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DOE/ER/61245-1
Katheleen Gardiner, Ph.D.

Grant Title: First International Workshop on the Identification of
Transcribed Sequences in the Human Genome

Abstract
Because of rapid progress being made in the construction of physical maps of

large chromosomal regions, many investigators are finding it timely to begin
comprehensive gene searches from YAC and cosmid contigs. Thus, it was deemed
important to bring together interested workers in this field for discussions of old and
new techniques in gene identification, to determine what progress is being made and
what additional types of innovations may be required for the construction of
transcriptional maps of the human genome.

Final Report
The workshop was held at the National Institutes of Mental Health, Bethesda,

Maryland, on October 4 and 5, 1991. Twenty-four investigators attended from
England, Germany and the United States. The topics discussed included: i) genome
sequence analysis using computer assisted detection of open reading frames, splice
sites and hexamer patterns, ii) direct exon identification using trapping of internal
and 3' exons, and a recombination based system, iii) cDNA library construction and
screening, including the use of normalization and subtraction procedures, Alu and
splice donor site PCR from hybrid cell lines, and microdissection clones as probes, iv)
use of labeled CDNAS as probes to screen lambda and cosmid libraries, and v)
sequencing of random cDNAs. Significant time was devoted to discussion of the
strengths and weaknesses of the various approaches, and to complementarities among
them. In general, it was agreed that further experience in comprehensive gene
searches and in the development of transcriptional maps is necessary before the most
efficient approaches can be defined.

All participants agreed that a second workshop, again to be appended to the
annual American Society of Human Genetics meeting, would be crucial. Many
techniques are too new to be properly evaltmted, and additional approaches are sure
to appear. It was suggested that the second workshop be increased in size to 40
participants, to represent more laboratories and projects, but that the informal
workshop style of all oral presentations and much discussion be maintained.

A report of the workshop was published in Human Genome News, January
1992 (c._py enclosed). Also enclosed are copies of the workshop agenda, abstracts
presented and list of attendees.
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INTERNATIONAL WORKSHOP ON THE IDENTIFICATION OF TRANSCRIBED SEQUENCES

FRIDAY, Oct. 4 - 8:30 AM

SESSION 1 cDNA LIBRARY SCREENING AND SEQUENCING

Chairman: Greg Sutcliffe

J. Sutcliffe: cDNA library screening and sequencing. 1

F. Kao: Isolation and mapping of expressed sequences of human
chromosome 21 using microdissection clones. 2

G. Lennon: cDNA characterization by arrayed library hybridization. 3

H. Lehrach: Integration of cDNA and genomic libraries. 4

J. Sikela: High throughput automated sequencing of human brain
cDNAs. 5

C. Venter: Expressed sequence tags from human, Drosophila, and
C. elegans. 6

FRIDAY, Oct. 4 - 1:00 PM

SESSION 2 EXON IDENTIFICATION - COMPUTATIONAL METHODS

Chairman: Richard Mural

C. Fields: Integration of results from large-scale cDNA and
genomic sequencing. 7

S. Knudsen: Prediction of human mRNA donor and acceptor sites from
the DNA sequence. 8

A. Konopka: Biological coding problem and practical aspects of
discriminant analysis. 9

R. Mural: Artificial intelligence based tools for gene recognition
and assembly from DNA sequence data. 10

SESSION 3 EXON IDENTIFICATION - EXPERIMENTAL APPROACHES

Chairman: Glen Evans

S. Berget: Exon trapping specific for 3' terminal exons. 11

A. Buckler: The identification of coding sequences in mammalian
genomic DNA using exon amplification. 13

G. Duyk: Exon trapping. 14

G. Evans: Physical map of human chromosome 11. 15

D. Kurnit: A recombination-based assay to isolate genes. 16



SATURDAY, Oct. 5 - 9:00 AM

SESSION 4 HYBRIDIZATION BASED APPROACHES - DIRECT SCREENING AND

SELECTION

Chairman: Mike Lovett

U. Hochgeschwender: Identification of transcribed sequences by

direct cDNA screening of genomic libraries. 18

M. Siciliano: Hn-cDNA libraries form hybrid cells - enriched for

human chromosome region specific exons. 19

A. Poustka: Identification of genes in Xq28. 20

D.L. Nelson: Identification of expressed sequences in distal Xq:

Experience from fragile X and Lowe's syndromes as

well as ALU-primed hncDNA. 21

K. Gardiner: Gene and CpG island search on human chromosome 21. 22

M.K. McCormick: Approaches for identifying expressed sequences on

yeast artificial chromosomes. 23

SATURDAY, Oct. 5 - I:00 PM

SESSION 5 HYBRIDIZATION BASED APPROACHES - DIRECT SCREENING AND

SELECTION - CONTD.

S.M. Weissman: Identification of transcribed sequences. 24

M. Lovett: Direct selection: a method for the selective isolation

of cDNAs encoded by large genomic clones. 25

M.B. Soares: Chromosome-specific cDNAs/ESTs. 26
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cDNA LIBRARY SCREENING AND SEQUENCING

J. Gregor Sutcliffe, The Scripps Research Institute

Complete understanding of human physiology will require substantially
complete identification of the protein molecules expressed in the body and their
sites of synthesis as well as knowledge of their biochmeical activities and
contributions to organismic function. Exhaustive, systematic cDNA cloning and
nucleotide sequence analysis allow expressed genes to be identified and their
encoded proteins recognized. How many genes are there to be identified, and what

obstacles will one encounter in traversing from cDNA cloning to physiological
understanding?

