createa systemof highlyefficientbutgentlemethodsfor increasing
cell-membranepermeabilityandfor introducingbiomolecules(DNA,protein)intocellsvia an electric
field.These methodsappearto havea numberof advantagesovertraditionaltechniquesinthat the
metalelectrodesdonotcome intocontactwiththe cellsuspension;an extremelyhighintensityof
the electricfield(400 kV/cmor more)can be achievedwithpulsedurationof 10 ns and more;and
cellsurvival,electrostimulationefficiencyofthe microbiologicalprocesses,andET with
biomoleculesare increased.

The projectis basedonexperimentsrevealingthe unexpectedrolesof electricfieldintensityfor
cell-wallpermeabilityandthe dependenceof pulseshapeonET efficiency.These observations
became apparentthroughuse ofa speciallyconstructedapparatusinwhichelectricpulseparam.
eterswere independentofcell suspensionand pulseshapescouldvary.

This projectconsistsof (1) developmentofelectronicequipmentand(2) a theoreticalstudyof the
biophysicsprocess.We are developingtechniquesfor introducingverylarge DNA moleculesinto
Escherichia coil cellsthatcannotbe efficientlytransformedby the classicalmethodof
electroporatton.Our immediategoalsare the following:

• Elucidatethe principalpatternof E. coil ET withplasmidsup to 50 kb.

• Optimizethe ET protocolforE. coil cellswithplasmidsof 100 to 330 kb.

• Experimentwithbacilli,yeasts,and mycoplasmatofinishthe developmentof apparatuswith
optimalpulseshape.

• Completean ET theoreticalmodel.

*Development of Intracellular Flow-Karyotype Analysis
Andrel h Poletaev, SergeiI. Stepanov,_Valeri V. Zenin,_NikolayAksenov,_TatijanaV. Nasedkina?
andYuri V. Kravazky4
EngelhardtInstituteof MolecularBiology;RussianAcademyof Sciences;Moscow117984, Russia
+7-095/135-9824, Fax:. 1405 or/938.2187, Internet:polet@imb.msk.su
_St.PetersburgInstituteof NuclearPhysicsand2Instituteof Cytology;RussianAcademyof Sci.
ences;St. Petersburg,Russia
3Instituteof MolecularBiology;RussianAcademyof Sciences
4physico-TechnicalInstitute;Moscow,Russia

Intracellularflowkaryotypingappearsto be a feasibleand beneficialmethodforanalyzingkaryotype
aberrationsfromindividualcellsusingflowcytogenetics.Thistechnologymightbe especiallyuseful
forvariousstudiesof karyotypeinstabilityand tumorigenesis.

Groupsheaded by ScottCram(LosAlamosNationalLaboratory)andAndreiPoletaev(Russian
Academyof Sciences)are collaboratingto achievethe followingsixgoals.The Russiangroupis
carryingoutresearchdescribedinall sixgoals;Americaninvestigatorswillconcentrateonthe last
three.
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1. Optimizethe technologyof hydrodynamicdestructionof mitoticcellsby capillary-flow
high-gradientdevices.

2. Developalternativemethods(particularlyultrasonicdisintegration)of cellmembrane
destruction.

3. Improvemethodsforpreparinghumancellsforanalysiswhilemaintainingstablechromosome
staininginsidethe cells.

4. Adaptthe methodformodernserialflow-cytometersystems.

5. Developnew algorithmsandcomputerprogramsfordata interpretation.

6. Conductpilotresearchusingdifferenthumancell linemodelsto investigatethe method's
parameters.

First,we willestablishthe mainprinciplesofintracellularanalysistechnologyandbuildtwo instru-
ments,oneforgeneralstudyandthe otherfor makingimprovementsto the method.Second,we will
experimentwithhumancellsand improveequipmentandmethods.Last,we intendto adaptthe new
technologyfor modernserialflowcytometers.

Atomic Force Microscopy of Biochemically "ragged DNA
Matthew N. Murray,Helen Hansma,_D. FrankOgletree,I WilliamF. Kolbe,SylviaSpengler,
CassandraSmith? CharlesCantor,3and Mlguel Salmeron1
HumanGenomeCenter and IMaterialScienceDivision;LawrenceBerkeleyLaboratory;Berkeley,
CA 94720
Salmeron:510/486-6230, Fax:-4995, Internet:salmeron@lbl.gov
_Departmentof Physics;Universityof California;Santa Barbara,CA 93106
3CenterforAdvancedResearchin Biotechnology;BostonUniversity;Boston,MA02215

SmallDNA fragmentsof knownlengthweremade usingthe polymerasechainreaction.Thesefrag-
mentshadbiotinmolecules(vitaminH) covalentlyattachedto each endand werethen labeledwith
streptavidin.Thistetramericcomplexwasexpectedto bindupto fourDNA moleculesvia their
attachedbiotinmolecules.The DNA was thenimagedwithatomicforcemicroscopy(AFM). As
expectedtheoretically,imagesrevealedthe proteinat theend of the DNA strandsas wellas the
presenceof dimers,trimers,andtetramersof DNA boundto a singleprotein.Imagingtimewas
about 1 min.

With theseresults,we believewe have shownthat AFM doeshave sufficientresolutionto map
DNA. In its simplestform, mappinginvolvesmeasuringthe physicaldistancebetween two pointsof
DNA. Inthisexperimentwe have demonstratedthe abilityof AFM to performthistaskby attachinga
large proteinmarkerto geneticallyengineeredpiecesof humanDNA and usingAFM to locatethe
markerandmeasurethe knownlengthfromthe proteinto the otherendof the DNA.

Flow Karyotyping and Flow Instrumentation Development
Ger van den Engh and Barbara Trask
Departmentof MolecularBiotechnol()gy;Schoolof Medicine;UniversityofWashington;
Seattle,WA 98195
206/685.7345, Fax:-7301, Intemet:engh@fishnet.mbt.washington.edu

The purposeof thisprojectis to developmeansand methodsfor flowkaryotypingand chromosome
sorting.Analyticalflowkaryotypingis beingappliedto a varietyof areas relatedto genomicresearch
andmedicaldiagnostics.Chromosomespurifiedby flowsortingare usedforthe productionof
clonesor DNA librariesamplifiedby polymerasechainreaction(PCR).
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Projects New
The project is a continuation of the principal investigators' work at Lawrence Ltvermore National

in FY 1993 Laboratory. We have extensivelyexploredchromosomeanalysisby flowcytometryand have
improvedtechniquesof chromosomepreparationandstaining.We havebuilt flowinstrumentsthat
accuratelymeasureandsortchromosomeswithhighefficiency.We have producedsoftwarethat
facilitatesanalysisand comparisonof humanflowkaryotypesand optimizessortpurityand through-
put. As a resultof these developments,quantitativeDNA measurementof humanchromosomes
fromclinicalperipheralbloodculturesand establishedcell lineshas becomea straightforwardand
reproducibletechniquethatcan be appliedto a varietyof geneticstudies.Examplesare the
descriptionof normalchromosomeheteromorphism,quantificationof deletionsize incontiguous
gene syndromes,and routinemonitoringof somaticcellhybrids.Our developmentsinhigh-speed
sortingtechnologyhave ledto chromosome-enrichedlibraries(e.g., the DOE genslibraryproject).
Our techniqueshave been adoptedby otherlaboratories,and the instrumentation,whichhas been
licensedto industry,will soonbe available commercially.

This workshouldincreasethe availabilityof thistechniqueto the geneticsandgenomicsresearch
community.Experimentswillprovidequantitativeinformationonnormalandabnormalchromo-
somes,understandingof interactionsof DNA-bindingdyes andchromatin,deletionmaps of particu-
larchromosomeregionsto facilitatedirecteddisease-genemapping,improvedpurificationof
chromosometypes, andsimplificationof flowtechnologyfor exportto other researchinstitutions.In
addition,techniqueswillbe developedformappingprobestochromosomessortedontofilters,
producingDNA or RNA sequencelibrariesby PCR amplificationof smallnumbersof sortedchromo-
somesor cells,and identifyingandhandlingsinglebacteriacarryingtransfectedsequences.

Technology DeveloDment for Large-Scale Physical Mapping
Projects Tony J. Beugelsdijk, Patricia A. Medvick,RobedM. Hollen,and Randy S. Roberts

t_nntinuinn Los Alamos National Laboratory; LosAlamos,NM 87545
'qBIr qllB' IIl_lB II _ 505/667-3169, Fax:/665-3911
into FY 1993

Advanced Flow Cytometry Technique Development

James H. Jett, John C. Martin, andMark E. Wilder
Center forHuman GenomeStudies;Life SciencesDivision;LosAlamosNationalLaboratory;
LosAlamos,NM 87545
505/667-3843, Fax:/665-3024, Internet:jett@flovax.lanl,gov

DNA Separation by Pulsed-Field Capillary Electrophoresis
Barry L. Karger
BarneMInstitute;NortheasternUniversity;Boston,MA 02115
617/437-2867, Fax: -2855

Image Acquisition and Analysis

William F. Kolbe, Joseph E. Katz, and Joseph M. Jaklevic
Human GenomeCenterand EngineeringDivision;LawrenceBerkeleyLaboratory;
Berkeley,CA 94720
510/486-7199, Fax:-5857, Internet:wfko/b_@/b/.gov
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Automated Methods for Large-Scale Physical Mapping
Patricla A. Medvlck, RobertM. Hollen,TonyJ. Beugelsdijk,RandyS. Roberts,DavidM. Trimmer,
LeonardA. Stovall,and MarkA. Kozubel
Los AlamosNationalLaboratory;LosAlamos,NM 87545
505/667-2676, Fax:/665-3911, intemet:pm@lanl.gov

Roboticsand Automation

Donald C. Uber,JosephM. Jaklevic,and EdwardH. Theil
HumanGenomeCenter and EngineeringDivision;LawrenceBerkeleyLaboratory;Universityof
California;Berkeley,CA 94720
510/486-6378, Fax: -6816
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Projects New
in FY 1993 Sequencing by Hybridization: Development of an Efficient

Large-Scale Methodology
Radomir Crkvenjakov
CenterforMechanisticBiologyandBiotechnology;ArgonneNationalLaboratory;Argonne,IL
60439-4833
708/252-3161, Fax:-3387, Intemet:crk@everest.anl.gov

We proposedDNA sequencingby hybridization(SBH) in 1987. Steadyprogressinresearchand
theory, includingthe sequencingof an unknownshort(343-bp) DNA by thismethod,opens theway
forrapiddevelopmentand laboratory-scaleimplementationof the SBH approach.To achieveour
researchobjectiveof developingpotentialdailySBH ratesof upto 1 Mbper laboratory,we are
exploitingSBH Format1, in whichDNA samplesarrayedon a surfaceare sequentiallyinterrogated
by oligonucleotideprobes.

Thisstrategyis basedonthe developmentof a high-throughputlineforsimultaneousproductionof
hybridizationscoreson hundredsof thousandsof 1- to 2-kb clones.DNAsamplepreparationand
denseoffprintingon filters,hybridization,and imagingare highlyparallelizedand streamlinedfor
easyautomation.A throughputcapacityof 1 millionscores/dis projectedforthe nextyear, increas-
ingto 10 million/dinthe nearfuture.

Three levelsof sequencinginformationcan be obtaineddependingon the numbersof probes
scoredperclone inan experiment.Mappingandidentificationusingclonesequencesignaturescan
be achievedwithrelativelyfew(50 to 200) probes.Positioningandidentifyinggenomestructural
elements(partialsequencing)requiresmore-extensivehybridizations.Completesequencingby
SBH requiresdata fromseveralthousandprobes,eitheronthreeto five relatedgenomesor, inthe
case of singlegenomes,incombinationwithsingle-passgel sequencingof one genomeequivalent.

Inan orderlyprogressiontowardcompletesequencing,we havealmostcompletedthe development
of SBH forthe firstgroupof applications.Typingof 20,000 cDNAclonesfrom humanbrainwith60
to 110 probesled to groupingthemintoat least 5000 gene clusters,revealingthe abundance
structureof the librariesused.A modelexperimentonknownclonessimulatedthe cosmid-sized
DNA subclonelibraryof ten equivalents.Thisexperimentdemonstratedthat SBH data from
110 probescan lead to cloneclusteringso that the entireDNA is representedina one- to
two-equivalentset of clonesdrawnfromthe clusters.This can reducethe redundancyof gel
sequencingby five- to tenfold.The principleof partialsequencingwasdemonstratedby identifying
the gamma-actincDNA clusteronlyonthe basisof itshybridizationscores.

Intermediate-termgoalsare to (1) preparesequence-readymaps of 1- to 2-kb subclonesof human
cosmidsorbacterialartificialchromosomesandof severalrelatedbacterialgenomes;(2) identify
partiallysequencedcDNAsin previouslysequencedlibrariesto avoidredundancyin gene discovery
andefficientlyprovidecDNAsfromas-yet-unknowngenesforcompletesequencing;and (3) starting
fromthe abovemaps,combinehybridizationdatafrom 3000 probesand single-passgel sequencing
to obtainvery accuratefinishedsequenceata scale of 5 to 20 Mb/year.

Coupling Sequencing by Hybridization with Gel Sequencing for
Inexpensive Analysis of Genes and Genomes

Radoje Ormanac, Snezana Drmanac, and Ivan Labat
IntegralGeneticsGroup;CenterforMechanisticBiologyand Biotechnology;ArgonneNational
Laboratory;Argonne, IL 60439
708/252-3175, Fax:-3387, Internet:rade@everest.bim.an/.gov

Since 1987 whenwe conceivedsequencingby hybridization(SBH), we have developedseveral
proceduresand conceptsthatenable immediateuse of the methodas wellas future "chip"-based
technologies.Inparticular,hybridizationconditionswere definedandprovedby correctsequencing
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of 343 bp ina blindtest. Solutionsfor inexpensive,large-scalegenomeanalysiswithstate-of-the-art
technologiesare representedby (1) partialsequencingorfine structural(andsequence-ready)
mappingwith 100to 1000 probesand(2) fullsequencingby integratingthe incompletegel andSBH
data fromsingleorseveralsimilargenomes.A basisforgenomesequencingwithoutsubcloningis
providedby Format1 (an arrayof DNA samples)or Format2 (an arrayof probes)sequencingchips
basedon microbeads,and by a recentlyproposedcombinationof the twoformats.Format3
(combinatorialchip) involvesligationof arrayedprobesand probesin solution.

To implementFormat1, we havedevelopeda data-productionlinewiththe presentcapacityof
1 millionclone-probemeasurements/d.A high-throughputpolymerasechain reaction(PCR)
procedureis establishedusingBioOvens.Biomek1000 is adaptedto spot31,000 DNA sampleson
a 6- by 9-in. filter.This dotdensityprovides50 Mb of DNA per membrane,readyforfine mapping
and sequencing.Developmentofa hybridizationmachinewitha capacityof24 filtersis inprogress.
The Phosphorlmageris usedto collectdata from33P-labeledprobesandour image-analysis
programto reportdot intensities.Prioritiesfor upgradingcurrentfacilitiestowarda capacityof
10 millionscores/dare an automatedsettingof 10,000 PCR reactions/d,labelingof 100 probes/d,
androbotizedretrievalof selectedsubsetsofclones.

Bythe describedsetup,20,000 cDNA clonesfroma brainlibrary(M. B.Soares, ColumbiaUniver-
sity)have beenhybridizedwith256 probes.About13,000 groupsorsinglecloneshave been
recognizedby ourclusteringprogram.Screeningprovidesa rationalchoiceof clonesfor gene
mappingandfullsequencing.The method'ssimplicityallowsinexpensivescreeningof millionsof
cDNAsfromdozensof tissues.Ourfirst targetis 100,000 clonesfromthe brainlibrary.To demon-
stratesequence-readymapping(orderingof shotgunclones),1100 M13 subclonesfroma cosmid
(B. Koop,Universityof Victoria,Canada) have beenhybridizedwith250 probes,andscreeninga
shotgunlibraryof the 2-Mb genomeof the archebacteriaPyrococcus furiosus (F. Robb,Universityof
Maryland,Baltimore)has been started.

The nexttarget is a proofof the proposedinexpensivesequencingscheme,whichrequires
3000 probesand targetedsingle-passgel sequenceswithas muchas 20% errors.A further
advancementwouldbe comparativesequencingof 4 similarbacterialgenomes.Megabase se-
quencingbasedon reading14-mersthroughligationofback-to-backhybridized7-reefs willbe
investigatedin parallel.

