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Y east A rtific ia l Chrom osom e Cloning  

o f th e X q 1 3 .3 -q 2 1 .3 1  Region and Fine 

M apping  o f a D eletion  Associated w ith  

C horoiderem ia and N onspecific  

M en ta l R etardation

K ey W o rd s

M en ta l re ta rd a tio n  - C horo iderem ia  ■ D F N 3 • D eletions * 

Y east artific ia l chrom osom e * X  chrom osom e • Xq21

A b s tra c t

M icroscopically  detectable deletions an d  X ;autosom e translo 

c a tio n s  h ave  previously  facilita ted  th e  construction  o f a high- 

reso lu tio n  in terval m ap  o f  the  Xq21 region. Here, we have 

genera ted  th ree  yeast artificial chrom osom e contigs spanning  

ap p ro x im ate ly  7 m egabases o f  the  X q l3 .3 -q 2 L 3 1 region. In 

ad d itio n , a novel deletion associated  w ith  choro iderem ia  an d  

m e n ta l re ta rd a tio n  was iden tified  and  m apped  in d e ta il  T he 

p ro x im al dele tion  endpo in t w as positioned  betw een the  loci 

D X S 995  an d  D X S232, w hich enab led  us to  confirm  the c riti 

cal region fo r a locus involved in m en ta l re ta rda tion . T h e  d is 

ta l de le tion  en d p o in t is situa ted  in the X q21.33  band , w hich 

allow ed us to  refine the o rder o f  several m arkers in th is 

region.

In tro d u c tio n

In th e  G iem sa-d a rk -s ta in in g  X q21  b an d , 

num erous large m ale-v iab le  dele tions have  

been described  w h ich  encom pass u p  to  15

m egabases (M b) o f  D N A , or 8 -10%  o f the 

estim ated  size o f  the  h u m an  X  chrom osom e 

[1 ,2 ] . These deletions often give rise to  con 

tiguous gene syndrom es including cho ro ider 

em ia (C H M ), X -linked deafness (D F N 3) and
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nonspecific m ental re ta rda tion  (M R ) [3 -7 ]. 

Sizeable deletions have also been found in 

patien ts w ith nonsyndrom ic C H M  o r D F N 3 

[4 -6 ,8 ,9 ] ,
Em ploying positional cloning strategies, 

the genes underly ing C H M  an d  D F N 3 have 

been isolated. A nalysis o f  p a tien ts  w ith  Xq21 

deletions and  syndrom ic and nonsyndrom ic 

form s of M R  has enabled us to  m ap  th e  gene 

for X -linked M R  to  a region betw een C H M  

and  D FN 3 [4, 7, 10-13].

As a p rerequisite  for the iso lation  o f  th is 

and  o ther genes in X q21, we have set out to  

generate a lad d er o f overlapping yeast artifi 

cial chrom osom es (YACs) spanning the en tire  

Xq21 region. T o  th is end, we first em ployed 

num erous X ;autosom e translocations an d  de 

le tions to subd iv ide  th e  Xq21 band  in to  24 

d ifferent in tervals [8, 14; Philippe, unpubl. 

results]. M oreover, we have previously  de 

scribed  a  850-kb Y A C  an d  cosm id  contig 

encom passing  th e  D F N 3  locus an d  a 350-kb 

Y A C encom passing  th e  C H M  gene [9 ,12 ,13 ], 

H ere , w e rep o rt o n  th ree  Y  AC contigs span 

n ing  ap p ro x im ate ly  7 M b  o f  the X q l3 .3 - 

q21.31 reg ion  a n d  on th e  loca liza tion  o f a 

novel de le tion  assoc ia ted  w ith  C H M  and 

M R .

Materials and Methods

Patients

All patients except patient AP have been described 
elsewhere and are listed in table 1.

