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The Third International Workshop on human chromoseme 9 was held at Queens’ College,
Cambridge 9-11 April, 1994. The meeting was attended by 74 participants {rom 12 countries.
On the morning of 12 April a satellite meeting was held on Tuberous Sclerosis, and because of
its relevance to chromosome 9 a summary of this meeting is also prezented within this report.
Sixty-four abstracts were received and the data presented on pasters. ' '

As before after a brief presentation of interests and highlighted resnlts the w orkshop divided
into several groups, each with the task of producing a report. The division consisted of a group
with global intereste, four regional groups 9p, 9q1i-q21, 9922-q33 and 9933—qter, a group
interested in mapping putative suppressor genes in ovarian and bladder cancer and a
comparative mapping group. There was also discussion of resources, both physical and
informatie. :

The amount of information on chromosome 9 has inereased greatly in the past two years and
it is clear that the integration of different types of information and the display of such
information is an urgent problem. At this meeting two possible systems were explored, SIGMA
and ldb. As deseribed in the global group report an attempt was made to enter all mapping
information into SIGMA, a program developed by Michael Cinkosky at Los Alamos. Within the
text of this report a name without a date refers to an abstract at this meeting (see end of report).
A name with a date refers to a publication listed in the references and these are in general
confined to very recent or ‘in press’ references. A verbal communication at the meeting is
identified as a personal communication. For authoritative referencing of published information
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and also for all primer sequences (except a few actually listed in the abstracts) the reader should
consult (DB, The [il"t’)(’(—‘f‘:(lh’lgs-Of the two previous workshops have been published and are
Listed in the references (Povey ef of. 1992, Kwiatkowski ef af. 19934). It was decided that a
fourth workshop would be held in about a year’s time. Dr Margaret Pericak-Vance offered to
host this at Duke University, North Carolina.

As in previous years there was considerable debate about the Jmportance of producing sex-
specific genetic maps. [t is recognized that a sex-averaged chromosome does not exist and
several individual workers had indeed considered the sexes separately but it was not practical
to attempt integration of sex-specific data into the consensus over the time of the workshop.
Collins ef af. presented a comprehensive integrated map of chromosome 9 generated by ldb
including over 22¢ loci which estimated the genetie length {D98143-D9811) as 117 eM in males
and 160 ¢M in females, with a marked increase in male recombination near pter. This map
together with the relevant datafiles will be available on the chromosome 9 file-server (see section
on resources). Hultén has previously reported a male chiasma map of 9 suggesting a genetic
length of 116 ¢M with very strong interference, a finding which has been borne out by vecent -
publications {Kwiatkowski ef al. 19935, Attwood ef af. 1994) and at the meeting (Farndon et al.}.
Female chiasmata maps would now be possible if suitable material can be obtained (Hulten
et al.}. There is some suggestion that recombination is determined by position rather than
sequence, since increased recombination was shown within the interstitial segments of two male
carriers of translocations involving ¢ (Armstrong & Hulten).

Haines & Rwiatkowski presented an analysis of CEPH families showing that the average
number of recombinants per’ chromosome 9. per individual parent followed a mnormal
distribution, with a range of 0-43 to 1-86 in males and 0-88 to 2-67 in females. In males a decrease
in recombination was seen over the age of 40 years.

GLOBAL MAPYING GROUP

This group included John Armeur, David Kwiatkowski, Julia White, John Attwood, Sue
Povey, Maj Hultén and Andy Collins. Although the two major groups involved in global
mapping projects did not attend they both contributed data. J. Weissenbach contributed
unpublished primary data on 35 new Genethon markers in the CEPH families. JJ. Murray
contributed the latest map from CHLC.

The global group concerned itself primarily with the production of maps of the whole
chromosome, centred on two appréaches:

(@} SIGMA

The group encouraged and facilitated the transfer of new mapping information into SIGMA,
a UNIX-based mapping and display tool written by Michael Cinkosky at Los Alamos. These
data were used to produce an updated SIGMA map of chromosome 9. It should be emphasized
that SIGMA uses information from both genetic and physical mapping to give an integrated
map; the linkage data are mainly used to provide an initial framework, and on a smaller scale
to interpolate between flanking markers of known relationship. Its main function for this
workshop was to provide an overall ‘best guess’ relative location for as many markers as
possible. The amount of data which can be entered into SIGMA is constrained only by time and
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Fige. 1. Integrated map of human chromosome 9 produced with the SIGMA software. Markers added
at this worlshop are shown in sed. tndividual YACs are indicated as solid red bars below the main
thap.
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Fig, 2. The composite genetic linkage map of human chromoseme 9p (sex-average). The map
represents a consensug linkage map based upon a variety of information, both published and
unpublished. The intent is to incorporate as many markers as possible, and to use physical information
when available. * denotes marker ia of the tetranueleotide repeat type. The majority of markers with
8 numbers léss than 50 are RFLPs. Nearly all markers with S numbers greater than 50 are the STR
type, the majority of which gre GT/CA repeats. Numbers shown are consensus intermarker distances
in ¢M, sex-average. Additional STE markers together with relevant mapping information have been
provided by the Ttah Genome Center Genetic Marker and Mapping Group (Tables 4-5), but are not

shown in this figure.
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See legend to Fig. 2.
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resources and it should be possible to keep a *main’ version updated so that older information
is never lost. The printont supplied in this report (Fig. 1) has had to be zelective, concentrating
especially on new data which are shown in red. The scale used does not allow fine detail so for
‘some regions additional diagrams are needed.