Sequencing By Hybridization With Oligonucleotide Matrices
(SHOM)
Andrei Mirzabekov, Yuri Lysov, Eduard Kraindlin, GennadiM. Ershov,andVladimirFlorentiev
EngelhardtInstituteof MolecularBiology;117984 Moscow,Russia
+7-095/135-2311, Fax-1405, Internet:amir@imb.msk.su

Sequencingby hybridizationwitholigonucleotidematrix(SHOM) by thisresearchgrouphas ledto
the developmentof sequencingUmicrochips."These microchipsconsistof glassplatecoveredwith
polyacrylamidegelsquares(about30 x 30 I_m)thatare 20 I_mthickand containcertainchemically
immobilizedoctanucleotides.HybridizationwithDNA fragmentscan discriminateamongperfect
duplexes,duplexescontainingsingleinternalmismatches,and majorpartsof duplexescontaining
terminalmismatches.Developedprocedureshave beenusedsuccessfullyinmodelexperimentsto
sequencea heptadecanucleotideandlocalizea singlebase changeinthreeother
heptadecanucleotides.A theory has beendevelopedto describeDNA hybridizationwith
gel-immobilizedoligonucleotides.The theorypredictsthe apparentthermostabilityof duplexesand
the thermostabilitydependenceonconcentrationof immobilizedoligonucleotides,gelthickness,and
washingtime[K. Khrapkoet al., DNA Sequence 1,375-88 (1991); M. Livshitset al., =Dissociationof
DNA DuplexeswithGel-ImmobilizedOligonucleotides"(inpreparation)].
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Projects New
in FY 1993 Prototype automatic sequencingequipmenthasbeen createdand tested.Thisequipmentconsists

of a thermostatedplate anda fluorescentmicroscopewitha charged-coupled-display(CCD) camera
connectedto a computerformeasuringhybridizationof fluorescentlylabeledDNA withimmobilized
oligonucleotides.Softwarehas alsobeendevelopedfor imageanalysisof the patternof hybridized
octamersandfor DNA sequencereconstitution.

A "continuousstackinghybridization"approach,whichmakesthe efficiencyof a matrixof immobi-
lizedoctanucleotidesas highas the efficiencyof a tridecanucleotidematrix,hasbeen suggested.
The procedureisbased onadditionalroundsof hybridizingthe octamermatrixwithchosen
fluorescentlylabeledpentanucleotidesand unlabeledDNA. Computersimulationshave shownthat
severalroundsof continuousstackinghybridizationof DNA withan octanucleotidematrixinthe
presenceof a mixtureof preselectedpentanucleotidesimitateshybridizationwitha tridecanucleotide
matrixandthuscan be effectivelyusedto sequenceDNA that is severalthousandnucleotideslong
[Yu, Lysovet al., "DNASequencingby Hybridizationto OligonucleotideMatrix:Calculationof
ContinuousStackingHybridizationEfficiency"(inpreparation)].The use of gelto immobilize
oligonucleotidesprovidesthe importantpossibilityof increasingthe capacityof matricesfor immobi-
lizedoligosandequalizingthe thermostabilityof G+C- andA+T-rich duplexes.Our futureefforts
willbe concentratedon optimizingconditions,materials,equipment,and softwareso that SHOM can
internallysequencemillionsofbases perday of near-nonrepetitiveDNA severalthousandnucle-
otideslong.

*Development of a Simple and Rapid Technique for
Sequencing DNA Fragments
Oleg I. Serpinsky, Galina F. Sivolobova,GalinaV. Kochneva,IlnurH. Urmanov,VictorN. Krasnikh,
and YuraA. Gorbunov
Instituteof MolecularBiology;Koltsovo,NovosibirskRegion633159, Russia
+7-3832/647-887, Fax:/328-831

A limitingfactorin Sangersequencingisthe preparationof DNA templatesforcarryingout
polymerasechain reaction.The goal ofthisprojectisto developa simpleandtimesavingtechnique
for preparingDNA samples. Ourprojectincludesthe followingsteps:

• Constructa specializedtransposablegeneticelement[Tn5s2 (onTn5 basis)]containingthe
(1) NPTII geneforselectingtaggedDNA plasmidsafter insertionmutagenesis,(2) IS1 gene for
generatingthe deletionvariantsof DNA plasmidsin whichTn5s2will be inserted,(3) original
ribosomal$12 geneof Escherichia co/i as a geneticmarkerto allowselectionof E. coil clones
bearingdeletionDNA plasmids,and (4) fragmentof M13 bacteriophageDNA allowing
single-strandedDNA (ssDNA)to be obtained.

• Chooseor create E. coilstrainsnecessaryfortranspositionand preparedeletionvariantsof
plasmidDNA andtheir single-strandedforms.

ImprovessDNA-isolationmethodsand determinesequencesof some DNA fragments(usingthe
transposonTn5s2 as an example).

We believethistechniquewillnotrequireDNAsubcloninginspecializedvectorsif a plasmidwithout
kanamycinresistanceis used.This techniquemay be easilyautomatedandthusincreasethe
efficiencyof Sanger sequencing.
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Large-ScaleDNASequencingwith a PrimerLibrary
F. William Studler and John J. Dunn
Biology Department; Brookhaven National Laboratory; Upton, NY 11973
516/282-3390 or -3012, Fax:-3407
Internet:studier@genome 1.bio.bnl.govordunn@genome l.bio.bnl, gov

Our aim isto developa DNA sequencingcapacitythat cancontributesignificantlyto the goal of
sequencingthe humangenomewithinthe next 10 years.We foundthat stringsof threecontiguous
hexanucleotides(hexamers)can primesequencingreactionsspecificallyontemplatesat leastas
large ascosmidDNAs (40 kb) if the templateDNA is saturatedwitha single-strandedDNA-binding
protein.Mostof the 4096 possiblehexamersseem to participateeffectivelyinsuchprimingreac-
tions,and the initialsuccessrate of 60 to 90% comparesfavorablywithconventionalpriming.The
abilityto primesequencingreactionsfroma hexamerlibrarymay allowsequencingby primer
walkingonmultipletemplatesas fastas sequencingreactionscan be assembled.Asthe nextsteps
towardrealizingthispotential,our immediategoalsare to (1) integratetriple-hexamerpriming
chemistrywithfour-colorfluorescentlabelinganddetection,(2) implementcapillaryelectrophoresis
witha replaceablematrixfor rapidreadoutof manysequencingreactionsin parallel,and (3) maxi-
mizeprimingeffectivenessby learningmoreaboutthe factorsthat affect it.Ourultimateaim is to
developa fullyautomatedmachinecapableof producinghundredsof thousandsof base pairsof
finishedDNA sequenceperday.

Novel Separation and Detection Methods for Gene Mapping
and DNA Sequencing Project
Edward S. Yeung Renewed
Department of Chemistry; Iowa StateUniversity;Ames, IA50011 in FY 1993
515/294-8062, Fax:-0266, Internet:yeung@ameslab.gov, BITNET: yeung@alisuvax

Electrophoresisisone of the mostpowerfulproventechniquesavailableforgenemappingand
sequencing.The numberof possibleresolutionelementsindicatesthat separationefficienciesand
informationcontentintwo-dimensionalgelseasilyoutperformothertechniques.Recently,electro-
phoresisincapillarytubeshas shownpotentialfor extendedsize rangeinsequencingrunsandfor
substantiallyincreasedspeed. The majorproblemis indetectingthe separatedcomponents.

Inconventionalelectrophoresis,a tag is introducedto allowmeasureinentby absorption,fluores-
cence,or radiography.At best,onlysemiquantitativeresultsare obtainedbecauseof unreliable
chemistryanddifficultiesinprobinga two-dimensionalspot,whichcan be distorted.Stainingcan
alsoaffectcomponentmigrationand leadto sequencingerrors.

We proposeto developnovelseparation,detection,and imagingtechniquesfor real-timemonitoring
in electrophoresis.Emphasiswillbe on schemesthat allowmultiplexingand onmethodsthat donot
requirespecializedfluorescentor radioactivetags.These techniqueswillbe usedforsubstantially
increasingthe speed, reliability,and sensitivityin genemappingand DNA sequencingapplications,
both inslabgelsand incapillarygels.
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Projects
Continuing Sequencing by Hybridization: Methods to Generate Large Arrays

of Oligonucleotidesinto FY 1993
Thomas M. Brennan
EngineeringDivision;LawrenceBerkeleyLaboratory;Berkeley,CA 94720
On siteat StanfordUniversity;PaloAlto,CA 94301
415/725-7423, Fax: -1534, Internet:brennan@sumex-aim.stanford.edu

Detection of Luminescence from Lanthanide Ions as Labels for DNA
Sequencing
Gilbert M. Brown, Robed S. Foote, K. Bruce Jacobson,FrankW. Latimer,RoswithaS. Ramsay,
RichardA. Sachleben,andRichardP. Woychik
Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-6119
615/576-2756, Fax:-5235

Vacuum Ultraviolet Ionizer Mass Spectrometer for Genome
Sequencing
C. H. Winston Chen, Marvin G. Payne,1and K. Bruce Jacobson
Health andSafety ResearchDivision;Oak RidgeNationalLaboratory;Oak Ridge,TN 37831
615/574-5895, Fax:/576-2115
_Departmentof Physics;GeorgiaSouthernUniversity;Statesboro,GA 30460

Development of a Fully Integrated Technology to Facilitate
Sequencing the Human Genome
George Church
Departmentof Genetics;HarvardUniversity;Boston,MA 02115
617/732-7562, Fax:-7663, Intemet:church@rascal.bwh.harvard.edu

Sequencing by Hybridization
Radomir CrkvenJakovand Radoje Drmanac
Biologicaland Medical ResearchDivision;ArgonneNationalLaboratory;Argonne,IL60439-4833
708/252-3161 or-3175, Fax:-3387, Internet:crkve@mcs.anl.gov

Genomic Instrumentation Development: Detection Systems for Film
and High-Speed Gel-Less Methods
Jack B. Davidson and Robed S. Foote1
Instrumentationand ControlsDivision;_Universityof TennesseeGraduate Schoolof Biomedical
SciencesandBiologyDivision;Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-6010
615/574-5599, Fax: -4058

Single-Molecule Detection Using Charge-Coupled Device Array
Technology
M. Bonner Denton and Richard Keller, _
Departmentof Chemistry;Universityof Arizona;Tucson,AZ 85721
602/621-8246, Fax:-8272, Internet:mbdent°n@ccit'ariz°na'edu
_Chemicaland LaserSciencesDivision;LosAlamosNationalLaboratory;LosAlamos,NM 87545

42



IIII III I I I I II

Multicolumn Gel Electrophoresis and Laser-Induced Fluorescence
Detection for DNA Sequencing at 64,000 Bases/Hour
Norman J. Oovichl
Departmentof Chemistry;Universityof Alberta;Edmonton,Alberta, Canada T6G 2G2
403/492-2845, Fax:-8231, Intemet: norm_dovichi@dept.chem.ualberta.ca

Rapid Preparation of DNA for Automated Sequencing
John J. Dunn and F. William Studler
BiologyDepartment;BrookhavenNationalLaboratory;Upton,NY 11973
512/282-3012 or -3390, Fax: -3407, Intemet:dunn@genomel.bio.bnl.gov

Using Scanning Tunneling Microscopy to Sequence the Human
Genome

Thomas L. Ferrell, Robert J. Wsrmack, David P. Allison, K. BruceJacobson,GilbertM. Brown,
andThomasG. Thundat
Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-6123
Warmack:615/574-6215, Fax: -6210, BITNET: rjw@omlstc

DNA Sequence Analysis by Solid-Phase Hybridization
Robert S. Foote,_RichardA. Sachleben?and K.BruceJacobson1
Universityof TennesseeGraduateSchoolof BiomedicalSciences;_BiologyDivisionand2Chemistry
Division;Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-8077
615/574-0801, Fax: -1274

Advanced Sequencing Technology
Raymond F. Gesteland and RobertWeiss
Departmentof HumanGenetics;Universityof Utah;Salt Lake City,UT 84112
801/581-5190, Fax:/585-3910, Internet:rayg@genetcs,med.utah.edu

Megabase Sequencing of Human Immune Receptor Loci
Leroy E. Hood
Department of Molecular Biotechnology;Universityof Washington;Seattle,WA 98195
206/685-7367, Fax:-7301

DNA Sequencing Using Stable Isotopes
K. Bruce Jacobson, HeinrichF. Arlinghaus,_GilbertM. Brown?RobedS. Foote,FrankW. Latimer,
RichardA. Sachleben,=NorbertThonnard,_andRichardP. Woychik
BiologyDivisior_and2ChemistryDivision;Oak RidgeNationalLaboratory;Oak Ridge,TN
37831-8077
615/574-1204, Fax:-1274, BITNET: bru@ornl.stc
_At0mSciences, Inc.;Oak Ridge,TN 37830
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Projects
Continuing Advanced Detectors for Mass Spectrometry
into FY 1993 Joseph M. Jaklevlc, W. Henry Benner, and Joseph Katz

Human Genome Center and Engineering Division; Lawrence Berkeley Laboratory; Berkeley,
CA 94720
510/486-5647, Fax:-5857, Intemet:jmjaklevic@lbl.gov, BITNET:jmj@ibl

Rapid DNA Sequencing Based on Fluorescence Detection of Single
Molecules

James H. Jett, Richard A. Keller, John C. Martin, andE. Brooks Shera
Center forHumanGenomeStudies;LosAlamosNationalLaboratory;LosAlamos,NM 87545
Keller:505/667-3018, Fax:/665-3024

Transposon-Based Genomic Sequencing
Christopher H. Martin, Michael Strathmann,CarolA. Mayeda, andMichael J. Palazzolo
Human GenomeCenter;Cell andMolecularBiologyDivision;LawrenceBerkeleyLaboratory;
Berkeley,CA 94720
Martinand Palazzolo:510/486-5909, Fax: -6816, Internet:chrism @genome.lbLgovor
mjpalazzolo@lbl.gov

Ultrasensitive Fluorescence Detection of DNA

Richard A, Mathies, MarkA. Quesada,Hays S. Rye,_XiaohuaHuang,JiunW. Chen, and
Alexander N. Glazer;
Departmentsof Chemistryand _Molecularand Cell Biology;Universityof California;
Berkeley,CA 94720
510/642-4192, Fax:-3599

Preparation of Oligonucleotide Arrays for Hybridization Studies
Michael C. Pirrung
Departmentof Chemistry;Duke University;Durham,NC 27708-0346
919/660-1556, Fax:-1591

Thioredoxin-Gene 5 Protein Interactions: Processivity of
Bacteriophage T7 DNA Polymerase
Jeff Himawan, Stanley Tabor, and Charles C. Richardson
Departmentof BiologicalChemistryand MolecularPharmacology;Harvard MedicalSchool;Boston,
MA 02115
617/432-3129, Fax:-3362

Improvement and Automation of Ligation-Mediated Genomic
Sequencing
Arthur D. Riggs and Gerd P. Pfeifer
Department of Biology; Beckman Research Instituteofthe City of !.tope;Duarte,CA 91010
818/301-8352, Fax:/358-7703
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A High-Speed Automated DNA Sequencer
Lloyd M. Smith
Departmentof Chemistry;Universityof Wisconsin;Madison,WI 53706
608/263-2594, Fax:/262-0453, Internet:smith @bert.wisc.edu

High-Speed DNA Sequence Analysis by Matrix-Assisted Laser
Desorption Mass Spectrometry
Lloyd M. Smith and Brian Chair'
Departmentof Chemistry;Universityof Wisconsin;Madison,WI 53706
608/263-2594, Fax:/262-0453, Internet:smith@bert.wisc.edu
'RockefellerUniversity;New York,NY 10021

Automation of the Front End of DNA Sequencing
Lloyd M. Smith and David Mead1
Departmentof Chemistry;UniversityofWisconsin;Madison,WI 53706
608/263-2594, Fax:/262-0453, Internet:smith@bert.wisc.edu
_Chimerx;Madison,WI 53704

Ion Cyclotron Resonance-Mass Spectroscopy of DNA Molecular Ions
Richard D. Smith, Charles G. Edmonds, and Joseph A. Loo
Chemical Sciences Department; Pacific Northwest Laboratory; Richland,WA 99352
509/376-0723 or -5665, Fax: -0418

Large-Scale DNA Sequencing with a Primer Library
F. William Studler andJohn J. Dunn
BiologyDepartment;BrookhavenNationalLaboratory;Upton,NY 11973
516/282-3390, Fax: -3407

Time-of-Flight Mass Spectrometry of DNA for Rapid Sequence
Determination

Peter Williams and Neal Woodbury
Department of Chemistry; Arizona State University; Tempe, AZ 85287-1604
602/965-4107, Fax: -2747
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Projects New
In FY 1993 *Method for Direct Sequencing of Diploid Genomes on

OIIgonueleotide Arrays: Theoretical Analysis and Computer
Modeling
Alexander B. Chetverln, A. R. Rubinov, M. S. Gelfand, S. A. Spirin,'M. E. Ivanov?R. F. Nakipov,
and O. I. R_gulyaev
Viral RNA BiochemistryGroup;Instituteof ProteinResearchand'Instituteof MathematicalProb-
lems in Biology;RussianAcademyof Sciences;142292 Pushchino,MoscowRegion,Russia
=A.N. BelozerskyInstituteof PhysicalandChemicalBiology;MoscowState University;Moscow,
Russia
Internet:chetveri @cgi.nks.sn

Projectsto sequenceseveral largegenomes,particularlythe humangenorne,makethe automation
of nucleicacidsequencingone of the mostimportantproblemsof biochemistryand molecular
biology.RecentlyseveralgroupsinGreat Britain,Yugoslavia,Russia,andthe UnitedStates
suggesteda new, easilyautomatablemethodforDNA sequencingby hybridization(SBH) with
oligonucleotides,compilingthe completelistof oligonucleotidesofa fixed length(k-tuples)that
occurin a DNA fragment(fragmentvocabulary)and subsequentlyreconstructingthe fragment
sequenceby linkingmaximallyoverlappingk-tuplesfromthe vocabulary.