Systematic studies on cDNA cloning brain mRNAs indicate that there are
about 30,000 distinct mRNAs expressed in the brain. Extrapolation to the whole
oranism suggests that between 50,000 and 100,000 might be a reasonable estimate of
total gene number. Technical obstacles to hurdle include the isolation of complete
sets of cDNA clones, obtaining full-length clones and accurate sequences.
Intellectual obstacles will be encountered in bridging between a protein's sequence
and pattern of expression and its actual biochemical and physiological function. The
deliberate production of mutant animals will be one step in the analysis.



, ISOLATION AND MAPPING OF EXPRESSED
SEQUENCES OF HUMAN CHROMOSOME 21
USING MICRODISSECTION CLONES
Fa-Ten Kao

Human chromosome 21 isimportantbecauseitcarriesgenesresponsible
forDown syndrome. We constructeda largelibraryofchromosome 21
comprising700,000recombinantplasmidclonesusingmicrodissectionand PCR
microcloningprocedures(ref.PNAS 88,1844-1848,1991).These microclones
containan averageinsertsizeof400 bp and about60% ofthe microclonesare
devoidofrepetitivesequences.Thus, largenumbers ofunique sequence
microclonescan be readilyisolatedforuse indirectscreeningofcDNA
libraries.

In our screeningprocedure,the unique sequence insertsin the

microcloneswere amplifiedby PCR and pooled,10 or 20 in a group,to prepare
labeledprobes.Afterscreening100,000phage from a human liverXgt11cDNA
libraryusing200 unique sequencemicroclones,5 differentcDNA cloneswere

identifiedand plaquepurified.One ofthe cDNA clones,21E-C1, was shown to
be derivedfrom microclone21E-181.This cDNA clonecontainsan insertof 1.5

kb and was regionallylocalizedto21q21.3.
In addition,we used the same 200 unique sequencemicroclonesto screen

a normalizedhuman thymus cDNA library,kindlyprovidedby Drs. Patanjali
and Weissman (PNAS 88, 1943-1947,1991).In thesescreens,we identifiedthe
same 5 cDNA clonesas found inthe previouslibrary,but occurringat higher
frequencies.We alsoidentified2 new cDNA clonesnot found inthe previous
library.

The directscreeningofcDNA librariesusingunique sequence
microclonesappears tobe simpleand efficient.We estimatethatfora

microdissectedregionof10 mb, itisentirelypracticaltouse thisprocedureto
isolatemost ofthe cDNA clonesfrom the dissectedregionthat arepresentin
the cDNA library,ltalsoappears feasibleto use thisapproach toisolatea
majorityofthe cDNA cloneseven forthe entirechromosome 21.



, cDNA CHARACTERIZATION BY
ARRAYED LIBRARY HYBRIDIZATION
Greg Lermon

We (G.Lennon and H. Lehrach)have developedthe firstsetsof
distributed,arrayed,cDNA libraryfilters.Now, work isfocussingon the use of
thesefiltersforgenome scalecharacterization.These projectsinclude:1)the
isolationofspecificgenes using"motif'oligonucleotides,2)the isolationof
cDNAs hybridizingtowhole cosmid probes,3)the use ofthesefiltersto
increasethe efficiencyofmass cDNA sequencingefforts,and 4)the use ofthese
filterstostudy gene expression,includingthe isolationofdifferentially
expressedgenes.
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, IN2_GRATION OF cDNA AND GENOMIC LIBRARIES
Hans Lehrach

Identification of coding regions in long stretches of DNA will be an
essential step in understanding the function of the mammalian genome. This
will require integration of information from genomic, cDNA and exon libraries.
As a general approach to this problem, we have constructed a number of
different types of libraries in high density filter grids. Libraries can be
fingerprinted, partially sequenced by oligonucleotide hybridization, or cross-
screened by hybridizing clones or pools of clones to the same or different
libraries. Specific experiments include the hybridization of pools of cDNA
clones to cDNA, exon, YAC and cosmid filters, hybridization of radiolabelled
cDNAs tc cDNA or exon clones, and the partial sequence determination of exon
and cDNA clone sequences by oligonucleotide hybridization.



, HIGH THROUGHPUT AUTOMATED
SEQUENCING OF HUMAN BRAIN cDNAs
James M. Sikela

Rapid characterizationoflargenumbers ofcDNAs by automated single
pass sequencingprovidesa major resourcetothe development ofa master set

ofcDNAs. Such a collectionofcDNAs would representa naturalstartingpoint
fora largescaleeffortto determinethe completecodingregionsequencesof

full-lengthcDNAs. In addition,the partiallysequenced cDNAs would provide
toolsthatcouldbe used forchromosomal localizationstudiesthat,ifdone on a
largescale,would generatean importantresourceforthe identificationof
human geneticdiseasegenes.

In orderto avoidrepeatedsequencingofhighlyrepresentedcDNAs, we
prescreenhuman braincDNA Hbrarieswith cDNA derivedfrom human brain

mRNA inthe presenceofan excessofcoldhuman genomic DNA. Thus, highly
representedclonescan be identifiedand onlynon-hybridizingclones,likely
representingrare ormoderatelyexpressedmRNAs, selected.In thisway,
selectionofonlythe non-hybridizingclonesresultsinan enrichmentforcDNAs

that are unique from one another. Data willbe presentedillustratingthe
efficiency of this strategy.

