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55me AIIST Les Embiez 

5-8 Novembre 95 

Dimanche 5 Novembre 

15H00 2 20H30 : Accueil, inscriptions 

Buffet 

Lundi 6 Novembre 

1. Cartes Transcriptionnelles (Moderateurs : Brennan, Sundaresan, Scherer) 
a) chromosomiques - 

Gardiner - Denver, CO. 
Sundaresan - Cambridge, CIK. 
Fontes - Marseille, FR. 
Collins - Berkeley, CA. 
Roux - Toronto, CAN. 
Scherer - Toronto, CAN. 

. Green - Bethesda, MD.  
Yap0 - Berlin, Germ. 
carran0 - Livermore, CA. 

Gecz - North Adelaide, Aut.  
Rynditch - Kiev, Russie 
Lutfdh - Monrpellier, FR. 
Krishnan - St. Louis, W A .  
Kohrman - Ann Arbor, MI. 
Watkins-Chow - Ann. Arbor, MI. 
Simrnler - paris, FR. 

b) de &ions - 

Introduction, region 21q 
Region pauvre en genes 3p12-13 
Region Xqcen-q2l 
Region 20q13 
Chromosome 14 
Chromosome 7 
Chromosome 7 
Chromosome 21 
Chromosome 19 

Ghes  de la petite deletion de Xq 
Ghes  des rBarrangements leuc6miques, Region 3q 
Amas de ghnes ITWAR, Region 21q 
Region HLA-C 
Le g5ne de la maladie de la plaque motrice 
Mutation du nanisme de Ames 
Nouveau gene dans la region XIC 

2. Analyse fonctionnelle : pot pourri (ModBrateur : Eberwine) 
Brent - Boston, MA. 
Eberwine - Philadelphia, PA. 
Weissman - New-Haven, CT. 
McClelland - ~a JOI~U,  a. 
Leung - New Orleans, LA. 
sutcliffe - La Jolla, CA. 

Interactions protBiques 
Ghes  de cellules uniques 
Visualisation differentielle des ARNm 
Visualisation differentielle des ARNm 
Structures dans les AFWm 
Analyse globale de l'expression des ghes  

Soirke : Activitks des Consortiums 

James - Oxford,UK. . 
Weissenbach - Euy, FR. 
Lennon - Livermore. CA. 
Boguski - Belhesdtr. MD. 
Elliston - ~uhwu?; NJ. 

Le projet EVRHEST 

Le consortium IMAGE 
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Mardi 7 Novembre 

3. Techniques - anciennes, nouvelles et comparatifs (Moderateurs : Brooks, Budarf) 
Capture d’exons partir de cosmides 
Criblage riciproque de biblioth5ques ADNc/cosmides 
Comparati fs 

, Comparatifs 
Comparatifs prediction informatique/,exp&ience 
Comparatifs genomique/exons 
Cartographie SSCP 
Les BAC 

van Ommen - Leiden, Pays Bus. 
Lee - Houston, TX. 
Heiss - Heidelberg, Germ. 
Brooks - Edinburgh, UK. 
Bud& - Philadelphia, PA. 
meyn - Cambridge, MA. 
Beier - Boston, MA. 
Shizuya - Pasadena, CA. 

4. Organismes-modkles (ModCrateur : Woychik) 
Ross-MacDonald-New Haven, CT. Levure 
Albertson - Cambridge, U.K. C. elegans 
Ashburner - Cambridge. U.K. Drosophile 
Elgar - Cambridge, U.K. Fugu 
Brennan - Bethesda, MD. Mutations CreAox souris 
Woychik - Oak Ridge, TN. Mutations souris 

5. Informatique (Moderateur : Fickett) 
Mural - Oak Ridge, TN. 

’ ClaVerie - Marseille, FR. 
Bucher - Lausanne, Siiisse 

Grail 
Dicouverte d‘exons par recherche de similarit6 
Caracterisation des 616ments de contr8le 

18:OO h 
19:OO h 

Conference de Presse 
Discours officiel 

Soirie de Gala 

Mercredi 8 Novembre 

5. Informatique (suite) (ModCrateur : Bucher) 
Quwdt - Neriherberg, Germ. 
Fickett - Los Alamos, NM. 
Duret - Villezirbanne, FR. 
Ringwald - Bar Harbor, ME. 
Fields - Santa Fe, NM. 

Elements regulateurs dans les unites de transcription 
Rkgions rigulatrices muscle-spkcifiques 
Structure et r8le des 3’UTR 
Base de donnees sur le developpement de la souris 
GSDB 

$ 1  

6. BibliothGques et ghes spdcifiques de tissus (Moderateur : Jordan) 

a) Bibliothtques d’EST 
Kingsmore - Gainsuille, FL. 
LaU - San Fransisco, CA. 
Jeanpierre - Villejuif, Fr. 
KO - Detroit, MI. 
CrOZet - Paris, FR. 

b) Criblage de bibliothtques 
Bernard - Marseille, FR. 

Rocha - Marseille, FR. 
- EUY, FR. 

Embryons de souris B 10’5 jours 
Coeur, testicules et chromosome Y 
Tumeur de Wilms 
Embryon de souris 
COChlk 

ktalkes en matrice 
Hybridation d’ ADNc en colonies, evaluation 
Hybridation de gknes de muscles en colonies 
Hybridation de gknes de thymus en colonies 

C16ture B 15H00, dCpart des autocars B partir de 16H30 
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5th IWITS Les Embiez 

Novembre 5-8, 1995 

-- 
November Sth, Sunday 

-." 
;" . 3:OO pm to 8:30 pm : Welcoming reception, registrations - 

Buffet dinner -.. 

- November 6th, Monday 

-7- 

/' - 
.... 

1. Transcriptional maps. (Chair : Brennan, Sundaresan, Scherer) 
a)  chromosomal - 

Gardiner - ~enver, C o  
Sundaresan - Cambridge, UK 
Fontes - Marseille FR. Xqcen-q21 
Collins - Berkeley, CA. 20q13 
ROUX - Toronto, CAN. 
Scherer - Toronto, CAN. 
Green - Bethesda, MD. 
Yap0 - Berlin- Gem.  
carran0 - Livermore, CA. 

Overview and correlation with 21q 
Gene poor region 3p12-13 

Chromosome 14 
Chromosome 7 
Chromosome 7 
Chromosome 2 1 
Chromosome 19 

b) regional - 
Gecz - North Adelaide, Aust. Genes from small deletion in Xq 

~ 

Rynditch - Kiev, Riissie ' 

LUtfdki - Montpellier, FR 
Krishnan - St. Louis, WA.  

Watkins-Chow - Ann Arbor, MI. 
Simmler - E w y ,  FR. 

Genes from leukemia rearrangements in 3q 
IFNAR cluster on 2 1 q 
HLA-C region 
Success story for mouse motor end plate gene 
h e s  dwarf mutation 
New gsne in XIC region 

Protein interactions 
Genes from single cells 
Differential display 
Differential display 
Structure in mRNA . 
Analyzing expression of genes 

- Ann Arbor, MI. 

2. Functional analysis - a mixed bag (Chair : Eberwine) 
Brent - Boston, MA 
Eberwine - Philadelphia, PA. 
Weissman - New-Haven, CT. 
McClelland - ~a J d u ,  a. 
h u n g  - New Orleans, LA. 
Sutcliffe - La Jolla, CA. 

Afer-dinner : Consortium Activities 

The EVRHEST project 
James - 0xford.UK. 
Weissenbach - Evy, FR. 
Lennon - Livennore. CA. 
Boguski - Befhesda, MD. 
Elliston - R U I I W L I ~  ,NJ. 

IMAGE consortium 
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November 7th, Tuesday 

3. Techniques - old, new and comparisons (Chair : Brooks and Budarf) 
van O m e n  - Nerh Cosmid exon trapping 
Lee - Houston TX. Reciprocal cDNNcosmid library screenings 
Heiss - Heidelberg - Germ. Comparisons 
Brooks - Edinburgh UK. Comparisons 
Budarf - Philadelphia, PA. Comparisons, prediction, computer/experiment 
a e y n  - Cambridge, MA. Comparisons, sequencing and exons 
Beier - Boston, MA. SSCP mapping 
Shizuya - Pasadena, CA. BACs 

4. Model organisms. (Chair : Woychik) 
Ross-MacDonald - New Haven CT Yeast 
Albertson - Cambridge, U.K. C elegans 
Ashburner - Cambri. U.K Drosophila 
Elgar - Cambridge, U.K. Fugu 
Brennan - Bethesda, M D  . . . Creflox mouse mutations 
Woychik - Oak Ridge, TN. 

Mural - Oak Ridge, TN. 
Claverie - Marseille, FR. 
Bucher - busanne, Switz. 

Mouse mutations 

5. Informatics (Tutorial). (Chair : Fickett) 
Grail 
Finding exon by similarity search 
Characterization of control elements 

6:oO pm 
7:OO pm 

Press conference 
Address by officials 

Gala dinner 

November Sth, Wednesday 

5. Informatics (Continued). (Chair : Bucher) 
Quandt - Neuherberg, Germ. 
Fickett - Los Alamos, NM. 
Duret - Villeurbanne, FR. 
Ringwald - Bar Harbor, ME. 
Fields - Santa Fe, NM. 

. Regulatory elements in transcript. units 
Muscle-specific regulatory regions 
Sp-ucture and role of 3'UTRs 
Mouse development. database 
GSDB 

6. Tissue specifics libraries and genes. (Chair : Jordan) 
a)  Libraries for  ESTs 

%ngSmOre - GainsailZe, FL. 
LaU - San Fransisco, CA. 
Jeanpiene - Villejiig 'FR. 
KO - Detroit, MI. 
. Crozet - Paris, FR. 

Mouse 10.5 day embryos 
Heart and testes and Y chromosome 
Wilms tumour 
Mouse embryo 
Cochlear. 

b) Arrayed library screenings 
Bernard - Marseille, FR. 
Pietu - Evry, FR. 
Rocha - Marseille, FR. 

cDNA colony hybridization, evaluation 
Muscle gene colony hybridization 
Thymus gene colony hybridization 

End at 3:OO p.m., bus leaving at 4:30 p.m. 
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and Catherine Nguyen. 
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,Miles Brennan, Brian Sauer, Sara Gagneten and Ute Hochgeschwender. 

Utiliser les Interactions Protiiiques pour DCfinir les Fonctions des Genes 
Roger Brent. 

Identification des Gsnes: Comparaison de la MCthode de Clonage de 
SCquences Co'incidentes (CSC) et de la SClection Directe 
A.J. Brooks, L. Dobbie, J. Maule. 

Nouvelle Approche de la CaractCrisation des ElCments deConk6le 
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Philip Bucher. 
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Identification de Genes dans I’ADN GCnomique Humain BasCe sur la 
Sequence 
Marcia L. Budarf, Weilong Gong, L. Charles Bailey, David Searls, Bruce 
Roe and Beverly S. Emanuel. 

Une Carte Physique IntCgrCe du Chromosome 19 Humain et une Selection 
de SCquences 
A.V. Carrano, L.K. Ashworth, B. Brtandriff, E. Branscomb, E. Garcia, L. 
Gordon, J. Lamerdin, G. Lennon, H. Mohrenweiser, and A.S. Olsen. 

Identification de Genes par Recherche de Similarit4 dans les Bases de 
DonnCes 
Jean-Michel Claverie. 

Application de la Capture d’Exons, de la SClection Directe d’ADNc, du 
SCquenqage GCnomique DirigC et de 1’Informatique.GCnomique 2 la 
DCcouverte de GGnes dans un Amplicon 20413.2 de Cancer du Sein 
Colin Collins, Soo-in Hwang, Johanna Rommens, David Kowbel, 
Christopher Martin, Michael Palazzolo, Gordon Hutchinson, Tony 
Godfrey and Joe W. Gray. 

Identification de Transcrits SpCcifiques de la CochlCe dans une 
BibliothGque d’ADNc de CochlCe de Souris 
F. Crozet, D. Weil, M. Cohen Salmon and C. Petit. 

Cartographie Transcriptionnelle dans la RCgion Chromosomique du 
Syndrome de Down: Capture d’Exons et SClection d‘ADNc 
N. Dahmane, C. Lopes, M. C. Dufresne-Zacharia, J.M. Delabar, G. Ait 
Ghezala, I?. Gosset, N. Creau, M.L. Yaspo, H. Lehrach, B.Korn,. A.M. 
Poutska. 

Analyse des SCquences Transcrites et Non Traduites chez les VertCbrCs: 
1’Importance des 3’ UTR dans les Processus Post-Transcriptionnels 
Laurent Duret. 

Biologie MolCculaire des Cellules IsolCes 
Jim Eberwine. 

Utilisation du Petit GCnome de Fugu rubripes comme Outil 
d’Identification des GGnes et d’Analyse de leur Fonction et de leur 
Organisation 
Greg Elgar, Richard Sand ford, Samuel Aparicio and Sydney Brenner. 

Capture d‘Exons Terminaux dans des YACs Couvrant les Amplicons 
Humains llq13 
Marie Fernandes, Soumeya Bekri, Sandra Mersher, Anouk Courseaux and 
Patrick Gaudray. 

32 

33 

34 

35 

36 

37 

38 
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Identification par Ordinateur des RCgions RCgulatrices de la Transcription 
SpCcifiques aux Muscles 

. Jim Fickett. 42 

Isolement de Nouveaux Clones d'ADNc correspondant 5 la RCgion du 
Chromosome 5 4  Critique dans le Syndrome 5 4  
C. Fidler, E. Wang Jabs, M. Lovett, P. Hedge, A. Markham, F. Cotter, J.S. 
Wainscoat and J. Boultwood. 43 . 
GSDB (Base de DonnCes de SCquences GCnomiques) 
Chris Fields. u 44 

Distribution des Genes Sur le Chromosome 21: Implications pour la 
Cartographie Transcriptionnelle du Genome Humain 
K. Gardiner, F. Tassone, H. Xu, C. C. Lee, J-F. Cheng and S. M. Weissman. 

. . ,  ; - -  

- 45 

Cartographie Transcriptionnelle des DClCtions Submicroscopiques dans la 
Rdgion FRAXE chez Deux Garsons PrCsentant un Retard de 
DCveloppement 
J.Gecz, A.K.Gedeon, G.R.Sutherland and J.C.Mulley. 

.. 

, 
46 .I 

x 

Cartographie GCnomique B Incyte Pharmaceuticals 
Richard Goold, Robert Lagace, Jean-Michel Claverie and Jeffrey Seilhamer. 47 

Isolement Rapide de Genes de Bibliothsques d'ADNc Humains avec le 
SystBme de SClection "Gene Trapper" 
C.E. Gruber, W.B. Li, D. Polayes, M.C. Noon, Pr Nisson and J. Jessee. 48 . -t 
RCsumC des Etudes MenCes sur les ADNc Exprimb dans la RCgion de 
Classe I du MHC Humain 
3. Gruen, S. Nalabou, H.X. Xu, H. Wei, V. Goie, T. Chu, C. Bowlus, W.F. 
Fan, S. Parimoo, and Sherman M. .Weissman. 

-_ . 
49 

Identification SClective de Transcrits dans XQ28 par une Approche 
CombinCe Double ou Triple . 
Nina Heiss, Bernhard Korn, Ute Roper, Petra Kioschis and Anne-Marie 
Poustka. 50 

Selection de Skquences Transcrites ii Partir d'ADN GCnomique avec 'des 
ADNc 
Primers Pudur Jagadeeswaran and Yuan C. Liu. 51 

Le Projet EVRHEST (European Vast Radiation Hybrid Mapping of 
Expressed Sequence Tags) \ 

Michael R. James ,Jacques BeckmannJean Weissenbach, Gabor Gyapay, 
Richard Durbin, David Bentley, Panos Deloukas, Patricia Rodriguez-Tome. 
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Pierre-Benoit Joly, Vincent Mangematin. 

Identification de Sequences ExprimCes dans la region CADASIL du 
Chromosome 19 
A. Joutel, A. Ducros, S. Alamowitch, K. Vahedi, H. Chabriat, H. 
Mohrenweiser, J. Wesseinbach and E. Tournier-Lasserve. 

Assignation de Fonctions aux Nouveaux Transcrits d'Embryons de Souris: 
Enrichissement des Transcrits en Fonctions RCgulatoires Potentielles par 
Analyse de SCquences Partielles, Cartographie GCnCtique et Hybridation in 
situ 
Stephen Kingsmore, Velizar T. Tchernev, Maria D.F.S. Barbosa, John C. 
Detter, Tarun D. Patel, Edward K. Wakeland, Achim Gossler. 

Identification de Sequences Transcrites dans le Clohage positionnel de 
Maladies Complexes chez la Souris et 1'Homme. 
P.W. Kleyn, G. Alperin, J.J. Lee, B. Woolf, 0. Tayber, S. Reifel, C. Muir, S. 
Glucksmann, N. Lakey, J. Culpepper, T. Clark, G.M. Duyk. 

SCquenqage et Cartographie d'ADNc d'Embryon de Souris 
M.S.H. KO, J.H. Horton, X. Wang, S. Yotsumoto, Y. Cui, T.A. Mosby, 
C.A. Moore. 

Isolation du GGne SCNSA de Souris, le G6ne MutC dans la "Maladie de la 
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Meisler . 
Identification du Contenu GCnomique de la RCgion HLA-C 
B. Rajendra Krishnan and David D. Chaplin. 
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Une Nouvelle StratCgie de Construction de Bibliothiiques-d’ADNc 
SpCcifiques de Tissus et de Chromosomes: Applications au Chromosome 
Humain 
Yun-Fai Chris Lau, Luda Diatchenko, Aaron Campbell, Alex Chenchik, 
and Paul Siebert. 

DerniBres Nouvelles du Consortium I.M.A.G.E. 
Greg Lemon. 

Les GGnes du Chromosome 19 Humain 
Greg Lemon. 

L’Architecture de 1’ARNm 
Wai-Choi Leung and Maria FKL Leung. 
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. 

Un Amas de Gene pour un RCcepteur de Cytokine p r b  de IFNARl dans le 
Chromosome 21 Humain 
G. Lutfalla, S.J. Holland, E. Cinato, D. Monneron, J: Reboul, N. C. Rogers, 
J.M. Smith, G.R. Stark, K. Gardiner, K.E Mogensen, I.M. Ken, G. Uzi. 

Empreinte GCnCtique et Representation DiffCrentielle des ARN par PCR 
Arbitraire 
Michael McClelland and John Welsh. 

Dkcouverte de Gknes dans 1’ADN GCnomique Humain avec 1’ACEDB 
Gos Micklem. 

Identification de Transcrits Gkniques, dont le Gene de la Maladie de Batten 
(CLZV31, dam la RCgion 16P12 1-12.3 
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O’Rawe, I. E. Jarvela, R. M. Gardiner. 

Localisation Physique de 23 EST (Expressed Sequence Tags) SpCcifiques du 
Chromosome 7 
S.M. Morton, R.A. Veile, C. Helms, M. Lee, W.L. Kuo, J. Gray, and H. 
Donis Keller. 
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Reconnaissance de Genes, ModClisation et Recherche dans les Bases de 
Donnees avec le Systeme Grail 
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Humains et dans le Syndrome de Werner 
M. J. Pebusque, A. Dib, A. Imbert, J. Adelaide, M. Qaffanet, H. Sobol, and 
D. Birnbaum. 
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Identification de Nouveaux Giines Ubiquitaires ou Muscle-SpCcifiques 
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Jordan. 
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Waggoner, R. Gemmill and H. Drabkin. 
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Isolement de Genes LiCs B la Maladie d'Alzheimer: Carte 
Transcriptionnelle de la RCgion 14q24.3 et Clonage de Nouveaux Genes 
MutCs dans la RCgion FAD 
E.I. Rogaev, R. Sherrington, E.A Rogaev, Y. Liang, S. Kerianov, G. Levsque, 
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The Merck Gene Index 
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J. Aaronson, R. Blevins, J. Myerson, A.R. Williamson, K.O. Elliston 

A key goal of the Human Genome Project is the identification of each of 
the estimated 100,000 genes and their location on the genome map. This 
will eventually be achieved by the sequencing of the complete genome and 
its interpretation. An alternative and immediate solution is presented by 
large scale partial sequencing of random cDNA clones. With this approach 
it is now practical to undertake a concerted effort to idenhfy the majority of 
all human genes. The partial cDNA sequences generated using this 
approach can then be used to build the equivalent of an index to the 
expressed genes. Both the partial sequences and a resulting transcript map' 
are of extensive benefit to both academic and commercial research in the 
elucidation of human disease genes; a beginning point for the 
development of both diagnostic and therapeutic agents. In an effort to 
develop such a research tool, we have begun work to place approximately 
200,000 partial cDNA sequences into the public database over an 18 month 
period. These sequences and their corresponding clones are available to 
both the academic and commercial research communities without royalty 
or restriction and at reasonable cost. Already the project has contributed 
over 197,000 EST's to the public database, accounting for over 70% of all 
public human EST information, and nearly 1/3 of the Genbank database. 
By utilizing the sequence to organize the characterized clones into a 
representative set - the Merck Gene Index - which can be annoted with 
additional information, the project will provide a powerful resource for 
analysis of the human genome and genetic disease. 
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Visualization of Expression Patterns of Predicted Genes from the C. 
Eleguns Genome Sequencing Project By Fish 

Donna G. Albertson and Rita M. Fishpool 

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, 
U.K. 

The current efforts of genome projects are producing the nucleic acid se- 
quence of the genomes and the. lo4 - lo5 genes they encode. This informa- 
tion provides the raw material i?r beginning to understand the function of 
these nucleic acid sequences. However, assigning function to genome se- 
quence can be difficult in higher organisms 'such as mammals with large 
genomes and complex body plans. Therefore the ability to identify and 
characterize sequence by s,oftware analysis and comparison to model or- 
ganisms is an attractive alternative. Assembly of the entire genome se- 
quence of the model organism, Caenorhabditis ekgans is well underway, 
and already characterization of the expressed sequences has contributed to 
the understanding of genes (including potential human disease genes) and 
developmental processes in C. elegans and other organisms. How much 
the C. elegans Genome Sequencing Project contributes to our understand- 
ing of a 'diversity of biological processes will depend upon the extent to 
which function can be assigned to the sequence. In C. elegans, most so- 
matic cells can be, identified in the light microscope throughout develop- 
ment, allowing predicted genes to be characterized by visualization of their 
expression patterns. To this end, we have used high resolution FISH to vi- 
sualize mRNA distributions in whole animals, and have obtained expres- 
sion patterns for 8 out of 10 predicted genes in an initial test set, indicating 
that FISH is an effective means for characterization of predicted genes in C. 
elegans. We have now extended this work to an analysis of the 55 pre- 
dicted genes in a set of 13 contiguous sequenced cosmids from the X chro- 
mosome. Approximately half of these predicted genes show similarity to 
no known proteins and only a quarter have an EST. To date, expression 
patterns have been obtained for 30 of the predicted genes, with 56% being 
expressed in all post-embryonic cells, 21% in muscle, 12% in neurons and 
none of the genes showing hybridization exclusively to hypodermics, in- 
testine or germ cells. For 4 of the predicted genes no hybridization was 
seen. This expression pattern information is available in the C. elegans 
database, ACEDB . 
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A New Alternative Structure That Can Be Formed By homopurine- 
homopyrimidine sequences - parallel-stranded duplex DNA 

Olga A. Amosova & J.R. Fresco 

Department of Molecular Biology, 
Princeton University, Princeton, NJ 08544 

Homopurine-homopyrimidine stretches occur in eucaryotic genomes with 
approximately 5 times higher frequency than could be statistically expected 
- in contrast to- procaryotic genomes, where there is no such '%ias". They 
are found within the gene-coding regions as well as upstream of many 
eucaryotic genes in regulatory sites. 

Homopurine-homopyrimidine sequences are well-known for their ability 
to form non-B-DNA structures, such as triplexes or tetraplexes; even the 

I structure of an "ordinary" homopurine-homopyrimidine duplex differs 
from B-DNA. The prominent biological occurrence of these sequences 
emphasizes the importance of solving structural and functional questions. 

We found,-that in addition to the great variety of known non-canonical 
structures that homopurine-homopyrimidine sequences can adopt, 'some 
of them can form parallel-stranded duplexes that are stable at conditions 
mimicking physiological. We have 'studied 2 sets of 29 bases long 
homopurine and homopyrimidine oligonucleotides (quasi random 
sequences with 38% G-C content) perfectly matched in parallel orientation. 
Duplex formation was monitored by gel-electrophoresis and 
spectrophotometric titration. UV-melting and circular dichroism were 
used to analyze the differences between parallel-stranded duplexes and 
their antiparallel counterparts. Polarity of the strand orientation was 
established by double-enzyme digestion method. Both 3' ends of a duplex 
were shortened with Exonuclease III .and subsequent S1 digestion revealed 
whether the 5'-end of the opposing strand became single-stranded. 

Not all studied homopurine-homopyrimidine sequences, even perfectly 
matched in parallel orientation, did, in fact, form the parallel duplex. If the 
energetic cost of resulting mismatches (when "parallel" oligonucleotides 
interact in the antiparallel orientation) is not too high, the strands may 
prefer mismatched antiparallel alignment. 