In itscurrentformSBHdoesnotaccomplishcompleteautomationof genomesequencing,sincethe
needstillexistsfor randomcloningof millionsoffragments.To overcomethisproblem,
A. B. Chetvednand F. R. Kramerrecentlysuggesteda methodfor directsequencingof large
(Includingdiploid)genomeson oligonucleotidearrays.

Unlikeexistingstrategiesfortotalgenomesequencing,the suggestedapproachwouldnotrequire
preliminaryfragmentcloningand chromosomemappingandcouldbe completelyautomated.
Substantialreductionsin time andcostwouldresult;preliminaryestimatesshowthatthe costof
humangenornesequencingcouldbe reduced10- to 100-fold.Furthermore,totalsoquencingof an
individualdiploidgenomecan be consideredwiththismethod,as opposedto sequencinga haploid
set offragmentsarbitrarilycompiledfromdifferentindividualgenomes.One of the stages(i.e.,
fragmentsortingandpoolreconstruction,see below)can be usedfordirectsequencingofthe total
poolof cellularRNA,withobviousadvantagesforgenetics,developmentalstudies,and medicine.

Inthisprojectwe planto develop,implement,andtest computeralgorithmsto solvethe problemof
reconstructingfragmentsequencesina pool.Thisis importantforthe followingreasons.First,
computerprocessingof biochemicaldata is an integralandessentialpartof the method.Second,
practicalimplementationofthe methodshouldbe precededby intensivecomputermodelingand
theoreticalanalysisto determinesuchoptimalbiochemicalparametersasoligonucleotidesize,
meanand maximalvaluesof fragmentlengthandpoolsize measuredas theircombinedlength,and
signal-to-noise(s/n)ratioinhybridizationprocedures.Sucha preliminaryanalysiswouldsubstan-
tiallyincreasereliabilityanddecreasethe costofcollectingbiochemicaldata. Finally,some arising
mathematicalproblemsare novel,andthey have independentvaluefor discretemathematicsand
computerscience.

Accurate Restoration of DNA Sequences
Gary A. Churchill
BiometricsUnit;CornellUniversity;Ithaca,NY 14853-7801
6071255-5488,Fax:-4698, Internet:gary @amanita.biom.come//,edu

Thisprojectwilldevelopstatisticalmethodsand algorithmsto detectpotentialerrorsin DNA
sequencedata andcomputesummarymeasuresof sequencequality.Methodswillbe basedon a
stochasticmodelofsequencingerrorsthatwillapplyto any technologythat generatesoverlapping
linearsequencefragments,includinggeland capillaryelectrophoresis.New high-speedsequencing
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technologiesere expectedto be developedthat mayproduceerrorsinraw fragmentsequencesat a
muchhigherrate thenexistingmethods.The problemof assemblingoverlappingsequencefrag-
mentswillalsobe addressed.

Our long-termgoal is to developan efficientandfullyautomatedquality-controlprocedurethat
shouldbe an integralpart ofany large.scalesequencingproject•This automatedprocedureshould i
eventuallyreplacemuchexpensivehumaneffortexpendedin recheckingrawsequencedata.
Model-basedstatisticalmethodscan helpimprovethe efficiencyof existingsequencingtechnology
(forexample,by allowingfor longergel runs)andwillbe an essentialcomponentof any systemthat
canproducehigh.qualityfinishedsequenceat the targetrate of 1 Mb/d.

Computer-Aided Genome Map Assembly with SIGMA
(System for Integrated Genome Map Assembly)
Michael J. Cinkosky, MichaelA. Brtdgers,WilliamM. Barber,Mohamad Ijadi,and
JamesW, Fickett
TheoreticalBiologyand BiophysicsGroup;Los AlamosNationalLaboratory;LosAlamos,NM 87545
505/665-0840, Fax:-3493, Internet:michael@tlO.lanl.gov

SIGMA (SystemforIntegratedGent,me Map Assembly),a recentlyreleasedgraphicalgenomemap
editor,supportsthefollowing:

graphical,mouse-basedgenome map editing;

. integrationof data frommany differenttypes of physicalandlinkageexperimentsand at all
appropriateresolutionlevels,frombandedideogramsto restrictionfragments;

. creationof multiple"views"ona singlemap;

creationby usersof newclassesof map objectsondemand;and

• workgroupmap buildingthroughthe use of client-serverdatabasemanagementsystem
technology.

Inaddition,SIGMA enablesusersto storemap-baseddata as partof the map itself.This feature:

• keepsunderlyingdata as partof the map,allowingusersto knowthe realsupportfor anygiven
map;

. automaticallyevaluatesthe map againstunderlyingdata,pointingoutplaceswherethe two
disagree;and

• createsa platformfor automaticmap assemblyalgorithmsbeingdevelopedby manygroups
worldwide.

The software,documentation,anda numberof samplemapsin SIGMA format,includingcurrent
GenomeData Basemaps,are availableby anonymousFTP fromatlas.lanl.gov. Additionalinforma-
tionmay be obtainedby sendinga messagecontainingonlythe wordslgma-lnfo to
bioserve @t10.lanl•gov.

Informatics for the Sequencing by Hybridization Project
Aleksandar Milosavljevlc and Radomlr CrkvenJakov
Center forMechanisticBiologyand Biotechnology;ArgonneNationalLaboratory;Argonne,IL
60439-4833
708/252-3161, Fax:-3387, Internet:crk@everest.anl.gov

Methodsforthe designandanalysisof massivehybridizationexperimentshave beendevelopedon
a solidtheoreticalbasis.Algorithmicinformationtheory andminimallengthencodingare beingused
to designmethodsforcomparingpartialsequencedata anddatabasesof sequencedDNA. Prelimi-
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Projects New
nary experiments led to the first identification of 55 gamma-actin cDNA clones based on their

in FY 1993 hybridizations to 110 heptamer probes. In addition, clustering methods are being developed and
applied to discover groups of similar clones in cDNA and genomic libraries through comparison of
their hybridization signatures. Clone clustering revealed transcriptional structure in human brain
cDNA libraries. A preliminary experiment demonstrated the potential of the clustering method to
reduce by 10 times the sequencing effod needed to cover a 12-kb segment of human genomic
DNA. Mutual information and other concepts from information theory are being applied to interpret
measurements optimally and approach design of massive hybridization experiments.

A relational database that conlains a complete record of massive hybridization experiments has
been developed using Sybase client-server technology. A complete suite of programs for experi-
ment design, ent_/of experimental data, and data analysis has been built into the UNIX C-shell in

order to facilitate the writing of C-shell scripts for these functions. The programs are written in C.+
and interfaced with the database by using Sybase db-library. A new level of experiment design and
debugging is being developed to facilitate a complete experiment design in the computer; this
design will then be automatically converted into robotic instructions for such routine laboratory
operations as microtiter plate manipulation and dot-blot filter printing. Preliminary research is being
performed using the Quintus Prolog system to interface the database of hybridization experiments
with databases of annotated DNA sequences. The logic programming level will enable lhe rapid
design of computational experiments as well as a uniform data representation level, both of which
are necessary for machine discovery of biologically relevant patterns.

Sequencing by Hybridization Algorithms and Computational Tools
Radoje Drmanac, Ivan Labat, and Nick Stavropoulos
Integral Genetics Group; Center for Mechanistic Biology and Biotechnology; Argonne National
Laboratory; Argonne, IL 60439
708/252-3175, Fax: -3387, Internet: rade @everest.bim.anLgov

Sequencing by hybridization (SBH) requires sophisticated computational procedures for data
acquisition and evaluation and for DNA screening, mapping, and sequencing applications. We have
been developing algorithms and programs and performing simulations to prove many SBH possibili-
ties other than the straight sequencing of short DNA fragments. For example, we demonstrated a
10- to 50-fold increase of SBH efficiency by using overlapped and similar sequences in the assem-
bly process. Furthermore, we showed that partial sequences obtained by 100 to 1000 probes are
sufficient for gene identification and recognition of overlal,ped and similar sequences.

Recently we have started to produce large sets of real hybridization data that define practical
requirements and serve as a final check for the necessary programs. Several computational tools
have been developed to enable use of the data. The programs are based on heuristic rules and
resemble expert systems resistant to common experimental imprecision. All the programs use
hybridization intensities without conversion to 0/1 (binary) form.

Acquisition of hybridization data from filters containing 31,000 dots (1 doVmm _) is the first step. An
image-analysis program (DOTS) has been developed (J. Jarvis and R. Drmanac) that automatically
defines filter position and reports hybridization intensity for each dot. Programs for evaluating and
normalizing data (SCORES), identifying groups of similar clones (CLUSTERS), and ordering clones
(CORD) are in the final phase of development. The programs are written in C for UNIX platforms
with an X-Windows interface. Through SCORES and CLUSTERS, 20,000 cDNA clones have been
sorted into 13,000 groups, Further, an algorithm has been developed for matching hybridization
signatures with known sequences by simulating the expected probe scores for known sequences.
The CORD program defines contigs of 1. to 2-kb clones hybridized by 200 probes and provides
sequence-ready maps. The maps allow clone selection for complete sequencing by less then 2
reads/bp. In various simulation experiments, CORD has shown a tolerance to more hybridization
errors than observed in our experiments and to the high abundance of Alu repeats found in human
sequences.
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Key programs remainto be developedforassemblingsequenceby (1) combiningsingle.passgel
sequenceshavingas muchas a 20% errorrate withhybridizationdata from3000 probesand
(2) integratinghybridizationdata fromsimilarsequences.A programis alsoneededforusingpartial
sequencedata to identifygenesand othergenomeelements.

*Computer Analysis of Functional Regions of the Human
Genome
Nikolsy A. Kolchanov
Laboratoryof TheoreticalMolecularGenetics;Instituteof Cytologyand Genetics;SiberianBranchof
the RussianAcademyof Sciences;Novosibirsk630090, Russia
+7-3832/353-335, Fax:/356-558, Internet:kol@cgi.nsk.su

Thisworkis directedtowardcomputeranalysisof the structural-functionalorganizationand evolu-
tionof functionalregionsof humanand mammaliangenomes.Attentionwillbe focusedon genes
codingforproteins,5' regulatoryregions,3' flankingregions,and repeatsequences.

We planto studythe distributionof shortoligonucleotidesadjacentto transcribedregions.Our
specificaim is to identifystatisticallysignificantoligonucleotidepatternsinthe transcriptionstarting
regionof RNA polymeraseII. Particularemphasiswillbe onoligonucleotidedistributionthatcan be
approximatedto lineartrendswithinpromoterregions(200 to 400 bp).

Evolutionof the distributionpatternof shortnucleotidesadjacentto transcriptionstartregions(200
to 300 bp)will alsobe studied.For thispurpose,we intendto performcomputermodelingof primate
and rodentgenes. Simulationresultswillbe comparedwithreal data,and the mostadequate
evolutionarymodelsof promoterregionsinneutralandadaptivevariantswillbe chosen.A computer
methodwillbe designedto recognizestartingpointsof transcriptionby RNA polymerasein eukary-
oticgenes. Linear-discriminantanalysisof manyfeaturesrelevantto oligonucleotidedistributionin
the transcriptionstart regionwillbe performedfor thispurpose.

Contextualfeaturesof genescodingforproteinswillbe analyzed.Analysiswilltake intoaccountthe
exon-intronstructureinthese genes.We intendto identifycontextualfeaturesspecificto each given
functionalregionby analyzingexons,introns,and theirboundariescontainingdonorand acceptor
splicingsites.Thesefeatureswillbe usedto developcomputermethodsforrecognizingexons,
introns,andwholegenes innucleotidesequences.Methodswill includetraditionalapproaches
basedondiscriminantanalysisandmethodsof classificationtheoryandrecursivecontextual
systems.

Computeranalysiswillbe performedto determinemolecularmechanismsof mutationemergencein
the codingparts of genesin human and othervertebrate genomes. Ourgoal is to determine the role
of polynucleotide context and estimate the contribution of different mutagenesis mechanisms to
mutation emergence. Mechanisms to be studied include template chain dislocation, gene conver-
sion, heteroduplex repair, and effects of specific and nonspecific signals of polynucleotide context
on mutationemergence.

Polyadenylation sites in the 3' ends of genes transcribed by RNA polymerase II will be analyzed.
These sites, key signals in 3' flanking regions of a given group of genes, determine features of
3'-end processing of pre-mRNAs. We intend to analyze specific features of nucleotide context to
determine the location of polyadenylation sites in genomic DNA. Based on these results, a method
will be developed for recognizing polyadenylation sites in sequences of human and other vertebrate
genomes. We intend to identify specific contextual features of polyadenylation sites that determine
the magnitude of their functional activities. Methods will be developed for estimating functional
activities of given sites derived from sequences.

We will also study the insertion-site contextual features of Alu repeats in the primate genome. These
features include homology and complementarity between Alu sequencesand insertion regionsas
well asdistribution patterns of short oligonucleotides within insertion sites of Alu repeats.The
number of potential insertion points of Alu into human and primate genomes will be estimated.
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Projects New
in FY 1993 21Bdb: A Database for Human DNA Sequence Information

Suzanna Lewis, John McCarthy, Edward Thell, ArunAggarwal,DonnDavy, SamPitluck,and
MichaelPalazzolo
Human GenomeComputingGroup;LawrenceBerkeleyLaboratory;Berkeley,CA 94720
McCarthy:510/486-5307, Fax:-4004, Intemet:jlmccarthy@lbLgov

21Bdb is a variantof ACEDB,a suiteof databaseand displaysoftwareoriginallydevelopedby
RichardDurbinandJean Thierry-Miegto meetthe needsof the Caenorhabditis elegans project.
21Bdb includesall thefunctionalityof ACEDB andextendsthosecapabilitiesto meetnew require-
mentsof the LawrenceBerkeleyLaboratory(LBL)chromosome21 sequencingproject.21Bdb is
beingusedto maintainand provideinformationfor laboratorypersonnelandthe chromosome21
researchcommunity.

Three aspectsof ACEDBthat have beenespeciallyusefulfor LBLare schemadesign,data
presentation,andcollaboration.ACEDB makesrelativelyeasy the continuousrefinementof the
databaseschemato matchongoingresearchneedsand permittimelyresponsesto rapidlychang-
inglaboratoryrequirements.Second,ACEDB alreadyincludesnumerousgraphicaldisplaysfor
genomicdata and an independentsimplegraphicslibrarythat is completelyportableacrossmany
platforms.Thisfeatureenablesusto formulatequicklyourowncustomizeddata displays,as we
have alreadydoneforflyDB(developedforthe Drosophila physicalmappingproject).Finally,LBL
staff haveestablisheda veryproductiveongoingcollaborationwiththe originaldevelopersof
ACEDBto extendACEDBvia the Internet.ManyLBLenhancementshave alreadybeenincorpo-
ratedintothe standardACEDBdistribution.ACEDBwill alsobe usedby the new Sanger Sequenc-
ir_gCenterin Cambridge,England,thusmakingavailablemoreopportunitiesforcollaborationon
humangenomesequencingtools.