Y  A C Clones
YAC clones were initially identified by PCR am

plification o f  YAC D N A  pools or by hybridization of 
probes to filters containing gridded YAC DNA, YACs 
were isolated from previously described CEPH  [15]

T a b le  1. Patients included in this study

Patient Clinical
features

Cytogenetic
abnormality

References

3.5 CHM 46,Y,del(X)(Xq21.1) 4, 28, 46

MBU CHM , seizures, M R 3 46;Y,del(X)(q21.1-q22) 2 7 ,4 7

LGL2905 CH M 46,Y,del(X)(Xq21. l -q 2 1.31) 4 ,5

AP CHM , M R 46,Y,deI(X)(Xq21. l -q 2 1.33) this manuscript

D20 CHM , MR, seizures, DFN3 46, Y ,del(X )(X q21.1 -q2 1.33) 7 ,4 8

TD DFN3, hypogonadism 46,Y,del(X)(Xq21.1) 6 ,3 6

1/ 10 DFN3 46,Y,del(X)(Xq21.1) 6 ,4 9

XL62 CHM , MR, DFN3 46, Y ,del(X)(X q21.1 -q 2 1.33) 3 ,27

C56N amenorrhoea 46,X,t(X;5)(q21 ;q 11) 14

NP CHM , MR, cleft lip and palate 46,Y,del(X)(Xq21. l -q 2 1.33) 1,30, 50

RvD M R, hearing im pairment 46,Y,del(X)(Xql 3.3-q21.33) 1

a The mild mental handicap does not cosegregate with the deletion in this family [47].
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and ICRF VAC libraries [16]. All relevant markers 
used in this study are listed in table 2 .

Positive YAC clones were plated on NZYM  agar 

[17], and three yeast clones each were picked and cul
tured as described elsewhere [18], Yeast cells were 
embedded in low-melting agarose, incubated for 2 h 

in the presence o f zymolyase (Seikagu) and incubat 
ed overnight w ith pronase (Boehringer M annheim ). 
Yeast chrom osom es were separated using pulsed-field 
gel electrophoresis (PFG E) and blotted to a GeneS- 

creen Plus m em brane (N EN  D upont). YAC blots 
were hybridized with 32P-labelled total hum an DNA 
to estimate the size o f  the hum an  insert. Subsequent 
ly, the identity o f  the YACs was checked with the 
marker originally used for their isolation. YACs were 
further characterized by screening o f  adjacent mark 
ers and through the generation o f  left- and  right-end 
fragments by ligation-mediated PC R  (LM -PCR; see
below).

In addition, we screened the C E PH  YAC data  base 
with new D N A  m arkers from this region and for YAC 
clones which overlap with previously m apped YACs.

Southern Blot Analysis
H ybridization o f  32P-labelled D N A  fragments to 

nylon filters containing DNA  from  patients or from 
YAC clones was essentially done as described else
where [9].

LM-PCR and Sequence Analysis
The LM -PCR m ethod was employed essentially as 

described by Kere et al. [19], Yeast D N A  was digested 
with Alul, EcoRV, Rsal or PvulI prior to ligation of 
adaptors. LM -PCR end fragment products o f the YAC 
clones were separated on an agarose gel and  purified 
with the Q iaquick gel extraction kit (Quiagen). Puri 
fied DNA  was sequenced using fluorescent dideoxynu- 
cleotides on an Applied Biosystems 373A D N A  se
quencer. Sequencing reactions were done with a Taq 
DyeDeoxy T erm inato r Cycle Sequencing Kit (Applied 
Biosystems) according to the m anufacturer’s in 

structions. T he oligonucleotides o f end fragm ent 
753elOEV/L (A TTTA TTCTTCCA G G CCCA TA  and 
CGGAATTCTGA AA AA GA GA TC) were designed 
(Isogen Bioscience, The Netherlands) to  generate a 
product of 94 bp. For end fragment 5045H5, the oligo
nucleotides TGGATAAAGTAAAAAGCACACAAG 
and T G G T A G T T G T C T C A T A G C T C T T G  amplify a 

product o f  260 bp. Finally, a 152-bp PC R  product 
(A0822EY/L) can be amplified from the left end of 
YAC A0822 with the oligonucleotides CCTAATTT- 
GGGAAGAACATATC and AATTTAAGAGAGA- 
A A TTA TTCAT ATT.