Parallel duplexes can tolerate some "inverted" base pairs that interrupt the 
homopurine-homopyrimidine continuity, though they are significantly 
destabilized by such interruptions. Preliminary.mode1 building studies, as 
well as chemical modification and enzyme digestion results suggest that 
the parallel-stranded DNA helix has unusually large major groove which 
might be essential for protein binding. The work is now in progress on 
establishing the base-pairing hydrogen-bonding scheme. 
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Simultaneous and Quantitative Measurement of Expression Levels for A . 
Large Set of Genes By ”Multiplex Messenger Assay” 

Karine Bernard, Samuel Granjeaud, Nathalie Auphan, Bertrand Jordan 
and Catherine Nguyen. 

“Genome structure and Immune Functions” group, CIML Luminy, 13288 Marseille 
Cedex 9, France. 

i 

In order to analyze the expression profiles otmany known genes in tissues (or cells) 
of interest, and to identify those that are diffixentially expressed in these tissues, we 
have adapted a large-scale gene expression analysis system recently described by us 
(Ngqen et al, 1995). It is based on the hybridization of complex probes with high- 
density colony cDNA filters followed by quantitative measurement of the amount of 
hybridized probe on each colony. In the present case we use a filter containing clones 
(40%) corresponding to a series of known genes, spotted in quadruplicate with a 
Biomek robot to improve the precision of the measurement, and prepare the probe 
from total RNA to minimize sample requirements. 

The complex probe is prepared from total RNA by simultaneous reverse transcrip- 
tion and labeling in the presence of 32P d CTP, using a large excess of oligo dT 
primers (dT25) under stringent hybridization conditions, to avoid production of 
poly-T tracts that may give rise to artifactual hybridization signals (Nguyen et al, 
1995). This method can be performed with a limited amount of total RNA, depend- 
ing on availability of cells or on the expression level of the genes ; we tested it with 
25pg of total RNA. To evaluate the sensitivity of the detection, a pilot experiment 
was carried out. Serial dilutions of Arabidopsis thaliana cytochrome -ec554 (CG03) 
poly(A)+ RNA were mixed with 25pg of total RNA from a epithelial cell line (MTE- 
lD), labeled and hybridized with colony filters containing 45 known genes in addi- 
tion to this control gene (CG03). Similar mixes were used to perform comparative 
Northerns. In both cases 0.05ng of CG03 RNA (1/104 of the estimated mRNA 
amount) was reliably detected. 

The method is applied to the investigation of differential expression for a set of 45 
known genes in three cell types : a thymic epithelial cell line (MTE-lD), a cytotoxic T 
cell line (KB5C20) and the same T cell line stimulated by an anti-CD3 antibody. A 
number of genes displayed increased expression in the stimulated cells, with stimu- 
lation ratios ranging from 2 (IL-2 receptor, CD8 alpha) to 5 (CTLA-1) and more than 
20 (Interferon gamma). None was repressed. The observed variations are consistent 
with.those measured on Northern blots. 
This approach for systematic analysis can be scaled up to any set of identified genes 
whose expression is to be studied as a function of a particular environment or con- 
dition. 

Reference : Nguyen C., Rocha D., Granjeaud S., Baldit M., Bernard K., Naquet P. and 
Jordan B.R. (1995). Differential gene expression in the murine thymus assayed by 
quantitative hybridization of arrayed cDNA clones. 
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Comparison of Different Methods for Identifying Genes in a Genomic 
Region 

Bernot A,, Fonknechten N., Clepet C., Ginot F., Heilig R., 
Samson D. & J. Weissenbach 

Genethon, 1, rue de l'hternationale, 91002 Evry, France. 

Today, the integrated map of the human genome constructed at Genethon 
allows a rapid definition of a localization interval spanned by a YAC contig 
for any genetic disease. The Genetkon 11 program is now aimed at the 
production of tools useful for the characterization of the genes in such an 
interval, and for the identification of the gene responsible for the disease. 
This program includes large-scale cartography of EST with radiation 
hybrids, but also uses more conventional techniques such as the 
construction of cosmid or YAC contig, FISH analysis, and exon hunting. 

' We are currently involved in the development of the techniques of exon 
hunting : strategies involving cDNA selection, genomic sequencing, and 
interspecific hybridization are tested with YAC or cosmid clones, with the 
goal of making them as reliable and automated as possible.. For the 
interspecific hybridization, we have used the protocol of Sedlacek et al. 
(Nucleic Acids Res. 21, 3419}, and for exon-trapping we have tested the 
pSPL3 vector described by Church et al. (Nature Genet. 6, 98). At present, 
four other methods are being tested : the shallow sequencing of cosmid 
clones (subcloning a cosmid clone into an M13 library and shotgun 
sequencing), and the cDNA selection strategy (with biotinylated genomic 
DNA and cDNA amplified from commercial libraries, Korn et al., Hum. 
Mol. Genet. I, 235). 
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Identification of Transcribed Sequences from the Human Xp22 Region 

Giuseppe Borsani, Brunella Franco, Eugenio Montini, Antonia Orsi, Loris 
Bernard, Massimo Zollo, Sandro Banfi and Andrea Ballabio. . 

Tigem - Telethon Institute of Genetics and Medicine 
Via Olgettina 58 - 20132 Milano (Italy). 

We have constructed a detailed physical map of the 35 Mb region spanning 
human chromosome Xp22.3-Xp21.3. The backbone of the map is 
represented by a single contiguous stretch of 585 Overlapping yeast artificial 
chromosome (YAC) clones covering the entire region. 
We are currently pursuing two independent strategies to identify 
transcribed sequences from this genomic region : exon trapping and cDNA 
selection. 

For these strategies we are favoring the use of groups of cosmids over 
entire YACs. YAC contigs in Xp22 are being converted into overlapping 
cosmids by the screening of an arrayed X chromosome-specific cosmid 
library (from Lawrence Livehnore Laboratories) with YAC probes. 
Pools of cosmids are used to construct libraries in the pSPL3 exon trapping 
vector. New exon trapping cosmid vectors will also be tested. 
Groups of up to 30 cosmids are used for cDNA selection. To increase the 
complexity of the starting cDNA, mRNA from a variety of tissues is used 
to generate cDNA. 

Putative transcribed sequences obtained from both exon trapping and 
cDNA selection are cloned in plasmid vectors. Characterization of unique 
clones includes: mapping to the corresponding genomic region, 
sequencing and DNA sequence analysis. For selected clones, expression 
studies and cDNA libraries screening will be performed. 

The results from these studies should not only contribute to the 
construction of a transcriptional map of the human X chromosome but 
also provide candidate genes for Xp22 associated diseases. 
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Generation of a Expressed Sequence Map of the Mouse Using Single- 
Strand Conformation Polymorphism (SSCP) Mapping of cDNAs. 

K.P. Bradyl, H. Herl, T.J. Stevens2, J. Sikela2, and D.R. Beierl 
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1 Division of Genetics, Brigham & Women's Hospital, Harvard Medical 
School, Boston, MA 
2 University of Colorado Health Sciences Center, Denver, CO 

We have previously described the utility of single-strand conformational 
polymorphism (SSCP) analysis as a means to identify polymorphisms in 3' 
untranslated regions that are useful for cDNA mapping (Mamm. Genome 
4627-631 (1993)). We are presently using this strategy as means to do large 

'scale mapping of murine expressed sequences. Over 1000 cDNAs from a 
brain cDNA library have been isolated and analyzed by single-pass 
sequencing of their 5' and 3' ends. Putative functions could be assigned to 
approximately 50% of the cDNAs based upon their sequence similarity to 
previously cloned mammalian genes or conservation of functional amino 
acid motifs. 20% of the mouse cDNAs were homologous to human ESTs, 
and the remaining 3% of the expressed sequences showed no similarity to 
any sequences in the public domain databases. 

In order to map these ESTs, primers are designed that amplify 150-250 bp 
fragments from their 3' region. These are tested for SSCPs using a panel of 
inbred mouse strains and species. Of the greater than 600 primer pairs 
tested to date, 89% were polymorphic. 22% of the primers exhibited 
polymorphisms between inbred strains, and over 60 have been mapped on 
the BxD, AKxD, AKxL, or BxH recombinant inbred panels. The remaining 
65% were polymorphic between B6 and M. spretus ; over 200 have been 
mapped using the (C57BL/6J x M. spretus) x M. sprefus (BSS) interspecific 
backcross developed by investigators at the Jackson Laboratory (Bar Harbor, 
ME).'We anticipate this collection of mapped cDNAs will prove generally 
useful, including as a means to integrate the genetic and physical maps of 
the mouse genome. 
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Functional Mapping By Engineered Segmental Deletions and Duplications 
in the Mouse 

. -\ 
Miles Brennanl, Brian Sauer2, Sara Gagneten2, 

and Ute Hochgeschwenderl. 

1 - Unit on Molecular Genetics, NIMH 
2 - Laboratory of Biochemistry and Metabolism, NIDDK, National 
Institutes of Health, Bethesda, MD 20892 

Advances in techniques for the identification and structural 
characterization of transcribed sequences have made high resolution 
integrated maps, with genes of known sequence and expression pattern on 
the genetic and physical maps, inevitable. Determining the functions of 
these genes remains problematic: sequence similarities and expression 
patterns are of limited predictive value in assigning function, as the 
results of numerous knockout experiments attest. Mutational analysis on 
a large scale will be necessary to determine function. A short cut in this 
analysis is the engineering of large deletions, essentially "knockouts" of 
entire regions as an alternative to knockouts of each gene individually. 
The development of site-specific recombination systems active in 
mammalian cells, especially the Cre/lox system from bacteriophage P1, 
makes engineering of such large deletions possible. 
Our ultimate goal is to use the Cre/lox system to produce a series of 
segmental deletions and duplications spanning the well-mapped region of 
mouse chromosome 16 syntenic with human chromosome 21. As a 
preliminary we have introduced two lox sites at the HPRT locus in a 
mouse embryonic stem cell line. We are now assaying the relative 
efficiencies of Cre-mediated deletion in embryonic stem cells and in 
mouse oocytes. Our next step will be the introduction of lox sites at specific 
loci on mouse chromosome 16 in mouse embryonic stem cells, as 
substrates for Cre-mediated recombination leading to deletions and 
duplications. By analyzing knockouts of multiple genes simultaneously, 
we will facilitate the identification of genes producing experimentally 
tractable phenotypes, especially extreme and specific defects in 
development or in adult €unction. The systematic. character of this 
mapping offers important advantages over random insertional 
mutagenesis and enhancer/promoter trap strategies. 
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Using Protein Interactions to Define Gene Function 

.. * 

Roger Brent 

Department of Genetics, Harvard Medical School and 
Department of Molecular Biology, Massachusetts General Hospital 

We have developed two-hybrid or interaction trap technology so that it can be used 
to make testable guesses about the function of unknown proteins. In this method, 
referred to as interaction mating, a yeast strain contains a cDNA encoded protein of 
unknown function which is fused to an acidic activation domain. A lawn of this 
strain is mated to a panel of strains of opposite mating type, all of vhich contain a 
different LexA fusion protein bait and a LexA-operator containing reporter that 
responds to interactions tighter than a given dissociation constant. The strains mate 

, and form diploids. In the resulting diploids, when the cDNA-encoded protein 
interacts with the bait more tightly than the dissociation constant for the reporter, 
the reporters are transcribed, and the interaction phenotypes can be scored on 
indicator plates. 

Inspection of the resulting interaction matrices reveals a great deal about protein 
function. In the most important application, interaction of an unknown protein with 
a known may suggest a function for the unknown. In addition, some information, for 
example whether the protein may participate in multiprotein complexes, inheres in 
the pattern of interactions themselves. We have been doing this with proteins of 
unknown function that participate in cell proliferation, and we have a number of 
examples in which interactions have yielded insights into the function of our test 
proteins. In addition, this technique has allowed us to suggest that a common 
polymorphic allele of a human protein may predispose its bearers to cancer, and will 
be useful for the ascription of function to other polymorphic variants present in the 
human population. Finally, we are working on algorithmic techniques to allow us to 
push the idea of attempting to infer function from the pattern of interactions. 

In another line of work, we have developed molecules, called peptide aptamers, that 
are designed to mimic the recognition functions of antibodies, but to do so inside 
cells. We select these molecules from libraries of conformationally constrained 
peptides by their ability to interact with target proteins in yeast. Interaction is 
specific and quite tight, with inhibitory concentrations of these proteins in the range 
of 50nM. Our first use of these reagents will be to interrupt specific protein 
interactions, perhaps identified by interaction mating, inside cells. The use of such 
reagents should facilitate analysis of gene and pathway function, particularly in 
higher eukaryotic organisms for which classical genetic techniques are not available. 
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In the three years since interaction mating has been devised, the interaction mating 
technology has come together nicely, and the effector technologies, such as peptide 
aptamers, have been developed to make use of its information. The next three years 
will see the systematic application of both ideas to the encoded proteins of the 
genome. 
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Gene Identification : Comparison of Methods for Coincident Sequence 
Cloning (CSC;) and Direct Selection 

A.J. BroQks, L. Dobbie, J. Maule. 

MRC Human Genetics Unit, Western General Hospital, Crewe Road, 
Edinburgh. EH4 2XU - UK 

Two CSC methods have been developed for isolation of rare sequences 
shared between two otherwise largely distinct and highly complex DNA 
resources. When used upon an input DNA pair comprising genomic DNA 
and a primary cDNA mixture both methods-;have been shown to be 
effective tools for gene identification (1, 2). The first method, Hybrid- 
Fishing CSC (HF CSC) is formally equivalent to Direct cDNA preparation, 
DNA labeling, annealing and washing stringency's, and PCR 
amplification. The second method, End Ligation CSC (EL-CSC), is similar 
to HF-CSC but with the addition of a high stringency ligation step by which 
PCR priming sites (for subsequent product recovery) are added only to 
genuinely coincident DNA fragments. This ligation step thus increases the 
stringency of the method, so raising potential enrichments and reducing 
recovery rates for merely similar sequences. EL-CSC is designed to recover 
intra-exonic restriction fragments. Recent developments now permit both 
HF-CSC and EL-CSC to be performed in a single tube reaction, furnishing 
two partially complementary libraries of enriched cDNA fragments. 

. The two CSC methods have been employed for gene identification using 
YACs from chromosome region 14q24.3. Focusing upon YAC 788h12, 
containing -1Mb of genomic sequence, we compared the enriched cDNA 
fragment libraries resulting from independent use of the two methods, 
and furthermore, demonstrate the added value of integrating the two 
product libraries both at the DNA sequence level and by direct library 
cross-hybridization. We then compared the derived cDI$"s with those 
produced by others from this same YAC by Directed Selection (3). While 
we did observe some overlap in the identified genes (3/9 re-isolated by 
CSC) we also found considerable differences (at least 7 and possibly 18 
novel CSC derived-transcribed elements). The possible reasons for these 
differences are numerous and shall be discussed, however, the 
complementary nature .of the methodologies is clear, suggesting that 
endeavors towards full transcript map construction should depend upon 
the concerted use of many and various experimental techniques. 
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A-Novel Approach to the Characterization 
of Transcriptional Control Elements 

Philip Bucher 

Swiss Institute for Experimental Cancer Research (ISREC) 

Eukaryotic promoters are complex transcriptional control regions of 
modular design. The building blocks are short DNA regions recognized 
and bound hy cognate transcription factors with varying affinities. In order 
to develop computer methods to locate such complex control regions in 
genomic sequences, one first has to solve the simpler problem of correctly 
identifying the target sites of individual DNA-binding proteins. So far, 
only modest progress has been made towards this intermediate goal. A 
major difficulty is the low complexity of the DNA sequence motifs 
recognized be gene regulatory proteins, implying that a majority of cognate 
binding sites in the genome are accidental. Lacking statistically significant 
sequence similarity, these motifs can only be characterized by comparative 
methods in conjunction with supplementary physiological or biochemical 
data. 

A novel data analysis method to define the sequence specificity of a DNA- 
binding protein has been developed in close collaboration with an 
experimental group. The method requires as input a set of DNA sequences 
associated with protein-binding efficiency estimates. The sequences 
represent double-stranded DNA fragments which were assayed for protein 
binding, and which usually are longer than the actual binding sites to the 
protein. The recognition motif of the protein is formally described by a 
consensus sequence or a weight matrix. Both types of descriptions assign a 
number to every potential binding site an a particular fragment. From 
these numbers it is possible to calculate a binding efficiency estimate for 
the whole fragment. The correlation coefficient between observed and 
predicted binding efficiency then serves as a quality measure to evaluate 
consensus sequences and weight matrices. A variety of optimization 
techniques have been implemented in order to fit the binding site 
description to the input data using this quality criterion. 

The new method has been applied to several .eukaryotic transcription 
factors. Using rigorous cross-validation procedures, the new method was 
found to produce more reliable protein-binding site predictors than 
conventional methods based on multiple alignments of in vitro selected 
high-affinity binding sites. Not surprisingly, inclusion of a large number of 
known non-binding fragments greatly enhanced the quality of the result. 
A variation of the basic method can be used to rationally design or select 
informative new test fragments after analysis of a small initial data set. . 
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Sequence-Driven Gene Identification in Human Genomic DNA d 

Marcia L. Budarflt 2, Weilong Gong'! 2, L. Charles Bailey2, David Searls2, 
Bruce Roe3 and Beverly S. EmanueP. 2 

1. The Children's Hospital of Philadelphia 
2 ,  Human Genome Center for Chromosome 22, Philadelphia, 
Pennsylvania 
3. University of Oklahoma, Norman, Oklahoma. 

The move towards routine generation of large scale genomic DNA 
sequ6nce escalates the need for gene identification by sequence analysis. At 
the same time, rapid accumulation of Expressed Sequence Tags (ESTs) is 
providing a powerful new tool, which will likely represent more than 
sixty percent of the estimated 80,000-100,000 human genes within the next 
two years. Further, the limitations of EST-based information - principally 
poor representation of rare transcripts and the occasional presence of 

. cloning artifacts - are complementary to those of traditional gene- 
prediction techniques which are based on statistical properties of protein 
coding regions. Combining these techniques may provide an effective 
strategy for gene identification. 

- 

In a -250 kb region in 22411.2, which has been intensively studied because 
of its association with DiGeorge syndrome and Velo-Cardio-Facial 
syndrome (DGCR), it is possible to compare the success of these computer- 
based approaches with laboratory-based ones. In.the DGCR, at least 12 
genes have been identified by experimental methodology. Roughly 40% of 
these loci have associated ESTs. For loci with ESTs, the number of ESTs per 
gene ranges from 1 to 44. In general, the genes most widely expressed have 
the most matches in the EST databases as one would predict. Conversely, 
of the three loci which have the most restricted pattern of expression, only 
one of them has an EST. Further, one gene which is expressed at low 
abundance has 6 ESTs. In this same region GRAIL predicted ORFs for 75% 
of the genes we have experimentally confirmed. The best correspondence 
between GRAIL and our experimental data was for genes with multiple 
exons. For intronless genes and in areas where there are multiple small 
transcripts, GRAIL was less successful. 
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An Integrated, Metric Physical Map and Selected 
' Sequence from Human Chromosome 19. 

A.V. Carrano, L.K. Ashworth, B. Brtandriff, E. Branscomb, E. Garcia, L. 
Gordon, J. Lamerdin, G. Lemon, H. Mohrenweiser, and AS. Olsen. 

Human Genome Center, L-452, Lawrence Livermore National Laboratory, Livermore, 
California 94551, USA 

We have constructed a metric physical map of human chromosome. The foundation 
of the map are sets of overlapping cosmids (contigs) generated by automated 
fingerprinting, spanning at least 95% of the euchromatin, about 50 Mb. From these 
contigs, distances between selected cosmid clones were estimated using fluorescence 
in situ hybridization (FISH) in sperm pronuclei, thereby providing both order and 
distance between contigs. An average inter-marker separation of 230 Kb has been 
obtained across the entire non-centromeric portion of the chromosome. Larger insert 
clones, primarily yeast artificial chromosomes (YACs), bacterial artificial 
chromosomes (BACs) and P1-based bacterial artificial chromosomes (PACs), were 
used to span gaps between contigs. Currently, the map consists of 51 'islands' 
containing multiple clone types, whose size, order and relative distance are known. 
Over 450 genes, genetic markers, sequence tagged sites (STSs), anonymous cDNAs, 
and other markers have been localized to clones contained in the map. In addition, 
complete digest EcoRI restriction maps have been generated for >41 Mb (-83%) of 
the chromosome. In selected regions of special interest, for example the 29-member 
CEA gene family, the CYP2A-2T3-2F gene cluster, and the fucosyltransferase gene 
family regions, fine scale restriction maps defining the precise location and 
orientation of multiple gene loci have been developed. 
We have sequenced several hundred Kb of genomic DNA from this chromosome as 
well as syntenic regions in the mouse targeted primarily to the human DNA repair 
genes XRCCl and ERCC2 on chromosome 19, ERCC4 on chromosome 16, and 
XRCC3 on chromosome 14. We have sequenced 76 Kb containing the human and 
mouse XRCClgenes. In addition to the coding regions, 9 conserved elements were 
identified with sequence identities ranging from 65% to 78%. We have completed 52 
Kb of human sequence encompassing the ERCC2 gene as well as 54 Kb spanning the 
syntenic regions in the mouse and hamster. A defect in ERCC2 leads to the cancer- 
prone human disorder xeroderma pigmentosum (XP-D). The human ERCC2 gene is 
comprised of 23 exons and is 98% identical to the rodent homologs at the protein 
level. We identified two genes flanking ERCC2, one may be a new member of the 
kinesin gene family, and the other has no known function. Like ERCC2, the ERCC4 
gene product is involved in the nucleotide excision repair pathway, which recognizes 
and removes DNA damage. A total of 35 Kb has been completed for this gene region 
which has been instrumental in identifying and assembling the coding regions from 
numerous partial length cDNAs. The full-length gene spans -29 Kb and is >50% AT- 
rich. The ERCC4 gene product exhibits significant homology to the S. cerevisiue rad1 
and S. pombe rad16 genes, which encode single strand endonucleases. Finally, we 
have completed sequencing a 2.7 Kb candidate cDNA for the recently cloned human 
XRCC3 gene and are in the process of sequencing the cosmid containing this gene, 
which appears to play a crucial role in chromosomal stability. 

This work was performed under the auspices of the U.S: Department of Energy by 
Lawrence Livermore National Laboratory under contract no. W-7405-ENG-48. 



Gene Identification By Database Similarity Searches 

Jean-Michel Claverie 

Structural & Genetic Information, CNRS-EP.91, Marseille 13009, France. 

Various experimental methods (mainly exon trapping, recombination- 
based and hybridization-based approaches) have been proposed for the 
identification of transcribed sequences within cloned genomic fragments. 
Those methods have in common of not requiring any sequence 
information on the genomic region of interest. However, automated large 
scale sequencing has become more accessible, and identifying transcribed 
regions by computer analysis of the genomic sequence has made "software 
trapping" a viable alternative. 
A straightforward software trapping method is the scanning of databases 
for strong similarities between candidate sequences (genomic, predicted 
exons, trapped products, putative cDNA, etc.). Local alignments 
algorithms, such as implemented in the BLAST suite of programs are 
theoretically well adapted to this task. However, many practical problems 
arise when using BLAST as implemented in popular WWW or E-mail 
servers. The most efficient use of BLAST requires its installation on a local 
computer. The most informative searches are BLASTN/dbEST, 
BLASTX/Swiss-Prot and BLASTP/Swiss-Prot. There are many problems 
with the current databases, and results have to be taken cautiously. 
Heuristics on how to screen an output for bogus matches will be discussed. 
For large-scale analyses, masking simple sequences, SINES, LINES and 
vector sequences is required. Without masking, the statistical significance 
of BLAST scores is not related to the biological significance of the 
alignments. The respective advantages of using protein DS. nucleotide 
sequence comparisons will be discussed. 
While other computer methods focus on the detection of internal protein 
coding exons, database similarity search can take advantage of non-coding 
sequence information for gene identification. This includes 5'- and 3'- 
UTRs as well as "pseudo mRNA" encoding genes, such as XIST. As a 
result of the "Merck Initiative", identifying transcripts by 3'-UTR matching 
is rapidly becoming a powerful method, irrespective of gene density and 
isochore characteristics. 
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The Application of Exon Trapping, cDNA Direct Selection, Directed 
Genomic Sequencing and Computational Genomics to the Discovery of 

Genes in A 20q13.2 Breast Cancer Amplicon. 

Colin Collins1, Soo-in Hwangl, Johanna Rommens2, David Kowbell, Christopher Martin1, 
Michael Palazzolol, Gordon Hutchinson3, Tony Godfrey4 and Joe W. Graylp .  

1 - Lawrence Berkele National Laboratory, Berkeley, California . 
2 - Hos ita1 for Sick Zhildren, Toronto, Ontario 
3 - Rab& Hutch Biotechnology, 100 Mile House, British Columbia 
4 - Division of Molecular Cytometry, University of California, San Francisco, California. 

In developed and several developing countries breast cancer is one of the most fre uently diagnosed 
neoplasms and the leading cause of cancer related death amongst women. The mort&& rate for breast 
cancer is approximately 27 per lO0,OO women. Pangenomic surveys usin com arative genomic 
hybridization (CGH) and fluorescence in situ hybridization (FISH) have reveafed >29 regions of allelic 
imbalance suggestin the presence of numerous previously unrecognized tumor suppresser and oncogenes. 
Evidence is accumJating that allelic imbalance at these loci may lay an important role in neoplastic 
transformation, progression and development of resistance to chemokerapeutic agents. 