LBL is exploitinga directedsequencingtechniqueonits chromosome21 project.The implications
for laboratorydata managementare significant.By definition,a directedstrategyrequiresthat
biologistsknowthe completeheritageof each DNAsequenceand itspositionin relationshipto other
DNA sequences.This knowledgesimplifiesand makesmoretractablethe sequence-assembly
process.The databasemustrecordall subclonesderivedfromeach P1 clone,the P1 subclone
map, the transposon-insedionmap of eachsubclone,descriptionsof all transposon-insertedpriming
sitesderivedfromeach subclone,andsequencingstatusandresultsforevery primingsite.
Recordeddata are availablebothgraphicallyandcomputationally.

This physicalmap andchromosome21 sequencedata generatedby thisprojectwillbe availableto
the communitythroughthe21Bdb database.These data includenotonlythe LBL P1 physicalmap
butalsocorrespondinglinkagesto the Genethonyeastartificialchromosomemapvia sequence
tagged sitesderivedat bothlaboratories.The databasealsoincorporateshigh-resolutionmapsof
individualPls made beforesequencingandthe sequencedata itself.Collaborativeworkon
providingpublicaccessis underway. Emphasisison a graphicalpresentationthat looksand feels
naturalforbiologists.

Multiple Alignment and Homolog Sequence Database
Compilation
Hwa A. Lim
Florida State University;Tallahassee, FL 32306
904/644.1010, Fax:-0098, Internet:hlim@scri.fsu.edu

In the last fewyears,especiallywiththe prolificgrowthof sequencedata sincethe HumanGenome
Projectbegan,the problemof sequencealignmenthas been a mainresearchsubjectintheoretical
and computationalmolecularbiology.Althoughdifferentalgorithmshave beenforwarded,they are
all basedonvery simpleevolutionarymodels.The underlyingevolutionarymechanismsare not
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studied indetailand thereforeare notadequatelyconsideredinexistingalignmentalgorithms.Most
effortshave beenconcentratedon accuracyand speedimprovement,but the objectivefunctionhas
neverbeenconsideredcarefully.

The firstgoalof thisprojectis to developan alignmentprocedurecapableof perceivingand
consideringfeaturesof evolutionarypatternforquerysequencesamples.To achievethis,the
followingapproacheswill be pursued:(1) alignmentofmany sequencefamiliescontainedin
databases,(2) studyof variousalignmentparametervalueson the basisofavailable
three-dimensionalstructurealignmentsand evolutionarymodels,and (3) align:.'_,sntof computer-
simulatedsequences.This studyshouldalsoimproveunderstandingof mechanismsof sequence
evolution.The statisticallybasedapproachof diagonalfragmentanalysiswillbe usedas a basic
alignmenttechnique.

The secondgoal isto compileprobablesequencefamiliesin a homologsequencedatabaseuseful
in variousapplications.To thisend, a massivelyparallelmachinesuchasthe ConnectionMachine
allowsinvestigatorsto performthe taskwithina reasonabletime.

The thirdgoalof thisprojectis to applydatabasesdevelopedforhumangenomesequenceinvesti-
gations.Thiswillincludeinvestigationof humanmultigenefamiliesand comparativeanalysisof
humansequenceswithother species,leadingto a bettercharacterizationof theirfunctionalroles.

Construction of an Integrated Databaseto Support Genetic
SequenceAnalysis
Ross Overbeek and Patrick Glllevet'
Mathematics and Computer Science Division; Argonne National Laboratory; Argonne, IL 60439
708/252-7856, Fax:-5986, Internet:overbeek@rncs.anl.gov
_NationalCenterfor HumanGenome Research;NationalInstitutesof Health;Bethesda,MD 20855
301/402-2540 or-2534, Fax: -2120, Internet:gi//evet@uranus.nchgr.nih.gov

This 3-year projectwill attemptto createan integrateddatabaseto supportcomparativeanalysesof
genomes.The databasewill initiallyincludedata fromGenBanld, SwissProteinData Bank,Swiss
EnzymesData Bank, EcoSeq Database, ProSiteDictionaryof ProteinSitesand Patterns,the
compilationof compoundsdistributedby PeterKarp,a representationof the moresignificant
metabolicpathways,geneticmapsfor a numberof bacterialgenomes,and additionaldata relating
to the specificsequencingprojectat HarvardUniversity.This firstversionwill be extendedas rapidly
as feasibleto includedata relatingto the physicalstructureof proteins(largelyfromthe Brookhaven
ProteinData Bank),manuallyand automaticallygeneratedalignments,phylogeny(mostnotablythe
tree andsupportingdata distributedbythe RibosomalDatabaseProject),and othercurated
databasessuch asCarBankand GenomeData Base.

The immediategoalis to compilea databaseof informationaboutMycoplasma capricolum, andthe
long-rangegoalis to identifyfunctionalcomponentsofthe organism,relatinggenesto theirroles in
pathwaysandexplicatingregulatorymechanismsforpathways.Thesesweepinggoalsrequirethe
establishmentof a frameworkfor comparativeanalysis.

Althoughthe initialuse of the systemwill be forcomparativeanalysisof microorganismsandtheir
geneticproperties,we plan to developanddistributea toolthat willincludedata onall organisms
andhave widespreadusefulnesswithinthe community.This toolwillemergefromconnecting(1) an
X-Windows-basedsystemdevotedto integrationof analysistoolsand (2) the ArgonneGenoBase
projectfocusedonintegratingexistingdatabases.

Sincethe adventof the genomeproject,substantialadvances havebeen made inthe availabilityof
genomicdata.The numberof databasesforretentionof DNA sequenceis increasing,andspecial-
ized databasesforpepddes,enzymes, motifs,alignments,metabolicpathways,and
two-dimensionalprotein_oelsare alsonowavailable.Qualityand varietywillcontinueto improve
rapidly,necessitatinga systemto integratethe growingcollectionof heterogeneousdatabases.
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Projects New
in FY 1993 Chromosome 21 Physical Mapping and Analysis

Stewart Scherer
Human Genome Center; Lawrence BerkeleyLaboratory;Berkeley,CA 94720
510/486-4856 or-5468, Fax:-6816, Intemet:stew@genome.ibLgov or stew@ienti.med.umn.edu

Large-scalesequencingof humanDNA willbe initiatedinthe nextfew years.Althoughmoderate-
resolutionphysicalmapsof humanchromosomesare nowbeingassembledwithyeastartificial
chromosome(YAC) clones,theseclonesclearlywillnotbe usefulsourcesof templatesfor DNA
sequencing.To providesuch a source,the LawrenceBerkeleyLaboratoryHuman GenomeCenter
is cnnstructinga contigof P1 clonesfromchromosome21q22.3 thatwillalsobe usefulineffortsto
saturatethe regionforcDNAsand geneticmarkers.We focusedon thisgene-rich3-Mb region
becauseit is knownto be involvedin Down'ssyndrome.

As partof thiswork,we are enhancingandcorrectingthe existingchromosome21 YAC map based
onsequencetaggedsites.We will attemptto understandwhy certainYACclonesare unstableand
whetherthese regionsare betterpropagatedin bacterialhosts.

Analysisof Pl-sized genomicsequenceswithexistingcomputersoftwareis ill-suitedto the high-
throughoutDNA sequencinganticipatedin the genomeproject.We have developeda seriesof algo-
rithmsforrapidcomparisonofnew sequenceswithstatisticalmodelsof underlyinggenomestructure.
The outputis presentedgraphicallysothe useris directedrapidlyto regionsof unusualsequence
organization.We intendto integrateourownnovelalgorithmsintoa singlepackagewithsequence-
analysisproceduresdevelopedby others.This packagewillhighlightinterestingfeaturesdetected
by these programsandprovidea graphicaloverviewof the largestcontemplatedsequences.

*DBEMP: Data Base on Enzymes and Metabolic Pathways

Evgenij E. Selkov
Laboratoryfor MathematicalSimulationof MultienzymeSystems;Instituteof Theoretical and
Experimental Biophysics; Russian Academy of Sciences; 142292 Pushchino, Moscow Region,
Russia

The ability to relate sequence data to a comprehensive representation of functional gene roles and
coded proteins is highly desirable. Datadescribing metabolic pathways and their regulation will also
be vital in creating a framework for studying disorders that result from disruptions of specific
metabolic systems. Since the early 1980s, the research group under E. Selkov has been encoding
quantitative data from more than 14,000 journal articles into the DataBase on Enzymes and
Metabolic Pathways (DBEMP). This database contains by far the most extensive data set relating to
enzymes and metabolism and provides a critical functional context for the emerging volume of
sequence data.

During 1993, the Russian team achieved the following.

• The number of encoded journal articles increased by 30% from about 10,000 to over 14,000.

• A CD-ROM version of DBEMP was developed and will be available to both the research and
commercial communities in early 1994.

. A set of 902 metabolic maps was compiled, a selection of which will soon be available to the
research community via Internet (World Wide Web). The maps cover most essential pathways of
Escherichia coil, Saccharomyces cerevisiae, mollicutes, mammalia, and higher plants.

• Software is under development to allow usersto enter their own data into DBEMP. The software
will be distributed worldwide to accelerate the encoding of relevant data.

• Parsers have been built to perform consistency checks of all fields of all DBEMP records. Spell
checkers and format checkers are also in place.
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The collaboratingteamat ArgonneNationalLaboratory(ANL)has incorporatedselectionsfrom
DBEMP intothe ANL Genobase,a systemof integratedbiologicaldatabasesthat allowsusersto
querynumerousdata repositoriesaboutgeneticsequencesandproteins.As a result,192 selected
metabolicpathwayshave been integratedwiththe Swiss ProteinData Bank,portionsof the EMBL
NucleicAcidData Bank(includingsequencesfor E. coil and fiveotherorganisms),the EnzymeData
Bank,the Blocksdatabase,the ECO2DBdata bank,andthe Prositemotif-patterndata bank.

New Approaches to Recognizing Functional Domains in
Biological Sequences
Gary D. Stormo
Departmentof Molecular,Cellular,andDevelopmentalBiology;Universityof Colorado;Boulder,
CO 80309-0347
303/492-1476, Fax:-7744, Internet:stormo@boulder.colorado.edu

Problemsinidentifyingcodingregionsandotherimportantfunctionaldomainsin genomicDNA
sequenceswillbe approachedusinga combinationof dynamicprogrammingandneuralnetwork
methods.Dynamicprogrammingreturnsoptimalpartitioningofsequencesintoregionsof different
classes,givena particularweightingofevidenceforthoseclasses.The neuralnetworkis usedto
findthe weightsthat maximizethe performanceof dynamicprogrammingpredictions.Dynamic
programmingcan alsobe usedto obtainsuboptimalsequencepartitioning,whichcan be very
effectivein assessingpredictionreliabilityindifferentregionsand inprovidingalternativepartitioning
modelsincaseswhere a highdegree of reliabilityis notachieved.Combiningan optimization
procedurelikedynamicprogrammingwitha machine-learningprocedurelikeneuralnetworks
shouldbe applicableto a widerange of problemsbeyondthosebeingstudiedinthisproject.

Human Genome Center Informatics Group
Edward H. Theil, ArunAggarwal,DonnDavy,SuzannaLewis,VictorMarkowitz,John McCarthy,
Sam Pitluck,Eugene Veklerov,andManfredZorn
HumanGenomeCenter;LawrenceBerkeleyLaboratory;Berkeley,CA 94720
510/486-7501, Fax:-5936, Internet:ehthei/@/b/.gov =

The InformaticsGroupof the LawrenceBerkeleyLaboratory(LBL)HumanGenomeCenter devel-
opssoftware to addressproblemsrelatedto the electroniccapture,representation,andorganization
of data generatedby the genomelaboratories.The groupworkswithbiologistsandengineersat the
centerto providemany formsof computerassistance,includingcustomsoftware,accessto external
databases,and toolsfor portabilityof data. In addition,the groupis concernedwithlonger-range
problemsof sequenceandcloneassembly,databasedesign,andtoolsfor data management.

The Flydbdatabasehas beendevelopedto representphysicalmap informationfor the model
organismDrosophila melanogaster. Flydb,whichcan displayphysicalmapsandin situimages,
containsa contig-assemblyalgorithmbasedonthe clone-limitedsequencetaggedsite(STS)
mappingstrategyusedat LBL.Anotherdatabase,21Bdb, displaysphysicalmapsof chromo-
some21 basedon STS markersand includesyeastartificialchromosomes,polymorphicrepeats,
and P1 clonesknownto containthesemarkers.21Bdb alsoallowsmapsto be manipulatedby
movingSTSs from onerelativeorderingto anotherwith=clickanddrag."These databasessupport
the full functionalityassociatedwithACEDB (Caenorhabditis e/egansdatabase)as wellas the ability
to retrievedigitizedimagesusedinthe mappingprocess.

Otherprojectsincludea sequence-assemblysystembasedonthe directedstrategyusedat LBL
(a collaborationwithBaylorCollegeof Medicine),newwaysto visualizethe resultsof sequence
analysis,and high-leveltoolsto modellaboratoryprotocolsas part of dataflow.
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Projects New
in FY 1993 Software for Sequence Assembly Based on the Directed

Approach
Eugene Veklerov, Suzanna Lewis, Christopher Martin, Sam Pitluck, and Edward Theil
Human Genome Computing Group; Lawrence Berkeley Laboratory; Berkeley, CA 94720
Veklerov: 510/486-7532, Fax:-6816, Intemet:veklerov@cse.lbl.gov
Madin:510/486-5654, Fax:-6816, Intemet:chrism@guyana.lbl.gov

Existingsoftwarepackagesdo notfullysupportthe directedDNA sequencingstrategyin use at
LawrenceBerkeleyLaboratory(LBL).Specifically,theyare inadequateinthe followingareas:

Algorithms: The assemblyalgorithmswere originallydesignedfor the shotgunstrategyandnotto
take advantageof all the informationavailableto biologistsusinga directedstrategy.Algorithmsthat
properlyuse thisinformationcanovercomeperformancedifficultieswhenthe sequencesbecome
very longorwhen repeatedsequencescause ambiguities.

Data Model: The sequencingstrategydevelopedat LBL reliesona hierarchyof maps of increas-
inglyhigherresolution.The variouspiecesof sequencingsoftwaremustbe ableto incorporateall
these mapsintoa comprehensivedata model.

User Interface: The largevolumeof datageneratedby large-scalesequencingrequiresthat alldata
be availableina simplegraphicalform.The mosttime-consumingoperationsshouldbe fully
automatedwhilestillallowingthe biologistto overrideautomaticprocedures.

We havewrittenseveralprogramsthat alleviatesomedifficultiesin applyingthe Stadenxdap
packageto ourstrategy.These programsperformseveraldisjointfunctions,including:

• graphicaldisplayof the xdapalignmentalgorithmoutput;

• assemblyof 3- to 4-kbfragmentsintoa P1clone;and

• locationof inconsistentgel-readingpositionsinthe consensusline.

The programswillbe incorporatedintonew,muchmoreflexiblesoftwaredesignedto remedysome
ofthe inadequaciesof existingpackages.Becauseof Smalltalk'sfastproductionof prototypesand
superiordata-modelingcapabilities,we are usingitto implementthe systemina collaborationwith
CharlesLawrence'sgroupat BaylorCollegeof Medicine.

Using Metadata To Automatically Generate User Interfaces
for Genomic Databases
Manfred D.Zorn
Information and Computing Sciences Division; Lawrence Berkeley Laboratory; Berkeley,CA 94720
510/486-5041, Fax:-4004, Internet:mdzorn@lbLgov, BITNET: mdzorn@lbl

The HumanGenome Projecthas a growingneedto manageand distributeinformation.Databases
forthispurposeare oftencumbersomeforbiologiststo use orrequireextensiveeffortto build
friendlieruserinterfaces.Adaptationsofdatabasestructureto the changingneedsof an evolving
researcharea leadto costlymodificationsof user-interfaceapplications.

We are developingsoftwareforthe automaticgenerationof graphical,user-friendlier,forms-based
userinterfacesfromhigh-leveldatabasedefinitions.An extended-entity-relationship(EER) model
capturesreal-worldobjectsand definesthe underlyingdatabase.The EER schema,whichconsti-
tutespartof the metadata, is usedto create a user-interfaceobjectmodelthat is storedina
configurationfile.A genericuser-interfaceapplicationreadsinthe configurationfileto producea
userinterfacefora particulardatabase.The objectdefinitioninthe configurationfile definesnotonly
the elementsinthe userinterfacebutalsoan internalself-describingdata structureand mappers
that specifythe translationbetweenthe databaseandthe user-interfaceformats.Proceduresthat
accessthe databaseand retrieveinformationare createdby specifyingqueriesinan EER-based
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querylanguageforthe objectsinthe configurationfile. Thusthe userinterfaceandthe connectionto
the underlyingdatabaseare generatedautomatically,and databasechangesare easilypropagated
to createa modifieduserinterface.