Once plaques are identified they are individually picked and used for
PCR amplification with vector-specific primers that flank the cloning site.
After rapid removal of primers, dNTPS, etc., the PCR products are directly
sequenced using an ABI 373 automated sequencer and a cycle sequencing
protocol.

Sequenced clones can be used to generate STS primers, which can then
be used to assign the cDNA to a chromosome by PCR analysis of somatic cell
hybrid DNAs. Coordination of cDNA sequencing among the laboratories
involved has the potential to significantly improve the efficiency of the process
by increasing the overall rate of sequencing while minimizing duplication of
effort.



, EXPRESSED SEQUENCE TACS FROM
HUMAN DROSOPHILA AND C. elegans
M.D. Adams, W.R. McCombie, R.F. Moreno, A. Martin-Gallardo and
J.C. Venter

One goalofour laboratoryistoidentifyas completelyas possiblethe
expressedgene complement ofthe human brain.Toward thisend,we have

collectedpartialsequence data (expressedsequencetags,ESTs) from over 2000
cDNA clones.Over halfofthesesequencesare unrelatedtoany previously
known sequences.The remaining ESTs aresplitbetween "junk"sequences
(mitochondrial,ribosomal,etc.),and thosewith significantdatabase
similarities.We have found thatvariousbrainlibrariescontainan excellent

diversityofclonesand thatwith judiciousscre_z_!.agofa relativelysmall
number ofhighlyand moderatelyrepresentedsequences,largenumbers of
differentgenes can be tagged. In ordertoexamine the difficultiestobe

encounteredin achievingclosure(findingthe lastseveralpercentofthe
expressedgenes)and toprovideadditionalmodel systemsin which to study
novelgenesidentifiedby the EST program, we have begun EST sequencing
usingC. elegansand DrosophilacDNA libraries.Over fivehundred C. elegans
cloneshave been sequenced,revealinga somewhat lowerlevelofdiversitythan
the human libraries.Nonetheless,a relativelysmallpoolofclonescouldbe

used as a probe toeliminatea majorityofthemultiplerepresentedclones,thus
enhancing the efficiencyofnew cloneselection.Redundancy probesofhuman

and C.elegansclonesare currentlybeingconstructed.We have alsobegun
constructionofa Sybase database applicationforstorageand integrationof
cDNA sequence analysisdata. The Sybase databasecurrentlyconsistsof
tablesrelatedtothe sequencingreaction,databasesearches,mapping
information,and tentativeformalidentificationofthe gene and gene family,lt

isanticipatedthatthe extensivegeneticmanipulationspossiblein C. elegans
and Drosophilawillprovetobe usefulsystems inwhich tostudywell
conserved,but unknown genesthat areidentifiedin allthreespecies.
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' INTEGRATION OF RESULTS FROM
LARGE-SCAI_ cDNA AND GENOMIC SEC T]'ENCING
Chris Fields

Sequence data are currentlybeingobtainedusinga varietyofstrategies,
includingtraditionaldirectedgenomic and cDNA sequencing,random or

selectedgenomic STS sequencing,cosmid sequencing,and large-scalepartial
cDNA (EST) sequencing.Resultsobtainedwith one strategycan oftenaidin

analyzingor interpretingthoseobtainedwith a differentstrategy;e.g.a single-
pass EST sequencemay identifya _anscribedregionofan otherwise
anor.ymouscosmid sequence. Efficientintegrationofdata obtainedusing
different strategies can, therefore, significantly increase the overall efficiency
with which sequence data can be analyzed and genes identified.

Large-scale EST sequencing has proven to be a very efficient means of
identifying clones of protein-coding genes. Over 2000 human ESTs and 500 C.
elegans ESTs have been sequenced at NINDS thus far; of these, roughly 75%
correspond to protein-coding genes, of which two-thirds are previously
unidentified. This rate can be compared with 1% to 2°/0 of random genomic
STS sequ_ _ces obtained at LANL that can be identified as coding sequences
similar to t__,wn genes. The accumulation of new coding sequences by EST
sequencing will rapidly increase the sequence diversity in the protein sequence
databases, which will further increase the efficiency of new gene identification.

Efficient use of this data requires mechanisms for effective data sharing,
and analysis tools that allow the incorporation of data from different sources.
A cDNA database that will serve the EST sequencing and mapping community
is being developed at NINDS, together with tools for automatically searching
new cDNA sequences and their translations against both the existing collection
and the public databases. These tools are also appropriate for use with
genomic STS sequences. The gm genomic sequence analysis system has been
enhanced to allow use of partial cDNA sequence data to initiate construction of
gene models, and to provide map integration tools in the user interface. These
systems are being employed to search for gene in both humans and worms.



, PREDICTION OF HUMAN mRNA DONOR AND
ACCEF1Y3R SITES FROM THE DNA SEQUENCE
Soren Brunak, Jacob Engelbrecht and Steen Knudsen

NETGENE is a combination of artificial neural networks that identify
splice sites and coding regions. Jointly these networks can predict exons, or
parts of exons.

The performance of NETGENE allows it to predict 95% of the donor sites
in test sequences, with, on average, only one and a half false predictions per
true site.

Another of the capabilities of NETGENE is to predict donor sites that are
certain (around 1/5 of the total donor sites can be predicted with certainty).