Chromosome 20 band q13.2 is amplified in 40% .of breast cancer cell lines and 29% of primary 
breast tumors. Moreover, high level amplification (7% of primary tumors) has been shown to be 
associated with decreased disease-free survival and an increased Sphase fraction. We have cloned the 
2Uq13.2 amplicon as a 2 Mb s uence-read P1 and BAC conti and localized the minimum common 
regon of amplification to a -A interval t y  performin inteviase FISH on primary tumors with 9 
probes spanning the contig. To identify genes encode % in the amplicon that may contribute to the 
aggressive pheno g exon trapping to the P1 and 
BAC contig, (2) p g r m i n  cbNA direct selection with the contig and (s;"m collaborahon with the LBNL 
~ u m a n  Genome center pk) sequencing the amplicon. 

Exon trapping has been performed on the P1 and BAC clones spanning the minimum common 
regon of amplification by digesting the clones with Pstl and Sac1 followed b subcloning into the pSPL3 
exon trapping vector. Twenty five exons have been isolated from the 600 l b  interval. Computational 
analysis using BLAST has revealed homolo 'es to known genes, ESTs and a S. cermkiue chromosome 
XIV gene. Expression studies (RT-PCR and a r t h e m  analysis) are underwa for each exon. 6 exons have 
se uence similarities >82% to IMAGE ESTs and the corres onding cDNAsKave been obtained from the 

cancer cell l ies and primary tumors and sequenced. 
cDNA direct selection has been performed with P1 and BAC clones s annin the amplicon using 

ooled cDNA synthesized from 9 tissues and cDNA from the breast cancer ce i  line Ih474. For each P1 or 
SAC approximately 30 cDNAs were arm ed into microtiter plates from which hybridization membranes 
were made. Hybridization with total cDAA revealed that only 10% of the recombinants from the tissue 
pool contain repetitive elements. Preliminary studies have localized two cDNAs to the core of the 
amplicon. To convert our trapped exons (15-200bp) to cDNAs (>200bp) we are probin the 
hybridization filters with oli onucleotide probes derived from the trapped exons. These larger c ~ N A s  
will facilitate expression stu8ies by allowing development of RT-PCR assays and probes for Northern 
hybridizations. 

Directed genomic se uencing is being employed to sequence the minimum common re 'on of 
amplification. Presently, one & kb P1 clones at the amplicori core is bein sequenced and two ad&ional 
clones are being repared for se uencing. Exons are being identified in &e genomic sequence using the 
pro ams GRAIL, XGRAIL S8RFIND and BLAST. Putative exons are assessed for expression by 
pergrming RT-PCR and Northern hybridization using RNA isolated from breast cancer cell lines and 
primay rumors. It is ex ected that the combination of exon trapping, direct selection, and directed 
genomic se uencing wix culminate in the complete molecuiar descri tion of the 20q13.2 amplicon 
resulting in%e identification of the hypothesized onco ene(s), improveBdiagnosis and prognostication, 
molecular therapeutics and ultimately decreased mortafity in breast cancer. 

CA44768, CA45919, CA5287 and &is. 

' 

e displa ed by these breast tumors we are: (1) appl 

I h G E  consortium. cDNAs mapping to the contig will E e assessed for aberrant expression in breast 

Thii work was su orted b grants from US DOE contract DEAC0376SF00098, USPHS grants . 



Identification of Cochlear-Specific Transcripts in 
Mouse Cochlear cDNA Library. 

F. Crozet, D. Weil, M. Cohen Salmon and C. Petit. 

Laboratoire de G6n6tique Moleculaire Humaine, CNRS URA 1968, Institut 
Pasteur, 75015 Paris, France. 

In order to identify genes specifically expressed 'in the cochlea, we have 
generated a cDNA library from cochlea. Total cellular RNAs from 400 16- 
days old Balb/C ,mi:e cochlea were extracted. A dligo(dT) primed and 
random primed cDNk library was constructed. Cochlear cDNAs were size- 
selected ab0.8 kb. A total of 2 millions independent clones was obtained. 
PCR-amplification products from 40000 clon& were ordered on 28 high 
density filters. A first screening of the library by homology with probes 
derived from known genes has revealed a cochlea-specific gene named 
Coch-5B2, concomitantly isolated in human by Robertson et al. (Robertson 
et al., genomics 23 : 42-50, 1994). An extensive screening with a differential 
and subtractive hybridization by using a liver, cartilage or brain cDNA 
library are performed. 
This cochlear-specific library is therefore a valuable tool to access 
additional genes preferentially expressed in cochlea, that could be 
involved in cochlear development, maturation, and also in the hearing 
process. Identified cochlear-specific transcripts will then be mapped on 
mouse and human chromosomes to determine a possible colocalisation 
with know deafness mutations. Finally, the role of the interesting genes 
will be tested using a knock-out approach. 
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Transcriptional Mapping in the Down Syndrome Chromosomal Region: 
Exon Trapping and cDNA Selection. 

Collaborative transcriptional mapping group * 
*group I (1): N. Dahmane, C. Lopes, M. C. Dufresne-Zacharia, J.M. Delabar 
*group II(1): G. Ait Ghezala, P. Gosset, N.. Creau 
*group III (2): M.L. Yaspo, H. Lehrach 
*group IV (3):B.Korn,. A.M.. Poustka. 

Analysis of genotype-phenotype correlations in patients with partial 
trisomy 21 has defined a region, duplication of which might be responsible 
for the main phenotypic features of Down syndrome. This region spans 2.5 
Mb in 21q22.2 and might contain 50-100 genes. The nature of the genetic 
defect, duplication of several genes, renders necessary the construction of a 
transcriptional map as exhaustive as possible. 
As a preliminary step a physical map of the region D21S65-ETS2 has been 
constructed (1, 2) which localizes 24 YACs and defines accurately their 
overlaps. Twelve YACs spanning the region of interest have been selected 
to screen a chromosome 21 specific cosmid library (ICRF). 550 cosmids 
were isolated and used to construct contigs covering more than 80% of the 
region. 
To isolate coding sequences from this region, we are using an approach 
which combines two techniques: exon trapping and cDNA selection. These 
two methods were applied to cosmid pools generated from the map of the 
cosmid contigs. 
cDNAs are selected from three libraries (fetal liver, fetal brain, adult 
muscle) and are gridded at a frequency of 4-5 clones/kb of genomic 
sequence. I 
Arraying allows the fast identification of positive clones corresponding to 
a given genomic fragment isolated from a cosmid, the evaluation of 
redundancy of clones from the cDNA selection method and a comparison 
with the results of exon trapping experiments. 
Five groups of coding sequences (4 including exons and cDNAs) have 
already been isolated and show homologies with known genes and / or 
ESTs. Four give specific signals on Northern blots. 
The use of this high resolution physical.map of the region should permit 
to construct an integrated physical and transcriptional map and evaluate 
the relative effectiveness of the two methods of gene identification in a 
large genomic fragment located in a G band (21q22.2). 

1- M.C. Dufresne-Zacharia et al. Genomics, 1994,19,462-469 
2- P.Gosset et al. Mammal. Genome, 1995,6,127-130 
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Analysis of Vertebrate Transcribed Untranslated Sequences : 
the Importance of 3'UTRs in Post-Transcriptional Processes 

Laurent Duret 

Department of Medical Biochemistry, Geneva University Hospital, GIMB, 
chemin des Aulx 14, CH 1228 Plan Les Ouates, Switzerland. 

Up to now, the importance of untranslated RNA sequences has been 
neglected, and analyses of newly isolated transcripts generally focus almost 
exclusively on the identification of protein-coding regions. Some 
functional untranslated RNA, such as rRNAs, tRNAs, small stable 
cytoplasmic or nuclear RNAs have been known for a long time. More 
recently, various functional genes that are transcribed into long 
polyadenylated RNAs (2-15 kb) but are not translated have been identified: 
Xist (Brockdorff et al. 1992), the tumor-suppressor H19 (Brannan et al. 
1990), the proto-oncogene His-1 (Askew et al. 1994), 7H4 (Velleca et al. 
1994). Rastinejad and Blau (1993) have even shown that some mRNAs 
may have dual functions, i.e., they are translated into proteins but also act 
as functional RNAs through their 3'UTRs. Finally, 3' and 5' untranslated 
regions of protein coding mRNAs, that were previously thought to be 
functionless, are now known to contain many regulatory elements. 
However, the functional repertory of many untranslated RNA sequences 
still remains to be discovered. By comparative sequence analysis, we have 
shown that about 30% of vertebrate genes contain long elements (100-1400 
nt) in their 3'UTRs that have remained highly conserved for more than 
300 million years of evolution (Duret et al. 1993). This result is surprising 
because the regulatory elements known to date are all much shorter than 
these highly conserved untranslated regions (HCRs). The analysis of these 
HCRs has shown that most of them are probably involved in post- 
transcriptional processes. I systematically analyzed nucleic sequences 
available in databases to search for HCRs. Newly identified HCRs, notably 
within EST sequences, and analyses of the secondary structure of HCR are 
presented. 

. 

Askew et al. (1994) Mol. Cell. Biol. 14 : 1743-1751 
Brannan et al. (1990) Mol. Cell. Biol. 10 : 28-36 
Brockdorff et al. (1992) Cell 71:515-526 
Duret et al. (1993) Nucleic Acids Res. 21 : 2315-2322 
Rastinejad & Blau (1993) Cell 72 : 903-917 
Velleca et al. (1994) Mol. Cell. Biol. 14 : 7095-7104. 
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Single Cell Molecular Biology 
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Departments of Pharmacology and Psychiatry University of Pennsylvania Medical School 
Philadelphia, PA. 19104. 

The application of molecular biological techniques to the study of single cells has 
provided a unique window for exploring the mechanisms which underlay integrated 
cellular .function. Analysis of gene expression in individual cells of the central nervous 
system is critical to understanding how distinct cell populations with differing chemical 
and anatomic phenotypes respond to pharmacological agents or are altered in disease 
states. Quantification of mRNA using single cell analysis gives a high resolution picture of 
changes in gene expression within individual cells, while more conventional types of 
mRNA analysis may obscure subtle changes in gene expression due to a lack of change in 
surrounding cells which are included in the mRNA sample. In addition, the sensitivity for 
detecting low levels of mRNA is enhanced when individual versus grdups of cells are 
analyzed. With the advent of various mRNA amplification strategies it is now possible to 
determine the mRNA composition or "expression profile" of 'individual cells. Information 
about relative levels of different mRNAs, the subcellular localization of mRNAs and 
insight into cell specific RNA-splicing and RNA-editing can be obtained. When these 
molecular data are combined with electrophysiological, morphological, 
immunohistochemical and anatomical analyses, a detailed portrait of neuronal functioning 
can be obtained. Moreover, alterations in cellular functioning induced by physiological 
manipulation, drug administration or disease state can be monitored by combining these 
approaches. This precise cellular information may be useful in developing pharmaceuticals 
designed to alter mRNA levels or protein levels in a predictable manner (transcript aided 
drug design, TADD) to elicit specific physiological states. 

In order to address such issues and as part of our studies examining synaptic 
plasticity in the mammalian central nervous system we have used aRNA amplification and 
PCR to determine the mRNA composition (expression profile) of single cells. The expression 
profile is diagnostic of cell type and physiological state. As part of this analysis we have 
shown that different alternatively spliced forms of individual mRNAs are oftentimes 
present within a single neuron. These data suggest that alternative splicing may be a 
regulated event within an individual mammalian neuron. 

To further studies into the functioning of the CNS it is important to recognize the 
biology that underlies neuronal functioning. In particular, neurons are highly polarized 
cells containing a 'mosaic of cytoplasmic and membrane proteins which are differentially 
distributed in axons, dendrites, and stomata. In Drosophila and Xenopus,  mRNA 
localization coupled with local protein synthesis is one mechanism by which regionalized 
developinental domains are generated. In neurons, $ere is substantial ultrastructural 

, evidence positing the presence of protein synthetic machinery in neuronal processes, 
especially at or near post-synaptic sites. There are, however, remarkably few reports of 
mRNAs localized to these regions. Microdissection methods applied to individual live 
cultured neurons has shown that members of the glutamate receptor family, second 
messenger system, and components of the translational control apparatus, are present in 
individual processes of hippocampal cells in culture. Using differential display on the 

' aRNA from a process, as well as subregions of a single process, we have been able to identify 
and clone >40 cDNAs representing mRNAs which are localized in neuronal processes. The 
characterization of multiple mRNAs in neuronal processes suggests that subcellular 
localization of mRNA, mRNA transport, and local protein synthesis may be important in 
the regulation of neuronal physiology and development. Indeed these results have been 
extended to include a characterization of mRNA ontogeny in growth cones of cultured 
hippocampal neurons. Data from these studies show a dynamic effect of time in culture on 
the complexity of mRNAs present in the growth cone. 
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Using the Small Genome of the Pufferfish (Fugu Rubripes) As a Tool for 
Gene Identification, Gene Organization and Functional Analysis. 

Greg Elgar, Richard Sandford, Samuel Aparicio and Sydney Brenner. 

Molecular Genetics, University of Cambridge Dept. of Medicine, 
level 5, Addenbrookes Hospital, Cambridge CB2 2QQ England. 

The haploid genome of the Pufferfish (Fugu) is in the region of 4OOMbases, 
one eighth the size of Man. It is also evolutionary distant, having diverged 
between 400 and 450 million years ago from our mammalian ancestor. 
Despite this, as a vertebrate, Fugu shares essentially the same gene 
repertoire as  mammals. Furthermore there is a high degree of 
conservation between homologous genes in Fugu and man. This makes 
Fugu an ideal organism for comparative gene studies. 
Due to the large evolutionary distance between the two organisms, 
sequences that are conserved are likely to be essential, and a large 
proportion of these will be transcribed gene sequences. With exception of 
the ubiquitous microsatellites and functionally conserved repeats such as 
telomeres, there are no conserved classes of repetitive eIement between 
Fugu and man. On the other hand, some regulatory elements are common 
to both Fugu and mammals and function in the same way. 
It has been estimated that there are around 60-70000 genes in the human 
genome. With an average transcribed length of 1.2kb, this equates to 
approximately 80Mbases of coding DNA. With a similar content this 
means up to 20% of the Fugu genome is coding., Fugu therefore represents 
the equivalent of a low redundancy, completely normalized cDNA library. 
By comparison therefore, either through computer analysis or by 
hybridization, conserved sequences may be quickly identified and potential 
coding sequences isolated. 
Gene density is high in Fugu, with one gene every 6-7kb on average. This 
means the limits of genes may be defined by the position of neighboring 
genes and because of their compactness, exon prediction using programs 
such as GRAIL is made easier. 
Gene organization in Fugu reflects that of mammals and consensus splice 
sites also conform. In cases where it has been examined, Fugu genes 
exhibit the same alternate splice patterns as their mammalian 
homologues. Because most Fugu genes are many times smaller than their 
mammalian homologues (due to smaller introns), it is more economical 
to elucidate gene organization in Fugu once a mammalian transcribed 
sequence has been identified. Comparison of Fugu and mammalian gene 
homologues may also help identify which parts of the gene product are 
essential and which are non-essential. 
There will be some regions of the Fugu genome 'that exhibit conserved 
synteny with mammals. These regions are being exploited to search for 
candidate disease genes and will undoubtedly provide a rich pool of 
conserved sequences which will lead to the isolation of new genes in the 
human genome. 
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Terminal Exon Trapping in YACs Covering 
Human llq13 Amplicons 

Marie Fernandes, Soumeya Bekri, Sandra Mersher, 
Anouk Courseaux & Patrick Gaudray. 

LGMCH, CNRS URA 1462, Facult6 de Medecine 06107 Nice, France. 

Genomic amplification is a complex event observed in several human 
tumors. Our goal is to identify the gene(s) under selection within the 
amplified regions in band q13 of chromosome 11. Actually, there are three 
subregions frequently amplified in breast cancer either separately from 
each other or together in various combinations centered around DllS97, 
CCNDl and GARP. We have focused our interest on the DllS97 and 
GARP regions. The first step was to establish a detailed physical map of 
these amplicons using several tools : long range restriction fragments 
separated by pulsed field electrophoresis, FISH, establishment of YACs 
contigs ... and to determine the minimal areas consistently amplified. 
The second step was to fish out genes from YACs covering these areas 
using 3'Terminal Exon Trapping. This technique enables cloning of the 
last exon of genes what ever their expression status is in any particular 
tissue. 
However, the. small size of many 3' exons and the fact that they are often 
non coding make difficult their positive identification and subsequent 
cloning of the entire cDNAs. DNA digested directly from YACs was ligated 
into pTAG4 vector and transfected into COS 7 cells. The RNAs were 
harvested and a RT-PCR provided several discrete bands after 
electrophoresis. These products were subcloned in pAMPl and sequenced. 
Potential exons were selected on the basis of the presence of consensus 
polyadenylation signal and poly A tail. BLASTN computer analysis 
indicated that two of these clones shared high homology with Expressed 
Sequences Tags. Three others had no significant homology with any 
sequence reported as yet. These five 3'exonic sequences are under 
investigation. 
At the present time, the 800 kb YAC from the DllS97 region has yielded 
only one 3' exon - containing clone while four potential genes have been 
evidenced in YACs covering c.a. 400 kb around the GARP gene. 



Computer Identification of Muscle-Specific Transcriptional 
Regulatory Regions 

Jim Fickett 

Los Alamos Laboratory, NM, USA. 

We present the beginnings of a new approach for assigning function to 
newly identified genes. Most sequence analysis aimed at helping to assign 
function has concentrated on protein sequence alignment, protein 
structure prediction, and identification of protein functio.,ial motifs. 
Although the protein is, obviously, the single most important 
determinant of gene function, the context in which the gene is expressed is 
also fundamental. For example, in the search for a gene whose mutation is 
responsible for a heritable disease, much may be known in advance about 
the tissues in which (or the developmental stage at which) the gene is 
expressed. In an effort to take advantage of this opportunity, and to attack 
the problems involved in a concrete way, we have begun to catalogue 
features characteristic of enhancers and promoters known to drive skeletal 
muscle-specific transcription, and to evaluate the use of such features for 
computer identification of muscle-specific enhancers and promoters in 
genomic sequences. 
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Isolation of Novel cDNA Clones Mapping to the Critical Region of the 5q- 
Chromosome in tfw 5q- Syndrome. 

C. Fidtler, E. Wang Jabs, M. Lovett, P. Hedge, A. Markham, F. Cotter, J.S. 
Wainscoat and J. Boultwood. 

Leukaemia Research Fund Molecular Haematology Unit, Department of 
Heamatology, John Radcliffe Hospital, Oxford , UK 
IC1 Pharmaceuticals, Macclesheld, UK. 
John Hopkins School of Medicine, Baltimore, MD. 

Molecular mapping techniques have defined the critical region of gene 
loss of the 5q-chromosome in the 5q-syndrome as the 5 Mb region flanked 
by the genes for FGFA and NKSFl (including CSFlR). We and others have 
shown evidence suggesting that the region neighboring the CSFlR gene 
may be important . An approximately' 1 Mh YAC contig [centromere - 
445F6 (350 kb) - 335D9 (470 kb, ADRB2 positive) - I5DB10 (350 kb, CSFlR 
positive) - telomere ) ] has been used to screen a cDNA library for novel 
coding sequences mapping within the critical region neighboring CSFlR. 
A human fetal brain cDNA library present on gridded nylon filters and 
representing 100,OO clones has been screened with radiolabeled YACs. A 
total of 153 cDNA clones were isolated and subjected to selection 
experiments for specificity. 15 chromosome 5 specific clones have been 
isolated. 6/15 clones coded for the ADRB2 gene and were isolated using 
YAC 335D9 (ADRB2 positive). 3 clones are chromosome 5 specific and do 
not code ADRB2 or CSFlR. 3/15 clones (C29, A81, B7) are unique and 
represent three novels cDNAs. 4 additional clones are being further 
characterized at present. Each novel cDNA clone has been mapped back to 
the YAC of origin and detects one more transcripts on a Northern blot. 
The 3 clones have each been shown to be deleted in 5 out of 5 patients with 
the 5q- Syndrome and represent potential candidate genes for the 
syndrome. Complete sequencing of each clone is being carried out. 
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Genome Sequence Database (GSDB) 

Chris Fields. 

National Center for genome Resources, 1800 Old Pecos Trail, Santa Fe, NM 
87505. 

Rapid advances in methods ranging from high-throughput EST mapping 
to automated differential display call for new thinking about the 
representation of gene expression data. Key to managing expression data is 
the development of an adequate representation of the expressed molecules 
and their relationships. Expression assays may target somatic genomic 
DNA (e.g. in T or B cells), mRNA, or protein (directly, or through a 
measurement of activity). The Genome Sequence Database (GSDB) is being 
restructured to represent the substrate-product relations between these 
molecules and the relevant intermediaries explicitly. This restructuring 
allows direct queries to expression pathway components, and provides 
appropriate, queriable linking points for external gene expression 
databases. 

Assays that probe expression mechanisms often provide data on 
preconditions for gene expression, such as presence or absence of bound 
transcription, RNA-processing, transport, or initiation factors. Additional 
structure is being developed for .GSDB to support representation of data of 
these types. 
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Gene Distribution On Chromosome 21: 
Implications for Transcriptional Mapping in the Human Genome. 

K. Gardiner', F. Tassonel, H. Xu*, C. C. Lee3, J-F. Cheng4 
.and S. Weissman2. 

1 Eleanor Roosevelt Institute, Denver, CO 80206 
2 Yale University School of Medicine, New Haven, CT 06510; 
3 Baylor College of Medicine, Houston, TX 77030; 
4 Lawrence Berkeley Laboratory, Berkeley, CA 94720. 

The distribution of different base compositional classes of DNA (isochores) 
and of CpG islands has been determined in.the human genome at the 
level of metaphase chromosomes (Bernardi, Saccone et al., Craig and 

. Bickmore). *These pictures suggest extensive inter- and intra- 
chromosomal variation in gene density. Isochore analysis has further 
predicted that the gene density of the most gene rich regions is 16 times 
that of the most gene poor. Knowledge of such differences is important for 
assessing the productivity of various transcriptional mapping efforts, and 
may be used to  design alternative strategies as well as influence regional 
enthusiasm for large scale genomic sequencing. 

We have used the developing transcriptional map of human 
chromosome 21 to assess such variations in gene density directly at the 
molecular level. Gene identification efforts have included cDNA selection 
from YACs and cosmids, reciprocal 'cDNA and cosmid library screening, 
and mapping of random cDNAs. Together, these have yielded ~ 1 6 0  novel 
transcripts, and show YAC based gene densities that range from 1/12 kb 
and 1/60 kb to 1/150 kb and c1/1000 kb. These data can be correlated with 
the Not1 restriction map and isochore pattern, and imply that as many as 
40% of 21q genes may map within the telomeric 5 Mb. The characteristics 
of this region have implications for physical and transcriptional mapping 
in the human genome as a whole, and for use of animal models for 
chromosome 21-associated diseases such as Down Syndrome. 

C.. 
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Approaches to Transcription Mapping of Submicroscopical Deletions Near 
Fraxe. in Two Boys With Developmental Delay. 

J.Gecz, A.K.Gedeon, G.R.Sutherland and J.C.Mulley. 

Department of Cytogenetics and Molecular Genetics, Center for Medical Genetics, Women's 
and Children's Hospital, North Adelaide, AUSTRALIA. 

Two unrelated boys with delay in development and submicroscopic deletions in Xq28, near 
FRAXE, were independently identified using the anonymous probe pS8 (DXS296; Gedeon et 
al., AJHG, 56,1995). Fine mapping determined that the deletion in one boy (MK; c80kb) is 
wholly overlapped by the deletion in the other (CB; -2OOkb). While the MK patient 
presents only speech delay with otherwise normal development, the patient CB has global 
developmental delay including speech delay. 

In an initial attempt to isolate transcribed sequences within these deletions DXS296 probes 
(VK21A and pS8), which detect conserved sequences, were used to screen a fetal brain cDNA 
library. Several cDNA clones were isolated with the VK21A probe (deleted only in CB) 
while the pS8 probe (deleted in both) failed to detect any cDNA clone. The pS8 probe was 
sequenced and analyzed by GRAIL,, but no exon sequences were found. Northern blot analysis 
with exons of the VK21A associated gene revealed a 9.5kb transcript expressed in placenta 
and brain. A cDNA contig of the VK21A associated gene was constructed over the deleted 
region of both patients. 
Sequence analysis and fine mapping of the cDNA contig on YACs and the genomic DNA of 
the wo deletion patients revealed missing exonic sequences in only one of the boys (CB). 
The deletion in the boy MK fell into a large intron (>lOOkb) of the VK21A associated gene. 

A search for additional transcribed sequences which might be deleted in MK was then 
undertaken. The region was screened by the direct cDNA selection technique (Gecz et al. 
Hum. Mol. Genet. 2,1389-1396,1993 ; YACs and cosmids) and exon trapping (Church et al. 
Nature Genetics 6, 98-105, 1994 ; cosmids). No new transcripts were isolated by cDNA 
selection even when several cDNA libraries were screened. However, the exon trapping 
resulted in isolation of five putative exons, all within the large >1OOkb intron of the 
VK21A associated gene. Only one of them was found to be deleted in both patients (exon 
3.5). Three exons, oriented via long range PCR, were found to be in the same orientation as 
the VK21A gene. To assess whether these putative exons are transcribed a series of RT PCR 
experiments were performed on mRNA isolated from distinct sections of infant human brain. 
Simultaneously a "cDNA selection based cDNA library screening" was used, where 6 
different cDNA libraries were screened with five exons in a single experiment. One cDNA 
clone was isolated and its expression confirmed by RT PCR using DNased polyA+ mRNA 
irom infant brain. However no associated transcript was identified on the multiple tissue 
Northern blot with RVAs from placenta and seven adult tissues. 