Biopoet: A System for Large-Scale Sequence Analysis
Manfred D. Zorn, Jane Macfarlane,1and RobedArmstrong2
HumanGenomeCenterand 1Informationand ComputingSciencesDivision;LawrenceBerkeley
Laboratory;Berkeley,CA 94720
510/486-5041, Fax:-4004, Internet:mdzom@lbl.gov, BITNET: mdzom@lbl
=SandiaNationalLaboratory;Livermore,CA 94550

Inthe past year, the dramaticincreaseinthe rateof new-sequencegenera!!onhas presenteda
majorchallengeforsequenceanalysis.Increasinglylongersequencesare beinganalyzedas
finishedsequencesbecomelargerthan 100 kb,anddatabasesizedoublesalmostevery year for
sequence-similaritysearches.Sophisticatedcomputingtechnologyfortacklingthese problems
alreadyexistsinfaster machines,parallelprocessing,anddistributedcomputing.However,optimal
accessrequiresdetailedknowledgeof particularresources.

POET, the ParallelObject-OrientedEnvironmentand Toolkit,is modeledafterthe X11 toolkitand
enablesbothhigh-and low-levelcontrolof computationalmethods.The object-orientedprogram-
mingparadigmoffersdata encapsulationandmethodsforhidingimplementationdetailsto presenta
unifiedobjectview to the user. Existingsoftwarecan be adaptedto exploitthe powerof parallel
processing.Thus sequenceanalysiscan be performedtransparentlyto the userin reasonabletime
wherePOET divideseitherthe query sequenceorthe databaseintomultiplepiecesto run on
parallelcomputersor ona numberofworkstationsina distributedenvironment.

We are developingBioPOET,a prototypesystemthat integratessequenceanalysisintoa friendly
userinterfaceand performscomparisonsof largesequences.The userinterface,developedin
ParcPlaceSmalltalk(producedby ParcPlaceSystems)allowsparameterspecificationforseveral
analysisoptionsandfor launchingthe analysisprogram.A graphicaldisplaypresentsthe resultsto
the user.

Efficient Algorithms and Data Structures in Support of DNA ........
Mapping and Sequence Analysis Projects
Eugene Lawler and Daniel Gusfleld' Renewed
ElectronicsResearchLaboratory;Universityof California;Berkeley,CA 94720 in FY 1993
510/642-4019, Fax:-5775, Internet:lawler@arpa.berkeley.edu
_DivisionofComputerScience;Universityof California;Davis,CA 95616
916/752-7131, Fax: -4767, Internet:gusfield@cs,ucdavis.edu

The objectiveof thisprojectis to identifycomputationalproblemsoffundamentalimportanceto
molecularbiologistsengagedinthe HumanGenomeProject,devisenew algorithmicapproachesfor
solvingthese problems,programandtestthe algorithmsthat are developed,and make useful
computercode availableto the biologycommunity.An educationalcomponentof thisprojectis the
trainingof Ph.D.'s incomputersciencewhowillbe qualifiedto take upcareers incomputational
biology.

Nearlyall our researchconcernsthe designand adaptationof data structuresandalgorithmsfor
solvingproblemsin sequenceanalysisor "stringology."This includesproblemsin stringalignment
and matching,localsimilaritysearch,restrictionsite mapping,cloneordering,andfragmentassem-
bly. Ouremphasisis on findingsolutionsthatare programmable,useful,andeffective,as wellas
elegantand theoreticallysatisfying.
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Projects
Renewed Building on prior results, we plan the following lines of investigation.

in FY 1993 1. Local Similarity Search: Adaptationof Chang-Lawlerfilteringtechniqueforapproximatepatternmatching.O(kn) dynamicprogrammingalgorithmwhenk is prespecifiedboundon numberof
errors.Dynamicprogrammingfornonlinearscoringfunctions.

2. Detection of Random Repeats and Palindromes: Improvementof suffix-treeand otheralgo-
rithmsforrandomrepeats,approximatepalindromes,contiguoustandemrepeats,etc.

3. Comparison of Alignments: Measureof similarityof twoalignments.Dynamicprogramming
tableanalysisto generatemostdissimilaroptimalalignments.Alignmentcomparisonand its
relationto parametricanalysiscarriedoutby PARAL.

4. Multiple String Alignment: Bounded-errorheuristicsforalternativescoringfunctions.Application
of multiplecommonsubstringcomputation.Multiplealignmentsandconsensusstringsrelated
to phylogenetictree.

5. Clone Ordering: Dynamicprogrammingforgenerationof least-costagreementwithprobedata.
Adaptationof travelingsalesmanalgorithms.

6. Sequencing by Hybridization: Informationtheoreticanalysisof hybridization-arraydesign.
Poolingof oligosand/orclones.Applicationof graphalgorithms.

7. Fast Fourier Transform (FFT):Combinatorialinterpretationof FFT algorithmwhen usedto
generatematchcounts.Matchcountsas filterformatchingalgorithms.FFT as subprocedurein
other algorithms.

8. Evolutionary Reconstruction Under High-Order Mutations: Algorithmsto findthe least-cost
reconstructionofa set ofsequenceswherehigh-ordermutationssuchas inversions,repeti-
tions,andrecombinationsare permittedinadditionto pointmutations.

Foundations for a Syntactic Pattern Recognition System
for Genomic DNA Sequences
David B. Searls
DepartmentofGenetics; Universityof Pennsylvania School of Medicine; Philadelphia,
PA 19104-6145
215/573-3107, Fax: -3111, Intemet:dsearls@cbil.humgen.upenn,edu

The goal of thisworkisto extend, refine,andapplythe principalinvestigator'sresearchto linguistic
analysisof biologicalsequences.A softwaresystemwillbe createdto performsophisticated
pattern-recognitionandrelatedfunctionsat abstractionandexpressionlevels beyondcurrent
general-purpose pattern-matchingsystemsforbiologicalsequences;it willalsoperformwithmore-
uniformlanguage,environment,and graphicaluserinterfaceand withgreaterflexibility,extensibility,
embeddability,andabilityto incorporateotheralgorithmsthanpossiblewithcurrentspecial-purpose
analyticsoftware.Specificaims are:

1. Extended development of the graphical user interface and visualization tools. A currentdynamic
parse-visualizationtoolwillbe enhancedandsupplementedwithstaticdata-visualization
routinesforhigh-leveliconicdepictionof parseresults.A graphicalinterfacewillbe imple-
mentedto supportinteractivegrammardevelopmentand refinementin a rapid-prototyping
mode.

2. Development of embeddability "hooks"for incorporation of and by other algorithms. The system
will be made into a platform for applying other algorithms in a hierarchical fashion; focusing
them on regions of interest; providing a uniform environment for input, output, and parameter
management; and assembling results into the grammar's structural model. The grammar
system will be made embeddable in other platforms where appropriate.
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3. Incorporation of advanced parser technology and application to eukaryotic gene parsing.
Currentdevelopmentsin areassuchas islandandprobabilisticparsingwillbe embeddedinthe
system,drivenby the specificpracticalproblemof efficientlyrecognizingprotein-coding
eukaryoticgenes.Currentstatisticaland heuristicgene-findingalgorithmswillbe adaptedto
grammaticalexpressionto allowforgreaterflexibilityandcontextuallystructuredapplication.

4. Extension of input formats accepted and header information processed by the parser. For
graphicaldepictionandhigh-levelparsing,the currentGenBank®flat-fileentryparserwill be
extendedto handle a varietyof otherformatsand extractadditionalinformationfromfeatures
tables. Facilitieswillalsobe developedfortransparentconn.)ctionto relationaldatabasesand
ASN.1-formatteddata streams.

5. Extension of the grammar system to encompassprotein sequence at multiple levels. The
parserwill be extendedto acceptsingle-letterproteincodeas the primarysequencefor
describingmotifs.Longer-termgoalsincludethe developmentof secondarystructuregrammars
andthe potentialdescriptionof tertiarystructuresusingcoordinategrammars.

6. Collaborations aimed at specific biological and computational problems. To drivesystem
developmentfartherinbiologicallyrelevantdirections,collaborationsforgrammardevelopment
willbe undertakenwithbiologistsandforparserdevelopmentwithcomputationalbiologists.
A facilitywillbe providedforremoteaccessto the parser.

7. Distribution and promotion of software and associated libraries. Periodic software releaseswill
be accompanied by full documentation and a reasonable level of support, particularly in
developing new grammars. Grammars for use with the parser or other programs will be
maintained in a central, publicly accessible repository of biological feature specifications.

Computational Support for the Human Genome Center: Statistical
and Mathematical Analysis, Data Processing, and Databasing Projects
Elbert Branscomb, Tom Slezak, David Nelson,andAnthonyV. Carrano Continuing
Human GenomeCenter; Biologyand BiotechnologyResearch Program; LawrenceLivermore into FY 1993
National Laboratory; Livermore, CA 94551
510/422-5681, Fax:/423-3608, Internet: elbert @alu.llnLgcv

GnomeView: A Graphical Interface to the Human Genome
Richard J. Douthart, Joanne E. Pelkey, and David A. Thurman
LifeSciencesCenter; PacificNorthwestLaboratory;Richland,WA 99352
509/375-2653, Fax:-3649, Internet:dick@gnome.pnLgov

Robust Contig Construction
MichaelCinkosky,RandallDougherty,Vance Faber, MarkGoldberg,_MarkMundt,Robed
Pecherer,DougSorenson,and David Torney
TheoreticalBiologyand Biophysic_Group;Los AlamosNationalLaboratory;LosAlamos,NM 87545
Torney:505/667-7510, Fax:/665-3493, Internet:dct@life.lanLgov
1RensselaerPolytechnicInstitute;Troy, NY 12181
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Projects
HGIR: Information Management for a Growing MapContinuing

into FY 1993 James W. Fickett, Michael J. Cinkosky, Michael A. Bridgers, Henry T. Brown, Christian Burks,
Philip E. Hempfner,Tran N. Lai, DebraNelson,_RobertM. Pecherer,Doug Sorenson,PeichenH.
Sgro,RobertD. Sutherland,CharlesD. Troup,andBonnieC. Yantis
TheoreticalBiologyand BiophysicsGroup;LosAlamosNationalLaboratory;LosAlamos,NM 87545
505/665-5340, Fax:-3493, Internet:jwf@/ife.lanl.gov
_Departmentof HumanGenetics;Universityof Utah;Salt Lake City, UT 84112

Identification of Genes in Anonymous DNA Sequences
Christopher A. Fields and Carol A. Soderlund_
The Institutefor GenomicResearch;Gaithersburg,MD 20878
301/869-9056, Fax: -9423
_SangerCenter;Cambridge,U.K.

BISP: VLSI Solutions to Sequence-Comparison Problems
Tim Hunkapiller, LeroyHood, Ed Chen,_and MichaelWaterman2
Departmentof MolecularBiotechnology;UniversityofWashington;Seattle,WA 98195
206/685-7365, Fax:-7302, Internet:tim@mudhoney.mbt.washington.edu
_JetPropulsionLaboratory;Pasadena,CA 91109
2Universityof SouthernCalifornia;LosAngeles,CA 90089

Efficient Identification and Analysis of Low- and Medium-Frequency
Repeats
Jerzy Jurka, AleksandarMilosavIjevic,_JolantaWalichiewicz,and ShermanYang
LinusPaulingInstituteof ScienceandMedicine;PaloAlto,CA 94306
415/327-4064, Fax: -8564, Internet:jurek@jmu//ins.stanford.edu
_Biological/MedicalResearchDivision;ArgonneNationalLaboratory;Argonne,IL 60439-4833

A Human Genome Database

David Kingsbury, Ken Fasman,andPeter L. Pearson
Genome Data Base;JohnsHopkinsUniversitySchoolof Medicine;Baltimore,MD 21205
410/955-7058, Fax:/614-0434, Internet:dkingsbu@gdb.org

Genome Assembly Manager
Charles B. Lawrence, Eugene W. Myers,_and SandraHonda
Departmentof Cell Biology;BaylorCollegeofMedicine;Houston,TX 77030-3498
713/798-6226, Fax:/790-1275, Internet:chas@mbir.bcm,trnc.edu
_Departmentof ComputerScience;Universityof Arizona;Tucson,AZ 85721

Laboratory Information Management System (LIMS) for Megabase
Sequencing
Victor M. Markowitz
Data Management Groupand HumanGenomeCenter;Informationand ComputingSciences
Division;LawrenceBerkeleyLaboratory;Berkeley,CA 94720
510/486-6835, Fax: -4004, Internet:v_markowitz@/b/.gov
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Database Tools Development
Victor M. Markowitz, 1_Arie Shoshani,'and ErnestSzeto1
IData ManagementGroupand_HumanGenome Center;InformationandComputingSciences
Division:LawrenceBerkeleyLaboratory;Berkeley,CA 94720
510/486-6835, Fax:-4004, Internet:v_markowitz@lb/.gov

A Computer System for Access to DistributedGenome Mapping Data
Thomas G. Marr andAndrew Relner
ColdSpringHarborLaboratory;Cold SpringHarbor,NY 11724
516/367-8393, Fax:-8416, Internet:marr@cshl.org

Applying Machine LearningTechniques to DNA Sequence Analysis
Jude W. Shavlik, Mlchlel O. Noordewler,1GeoffreyTowell,MarkCraven,AndrewWhitsitt,
KevinCherkauer,and LorienPratt_
Departmentof ComputerScience;UniversityofWisconsin;Madison,WI 53706
608/262-7784, Fax:-9777, Internet:shavlik@cs.wisc.edu
_Departmentof ComputerScience;RutgersUniversity;New Brunswick,NJ 08903

Computational Analysis and Support for Extensive Physical Mapping
of Genomes

Tom Blackwell,David Balding,FredericFairfield,Jim Fickett,CatherineMacken, KarenSchenk,
David Torney, BurtonWendroff,andClive Whittaker
LosAlamosNationalLaboratory;LosAlamos,NM 87545
Tomey: 505/667-7510, Fax:/665-3493, Internet:dct@life.lanl.gov

Informatics Support for Mapping in Mouse-Human Homology Regions
Edward Uberbacher, Richard Mural,_Eugene Rinchik?andRichardWoychik_
EngineeringPhysicsand MathematicsDivisionand _BiologyDivision;Oak RidgeNationalLabora-
tory;Oak Ridge,TN 37831-6364
615/574-6134, Fax: -7860, Internet:ube@ornl.gov or ube@ubersun.epm.ornl.gov
=SarahLawrenceCollege;Bronxville,NY 10708

An Intelligent System for High-Speed DNA Sequence Pattern Analysis
and Interpretation
Edward Uberbacher, Richard Mural,1RalphEinstein,and Reinhold Mann
EngineeringPhysicsand MathematicsDivisionand _BiologyDivision;Oak RidgeNationalLabora-
tory;Oak Ridge,TN 37831-6364
615/574-6134, Fax: -7860, Internet:ube@ornl.gov or ube@ubersun,epm.ornl.gov

59



Ethical, Legal, and Social Issues (ELSI) Related to Data
Produced in the Human Genome Project
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Projects New
in FY 1993 Guidelines for Protecting Privacy of Information Stored inGenetic Data Banks

George J. Annas and Leonard H. Glantz
Law, Medicine, and Ethics Program; Boston UniversitySchoolof PublicHealth;Boston,MA 02118
617/638-4626, Fax: -5299

This 16-monthprojectwillanswerthe followingquestionsto developproposedpoliciesandlawsfor
safeguardingpersonalgenomicinformationstoredin "geneticdata banks":

1. In whatwaysare genomicandmedicalinformationsimilaranddifferent?

2. Underwhatcircumstancesshouldprivateentitiesorpublicagenciesbe permittedlegallyto
obtainDNA samplesfromindividuals?

3. When is consentrequiredforthe storageof DNA samplesand genomicdata? Is informed
consentpossibleforsuchstor_)gewhenthe materialmightsomedayrevealpersonalhealth-
relatedinformationaboutindividualsand theirgeneticrelatives?

Who "owns_genomicinformation?Aregenomicrecordsdifferentfrommedicalrecords
becausethey alwaysincludeinformationaboutothers?Doesthe geneticdata bankhave a
specialdutyto notifyindividualsof newinformationthat can be obtainedfromtheirstored
geneticdata?Mustgeneticrelativesbe notifedthatthey have or are at riskfordeveloping
a seriouscondition?