A RUIn-BASED APPROACH TO Tt_ PREDICTION OF GENE
STRUCTURE
Rodexic Guigo, Steen Knudsen, Neil Drake, and Temple Smith

GENEID isa rule-basedsystem thatincorporatesa largenumber of
algorithmsto predictthe exon structureofgenesgiventhepre-mRNA
sequence. The currentperformanceofGENEID allowsittopredictthe exon

structureof4 out of28 testgenesentirelycorrect,whereas the remaining
genes are predictedwith varyingaccuracy.The accuracyofthe predictioncan
be enKanced by givingsome experimentalinformation,likethe knowledge ofa

lastexon orpart ofa codingsequence(expressedtaggedsite).We are
currentlydirectingour effortstolocalizingtranscriptionsignalsas weil.



BIOLOGICAL CODING PROBLEM AND PRACTICAL
ASPECTS OF DISCRIMINANT ANALYSIS

Andrzej K. Konopka

ltiswellknown that statisticalcharacteristicsoftextualelements(such

as frequencydistributionofletters)arewellpreservedin any intelligibletext
writtenin a given(sequential)language. By analogy,itisbelievedthat
statisticalanalysesmay revealthe structureof"textualelements"associated
with a givenfunctionofnucleicacidor proteinfragments.

The main goalofdiscriminantanalysisistoidentifyputativefunctional
domains inunannotated nucleicacidsequences.The researchleadingtothis

goalhas two aspects:
(1) Identify(bycomputationalexperiments)function-associatedsequence
patternsin largecollectionsoffunctionallyequivalentsequences(i.e.,
determine a classification"cede").

(2) Design protocolsthatwillhelp "translate"observedsequencepatterns
intodiscriminantfunctionsusableformapping.

The presentationisdevotedtothe firstofthe above aspects.Four
systematicmethods ofsegmenting a text(i.e.,stringofsymbols thatbelongto a
finitealphabet)intomorphologicallydistinctdomains willbe introduced.Then,
itwillbe shown thateach ofthesemethods leadsto a good correspondence
between known functionaldomains and morphologicaldomains determinedin
known nucleicacidsequences.



ARTIFICIAL INTELLIGENCE BASED TOOLS FOR GENE
RECOGNITION AND ASSEMBLY FROM DNA SEQUENCE DATA
R. Mural, R. Einstein, X. Guan, R. Mann and E. Uberbacher

We are buildinga hybridneuralnetwork and rule-basedinferencesystem
toexamine and characterizeregionsofanonymous DNA sequence which is

based on a new approach tofeatureidentificationthatuses a multiplesensor-
neuralnetwork formalism.For example,we have developeda module which

correctlyrecognizes90O/oofthe codingexonsof100 or more bases longand
which has a very low noiselevel(Uberbacherand Mural,in press).We are
constructingadditionalmodules torecognizesplicejunctionsand otherfeatures
which representpowerfultoolsthat can be used ina stand-alonemanner or in

an integratedsystem. These toolshave recentlybeen combined with a rule-

based interpreterand userinterfaceto allowanalysisofDNA sequenceover
the Internet(Gene Recognitionand AnalysisInternetLink;GRAIL). User E-
mail DNA sequencesto thesystem and have the analysisreturned
automaticallyby E-mail. The currentanalysisincludespotentialexon
positions,with strandassignment and preferredreadingframe determination.

the GRAIL system has successfullylocateda number ofgenes,including11
verifiedexons in a 60 kb fragment near the Huntington'slocus.The integrated
system we are constructinguses the blackboardCLIPS rule-basedexpert
system shellto automaticallyintegraterecognizedfeaturesintohypothetical

gene models. This system consistsofa seriesofhierarchicallyarranged
"blackboardpanels"on which connectionofpotentialfeaturesand construction

ofgene fragments isaccomplishedby a setoflogicallyindependentknowledge
modules. A tentativecodingmessage willbe automaticallycompared to
sequencedatabasesusinghighlyparallelmethods. (Thisresearchwas

sponsoredby the OfficeofHealth and EnvironmentalResearch,U.S.
Department ofEnergy,under contractDE-AC05-840R21400 with the Martin
MariettaEnergy Systems,Inc.)
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F_ ON TRAPPING SPECIFIC FOR 3' TERMINAL EXONS
David Krizman, Christine Chang and Susan Berget

We have designedan exon trappingscheme directedatisolationof3'
terminalexons. Vertebrateexons are typicallyquiteshort.Internalexons

have an average lengthlessthan 150 bases. Some exons are extremelyshort;
6 and 7 nucleotideexons are constitutivelyexpressedincertainmuscle genes.
3'terminalexons,in contrast,are largerthan theirinternalcounterparts.A
1988 study includingover 1000 vertebrategenes indicatedan average lengthof
terminalexons of643 nucleotides.Thus, 3'terminalexons on average contain

enough contiguousinformationforapplicationsthatdirectlymap genesto
chromosomes. The techniquewe are developingselectsterminalexons from a
sourceofgenomic DNA and createsa terminalexon libraryforuse in gene

mapping.
3'terminalexons are selectedby the processingmachinery by virtueof

the processingsequencesthatdemarcate them. They areprecededby a 3'
splicesiteand they terminatewith a poly(A)site.The bulk ofthe work inour
laboratoryison understandingtheorchestrationofvertebratesplicing.In the
lastseveralyearswe have accumulated a body ofevidencethat indicatesthat
splicesitesare selecteda pairsACROSS EXONS during assembly ofthe