(b)Y Glenelic mups

. Complementing the SIGMA map, a consensus genetic map was produced using the CEPH
consortinm map {Attwood ef al. 1994) as a starting. point. This was updated using data from
Genethon (which had been subjected to preliminary analysis by John Attwood) and data from
CHLC (Murray ef al.). Also incorporated were new index markers provided by David
Kwiatkowski {Zahn ef al.) and by John Armour (Armour ef al.) and further work on some
markers in 9934 {Jeremiah ¢t af.). The genetic map shown in Figs 2, 3 and 4 is based on typing
in CEPH families. Several groups have algo deduced detailed regional maps from other sources
and some of those results are included in the regional reports. :

Relatively few new markers could be placed conservatively and without ambiguity on the
' linkage map, but the updated version contains a hizh density of markers, the largest (sex-
average) interval being 10-5 cM, between D35157 and IFN. The map, however, includes many
additional markers which could not be placed unambiguously. The updated linkage map is
presented as three figures, corresponding to 9p, proximal 9¢ and distal 9 (Figs 2, 3 and 4
respectively).

THE 9p GrROTP

The report on 9p was co-ordinated by Olufunmilayo Qlopade, who also presented data in an
abstract (Bohlander et al.). Contributors to the discussion whose data are also presented as
abstracts (as first authors unless indicated) were Paul Cairns, Cathryn Lewis (Cannon-Albright
et al.), Jayne Devlin, Magali ‘zVi]]iamsori, Alison Keen, Margaret Knowles (Devlih & Knowles,
Williams & Knowles, Keen & Knowles), Rob Furlong, Dan Grander, Pali Kaur, K. Ichimura,
Michael Lynch, Charles Spruck, Joseph Wagstaff and T. Sulisalo. Other contributors included
Nigel Spurr.

The 9p region has generated a lot of interest because of the localization of putative tumour
suppressor genes in the region. Several groups have reported homozygous deletions of 9p
sequences in ALL, gliomha, melanoma, lung cancer, mesothelioma, head and neck cancer, and
bladder cancer. Moreover, familial melanoma has been linked to this region in some families.
Therefore, most of the new information came from groups interested in the tumour suppressor
gene region. = :

A 30 megahase YAC contig has been constructed around the IFN gene cluster. The MTAP
gene has been localized 500 kb from TFNAR/AL and within the same 1400 kb Notl fragment
as the IFN gene cluster (Bohlander ef al., Stadler ef al., 1994). An STS MD59 has been mapped
approximately 800 kb from IFNAL. This YAC contig spanning the IFN gene cluster and
including at least 2 megabases centromeric to IFNA1 does not contain D98171. Therefore,
D9S171 is at least 2 megabases from the TFN gene cluster. The TSP locus was refined to the
region between MTAP and MD39, ie. proximal to MTAP. A new marker D9S736 has been
mapped 2 ¢M distal to D9S171 and proximal to IFNA. MLM maps between D9S736 and
D98171 based on recombination information in 2 Utah families (Ca.hnon—Albright et al.). In one




182 . _ Report

1 T USSR - DYS160 DAST4T*
1 I 513 Pasz7o
M 5 T D9S105 - DYS284 - D9S261 DYS262
- Dos5s - DYS27Y - DYS174 Bl
2 .
1 4 ?{I;‘.(l;{ - D51k - Dw5251 _ DYS51
4 DOS26
1 | D9S154- DYS155 - DYS170 - D9S177
: : DYSH7
Y] 4 Dosa1 - D9s195 - Doszo2r
4
D9S123
2 -+ 9521 - DYS103 095203
“ | IS 95258 - D9S275
2 § poseo - _ :
i e D95266
2
4 DYSE0 - AK3
_ 2 95315 BrEa
q [ Dosel D9S115
2 _| D9s260 - D95290 D9S8
D9S3
3 DYS117
1 | Dosé5 - DosI5Y DYS118
; J Dvs62-D9sad : DYS120
"L Ass- ABL - D9s175 Das121
4.1 1 ¥ D95113- DYs148
4 Dosed
} + Dys125
1 I pesiag
¥ ABO-D98150
J os DIS164
5 ] Dys1o-Dosss - Dysi22
1 T Dostle _
342 . ¥, Jowsms
. L
| - DYS740
\, 3
. -+ Dvsia COL5AL
343 -1 Dyse7 :
4
\_J 1 Dosiss - posaiz
5
DYS7
T Dostt _ 9517

Fig. 4. The composite genetie linkage map of human chromosome 9g31-qter (sex-average).
See legend to Fig. 2.

UK family MLM was mapped proximal to D95169 (N. Spurr, personal communication). It is

not clear if TS9P is the same as the MLM gene or if there are other fumour suppressor genes

in the region. D95265 has been placed in the interval between D98171/D93126 and MLLT3.

The gene MLLT3 has been placed between D95171 and D95156 and has been shown to contain
an unstable polymorphic trinucleotide repeat (Walker of af. 1994).

9p~ syndrome, characterized by craniosynostosis and mental retardation, has been defined to

. a region bordered by D9S162 and D98286 (Wagstaff ef al.}). TYRP has been localized within a
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600 kb YAC which also contains the marker D9S267. and TYRP is proximal to D98269
(J. Wagstalt. personal communieation).

The genetic mapping of the gene for cartilage hair hypoplasia (("HH) has been refined by high
resvlution linkage disequilibrium analysis (in uniplex families) as well as by 8-point linkage
analysis. Both methods suggest CHH is very slightly proximal to DI8163 (Sulisalo ef af.). Two
new genes assigned to 9p24 are very low dengzity lipoprotein receptor, VLDLR {Oka ef af. 1994 ;
Sakai et af. 1994) and a high affinity glutamate transporter provisionally designated EAACI
fofficial symbol now SLC1AI) (Smith ef al. 1994), A new CA repeat marker D95749 has been
mapped cloge to DO8144 (Furlong et «f.). ' : '

A few days after the workshop, two independent groups reported the identification of
mutations, deletions and rearrangements in a gehe found on 9p21 previously unmapped but
already described as an inhibitor of cyeclin-kinase 4, in cell lines derived from a variety of
tumours in which deletions of 9921 have been found as described above (Kzimh et al. 1994,
Nobori et al. 1994). It is not yet clear whether cases of familial melanoma have germline

‘mutations in the same gene.