Table 2. Markers used in this studv
0

Locus Nam e References

P G K l pH FGK -7e 51

DXS566 HX60 52

DXS986 A F M llfiX g l 53 ,54

DXS1197 AFM072za5 54

DXS346 R X 86 55

DXS1225 AFM31 lv9 54

DXS738 M IT-El 14 56

DXS72 pX65H7 57

DXS169 pX104F 57

DXS26 pH U 16 5

DXS995 AFM207Zg5 53, 54

PO U3F4 PBRN4.1 13

DXS232 pJL68 3

DXS121 p784 58

DXS233 pJL 8 3

DXS326 PQST38M1 55

DXS1167 D3 55

DXS1209 AFM273zd5 54

Z N F6 CMPX1 23

DXS165 p lbD S 59,60

CHM p864 12

DXS540 p Z l l 61

DXS1002 AFM 249vh5 53 ,54

DXS95 pX G 7c 59,62

D X S 1168 XKL10 55

DXS364 RX272 55

DXS349 pR X G 8H 3 55

DXS262 K20-40 63

DXS110 p722 58 ,59

DXS472 p X G 8b 1,62

DXS3 p l 9-2 59 ,64

DXS1170 B8 55

DXS112 p753 58,59

DXS990 AFM136yc7 53, 54

DXS458 Mfd79 65

209



< cm qter>

J*  $

o'
jpr i

✓

À .<? fl?* *>N*v.«?A

-V
O’O'
l a

PÖK1

1
(■1790)

1//J-01OH1 ¿^J

// ' J__I
(1 7 0 0 1

Ä . I950J 
J 7 S 3 e 1 Û

'ix  L¿JL..J21tQ
;1850)

J aOB22

ft

ft

V

»

m

è

»

«

«

p

»

ft

ft9
É

«

P

ft

P

ft

*

£
I

»

0

*

t

1

*

P

(1 6 0 0 )

» » ’ 1 1 1 4  1 1 • 1
l.;..,r„l..„I.. I i X 1
i ¿ a i ■L-jL— . Ü .  i

JL̂ LJL 
l.:.,..l :„ 1

J__ L X
M t M

m m m

r r  
P0JJ3F4 :

<?r0 o'
jc u a

5 0 4 5
1800 }

1 U?48$3: X

I

2NF6

1 J— LI M

(560) ( 5 0 0 )
(_ I..L 4887

W813«2

i... I ,, . Li 1
i_!-_i !.. j--- i i , i 4_i_I T

J

V

#

*

♦

:t6fiûï

» t

* *

ft A 

%  «

iii t*x
r i

An

«

1
#* * * *

* ■ /. . . . J i t
J___ I

a . : , . t . . . , i . . , . . j__ L
• ; J__ I_L

mJLb » 

*

»  » 

• * 

A  *

p

i

#

*

*

È

.. »--i
i;i: -J i

4
*

*

*

p

«

«

«

«

4

«

«

*

if

*

•

r

p

f

TP1
i  9

P  t

t f

+ 4

p «

« JI

W

»

*

«

*

6 .7* 8 ’9« > «

4L 4 8 8 0

1 X x~x

X I I..J.
J _ 1

10

3 --Ç H M -S *

1I
(1800)

X
♦ i

11

5 0 0  k b

í$u949«11

G APS

A 3 .5  
M B U  
L Q L 2 9 0 5  
AP  
D 2 0  

J T D
J 1 /10  

X L 6 2  
1 C 5 6 N  

N P  
R v D

12  IN T E R V A L
«Hi

Fig . 1. Physical m ap o f the Xql3.3~q21.3 region. 
On the upper horizontal bar, the previously and newly 
mapped DNA loci are indicated. The YACs are repre