Who can have access tothe storedDNA and genomicinformationandforwhat purposes?
Shouldthe subjecthaveaccessand destructionrights,and underwhat circumstances?

Shouldtime limitsbe setforstorageof DNA andgenomicinformation?How shouldsuch
limitsbe set?

To answerthese questions,we willreviewthe legal literature,caselaw, andstatutesonprivacywith
an emphasison issuesspecificallyrelatedto highlypersonalinformationstoredin computers.We
will identifypcliciesand lawsthatare mostanalogousto geneticdata-bankingconcernsand adapt
them to specialprivacyissuesraisedbythe useand storageof geneticdata.The productwillbe a
monographongeneticprivacy,includingproposedguidelines(withexplanationsandjustifications)
that couldbe adoptedas lawsor regulationsgoverningthe collection,storage,anduse of genomic
informationand DNA samples.The guidelineswillbe prosentedat nationalmeetingsand submitted
for publicationinthe medicaland legalliterature.

Genome Technology and Its Implications: A Hands-On
Workshop for Educators
Diane Baker and Paula Gregory'
Human Genome Center; University of Michigan;Ann Arbor,MI 48109-0674
313/747-2738, Fax:/764-4133
1NationalCenterforHuman GenomeResearch;Bethesda,MD

The goal of thisprojectisto developandconductworkshopsfor instructinghighschoolscience
teachersin the latestdevelopmentsin humangeneticresearchandits ethicalandsocial implica-
tions.The workshopsare designedto help teachersincorporatethisinformationintotheireveryday
classroomcurriculum.

Two 5-day continuing-educationworkshopswillbe conductedfor25 participantsat the Human
GenomeCenter. Educatorswillbe trainedinthe pedagogyof moleculargeneticsand in methodsfor
bringingthe latestin biotechnologyanditsimplicationsto the attentionof theirstudents.The
workshopswillbe open to teachersthroughoutthe Great Lakesstates,in cooperationwiththe
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education subcommitteeofthe Great LakesRegionalGeneticsGroup.These workshopswillnot
onlyintroduceteachersto biotechnologybutwUlalsopromotepartnershipsamongeducation
specialists,clinicalgeneticists,researchscientists,and teachers.

HUGO International Yearbook: Genetics, Ethics, Law, and
Society (GELS)
Alex Capron and Bartha Knoppere'
PacificCenterfor HealthPolicyandEthics;Universityof SouthernCalifornia;LosAngeles,
CA 90089-0071
213/740-2557, Fax:-5502, Intemet:acapron@law.usc.odu
'Facultyof Law; Universityof _Jlontreal;Quebec,Canada H3C 3JF

This projecthas the goal of planningovera 9-monthperiodhowto create inexpensivelyand
efficientlya resourceof informationand analysisunderthe aegisof the HumanGenome Organiza-
tion(HUGO) EthicsCommittee.This resourcewillconsistof a data bankandan annuallypublished
compilation,the HUGO International Yearbook: Genetics,Ethics, Law, and Society (GELS). The
yearbookwillenablepeoplearoundtheworldinscience,medicine,government,law,and ethicsto
stayabreastof pertinentstatutes,regulations,guidelines,and analysisproducedin othernations
andby internationalorganizations.Keepingtrackof developmentsis difficultbecauseworkon
ethical,legal,andsocialimplications(ELSI) of humangenomeresearchis notonlyinternationalbut
alsointerprofessionaland interdisciplinary.

Besidesa compilationof documentspresentedinan organizedfashion,the yearbookwillcontain
originalmaterialanalyzingELSI informationby topicanddescribingnational,regional,and interna-
tionaltrends.Thus,personsor groupsinterestedincomparativeinformationontopicsof concernto
genome researchefforts--suchas accessibilityandconfidentialityofgeneticinformation,policieson
patentinggenesequences,and implicationsforemploymentandinsurance--willhavea ready
sourceof governmentalpoliciesand rulingsto allowinformedappraisalof suchpoliciesin lightof
developmentsinotherfieldsandothercountries.Presentationof thismaterialshouldalsoenrich
thinkinginthe fieldby facilitatingthe discoveryof connections(inprinciples,objectives,and practical
methods)among ELSItopicsthat are not alwaysanalyzedtogether.

The yoarbookwillbe plannedby a 12-personcommitteeconsistingof internationallyrepresentative
ELSI expertsand specialistsin bibliographicand documentationmethodologies.The committeewill
includerepresentativesfromEuropeand NorthAmericaandat least onepersonwithfirsthandknowl-
edgeaboutdevelopmentsinCentralandSouthAmerica,Asiaand India,AustraliaandOceania, and
Africa.The projectis supportedby DOE andthe CanadianGenomeandTechnologyProgram.

The Human Genome: Science and the Social
Consequences; Interactive Exhibits and Programs on
Genotics and the Human Genome
Charles C. Carlson
The Exploratorium; San Francisco,CA 94123
415/563-7337, Fax:/561-0307, Internet:charliec@exploratorium.edu

The Exploratoriumis continuinga long-termcommitmentto increasepublicawarenessof the
HumanGenomeProject,the basicscienceof genetics,and the implicationsforsociety.The
comprehensivemultiyearprogramhas producedfive interactiveexhibitson DNA andthe highly
successfulSeptember1992 geneticsandbiotechnologysympo.='iumentitledWinding Your Way
Through DNA, whichwas cohostedwiththe Universityof California,San Francisco.Othercompo-
nentsof the plan includea DNA extractiondemonstration,13 new interactiveexhibitsabout
genetics,andthe GeneticsPathwayforteachersand studentsto addressthe basicscienceof
genetics.A lectureseriesfocusingspecificallyonethical,legal,andsocialissueswillserve as both
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Projects New
in FY 1993 a publicforumanda meansof creatingvideorecordsfor a freestandingexhibitaboutethicalconsiderations.Theseexhibits,demonstrations,andprogrammaticactivitieswillinvolvecollabora-

tionswithregionalbiotechnologyfirms,universities,and museums.

Importantconceptsaddressedby exhibitsandprogramsare DNA asthe moleculeof heredity;
mutation;variation;andthe relationshipbetweengenesand proteins.Focusis onthe Human
GenomeProjectas an exampleof howbasicresearchcan resultin practicalapplicationsandraise
importantsocialand ethicalquestions.This effortwillproducea majormuseumsectionon the
Human GenomeProjectandgeneticsthatwillserve as a modelforother museumsnationwide.It
willbe viewedby morethan625,000 visitorsannuallyand usedby morethan500 teachersattend-
ingtrainingprograms.

The Human Genome.Project: Information Management,
Access, and Regulation--Educational Materials for
High School Biology
Joseph D. Mclnerney and Lynda Micikas
BiologicalSciencesCurriculumStudy;ColoradoCollege;ColoradoSprings,CO 80903
719/578-1136, Fax -9126, Intemet:jmcinerney @cc.colorado.edu

The BiologicalSciencesCurriculumStudy(BSCS) willproduceand distributefree of charge to all
50,000 U.S. highschoolbiologyteachersan instructionalmoduleandsoftwaretitledThe Human
Genome Project: Information Management, Access, and Regulation. BSCS will usethe processof
curriculumdevelopmentthat it has refinedinthe 35 yearssincethe organization'sinception.The
modulewillprovideabout25 pagesof backgroundinformationforteacherson information
technologyas it relatesto the HumanGenome Projectandonethical,legal,and social issues
relatedto genomicdatabases.Fivedaysof classroominstructionwillinvolvestudentsdirectlyin
manipulationofhypotheticalmappingand sequencedatabases;onlinesearchesof the Genome
Data Base;andclassroomanalysesofthe ethical,legal,and socialissues.

An eight-person advisorycommitteewilloversee the 22-monthproject.This committeewill have
expertiseinclinicalgenetics,molecularbiology,genomedatabases,classroomteaching,ethics,and
law.The educationcommitteesof the AmericanSocietyof HumanGenetics,NationalSocietyof
GeneticCounselors,and Councilof RegionalNetworksfor GeneticServiceswillreviewthe project
materialsat two criticaljunctures,at nocostto the project.

Pilot Senior Research Fellowship Program: Bioethical
Issues in Molecular Genetics
Declan Murphy and Claudette Cyr Friedman
Libraryof Congress;Washington,DC 20540
Friedman:202/707-1513, Fax: -1714

Aswe approachthe endof the twentiethcentury,the pace ofscientificdiscoveryandtechnological
innovationis so rapidthat societyconfrontsan almostcontinuousstreamof difficultnew philosophi-
cal questionsregardingthe socialconsequencesof itsowninventiveness.These questionsare
particularlyacutein researchintomoleculargeneticsand newtherapeuticpossibilitiesfor treating
genetic-baseddisorders.Criticsand proponentshave expressedconcernaboutthe natureand
directionof thisnew research,socialimplicationsof new genetictechnologies,and potential
disruptionsto traditionaldefinitionsof ourownhumanity.Conflictingargumentsand perspectives
involvingan arrayof emotionallychargedindividualissuesmake it all the moredifficultto grasphow
traditionalphilosophywillchangeas a resultofthese scientificadvances.
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Rigorous new scholarship must be generated to examine philosophical issues surrounding uses and
potential misuses of molecular genetics research. Rethinking philosophical paradigms in approach-
ing these difficult questions will greatly benefit practicing scientists, end users of these new tech-
nologies,policymakerswho mustregulatethem (oftenwithtoo littleinformation),and societyas a
whole.

Giventhatthe HumanGenome Projecthas mandateda portionof itsfundingforexaminingthe
ethicalimplicationsof thiswork, DOE andthe Libran/of Congress(LC)are sponsoringa 1-year
SeniorResearchFellowshipinBioethicalIssuesin MolecularGenetics.The fellow'staskwillbe to
(1) conducta criticalreviewof existingbioethicsliteratureon moleculargeneticsand(2) generate
newframeworksforanalyzingethicalquestionsand public-policyimplicationsarisingfromresearch
on the humangenome.The fellowwillproducebothoral andwrittenpresentationsof hisor herwork
for DOE, LC, Congress,the greaterscientificcommunity,andthe generalpublic.

DNA Banking and DNA Data Banking: Legal, Ethical, and
Public Policy Issues
Philip R. Reilly
ShriverCenter;Waltham,MA02254
617/642-0230, Fax:/893-5340

The researchobjectivesof thisprojectare tofocusonissuesof geneticprivacyincriticallyanalyzing
selectedaspectsof DNA bankingand DNA data banking.Suchbankingpresentlytakesplacein
foursectors:(1) DNA bankingby the militaryto assistinidentifyinghumanremains;(2) state-based
DNA forensicdata bankingto assistin resolvingviolentcrimes,identifyingmissingpersons,and
analyzingcrimepatterns;(3) academicallybasedrepositorieshousedinthe laboratoriesof scien-
tistswhoare studyingparticulargeneticdisorders;and (4) commerciallybasedrepositoriesthat
offerDNA bankingservicesto researchersand individuals.The primary goalsof our researchare to
learnhowinformationalprivacyand relatedissuesare handled,especiallyincomputersecurity;
analyzecurrentapproaches;andsuggestguidelinesforthe future.

Althoughwe willstudyall foursectors,ourprimaryfocuswillbe onacademicallyand commercially
basedDNA data banking,whichwe believecarrythe broadestpotentialforharmto the privacy
interestsof individuals.These banks remainessentiallyunregulated,unlike the military,which has =
implementedstrictruleslimitingaccessto storedDNA information(Weedn, 1992, 1991). Similarly,
state forensiclaboratoriesoperateunderstatutorymandatesthattypicallyincludegeneralized
directiveson the needfor confidentiality(ArmedForcesInstituteof Pathology/AmericanRegistryof
Pathology,coursematerials).

Social Science Concepts and Studies of Privacy:
A Comprehensive Inventory and Analysis for Considering
Privacy, Confidentiality, and Access Issues in the Use of
Genetic Tests and Applications of Genetic Data
Alan F. Westin
Center for Social and Legal Research;Hackensack,NJ 07601
201/996-1154, Fax:-1883, AmericaOnline:alanrp@ao 1.corn

The objectivesof thisprojectare to completelyupdatesocialsciencetheoreticaland empiricalwork
onprivacy,confidentiality,andindividualrightsof accessto personalrecordssincethe publicationof
Westin'sPrivacy and Freedom in 1967;to refinethe conceptsand operativedynamicsfirstformu-
latedbyWestin in lightof researchandsocialdevelopmentssince 1967; andto relatethisupdated
researchand reconceptualizationto privacy,confidentiality,and accessissueslikelyto arisefrom
the use of geneticdata generatedby the HumanGenome Project,includingthe usesof genetic
informationincomputerizeddata banks.
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This research will also examine the development, implementation, and effectiveness of legal and

in FY 1993 organizational privacy-protectionmeasuresin the UnitedStatessincethe late 1980s;current
debatesaboutupdatingsuchmeasuresto reflectscientific,technological,social,and cultural
changesinthe early1990s;and implicationsforselectionof social,organizational,and legalpolicies
to dealwithgenetictestingand the applicationof geneticdata in the late 1990sand early21st
century.

In additionto an overallprojectmonographandfiveto seven topicalarea reportsinhardcopy, the
projectwill producea setof computerizedresourcesondisk,CD-Rom, or online.These resources
willincludethe monographandarea reports,an annotatedmasterbibliography,a masterclassifica-
tionsystemforprivacyissuesrelatingto geneticinformationuses,a directoryof scholarsworkingon
privacyaspectsof geneticdata application_,and a set of selectedandclassifiedabstractsof major
socialscienceworksdealingwithprivacyaspectsof geneticdata uses.

Resources on the Ethical, Legal, and Social Implications of
the Human Genome Project
Michael S. Yesley
LosAlamosNationalLaboratory;LosAlamos,NM 87545
505/667-3766, Fax:/665.4424, Internet:msy@lanl.gov

A comprehensivebibliographicdatabaseandcollectionof publicationsrelatedto the ethical,legal,
andsocialimplications(ELSI) of the Human GenomeProjecthave beendevelopedatthe General
Law Libraryof LosAlamosNationalLaboratory(LANL).Over 5600 booksandarticleshave been
catalogued,andcopiesof mostof thesematerialshave been obtainedfor the librarycollection.

Yesley andhisstaffhavealso prepareda secondprintededitionof ELSI Bibliography: Ethical Legal
and Social Implications of the Human Genome Project, extractedfromthe computerdatabase.This
editionhas been distributedto severalthousandinterestedindividualsand medicallibraries.It
providesa currentandcomprehensiveresourcefor identifyingpublicationson 17 majortopics,e.g.,
counseling,discrimination,eugenics,DNA fingerprinting,patents,privacy,reproduction,screening,
andtherapy.Thisis nota completeinventoryofthe topics(keywords)that can be searchedinthe
underlyingcomputerdatabase.Yesleywill providecustomsearchesof the databaseto researchers
interestedinothertopics.Also,the databasemay be madeaccessibleonline,enablingresearchers
to performtheirownsearches.

The ELSI bibliographyisdrawnfromthe computerdatabase,whichcan be searchedandsortedon
a varietyof parametersandcombinationsof parameters.Forexample,a searchcan be limitedto
anytopicor name,sortedchronologicallyoralphabeticallyby author,or limitedtocertainperiodsor
publications.The resultsof customsearchescan be sentby e-mail,fax, or U.S. mailto the request-
ors.Researchersare alsoinvitedto usethe extensivecollectionof ELSI booksandarticlesat the
LANLGeneral Law Library.

64



Adjudicating Genetic Testing and Gene Therapy Litigation:
Factors Influencing the Privacy Law and Bioethics Attitudes
and Opinions of Trial and Appellate Judges Managing
Lawsuits Related to Scientific and TechnologicalAdvances
Emanatingfrom the Human Genome Project
Franklin M. Zweig
Center for Health Policy Research;GeorgeWashingtonUniversity;Washington,DC 20052
202/296-6922, Fax: -0025 or/785-0114

The GeorgeWashingtonUniversityCenterforHealthPolicyResearchisconductinga 12-month
researchandeducationprojectin geneticsciencetoassistfederalandstatecourtsin adjudicating
lawsuitsinvolvinggenetictastingandgenetherapy.The project'sgoal isto producea deskbookto
assistjudges'managementof suchinformationunderthe rubric"novelscientificevidence."To aid in
deskbookproduction,a midprojectworkshopwillbriefjudgesandothercourt-affiliatedpersonnel
aboutbasic scienceand researchhorizonsrelatedto the HumanGenome Projectand willproduce
twodocuments.The NationalConferenceof MetropolitanCourts; NationalAssociationof Court
Managers; StateJustice Institute; National Institute of Justice, SEARCH, Inc.; Federal Bureauof
Investigation; and Association of Academic Health Centers will collaborate in the project.