9q11-g21

Recent work in the region of the locus for Friedreich’s ataxia, FRDA, has placed this gene
proximal to the DIS5/D9815 linkage group with the most probable order being FRDA-D9S5-
DO815-gter (Doudney; 5t Mary’s Hereditary Ataxia Group). SBeveral markers have been added
giving the order FRDA-D98202-D955-D98111-DO815-D9S110 (Rodins et al. 1994). Three
additional new markers FR7, FRS and FR5 are thought to be proximal to FRDA (Rodius et
al. 1994}, Three new coding sequences have been reported, X11 and X123 between D98111 and
D9S202, and X104, approximately 40 kb proximal to D9S202 and probably distal to FRDA
(Duclos e al. 1994). This would narrow the critical region for FRDA to about 300 kb (Duclos
et al. 1994}, There has been a suggestion from Japan of another locus determining a form of
ataxia similar to Friedreich’s but with some additional features including early onset and
hypoalbuminaemia. This disorder showed linkage to D9515 with a maximum lodscore of 3-4
although three recombinant events with D9315 suggest it may not be allelic with FRDA
(Tanaka ef al. 1993). _ ' '

A pnew gene GAS1, growth arresting factor, has been mapped to the region 9q21,.3-q22
(Evdokiou ef af. 1993, Del Sal ef al. 1994) and was also localized by two colour FISH proximal

to DOS12 (B. Wainwright, personal communication}. '

- 9q22-q33

The report on this region was co-ordinated by Peter Farndon. The consensus map of this area
as entered into SIGMA is shown in Fig. 1. This incorporates information from physical and
genetic mapping techniques. A more detailed map of 9922.3 is shown in Fig. 5.

New assignments

COL15A1 and TMOD have both been mapped to the interval bounded hy D9S180 and
D98173 (Dean et al.). Gailani ef al. also presented data localizing COL15A1 distal to D9S180.
TMOD (tropomodulin) is a protein which modulates the association of tropomyosin with the
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gpectrin-actin complex in thé membrane skeleton of erythroeytes. PTPH1, the first identified
third class protein tyrosine phosphatase, whose structure suggests that it may play an
important role in the regulation of cell to cell or cell to substratum interactions. has heen
localized diztal to DOS2Y (Dean et al.).

Multipoint linkage analysis has placed the geme for Fukuyama congenital muscular
dysteaphy (FCMD) in the interval 19858-D9S59, homezygosity mapping in consanguineous
families supporting this location (Toda ef al. 1993).

Rf;ﬁnmn-ent of locations of disease genes
Nevoid basal cell carcinoma syndrome (NBCCS, Gorlin Syndrome)

Four groups (Bare #f al., Dean ef al., Farndon et al., Wainwright ef al.}, presented information
about markers proximal to NBCCS. One recombinant was reported with D512, and three
recombinants with D98196. There were three recombinants with D95176 (Bare ef af., Farndon
et al.) and one recombinant with a closer distal marker D98180 (Wicking ef al.). NBCCS
therefore maps in the interval D9S196-DYS180.

GASt, COL15A1, TMOD, and PTPH1 were possible candidate genes for the Gorlin
' syndrome, but their localizations exclude them.

.Mwl’tz'ple self henling squomous epit?&elfmna (ESS1, Ferguson-Smith Syndrome)

Linkage analysis arid haplotype data give odds of 100: 1 that the gene for this syndrome also
lies between DO9S196 and DIS180 (Goudie ¢f ai.), a genetic distance of about 4 oM.

Fanconi anaemia complementation group ¢ (FACC)

Linkage data place the gene hetween D9S12/D98196 and D9S287 (Jeremiah et al., Dean
¢t al;, Farndon et al.). Physical mapping (Morris et al.) places the gene between D93280 and
D93287. Mutations in the FACC gene have been found in patients with Fanconi anaemia
(Whitney et al. 1893 ; Verlander ef al. 1994},

Xeroderma pigmeniosum complementation group 4 (XPAC)

Barroso et al. and Morris ef al. place XPAC on the physical map in the interval
D9S287-D98180. The distance between XPAC and D9S180 is estimated to be about 250 kb by
using FISH on interphase cells {Leversha et al.). '

Order of markers and physical distances

The consensus order of markers is as shown in Fig. 5. The linkage data are consensus data
based on published data and data from Kwiatkowski ef af. and Farndon ef al.

Fluorescent in situ hybridization on interphase nuclei prepared from normal male fibroblast
cultures gave a distance between D9812 and D9S180 of about { Mb (Leversha ef al.}. Distances
between ALAD and HXB, and between HXB and GSN were 16 Mb and 15 Mb respectively.
Molecular distance estimates from FISH are in broad agreement with currently available
physical mapping data. A comparison of measured distances and precise molecular distances
will provide valuable insight into the conformation of the interphase chromosome.
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workshop, and may vary slightly from the distances on Figs 3—4 which include previously published
data. Physieal distances to the left of the markers are mostly from FISH data on interphase cells.

Physical data from YAC studies give a distance between D9812 and D9S176 of about 149 Mb
(Morris et al.). ' '

YAC contigs

~ Several groups (Barroso ¢f al., Dean et al., Morris et al., Wicking et al.} presented YAC ontius
of the region between D9S 151 and D98176 (and formed a small committee to ~hare
information}. The sources of the YAC clones and their chromogome contents are shown in Table
1. There was variation in both the size of the YACs, and typing of markers (Table 2). However,
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Table 1. YAC source and physical information

Size (AMb)

Y A( Soure: ff F B . Br Chromosome content
B4604 (3 11 ' 1-4 15 16
Higg ACRF ' : -
D213 ICRF
787a9 G i8 19 C10 9922, 11, 20
93149 [# - 09 095 10 11 9q22. Xp
21b8 G (F) 15 13 - :
633a10 G 15 10 : 922, 9434, 16p, 1iq
928e4d G 14 1-4
946hs G : I-1 Lo 9q22
Y60el (B3 1-3 3 03
932412 G 0
5007 G 15 14 9q22
1dall ICI 03 9q22
2ef8 ICI - 9q22
T36bL0 G 08 -8 9922, 1,19, 5
T54cT G . 15 9q22
8ad$s ICI 065 (65 22

YAC clones containing markers in the NBCCS region were obtained from Genethon ((), ICIL, and ICRF
libraries, were obtained by groups in Frederick (Dean}, Cambridge {Barroso), Berlin (Morris), and Brisbane
(Wicking). These YAC clones were sized, and typed for the markers indicated in Table 1. Markers are displayed
in the order most supported by the typing data. Re&;uits are displayed as PCR positive (+), negatne {—1, or
untested (N} (see Tabls 2)

the physical marker order supported by the YAC typing data was consistent between
laboratories, and consistent with genetic linkage data, where these were available.