sented by solid bars for X chromosomal sequences and 
wavy bars for autosomal sequences. Vertical bars indi 
cate the presence o f the markers on the YACs and in 
the DNA of patients with deletions. Open circles are 
right-end fragments while solid circles indicate left-end 
fragments of the YACs. Solid and open diam onds 
represent the outermost X-chromosomal cosmid 
clones derived from their respective YACs used for 
direct-visual-hybridization analysis. The identification 
numbers o f the YACs are depicted adjacent to the 
YACs, while their estimated sizes are depicted under 

neath ín parentheses. The gaps between the three YAC 
contigs are indicated with double arrowheads. The 
deletions found in several patients used in this study 
are depicted at the bottom  o f the figure. T he solid bar 
represents the chromosomal segments present in the 
patients. The molecular characterization o f all patients 
has been reported elsewhere except for patient AP (in 
dicated with an arrow), who suffers from M R  and 
CHM . The m apping results o f  the YAC end fragments 
are only indicated for overlapping YACs. F or purposes 
o f clarity, the region between PO U 3F 4 and DXS233 is 
not true to scale but expanded twofold. At the bottom, 
the intervals from this region as defined by Philippe et 
al. [14; unpubl. data] are depicted.

R esults

Construction o f  a Y A C  C ontig  

Several m arkers from  th e  X q 2 i region 

were em ployed to  screen the  IC R F  an d  C E P H  

YAC libraries [15, 16]. All Y A C clones w ere

extensively  screened  for th e  p resence  o f  X- 

linked  m ark ers  an d  for th e  absence o f  au to so 

m al sequences. In  th is way, a Y A C  m a p  w as 

genera ted  consisting  o f  th ree  n o n o v erlap p in g  

contigs encom passing  th e  X q l3 .3 -q 2 1 .3 1  re 

gion. F ro m  these  contigs, Y A C  4893 and

210 van der M aarel et al. YAC Contig in X q 2 1



YAC 5045 h av e  b een  p u b lish ed  elsew here [9J. 

To estab lish  novel sequence-tagged sites 

(STSs) an d  to check  th e  in teg rity  o f  the  Y ACs, 

we em ployed  th e  L M -P C R  tech n iq u e  [19]. 

L M -PC R  p ro d u c ts  w ere h y b rid ized  to ad ja 

cent Y A C s a n d  to  D N A s o f  a large n u m b e r o f  

pa tien ts  w ith  de le tions in X q21 to  localize 

and o rien t th e  Y A C s (fig. 1). E n d  fragm ents 

m apping  to  th e  X q21 region w ere sequenced , 

and o ligonucleo tides w ere designed  fo r P C R  

am plifica tion  to  genera te  new  STSs.

T he  m id d le  a n d  m ost d is ta l Y A C  contigs 

span ap p ro x im ate ly  3 an d  2.5 M b, respective 

ly. A lthough  th e  size o f  th e  m o st p ro x im al 

contig has n o t been  d e te rm in ed  precisely , w e 

estim ate  th a t toge ther, th e  resu ltin g  Y A C con 

tigs encom pass a  ch ro m o so m al segm ent o f  

ap p rox im ate ly  7 M b, ex ten d in g  from  PG K 1 

proxim ally  to  D X S 1002  d ista lly  w ith  a gap 

betw een D X S 98 6  an d  D X S 738  an d  betw een  

end frag m en t 5045H 5 an d  th e  D X S 232  locus. 

T he m o st p ro x im a l con tig  is lin k ed  to  a p re 

v iously p u b lish ed  Y A C  con tig  sp an n in g  th e  

PG K 1 locus [20, 21]. T h e  m o st d ista l con tig  

overlaps a p rev iou sly  rep o rted  Y A C  contig  in  

the  X q 2 1.3 reg ion  [22].

1

II

1

Fig. 2. Pedigree of kindred with CHM  and MR. 
Patient AP (II-3) was ascertained via his sister (II-4) 
who was prenatally counselled. Two of his sisters (II-l 
and II-4) and his m other (1-2) are carriers o f the dele 
tion. AP, his father (1-1 ) and one of his sisters (I Í-4) also 
carry a balanced translocation t(l0;15)(q26.3;q24.3). 
II- 1 and II-2 have not been tested for chromosomal 
abnormalities.