spliceosome.For internalexons,the pairisthe 3'splicesiteprecedingthe
exon and the 5'splicesitefollowingthe exon. We findthatthesesitesmust be
within300 bases ofeach other,both invitroand in vivo;thisrequirement

perhaps inpart explainsthe presentday smallsizeofvertebrateinternal
exons. 3'terminalexons have no 5'splicesite;insteadthey terminatewith

consensus polyadenylationsequences.We have publishedseveralreports
indicatingthat the splicingand polyadenylationfactorsinteractduringthe

recognitionofterminalexons. Briefly,mutation ofsplicingsignalsdepresses
polyadenylationin vitroand invivoand mutation ofpoly(A)signalsdepresses
splicingofterminalintrons(butnot intronsfurtherupstream).These results
suggestthatpoly(A)sitesmust residewithinterminalexons tobe maximally

recognizedin vertebrateprecursorRNAs containingmultipleintrons.In
support ofthisview,isolatedpoly(A)sitesare ignoredwhen placedwithin
vertebrateintronsand thegene issplicednormally.
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, Our exon trapping scheme takes advantage of this property of last exons.
Randomly-sheared genomic DNA is inserted within the middle of an intron of a
multi-intron gene lacking a terminal exon. In the absence of an insert no
stable cytoplasmic mRNA should be produced from this gene. If a terminal
exon, however, is inserted, it should be recognized leading to the production of
stable poly(A)+ mRNA in the cytoplasm. Isolated 3' splice sites, or isolated
poly(A) sites should not score in this assay, reducing non-specific background of
the selected sequence population. In fact, we find that a wild type 3' splice site
and wild type poly(A) site are required for recognition of a poly(A) site placed
within an intron, mRNA populations are expanded and cloned using standard
RT-PCR techniques to provide a last exon library. This approach should isolate
exons of a reasonable size, and offers the advantage of a POSITIVE selection
for clones containing exons.
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• THE IDENTIFICATION OF CODING SEQUENCES IN MAMMALIAN
GENOMIC DNA USING EXON AMPLIFICATION

A.J. Buckler, D.M. Church, A.C. Rogers, J.D. Brook, M.E. MacDonald, J.F.
Gusella, and D.E. Housman

Advances in molecular biology have enabled researchers to rapidly clone and
sequence extensive portions of several viral and prokaryotic genomes as weil as a
fraction of the much larger human genome. Physical and genetic organization of the
genome are useful for mapping the location of interesting phenotypes with some
precision, but do not address the critical problem of identifying structural genes
which may comprise less than 1% of the total sequence. To address this problem we
have developed a method, exon amplification, to rapidly and efficiently isolate exon
sequences from cloned genomic DNA by virtue of selection for functional 5' and 3'
splice sites (Buckler et.al., PNAS 88:4005-4009, 1991). Random segments of
chromosomal DNA are inserted into an intron present within a mammalian
expression vector and, following transfection into a host cell, are amplified and
transcribed at high levels. Cytoplasmic mRNA deiived from tansfectants is
screened by RNA-based PCR amplification for the acquisition of an exon from the
genomic fragment. Ali indications are that this method will be extremely useful for
coding sequence identification.

Our preliminary results indicate that exon amplification will facilitate rapid
isolation of coding sequences fi'om genomic DNA sources as complex as lambda
phage (15-20 Kbp) or cosmid (35-40 Kbp) clones. We have begun to test the
effectiveness of this approach by extending this analysis to a large number of
genomic clones derived from a variety of human chromosomes, including
chromosomes 4, 9, and 19. Approximately 92% of cosmid genomic clones and 65%
of lambda phage genomic clones have yielded RNA/PCR products containing
potential exon sequences..adtl_ough extensive analysis has, at present, been
perfromed on only a small number of the cloned products, the majority of these
have demonstrated cross-species sequence conservation or have identified cDNAs.
Sequence analysis of cloned RNA/PCR, products also identified a class of false
positives which arise due to the presence of a cryptic 5' splice site in pSPL1 and a
cryptic 3' junction. These products are easily identifiable and can be removed from
subsequent analyses. Even in the presence of these false positives, however, this
procedure represents a high level of purification of coding sequences from genomic
DNA sources,

These preliminary findings have led us to our current research plan, which
entails improving the method by devising means to eliminate false positives, and
increase its sensitivity and capacity. The results of these studies will enable us to
generate libraries of exons from complex sources of mammalian genomic DNA.
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• F_ON TRAPPING

Geoffrey Duyk

We and othershave proposedutilizingsplicingsignalsasprimary
identifiersforgeneswithinclonedgenomicDNA. Usinggeneticscreensbased
on thisidea,we have analyzedtencosmidsfromtheHD regionin4p16.3and
have identifiedatleastthreetranscribedsequences.Thisexperiencehaslead
tothedevelopmentofstrategies,basedon theprimarysequenceinformation
obtainedfromthe"trappedexons",toidentifytranscriptsand recovercDNA
clones.In additionwe havedevelopedsecondand thirdgenerationvectors
whichallowmore rapidscreeningoflargergenomicregionsand may allowthe
integrationofphysicalmapping and genehuntingstrategies.
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• PHYSICAL MAP OF HUMAN CHROMOSOME 11
Glen Evans

We are constructing a large scale map of human chromosome 11 using a
combination of mapping techniques. These include 1)high resolution in situ
hybridization using cosmids from an arrayed cosmid library to establish
reference landmarks, 2) establishing STS identifiers from each reference
landmark, 3) isolating yeast artificial chromosome clones from each reference
landmark and 4) filling in gaps in the map using hybridization-based YAC
fingerprinting with high density cosmid arrays and recombination-based YAC
"walking". This approach has resulted in a reference landmark map of
chromosome l lq as well as the construction of several cosmid/TAC contigs of >
2 mb. Inherent in this project is an interest in isolating and characterizing
genes within these large contigs by identification of HTF islands, hybridization
of YAC clones to cDNA libraries, and expression of genes by introduction of
YACs into mammalian cells.
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A RECOMBINATION-BASED ASSAY TO ISOLATE GENES
A.J. Hanzlik, M.A. Hauser, M.M. Osemlak, A. Hajra, M. Ray, G.D.
Stewart and D.M. Kurnit.