Tncertainty of ordering

Conflicting information was presented over the orientation and order of D98134, D98151 and
D9812. Data from fluorescent in sitw hybridization on-interphase cells, linkage data and the
order from Y ACs favoured cen-D98151-D9812. Information from radiation hybrids (Obermayr
et al.) favoured the order cen-D9512-D95151. Interphase FISH (Leversha et al.) places D9S134
distal to D9812, but the CEPH map places D9S134 proximal to D9S12 (Attwood ef al. 1894).
Kwiatkowski ef al. placed D9S151 proximal to D9812 at odds of 1000:1. '

Genetic interference

Linkage data was presented. to su_ppOrt complete positive genetic interference in 922 as
predicted by the male chiasmata maps of Lawrie and Hultén (First International Chromosome
9 Workshop). By direct counting of recombinant haplotypes between D9S812 and D9853, the
sex averaged distance between these markers was 105 cM and the male to female ratic was
1:1-6 (Farndon ef al.). Apparently complete interference was also found on analysis of data from
CEPH families (Kwiatkowski e al. 1993). Family studies using flanking markers for a disease
in this region are therefore expected to give a high level of accuracy in predicting clinical status.

Mouse homology

The consensus view from data presented at the workshop was that the fusion between mouse
chromosome 4 and 13 should be found between FACC and XPAC. Fleming ef al. predicted that




Report | - 187

Table 2. NBOCS region YAC STS byping data

n151 Ni2l =12.2 5197 S106 H280 IFAC

YAC B Br FBR{'Br FEBCBr FRChr FRCBr FRCBr FB({'RBr
Bl +—=X +— = N—-XXN -t = +4+++ ——+ 4 N—-XN-
LCT-H L)% —NXX +NXN NXXN +NNN - NXNX —NNX NNXN
[CI-Tx213 —NXNX +NXNN NNXNN +NNN —NNN ~NNN NXNXNX
T8TAZ — - — N +—-—-XN N+XNN +++ XN ——+ X —+—-N . N—XNX
931Do ———~N —— =N NNXN + =+ + +++ = + 4+ —+XNXN
2188 NNNN NNNN NNXN + NN - +NN-— NNXN- — NN~
633A10 N-—-—-N N—-—-X N-—-XNN ——-N +4++ N — 4+~ N —+ XX
0284 NNNN NXN- NNNN —NNN + XN+ + NN+ + NX+
946HS5 NXNNN N NN-— NNXN NNNN — NN+ — NN+ NNXX
g460E1 NNNN N—-NN N-XN —=NN — NN ++XN ++ XN
932D12 NNNN NNNN NNNN NNNN +NNN +NNXN NXNN
800G7 NNNN NNNN NNNN NNNN —NNXN — NN+ —NNN

ICI-1DA1D NXNNXN NNNN NNNN NNNN NN+XN NN+N NNNN
ICI-2EFS NNNN NNNN NNNN NN-XN NN-N NN+N NNNN

736810 NNNXN NNNXN NNNN NN-XN NKN-N NN-N NNKXKN
78407 NNNN NNNXN NNKN NN-N NN-N NN-N NNXN
ICI-8ADS NNNXN N--—-N NNNN N——-N N——N N-—-N  N+NN

S287 A2 XPAC 5180 822 ] S178
YAC TBCBr FBCBr FBCBr FBCBr FBCBr ¥B(CBr FBCBr
8d6c4 - NN-—XN N—-—XN —— = NN-N N—-=N N—-X

ICI-H109 NNNN NNNXN NNXNN —~NNN NNNN NXNN NNNNXN
ICI-D213 NENNXN NNNN  NNNN NNNXN NNNN NNNN NNNNXN.

T87A% N——~N NN-N N——XN - ==X NN-N N--N N—-—-N
93119 SELE NN-XN N—--N = = = B NN-—N N-—XN N——XN
21B8 +NN- NNNN +NKNN +NXN - NNNXN NNNN NNNXN
B633A10 + =N NN-N -——=-N  N--N —N-N — =N N~-~—-N
928E4 —NN+ NNNN —NNN NNNN NNNXN —NNXN NNNN
046H5 + NN+ NNNNXN —NNN NNN- —NNN —NNN NNYNN
960E1 ++NXN NNNN —+NK N—NNX NNNN ——NN N-NN
932012 + NNN NNNN —NXNN NNNN NNNN —NNN NNANN
890GT —NXN+ NNNXN +NNN + NN+ NNNN NNNN NNNN

ICT-1DALO NN+N NN+XN NN-K NN-XN NNNN NNNXN NNXYX
ICI-2EFS8 NK+N NN+N  NN-—-N NN-N NNNN NNNXN NNNXN
736B10 NN-N NN+XN NN+N NN-X NN-N NN-—-N NNNN
754CT NN-XN NN+N NN+N NN+N NN+N NN-N NNANN
ICT-8ADS N+—-X NN+N N++XN N++N NN+N N++N N+~NX
Key: F, Frederick; B, Berlin; C, Cambridge, TK: Br. Brisbane. 4, PCR positive; —, PCR negative;
N, uatested. i . i

a human homologue to a mouse autosomal recessive deafness gene should be located in the
interval between ALAD and HXB. This on FISH interphase is a distance of about 1-7
megabases. This is certainly an area which should be included in studies of deafness by
homozygosity mapping.