Iden tifica tion  a n d  F ine  M a p p in g  o f  a 

D eletion  A sso c ia ted  with C H M  a n d  M R

several exons from  th e  C H M  gene. All exons 

tested  w ere absen t, w hich p ro m p ted  us to 

investigate  th e  ex ten t o f  th e  deletion  in greater 

detail. O n  the  p ro x im al side, th e  m arkers

P a tie n t A P  is a 40-year-o ld  m en ta lly  re- D X S26 an d  D X S 995 w ere found  to  be

ta rd ed  m an  w ith  C H M . O ph th a lm o lo g ic  find - p resen t in  p a tie n t A P, w hile D X S 232 an d

ings suggest th a t tw o o f  h is sisters ( I I - l D X S121 w ere absen t. Also, the P O U 3 F 4

and  II-4) a n d  h is m o th e r (1-2) a re  carrie rs  gene, p rev iously  show n to  be invo lved  in

o f C H M . A p art from  a m ic ro d e le tio n  in  D F N 3 , ap p ea red  to be p resen t in  th is  p a tien t

the  X q21 b a n d  (see below ) p a tie n t A P  car- [13]. T hese find ings located  the  p rox im al

ries a ba lan ced  tran slo ca tio n  46 ,X Y ,t(10 ;15) b reak p o in t o f  p a tie n t A P betw een th e  pre-

(q26 .3 ;q24 .3), w h ich  is also p resen t in  h is viously defined  in tervals 7 an d  8 o f  the  X q 2 1

m entally  n o rm a l sister (II-4) a n d  fa ther, an d  band  (fig. 1) [14; P h ilippe , unpub l. data], Sub-

ap p aren tly  is n o t assoc ia ted  w ith  a c lin ical sequently , several cosm ids from  a previously

pheno type  (fig. 2). I I - l  an d  II-2  h av e  n o t been  pub lished  850-kb cosm id  contig  [9] w ere hy-

investigated  fo r th e  p resence o f  th e  transloca- b rid ized  to  precisely  m ap  th e  p rox im al end-

tion. p o in t o f  th is  deletion . T h e  b reak p o in t is lo-

P a tie n t A P  w as investiga ted  fo r the  pres- ca ted  in cosm id  5045H 3, w hich detects a nov-

ence o f  a d e le tio n  by  P C R  am p lifica tio n  o f  el restric tio n  fragm en t carry ing  the dele tion
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M app ing  o f  N ew  M arkers w ith  Respect to

K now n M a rkers

T hese d a ta  an d  th e  p rev iously  estab lished  

deletion in te rv a l m ap  [14; P h ilip p e  et al., 

unpubl. da ta] h av e  enab led  us to  define  the 

physical o rd e r  fo r several m arkers. F o u r 

m arkers h av e  b een  m a p p e d  to  in te rv a l 2 

based on th e ir  p resence  in p a tie n t X L 62 and  

in C 56N , a  h u m a n -ro d e n t cell h y b rid  co n ta in 

ing th e  X q21 .1~q ter segm ent [P h ilip p e  et al., 

unpubl. da ta ]. D X S 1225  is p re sen t on  Y A C  

91 Ohl an d  ab sen t from  Y A C  7 5 2 e l0 . T h e re 

fore, th is  m a rk e r  is loca ted  p ro x im al to  

D X S1197 a n d  D X S 986  w h ich  are  b o th  

present on Y A C  7 5 3 e l0 . S ince D X S 1 1 9 7  is 

p resen t on  b o th  ab o v e-m en tio n ed  Y A C s, th e  

o rder m u st b e  X cen -D X S l2 2 5 -D X S 1 1 9 7 - 

D X S 986-X qter. D X S 346  also m ap s  to  in-
r

terval 2 an d  is ab sen t in bo th  Y A C s. S ince 

the le ft-end  frag m en t o f  Y A C  7 5 3 e l0  

(753elO E V /L ) is also lo ca ted  in  th is  in te rv a l 

(data  n o t show n), D X S 346  c a n  be p laced  d is 

tal to  th is  en d  fragm en t.