Maximizing the Return From Genome Research: 1993A Conference Concerning the Effect of Patent Scope on
Commercial Incentives Conferences
May 20-23, 1993, at Concord,New Hampshire
Thomas G. Field; FranklinPierceLaw Center;Universityof New Hampshire;Concord,NH
603/228-1541, Fax:/224-3342

Teaching Ethics in the Biomedical and Biological Sciences:
A Workshop for Research Faculty
June 12-16, 1993, at Bar Harbor,Maine
Ed Golub; PacificCenter for Ethicsand AppliedBiology;San Diego,CA
619/625-0734, Fax:/793-3632

Between Design and Choice: The Social Shaping of Genetic
and Reproductive Technologies
April 2-4, 1993, at Ithaca, New York
Sheila Jasanoff; Cornell University; Ithaca, NY
607/255-6049, Fax:-6044
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Continuin(] "The Secret of Life"
into FY 1993 Paula Apsell and Graham Chedd

WGBH EducationalFoundation;Boston,MA02134
Chedd:617/492-2777 Ext4352, Fax:/787-5781

Predicting Future Disease: Issues in the Development, Application,
and Use of Tests for Genetic Disorders

Ruth E. Bulger and Jane E. Fullarton
NationalAcademyof Sciences; Instituteof Medicine;Washington,DC 20418
Fullarton:202/334-3913, Fax: -2031

Human Genetics Education for Middle and Secondary Science
Teachers

Debra L. Collins, R. Nell Schimke, and Linda Segebrecht1
Departmentof Medical Genetics;Universityof KansasMedicalCenter; KansasCity, KS 66160-7318
913/588-6043, Fax:-3995, Internet:ukanvm.cc.ukans.edu
1SciencePioneers;KansasCity, MO 64110

Pathways to Genetic Screening: Patient Knowledge--
Patient Practices

Troy Duster and Diane Beeson1
Instituteforthe Studyof SocialChange;Universityof California;Berkeley,CA 94720
510/642-0813, Fax: -8674
IDepartmentof Sociology;CaliforniaStateUniversity;Hayward,CA 94542

Studies of Genetic Discrimination
Marvin Natowicz
Division of Medical Genetics;ShriverCenter;Waltham,MA 02254
617/642-0176, Fax:/894-9968

"Medicine at the Crossroads"

George Page and Stefan Moore
WNET/Thirteen;New York, NY 10019
212/560-2767, Fax:/582-3297

Impact of Technology Derived from the Human Genome Project on
Genetic Testing, Screening, and Counseling: Cultural, Ethical, and
Legal Issues
Ralph W. Trottier, Lee A. Crandall,_David Phoenix,2MwalimuImara,2arid Ray E. Moseley_
Departmentof PharmacologyandToxicologyand2Departmentof CommunityHealth andPreventive
Medicine;MorehouseSchoolof Medicine;Atlanta,GA 30310
404/752-1711, Fax:/755-7318
1Depadmentof CommunityHealthand Family Medicine;Universityof Florida;Gainesville,FL32610
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Project
BIOSCI Electronic Newsgroup Network for the Biological Renewed
Sciences in FY 1993
Peter Arzberger
Divisionof BiologicalInstrumentationand Resources;NationalScienceFoundation;Arlington,
VA 22230
703/306-1469, Fax:-0356, Internet:parzberg @nsf.gov

The BIOSCI networkis an electronicforumfor distributinginformationand discussingissues
relevantto biologists.The networkis dividedintoa numberof specializedbiologicalfieldsor
interestscalled"newsgroups,"to whichindividualresearcherscan subscribe.In additionto commu-
nicationin specializedbiologyfields,newsgroupsare dedicatedto variousaspectsof the Human
GenomeProject;general information;experimentalmethods;announcementsof scientificmeetings,
funding,and job opportunities;andjournalcontents/abstracts.Bysubmittingitemsvia computer
linkup(modemorlocalarea networkconnection),contributorscan communicatewiththe entire
newsgroupwithoutknowingindividualcontactinformation.Transmissionis immediate,and BIOSCI
includesseveraltypesof itemsthatjournalsdonot.

Thisprojectwillactivelypromotenewsgroupusethroughdemonstrations,trainingsessions,and
assistancewithsoftwareinstallation.More newsgroupswillbe includedinunderservedbiological
areas, andmessagearchivingand retrievalby e-mailorfiletransferprotocolwillbe facilitated.Plans
are also underway forprominentscientiststo serveas moderators,a possiblefirststep inthe
evolutionofa few selectednewsgroupsintoelectronicjournals.A databaseof all newsgroups
dedicatedto the biologicalscienceswillbe maintained,alongwitha directoryof electronicmail
addressesof biologists.

The Human Genome Distinguished Postdoctoral Fellowships
Linda Holmes and Alfred Wohlpart e ..; ,..,-r,.,jec,o
Scienceand EngineeringEducationDivision;Oak RidgeAssociatedUniversities;Oak Ridge, Continuing
TN37831-0117 into FY 1993
615/576-3192, Fax:-0202

Support of Human Genome Program Proposal Reviews
Amanda Lumley andJames Wright
TrainingandManagementSystemDivision;Oak RidgeAssociatedUniversities;Oak Ridge,
TN 37831-0117
615/576-6752, Fax:-0202, Internet:lumleya%orau2@cunyvm.cuny.edu

Human Genome Management Information System
Betty K. Mansfield, Anne E. Adamson,DeniseK. Casey, K.AlJciaDavidson,Sheryl A. Martin,
DonnaB: Stinnett,John S. Wassom, JudyM. Wyrick,andLaura N. Yust
Health SciencesResearchDivision;Oak RidgeNationalLaboratory;Oak Ridge,TN 37831-6050
615/576-6669, Fax:/574-9888, Internet:bkq@ornl.gov, BITNET:bkq@orn/stc

Human Genome Coordinating Committee Administration
Sylvia Spengler
Human Genome Center; Lawrence BerkeleyLaboratory;Berkeley,CA94720
510/486-4879, Fax: -5717, Internet:sylviaj@violet.berkeley.eduor ux5.1bl.gov
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Assistance for Ethical, Legal, and Social Issues ProjectsContinuing

into FY 1993 MlchaelS. Yesley
Center for Human Genome Studies; Los Alamos National Laboratory; Los Alamos, NM 87545
505/667-3766, Fax:/665-4424, Internet:msy@lanLgov
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Small Business Innovation Research (SBIR)
IIIII

SBIR awards are designed to stimulate commercialization of new technology for the benefit of both
privateandpublicsectors.The DOE SBIR programconsistsof threephases:

• Phase h Awardsforupto 6 monthsand$75,000 fora firmto explorethe scientificandtechnical
meritandfeasibilityof a researchidea.

• Phase Ih Awardsfor upto 2 years and$500,000 to expandon PhaseI resultsandpursue
furtherdevelopment.OnlyPhase I awardeesare eligiblefor Phase II, whichis the principal
researchanddevelopmenteffort.

• Phase IIh Privateor non-SBIRfederalfundingto commercializePhaseII results.No Phase III
projectsare listedhere.

SBIR Phase I

High-Performance Searching and Pattern Recognition for
Human Genome Databases Phase I
Douglas J. Eadline Projects New
Paralogic, Inc.; Bethlehem,PA 18015 in FY 1993
215/861-6960, Fax: -8247, Internet:deadline@plogic.com

The goal of the Human GenomeProjectisto determinethe sequenceof mostorall3 billionnucle-
otidebases. Resultinggenomedatabasesizewillrequirenewtechnologiesthatprovide
cost-effectiveandtime-effectivesearching,interpretation,and analysis.One very promisingap-
proachto thisproblemis to (1) applygrammarsexpressedinthe Prologlanguage("linguistic
analysis")to the "genetic language"expressedby DNA and(2) searchina concurrentor parallel
fashion.The recentemergenceof parallelcomputersand parallelprogrammingtoolshas createdthe
opportunityfor rapidand cost-effectivelinguisticanalysisof DNA sequences.Thisprojectseeksto
determinethe feasibilityof combininggrammar-basedsearching,Paralogicn.parallel PROLOGTM

andparallelcomputersto searchgenomedatabasesefficientlyandquickly.

A High-Spatial-Resolution Spectrograph for DNA
Sequencing
Cathy D. Newman
CHROMEX, Inc.; Albuquerque,NM 87107
505/344-6270, Fax:-6095

The HumanGenomeProject,if it is to be successful,will requiremuch morerapidDNA sequencing.
Presenttechnologyis estimatedto be 100 to 500 timestooslowto permitsequencingof the entire
humangenomeby 2005. The ABI 373A DNA sequencer,the mostsuccessfultechnologycurrently
employedfor large-scaleDNA sequencing,involvesreal-time,four-color,fluorescentline imaging
duringthe electrophoresisprocess.In ourestimation,thisbasictechnologycan be scaledto signifi-
cantlyhigherlevelsandis likelyto remainthe methodof choiceforfutureDNA sequencing.Indeed,
a numberof researchgroupshave beendevelopingfasterfluorescentDNA sequencers.Although
greatstrideshave beenmade in reducingthe time of electrophoresisby 10- to 20-fold,futuregains
inthroughputwill dependprimarilyonincreasedmultiplexing.High-throughputinstrumentswill
requirea detectionsystemwithhundredsof spatiallyresolvedchannels.

CHROMEX proposestotest a completelynewco,,ceptinhigh-spatial-resolutionspectroscopy.
Performancewill be achievedby usinga radicallydifferentapproachto the spectrographdesign.
Sucha spectrograph,whencombinedwitha charge-coupleddevicearraydetector,willproducea
systemcapableof rapidlyrecordingspectralsignaturesfrommorethan300 spatiallocations.
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in FY 1993 Enzyme-Fragment Complementation

Peter Richterich
Collaborative Research, Inc.; Waltham,MA 02154
617/487-7979, Fax:/891-5062, Internet:peter@cric.com

AssaysbasedonDNA hybridizationare verycommonlyusedinmolecularbiology,clinicaldiagnos-
tics,endthe Human GenomeProject.However,efficiencyand sensitivityof hybridizationsare often
limitedbecauseof the nonspecificbindingof probemoleculesordetection-systemcomponentsto
targetDNA ormembranesupports.

Inthisproject,detectionmethodswill be developedforextremelysensitive,reliable,
background-freedetectionin hybridization-basedassays.The systemwill be basedontwo neigh-
boringhybridizationprobes,each labeledwithonesubunitof alkalinephosphatase.Individual
subunitsof alkalinephosphataseare inactive,and nonspecificbindingof hybridizationprobesto
target DNA ormembranesupportwillthereforenot leadto backgroundnoise.When two probesbind
nextto each otheron the targetDNA, thetwo enzymesubunitscan combineandformthe active
dimericenzyme, whichcan be detectedwithchemiluminescentorcolorimetricsubstrates.Increased
hybridizationspecificityresultsfromthe necessityfortwo probesto hybridizenextto oneanother.

In Phase I of thiswork,the feasibilityandpotentialof such binarydetectionsystemswillbe demon-
strated.Conditionsforgeneration,purification,storage,and useof subunit-labeledoligonucleotide
p_ubeswill be defined and optimized. Finally, the binarydetectionsystemswill be used forchemilu-
minescentmultiplexsequencing.

Separation Media for DNA Sequencing
David S. Soane and Herbert H. Hooper
Soane Technologies,Inc.;Hayward,CA 94545
510/293-1850, Fax: -1860

High-speedhigh-throughputDNA sequencingmethodsoften relyon electrophoreticseparationin
very narrowgeometriessuchas microcapillariesand ultrathinslabs.As channeldimensions
decrease, theseparationmediumbecomesa criticallimitingfactorinthe speed, accuracy,and
reproducibilityof DNA fractionations.Conventionalinsitucastingof gelsis notwellsuitedfor
confinedgeometries,andthe currentapproachof usingnoncrosslinked,entangledpolymersolu-
tionshas severalperformancedeficiencies,includingthoseof resolutionand reproducibility.This
projectinvolvesa completelynovelseparation-mediaconceptthat combinesthe desirableperfor-
manceattributesof crosslinkednetworks,the loading/unloadingfeatureof dilutepolymersolutions,
and the userconvenienceof precast gePs.The newapproachwill use discrete"smart"gel particles
thatforma free-flowingpseudonetworkunder appropriateconditionsand can be readilyinjected
intoand flushedfromnarrowcapillaries.The feasibilityof usingthis technologyforDNA separation
by capillaryelectrophoresiswillbe investigatedinthis project.
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Interactive DNA Sequence Processing for a Microcomputer -
Wayne Dettloff and Holt Anderson Phase I
Advanced TechnologyApplications,Inc.;ResearchTrianglePark,NC 27709 Projects
919/248-1800, Fax:-1455 Continuina
DNA and biosequencesare beingidentifiedfasterthantheycan be comparedand analyzed,and into FY 1993
presenttechniquesfor rigorouslysearchinga largedatabaseare costlyand time-consuming.Under
allplausiblegrowthprojections,the problemwillsoonbecomeoverwhelming.

A custom,very largescale integrated(VLSI)circuithas beendesignedthat couldbe usedfor
high-speedcomparison,analysis,and interpretationof DNA andproteinsequences.Ina singlepass
witha statisticallyrigorouscriterion,the systolicarraycan scrutinizeeach biosequencesegmentin a
databaseto determineits homologyto an inputpattern.Phase I researchincludesdesigningand
prototypinga printedcircuitboard for an IBM-compatibleAT personalcomputer;thislow-costcircuit
boardusesa fullcustomVLSI integratedcircuit.Softwareis beingdevelopedto enablethe boardto
interfacewithcommonlyusedpublic-domainsoftwarepackages(e.g., BLAST3),andthe perfor-
mance of the systeminactual laboratorysettingsis beingevaluatedagainstcurrenttechniques.In
PhaseII, an interactiveanalysisplatformwillbe developedon the basisof evaluationresults
obtainedin Phase I.

Low-Cost Massively Parallel Neurocomputing for Pattern
Recognition in Macromolecular Sequences
John R. Hartman
Computational Biosciences, Inc.;Ann Arbor,MI 48106
313/426-9050, Fax:-5311, Internet:john@cbLcom

Connectionist(neuralnetwork)approachesto patternrecognitionandanalysishaveattractedgreat
interestrecentlybecauseof theirflexibility,abilityto learnby example,andabilityto "self-organize"
to revealhiddenpatternsand relationshipsinthe inputdata set. Neuralnetworksare inherently
parallelcomputationalstructuresand thuspotentiallyexcellentcandidatesfor implementationon
massivelyparallelcomputers.Particularlyinthe trainingstage,serialimplementationsof
connectionistmodelsare oftenlimitedeitherby networksizeorby the numberof practicaltraining
trials.The explosioninthe sizeof macromolecularsequencedatabases(suchas GenBank®)has
createda needforpattern-analysissolutionswithsuperiorcost-performancecharacteristics.

Phase I willimplementefficientparallelalgorithmsforallcriticalcomponentsof a basicmultilayer,
feed-forwardneuralnetworkmodel.Thesecomponentsincludea "linearcombiner"forthe multipli-
cationofconnection-weightmatriceswithinput(orerror)vectors,a sigmoidalactivationfunctionto
introducenonlinearityinneuronbehavior,and a completeparallelimplementationof the back-
propagation(generalizedDeltarule)trainingalgorithm.Once implemented,the networkwillbe evalu-
ated againstalternativeparameterizationsina prototypeDNA sequence-pattern-recognitiontask.

Electrophoretic Separation of DNA Fragments in Ultrathin
Planar-Format Linear Polyacwiamide
Michael T. MacDonell and Darlene B. Roszak
Ransom Hill Bioscience, Inc.; Ramona,CA 92065
619/789-9483, Fax: -6_02

Linearoruncross-linkedpolyacrylamidehasbeen usedsuccessfullyincapillaryelectrophoresisto
separatenucleicacids.Typicalacrylamideconcentrationsfor thoseapplicationsare 3 to 14% (w/v),
withconsistenciesrangingfromalmostliquidto moderatelyviscous.Its relativelyfluid natureat
typicalconcentrationsandthe absenceof crosslinkshave causedlinearpolyacrylamidein planar
(slab)gel electrophoresisto be overlooked.
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Conti nuing we have described an applicationof ultrathin(100 I_m)high-viscosityslabsof linearpolyacrylamideto planarelectrophoresisof nucleicacidfragments[M. T. MacDonellandD. B. Roszak,Gene Anal
into FY 1993 Tech.Appl. 10, 10-15 (1993)]. The approachis rapid-end-yield,high-resolutionseparationof

nucleicacid fragmentsinlinearpolyacrylamidesupports.The mobilityof DNAfragmentsof various
lengthsin a rangeof linearpolymerconcentrationsis comparedwiththe mobilityforconventional
cross-linkedgels.