9q34—qter |
Newly mapped genes

Several genes have been given more refined map positions since the last meeting. These
include COL5A1 {Northrup et al., Zahu et ol), AK1, SPTAN1, CEL, PAEP, TAN1 (now
designated NOTOH1) (Woodward et al., Leversha ef ¢l.) and GRIN{ (Brett et al. 1994 {see
Fig. 6)). A new disease gene, ORW (Haemorrhagic telangiectasia, Osler Rendu Weber
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syndromé}, has been mapped between D860 and D98159 by linkage analysis (Marchuk et al.).
There iz some evidence for existence of a new gene with homology to the VAV oncogene very
close to DYSB6 (Smith ef af., Woodward ef ol.).

Genstic mapning

Several polymorphisms received refined positions, including D98298, D9S158 and DIS207.
The primary genetic map has been modified slightly, with the replacement of the VNTR
markers D917 and D9S7 with D98138. The data for D98S158 and D9S11 have been extensively
checked and results in a shrinkage in sex-averaged map distance of 6 ¢M: the distance from 867
to the most distal marker D9S11 now estimated as 55 ¢cM in females and 12-2 ¢M in males
(Jeremiah et al.}. Two groups described polymorphisms of COLSAL, placing the gene distal to
DYS114 (Northrup et al., Zahn et al.),

Physical mapping

T+wo regions have been subject to extensive physical mapping (see Fig. 6). The region between
GSN-D9861 has been mapped by interphase FISH, ordering the markers GSN-D9860-AK1-
SPTAN1-D9861. Leversha ef al. have generated an extended interphase FISH map from GSN
to DBH, spanning an estimated 14 Mb. The second region is ABO to D367, Cosmid, YAC and
P1 cbntigs exist for P9S150-DBH-D98122-DAS10-DIS66, and these markers span approxi-
mately 350 kb. Cosmid or YAC contigs exist around many genes and markers in a more
extended region (Janssen et al., Jobert ef al., Kumar et al., Hornigold et af., Murrell et al., Zhou
et al.} some of which are déscribed in detall (Hornigold ef al.} but there are several gaps in the
region proximal to ABO. A gap also exists between D9866 and D98114, but a YAC contig exists
spanning D8S114-D9823-DOS14-DIS67. A pulsed field map of genomic DNA extending from
ABL to D9S114 was presented {Henske & Kwiatkowski) with these markers lying between 45
and 6-7 ¥b apart. - ' '

New unresolved difficulties

Three major'ihednsistencies have arisen in this region. D98179, D88125 and D98164 span a
minimum of 4 ¢M by linkage analysis covering an estimated 3 Mb. However, all three markers
have been found within a single 200 kb YAC (Murrell pers. comm.). The second controversy
surrounds the order of D9867 and D9814. Genetic mapping data suggest that D9S14 is distal
(Attwood ef al. & global group) while YAC maps suggest the reverse. Finally, D9S208 maps
between D98114 and D9867 by genetic mapping (Jeremiah et al., Attwood ef al. 1993) and
physical mapping confirms that it is distal to D88114 {Woodward et al., Nahmias e al.) but is
not found within the YAC-contig which spans this region.

Location of bladder and ovarian carcinoma genes

LOH studies of bladder tumours now define two regions of deletion on chromosome 9 which
may be deleted independently or concurrently in individual biladder tumours (Keen &
Knowles). Homozygous deletions in the region 9p21-22 have been found and a region of
deletion between D9S162 and. D9S171 has been delineated (Cairns ef al., Devlin & Knowles).
The common region on 9q is large (D9S15-D9860). This may suggest that more than one
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relevant suppressor locus for bladder cancer exists on 9q. LOH studies of 9q in ovarian tumours
(Oshorne ef al.) define a common region of deletxon within that defined for bladder tumotrs
between DIN160 and DOS1L5.

COMFPARATIVE MAPPING RELEVANT TC HUMAN CHROMOSOME 9

The report. on comparative mapping in the mouse was prepared by Alison Pilz and is
summarized in Fig. 7. A summary of data from many other species, the unpublished data of
J. Graves and M. Wakefield, was generously provided to the workshop and is shown in Fig. 8.
Any queries abouat the data in Fig. 8 should go to the contributors at gemap@genome.
latrobe.edu.au.

A high resolution genetic linkage map of the mouse faclhtdtes the establishment of gene order
on human chromosomes. Comparative mapping enables the identification of mouse mutations
which are potential models of human genetic disease.

(Genes mapping to human chromosome 9 have homologues which map to four different mouse
chromosomes; namely mouse chromosomes 2, 4, 13 and 19. The homology group with mouse
chromosome 13 (MMU13} has been defined sinee last year’s report. The distal portion of the long
arm of human chromosome 9 (H8A$) shows homology with mouse chromosomes 2 and 4. Loei
in the distal region of 9¢34 (e.g. ABL and C3) have homologues on proximal MMU2, and genes
mapping more proximally {(e.g. ORM and ALAD) have homologues on MMU4. The homology
on mouse chromosome 4 (MMU4) is in three segments — two regions of synteny with human
chromosome 9p are separated physically by a region syntenic with 8q. Genes mapping to HSA
9621-q22 map to mouse chromosome 13 whilst genes which map to HSA%q12-q21 map to
mouse chromosome 19, Presumably therefore an evolutionary breakpoint has occurred in
HSA9q21. The mouse homologue of Gorlin’s syndrome would be predieted to map on MMU13.
Figare 7 shows the conserved mouse syntenies aligned with the chromosome 9 map.

A number of predictions for gene order in human may be made based on a compartson of the
human and mouse maps. Genes which have not been genetically separated in reasonably large
crosses in the mouse would be predicted to map close to each. other in human. When comparing
the gene order for MMU2 to the consensus gene order for HSA9¢34 (taken from Kwiatkowski
et al. 1993) the conserved segment appears to be inverted in one species cornpared to the other.
Within the segment gene order is the same except for two loci, Bzre (RXRA) and Spra?
(SPTAN1). In mouse Spnal maps proximal to 4bl, and Bxro maps distal to Dbh. These
differences between the mouse and human gene maps probably indicate real evolutionary
differences, although the possibility of errors in mapping cannot be excluded. For the mouse,

there is a considerable degree of confidence in the proposed gene order of Spne? in relation to
- Abl and He as the order has been derived from four independent crosses in which all three loci
have been mapped. If both maps are an accurate reflection of gene order in the two species, then
the simplest explanation of the evolutionary change would he that there have been two small
inversions (in mouse with respect to human or vice verse) within this syntenic group, one
involving RXRA and DBH, and the other involving SPTAN1 and ABL. Further studies are
required to determine whether the apparent difference in gene order between monse and human
represents a true evolutionary divergence.