D X S738 is loca ted  in  in te rv a l 3, based  on  

its p resence in p a tien t 1/10 an d  absence from  

patien t X L 62 (fig. 1) [P h ilippe et al., unpubl. 

data]. D X S 738  is absen t from  b o th  Y A C 

7 5 3 e l0  an d  321 f8, w hich positions it p rox im al 

to D X S72. S ince th e  end  fragm ent A 0822EV /L  

o f Y A C A 0822 is also p resen t in  Y A C  321f8 

while D X S 72  is ab sen t from  Y A C  A 0822, the  

end fragm en t is positioned  p rox im al from  

D X S72 in  in te rv a l 3. By co m b in in g  these  

results w ith  p rev io u s  m ap p in g  d a ta  [14; 

P h ilip p e  e t al., unp u b l. d a ta ] w e p ro p o se  

the follow ing o rder: X ce n -P G K l-D X S 5 6 6 - 

D X S 1 2 2 5 -D X S 1 1 9 7 -D X S 8 9 6 -7 5 3 e l0 E V /L - 

D X S346 - D X S 738  - A 0822E V /L  - D X S 72  - 

D X S 169-X qter.

A th ird  re lev an t end  fragm en t, 5045H 5, 

m aps d is ta l to  P O U 3 F 4  a n d  p ro x im al to  

D X S232. T h is  en d  fragm en t is lo ca ted  ou side  

the d e le tio n s  fo u n d  in p a tie n ts  T D  an d  

L G L 2905 , w h ich  assigns th is  m a rk e r to  in te r 

val 8. 753elO EV /L . A 0822EV /L  an d  5045H 5

w ere sequenced an d  o ligonucleotides w ere de 

signed for P C R  am plifica tion . In th is  way, 

th ree  new  STSs cou ld  be genera ted  (see M ate 

rials and  M ethods).

M ore distally, D X S1167 bould  be p laced 

betw een D X S326 an d  D X S165 because o f  its 

localization  on  YAC 949e 11 and  its absence 

from  Y A C 4887. T h is  m arker has been  

m apped  prev iously  to in terval 10 [14; P h i 

lippe et al., unpubl. data] (fig. 1). D X S1209 

an d  Z N F 6 , a gene co n ta in in g  a  zinc finger 

m otif, w hich h as been m ap p ed  to  X q21 [23] 

cou ld  be localized  in  the  sam e way. D X S95, 

D X S349, D X S 364  a n d  D X S 1 I6 8  could be 

p laced  d ista l to  D X S 1002 on  the basis o f  th e ir  

absence from  Y A C 9 4 9 e l 1. A com prehensive  

overview  o f  th e  X q21 region, includ ing  th e  

YAC contigs, all above-m en tioned  m arkers 

an d  th e  re levan t dele tions is given in figure 1.

D iscuss ion

In th is s tu d y  we h av e  estab lished  th ree  

Y A C  contigs encom passing  the X q l3 .3 -  

q 2 1.31 region except for a gap betw een  

D X S 986 an d  D X S 738 , an d  a  gap betw een 

P O U 3 F 4  an d  D X S 232 . T o  estim ate  th e  size 

o f  th e  la tte r  gap, cosm ids from  the p ro x im al 

segm ent o f  Y A C 4886 a n d  the  m ost d istal cos 

m id  o f  Y A C  5045 w ere em ployed as probes 

for d irec t-v isual-hybrid iza tion  analyses [24] 

(fig. 1). T hese ex perim en ts  revealed  th a t the  

size o f  th e  gap does n o t exceed 100 kb [M erkx 

an d  van  der M aarel, unpub l. data]. W e are 

cu rren tly  screening  fo r cosm ids from  th e  

IC R F  C osm id  R eference L ib rary  [25] an d  

C hrom osom e X  C osm id  L ibrary  L L 0X N C 01 

‘U ’ to fill th is gap. D esp ite  ex tensive screen ing  

o f  th e  IC R F  an d  C E P H  Y A C lib raries [15, 

16], we hav e  no t yet b een  ab le  to  fill th e  

rem ain in g  tw o gaps. T h e  generation  o f  the  

en d  clone 7 5 3 e l0 E V /L  will hopefully  lead to



the  iden tifica tion  o f  new Y A Cs betw een tio n  encom passes the  C H M  gene a n d  ex tends