Recently a considerable amount of sequence information was generated in the region 
(Richard Gibbs, personal communication). New putative exons identified by GRAIL and/or 
GENEFINDER will be tested for expression to complement previous approaches. 
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Genome Mapping at Incyte Pharmaceuticals 

,=- 

Several genome mapping centers have begun using the large 
collection of partial cDNA sequences being generated by academic and 
industrial labs as a resource for the construction of transcript maps of the 
human genome. It is likely that these maps will facilitate the identification 
of candidate genes for genetic disorders, and therefore will be of 
considerable utility to positional cloning groups. 

Incyte Pharmaceuticals builds and maintains a proprietary database 
of cDNA sequences and is also mapping these cDNAs to subchromosomal 
locations. In order to ensure we do not duplicate the mapping efforts of 
other groups, we screen our cDNA sequences against public domain gene 
and cDNA sequences, and map only those sequences which are uniquely 
represented in our database. We also integrate the mapping information 
for transcribed sequences that is available at different sites in the public 
domain into a 'mapped sequence' database, against which all our cDNA 
sequences are screened. 

Richard Goold, Robert Lagace, Jean-Michel Claverie* & Jeffrey Seilhamer. 

Incyte Pharmaceuticals, 3174 Porter Drive, Palo Alto, CA 94304, U.S.A. & 
T.N.R.S., 31 Chemin Joseph Aiguier, 13402 Marseilles Cedex 20, France. 

Initial studies have demonstrated the problems associated with the 
considerable sequence redundancy in the publicty available EST data 
(many sequences overlap or 'cluster'), which must be recognized by 
mapping groups to prevent duplication .of effort. We will illustrate these 
findings as well as describe the development of simple but effective 
routines to mask the influence of non-informative (repetitive) sequence 
data on the similarity search algorithms used. 

-- 
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The Rapid Isolation of Specific Genes from Superscript Human cDNA 
Libraries With the GeneTrapper cDNA Positives Selection System. 

C.E. Gruber, W.B. Li, D. Polayes, M.C. Noon, P. Nisson and J. Jessee 
Life Technologies, Inc., Gaithersburg, MD 20877. 

L. Best* and P. Dillon* 
Human Genome Sciences, Rocksville, MD 20850. 

In sifu hybridization is the most popular method of screening cDNA 
libraries. Although useful, the isolation of desired clones usually requires 
secondary and tertiary screenings and may take weeks or months. Here, 
we report a more rapid and efficient method using the GeneTrapper cDNA 
positive selection system. In this system, a single-stranded (ss) phagemid 
library containing directorial cDNA inserts is hybridized in solution to a 
biotinylated oligonucleotide probe complementary to the target sequence. 
The hybrids are then captured on streptavidin-coated beads. After washing 
away the non-hybridized species, the target ss cDNA is released from the 
beads. Using a DNA polymerase and a target specific oligonucleotide 
primer, the recovered target ss cDNA is converted to ds DNA and then 
used to transform E.coli cells. Using different Superscript Human cDNA 
libraries in combination with the GeneTrapper cDNA positive selection 
system, we successfully isolated multiple low abundance (0-002-0-001%)) 
cDNA clones, such as the mRNA cap-binding protein elF-4E, the 
replication protein A, and the protein phosphatase 2A subunit. Of the 
isolated clones, 50-100% contained 5' untranslated and coding sequences, 
as shown by colony hybridization to 5' probes and by random sequencing. 
The presence of large cDNAs, ranging from the human open reading 
frame DA (ORFDA at 3.6 kb) to the human adenomatous polyposis coli 
(APC at 9 kb) in these human libraries was verified by long PCR. Using the 
GeneTrapper system, we isolated full-length microtubule associated 
protein (5 kb) and APC (9 kb) cDNAs. 
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A Summary of Studies of mRNAs Expressed from 
the Class I Region of the Human MHC 

J. Gruenl, S. Nalabou2, H.X. Xu2, H. Wei3, V. Goie2, T: Chu2, C. Bowlus2, 
W.F. Fan4, S. Parimoo5, and Sherman M. Weissman2. 

1 Yale University School of Medicine, Department of Pediatrics, New- 
Haven, CT 06510; 
2 1 Yale University School of Medicine, Department of Genetics New- 
Haven, CT 06510; 
3 Biogen Inc., Cambridge, MA 02115; 
4 Lawrence Livermore National Lab. Livermore, CA 94551; 
5 R & W Johnson Pharmaceutical Research Institute, Raritan, N.J. 08869. 

. The Gruen & Weissman labs have analyzed most of the expressed 
sequences found in 'a  gene rich region of over 3 megabases of DNA 
extending telomerically from the area of the TNF locus across the Class I 
region and through the histone chaster distal to this region. As partly 
discussed elsewhere the region is remarkable for the number of 
structurally different families of genes that are expressed specifically in 
cells of the immune system, or have obvious functions specifically related 
to the immune response. For the MHC as a whole this number comes to at 
least 11 genes families. In the distal MHC these are interspersed with other 
genes families including a family of genes encoding proteins whose carboy 
terminal sequences are quite homologous to those of butyrophiline other 
zinc fingers genes, olfactory receptors like genes, at least one ABC 
transporter gene, for GTP binding proteins, genes showing homology to 
the chicken MHC linked BG genes, etc. The interspersion of families and 
comparisons with mouse mapping data indicate a highly complex mode of 
evolution for this region of the genome. 

As of 9/1/95 less than one<third of the transcripts are represented as ESTs 
or sequences in the databases. There are several examples of complex. 
arrangements of genes with genes in the introns of other genes, so that 
complete prediction of the pattern of transcripts from genomic sequences 
would be difficult. 
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Selective Identification of Transcripts in Xq28 By Using A Double Or Triple 
Combined Approach. 

Nina Heiss, Bernhard Korn, Ute Rogner, Petra Kioschis 
and Anne-marie Poustka. 

DKFZ, Im Neuenheimer Feld 280, 6900 Heidelberg 

Exon trapping and cDNA selection are methods frequently employed .in 
the identification of transcribed sequences and are most routinely carried 
out on cosmids or YACs. Different advantages and disadvantages are 
inherent to both techniques and hence a combination of the two greatly 
increases the chances of finding true transcripts. We first demonstrated the 
specificity of combining these two methods by identifying known genes 
such as, for example, the GGPD, LlCAM, CDM and GCP/RCP genes from 
the well characterized region on chromosome Xq28 by using pools of 
cosmids as a starting material. Subsequently, in an attempt to identify 
unknown genes, we applied these combined methods to the 300 kb DXS15 
region in Xq28 to which only the BGN and PMCA3 genes have been 
mapped to date. Eight cDNA contigs consisting of both sequenced cDNA 
and exon trap products and ranging in size from 800 to 1600 bprs were 
identified. Comparisons of the cDNA and exon trap products with the 
database showed homologies with a total of 20 known ESTs representing 4 
non overlapping sequences and low homologies with proteins from 
various other species. In addition, Northern blotting revealed transcript 
sizes ranging from 1 kb to 7.5 kb for 5'of the 8 contigs. The results show 
that with this double combined approach of using exon trap products as a 
hybridization probe on enriched cDNAs and vice versa, true cDNAs can 
selectively be extracted because most false positives are automatically 
eliminated. In another part of our work, we combined exon trapping and 
cDNA selection by using YACs as a starting material. Although the 
trapping of exons is effective on pools of cosmids, it is far less specific 
when carried out on YACs. We showed that the yeast background problem 
can efficiently be overcome by carrying out an Alu-long-range PCR on the 
YACs and then subjecting the PCR products to exon trapping. Again, 
known genes like the GGPD, factor VIII, MPP1, and CDM genes were 
identified in addition to three cDNA/exon trap contigs distal to factor VIII. 
These contigs ranged in size from 700 to 3700 bprs and revealed 
homologies to 11 known ESTs representing 5 individual sequences. Low 
homologies to proteins from various other species were also found. 
Although application of this triple combined technique is clearly most 
effective on Alu-rich DNA regions, it is nevertheless a promising 
approach for identifying new genes in genomic regions covered by YAG. 
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Selecting Transcribed Sequences from Genomic DNA With cDNA 
Primers 

Pudur Jagadeeswaran and Yuan C.-Liu. 

Department of Cellular and Structural Biology The University of Texas 
Health Science Center at San Antonio San Antonio TX 78284 USA. 

Recently, two important approaches' namely selection by hybridization and 
exon trapping have been described to rapidly isolate transcribed sequences 
from genomic DNA (1,2). We have previously developed a novel 
strategy for rapid isolation of unknown coding sequences from genomic 
DNA which is based on selective in-vitro recombination of genomic DNA 
and cDNA followed by Polymerase Chain Reaction (PCR)(3}. The 
technique involves generation of cDNA primers, by restriction digestion 
of cDNA libraries, that hybridize to their cognate genomic 
DNAsequences. These hybrids are chain elongated using the free 3' end 
of the cDNA fragment as aprimer, then PCR amplified using primers 
previously attached to genomic DNA and cDNA. Unknown coding 
sequences are clearly discernible as genomic cDNA chimeras. In this 
report, we describe the adaptation of the same system for the efficient 
isolation of 3'-terminal cDNAs, by using a library of reverse 
transcription-PCR (RT-PCR) primers. As a test for the system, in- vitro 
recombination of genomic DNA and the RT-PCR generated cDNA was 
performed usinga cosmid containing the factor X gene. The 3'-terminal 
factor X cDNA was isolated. In addition, a great reduction of non-specific 
.background was observed. This RT-PCR strategy should facilitate the 
isolation of transcribed sequences from large genomic regions. 

1. Lovett M. Fishing for complements : finding genes by direct 
selection. Trends Genet. lO(10) : 352-7, 1994. 
2. Datson NA. Duyk GM. Van Ommen JB. Den Dunnen JT. Specific 
isolation of 3'-terminal exons of human genes by exon trapping. Nucleic 
Acids Res. 22(20) : 4148-53,1994. 
3. Jagadeeswaran P. Odom M W  Boland EJ. Novel strategy of retrieval 
of genes from large genomic regions. Identification of Transcribed 
Sequences. Hochgeschwender U and Gardiner K (eds) p101-109, Plenum 
Press, New York. 1994. 
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The EVRHEST (European Vast Radiation Hybrid Mapping 
of Expressed Sequence Tags) Project. 

Michael R. James ',Jacques Beckmann2,Jean Weissenbach2, Gabor Gyapay2, Richard 
Durbin3, David Bentley3, Panos Deloukas3, Patricia Rodriguez-Tome4. 

The Wellcome Trust Centre for Human Genetics,Oxford,U.K. 
G6n6thon, Evry, France 
The Sanger Centre,Cambridge,U.K. 
The European Bioinformatics Institute,Cambridge,U.K. 

The EVRHEST (European Vast Radiation Hy?xid mapping of Expressed 
Sequence Tags) primary objective is to map apprcximately 15,000 Expressed 
Sequence Tags (ESTs) on the human genome with a r&olution of approximately 1 
Mbp. To achieve this objective the following tasks will be addressed : (1) To 
construct and maintain databases for the EST sequences and associated information; 
(2) Synthesis of PCR primers for approximately 15,000 ESTs : (a) automated design 
of PCR primer pairs for non-redundant set of ESTs, (b) commercial synthesis, 
aliquoting and distribution to collaborators ; (3) Centralized database of, RH 
mapping results, map-construction and co-ordination of mapping information with 
the physical mapping community. 

Identification of genes has until recently been pursued on a case by case basis, 
using either biochemical and protein identification methods or positional cloning 
genetic techniques. The advent of large scale cDNA sequencing projects in the past 
few years is likely to lead to the identification of the majority of human genes in the 
near future. The exploitation of this huge amount of information will, however, 
require a means to integrate the genes into existing maps including genetic maps and 
physical maps. 

EVRHEST is part of a collaborative project whose overall objectives are to 
create a high resolution, fully integrated map of the human genome. In particular this 
project concerns a world wide effort to map the estimated 60,000 to 70,000 genes in 
the human genome. The method chosen by this consortium is whole-genome radiation 
hybrid mapping (WG-RHM) of at least 100,000 expressed sequence tags (ESTs) of 
which approximately 20,000 are currently in public databases and the rest are to be 
generated by a separately initiated public-domain cDNA sequencirig project 
(Merck/St Louis). 

The construction of the transcript map by radiation hybrid mapping is wholly 
feasible within the time span proposed and will result in high resolution maps 
integrating expressed sequences and genetic markers and other STSs. This will aid 
the construction of the physical map which initially will be based on YACs. 
Framewozk maps based on polymorphic ndcrosatellite genetic markers (AFM and 
CHLC markers) will be constructed early in the project. The benefits of integrating 
these genetic markers with the gene map will be realized immediately ingene-cloning 
projects, especially for monogenic diseases ; however in the longer term there will be 
even greater impact on the more common, economically important multifactorial 
diseases due to the greater reliance on a candidate gene approach. 
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Physical and Transcriptional Mapping of the Region 
Containing the Cln5 Gene At Chromosome 13q22. 

I. Jarvela, T. Klockars, M. Laan, M. Savukovski;, T. Varilo and L. Peltonen. 

Department of Human Molecular Genetics, National Public Health 
Institute, Helsinki, FINLAND. 

Variant late infantile neuronal ceroid lipofuscinosis (vLINCL, gene 
symbol CLN5) is an autosomal recessive progressive brain disease of 
childhood enriched in Western Finland with a local-incidence of 1 : 1500. 
We have mapped the CLN5 gene in about 2cM region between new CA- 
repeat Colacl and D13S162 at 13q22. The genealogical data collected from 
church records confirmed that the CLN5 mutation has occurred about 20- 
25 generations i.e. more than 500 years ago in a restricted region in western 
Finland as a result of a local founder effect. Strong linkage disequilibrium 
spanning about 1lcM support the young age of the mutation. When 
combining the genealogical and linkage disequilibrium analysis the CLN5 
gene is predicted to lie about 70-16Okb from the.closest marker Colacl. In 
order to positionnally clone the CLN5 gene we have constructed a PAC 
contig using Fiber-FISH which spans about 600kb from the closest marker 
Cola1 towards D13S162. Work is in progress to trap the exons from the 
PACs and build up a transcriptional map on the critical region containing 
the CLN5 gene at 13q22. 
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A Search for cDNAs Expressed During Human Development A 

Philippe Jay, Jean-Louis Berger-Lefranc. and Philippe Berta. 

Centre de Biochimie Macrol6culaire , CNRS UPR9008, INSERM U249, 
Route de Mende , BP 5051,343003 Montpellier cedex France 
0INSERM U406, Facult6 de Medecine, 27, Bd Jean Moulin - 13385 Marseille 
cedex 5, FRANCE. 

Identification of transcribed sequences by large -scale sequencing of cloned 
cDNAs is limited by availability of transcripts from marginally spacio- 
temporally regulated genes. 
In order to enlarge the panel of accessible transcripts, we conducted a 
cDNA library from 6-week old human embryos. 4000 clones were lifted, 
250 of which were characterized as representing low abundance mRNAs. 
Partial sequencing of these 250 clones showed i that about 30% were 
unknown in genetic databases, 40% were only described as ESTs and 30% 
were totally sequenced in human and other species. 
Special attention was focused on genes already known as tumor markers 
and that also appear now to be expressed in human early embryo 
development. We also emphasized on several genes described in other 
mammalian species as being inductible for example by various growth 
factors. All these cDNAs are now under complete analysis, which includes 
full sequencing, chromosomal mapping and expression pattern. 
Another topic of this study is the identification of transcripts that belong to 
a new class of transcription factors called SOX (SRY-box related) genes 
because they share common DNA-binding domain with the mammalian 
testis determining gene SRY. Several SOX genes have already been 
partially or fully described but their expression pattern, often specific to 
early development, makes them difficult to detect. We now plan to use the 
same library as above to point out new SOX transcripts as well as their 
possible targets and partners. 
Finally, we intend to extend this approach with the construction of a new 
library that will group several stages of human embryonic development. 
In order to be an efficient tool for our purpose, this new library will be 
gridded after a normalization procedure. 

I 

This work is supported by a grant GREG No 43 to P. Berta. 
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Identification of New Transcripts Involved in Wilms Tumor 
Predisposition and Progression. 

Cecile Jeanpierre, Dominique Joly, Sandrine Luce, Valerie“ Chehensse, 
Isabelle Henry, Jean-Christophe Fournet, Claudine Junien. 

INSERM U383, HBpital Necker-Enfants Malades, 149 rue de Sevres, 75015 
Paris, France. 

Wilms’ tumor (WT) is an embryonal renal malignancy with complex 
genetic and pathologic features. Although the role of WT1 in llp13, and 
IGF2 and H19 in llp15.5, is. obvious as well in predisposition as in 
progression, several lines of evidence indicate that other genes are also 
involved : (i) rearrangements of chromosome 12 (duplications}, lp  and 16q 
(loss of alleles) are observed in tumors; (ii) the familial form of WT was 
found to be linked neither to l l p  nor to 16q; constitutional 1 1 ~ 1 5  
rearrangements involving a region different from that of IGF2 and H19 
occur in patients with the Beckwith Wiedemann syndrome (BWS) 
predisposing to WT. As WT arises through aberrant differentiation of 
metanephric mesenchyme and is frequently associated with genito-urinary 
abnormalities, it was postulated that genes involved in tumorigenesis 
could be found among those involved in renal development. In an 
attempt to isolate new candidate genes, a cDNA library enriched in 
sequences expressed during human fetal kidney development was 
constructed, by cloning a fetal kidney cDNA subtracted by an excess of 
mature kidney mRNA. As a first approach, single-pass sequencing of 
clones selected either randomly or by screening with complex cDNA 
probes from WT, fetal and adult kidney, was carried out. A majority of 
clones corresponds to new genes without any homology with sequences‘in 
the databases. Characterization of these clones, including expression in 
different tissues at different stages of development and chromosomal 
localization, is in progress. A chromosomal localization in a region 
specifically rearranged in WT, a specific pattern of expression, or sequence 
similarity data, will argue for further investigation of the role of these 
genes in the tumorigenesis process and/or in predisposition. As a second 
approach, in order to isolate new 1 1 ~ 1 5  transcripts potentially involved in 
predisposition associated to BWS, we are screening this library with 
cosmids and YACs clones previously mapped in the region of BWS 
breakpoints. 
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Research Coordination and Learning: an Empirical Analysis of Contracts 
Between Public Research Laboratories and Industry 

Pierre-Benoit Joly, Vincent Mangematin. 

INRA/SERD - Universitk Pierre-Mend& France. 

Relying on Mertonian sociology, economists have for a long time thought 
that research laboratories were governed by behavioral norms which were 
independent of economic rules. Scientific production were thereby 
excluded from the economic field. However the theses of the "Grand 
Partage" between basic/public research and applied/private ' research is 
hindering a proper analysis, especially when one wants to describe the 
dynamics of the creation and transfer of scientific and technological 
knowledge. 

In this respect, "genomic YeseaYch" is a very good example because it is an 
area characterized by : 
(i) the production of basic knowledge ; 
(ii) production of technological tools and 
(iii) strong commercial and .economic stakes. 
The growing interpenetration of public and' private organizations leads to 
the learning of new rules which introduce an original balance between the 
usual disclosure/priority norms of the scientific community and the 
proprietarydsecrecy norms of the industry. These new rules can be 
analyzed by an in-depth study of contracts between academic research and 
industry. It is also very important to analyze the impact of new technical 
devices on the coordination of research activities, ,for instance, the role of 
gene banks, the general use of PCR, expressed Sequences Tags, ... The 
general aim of our on-going research project is to provide a better 
understanding of how. these new rules and modes of co-ordination affect 
the rates of knowledge accumulation and innovation activities. 
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Identification of Expressed Sequences from the CADASIL region on 19p 

A. Joutel*, A. Ducros*, S. Alamowitch*, K. Vahedi**, H. Chabriat**, H 
Mohrenweiser***, J. Wesseinbach **** and E. Tournier-Lasserve*. 
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*Inserm U. 25 Facult6 de Mkdecine Necker, Paris, ** Hopital ST Antoine, 
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Background: CADASIL is an autosomal dominant cerebral arteriopathy on 
chromosome 19~13: We cloned the CADASIL gene region (1 cM) in 4 overlapping 
YACs. We 'constructed a long range restriction map of the interval and estimate the 
size of the region around 1 Mb. 
Methodology : A transcription map of the region was undertaken using 3 different 
approaches: 

1) Screening for cross-species conserved sequences, 
2) Fine mapping on the YACs contig of one hundred ESTs previously 

localized on chromosome 19, 
3) Direct cDNA selection on YACs, using either a fetal brain cDNA library 

(according the method of M. Lovett et al) or a pool of reverse transcribed total RNAs 
from fetal and adult brain as well as lymphoblasts U.M. Rommens et al). Four 
overlapping YACs immobilized on nylon filters were used. A library was constructed 
from cDNA selected from each YAC. About 100 clones of each of the 4 libraries were 
arrayed and screened for repetitive sequences with randomly primed total cDNA. A 
subset (20-40) of the remaining clones was sequenced and then individually 
hybridized to EcoRI digested fragments of human, somatic hpbrids of chr. 19 and a 
series of 9 YACs clones including the 4 previous one. 
Results : The characterization of one conserved interspecies genomic fragment 
allowed us to identify a novel gene (909) ubiquitously expressed. Implication of this 

within the critical region, one of them being part of the 909 gene. 
Preliminary analysis of cDNA clones selected from YACs reveal that the YO of 

repetitive clones varies from 5 70 (Y47 and Y56) to 60% (Y76), independent of the 
procedure used. The method described by M. Lovett and applied on Y47 (500kB) 
allowed us to isolate only 2 distinct cDNAs. They both map back to the critical 
region; one is strongly homologous to a 9 kB mouse cDNA, highly expressed in the 
fetal brain. The second method was applied to YACs Y56, Y84, Y47 and Y76). 
'Among the 36 clones selected from Y56 (500kB), 2 6 are most likely fragments of a 
single gene highly homologous to an already identified gene. Out of the 9 non- 
overlapping remaining clones, 2 are ideritical to human ESTs and the others show no 
significant homology to known sequences. Refined physical mapping of the se clones 

These preliminary data show that the % of repetitive clones seems to be 
region dependent. A total of 17 most likely distinct genes were selected. Interestingly 
3 of these genes accounted for more than 75 YO of the selected fragments already 
analyzed. T he comparison of the 2 procedures for YAC Y47 is ongoing. 

These preliminary results suggest the high gene density of this region, raising 
the question of the.best strategy to screen the implication of these genes in 
CADASIL. 

- gene in CADASIL patients is currently investigated. We mapped 2 distinct ESTs 
' 
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Assignment of Function to Novel Mouse Embryo Transcripts : 
Enrichment of Transcripts With Potential Regulatory Functions By Partial 

Sequence Analysis, Genetic Mapping, and In Situ Hybridization. 

Stephen Kingsmore, Velizar T. Tchernev, Maria D.F.S. Barbosa, John C. 
Detter, Tarun D. Patel, Edward K. Wakeland, Achim Gossler. 

Departments of Medicine and Pathology and Center for Mammalian Genetics, 
University of Florida, Gainsville, FL 32610 ; The Jackson Laboratory, Bar Harbor, 
ME 04609, USA. 

Recent advances in molecular biology are enabling comprehensive identification of 
transcribed sequences in mammalian genomes. However, techniques for assibment 
of function to novel transcripts remain laborious and time consuming, allowing only 
a subset to be functionally characterized. In an effort to define novel genes that may 
play pivotal roles in mammalian development, we analyzed cDNA clones isolated 
from a day 10.5 mouse embryo library following subtraction with adult mouse liver 
cDNA. Genes with potential regulatory functions during mammalian embryo genesis 
were selected by three complementary techniques : 
1. Homology with previously characterized genes was sought by comparison of 
sequences derived from both ends of cDNA clones with DNA and protein database 
using the BLAST program; 
2. Since most genes with developmental regulatory functions appear to be expressed 
in spatially and/or temporally regulated patterns, expression. of novel cDNA clones 
in day 10.5 mouse embryos was examined by whole mount in situ hybridization with 
digbxigenin-labeled riboprobes ; 
3. Candidacy for mouse development mutations was examined by genetic mapping 
of novel cDNAs using an inter specific backcross panel. Regional chromosomal 
assignment also generate candidate genes for human positional cloning efforts by 
virtue of linkage conservation between human and mouse. Of 80 clones analyzed, 71 
yielded interpretable sequence 43 of the 71 sequenced cDNA clones (61%) 
represented novel mouse genes. 34 of these did not show significant similarity to 
sequences in available databases ; 9 clones had homology to genes isolated in other 
species. Notably, mouse homology of two genes important in Drosophila development 
(Delta and Groucho) were isolated. The expression pattern of 41 novel mouse clones 
was examined by in situ hybridization ; 10 clones (24%) detected highly restricted 
expression patterns in early embryos, while 31 detected either ubiquitously 
expressed mRNAs or gave no specific signal above background (Bettenhausen & 
Gossler, Genomics, In Press). The mouse homologs of Delta and Groucho both 
exhibited highly restricted expression patterns, emphasizing that genes exhibiting 
specific expression patterns may have regulatory functions during embryo genesis. 15 
novel mouse clones were mapped by segregation analysis unique RFLV in an inter 
specific mouse backcross. Detection of DNA polymorphism was greatly facilitated 
by use of an inter specific - rather than intraspecific - cross. 13 of.15 clones mapped 
in the vicinity of mouse developmental mutations, candidacy for causality in these 
mutations is being examined. Partial sequencing, genetic mapping and expression 
analysis appear to be effective methods for enrichment of transcripts with potential 
regulatory functions in embryo genesis, enabling selection of novel transcripts for 
further functional characterization. 
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Identification of Transcribed Sequences in Positional Cloning of Complex 
Diseases'in Human and Mouse 

P.W. Kleyn, G. Alperin, J.J. Lee, B. Woolf, 0. Tayber, S. Reifel, C. Muir, S. 
Glucksmann, N. Lakey, J. Culpepper, T. Clark, G.M. Duyk. 