Lawrie and Hultén investigated whether the genetic length of segments is conserved between

15 ' HGE 38
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Table 3. Mouse mutants whose human homologues would be expected to map to human
chromosome 9

Mouse (vene _ ' Predicted HsAY
chromw.  svinbol Mutation Phenotype location
MMU2 &t Danforth’s short tail Kidney /notochord development 9333t
MMUzZ sth stubby : Achondroplasia 93334
MMU2 h lethargic Neurological/immunological Dg35—qid
MMU2Z ue  urogenital syndrome Skeletal/urogenital abnormalities o34, 1-qid
MAMU4 an  Hertwig's anaemia - Haermatological Op/ 9
MMT4 ve  vacillans Neurological ' 9p/9q
MMU4 ey crinkly tail Tail Yp
MMU4 dep depilated Hair 9p
MMU4 Pt . Pintail ' Tail 9p
MMU4 wi - whirler Deafness/inner ear 993234
MMC13 sdy sandy Coat 92122
MMU13 mu  muted Balance/ear 9q21-q22
MMU13 Ji  jnvenile depilation Hair ' : 9q21--q22
MMU13 dpy dumpy Skeletal : 9g21-g22
MMU13 I flexed-tail Tail- 9q21-¢22

MMU 1D bm  brachymorphic Achondroplasia 9q12-g21

gpecies. They corapared male chiasma maps of the relevant segments of MM U2 and MMU4 and
HSA9, and concluded that there was no apparent conservation of meiotic recombination for the
segments. - ' '

The comparative mapping data also predict the occurrence of human homologues of several
mouse mutations the phenotypes of which are listed in Table 3 {data taken from mouse
chromosome committee reports in Mammalian Genome Special Issue 4, 1993, and Fleming
et al., this meeting). '

RESOURCES
Physical resources

Celtular resources on chromosome 9 include a number of lymphoblastoid lines with balanced
translocations, described in the report of the First International Workshop on chromosome 9
and which have been useful to several workers (e.g. Woodward ef 2l.). A new compilation of
constitutive rearrangements involving chromosome 9 was presented at this meeting {(Edwards
& Mercer, see abstract for details). A hybrid containing a t6/9 (9pter—q22.3 :6pter—p23) as its
only human chromosome apart from a small part of the X has reéent]y been generated by Lir
Mike Dixon {Department of Cell and Structural Biology, University of Manchester, UK. fax
44 61 275 39813) and anyone interested should contact him.

Apart from previously described irradiation hybrids (Nahmias et al.; Britt et al.} five other
sets of radiation hybrids were presented at this meeting. Radiation hybrids for chromosome %
‘now include four sets of hybrids made from an original hybrid containing a whole chromosome
9, three of these characterized mostly for 9p markers (Britt et ol., Kaur & Athwal and personal
communication from Nigel Spurr), and one useful for 9gq (Kaur & Athwal). Three groups have
used a hybrid containing 9q as its only human component to generate radiation hybrids. twe
concentrating on 9922-q31 (Obermayr ef al., Wicking ef al.) and one on 8q34 {Nahmias ¢/ «7 |
These hybrids are mostly available to others on a collaborative basis although this is sometimes
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Table 4, Human chromosome 9 loci containing microsatellite repeats

{#) Estimates of heterozyzosity are determined from four CEPH families. () The number of alleles
ohserved in cight unrelated individuals

Lo¢i assigued to chromosome 9 by two-point linkage analysis with (fenethon microsatellite markers

Name
UT1220
TUT1228

S ET1231
Uriz77
UTi416
TUT1531
UTi1%92
UT2160
LT2103
TT2163
rT2372

LF2399 .

T'T2420
UT457
TUT438
TT5024
UT5110
UT5132
UT535
UT5494
TT6023
UT6063
TUT60H0
UT6185
TTé211
UT8405
UTe556
UT6S3
UTES8S
UT724
UT726
UT727
TT739
UT7422

UT7622.

UT764
UT7655
UT7939

UT7968

UT806t
UT8062
UTR065
U808
UTsg40
UT844
UT873
UToi3a
UT914
UTIL5
UTIL7

DL+
DasTe2
Dos249
DoR230
Dax763
Dos764
DAST6E5
1393766
D9S251
D9S252
DOSTET
DO=255
Das233
D9s254
D9s225
DoR226
DaR8245
DaS761

Dos248

D985
D9S768
D98769
DYS752
DORTIT
Das77t
DASTI0
Das77d
DoR772
1398229
D230
Dos232
DOs234
Dys236
Dois237
Do3774
DO8TT
DYS8757
DO3T76
DaSTIT
DY3778
D9s238
Dgs753
Das779
ND
D958
DYS750
DOST59
D9sE241

 D9S242

195243

Dos244

{ienBank#

L31161
L15543
L18540
L17788
L17814
L30884
L17918
L18726
L17974
L17984
L8736
L18027
L18050
L18282
118283
Lis515
L17697
L16438
L31701
L1814
L30683
L30703
L18104

L.30755 .