We utilize a rapid recombination-based assay to replace the considerably
more time-consuming technique of nucleic acid hybridization. As a result, we
can assay efficiently whether few copy sequences are transcribed in a given
tissue at a given time of development.

To select for supF carriage by X, we constructed and E. coli strain, DM43,
that carried dnaBam and lacZam mutations. This strain selects for phages
that have Incorporated a supF plasmid by homologous recombination. We also
constructed a plasmid based on RGK (not homologous to pBR322) that allows
us to screen cDNA libraries via recombination that have sequences homologous
to pBR322, including common cDNA libraries constructed in _tl0 and _gtll.
(1) Isolation of few co_y sequences.

Copy number is determined by the frequency with which a given insert in
a supF plasmid retrieves sequences from a genomic library. This rapid
methodology enables us to separate few copy, moderately repetitive and highly
repetitive sequences.
(2) Determination of the transcriptional activity of few copy
fragments in different tissues at different times coupled with
concomitant isolation of the _ene.

A bank of human fetal (brain, spinal cord, eye, kidney and muscle) and
HeLa cDNA libraries was screened via recombination with few copy probes (see
(1)) subcloned from 2 YACs localized to the region of 21q22 responsible for
Down-syndrome. We determined thereby whether transcription occurred in
particular tissues at particular times of development. Two thirds of 210 few
copy sequences were, transcribed by this assay in at least one of the cDNA
libraries. Many of the clones were represented in multiple (but not all) cDNA
libraries. DNA from flow sorted material enriched for chromosome 21 will be

compared to determine whether the distal R-band on chromosome 21 is
particularly enriched in expressed sequences. The high degree of transcription
that we observe is in accord with our previous hybridization results and
indicates that a large proportion of single copy sequences are transcribed. The
ease, generality and rapidity of application combine to make the recombination-
based assay a method of choice for coupling a genic initiative to the genomic
initiative: this allows us to screen for time and tissue Of transcription as well
as to isolate transcribed sequences.
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' Our tin _ding that a significant plurality of few copy sequences arei

transcribed, which was not readily feasible by other technologies, has several
corollaries:
(1) A considerable proportion of the few copy segment of the genome is
transcribed; thus, tb_. search for genes must be efficient.
(2) Much of the transcription that occurs is nonabundant.
(3) It is necessary to decipher the timing and tissue of transcription of a
given sequence.
(4) We do not know as yet if the apparent tissue specificity for nonabundant
sequences represents true tissue specificity, "leaky" transcription (whereby a
gene is expressed at a low level in a tissue in which the gene is supposed to be
inactive), or a combination of the two effects.
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• IDENTIFICATION OF TRANSCRIBED SEQUENCES BY DIRECT
cDNA SCREENING OF GENOMIC LIBI__RIES
Ute Hochgeschwender and Miles B. Brennan

Our approach uses directcDNA screeningofarrayedgenomic librariesas
a method forsystematicallyidentifyingtranscribedsequencesingenomic DNA.

The cDNA probes can be derivedfrom mRNA ofany tissueatany time. The
genomic librariesare collectionsofphage clones(lambda DASH) carrying10 -
20 kb insertsand are permanently arrayed.The materialforthe librariescan

be totalgenomic DNA, DNA from specificchromosomes orfrom partsof
chromosomes (YACs).

This approach poses two problems: The background hybridization of
highly repeated sequences in the cDNA probe and the limited sensitivity of
detection in hybridizations using complex cDNA probes.

To remove highly repeated sequences from the cDNA probes, we
prehybridize the probe with a 1000-fold excess of genomic DNA coupled to
finely divided cellulose. This method quantitatively removes repeated
sequences from the cDNA probes.

To increase the sensitivity of the cDNA probes, we want to reduce the
complexity and/or "normalize" the ,_mequal representation of sequences in the
cDNA probes. To reduce the complexity of the cDNA probes we size fractionate
the template mRNA and then use the separate fractions for making cDNA.
While increasing the number of cDNA probes, this method decreases the
complexity, and thereby increases the sensitivity, of each probe. Probes are
normalized and thereby enriched for low abundance sequences by annealing
with an excess of biotinylated "driver" mRNA, and subsequent purification of
the single strand cDNA.

The application of these techniques to the screening of arrayed genomic
libraries allows the rapid and systematic identification of expressed sequences
and the determination of their patterns of expression. This approach is
amenable to large-scale applications in identifying transcribed sequences in the
human genome.