Millennium Pharmaceuticals, Cambridge MA, USA. 

At Millennium, our interests lie in the positional cloning of genes 
involved in complex diseases such as diabetes and obesity. Given the 
genetic heterogeneity of these diseases, we are faced with the prospect of 
analyzing large genomic regions for candidate genes. Since no single gene 
identification method is expected to identify all genes in a given large 
genomic region, we have applied several techniques side-by side to the 
same region of the genome. In particular, we have focused on exon 
trapping and random sequencing strategies as high-throughput approaches 
to gene discovery. We will present a comparison of these t w ~  methods as 
applied to a large mouse genomic region. 

We will present the automated sequence analysis we apply to the 
large batches of genomic sequence data that are generated from exon 
trapping and random sequencing. Initially sequences are assessed for 
quality, vector, repetitive and low entropy sequences. Coding potential is 
assessed using the GRAIL programs as well as by comparison to in-house 
and public sequence databases. Continuing of the sequences provides 
additional information such as exon clustering and estimates of actual 
genomic coverage. 

Beyond the initial identification, candidate exons grouped into 
genes and evaluated for mutations. Initially, mapping and tissue. 
distribution is determined using a semi-automated PCR-based system. 
Those PCR fragments that identify distinct genes are followed up. Our goal 
is then to isolate and sequence the entire coding region of each gene. 
Pinally, mutation analysis includes Southern and Northern analysis for 
the identification of gross changes to the transcript as well as SSCP and 
sequencing of the open reading frame to identify coding mutations. 

We will present the full triage of analysis described above as applied 
to a large genomic .interval surrounding the tubby locus on mouse 
chromosome 7. We have put into place a system by which novel genes can 
rapidly be identified in large human or mouse genomic c regions and 
screened for mutations. 
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Sequencing and Mapping of cDNAs from Mouse Embryos 

M.S.H. KO, J.H. Horton, X. Wang, S. Yotsumoto, Y. Cui, T.A. Mosby, C.A. 
Moore. 

Center for Molecular Medicine and Genetics, Wayne State. University, 
Detroit, Michigan, USA. 

A high resolution transcripfional map of the mouse genome will be very 
useful for the positional-candidate approach for the cloning of the human 
genetic disease genes as well as the mouse mutant genes. Because of the 
limited access to a certain stage of human embryos, the mouse cDNA 
project will be a good complement to the currently ongoing large scale 
human cDNA sequencing and mapping projects. The first step of our 
strategy is to construct a cDNA library from various tissues of early mouse 
embryos. For some tissues, we have applied a cDNA equalization 
(normalization) technique to these cDNA library. Then, the individual 
cDNA clones are arrayed in the 96-well microtiter plates. Individual cDNA 
clones are analyzed by three methods. (1) About 350 bp of the Y-end and 3’- 
end of cDNA clones are sequenced. The sequence information will be used 
for the blast database searches in the NCBI. (2) The localization of cDNAs 
on the mouse genetic map are determined by typing the Jackson 
laboratory=D5s inter specific backcross mouse panels with PCR-based 
cDNA markers. (3) The expression patterns .of the cDNA clones are 
examined by using in situ hybridization. Currently we are working on the 
cDNA library made from the ectoplacental cone of 7.5 dpc mouse embryos. 
The progress of this project will be presented in this meeting. 



Isolation of the Mouse Gene SCNSA, A Voltage-Gated Sodium Channel 
That Is Mutated in Mouse "Motor Endplate Disease". 

D.C. Kohrman, D.L. Burgess, J. Galt, N.W. Plummer, J.M. Jones and M.H. 
Meisler. 

Department of Human Genetics, University of Michigan Medical School, Ann Arbor, 
MI 48109-0618 
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The mouse neurological mutant "motor endplate disease" (med) exhibits early onset 
paralysis of the hind limbs, severe muscle atrophy, degeneration of Purkinje cells and 
juvenile lethality. The med gene is located on distal chromosome 15. Using a novel 
combination of exon amplification and cDNA selection, and a transgene induced 
allele of med, we isolated the affected gene. The cDNA sequence indicates that med 
encodes a new voltage-gated sodium channel alpha subunit. 
Allelism of the transgene induced mutation with the med locus was established by 
genetic linkage and non complementation of the two mutants (ref. 1). STSs from 
cosmid clones flanking the transgene were then used to isolate three P1 clones 
spanning approximately 100 kb. The P1 DNA was digested separately with Sau3Al 
and Alul, ligated to linkers, biotinylated by PCR, and used in a solution 
hybridization/magnetic bead protocol to select complementary primary cDNA 
fragments from mouse brain and testes. Selected cDNAs were amplified by PCR, 
cloned into pAMPl0 using the CloneAmp system (GIBCO/BRL), and arrayed in 96 
well plates. In parallel, P1 DNA was subcloned into the exon amplification vector 
pSPL3 (GIBCO/BRL), transfected into cos7 cells by lipofection, and amplification 
products were generated by RT-PCR of total cellular RNA with vector specific 
primers. To efficiently analyze the products of exon amplification and cDNA 
selection, we identified sequences that were isolated by both methods. Radiolabeled 
mixed PCR products from exon amplification were used to probe high density cDNA 
selection filters. Twenty-three positive, hybridizing cDNA clones, ranging in length 
from 132 to 346 bp, were sequenced. Database analysis with BLAST revealed strong 
sequence identity with members of the sodium channel alpha subunit gene family. All 
of the cDNAs identified by this method were authentic products of the med locus, 
demonstrating the utility of the combined gene identification approach. 
Gene-specific primers were used to amplify an overlapping set of PCR products from 
mouse.adult cerebellar RNA and a neonatal brain cDNA library. Sequencing of the 
PCR products revealed an open reading frame predicted to encode a protein of 1732 
residues. Scn8a is most closely related to a brain cDNA from the pufferfish Fugu 
rubripes, with 83% overall sequence identity and several shared insertions and 
deletions that are not present in other mammalian cDNAs. Hybridization of 
transgenic DNA with the cDNA detected an intragenic deletion estimated at 10 to 
20 kb. Scn8a is widely expressed in spinal cord,and brain, but is not detected in 
RNA from the transgenic mice. 
We are investigating the properties of the Scn8a channel to better understand its 
critical role in nerve impulse transmission. The human SCN8A gene was isolated 
from a cross-hybridizing lambda clone. SCN8A was mapped to chromosome 12q13 
by FISH. We are developing reagents for testing human patients with peripheral 
neuropathy or cerebellar ataxia disorders linked to this region. 

1. Kohrman, D.C., Plummer, N.W., Schuster T., Jones, J.M., Jang, W., Burgess, D.L., 
Galt, J., Spear, B.T., and Meisler, M.H. : Insertional mutation of the motor endplate 
disease (med) locus on mouse chromosome 15. Genomics 26 : 171-177,1995. 
2. Burgess, D.L., Kohrman, D.C., Galt, J., Plummer;N.W., Jones, J.M., Spear, B., 
Meisler, M.H. : Mutation of a new sodium channel gene, Scn8a, in the mouse mutant 
'motor endplate disease'. Nature Genetics 10 : 461-465,1995. 
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Feature Mapping-Facilitated Identification of the Gene Content of the 
HLA-C Genomic Region 

B. Rajendra Krishnan and David D. Chaplin. 

Division of Allergy and Immunology, Department of Internal Medicine 
and Howard Hugues Medical Institute, Washington University School of 
Medicine, St. Louis, MO, USA. 

The Class 1 region of the human leukocyte antigen (HLA) complex is 
thought to be gene dense ; however, a -0.5 megabase centromeric portion 
of the Class 1 region has been investigated in detail. To enable a systematic 
sequence - driven analysis of this subportion, we are adopting a 
transposon-based feature mapping approach. Our strategy entails 
subcloning -35-40 kb genomic DNA fragments from YAC clones into a 
deletion factory vector designed to generate transposon yS intramolecular 
transposition -mediated deletions selected by simple bacteriological 
schemes (Wang et al., Proc. Natl. Acad. Sci. USA, 90 : 7874-7878, 1993). A 
nested set of deletions separated by -2 kb is assembled by determination of 
plasmid sizes, and sequenced by fluorescent-automated technology. These 
sequences of genomic islands are analyzed by BLAST and FASTA 
algorithms for database homology and GRAIL for exon characteristics. We 
have accomplished feature mapping of a - 70 kb HLA DNA from near the 

. HLA-C gene. These experiments helped define the genomic location, span 
and transcriptional orientation of three genes (S, SCZ and OTF3 ), a cluster 
of 5 putative exons, and numerous AZu elements. These data helped 
identify the SCZ containing genomic fragment as a candidate for complete 
sequencing which was also accomplished by transposon-based approaches 
(Krishnan et al., Nucl. Acids Res. 23 : 177-122, 1995 ; Genomics, In Press). 
We conclude that feature mapping is an efficient strategy to identify 
genomic subfragments that merit detailed high resolution analyses. 
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A Novel Strategy for the Construction of Tissue and Chromosome Specific 
cDNA Libraries : Applications to the Human Chromosome. 

, Yun-Fai Chris Lau', Luda Diatchenko2,. Aaron CampbelP, 
Alex Chenchik2, and Paul Siebert2. 

1 Division of cell and Developmental Genetics, Department of Medicine, University of 
California, San Fransisco, CA 94121 

Clontech Laboratories, Inc. Palo Alto, CA 94303. 

A novel strategy has been developed to specifically identify functional sequences in a tissue 
and chromosome-specific manner based on the suppression subtractive hybridization (SSH) 
technique. The SSH is a new technique for generating subtracted cDNA libraries. It consists 
of two subtractive hybridization steps. The first step simultaneously subtract and normalize 
cDNA abundance in the test cDNA population while the second step creates a sub 
population of cDNAs from this test cDNAs enriched in differentially expressed cDNAs 
that can be PCR amplified with specific primers. 
To generate human tissue-specific cDNA libraries, the target cDNAs (i.e. testis or male 
heart) are subtracted against those of ten other tissues, such as brain heart (or testis), 
placenta, kidney, liver, lung, spleen, thymus, ovary and muscle. The specificity of the SSH 
is assayed by Northern hybridization of multi-tissues blots. Those preparations showing 
specificity for the respective target tissues were sub cloned into plasmid and arrayed 
microtiter dishes to generate the corresponding tissue specific cDNA libraries. Northern 

. hybridization of multi-tissue blots using random cDNA clones as probes indicates that 10/10 
clones from the testis-specific cDNA library showed specific hybridization to the testis 

I poly (A)+RNA while 11/12 clones from the heart specific cDNA library showed specific 
bands in those of heart and skeletal muscle. The 12th one hybridized to all human tissues 
analyzed. Sequence analysis of 60 random clones reveals that these rDNAs showed 
homologies to either known genes specific to the corresponding tissue or were unique with no 
homology to entries of sequence databases. The latter clones are candidates for new genes 
specifically expressed in testis or heart. To identify functional sequences from the human Y 
chromosome, arrayed cosmid library constructed from flow-sorted human Y chromosome is 
hybridized independently with the subtracted testis or heart cDNA mixture. A total of 224 
and 150 cosmids were identified from 3072 cosmids showing specific hybridization to testis 
md heart subtracted cDNAs respectively. Selected testis and heart cosmids were used 
individually as probes in multi-tissue blots. Results-of the Northern analysis indicate that 
26/37 and 12/17 showed positive hybridization to the testis and heart RNAs respectively, 
suggesting that the inserts of these cosmids potentially harbor sequences derived from 
functional genes on the human Y chromosome. Chromosome mapping by Southern blotting of 
somatic cell hybrid panel and FISH of metaphase chromosomes demonstrated the Y 
chromosome locations of these selected cosmids . Tine identification and characterization of 
cDNA clones from the respective subtracted cDNA libraries are in progress. 
The present study demonstrate that 
1) tissue-specific cDNA libraries can be generated using the SSH technique, 
2) potentially functional sequences from a particular chromosome can be identified using 
tissue-specific cDNA mixture as hybridization probes to a chromosome-specific cosmid 
library, or other recombinant DNA libraries, such as those derived from en mass exon 
trapping of specifid chromosomes, 
3) The positive cosmids, in turn, hybridize positively with specific RNAs from the 
respective tissues, suggesting that homologous sequences are present in the human inserts, 
and hence 4) further characterization of the corresponding cDNA should generate sub 
libraries consisting of tissue and chromosome-specific cDNAs. These cDNA sub libraries 
should be valuable tools for constructing chromo-some-specific transcription maps and 
positional cloning of disease genes. 
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I.M.A.G.E. Consortium Update. 

Greg Lennon 

Human Genome Center L-452, Laurence Livermore National Labs, 
Livermore, CA 94551. 

We will report on progress towards obtaining sequence, map and 
expression data in an integrated way using the over 200,000 publicly 
available clones of the Consortium. To aid in the analysis of gene number 
and function, we will also describe our efforts to 1) create master arrays of 
non-redundant clones, 2) efficiently search for genes not yet found, and 3) 
broaden the effort to include cDNA clones from non-human species. 

Genes of Human Chromosome 19. 

Greg Lennon 

A wide variety of techniques have been used in searching for genes 
.encoded on human chromosome 19. We will discuss some of our recent 
findings comparing the efficiencies of hybrid selection, exon Gapping, and 
genomic sequence analysis in a number of test regions. It is clear that the 
large number of ESTs now available are beginning to tip the balance in 
favor of straightforward sequence analysis for regions of high interest or 
high gene density. 
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The Architecture of mRNA. 

Wai-Choi Leung and Maria FKL Leung. 
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Division of Molecular Pathology, Department of Pathology and Laboratory 
Medicine, Tulane University School of Medicine, New Orleans, LA 70112, 
USA. 

We have studied the architecture of a number of mRNAs of human, 
mouse, rat and other species and found that each mRNA can be 
subdivided into discrete regions. A "closed region" is composed of stable 
stem and loop structures contributed by close-range interactions. Whereas 
an "open region" is due to long range interactions. Using Zuker's 
algorithm to generate an optimally folded RNA structure, the open and 
closed regions of a mRNA can be predicted. In most instances, multiple 
closed regions are present on a mRNA and interspersed with open 
regions. Sequences on closed regions can be refolded into structures 
identical to those present on the total RNA structure. A RT-PCR assay 
using the thermostable rTfh polymerase was employed to probe the closed 
and open regions of a mRNA, even in a tatal RNA preparation. Two 
complementary approaches have been utilized. The first approach is the 
Iiegional Approach which directly amplifies a single closed or open region. 
It was found that the specific yield for RT-PCR directed towards a closed 
region is significantly lower than that of an open region. Closed regions 
with higher free energy values gave lower specific yields than those with 
lower free energy values. The second approach is the Scanning Approach 
which amplifies an arbitrary segment of the mRNA in an unbiased 
manner. It was. found that the specific yield of the RT-PCR assay is 
inversely proportional to the sum of the free energy of the closed regions 
located within the amplified segment. These results established an 
experimental approach which describes and confirms the presence of 
descrete regions on a mRNA. It can be extended to study the architecture of 
other mRNAs. 
We also found that alternatively spliced mRNA species often exhibit 
different architectures. These structural differences can be related to 
differences in a'mpllfication efficiencies observed, to different 
representation in cDNA library, etc. For instance, we found that previously 
described "rare transcripts" of cytokine, growth factors and tumor 
suppressor genes could be attributed to the presence of additional closed 
regions 'on the mRNAs which then reduced the efficiency for reverse 
transcription, etc. Specific RT-PCR assays directed towards these 
alternatively spliced rare mRNAs often found more widespread pattern ;of 
gene expression, suggesting that "rarity" could be due to artifacts in 
detection. On the other hand, antisense oligonucleotides can efficiently 
inhibit the function of mRNA if they were directed towards the'open 
regions. Understanding the architecture of mRNA is therefore important 
for properly assessing the expression and function of a transcript. 
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Use of Reciprocal Cosmid-cDNA Library Screening to Identify and Map 
ESTs from Human Chromosome 3 

E. Li (I), €3. Waggoner (l), J. Cypser (2), H. Wang (2), H. Drabkin 
(2) and R. Gemmill (1). 

(1) Eleanor Roosevelt Inst., 1899 Gaylord, Denver, CO 80206, USA 
(2) University of Colorado Health Sciences Ctr., 4200 E. 9th Av., Denver, 
CO 80262, USA. 

We have implemented and modified a reciprocal hybridization screening 
procedurz, described by Lee et al. (1995), to identify chromosome specific 
cDNAs. For our studies, we arrayed a chromosome 3 specific cosmid 
library constructed at LLNL and utilized the normalized, gridded infant 
brain cDNA library developed by B. Soares. Repetitive sequences in the 
cDNA library, constituting approximately lo%, were identified by 
hybridization to labeled total human DNA and removed. Subsequently, 
pools of cDNA inserts, amplified by PCR, were labeled and hybridized to 
the gridded chr: 3 cosmids. To eliminate excessive background 
hybridization, perhaps due to endogenous phage, it was necessary to dilute 
the PCR amplified inserts by 50 to 100 fold. However, we observed the 
greatest difficulties in the second part of the screening process, namely the 
use of labeled cosmids to ‘identify corresponding cDNAs. To overcome 
persistent problems of background hybridization and low sensitivity, we 
adopted a row-pool screening strategy which relied totally on labeled PCR 
amplified cDNA inserts to establish cosmid-cDNA correspondence. Using 
this modification, we have isolated approximately 100 chromosome 3- 
specific ESTs which are being mapped to specific YACs within the 
chromosome 3 contigs. This approach is capable of identifying and 
mapping chromosome specific ESTs by hybridization without the 
requirement for PCR primers, derived from cDNA sequences, that are 
capable of amplifying products from genomic DNA. 
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A Cytokine Receptor Gene Cluster Around IFNARl in Human 
Chromosome 21. 

G. Lutfallal, S.J. Hollandlt4, E. Cinato, D. Monneron, J. Reboul, N. C. 
Rogersl, J.M. Smitkil, G.R. Stark2, K. Gardine$, K.E Mogensen, I.M. 

Kerr1,G. Uzi. . 

1 - Institut de GCnetique Moleculaire CNRS, 1919 Route de Mende, BP 5051,34033 
Montpellier cedex 1, France. 
2 - Imperial Cancer Research Fund, 44 Lincoln's Inn Fields, London WC2A 3PX, UK. 
3 - The Cleveland Clinic Foundation Research Institute, 9500 Euclid Ave., Cleveland, 
OH 44195, USA. 
4 - Eleanor Roosevelt Institute, 1899 Gaylord Street, Denver, CO 80206-1210, USA.. 
present address: Samuel Lunenfeld Research Inst., Mount Sinai Hospital, 00 
University Ave., Toronto, Ontario, Canada, M5GlX5. 

The first cloned gene encoding a component of the human interferon receptor was 
called JFNARl and shown to map physically and genetically in the middle of the 
map of human chrmosome 21 between SOD and GART. IFNARl is a member of the 
helical cytokine receptor (hCR} gene family. A search for new genes around IFNARl 
as led us to the discovery of the CRFB4 gene. This gene encodes the protein that is 
the most similar to IFNARl but its function is still unknown. We also have analyzed 
the structure and the expression of FNAR2 an other member of the hCR gene family 
mapping close to RFB4. This gene expresses four different mRNAs that are being 
translated in three different proteins sharing a common extracellular domain. Using 
mutants, we have shown that only one of these proteins s functionally involved in 
the cellular interferon receptor. An other gene, AF1 belonging to the same gene family 
maps to the same region. he order of these genes and the distances between them are 
as follow : OD (Z.5Mb) IFNAR2 (0.5kb) CRFB4 (30kb) IFNARl (50 kb) AF1 50kb) 
GART. This is the first description on chromosome 21 of such lose physical linkage 
.of,members of a gene family: four within 300kb. Similar gene density, although with 
unrelated genes, has been observed n a region immediately distal to this, where seven 
genes have so far been identified within 450 kb of the AML1 gene (Gardiner et al., 
manuscript submitted). Thus, 21q22.1 may be generally gene rich. FNARZ, CRFB4 
and IFNAR1 are all 30-40 kb in size and the 3' end of WAR2 is 0.5 kb from the first 
exon of the CRFI34 gene. If a similar gene density extends from the GART gene as far 
as the SOD1 gene, then there remain a considerable number of additional genes to be 
identified. We are currently using a contig of overlapping cosmid clones to pull out 
new genes in this region the chromosomal distribution of the interferon receptors may 
reflect their evolutionary reiationship. The genes encoding the other members of the 
hCR family are dispersed throughout the genome. Where clusters are observed, they 
encode family members that are structurally the most similar and, where the 
orientation of transcription is known, the clustered genes are transcribed in the same 
orientation. This suggests that the family as evolved through successive rounds of 
duplications and that the oldest duplications have been scattered all over the 
genome while the most recent re still conserved in tandem. 
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RNA Fingerprinting and Differential Display 
Using Arbitrarily Primed PCR 

Michael McClelland and John Welsh. 

Sidney Kimmel Cancer Center - 11099 North Torrey Pines Road - La Jolla, 
CA 92037. 

Arbitrarily primed PCR uses low stringency primer annealing steps to 
generate a fingerprint of arbitrarily selected but reproducible products from 
a complex mixture of nucleic acids. This method has led to a.family of 
fingerprinting methods for both DNA. and RNA. DNA polymorphisms, 
such as Random Amplified Polymorphic DNAs (RAPDs), detected using 
these methods have been used for phylogenetics, population genetics, and 
genetic mapping of anonymous markers. Recent applications of the 
method to RNA, such as differential display, permit the detection of 
differential gene expression by comparing 100 or more arbitrarily amplified 
cDNA segments per lahe. Differences of only four-fold in gene expression 
are easy to detect. In addition to the obvious strategy of cloning these 
differentially expressed genes, it is also possible to use these fingerprints as 
a "molecular phenotype". In this latter application the fingerprints yield 
data regarding the number of genes that change in a particular situation. 
When many different treatments or conditions (e.g. drugs, hormones, or 
developmental stages) are compared, the genes can be used as anonymous 
markers to relate treatments or conditions to each other based on shared 
changes in gene expression. 
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Gos Micklem 

The Sanger Centre, Cambridge, U.K. 

As a large producer of human genomic sequence (over 800kb in the last 12 
months, with another 2.8Mb in the process of being finished) 
identification of transcribed sequences is of major interest to the Sanger 
Center. Currently our overall strategy is to use many different methods, 
applying rather relaxed thresholds, and then display all predi&ons/ 
homology data simultaneously in ACEDB. 
This is followed by gene-building, and suggestions for further 
confirmatory experiments. We wiIl show data from large scale projects on 
chromosomes 4/22 and X and discuss the methods used. 
The primary analysis of human sequence at the Sanger Center is semi- 
automated : human repeat families and simple sequence repeats are 
identified and masked before the public databases are searched, in order to 
reduce the number of false positive matches. Alu repeats are identified 
using a Hidden Markov Model with the program hmmfs (Sean Eddy http : 
//genome.wustl.edu/eddy/hmmer.htmI), while other families are 
identified using blast and the repbase reference collection (Jurka et a1 1992 
J.Mol.Evo1. 35:286-291). Tandem and inverted repeats are also identified 
and masked. After masking repeats in this way Blast (Altschul et a1 1990 
JMl3 215 403-410) is used to search EMBL and an in house non-redundant 
protein database. 
Unmasked sequence is used for exon/splice site prediction, and for finding 
tRNA genes and CpG islands. Potential CpG islands are detected without 
using a window by a system similar to that used by the blast programs. The 
external gene-predidtion packages used are GRAIL2 (Uberbacher and Mural 
1991 PNAS 88 : 11261-5), Geneparser2 (Snyder and Stormo 1995 JMB 248 : 1- 
18), GeneId (Guigo'et a1 1992, JMB 245 : 45-56} and hetGene (Brunak et a1 
1991 JMB 220 : 49-65). We are in the process of including other recently 
reported methods. A11 predicted splice-sites and regions of coding potential 
are shown in ACEDB with their scores. Within ACEDB a dynamic 
programming algorithm can be used to combine diverse gene-features for 
modeling potential genes. 
Our experience has been that exon prediction methods perform worse on 
unseIected genome data than on the test sets normally used for 
comparison. False positive rates are higher, and more is missed. We 
suspect one reason is that exon density is lower and intergenic distances 
higher in typical genomic DNA, both of which make prediction more 
difficult. Other possible explanations will be discussed and a comparison of 
the performance of the different methods on our data will be given. 
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Identification of Gene Transcripts in 16P12 1-12.3 
Including Gene for Batten Disease (CLN3) 

S.E. Mole1, J.A. Greenhaml, T.A. Creavinl, N.A. Doggett2, and the International 
Batten Disease Consortium : T.L. Lerner3, R.MN Boustany3, J.W. Anderson3, K.L. 
D’Arigo3, A.J. Buckler3, J.F. Gusella3, J.L. Haines3, G. Krernmidiotis4, I.L. Lensink4, 
G.R. Sutherland4, D.F. Called, P.E.M. Taschner5, N. de Vos5, G.JB. van Ommen5, 
M.H. Breuning5, N.A. Dogget2, L.J. Meincke2, S.E. Mole1, H.M. Mitchisonl, P.B. 
Munroel, A.M. O’Rawel, I. E. Jarvelal, R.M. Gardiner’. 