The reptativemigrationof largerDNA fragmentsin linearpolymersispredictablefrom modelsof
cross-linkedacrylamideand agarose,butthe migrationof smallerfragmentsis notentirelyconsis-
tent withthe Ogstonmodel.Relativemobilitiesforvery smallDNA fragmentsare abouthalf those
predictedby the Ogstonregime.

The tendencyof smallerfragmentsto deviatefrompredictedmobilitiesbenefitsthe userbecause
the overalleffectis notunlikethat of a field-strengthgradient.Anadditionalbenefitof using
water-solublelinearpolymersis that quantitativerecoveryof DNA fragmentsfrom thesegels
requiresonlythatthe bandbe excisedand droppedintobuffer.The usefulrangeof linearpolymer
concentrationsinplanarsequencingappearsto be 20 to 35% (w/v),appropriateforthe electro-
phoreticseparationof DNA fragmentsrangingfrom 50 to about2500 bpin length.

An Acoustic Plate Mode DNA Biosensor
Douglas J. McAIIister
BIODE, Inc.; Cape Elizabeth, ME 04107
207/883-1492, Fax: -1482

This projectis developinga new solid-statebiosensortechnologyforbiologicalmeasurements.The
technologyis basedon mergingtwo relativelydifferenttechnologies:nucleicacidprobe(NAP) DNA
hybridizationtechnologywithacousticplatemode(APM) microsensors.Recent advancesinthe
designand operationof APM deviceshave demonstrateda DNA hybridizationsensorprinciplewith
excellentsensitivity(nanogram/milliliter),selectivity,and temperaturestabilitywhen usedwitha
modelprobesystem.

This projectisthe firstattemptat directelectronicin situsensingof a diagnosticallysignificantDNA
gene sequencethat codesforthe abundantlatematrixantigenof Cytomegalovirus. The new DNA
biosensoroperatesina continuousandthereforehomogeneousmodeandyet is expectedto equal
orexceedthe sensitivitylimitsof existingdot-blottechnologies.Thus,the biosensoris expected
overtime to respondinsituto the targetDNA. Incontrast,the currenttechnologyyieldsa discrete
endpointresult.The biosensorresponsewill be an electronicsignal,allowingnumerous
data-handlingoptions.

The Phase I projectconsistsof severalcomponents:(1) constructiono' an optimizeddualdelayline
APM sensingelement,(2) designandconstructionof a dual oscillatormeasurementsystemfor the
optimizedAPM, (3) optimizationof the chemistryemployedto attach NAP covalently,(4) evaluation
ofsensorperformancein detectinginsituhybridizationof targetDNA, and (5) completionof the
sensorcharacterization.
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IncreasedSpeedin DNASequencingby UtilizingLARISand SlRISto Projects
LocalizeMultipleStableIsotope-LabeledFragments Continuina
Helnrlch F. Arllnghaus into FY 1993Atom Sciences, Inc.;Oak Ridge,TN 37830
615/483-1113, Fax: -3316

Site-Specific Endonucleases for Human Genome Mapping
George Golumbeskl, Kimberly Knoche, SusanneSelman,JimHartnett,and LydiaHung
PromegaCorporation;Madison,WI 53711
608/274-4330, Fax:/277-2516

Currentlarge-scalegenomemappingmethodologysuffersfroma lackof toolsforgenerating
specificDNA fragmentsinthe megabase-sizerange.To addressthisneed, PromegaCorporation
conductedseveralPhase I studies.Thesestudiesexaminedthe feasibilityof developinga setof
site-specificendonucleasescapableof generatingDNA fragmentsinthe 2- to 100-Mb-sizerangein
a singlestep. Phase I demonstratedthat I.Fpol, the groupI intron-encodedendonuclease,has
excellentpotentialfor use ingeneralmolecularbiologicalandhumangenomeresearch.This
potentialstemsfromI.Ppol_;abilityto be expressedand purifiedat highyield, itsstabilityand
activityundera varietyof reactionconditions,andits highlyefficientsingle-sitecleavageof genomic
DNA embeddedinagarose.

PhaseII is designedto developI-Ppo/for commercializationandbroadenitspotentialfor human
genomemappingand analysisof othercomplexgenomes.To accomplishthese goals,we have
systematicallyexaminedI-Ppo/_sabilityto toleratesinglebase substitutionswithinits recognition
site. Inaddition,throughcross-linkingstudiesand crystallographicanalysis,we are investigatingthe
structureof I-Ppol whenboundto itsrecognitionsite.Usingthisinformation,we proposeto: (1)
identifystructuralmodificationsand reactionconditionsthatenhanceI-Ppol_srare-cuttingcapabili-
ties by relaxingthe enzyme'sspecificity;(2) isolateI-Ppo/proteins withmutationsthat enablethe
nucleaseto cleaveat altered recognitionsequences;(3) furtherextendthe cuttingcapabilitiesof the
nucleaseby combiningapproaches1and 2; and (4)test the abilityof the native,mutant,and
modifiedenzymesto cut humanandothercomplexgenomicDNA in agarose.

Thus,our Phase II workshouldprovidea setof conditionsandmodifiedI-Ppo/enzymes witha
rangeof usefulcuttingfrequenciesforcomplexgenome-mappingapplications.In addition,thiswork
willprovidea systematicstructure-functionanalysisof a noveltype of DNA-proteininteraction.
These resultsshouldlead to successfulcommercializationeffortsthatwillfocusonbothimmediate
complexgenomicresearchapplicationsandon the longer-termgoalof incorporatingI-Ppo/into
genomicmappinginstrumentation.

High-Performance DNAand Protein SequenceAnalysis on a Low-
Cost Parallel-ProcessorArray
John R. Hartman and David L. Solomon
Computational Biosciences, Inc.;Ann Arbor,MI 48106
313/426-9050, Fax: -5311
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Rapid, High-Throughput DNA Sequencing Using ConfocalContinuing

into FY 1993 Fluorescence Imaging of Capillary Arrays
David L. Barker and Jay Flatley
Molecular Dynamics; Sunnyvale, CA 94086
408/773-1222, Fax: -8343

The goalsof the HumanGenomeProjectrequireDNA sequencingtechniquesthat can increase
throughputby an orderof magnitudeormore. Currentautomatedfluorescencesequencinginstru-
mentsrequire5 to 10 h fora singlegel runand accommodatea maximumof 36 reactionsets.
Capillarygelscan be runat highervoltagesto yieldseparationof 300 to 500 bases in 1 to 2 h, but
fluorescence-detectionmethodsare limitedto analyzing1capillaryat a time.

Confocalfluorescenceimagingcanproducegreatsensitivityto detectionandhas the geometrical
advantageof deliveringexcitationlightthroughthe samelensthat collectsfluorescenceemission.
FI.A. Mathiesand hiscolleagueshaveshownthat a singlescanning-confocal-fluorescencedetector
can detectDNA fragmentsin a parallelarrayofcapillaries.Phase I was directedtowardtestingthe
feasibilityof thistechnologyfor high-throughputDNA sequencing,includingautomatedmethodsfor
loadingand analyzingupto 96 simultaneousreactionsets in 1to 2 h.

Phase II willidentifyandtestvariousdye chomistries,lasers,base-codingmethods,andsoftwareto
identifysolutionsthatwouldbe successfulina commercialinstrument.Low-viscositygel matrices
willalsobe tested,anda capillary-arrayfillingandflushingsystemwillbe designedandbuilt.A
workingprototypecapillary-arraysequencerwillbe builtfortestingina high-throughputlaboratory.

Spatially Defined Oligonucleotide Arrays
Stephen P. A. Fodor
Affymetrix;Santa Clara, CA95051
408/481-3400, Fax:-0422, Internet:steve_fodor@qmgates.affymetrix.com

InPhase I, spatiallydefinedarraysof oligonucleotideprobeswere constructedto studythe feasibilo
ity of DNA sequencingby hybridization.Newlydevelopedtechniquesinlight-directedpolymer
synthesiswere usedto constructhigh-densityoligonucleotidearrays,explorekineticand
solvent-relatedparametersof targethybridization,and readthe hybridizationpositionsby
epifluorescencemicroscopy.Specificcombinatorialsynthesisstrategieswere designedto address
experimentalissuesof parallelhybridization.

Phase II researchwillimprovethe basictechnologyby developingadvancedinstrumentation,
includinghigh-speeddetectionsystems;upgradingthe image-analysissoftwareto handlelarger
data sets;andformulatingalgorithmsforthe designof application-specificarraysof probes.
Completionof thisworkwilllead to sequencinginstrumentationthatcouldprovide
order-of-magnitudeimprovementsin DNA sequencingproductivityandgeneratenew technologies
for exploringgeneticdiversityfordiagnosticapplications.

Chemiluminescent Multiprimed DNA Sequencing
Chris S. Martin, Corinne E. M. Oleson, andIrena Bronstein
Tropix, Inc.;Bedford,MA01730
617/271-0045, Fax:/275-8581

The objectiveof thisstudyis to improvethe performanceefficiencyof a nonisotopicdetection
methodfor DNA sequencing.Afterelectrophoreticseparation,transfertoa nylonmembrane,and
incubationwitha streptavidin-alkalinephosphataseconjugate,DNA sequencing-reactionproducts
labeledwithbiotinylatedprimersare imagedby utilizinga chemiluminescentdetectionprocedure
that incorporates1,2-dioxetanesubstratesforalkalinephosphatase.Upondephosphorylation,these
enzymaticsubstratesdecomposeandemit light.
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In Phase I, the feasibility uf a m!|ltiprimestrategyfor increasingthe amountof DNA sequence
informationfroma singlemembranewas assessed.Multiplesetsof DNA sequencingreactionswere
loadedintoa singleset of gel lanes,andfollowingelectrophoreticseparationand DNA transferto
nylonmembrane,each setof sequencingreactionswasindividuallydetected.MultipleDNA se-
quencingprimerswere used, each bearinga uniqueligandlabel, includingbiotin,digoxigenen,
2,4-dinitrophenyl,or fluorescein.Eachset of reactionswasdetectedwitha ligand-specificalkaline
phosphataseconjugate.The performanceof variouslabelsandenzymeconjugateswas evaluated,
andan optimumprocedurewasdevelopedfor rapidsequentialdetectionof each setof labeled
fragments.

Phase II willfurtheroptimizethe procedureforsequentialdetectionof each setof labeledfragments
andwill incorporatethe newlydevelopedprotocolsandindividualreagentsintoa DNA-sequencing
kitwithmultiplehapten-labeledprimers.A complementarychemiluminescentdetectionkit containing
hapten-specificenzymeconjugateswillbe producedforsequentialidentificationof overlapping
polymerasechainreaction(PCR) products.The creationof a specificmembraneoptimizedfor
chemiluminescencewill be investigated.

Inaddition,an apparatusfor automatingthe blot-developmentstepswillincreasethroughputand
permitsystemscaleup.Techniqueswillalsobe developedfor interfacingthe multiplex-labeling
DNA-sequencingprocedureswithPCR amplificationandsingle-strandedDNA templatepurification.
Protocolsforthese techniqueswillbe incorporatedintothe researchkitsandwill greatlyexpand
theirusefL_lness.
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*Project| In thi|

le(:tlon havebeen Resource Developmentcompletedor didnot
receivesupport
throughthe DOE A Bacterlophage T4 In Vltro DNA Packaglng System to Clone Long DNA
HumanGenome Molecules (PR,p.93)
ProgramIn FY1993.
Pagenumbersreferto _enlgallaB. Rao,VishakhaThakhar,andLindsayW.B;ack
the1991--92program
report(PR). Synthetic Endonucleases (PR,p.96)

BetsyM.SutherlandandGaryA.Epllng

Expressed Sequence Tags (ESTs) from Human Brain cDNAs for Genome
Mapping (PR,p.97)

J. CraigVenter,MarkAdams,MarkDubnick,ChrisFields,JennyKelley,AnthonyKerlavage,
RubenMoreno,andJamesNagle

New Hosts and Vectors for Genome Cloning (PR,p.98)

PhilipA.YoudarlanandPhilipGreener

Physical and Genetic Mapping

Cloning and Characterization of Human Chromosome 21 YACs (PR,p.102)

JeffreyC. GingrichandStevenLowry

Mapping Instrumentation

Field-Flow Fractionation of Chromosomes and DNA (PR,p.112)

J. CalvinGiddings

High-Resolution DNA Mapping by Scanning Transmission Electron
Microscopy (PR,p.112)
JamesF.Hainfeld

Automating the Analysis of Dot-Blot Hybridizations (PR,p. 113)

JosephJaklevic,TonyHansen,WilliamKolbe,LindaSindelar,EdwardTheil,andDonaldUber

Cloning-Independent Mapping Technology for Genomlc Fidelity, Contig
Linking, cDNA Site Analysis, and Gene Detection (PR,p.115)
LeonardLerman

Quantitation in Electrophoresis Based on Lasers (PR,p. 117)

EdwardS. Yeung
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Sequenclng Technologlu

Sequencing of Linear Molecules (PR,p. 128)

Joseph M. Jaklevio andW. F. Kolbe

Scanning Molecular Exciton Microscopy: A New Approach to Gene
Sequencing (PR, p. 130)

Raoul Kopelman, John Langmore, Bradford Orr, Zhong You Shi, StevenSmith,WelhongTan,
and VladimirMakarov

A Probe-Based Mapplng Strategy for DNA Sequenclng wlth Moblle Prlmers
(PR, p. 137)

Llnda D. Strausbaugh andClaire M. Berg

Informatics

GenBank®:The Genetic Sequence Data Bank (FR, p. 140)
James Cassatt

BIOPIX: Imaging for Molecular Biology (PR,p.145)

Suzanna Lewis, Frank Olken, KevinGong,andMarge Hutchinson

Genomlc Information Management System (PR,p.145)
Suzanna Lewls, Manfred Zorn, John McCarthy, VictorMarkowitz,andFrankOlken

Shotgun Sequence Assembly Project (FR,p. 148)

Frank Olken, Eugene Lawler,DanielGusfield,Terence Speed, and Tim Hunkapiller

Analysls of Sequence Data (PR,p. 15.5)

Manfred D. Zorn and Marge S. Hutchinson

Ethical, Legal, and Social Issues

National Study Conference on Genetics, Religion, and Ethics (FR,p.157)
C. Thomas Caskey, J. RobertNelson,andHesselBoumaIII

Lawful Uses of Knowledge from the Human Genome Project (PR,p. 159)

Frank Grad, Nell Holtzman,DorothyWarburton,and lliseFeitshans

Mapplng and Sequenclng the Human Genome: Sclence, Ethlcs, and Publlc
Pollcy--Development and Dlstrlbutlon of Educatlonal Materlals for Use In
Hlgh School Blology Classes (PR,p. 159)
Joseph D. Mclnerney, Jenny Stricker,and KatherineWinternltz
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Genetic Data and Privacy: A Search for Model Legislation (PR, p. 161)

Philip Rellly

Human Genetics and Genome Analysis: A Practical Workshop for Public
Policymakers and Opinion Leaders (PR, p. 161)

Jan Witkowskl, David A. Micklos,and MargaretHenderson

Infrastructure

Functions of the DOE Human Genome Program Principal Scientist (PR, p. 163)

Charles R. Cantor

SBIR

Phase I

Development of Micron to Sub-Micron Thickness Electrophoresis Gels to
Optimize Resolution in DNA Sequencing Using Resonance Ionization
Spectroscopy (RIS) (PR, p. 165)

Helnrich F. Arlinghaue, William A. Gibson,andNorbertThonnard

Development of an Ultrasensitive Detection System for DNA Sequencing
(Pr_, p. 166)

Frederic R. Furuys, James F. Hainfeld,and RichardD. Powell

Oligonucleotide Libraries for High-Throughput DNA Sequencing (PR,p. 166)
Gerald D. Hurst

Phase II

Instrumentation for Automated Colony Processing (PR, p. 168)

Norman G. Anderson and N. Leigh Anderson
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