18



Hn-cDNA LIBARIES FROM HYBRID CELI_ - ENRICHED FOR
' HUMAN CHROMOSOME REGION SPECIFIC EXONS

Pu Liu and Michael J. Siciliano

Methods toisolatetranscribedsequencesrepresentingspecificregionsof
the human genome assistthe cloningofmapped genesofbiomedicalinterest

and the identificationofchromosome specificcDNAs. A proceduredevelopedin
our laboratoryto accomplishthatinvolvesthe constructionofan hn-cDNA
library,enrichedforexon sequencesfrom an interspecifichybridcellcontaining
the human genomic regionofinterestas itsonly human DNA content(Liuet
al.,1989,Science246:813).This procedureenablesone totake advantage of
the numerous monochromosomal and radiationhybridsavailabletoisolate
chromosome specificand regionspecificgenes. Sincethe procedurerequires
the use ofconsensus5'splicesequencestoprime reversetranscriptasecDNA
synthesi_from poly-AtailedRNA extractedfrom the hybridcell,conditionsfor
such hexamer priming are analyzedin a seriesofprimer extension

experiments.A sample ofsequencedinsertsfrom clonesofsuch a librarymade
from a hybridcellwith portionsofhuman chromosome 17 and 19 indicatethat
theirsequenceanatomy isconsistentwith the philosophyoflibrary
constructionand screening.The abilityofthe system to isolatehuman
sequencesexpressedat low levelsisexamined as wellas methods to evaluate
the transcriptionstatusofisolatedinserts.
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• IDENTIFICATION OF GENES IN Xq28
An_emarie Poustka

We are currently in the process of establishing ordered cosmid and YAC
libraries of the Xq28 region of the human X chromosome (Kloschis and
Poustka, unpublished) and will use this region, which has been characterised
exceptionally well by physical (Poustka et al., in press) and genetic analysis to
test a number of gene identification strategies. This will mainly involve the
screening of cosmids with radioactive cDNAs, the hybridisation of cosmid and
YAC clones to cDNA libraries, as well as the isolation of conserved and
transcribed sequences by a coupled hybridisation/PCR technique. In this
protocol biotinylated DNA from pools of cosmid clones is hybridised with either
pig DNA fragments, which had been ligated to an adaptor sequence, cDNA
clones, or double stranded cDNAs after ligation to vector or adaptor• After
isolation of the hybrid, we will use PCR using the flanking oligonucleotide
sequences to selectively amplify the pig respectively cDNA sequences. The
recovered material can either be labelled radioactively and hybridised to colony
filters or Southern blots of restriction digests of the cosmids used in the
hybridisation experiment, or can be cloned to give a library enriched in
genomic or cDNA sequences with homology to the clones from the region.
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' IDENTIFICATION OF EXPRESSED SEQUENCES IN DISTAL Xq:
EXPERIENCE FROM FRAGILE X AND LOWE'S SYNDROMES AS
WELL AS ALU-PRIMED hncDNA.
D.L. Nelson, R.L. Nussbaum, S.T. Warren, B.A. Oostra and C.T.
Caskey.

Identification of expressed sequences derived from specific genomic
regions has been an area of interest in our group for several years. The Alu-
primed hncDNA method we developed has been used to identify expressed
regions in Xq24-qter present in the X30(D-11 cell line. Extension of this
method to transfected DNA from yeast artificial chromosomes is under
development.

Our successful identification of the FMR-1 gene at the Xq27.3 fragile site
suggests that simple hybridization-based approaches using YAC and cosmid
DNAs can identify genes once a locus is represented in cloned genomic
fragments. This approach has also been applied with success to genomic DNA
crossing a translocation breakpoint associated with Lowe's syndrome, a rare
disease involving cataracts, mental retardation and kidney dysfunction. In
each of these cases, more exotic methods have not proven of utility, however
this does not necessarily rule out their applicability. These methods and the
likely reasons for their failure will be presented along with the strategies that
have led to identification of transcripts in the fragile X and Lowe's syndromes.



' GENE AND CpG ISLAND SEARCH ON HUMAN CHROMOSOME 21
Katheleen Gardiner

The distribution of known genes on human chromosome 21 is non random.
Of 31 expressed sequences, 24 map to the distal 1/3 of the long arm, the region
which also is highest in G + C content. One way to examine the significance of this
distribution is to determine the distribution of CpG islands. This has been
approached in two ways. Four megbases of YAC clones have been mapped for
clusters of rare restriction sites° In YACs mapping to R bands in the distal 1/3 of
the long are, potential clusters occur every 70 Kb (27 clusters in 1700 Kb). In YACs
from the proximal 2/3 and G band 21q22.2, only 5 clusters were observed in 2200
Kb (1/450 Kb). Because in these latter regions, CpG islands may be more subtle,
eleven NotI and Eagl boundary clones were examined for the presence of SmaI,
Hpall, HhaI and HaelIl sites. No clusters were observed; in ali cases the frequency
of such sites was what is expected for a 40% G + C region. Unique sequences from
these clones were examined in zoo blots, and exon amplification tests are in
progress. These results suggest thtat efficient gen identification strategies may need
to be chosen based on characteristics of the region of interest.
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• APPROACHES FOR IDENTIFYING EXPRESSED SEQUENCES
ON YEAST ARTIFICIAL CHROMOSOMES