1Dept. Paediatrics,University College London, UK. 2Los Alamos National 
Laboratory, Los Alamos USA. 3Massachusetts General Hcspital, Charleston USA. 
4Women and Children’s Hospital, Adelaide, Australia. “eiden University, The 
Netherlands. 

As part of a European Consortium on the physical and transcriptional mapping of 
the short arm of human chromosome 16, contigs of chromosome 16 cosmids have 
been used as the genomic resource for transcriptional identification in 16 p 12 1 12.3, 
a region defined by 18 mouse/human somatic cell hybrid intervals (1, 2). Each 
cosmid in 40 contigs has been analyzed for the presence of possible CpG island by 
restriction digestion using Notl, ASCI, Eagle and BssHII. In addition hybridization of 
human placental DNA to Southern blots of EcoRI-restricted cosmid has identified 
fragments which do not contain highly repetitive DNA. A subset of cosmids which 
are most likely to contain CpG islands and regions of open reading frame have been 
used for direct hybridization of cDNA libraries, either using whole cosmids of 
purified fragments. One fragment identified a cDNA highly homologous to PRKCBl 
which hybridizes to three non-overlapping contigs in the same hybrid interval. Work 
is in progress to confirm whether this represents one gene, related genes or pseudo 
genes. Three further cDNAs with no strong homology to gene or EST sequence 
deposited into public data bases have also been identified. 
The gene for Batten disease, a rare neurodegenerative disorder of childhood, shows 
strong allelic association at D16S299 and 026S298, which map to the same hybrid 
interval in 16~12.1 (3).Linkage disequilibrium mapping in Finnish Families with 
Batten disease predicted that CLN3 lies within 8.8 Kb of D16 F298 (4). Two patients 
(Moroccan and Finnish) deleted for D16S298 have been observed (4,5). A cosmid 
which contained D16S298 was identified and fragments sub cloned using PstI. Each 
sub clone was fully or partially sequenced, and computer analysis used to predict 
exons. Four “excellent” exons were predicted and primers designed. These are 
currently being used to screen cDNA libraries. In addition, the cosmid was used for 
exon trappi.ng and a candidate cDNA was identified (6). Genomic structural 
analysis of this gene has so far identified 14 exons spanning approximately 12 Kb. 
D16S298 is contained within an intron. Mutational analysis which identified 3 
deletions and a base substitution at one splice site confirmed that this cDNA is 
CLN3. The predicted protein codes for 438 amino acids with a molecular weight of 
48 kDa. Computer analysis of the predicted protein product revealed certain protein 
motifs although no homology to previously described proteins. Work is in progress to 
deternine the biology of this novel gene product. 

(1) Stallings, RL., et nl., Evaluation ofcosmid contig physical mnp ofhuman chromosome 16. Genomics, 1992.13 : 1031-1039. 
(2) Callen, D.F., et nl., High-resolution cytogenic-based physical map of human chromosome 16. Genomics, 1992 13 : 1178- 
1185. 
(3) Mitchison, H.M., et al.,Genetic ntapping of the Bntten disense locus (CLN3) to the international D16S288-Dl6S383 by 
analysis ofhaplotypes nnd allellic nsocintion. Genomics, 1994.22 465-468. 
(4) Mitchison, H.M., et al., Batten disease (CLN3) : Linhge disequilibrium mupping in the Finnish population and annlysis 
of European haplotypes. American journal of Human Genetics, 1995.56 : 654-662. 
(5) Taschner, P.E.EM., et al., Clironrrosome 16 microdeletion in n pa t ip t  with juvenile neuronnl ceroid lipofuscinosis (Bntten 
disease). American Journal of Human Genetics, 1995.56 : 663-668. 
(6) The International Batten Disease Consortium, lsolnlion ofa novelgene underlying Batten Disense. Cell, 1995. In press. 
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Physical Localization of 23 Chromosome 7 - Specific Expressed Sequence 
Tags (ESTs). 

., 
S.M. Morton', R.A. Veilel, C. Helms', M. Lee', W.L. Kuo3, 

J. Gray3, and H. Donis KellerlJ2. 

1 - Division of Human Molecular Genetics, Department of Surgery 
2 - Depts. of Genetics and Psychiatry, Washington University School of 
Medicine,St. Louis MO, USA 
3 - Dep. of Lab. Medicine, LBL/UCSF Resource far Molecular Cytogenetics, 
UCSF, CA, USA. 

Expressed sequence tags (ESTs) represent a powerful tool from which a 
transcriptional map of the human genome may be developed. Physical 
mapping of clones that contain these ESTs will provide the genomic DNA 
resource for candidate disease gene studies. M, Polymeropoulos and 
colleagues previously assigned 23 ESTs to chromosome 7 by mapping 
them on a set of somatic cell hybrids c,ontaining single human 
chromosomes [Genomics 12 : 492-496, 1992 ; Nature Genetics 4 : 381-386, 
19931. In order to place these putative genes more specifically on 
chromosome 7, we developed a strategy which consisted of screening the 
CEPH genomic YAC library by PCR and iilter hybridization, followed by 
FISH of positive YACs to human metaphase spreads. YACs identified by 
the screen were sized using Southern blots of CHEF gels. 5 ESTs that 
identify specific YACs and were used to screen the DuPont-Merck P1 
library by PCR. Of these 5 EST, two identified P1 clones. FISH results 
indicate the ESTs are distributed throughout the chromosome, with 
signals to all major cytogenetic bands except 7~13-15.3 and 7q21.1. BLAST 
searches were performed for all ESTs in order to determine putative 
homologies with known genes. A single EST "hit" was obtained for 
protein tyrosine phosphatase-zeta (PTPRZ) and EST02092 with 100% 
homology. Other homologies may exist yet remain undetected since such a 
short region of sequence (- 150-350 bp) is known. This study of 
chromosome 7 ESTs and associated genomic clones will help to develop a 
map of chromosome 7 which integrates physical, transcriptional and 
cytogenetic data, as well as provide candidate disease genes for 
chromosome 7-specific disorders. 
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Restriction Fragment Sorting of cDNA Populations 

Mundy, C.1, Dearlove, A.M.1, Discala, C.2, Gross, J.3,Parsons, J.4, 
Starkey, M.P.1, Umrania,Y.l, Sibson, D.R.5 

UK HGMP Resource Centre, Hinxton Hall, Hinxton, Cambridge, CBlO 1RQ - TJK. 
Formerly HGMP RC, now Genethon, 1, rue de l'internationale, BP 60,91002 Evry 

Cedex. 
Formerly HGMP RC, now Muscle Cell Biology Group, Clinical Sciences Centre, 

Royal Postgraduate Medical School, Du Cane Road, London, W12 ONN 
4 Department of Genetics, University of Washington School of Medicine, St. Louis, 
Missouri. 
5 Formerly HGMP RC, now Clatterbridge Cancer Research Trust, J.K. 
Douglas Laboratories, Clatterbridge Hospital, Bebington, Wiral, L63 4JY. 

The sequencing of cDNAs, as opposed to genomic sequencing, represents the most 
rapid route to gene identification. However, since many cDNAs occur in more than 
one of the 50 tissues, or 200 possible cell types, in man, the&probability of repeatedly 
iden-g the same cDNAs is high. This is exacerbated by the fact that the cDNA 
libraries generally available are poorly representative of the tissues from which they 
are derived, being biased towards abundant -As. 

Approaches for increasing the complexity of cDNA libraries are necessary to 
minimize the redundancy encountered in systematic sequencing programs. Restriction 
fragment sorting provides a means of subdividing complex cDNA mixtures into 
distinct sub populations. In concept, a given cDNA restriction fragment can only be 
sorted into a single subset. Since an individual sub population is of relatively low 
complexity (as compared to the original population), the concentration of any given 
cDNA will'be higher than in the original population. The sub populations combined 
represent the entire original cDNA population. 

The restriction fragment sorting of cDNAs is based upon the partitioning of cohesive- 
ended cDNA restriction fragments according. to the sequence of their ends. This 
necessitates the use of an enzyme which produces staggered cuts outside of its 
recognition sequence, so that any combhation of bases-$ possible in the cohesive 
ends produced. 

cDNA fragments can be sorted into different subsets by successive base-specific 
adaptoring, and base-specific PCR. cDNA fragments separated into different 
subsets are amplified by PCR. This serves to further enrich the abundance of rare 
mRNAs, since although the relative proportion or different cDNAs within a given 
subset remains constant, the absolute abundance of a particular cDNA in a subset is 
significantly increased above than in the original population. This facilitates the 
subdivision of a complex cDNA population into subsets, which combined will 
provide access to a greater repertoire of genes than would be accessible in the original 
unmodified cDNA population. 
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Gene Recognition, Modeling and Database Searching 
in the Grail System 

-.I 

Richard J. Mural*, J. Ralph Einstein2, Xiaojun Guan2, Loren Hauser*, Sheri 
Matis2, Ying Xu2, and Edward C. Uberbacher2. 

Biology and 2 Computer Science and Mathematics Division, Oak Ridge 
National Labpratory, Oak Ridge, Tennessee 37831 

GRAIL is a modular System which supports the recognition of gene 
features and gene modeling for the analyzes and characterization of DNA 
sequences. All of this information is presented to the user in graphic form 
in the X-window based client server system XGRAIL. In addition to the 
position of protein coding regions, the user can view the position of a 
number of databases using a number of other features including poly-A 
addition sites, potential promoters, CpG islands and repetitive DNA 
elements, XGRAL also has a direct link to the gene Quest server allowing 
characterization of newly obtained sequences by homology based methods 
through accessing a number of databases using a number of comparison 
methods including : FASTA, BLAST and a parallel implementation of the 
Smith-Waterman algorithm which utilizes a specialized computing 
environment at the Oak Ridge National Laboratory. Following an  analysis 
session the user can use an annotation tool wliich is part of the XGRAIL 
system to generate a "feature table" describing the current sequence and 
proper ties. 
A number of enhancement have been added to the system or developed 
as an independent services. Methods for detecting and "correcting" 
potential sequences errors can be used to process data before GRAIL 
analysis. These techniques make the system quite insensitive to indels. We 
have recently developed a "batch" GRAIL client which allows a user to 
submit a group of short (300-400 bp) sequences which are analyzed and can 
be viewed in a graphical user interface. Any sequence which is found to 

. contain .a putative .protein coding region has its translation searched 
against the SwissProt database and these results are also available through 
the GUI. We have also improved the performance of the system in 
regions of the genome which have a high AT content. We also have 
developed GRAIL systems for a number of model organisms including 
the mouse Drosophila, Arabidopsis and Escherichia coli. 
The e-mail version of GRAIL can be accessed at graiI@ornl.gov and the e- 
mail version of genQuest can be accessed atQ@ornl.gov. Instructions can 
be obtained by sending the word "help" to either address. The XGRAIL, 
batch GRAIL, and XgenQuest client software is available by anonpous fQ 
from arthur.epm.ornl.gov (128.219.9.76). Both GRAIL and genQuest are 
accessible over the Word Wide Web (URL http:/ /avalon.epm.ornl.gov/). 
Communications with the GRAIL staff should be addressed to 
GRAlLMAlL@ornl.gov.  
(Supported by the Office of Health and Environmental Research. United 
States Department of Energy, under contract DE-AC05-840R21400 with 
Martin Marietta Energy System. 
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Survey of CAG Repeat Polymorphism in Reference Human Brain cDNAs 

C. Neri, A.S. Lebre, V. Albanese, P. Millasseau, I. Legall, L. Bougueleret, S. 
Guillou, S. Meier-Ewer@, H. Lehrach#, C. Auffray“, J. Weissenbach**, I. 

Chumakov, D. Cohen and H. Cann. 

Fondation Jean Dausset-CEPH, Paris. “CNRS UPR 420, Villejuif; 
““Genethon, Evry, France. # Max Plank Institute/Mol. Genet., Berlin, 
Germany. 

We screened 100,000 clones from 2 human brain cDNA arrays for the 
presence of CAG repeats using CAG oligonucleotide hybridization probes. 
446 positive clones were selected from the non-normalized fetal brain and 
normalized infant brain libraries screened. The 5’ or 3’ end sequences of 
131 non redundant clones have been analyzed. Those which identify 
previously unknown genes (60%) could be extended by walking and 
assembled into consensus sequences. CAG repeats detected among these 
cDNAs are being studied for polymorphism in CEPH families, and 
polymorphic CAG repeats are being mapped using somatic cell hybrids and 
CEPH YACs. Most of the (CAG)n repeats we identified are short (n<lO) and 
not polymorphic. The cDNAs carrying highly polymorphic CAG ‘repeats 
encoding polyglutamine stretches represent new candidate genes for 
hereditary neurological diseases. 
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Towards Isolation of Genes from the Human 
Neuroblastoma Consensus Deletion 

Patrick Onyango and Andreas Weith. 

, 

. ,  
1 

Research Institute of Molecular Pathology (IMP), Dr. Bohrgasse 7, A-1030 
Vienna, Austria 

The chromosomal region lp36, is the most consistently deleted locus in 
Human Neuroblastoma (NB). It has been shown using specific 
chromosome region transfer technique that the region indeed harbors 
tumor suppresser genes. However, to date no putative NB tumor 
suppresser genes have been isolated from the region. The Nl3 deletions, 
often 'cover several mega bases and also vary in their relative overlap, for 
this reason we set out to define a consensus deletion. We have mapped 
the consensus deletion to a.3 Mb sub-band of lp36. As a starting point 
towards identification of the tumor suppresser(s) gene(s) in the region we 
isolated 9 YAC , 5 MegaYAC and 16 PI clones spanning the consensus 
deletion. We have also mapped an estimated 1 Mb outside the sub-band, 
confining the putative NB suppresser, to a region less than 2.5 Mb. 
Employing exon trapping and cDNA selection strategies we have 
identified at least one novel 42 bp exon and selected a previously isolated 
gene, Enolase 1 (ENOI). The exon detects two brains specific mRNA 
transcripts, 7.2 kb and 4.5 kb in size. The exon was subsequently used to 
probe a human fetal brain cDNA library, from which a corresponding 4.5 
kb full length cDNA was isolated. Partial sequence analysis of the 4.5 kb 
cDNA, indicates that the gene is novel with no obvious motifs. Further 
work is in progress to isolate additional candidate gene(s) and to 
functionally characterize the expressed sequences. 
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Construction of an Integrated Physical and Transcriptional Map of the 
Chromosome 8~12-21 Region, a Region Involved in 

Human Cancers and Werner Syndrome. 

Marie-Josephe Pebusque', A. Dib*, A. Imbert', J. Adela'ide2, 
M. Chaffanet2, H. S0b012-3, and D. Birnbauml-2. 

1 Laboratory of Molecular Oncology, U.119 INSERM, Marseille France. 
2 Laboratory of Tumor Biology. 
3 Department of Oncogenetics, Institut Paoli-Calmettes, Marseille, France. 

The pll-21 region of chromosome 8 is involved in several pathologies in 
particular the Werner Syndrome and malignant tumors such as breast 
cancers and leukemias. In these tumors, the region can be amplified, 
deleted or translocated. Candidate genes involved in these alterations 
have not yet been identified. 
Two types of molecular alterations, gene amplification and deletion, are 
frequently observed in sporadic cases of breast carcinomas and occur in the 
8~12-21 region : 8p12 is amplified in 10 to 15% of breast tumors (Dib. et al., 
1995) and analysis of losses of heterozygosity show; the frequent deletion of 
8~12-21 markers (Kerangueven et al., 1994,1995). In addition, deletions and 
linkage analysis have both suggested an involvement of chromosome 
arm 8p in inherited breast cancer (Kerangueven et al., 1995). These results 
strongly suggest the presence of a putative oncogene (ONC) and one more 
tumor suppressor genes (TSG) within the proximal region 8~12-21 
involved in sporadic and/or familiar breast cancer.' 

To characterize this region and to help in the identification of the disease 
genes, an integrated physical map was generated. The map is composed of 
cantigs of FISH-ordered non-chimeric YACs. In parallel, we have used a 
combination of methods(cDNA selection, island rescue)PCR, direct 
screening) to survey the genomic DNA region surrounding the ONC and. 
TSG genes for transcribed sequences. 
A. Dib, J. AdelaYde, M. Chaffanet, A. Imbert, D. Le Paslier, J. Jacquemier, P. 
Gaudray, C. Theillet, D. Birnbaum and M.J. Pebusque Oncogene 10 : 995- 
1001. 
F. Keranpeven, J. Adelai'de, A. Dib, M. Longy, R. Lidereau, M.J. Pebusque, 
J. Jacquemier and D. Birnbaum. Oncology Reporfs 1 : 393-395. 
F. Kerangueven et al., Oncogene 10, 1023-1026. 
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Expression Profiles of  1,000 Human Genes in Skeletal Muscle 
Characterized By Quantitative Hybridization On High Density Filters : 

Identification of Muscle-Specific Or Ubiquitous Novel Genes. 

GeneviGve Pi6tu1.2, Olivier Alibert2, Valerie Guichardl.2, Bernard Lamy2, 
Florence Bois'S2; Pascal Soularue2 and Charles Aufrayl.2. 

Genexpress, 1 CNRS UPR 420, BP 8,94801 Villejuif 
2 GMthon, BP 60,91002 Evry FRANCE. 

An' integrated apprcach for the analysis of a human muscle cDNA library 
has been developed by collecting primary structural, mapping and 
expression data. This catalogue of human skeletal muscle transcripts has 
been exploited by characterizing the expression profiles of a selection of 
1339 cDNA clones, 70% of which corresponding to unknown sequences 
representing 1000 human gene transcripts. 
We have developed an efficient technology for large scale and systematic 
analysis of gene expression in a routine, automated fashion providing a 
procedure to collect hybridization signatures. High density filters have 
been produced on which inserts of cDNA.clones were spotted as PCR 
products and membranes hybridized with complex cDNA probes abtained 
by reverse transcription af mRNA with incorporation of 33 P-radiolabeled 
nucleotide. The extent of hybridization between the radio-labeled probe 
and the cDNA immobilized on membranes was estimated by performing 
quantification of the hybridization signal. We have designed and 
optimized an image' analysis software which automatically reports a value 
for each dot (coordinates and quantification) from images generated by the 
Molecular Dynamics, Phosphor Imager and is efficient in handing large 
amount of hybridization data. Each clone can be assigned to one of four 
intensity classes (strong, medium, low and null) providing '.the expression 
profile of the gene transcripts represented in the skeletal muscle library. 
Differential expression of the gene transcripts was detected with complex 
cDNA probes derived from various tissues allowing us to assess the tissues 
specificity of transcripts. Novel transcripts- corresponding to muscle- 
specific ubiquitous new genes were identified. These results were 
confirmed by Northern blot analysis. 

# 
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Integrated Map of the Alagille Syndrome 
Locus On Chromosome 20~12. 

Pollet N., Dhorne-Pollet S., Boccaccio, C., Deleuze J:F., Driancourt C., 
Raynaud N., Hadchouel. M. and Meunier-Rotival M. 

INSERM U347 affilike au CNRS F-94276 Le Kremlin-Bicetre, FRANCE. 

Alagille Syndrome (AGS, MIM 118450) is the second most frequent cause 
of intrahepatic cholestasis in childhood and is characterized by five major 
symptoms: a paucity of intrahepatic bile ducts, peripheral pulmonary 
artery stenosis, butterfly-like vertebrae, posterior embryotoxon and 
peculiar facies. AGS is inherited as an autosomal dominant trait with 
quasi-complete penetrance and variable expressivity. A single locus for 
AGS was mapped to 20~12  by the analysis of cases with cytogenetically 
visible deletions and translocations. 
To clone the AGS candidate gene(s), a YAC contig spanning 9 Mb in 20~12 
was constructed with sixty-seven YACs. New STS were made from YAC 
end-fragments. Twenty-nine markers including STSs, microsatellites, 
RFLPs and genes were mapped. A Not1 and ASCI restriction map was 
generated. The AGS candidate region was refined to less than 2.2 Mb and 
shown to contain 5 putative CpG islands (Pollet et al., Genomics 27467- 
474,1995). 
To construct a transcription map in 2 0 ~ 1 2  we are currently using two 
strategies. First, we are mapping ESTs already assigned to chromosome 20 
on the contig: Second, a cDNA selection of the YACs covering the AGS 
locus is underway ushig various cDNA libraries. 

Supported in part by grants from GREG 
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EST Mapping by cDNA Display 
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- -  

Y. Prashar, N. Baskaran, and Sherman M. Weissman. 

Yale University School of Medicine, Department of Genetics, New Haven, 
CT 06510. * 

We have developed gel display procedures for cDNA that appear to .be 
highly reproducible, reasonably quantitative, and reliable in predicting 
differences behveeri cDNA samples. The procedures have been adapted 
both to display 3' end fragments and internal fragments of cDNA. There is 
one to one relationship between the position of a band and the sequences 
of the cDNA, making it possible to directly correlate bands on the display 
pattern with ESTs where these are available. Pilot applications of the 
procedure s to compare resting Jurkat cells with Jurkat cells activated for a 
short period of time have shown that a large number of genes, perhaps as 
many as 4% of all those genes expressed in activated cells, have their 
expression augmented shortly after activation. These include a large 
number of sequences not in the databases as of 8/1/95. Strikingly, a large 
number of 'genes, approaching 2%, are down-regulated or have the 
position of their 3' ends changed shortly after activation. We are currently 
extending this approach for application to automatic fluorescence based 
sequencing machines so that test and control samples as  well as size 
markers can be run in the same lane. 

We have optimized PCR procedures for amplifying cDNAs at similar 
levels regardless of their GC content and are applying this to preparing 
libraries from very small numbers of cells, specifically early hematopoietic 
precursor cells. We are currently applying cDNA display techniques to the 
amplified cDNA. 
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Computer-Assisted Analysis of the Organization of Regulatory Elements 
Within Transcriptional Units 

Kerstin Quandt, Korbinian Grote, Thomas Werner. 

Institut fuer Saeugetiergenetik, GSF-Forschungszentrum fuer Umwelt 
und Gesundheit GmbH, Ingolstaedter Landstr.1, D-85758 Neuherberg, 
Germany. 

Genome sequencing projects like the Human Genome Project or the yeast 
sequencing project yield large amounts of unaruiotated sequence data of 
regulatory regions. Computer methods that are able to identify individual 
regulatory sites in unknown sequences are already available. However, 
since regulatory regions are also defined by the organization of their 
elements, large scale analysis methods for the detection of correlations 
between regulatory elements are a necessity. 
We developed a software package called XFACtoR with a graphical user 
interface, that can be used to interactively analyze correlations between 
transcription factor binding sites and open reading frames on 
chromosomes (or any sufficiently long genomic sequences). In order to 
reduce the huge amount of data to be handled the program uses the 
positions of factor binding sites on the sequence found by other programs 
like ConsInspector, Mathspector or a simple TUPAC-search and a table-like 
representation of the ORFs automatically extracted from the annotations 
of the respective data bank entries. The main feature of the software is its 
ability to detect distance correlations between ORFs and factors or factors 
and factors and perform selection of positions or of primary sequence data 
directly from the results of the analyses. Correlations within promoter 
regions as well as promoter-element-ORF correlations can be detected and 
the result is immediately displayed in form of a histogram or a sliding 
window representation. The ORFs or factor positions that are part of a 
correlation or of multiple correlations can be extracted and used in another 
correlation search. This way even higher-order structures of a whole 
promoter region can be revealed, if sufficient data is available. 
The program package has been tested on a number of examples using the 
sequences of four yeast chromosomes. A text-oriented version of the 
program called FACtoR is available. The software is being extended to 
analyze correlations not only between transcription factor binding sites 
and ORFs but any genetic elements that can be found on DNA sequences 
(e.g. restriction sites, satellite sequences, retrotransposons etc.). 
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Identification and Characterization of Genes Involved in Thymic 
Epithelial Cell Differentiation 

Dominique Rochal, Marianne Naspetti2, Philippe Naquetz and 
Bertrand Jordan'. 

1 "Genome structure and immunological functions " group, 
2 "Lympho-stromal cell interactions during terminal T lymphocyte differentiation" 
group, Centre d h u n o l o g i e  INSERM/CNRS Marseille, France. 