D X S986 and  D X S738. in to  th e  ch rom osom al region betw een  the

W e confirm ed  th e  localization  o f  19 D N A  D F N 3  an d  C H M  genes co n firm in g  th e  initial

m arkers and  4 genes from  the X q l3 .3 -  localiza tion  o f  a M R  locus in  X q 2 1.1. Since

X q21.31 region an d  w ere able to  m ap  them  in  th e  de le tion  in A P encom passes a large seg-

the correct o rder. In ad d itio n , th ree  STS n ien t o f  X q 2 1 , one cou ld  specu la te  th a t the

clones w ere generated  and p o sitio n ed  in the  d e le tio n  d isru p ts  a M R  gene in  X q 2 1 .3 3 , dis-

contigs. ta l to  th e  C H M  gene. T h ere  a re  tw o  argu-

W e assum e th a t th e  D X S566 locus m aps to m en ts  again st th is  hypo thesis. F irs t, th e  M R

an in ternal de le tion  in Y A C 91 O hl, because gene w ou ld  be located  d ista l to  several dele-

in  th is YAC, th e  respective p rim e r p a ir h as tio n s assoc ia ted  w ith  a  com plex  pheno type

failed  to  yield a P C R  product. W e can n o t ru le  in c lu d in g  M R , e.g. X L 45, SD , a n d  D M . Sec-

o u t the  possib ility  th a t D X S346 also m aps to  o n d , tw o p a tien ts  w ith  n o n sy n d ro m ic  C H M

th is deletion  in terval. I f  so, D X S346 should  hav e  b een  described  [8], in  w h o m  deletions

be located  betw een D X S566 and  D X S1225. ex tend  in to  o r beyond  in te rva l 20  (pa tien t

M any  o f  the  m icroscopically  detectab le  de- L U N 3  a n d  L U N 1). T ogether, these  data

le tions in the  X q 2 1 region are  associated  w ith  strongly  suggest th a t  a locus fo r X L M R  is situ-

D F N 3, M R  an d  C H M  [2, 6, 7, 26, 27]. T h e  a ted  in  th e  ch rom osom al reg ion  d e fin ed  by

iden tifica tion  o f  subm icroscopic deletions as- in te rv a ls  8, 9 an d  10. A t th e  p ro x im al side,

s o c ia te d w ith e i th e rC H M [2 8 ]o rD F N 3 [6 ,9] th is  reg ion  is d em arca ted  by th e  dele tions

has enabled th e  subsequen t cloning o f  th e  fo u n d  in  D F N 3  p a tien ts  II/7 , 1/10, a n d  T D

relevant genes [10 -13 ]. C harac teriza tion  o f  [9]. T h e  p ro x im al de le tion  b re a k p o in t in  AP

these deletions has revealed th a t th e  physical does n o t significantly  n a rro w  dow n th e  local-

o rd e r o f  these disease genes is: X cen -D F N 3- iza tio n  o f  th e  M R  locus, since  it is located

M R -C H M -qter. Som e p a tien ts  w ith  deletions on ly  10 kb from  th e  d ista l de le tion  b reak p o in t

in Xq21 show clin ical features w hich  are n o t in  T D . A t th e  d is ta l side, de le tions associa ted

observed in  o thers an d  w hich do  no t seem  to  w ith  C H M  in p a tien ts  C 759, 3.5, 25 .6 , M S,

fit th e  contiguous gene syndrom e m odel. T h e  an d  7.6 [8] com m ence betw een  Z N F 6  and

m ost strik ing ad d itio n a l features a re  obesity  D X S 165  a n d  ex tend  te lom erically . T h e  dele-