Mary Kay McCormick

A human chromosome 21 specificYAC libraryhas been constructedfrom

flowsortedchromosomes and isbeingutilizedto generatea physicalmap ofa
regionwhich may be important inDown syndrome. Severalapproacheswillbe
used to identifygenes which may be presenton YACs mapping tothisregion,
which has been shown to be conservedinseveralotherspecies.To determine if
thereare conservedsequencespresenton the YACs, they willbe purifiedfrom

the yeastbackground and hybridizedto "zoo"blots.YACs containingconserved
sequenceswillbe hybridizedtocDNA librariesconstructedfrom tissuesthat
are affectedin Down syndrome. The possibilityofidentifyinggenes presenton
YACs by homologous recombinationwith cDNAs orexons introducedintothe

strainwillalsobe explored.FragmentAtion ofYACs atrepetitivesequences
has been documented, and itmay be possibleto adaptthisprocedureso itcan

be used toscreen,forexample, a YAC contigwith a collectionofCDNAs or
exons. Currently,a contigcontainingfourYACs, representing>500 kb,has
been localizedby in situtoan area ofchromosome 21 involvedinDown
syndrome. Expansion ofthiscontigand screeningforexpressedsequencesis
ongoing.
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• IDENTIFICATION OF TRANSCRIBED SEQUENCES
S. Parimoo, S.R. Patanjali, N. Baskaran, V. Goei, J.R. Gruen, D.D.
Chaplin, H. Shukla and S.M. Weissman

We are in the process of preparing normalized libraries (Patanjali et al.,
Proc. Natl. Acad. Sci. USA 88:1943-47) of random-primed cDNA fragments
from human thymus, spleen, fetal brain, whole fetus, thyroid, duodenum, liver,
and retina. Each library will be derived from 3-10 million inserts and will be
cloned in lambda gtl0 and/or gtl 1.

We have developed a convenient polymerase chain reaction (PCR) based
procedure for hybrid selection to enrich cDNA fragments encoded by large
fragments of genomic DNA. We are currently applying the method to a series
of yeast artificial chromosomes (YACs) covering about four megabases of
human chromosome 6, and including most of the human MHC and the
probable locus of the hemochromatosis gene, so as to identify most of the
coding sequences of this region. This procedure gave ten-thousand-fold or more
enrichment for low abundance cDNAs encoded by a human DNA fragment
clonedin a YAC. Only a very low background ofrepetitiveor ribosomal

sequenceswas observedin the selectedmaterial.The selectionprocedureis
potentiallyapplicabletoparallelanalysisofgroupsofYAC clonesby using
pulsed-fieldgelelectrophoreticallypurifiedand extractedYAC DNA, or directly
toDNA blotsoffractionatedYACs.

The cDNA selectionprocedurerequiresrelativelysmallamounts oftarget
DNA fragment,encouragingus toexplorefurtherapplicationssuch as
assigningcodingsequencesto arraysofclones.In addition,we areexamining
the overallerrorratedue toPCR and cloningartifacts,and the possibilityof
any biasin selectingcodingsequences.
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• DIRECT SELECTION: A METHOD FOR
TIIE SELECTIVE ISOLATION OF cDNAS
ENCODED BY LARGE GENOMIC CLONES.
Michael Lovett, John Morgan and Linda M. Hinton.

We have developed a strategy that facilitates the rapid enrichment and
identification of cDNAs that are encoded by large genomic regions. The basis
of this scheme is the hybridization of an entire library of cDNAs to an
immobilized cloned genomic region. Non-specific hybrids are eliminated and
selected cDNAs are eluted. These molecules are then amplified and are either
cloned or subjected to further selection/amplification cycles. We have used a
550kb yeast artificial chromosome (YAC) clone that contains the erythropoietin
CEPO) gene, to select cDNAs from human fetal kidney. We have achieved a
1000-fold enrichment of EPO cDNAs in these experiments and have
investigated several of the non-EPO cDNAs that were selectively enriched.
The first "anonymous" cDNA that we evaluated is indeed encoded by the EPO
YAC. The cDNA was presen t at a frequency of 1 in 108 cDNAs in the starting
library but comprised 2% of the selected library of cDNAs, again reflecting an
approximately 1000-fold enrichment. DNA sequence analysis of this cDNA and
limited regions of the YAC clone revealed that this gene encodes the beta-2
subunit of the human guanine nucleotide-binding proteins (G proteins). This
gene GNB2, was previously localized to the long arm of chromosome 7, but its
close proximity to the EPO gene was not known. The selective isolation and
mapping of GNB2 confirms the feasibility of the direct selection strategy and
suggests that it should be useful for the rapid isolation of codine sequences
from extensive portions of the human genome.
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. CHROMOSOME-SPECIFIC cDN_STs
Marcelo Benro Soares, Pierre Jelec, Maria de Batina Bonaldo,
Stephen Brown and Argiris Efstratiadis

We propose to participate in the overall effort directed towards the
mapping and sequencing of the human genome by constructing and
normalizing cDNA libraries from human fetal and adult tissues, developing
methods for assignment of cDNAs to particular chromosomes and chromosome
regions,and usingtheassignedcDNAs togenerateESTs. Our strategy
involvesthegenerationofcDNA librariesusingnovalvectors(lafmids)thatwe
have constructedand tested.FollowingcDNA cloninginlafmids,single-
strandedversionsofthelibrariescanbe obtainedand usedforlibrary
normalizationby a kineticapproach.Hybridizationbetweennormalized
librariesand chromosome-specificlibrariescanthenbe employedfor
assignmentofcDNAs tochromosomes.Variationsofthisapproachalsoallow
assignmentofcDNAs tochromosomalregions.The assignedcDNAs and the
correspondingexon-containinggenomiccloneswillbe usedas sourcesofESTs
and STSs,respectively.
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