The thymus is the major site of T lymphocyte maturation during embryonic and 
postnatal development. T 'cell intrathymic development is a. compiex process 
involving interactions between T cells and non lymphoid elements (thymic stroma). 
The role played by the different elements constituting this thymic micro environment 
in the development of T cells is still unclear, but several researchers have shown that 
thymic epithelium (the major element of the thymic stroma) is essential to T 
lymphocyte maturation. 
Whereas the "signal" transmission from thymic epithelial cells to thymocytes is well 
documented, only one pathway of opposite "signalisation" has been described. The 
thymic epithelial cells also receive "signals" from thymocytes, so thymic epithelial 
cells are not only "regulators" of T cell differentiation but their own activity is 
influenced by thymocytes. 
In order to clarify the effects of thymocytes on the maturation of thymic epithelial 
cells, we decided to identify and characterize genes expressed in thymic epithelial 
cells whose expression is modulated during interactions between thymic epithelial 
cells and thymocytes. This work is done using a murine thymic epithelial cell line 
(MTE-1D) (1) and a coculture system. The identification of genes differentially 
expressed (MTE-1D alone versus MTE-1D in coculture with thymocytes) is 
performed by the quantitative differential screening (2) of a gridded mouse thymus 
cDNA library. High density filters are hybridized with complex cDNA probes 
prepared with total RNA from MTE-1D cells. After successive hybridizations with 
probes made from the two MTE-1D culture conditions, hybridization signals are 
detected and quantified with an image plate device and adapted software. 
Quantitative analysis of "hybeidization signatures" for each clone and for each probe 

' tested allowed us to select clones differentially expressed. The differential 
expression of selected cDNA clones will be then verified by Northern blot analysis. 
The confirmed clones will be tag-sequenced, their expression analysis and mapping 
will be done in order to link these cDNA clones to known mouse mutants or human 
genetic diseases. In addition, these clones will be introduced into COS cells 
subsequently assayed with monoclonal antibodies. 

A first study with the analysis of more than 4500 clones is in progress. 

(1) Naquet I?., Lepesant H., Luxembourg A ,  Brekelmans P., Devaux C., Pierres M., 
1989. Establishment and characterization of mouse thymic epithelial cell lines. - 
Thymus, 13,217-226. 
(2) NnuVen C., Rocha D., Granjeaud S., Baldit M., Bernard K., Naquet P., Jordan B., 
1995.-Differential gene expression in the murine thymus assayed by quantitative 
hybridization of arrayed cDNA clones. Genomics, in press. 
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Gene Identification within Homozygously Deleted 3p 
Regions in Carcinomas 

J. Rochel-3, F. Boldogl, M. Robinsonl, M. Varella-Garcial, L. Robinson2, 
B. Waggonerl, R. Gemmill2 and H. Drabkinl. 

(1) Univ. of Colorado Health Sciences Ctr., 4200 E. 9th Av., Denver, CO 
80262, USA. 
(2) Eleanor Roosevelt Inst., 1899 Gaylord, Denver, CO 80206, USA 
(3) IBMIG, Univ. of Poitiers, 40 Av. du Recteur Pineau, 86022 Poitiers 
France. 

One of the most frequent genetic alterations in lung and other epithelial 
cancers involves loss of 3p. We have identified and/or characterized 4 
separate homozygously deleted 3p regions. Gene isolation efforts are 
underway in 2 of these regions. Our development of YAC contigs at S O %  
level 1 coverage throughout chromosome 3 (Gemmill et al., 1995) has 
facilitated analysis of these target ,regions and gene identification. Two 
distinct deletion regions occur within 3~21.3. In the proximal 3p21.3 
deletion region, evolutionary conserved sequences were used to identify 
cDNAs from a deletion breakpoint cluster region, while exon-trapping 
studies identified a new widely expressed Semaphorin gene, HSemaIV. 
DNAs prepared from a variety of cDNA libraries provided a rapid means 
to isolate portions of the transcript by PCR and determine expression 
patterns. The full-length cDNA was obtained by conventional library 
screening. A new homozygously deleted region involving 3p14, having 
tissue specific patterns of loss, has been identified. The smallest deletion is 
approximately 30 kb and occurs within a CpG-island. Genomic DNA 
sequencing of overlapping cosmids is being used in combination with 
GRAIZ. to search for genes. Our studies of these deletion regions provide 
comparisons of alternative gene searching and analysis techniques. 

Gemmill, RM et al. (1995) Nature - in press 
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Approaches for Isolation of Genes for Familial Alzheimer'disease : 
TrMscrip tion Map on 14q24.3 and Cloning of Novel Genes (Presenilins) 

with Mutations in Fad. 

E.I. Rogaevl9, R. Sherringtonl, E.A Rogaevl, Y. Liangl, S. Kerianov1.3, G. 
Levesquel, H. Chil, T. Tsudal, L. Mar?, M. Ikedal, J. Rommens2 

and P.H. St Georges Hyslopl. 

1 Tanz Neuroscience Building, CNRD, University of Toronto, Toronto 
M5S IA8 Canada 
2 Department of Genetics, Hospital for Sick Children, Toronto, Canada 
3 Laboratory of Molecular Brain Genetics, National Research Center of 
Mental Health, Moscow, Russia. 

An early-onset FAD locus (FAD3) has been mapped by us and others to 
14q24.3. We investigated 18 additional genetic markers and constructed a 
physical contig overlapping this locus usin- YAC, P1 and cosmid clones. 
Fluorescent in situ hybridization study indicated that the critical interval 
for FAD3 was at least 5Mb in size. To isolate expressed sequences we used 
direct cDNA selection, exon trapping and 5' - gene region search strategies. 
More than 900 sequences were recovered from this region. A subset of 
more than 150 clones which showed evidence for evolutionary 
conservation, complex strudure and location within critical genetic 
interval were used to screen human cDNA libraries for longer cDNA. At 
least 19 novel independent cDNA sequences and set of transcript 
corresponding to known genes were isolated and sequenced. Transcripts of 
these genes were recovered from post-mortem brain tissues or cell lines of 
affected members of linked pedigrees and than were screened for 
mutations using chemical cleavage, REF/SSCP or direct sequence analysis 
hy AB1 and Factura and Sequence Navigator. These studies led to the 
discovery of 8 different missense mutations in a novel gene S182 (Nature, 
375, 754-76@, 1995). By additional screening of cDNA libraries we found a 
homologous gene E51 which we mapped on chromosome 1. Analysis of 
E5-1 gene led to the discovery of 2 mutations in affected members of four 
AD pedigrees (Nature, in press, 1995). Both of these genes (S182 and E5-1) 
are predicted to be integral membrane proteins with at least seven similar 
membrane-spanning domains and differences in a large exposed 
hydrophilic loop. These observations imply these genes are members of a 
novel family of genes (presenelins) which play a role in the genesis of AD. 
The approaches for YAC mapping, mutation screening and recovering of 
genes families will be considered. 
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Large-Scale Functional Analysis of the S. Cerevisiae Genome. 

P. Ross-Macdonald, S. Erdman, N. Burns, B. Grimwade, E. Choi, A. 
Sheehan, M. Malczynski, G.S. Roeder, and M. Snyder. 

Dept. of Biology, Yale University, New Haven, CT 06520. 

While EST analysis and genome sequencing projects can reveal the entire 
complement of genes in a given organism, much will remain to be 
learned about the roles of the encoded proteins. Using the model organism 
S. cerevisiae, wehave developed a large-scale screen which allows us to 
determine when genes are expressed during the life cycle, the subceilular 
locations of their encoded proteins, and the phenotypic effect of disrupting 
the gene. 
We have used a genomic library mutagenized with a transposon to 
generate a bank of yeast strains, each containing a lacZ insertion at a 
random location in its genome. By assaying b-Galactosidase activity, we 
have identified 3100 strains containing fusion genes expressed during 
vegetative growth. Indirect immunofluorescence analysis of these strains 
has identified 323 which contain fusion proteins that localize to discrete 
locations in the cell, including the nucleus, mitochondria, endoplasmic 
reticulum, cytoplasmic dots, spindle pole body and microtubules. The gene 
fused to lacZ has been determined for over 100 such strains. We have also 
used the bank to identify and characterize 55 meiotically-induced genes, 
and 75 pheromone-induced genes. Although most fusions represent 
insertions in previously unidentified genes, many correspond to known 
genes, including some whose expression has not been studied previously 
and whose products had not been localized. 
Sixty-five strains containing fusions in genes expressed during vegetative 
growth have been assayed for a phenotype associated with the disruption; 
ten strains failed to form colonies and 17 additional strains displayed 
growth defects on specific media or in the presence of inhibitors. Of 39 
meiotically-induced fusion genes examined, 14 disruptions conferred 
defects in spore formation or spore viability iri homozygous diploids. 
We are currently constructing a novel transposon which will permit 
epitope-tagging of proteins encoded in the mutagenized DNA. This 
transposon will enhance our ability to localize yeast proteins in our screen, 
and will also be applicable'to other systems. Ultimately, a data base 
containing our results will allow researchers who identify a yeast gene (or 
a homologue thereof) to know when that gene is expressed, whether& 
gene product localizes to a specific subcellular location, and its disruption 
phenotype. 
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Identification of a Brain Specific Transcript within the Murine XIC 
Candidate. Region 

Claire Rougeullel, Nicolas Le Novere2 and Philip Avnerl. 

1 Unit6 de G6n6tique MolGculaire Murine, 
2 Unit6 de Neurobiologie Mol6culaire, Institut Pasteur, 25, rue du Dr. 
Roux, 75015 PARIS, FRANCE. 

X-inactivation is the process by which mammals compensate for the 
presence of an unbalanced dosage of X chromosome-linked genes between 
sexes. The X inactivation cent& (Xic) is.a cis acting locus thought to act 
during the initiation of inactivation. Only two genes have been described 
so far within the XIC/Xic candidate region in man and mouse. One of 
these is the Xist gene which has the unique property of being transcribed 
solely from the inactive X chromosome, and may have a role in X 
inactivation. To investigate the presence of additional transcribed 
sequences within the Xic region, we have established a lambda contig 
covering 460 kb around the murine Xist sequence. Transcribed sequences 
were identified by a systematic approach using exon-trapping, direct cDNA 
selection and by searching for unique sequences. We have isolated a brain 
specific transcript, Bpx, which lies approximately 300 kb distal to Xist. This 
new gene shows homology to nucleosome assembly protein-encoded 
genes, and is highly conserved in humans. We have cloned and sequenced 
the human homologue of Bpx and shown that it is located proximally to 
XIST on the human X chromosome. 
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Transcribed Sequences on Chromosome 14. 

A-F. Roux, G.Billingsley, J. S. Herbrick, N. Kautz, 
J. M. Rommens and D. W. Cox. 

The Hospital for Sick Children and U. of Toronto, Toronto, Canada. 

Series of YACs and cosmids from chromosome 14 were chosen from 
regions of interest that are expected to contain a number of disease genes. 
One YAC is located at a translocation breakpoint t(2,14)(p25,q24) the others 
are in the region q32->telomere. Linkage and physical maps were first 
assembled in the regions of interest, based on several polymorphic 
markers, somatic cell hybrid panel, patients with chromosomal deletions 
and translocations. From the established maps, YACs contigs were 
constructed using the information available from the Genethon YAC 
database. In situ hybridization was then done to verifjt the position of the 
clones used for cDNA selection. Direct cDNA selection with several tissues 
including adult and fetal brain, fetal liver, skeletal muscle, retina, testis 
and kidney, was applied to these clones to isolate potential expressed 
sequences. 
For each cDNA selected, controls were done for assessing their uniqueness, 
the location on the corresponding YAC contig and their assignment to 
chromosomel4. For each selected clone, 300bp were sequenced and 
compared to the public databases. We observed a high heterogeneity in the 
cDNA selection results depending on the region studied. From the YAC 
localized at the breakpoint at 14q24, it was possible to establish that a 
number of cDNA fragments, all mapping back on the chromosome 14, 
corresponded to distinct transcription units. From one YAC localized at 
14q32.1, the selection generated a high percentage of expressed sequences 
corresponding to ribosomal genes, to retrovirus sequences or sequences 
belonging to genes not mapping to chromosome 14. 
Preliminary results on the physical mapping of the YAC located at the 
translocation breakpoint at 14q24 reveals that unique transcribed sequences 
seem to be located in, at least, three distinct clusters. The characterization 
of the 116 clones.selected from this YAC clone and their fine mapping by 
PFGE is in progress. 
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Cloning Genes in 3421 Relevant to Leukemia Breakpoints. 

A. Rynditchl, Y. Pekarskyz and K. Gardinerz. 

* - Institute of Molecular Biology and Genetics, 252627, Kiev, Ukraine 
2 - Eleanor Roosevelt Institute, Denver, CO 80206. 

Human chromosome band 3q21 is frequently involved in rearrangements 
associated with leukemia. Rearrangements include inversion of 3q21:q26, 
deletion of 3q21, and translocations between 3q21 and 3q26, and other 
chromosomes. A 50 kb NotI fragment has been identified that spans many 
of these rearrangements, and an associated 80 kb P1 clone has been 
isolated. Analysis has shown that many different breakpoints cluster 
within a 10 kb segment of the P1 clone. 

To identify genes that may he disrupted or altered in expression by these 
rearrangements, genomic sequencing, exon trapping and cDNA selection 
have been used. Random sequencing of 24 kb of the P1 clone shows a base 
composition of 52% GC which, together with 2 NotI sites within 50 kh, 
implies a segment rich in genes ; hawever, no homologies were faund in 
Bl&t searches and no exons were predicted by Grail in this 24 kb. Exon 
trapping of PstI and BamHI fragments yielded 3 potential exons; cDNA 
selection using RNA from a variety of tumor derived cell lines yielded 7 
patential cDNA fragments, one of which overlapped with an exon 
trapping product. Sequencing of exons, cDNAs and NotI fragments has 
generally revealed no homologies in the databases and no good or 
excellent Grail scores. Results of Northern analysis, RT-PCR and screening 
of large insert cDNA libraries suggest that most, if not all, of these 
transcripts are expressed at low levels and/or contain sequences causing 
cloning difficulties. 3' and 5' RACE has been used to obtain full length or 
near full length cDNAs for. 3 transcripts closest to the breakpoints. 
Sequencing of these and of the 10 kb breakpoint region is in progress. We 
estimate that there are probably 7-8 genes within the P1 clone; however, 
isolation and analysis of these transcripts is proving to be particularly 
problematic. Such genes might easily be missed in large scale 
transcriptional mapping efforts, 
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Characterization of Specific Gene Expression During T Lymphocyte 
Differentiation : Assay by Quantitative Hybridization 

of High Density Arrayed cDNA Clones 

Thierry Saboul, Karine Bernard, Yasuhiro Nakayama, Catherine Nguyen, 
Bertrand Jordan and Pierre Ferrier. 

Centre d’Immunologie INSERM CNRS de Marseille-Luminy, Case 906, 
FR-13288,Marseille Cedex 9, France. 

This project aims to characterize g e n a  which are involved in the 
regulation of T lymphoid cell differentiati6n in the murine thymus. We 
are particularly interested by genes which might interfere on the early 
stages of thymic cell development, including the regulation of 
recombination and expression of the T cell receptor (TCR) genes in alpha 
beta T cell precursors. The experimental approach is based on quantitative 
analyses of hybridization signals (see abstract by Bernard et al.) obtained on. 
a large panel of cDNA clones using a combination of complex mRNA 
probes derived from thymocytes at different stages of maturation. 
Preliminary results, following hybridization with probes made from total 
mRNA of embryonic thymuses between days 14-18 of mouse development 
will be described. 
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Towards a.Transcriptiona1 Map of the Long Arm 
of Human Chromosome 7. 
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' S.W. Schererl, J. Rommensllz, G. Traversol, E. Bellonil, L. Osbornel, J. 
Huizengal, S. Soderl, H. Chenl, and L.-C. Tsuilt2. 

1 - Department of Genetics, The Hospital for Sick Children, Toronto, Ontario 
M5G 1x8, Canada; 
2 - Department of Molecular and Medical Genetics, University of Toronto. 

Using a multi-level mapping approach we have constructed an integrated genetic and 
physical map of the long arm of human chromosome 7 (7q). The map was generated 
by grouping over 800 DNA markers to one of 20 intervals with the use of a somatic 
cell hybrid panel and then ordering these markers amongst 2,443 YAC clones, 753 
cosmids, and 80 PAC clones. We estimate that over 90% of 7q is now covered in 
contigs. The map has provided a framework on which to begin to build a 
transcriptiona1 (gene) map of 7q which is estimated to contain approximately 3000 
genes. 
The ongoing gene mapping and identification experiments can be divided into 3 
categories and the progress is as follows. First, 106 previously cloned genes have 
been mapped by hybridization with cDNA probes or by PCR with gene-specific 
STSs for both}. Second, over 150 ESTs from the public databases have been added . 
to the map. The third method involved identifying new genes. This was 
accomplished by performing direct cDNA selection experiments on a tiling path of 
53 YAC clones that span 30 Mb of DNA in the 7q21-q22 region, as well as on other 
YAC or cosmid clones that encompass the critical region for the following disease 
loci: Williams Syndrome (7q11.23), NIDDM (7q21.3), SHFMl/EEC (7q21.3-q22.1), 
CLD (?q31.1), SLOS (7q32.1), XRCC2 (7q36.1), HPE3 (7q36), TPT (7q36) and 
cancer associated regions mapped to 7q22 and 7q31.2. The cDNA libraries for the 
direct selection have been prepared from RNA from 12 different tissues to increase 
the probability of recovering most of the genes. The retrieved cDNA fragments are 
being grouped into transcription units by northern blot analysis, DNA sequencing, 
and screening of full-length cDNA libraries. So far 400 cDNA clones have been 
isolated and some of these are being characterized as candidate genes for the 
diseases described above. 
Several interesting observations have been made. Our results indicate that ESTs are 
under-represented in YAC libraries and in many cases they could only be grouped 
into somatic cell hybrid intervals. They.do, however, seem to be represented at the 
expected frequency in bacterial cloning systems such as cosmid and PAC. We have 
also found that mapping cDNA fragments by hybridization against YAC contigs is 
superior to PCR mapping in terms of cost, efficiency, and amount of information 
obtained. When full-length cDNA clones are available it is often possible to 
accurately estimate the size of a gene and 3 large genes have already been identified 
that span greater than 200 kb of genomic DNA. Examples of other interesting results 
to be discussed include the isolation of transcribed sequences from the 
pericentromeric region, the mapping of 2 large clusters of DNA repair genes to 
different bands on 7q (both locations represent 'gaps' in our YAC map), and the 
positioning of a new gene within 200 kb of the telomere of the long arm of 
chromosome 7. [Supported by a grant from the Canadian Genome Analysis and 
Technology Program]. 
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Sequence Assemblies for Placement on Human Transcript Maps and 
Visualization through the New Genomes Division of Genbank 

Gregory Schuler, Webb Miller*; Mark Boguski. 

National Center for Biotechnology Information, National Library of 
Medicine, NIH, Bethesda, MD and "Dept. of Computer Science and 
Engineering, Pennsylvania State University, College Park, PA. 

We are collaborating with an international consortium to physically map 
approximately 30,000 gene-based markers by the summer of 1996 (Nature 
Genetics 10:369-371 ; 1995). These markers are based on the 3' untranslated 
regions (3'UTR) of known genes and expressed sequence tags. Redundancy 
among 3' ESTs, and more fully-characterized human GenBank sequences, 
is reduced by a clustering procedure using statistically significant BLAST 
matches followed by constrained optimal alignment. Currently there are 
34,800 clusters, and sets of the longest 3'UTRs from each cluster are 
distributed to various mapping groups for STS development. The 
resultant STSs are mapped on YACs and radiation hybrid panels. These 
STSs, their primer pairs and mapping information are represented in the 
STS Division of GenBank and these data are used to construct graphical 
views of these "transcript maps'' for the new Genomes Division of 
GenBank. The Genomes Division has been fully integrated into the Entrez 
retrieval system which now provides global views of entire chromosomes, 
cross-referenced genetic and physical maps from multiple sources, aligned 
sequences representing contigs on those maps and access to the underlying 
data down to nucleotide-level resolution. These data are linked, at all 
levels, to other Entrez information resources including the new 3-D 
structure division of Entrez. 
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Human Bac Libraries As a Resource for Transcriptional Mapping. 

Hiroaki Shizuya, Ung-Jin Kim, Tania Slepak, Yuling Sheng, April Mengos, 
and Melvin Simon. 

Division of Biology, 147-75, California Institute of Technology 
Pasadena, California 91125 USA. 
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The BAC cloning system permits us to construct detailed physical maps 
and to sequence genomes based on overlapping BAC clones. We have 
currently over 220,000 human BAC clores generated from two different 
DNA sources, normal fibroblast and sperm, and gridded on either 96-well 
or 384-well plates. These clones represent close to 10 X coverage of human 
genomes. The average size of the inserts is about 130 kb. We take two 
approaches, hybridization and PCR, to probe the libraries in order to 
identify clones for the use of gene identification, mapping and sequencing. 
For the hybridization, we use high density gridded nylon filters to screen 
the libraries with several hundreds of simple probes such as cDNA, BACs, 
and with a number of more complex forms of probes such as chromosome 
specific cosmids, and inter-Alu PCR products. For PCR analysis the clones 
were pooled by plates, columns, or rows so that the number of PCR to 
perform is minimized. We are applying these approaches to the 
construction of a detailed human chromosome 22 BAC map. Currently we 
are extending the use of these approaches to map transcripts in the form of 
cDNA and EST on BAC clones in conjunction with results based on 
radiation hybrids. Preliminary results ‘on the map construction will be 
discussed. 
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Analysis of a 94-kb Complete Sequence from the Mouse 
X-Inactivation Center Region 

Marie-Christine Simmler, David Cunningham, Philippe Clerc, 
Jean Weissenbach#, Jean-hf ichel Claverie## and Philip Avner. 

G6n6tique Mol6culaire Murine, CNRS URA 1968, Institut Pasteur, Paris, 
France. 
#G6n6thon, Evry, France. 
##Information G6n6tique et Structurale, CNRS EP91, IBSM, Marseille, 
France. 

Inactivation of all X chromosomes in excess of one occurring in early 
development of mammals is a dosage compensation mechanism insuring 
the same level of expression of X-linked genes in males and females. 
Models for this X-inactivation process in mammals all hypothesis a single 
X-inactivation center (XIC in man, Xic in the mouse). XIST/Xist is a 
conserved X-linked gene which is the only one so far known to be actively 
transcribed exclusively from the inactive X chromosome in the female 
somatic cells and postnatal male germ cells. It has been found to map 
within the critical region of the X-inactivation center. Cytological and 
genetic analyses as well as search for unmethylated rare-cutter sites have 

. shown this region to be located within a Giemsa dark band and a rather 
CpG-poor region, both of which suggested a gene-poor content. 
In order to generate a complete functional map of the region, we have 
accomplished a large-scale genomic sequencing project of a 94Kb contig in 
the 3'region of the mouse Xist gene. Various sequence-based 
computational methods for gene identification have been applied. Twelve 
potential exons have been identified, three of which found .to detect a 
same messenger RNA. No sequence similarities have been found in a 
wide search in the data bases. The genomic organization, the expression 
pattern and the species conservation of this new gene will be presented. 
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Gene Expression Information Resource for Mouse Development 

".-. 

A. Smith, D. Begley, J.T. Eppig, J. Richardson, L. Taylor, R. Baldock*, J. 
Bard#, D. Davidson*, M. Kaufman#, M. Ringwald. The Jackson 

Laboratory,'Bar Harbor. 

*MRC Human Genetics Unit, Edinburgh; 
#Edinburgh University, Edinburgh. 

We are developing a comprehensive database of gene expression information for 
mouse development. Initial emphasis has focused on a thorough requirement analysis 
for the database; by using a simple transient database system, we have identified 
appropriate content, tested concepts, and produced an initial database design. 
Based on this work, we have now implemented a Gene Expression Database 
prototype using the Sybase relational database system. The database is designed to 
store and integrate data from the various types of expression assays so that it can 
provide up-to-date information about what products are known from a given gene, 
and about where and when these products are expressed. We have built interfaces 
that allow a detailed and standardized description of the various types of 
expression data, and electronic submission of these data from research laboratories. 
Expression patterns are described by a controlled dictionary that models the 
anatomy hierarchically (from body region to tissue ta substructure) to allow for 
continuous refinement of the nomenclature system, to fit with the different degrees of 
resolution in data capture and analysis, and to facilitate user annotation of 
expression data. Textual annotations of in situ studies are complemented with 
digitized images of original expression data. Interactive labeling of these images 
provides a direct link between the expression domains observed and the text 
encoded descriptions. Planes of sections are annotated graphically on standardized 
2D cartoons. In the longer term, this relational system will be combined with a 3D 
atlas of mouse development to enable 3D graphical display and analysis of 
expression patterns. The Gene Expression Database prototype described is 
integrated with the Mouse Genome Database to foster a close linkage to genetic and 
phenotypic data. Links to other relevant databases will be provided to place the 
Gene Expression Information Resource into the larger biological and analytical 
context. 
Current work focuses on testing and improving database and interface prototypes, 
and on data acquisition from the literature. All newly published research articles 
documenting expression patterns during mouse development are identified and 
indexed by database editors. The electronic data submission system is refined based 
on our experience in annotating expression data from the literature and on feedback 
from test laboratories in North America and Europe. The aim of the test phase is to 
develop a true community resource that combines user friendliness with high quality 
standards. 
The ability to make gene expression data freely and widely available in formats 
appropriate for thorough analysis will have profound impacts on biomedical 
research. The present state of the gene expression project will be presented and 
future applications of the resource will be discussed. 

Work at the Jackson Laboratory is supported by the W.M. Keds Foundation. 
Work at Edinburgh is supported by the MRC, the BBSRC, and by the European 
Science Foundation. 
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Isolation of Human Chromosome 17 and X Specific Genes 

Z.S. Sun, O.P. Zuchenko, A. Yazdani, P. Manian, J. Bailey, 
M. Wehnertl, and C.C. Lee. 

Department of Molecular and Human Genetics, Baylor College of 
Medicine Houston Texas 
1 Department of Genetics, University of Greifswald, Greifswald, Germany. 