L30747
1.30619
130569
L18370
Li6312
118384
L16322
L18386
L16324
L30444
L30528
131180
L30291
130395
130161
L18422
L30185
L30188
116335
L31235
L31239

'L31258
L18466
L18467

 L18468
L18469

Het{u)

050
(50
50
030
1-00
057
83
0-50
0-88
033
0-38
075
0-62
0-50
0-62
0-30
062
075
050
0-67
0-86
088
088
0-38

Motif
GATA
GATA
GATA/GA/AAAG
GATA/CA
AAAG
GA/GGGA
QGAA/GA -
GATA
GATA
AGC
AAAG/GGAA
GATA
GATA
CA

AAAG/GA
AAT _
GGAA/GA
AAAG/GGAA
CA

AAAG
AAAG

CA
AAAG/GGAA
GATA
GATA
AAAG
GATA
AAAG
AAAG/CA
AAAT
AAAG
AAAG
AAAT
AAAG/AG
GA/AAAG
GGAA/GAAA
AAAG
AAAG
GGAA/AAAG
AAAG
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. Table 4 (cont.)

dawigned to chromosome 9 by results of PCR-amplification of Coriel somatic cell hybrid
mapping panel

Name GLB# {zenBank# # alleles (h) Motif
UT336 DoR227 L1321 1 A
U157 DoS223 1.18322 3 CA
T8+ 198756 . L30078 B AAAG
725 Dos233 Li%385 2 AAAG
LT728 D95236 L18387 1 CA
UT9i1 Dos239 Ligit4 1 AAAG
TT912 - DO8240 L184635 L AAAT
UTo16 DosT60 L.31287 2 AAAG

limited by the tendency of these hybridé to lose fragments when regrown. It is hoped to put
more details of the hybrids on the chromosome 9 file-server.

Cosmids

At least eight groups present at the meeting had been working with the Laurence Livermore
chromosome 9 flow sorted gridded cosmid libra-ry made by Pieter de Jong, and all reported it
to be of high quality and extremely useful. The library has been distributed in two formats {300
normal density microtitre plates or 75 high density plates) and Dr de Jong made a request that
publication should identify clones using the 300 plate nomenclature (see abstract by Hornigold
et al. for contigs with clones identified in this way). The only gap identified so far in this library
is that it appears to lack clones for the ABQ blood group in 9q34.1. _

Another cosmid resource which has been described in the past year is a flow sorted
chromosome 9 library produced in Dr Nakamura's lab and for which 203 cosmids have already
been mapped by FISH (Takahashi ef af. 1994). The distribution of these cosmids again shows
9q34 to be over represented. Dr Nakamura has already shared some of these cosmids with other
workers.

YACs

Eleven abstracts at this meeting described work with YAUs, but this has in general heen
concentrated on a limited number of areas, in particular 9p21, 9qi1-q21;, q22.3-31 (four
groups} and q34 (five groups). The most useful sharing of information came from 9g22.3-4i4
and the resuits of all groups working in this region are shown in the appropriate regional report.
In 9g34 two groups reported a YAC for ABO, (Jobert ef al., £hou ef al. presumably the same
clone} from one of the CEPH libraries, suggesting that this region is clonable in YACs if not in
cosmids, Jill Murreill reported that the chromosome 9 YAC library made by Mary K.
MecCormack is now available on a collaborative basis.

The greatest number of YACs added to chromosome 9 in the past year is of course from
Genethon. Information on these YACSs can be obtained from GDB or the GGenethon fils server
and the YACs themselves are obtainable from the ICRF. It was agreed that notification ot
YACs found te be chimeric or mapping completely to an nnexpected chromosome, would be a
useful addition to the information on the chromosome 9 fileserver. Any information on this
topic should go to John Attwood. '
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Other cloned resourdes

Ioannou. Kroisel et al. described a micro-dissection library from 9q12-21 of 50000 clones in
Bluescript. Ioannou P. de Jong ef af. described a currently available genomic PI library which
has already been used successfully on chromozome 9 (Kumar et ai., Zhou ef al., Ioannou.
Frenger et al.). This library has four fold redundancy and exists as 312 high density {384 well)
microtitre plates. A new generation of PAC vectors ebpeuall\ approprldte for expression studies
m mammalian cells locus was also described.

In GDB 109 entries are expressed sequences on chromosome % {other than those designated
as genes): these include 70 trapped exons some of which have regional mapping information -
(Church ef al. 1993). '

Polymorphizms

Six new tetranucleotide repeats on chromosome 9 were reported at this meeting ; D9873% and
D98740 (J. Armour) and D98745, D98746, D98747 and D9S748 {(Zahn ef af.). Since the primers
for these and for all the new Genethon and CHLC markers are in GDB they are not repeated
here. Table 4 shows details of 59 new polymorphisms on chromosome 9 mostly tetranucleotide
repeats, described by the Utah Genome Center, Genetic Marker and Mapping group, which
includes Linda Ballard, Hans Albertsen, Paige Bradley, Steve Gerken, Pilar Helik, Norisada
Matsnami, Elisabeth Lawrence, Robert Melis, Mary Moore, Shanon Odelbere, Margaret
Robertson, Rosemarie Plaetke, Xuyn Zhao and Ray White. For 45 of these markers pairwise
lodscores indicating a close Genethon marker on chromosome 9 are shown in Table 5. Most of
the other polymorphisms were assigned to chromosome 9 by somatic cell hybrids. The primer
sequences for all these polymorphisms are in GDB.

Informatics

" In addition to the SIGMA program heing used to construct the map, other programs
demonstrated at the Workshop included ldb {Collins et «l.) and a comparative mapping
database (Edwards). Jamie Cuticchia demonstrated various new features of GDB, especially a
user-friendly version accessible via any Mac on a network. An internet connection was
established through a modem connection to the Cambridge University Computer (Centre and
quite a number of participants learned something of the art of aceessing an anonymous file-
server and downloading files either from Genethon, Chromosome 9 at UCL or CHLC. The vast
majority of participants now have email addresses and this should really improve
communieation in the future. Information about chromesome 9, including the current SIGMA
map and database, the ldb map and database, this report plus the abstracts and participant list,
the HGMO3 report and EST reports for chromosome 9 are currently available by anonymous
FTP from fip.gene. ucl ac.wk (128.40.82.1), in the sub-directory /pub/cOworkshop/1994.
Wherever possible, plain ASCII text files have been made available as well as PostScript
versions for high-quality printout. Hopefully, in the future, details of YAC and FISH resuits
and radiation hybrids on Chromosome 9 will also be available by the same means. Everyone on
the Chromosome 9 electronic mail list receives information about future meetings and is also
notified when new information is placed on the FTP server. Anyone wishing to join the
electronic mail list should contact John Attwood (john@mre-hbgu.ucl, ac. uk).
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Table 5. Pairwise analysis of linkage befween Utah miarkers and Genethon markers. lod score

(Zomax) 4t vecombination fraction {theta)

Ttah
marker
Das762
08249
DoR250
- DBRT63
D9S764
D9S765
DIE766
Daszst
Dos252
DO9S767

D95255

DoR253.