[29], hypogonad ism  [6] an d  cleft lip  an d  pal- tio n  in  p a tie n t L G L 2905 w ho h as C H M  but

a te  [30]. T h e  p resence  o f  a gene in  X q 2 l n o  M R , restric ts  th e  c ritica l reg ion  for M R  to

involved  in pa la te  closure is also suggested by in te rv a l 8.

linkage stud ies in  th ree  fam ilies w ith  X -linked It is rem ark ab le  th a t a p a rt from  D F N 3 ,

cleft pa la te  a n d /o r  ankyloglossia (C PX ). T h e  p a tie n t T D  show s h y pogon ad ism  a n d  m ild

critical region fo r C P X  w as d em arca ted  proxi- M R . F ive  affected  fam ily  m em b ers  a re  no t

m ally  by D X S 1002  an d  d istally  by D X Y S1 m en ta lly  re ta rd ed  bu t show  m ark ed  an tiso c ia l

[S tanier, pers. co m m u n .; 3 1 -3 5 ], In  view  o f  a n d  im m a tu re  b eh av io r a n d  possib ly  m ild

the large n u m b er o f  dele tions know n in X q21, learn ing  defic its [36]. S ince th e  d e le tio n  in

it is striking th a t th u s  far no  sm all dele tions p a tie n t T D  is close to  th e  M R  locus [7], it

have been found  w ith  nonspecific  m en ta l re- could  affect th e  p ro p er tra n sc rip tio n  o f  the

ta rd a tio n  o r w ith  a co m b in a tio n  o f  M R  w ith  M R  gene. T h is  m igh t exp la in  th e  com plex  

e ither D F N 3 o r C H M .

H ere, we are the  first to rep o rt on  a dele-

clin ical find ings in  T D  an d  h is fam ily .

So far, we fo u n d  no ev idence  fo r m icrode-

tio n  associated w ith  M R  and  C H M . T h e  dele- le tions in  the  critica l region  fo r M R  (in te rv a l

214 van der Maarel et al YAC Contig in Xq21



8) in 40 p a tie n ts  w ith  X L M R  [van d e r M aarel, 

unpubl. resu lts], w hereas in  p a tien ts  w ith  

C H M  o r D F N 3 , dele tions w ere d e tec ted  in 

approx im ately  25%  o f  cases [8 ,9 ; de K ok and  

C rem ers, u n p u b l. results]. It is very  likely th a t 

the m ain  reaso n  for th is  d isc rep an cy  is the  

genetic h e te ro g en e ity  o f  X L M R  [37], Indeed , 

the X q 2 1.1 locus m ay  only  be invo lved  in a 

sm all p ro p o rtio n  o f  cases w ith  X L M R . T h u s  

far, several sy n d ro m ic  form s o f  M R , like Al- 

Ian -H em d o n -D u d ley  syndrom e, Juberg -M ar- 

sidi, a n d  a -th a la ssem ia /M R  (A T R -X ) have  

been m ap p ed  to  X q l3 -q 2 1  [3 8 -4 3 ], b u t re 

cent linkage s tu d ie s  o f  o u r g roup  in  fam ilies 

w ith  n o nspec ific  X L M R  p o in t to  a c lustering  

in the  X p l  1 reg ion  [44], R ecen tly , m u ta tio n s  

in a p u ta tiv e  g lobal tra n sc rip tio n a l regu la to r 

(X H 2) h av e  b een  show n to  be cau sa tiv e  for 

A TR -X  [45].

D efin ite  p ro o f  for the  ex istence  o f  a  gene 

for M R  in  X q21 .1  can  on ly  be o b ta in ed  by 

cloning o f  c a n d id a te  genes from  th e  re lev an t 

region a n d  id en tifica tio n  o f  m u ta tio n s  in  syn 

d rom ic o r  n o n sy n d ro m ic  cases o f  X L M R . 

These s tud ies w ill be greatly  fac ilita ted  by  the  

X q l3 .3 -q 2 1 .3 1  Y A C  contigs rep o rte d  here.
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