Our laboratory has developed a method to isolate and map genes in a 
chromosome specific manner. The method establishes an association 
between specific cDNAs and cosmids through the reciprocal probing of 
arrayed cDNA and cosmid libraries. FISH mapping, EST/STS mapping and 
determination of gene structure are possible through the cDNA - cosmid 
association. By this strategy, we have isolated over ninety unique 
chromosome 17 specific genes. Thirty nine of these genes are either novel 
or have homology to ESTs in the database ; ten genes have previously 
been described and mapped to chromosome 17 ; the remaining forty one 
genes are homologous to previously described but unmapped genes. By 
similar approached using and arrayed human heart cDNA library and an 
arrayed X-chromosome cosmid library, 75 novel and previously described 
X-chromosome genes have been isolated and mapped. More than 60 
percent of these genes were either novel or homologous to ESTs on 
comparison with Genbank Database. Initial northern blotting experiments 
have shown a highly muscular specific pattern of expression for several of 
these novel X-chromosome specific genes. Northern blotting data and the 
full-length sequence of the cDNA will be determined for genes whose 
functions remained unknown. 
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Isolation of Genes from a Gene-Poor Region 

' V. Sundaresanl, J. Xiongl, A. Benchl, A. Cahnl, G. Elgar,:! R. Sandford2, D. 
Tagle3 and P. Rabbittsl. 

1 - Clinical Oncology & Radiotherapeutics Unit, Medical Research Council, 
Cambridge, CB2 2QH, England, 
2 - Molecular Genetics, Department of Medicine, Addenbrooke's Hospital, 
Cambridge CB2 2QQ England 
3 - National Institutes of Health, National Center for Human Genome 
Research Bethesda, MD 20892-4470 USA.. 

We have previously described an 8Mb homozygous deletion which maps 
to 3~12-13 (mainly p12). There is accumulating evidence to suggest that 
this is a gene-poor region : it is a dark band on giemsa staining, there is a 
paucity of CpG islands (Ogilvie et al, unpublished observations), no gene 
mapped. to the 14-cen region of 3p has been found to map within the 
deletion (Heppell-Parton et al, unpublished results) and finally the 
viability of cells despite the complete loss of genes due to the deletion 
being homozygous. 

We have saturated this region with YACs and have been investigating the 
most efficient means to identify genes within these YACs. The 
construction of the CpG island map of this region has allowed us access to 
'island rescue PCR (IR-PCR) (PNAS 91: 5377, 1994). In the original method 
the island rescue PCR product was used directly to screen cDNA libraries. 
We thought it prudent to use the IR-PCR product to obtain a larger 
genomic fragment which would span the CpG island and eliminate the 
possibility that the probe had been generated- from the other side of the 
CpG island, away from the gene of interest. Using this method we have 
been able to identify a number of single copy probes from around CpG 
islands. Three of these have been examined iii detail and shown to be 
conserved between species as might be expected of genes associated with 
CpG islands. The same YACs as were used successfully to identify genes by 
IR-PCR were also used to isolate genes by cDN-4 direct selection and cDNA 
library screening but with much more limited success. We conclude that as 
originally described, IR-PCR is a rapid and efficient method for isolating 
transcribed regions from YACs and suggest that the method may be of 
particular utility for gene-poor regions. 

Whilst IR-PCR will obviously be beneficial for looking for transcribed 
sequences in a gene poor region, the nature of this technique precludes 
isolation of genes not associated with CpG islands. Genes isolated by IR 
PCR can be used as landmarks to access the Fugu genome which with its 
compressed genome provides the reagents for completing the 
transcriptional map. 
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A Digital Technology for Analyzing Expression of Nearly All Genes 

J.G. Sutcliffe, P.E. Foye and K.W. Hasel. 

Department of Molecular Biology, The Scripps Research Institute, 10666 
’ North Torrey Pines Road, La Jolla, CA 92037 USA. 

We have developed a method that utilizes sequences near the 3’ ends of 
mRNA molecules to give each mRNA in an organism a unique identity, 
regardless of whether the mRNA has been discovered previously. The 
identity feature is used as part of a primer-binding site in PCR-based assays 
performed on tissues extracts to determine the presence and relative 
concentration of nearly every mRNA in the extracts. Side-by-side 
comparisons of the assay products from different extracts in adjacent lanes 
on a panel of gels allows the status of nearly all mRNAs to be followed. 
The basis of mRNA identity is a combination of nucleotide sequence and 
precise nucleotide length, hence its data can be compiled in a digital form 
and that is easily merged with other information accumulating in genome 
databases. 
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Towards Functional Analysis of Genes from Human Chromosome 21 - 
Comparison of Sequence and Expression Data of Human and Homologous 

Mouse Genes. 

F. Tassone and K. Gardiner. 
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Eleanor Roosevelt Institute, Denver, CO 80206' 

Transcriptional mapping of human chromosome 21 has yielded large 
numbers of novel transcripts of well defined physical map location. The 
next ste? in these studies is the determination of the relevance, if any, of 
these genes to the various features of the Down Syndrome phenotype. 
Because mental retardation is perhaps the most devastating aspect of 
Down Syndrome, we are first focusing efforts on a subset of genes that are 
expressed in fetal brain. Analysis consists of three steps: i) sequencing the 
complete (or near complete) human cDNA and homologous mouse 

' cDNA, ii) comparison of corresponding transcript size and tissue 
distribution in human and mouse, and iii) more detailed expression 
analysis in mouse brain by tissue in situ hybridization. DNA and amino 
acid sequences of homologous genes are also being compared, to perhaps 
define conserved domains of functional significance. We have begun the 
various steps of these analyses with 10 novel genes mapping to different 
regions within 21q and, for comparison, have included sequence and 
expression data from five well characterized genes. Results will help 
determine the utility of such mouse/human comparisons of novel 
cDNAs, and will provide additional resources for eventual transgenic 
constructs. 
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Systematic Generation of Chromosome 7 Gene -Specific STSS : Integration 
with the Evolving YAC-Based Physical Map. 

Jeff Touchman (1)/ David Krizman (l), Michael Lovett (2), and Eric D. 
‘Green (1). 

(1) National Center for Human Genome Research, National Institutes of Health, 
USA. 
(2) University of Texas Southwestern Medical Center, USA. 

We are approaching the final phases of a project that aims to construct a highly 
integrated physical map of the -170-Mb human chromosome 7. Using a YAC-based 
STS-content mapping strategy, we have assembled a map that exceeds 100-kb 
average STS resolution and is reflected by a modest number of large YAC contigs. 
Because of the tremendous value provided by knowing the location of genes within 
the context of other physical and genetic mapping information, we sought to 
implement systematic strategies that would allow the efficient placement of gene 
sequences on our evolving map. In light of the sequence-based nature of our mapping 
landmarks (i.e., STSs), we are employing approaches that are well suited for 
providing large amounts of DNA sequence data, which in turn can be used for 
developing STSs in a chromosome-specific fashion. The efficacy of two 
complementary techniques - 3’-terminal exon trapping and direct cDNA selection-- 
are being evaluated. For both methods, the source material is DNA purified from 
large pools of chromosome 7-specific cosmid clones. 
3’-Terminal exon trapping yields larger DNA segments (compared with internal exon 
trapping) and in general a single 3’ tag for each gene, making it particularly suitable 
for integration with STS-content mapping. Exons have been trapped en mass from 
pooled cosmid DNA and several complex libraries constructed. Our results indicate 
that 3’-terminal exons can be isolated in large numbers from chromosome 7, that the 
resulting DNA sequence can be used to generate candidate exon-specific STSs, and 
that the STSs can be efficiently mapped to the evolving YAC-based physical maps. 

Using the same source DNA, a series of chromosome 7-enriched cDNA libraries have 
been constructed from several starting tissues using direct cDNA selection methods. 
Sequence analysis of a large number of the resulting clones has allowed careful 
assessment of the complexity of the clone collections. Furthermore, a high success 
rate has been achieved in using the resulting sequence to develop unique chromosome 
7-specific STSs, which are being readily mapped to YAC contigs. 

Finally, to identify sequences present in both the trapped-exon and direct-selected 
libraries, the entire population of exon-trapped products has been used to probe 
high-density arrays of direct-selected clones (and vice versa). Sequence analysis and 
STS development using the resulting cross-hybridizing clones has proven to be a 
particularly powerful means to identify and map large numbers of authentic 
chromosome 7-specific genes. 

Together, these efforts promise to contribute important biologic information for our. 
STS-content map of human chromosome 7 and to provide a framework for the 
evolving transcript map of the chromosome. 
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Identification of New Transcripts by Model Organism DNA Sequence 
Comparison and 'Sample' Sequencing of Human Genomic Clones. 
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M.K. Trower', P. Sanseaul, S.M. Ouldl, S. Bhattil, C.G. See', C. 
Christodoulou', I.J. Purvisl, R. Sherringtonz, G. Elgar3, 

P. St George-Hyslop2, S. Brenner3 and C.W. Dykes'. 

1 Dpt. Molecular Pathology, Glaxo-Wellcome Research, Greenford, 
Middlesex, UB6 OHE, U.K. 
2 Centre for Research in Neurodegenerative Diseases, University of 
Toronto, Toronto M5S lA8, Canada 
3 Molecular Genetics Group, Dpt. Medicine, University of Cambridge, CB2 
2QQ, U.K. 

Identifying genes from a disease locus remains a challenging task even 
with current methods such as 'exon trapping' and 'direct cDNA selection'. 
The region on human Chromosome 14 associated with an early form of 
Familial Alzheimer's disease (FAD) was analyzed to isolate new 
transcripts. Two different methods were used in our lab: the sequencing of 
a cosmid clone from the syntenic region of the Fugu genome and the 
sample sequencing of two human P1 clones. 
The Fugu approach offers several advantages : (1) Fugu genomic DNA is 
deficient in both complex repetitive elements and in intergenic/intronic . 
DNA sequences being approximately eight times smaller than the human 
genome, (2) Fugu maintains a similar gene repertoire to man. A fugu 
cosmid was isolated after screening of a library with a conserved gene and 
a random plasmid sub-library from this clone was prepared prior to 
sequencing to a 5-fold redundancy. After sequence 'analysis several 
putative genes were identified that are homologous to human transcripts 
that map to the chromosome 14 FAD region: confirming fine structure 
synteny, betw5en the two genomes. Moreover those genes mapped on a 
single Fugu cosmid'clone are located on a *much 1a;ger region in the 
human genome as shown by 'fiber-fish' analysis. 
Two human P1 clones from the .FAD locus have been isolated and a 
plasmid-sublibrary prepared. PCR products from that sublibrary were 
sequenced to provide a 1 X  coverage. After sequence analysis several 
potential genes have been identified with one 100% homologous to an 
EST. The more interesting candidates have been mapped back on the FAD 
locus and isolated from cDNA libraries. 
The results obtained with the two approaches will be discussed. 
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-- Comparison of Three Protocols for Getting Full Length cDNA 

N. Udar, J.O. Bay, S. Dandekar, J. Hou, T. Liang, R. Gatti. 

Department of Pathology, UCLA School of Medicine, Los Angeles, CA 
90024, USA. 

When large genes are discovered, only a part of the actual message is 
cloned initially, creating an immediate need to obtain the full length 
message. The partial 3’ sequence for the ataxia telangiectasia gene was 
released recently. In an effort to obtain the remaining sequence/clones we 
used several techniques both new and old to our lab. The new technique 
developed by us - ”PCR screening” involves using a reverse primer 
derived from the proximal portion of the known 3’ end and either of the 
vectoratte primers, the template being a cDNA library. The specific PCR 
products were then sub cloned and sequenced. The sequence was analyzed 
using the Wisconsin sequence analysis package. We also used classical 
screening using lambda cDNA libraries and cDNA selection. The results 
obtained were compared in terms of efficiency, sensitivity time consumed. 
Our results show the advantages and disadvantages, of the techniques. PCR 
screening while fast allowed only walking in small steps from the known 
sequence but has great potential. Classical screening though labor 
intensive appeared to be the method of choice while cDNA selection was 
too laborious and yielded very small. clones. The techniques were also 
compared to 5’ RACE. 
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Exon Analysis in Cosmid Clones Mapped to the Genetic Spermatogenesis 
Locus AZFa IN Y q l l  

Urbitsch Peter, Keil R., Kirsch S. Vogt P. 
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Institut F. Humangenetik & Anthropologie, Im Neuenheimer Feld 328, 
69120 - Heidelberg, Germany. 

About 40% of all cases in which couples are unable to have a child are 
caused by male infertility which is often the result of alterations in the Y 
chromosome. In 1976 Tiepolo and Zuffardi defined a chrcmosomal factor 
which is involved in human spermatogenesis. This factor was mapped to 
the human Y chromosome (Yql l )  and called azoospermia factor (AZF) 
(Tiepolo and Zuffardi, 1976). 
By mapping small interstitial deletions of the Y q l l  region occurring as de 
novo mutation events in idiopathic sterile males with no obstructive 
azoospermia, the AZF was split into three different loci : AZFa, AZFb and 
AZFc (Vogt, 1995). With aid of a detailed deletion map (Henegariu, 1994}, 
these regions were mapped to proximal (AZFa), middle (AZFb) and distal 
Y q l l  (AZFc). 
First, we are concentrating on detection of exon sequences from 
spermatogenesis locus AZFa by using different exon trapping methods 
focusing on the exon amplification system of Buckler et al. which allows 
detection of transcribed sequences out of genomic DNA (Buckler et al., 
1991, Church et al., 1994). overlapping YAC clones of the AZFa region were 
used for isolating a pool of homologous cosmids out of a Y-specific cosmid 
library (LLOYNC03"M", Lawrence Livermore National Library). These 
cosmids were cloned into the exon amplification vector pSPL3 and the 
constructs were transfected into eukaryotic COS7 cells. After isolation of 
the cytoplasmic RNA and RT-PCR potential exon candidates were detected 
by PCR with vector-specific primers. These exon fragments are good 
candidates for AZFa 1) if they can be mapped back to the YACs defining the 
Y reg'ion of the locus AZFa and 2) if it is possible to isolate homologous 
cDNA clones out of poly A testis libraries. These experiments are presently 
in progress. 
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Transcriptional Mapping over a Large Genomic Region 
(Xcenqil, 20 Mb) 

Villard L., Colleaux L., Lossi A.M., Passage E., Fontes M. 

INSERM U406.27, Bd Jean Moulin - 13385 MARSEILLE Cedex - FRANCE. 

Genome mapping projects require the development of efficient techniques 
to build physical and transcriptional maps. The first goal has been archived 
using YAC contigs (we have presently a contig encompassing the region 
from the centromere to Xq21, with only one gap). To achieve the second 
goal we decided to use direct cDNA selection (Parimoo et al., PNAS, 1991, 
881, 9623-9627). We used either the classical approach or an improved 
method, using Alu-PCR products, even if we are not able 'to isolate 
transcribed sequences within a given region. 
We applied this strategy to the X-Cen-q21 region, and characterized 15 new 
"true genes" so far. More clones are under analysis. This allowed us to 
propose a "first generation" transcriptional map of the region. This map 
reveals interesting features, which will be discussed. All the isolated clones 
are being tested for their potential involvement in genetic diseases 
assigned to that part of the human X chromosome. Finally, we will point 
out the following. From out first cDNA selection experiment we isolated ( 
clones. One corresponded to PGK1, 4 were unknown. One turn to be the 
gene involved in the Menkes. Regarding second, we named XNP, a 
collaboration with the group of D.Higgs, in Oxford, allowed us to 
demonstrated that it is the gene involved in the alpha-thalassemia with 
mental retardation syndrome (ATR-X). 
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Gene-Scanning With a Cosmid-Based Exon Trap Vector 

E. van de Vosse; N.A. Datson; J.G. Dauwerse; A.A.A. Van Staalduinen; 
P. Van der Bent ; G.J.B. van Ommen and J.T. Den Dunnen. 
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MGC-Dept. Human Genetics, Leiden University, Leiden, The Netherlands. 

Currently used exon trapping protocols mainly trap single exons, 
subsequently used to screen cDNA-libraries. Consequently, the initial 
advantage of working with a system independent of expression is lost in 
.detecting the remainder of genes. We have developed a new vector 
enabling the efficient trapping of many exons simultaneously. This 
cosmid-based vector, sCOGH2, uses a mouse metallothionine promoter 
(mMT) to drive expression of a human growth hormone gene (hGH) with 
a cloning site in intron 2. Analysis of clones containing 25-40 kb inserts of 
the human DMD-gene shows that all exons in the inserts are faithfully 
trapped. Until now, we have trapped up to 7 contiguous exons, we usually 
obtain one major product and we did not yet identify any spurious inserts. 
Inserts cloned in an anti-sense orientation mainly yield the empty hGH 
vector product. A region known to give differential splicing, yielded a 
range of products with a characteristic diversity. A 3'-RACE protocol could 
be used to isolate a 3'-terminal exon, together with co-cloned upstream 
exons. A simp€e translational test was developed to check if the trapped 
products contain open reading frames. 
Several additional versions of the initial vector have been constructed; 
sCOGH3 lacking the 5' fragment of the mMT-promoter and the hGH-gene 
to allow specific trapping of 5'first exons. sCOGH4, lacking the SV2neo- 
gene enables the construction of cosmids with larger inserts. sCOGH5 lacks 
the 3' fragment of the hGH-gene and enables the trapping of 3' terminal 
exons. 
The ,cosmid exon trap system should greatly facilitate the screening of large 
genomic regions for the presence of genes. We are currently testing the 

. system to identify genes and construct transcription maps in various 
regions of the human genome, including disease gene candidate regions 
on chromosome 4 (Rieger Syndrome) and on the X.chromosome 
(Retinosehisis, KFSD). The results of these studies will be presented. 
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Towards Positional Cloning of the Ames Dwarf Locus c1 

D.E. Watkins-Chow, M.S. Buckwalter, M.L. Roller, F.J. Probst, D.D. Baker, 
M.N. Newhouse, A.C. Lossie, K. Liggett and S.A. Camper. 

Department of Human Genetics, University of Michigan Medical School, 
Ann Arbor, MI, 48109-0618 USA. 

Ames dwarf is a recessive mouse mutation that causes 
panhypopituitarism and severe dwarfism. Affected mice are one third 
normal size and their hypocellullar anterior pituitary glands essentially 
lack the cells which produce thyroid stimulating hormone, growth 
hormone and prolactin. The gene mutated, in Ames dwarf mice ( d f l  is 
involved in anterior pituitary cell proliferation. To clone df, we have 
characterized over 3000 ' meioses from M. castaneus and M. molossinz~s 
backcross and intercross progeny. No significant difference in 
recombination rate was observed between the df stock and the two wild 
species of Mus. A comparison of the 'mouse gene order determined with 
this high resolution crosswith the gene order in the corresponding region 
of HSA 5q revealed that linkage conservation exists only over shorts 

candidates genes. To clone df, a chromosome walk was initiated by 
screening YAC libraries for markers flanking df .  YAC ends were obtained 
either by inverse PCR or by homologous recombination/plasmid end 
rescue and genetically mapped to confirm linkage and establish 
orientation relative to df.  A contig consisting of 25 YACs and 12 P1 clones 
has been assembled and spans approximately 3.5 Mb. A small gap 
remaining between the two flanking contigs is currently being filled with 
P1 clones. The size of the non recombinant interval is less than 635 kb, 
based on preliminary physical mapping. Transcripts from the region are 
being identified by pituitary cDNA selection and exon trapping. The 
cloning of df will reveal an important player in the process of pituitary 
cytodifferentiation. (NIH R 0 1  HD30428, T32 HD07048). 

intervals. In addition, genetic mapping eliminated all currently available Y 



Identification of Stress-Response Genes: Modified Differential Display and 
Hybridization to Expressed Sequence Library 
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Gayle E. Woloschak, Tatjana Paunesku, David Salbego, Aleksandar 
Milosavjevik. 

Center for Mechanistic Biology and Biotechnology, Argonne National 
Laboratory, 9700 South Cass Avenue, Argonne Illinois 60439-4833. 

One aspect of the HUGO effort is to associate sequences with function. We 
have developed an approach to identify stress-(ionizing radiation, UV, 
heat-shock, electromagnetic fields, heavy metals, etc.. .) induced genes 
using a modified differential display (dd} RT-PCR coupled with 
hybridization to a single membrane containing 31,104 dots of clones from a 
directional infant brain cDNA library. Initially, we modified dd-RT-PCR to 
reduce redundancies and enhance detection of expressed sequences by 
using labeled primers in the reaction. After extracting amplifying bands 
induced following exposure to a variety of cellular stresses, we performed 
two types of analyzes ; (1) direct sequencing of the bands and comparison to 
known sequences' and Genbank and (2) hybridization to a single 
membrane containing a library of all expressed cDNA in the human infant 
brain library and determination of spots on the membrane showing 
positive hybridization using computer analysis. This second approach 
allowed for rapid identification of a cDNA as being induced upon exposure 
to a cellular stress. This will facilitate the cataloguing of a stress-response 
profile for a variety of different environmental stress-inducing agents and 
will also identify a particular expressed gene as being part of the stress 
response. - 
The work is supported in part by US. Department of Energy under Contract 
W-31-109-ENGl38 and by NIH Grant #ES07141-02. 
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Genome-Wide Mouse Mutagenesis and the Functional Analysis of Genes 
in Humans and Mice 

Rick Woychik, Liane Russell, Lisa Stubbs, Dabney Johnson, Waldy 
Generoso, Mike Mucenski, Ed Michaud and Erby Wilkinson. 

Biology Division, Oak Ridge National Laboratory, Oak Ridge, TN, and the 
University of Tennessee College of Veterinary Medicine, Dept. of 
Pathology, Knoxville, TN. 

Physical mapping and nucleotide sequencing of genomic regions and 
cDNAs is an important first step in understanding the function of genes in 
humans and model organisms. This information by itself, however, is of 
limited value for establishing the relationship between a gene and a 
specific disease, or to reveal the function of any given gene in the context 
of the developing organism. For this reason, in the Mammalian Genetics 
section at the Oak Ridge National Laboratory, we have been conducting 
large-scale mutagenesis experiments in the mouse for the purpose of 
studying gene function. In the past, we have focused our activities on the 
genomic regions surrounding seven different loci in the mouse that each 
cause a visibly detectable phenotype. More recently, we have expanded this 
effort to include the entire genome through the production of agent- 
induced, insertional and targeted mutations. Specifically in the area of 
insertional mutations, we have generated mutations that individually 
cause phenotypes that range from embryonic lethality all the way to defects 
in the adult which closely resemble human genetic disease. Insertional 
mutations are particularly attractive because the mutant locus is "tagged" 
with the exogenously added DNA sequences and can be readily cloned and 
characterized. With our considerable expertise and facilities for mouse 
mutagenesis, we are currently initiating an effort to develop higher 
efficiency technologies for generating targeted mutations in the mouse 
starting with human cDNA sequence. Initially we will develop the 
procedures for rapidly generating targeting constructs for the purpose of 
making "knock-out" mutations. Overall, we expect that these experiments 
in the mouse will contribute to a better understanding of gene function in 
humans. The submitted manuscript has been authored by a contractor of 
the U.S. Government under contract No. DE-AC05-840R21400. 
Accordingly, the U.S. Government retains a nonexclusive, royalty-free 
license to publish or reproduce the published form of this contribution, or 
allow others to do so, for U.S. Government purposes. 
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Construction of an Integrated Transcript Map of Human Chromosome 21: 
Isolation of Gene Segments from Exon and Enriched cDNA libraries. 

Marie-Laure Yaspol, Lisa Gellenl Bernard Korn2, Dean Nizetic, 
Anne-Marie Poustka2 and Hans Lehrach. 

1. ICRF, Genome Analysis Laboratory, 44 Lincoln’s Inn Field, London 
WC2A 3PX/ Max Planck Institute for Molecular Genetics, Ihnstrasse 73 
14195 Berlin-Dahlem 
2 DKFZ, Im Neuenheimer Feld 280,6900 Heidelberg 

Large scale transcript mapping provides a catalogue of genes to study 
genetic diseases and gives information towards the understanding of the 
genome organization. In the .context of a whole chromosome approach, 
chromosome 21 (CHR 22)- represents a unique model for evaluating gene 
identification techniques. With a size of 50 Mb and its implication in 
Down’s syndrome, CPR 21 has been the focus of genetic and physical , 

mapping. 
To Wtiate a , m c r i p t ,  mapt coding sequences were isolated from exon and 
enriched cDNA libraries derived from pools of CHR 21-specified cosmids. 
A relational strategy using high density arrays was applied to cross- . 

references exons, cDNAs, cosmids and YACs by multiple hybridization’s. 
Compilation of the information was achieved with an ACEdb database. 
Several issues have been addressed : 1 - Identifying a set of non-redundant 
exons and cDNAs ; 2 - Assembling exons and cDNAs together into 
transcriptional units anchored along 21q ; 3 - Comparing the efficiencies of 
exon-amplification and cDNA selection methods. In summary, using a 
combination of these methods was an added value for the assembly of a 
high resolution transcript map. The feasibility of this strategy for a whole 
chromosome approach will be discussed. 
In a first analysis, about 60 new potential genes have been identified, 
mapped and partially sequenced. Database searches identified 10 
anonymous ESTs ; Blastx analysis identified a new member of the ATP- 
binding ABC transporter family and an homologue of a s. Cereuesia gene. 

. The paucity of unambiguous matches to genes with a known function 
exemplifies the problem of analyzing smail ESTs. In one illustrative case, 
isolation of the full length cDNA lead to unravel a function by structural 
analysis. . 
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