Dos254
Dos225
DOR226
Do9s24s
‘D98761
Dai248
D9RT55
P9S8768
DYRTED
D9sTs2
D9IS737
DOsT771
DOST70
DOsTTa
D98772
D98220
Dgs250
DoR232
DoR234
Dos234
DUs237

DYSTI4 .

DORTI5
DOS75%
DOsTT6

Das7IT

DOSTIR
DO8238
DORT53
Dos779
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Anyvone with data they wish to share with the Chromosome 9 Community can up—load it to
the anonymous FTP server to the sub-directory /pub/incoming (please also send clectronie
mail tu John Attwood explaining what you have up-loaded). B

It is foped that the STGMA map will be modified on an ongoing basis, and that updated
versions will be made available on the FTP server throughout the year. This of course relies on
the Chromosome 9 Community checking the existing map and contributing new map
intormation to the general pool. It should be noted that it is not yet simple to merge SIGMA
maps: Thus, although it is possible to download the STGMA map database file, view and edit
it using a local version of SIGMA {available from atlas.lanl. gov or 128.165.24.191) it will not
necessarily be possible to merge this edited version back into the original map. Anyene wishing
to contribute information, should contact Julia White (julia@mre-hbgu. uel.ac. uk) to find cut

“the most efficient way of doing it. The best ways of entering large amounts of data (e.g.
extensive cosmid contigs) are currently being explored, as are ways of interchanging data

between GDB, AceDB and SIGMA.

Tuberous Sclerosis Meeting
Associated With Chromosome 9 Workshop, 12 April, 1994

Approximately 50 individuals attended the tuberous sclerosis meeting held after the
chromosome 9 meeting, on the morning of 12 April, 1994. The first subject to be discussed was
the cloning and characterization of the chromosome 16 (TSC2) gene. A round of congratulations
was given to Drs Julian Sampson (Cardiff, UK) and Bart Janssen (Rotterdam, The Netherlands)
for leading the European Consortium in clbning this gene. Dr Sampson reported that over half
the genomic structure of the gene is now known (it has at least 26 exons) and he is now making
the ¢eDNA clones available to all interested individuals. More deletion mutations have been
identified by the Welsh and Dutch groups; groups in 'Cambridgé (UK}, Boston (USA). and

-Houston (USA) have also identified mutations. Approximately 10% of patients studied so far
have deletion mutations. No point mutations have been identified. Anna-Marie Frischauf
(London, UK) reported on the cloning of the mouse homolog of the TSC2 gene {on mouse
chromosome 17), - .

Efforts to clone the chromosome 9 gene are underway in many laboratories. A list of critical
recombinanis was compiled, and as has been the case before, several are in conflict with each
other. A recombination in an affected individual placed TSC1 distal to D9S10 (Pitiot et al),
while in another study TSC1 was placed between ABL and ABO (Janssen et al.). The most
consistent localization of the TSC1 gene is between D95149 and D98114, a genetic distance of
approximately 3 ¢cM and a physical distance of approximately 1500 kb. Moyra Smith {Irvine,
USA) reported an apparent duplication of D9566 in a sporadic case of TS, which was seen both
by polymorphism studies and FISH. Sue Povey (London, UK) also saw evidence of a

“duplication for DBH in one small family. However, not all affected individuals in the family
showed the duplication, and it was seen with only one DBH polymorphism. Andrew Green
(Cambridge, UK) reported & deletion between D98149 and D9867 in one tumor, -and Nicola
Migone (Turin, Italy) reported deletions between ASS and D98158 in another tumor. Moyra

Smith also reported a candidate gene which spans D9810 and D9866 and which was homology
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to the mouse VAV gene. A list of six families apparently genetically linked to chromosome 9.
but including a person who excludes the consensus candidate region. was compiled.

A study of 21 families which had been assigned either as TRC1 or TSC2 found no consiztent
clinical differences between TSC1 and TSC2 patients and alzo found no evidence for genomic
imprinting {Povey ef al.). Antonia (larke reported that there ‘s an increased rate of mental
retardation in males, and that this is not related to the number of brain lesions. :

Also diseussed was the impact of the TS(:2 gene cloning on patients and families. Ann Hunt
(TRA, UK) reported that many families have contacted the TRC associations with questions
about testing, and the most appropriate course of action was debated. [t was generally agreed
that althbugh testing for TSC2 mutations could be done, only & minority would be identified,
and that until much more is known ahout the mutations few people can yet be offered practical
help. :

The chromosome 9 workshop was made possible by the support of the UK. Medical Research Councit, DOE,
NIH (NCHGR HGO0886 and HG00598) and a grant from the E.C. through HUGO. The organisers would
particularly like to thank John Attwood for the successful organization of computing arrangements for the
meeting, and for his maintenance of the FTP server and the electronic mail list. We gratetully acknowledge the
support of Sun Microsystems, who kindly loaned computing equipment for the SIGMA mapping exercise. We
also thank David Judge of Cambridge University for making an Internet connection available during the
workshop, We also appreciated the hard work of Andrew Green, Aris Astridinis, Thuy Nguyen and George
Rebello which ensured that local arrangements ran smoothly, and of Dan Lindenbam in producing reports from
GDB. We are gratefui to Darlene Jackson, Nalini Pillay and Naomi Tobi for secretarial assistance. We thank
the TS Assoctation of Great Britain for sponsoring the T8 Workshop. -
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