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New distal marker closely linked to the fragile X locus 
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Summary.  We have isolated II-10, a new X-chromosom- 
al probe that identifies a highly informative two-allele 
TaqI restriction fragment length polymorphism at locus 
DXS466. Using somatic cell hybrids containing distinct 
portions of the long arm of the X chromosome, we could 
localize DXS466 between DXS296 and DXS304, both of 
which are closely linked distal markers for fragile X. 
This regional localization was supported by the analysis, 
in fragile X families, of recombination events between 
these three loci, the fragile X locus and locus DXS52, the 
latter being located at a more distal position. DXS466 is 
closely linked to the fragile X locus with a peak lod score 
of 7.79 at a recombination fraction of 0.02. Heterozygos- 
ity of DXS466 is approximately 50%. Its close proximity 
and relatively high informativity make DXS466 a valu- 
able new diagnostic D N A  marker for fragile X. 

Introduct ion 

The fragile X syndrome is the most common form of in- 
herited mental retardation (Turner et al. 1986). The inci- 
dence of this X-linked disorder is about 1 in 1500 new- 
born males (Webb et al. 1986). Its cytogenetic diagnosis, 
based on the induction of a fragile site in Xq27.3, is seri- 
ously hampered by frequent dissociation of the fragile X 
mutation and expression of the fragile site. For reliable 
carrier detection and prenatal diagnosis, cytogenetic anal- 
ysis must be supplemented by D N A  analysis using close- 
ly linked markers on either side of the fragile X locus. 
At  present, the closest marker on the proximal side is 
DXS369 at 5% recombination (Oostra et al. 1990). On 
the distal side, two closely linked markers have been 
identified: DXS296 without recombination (Suthers et 
al. 1989), and DXS304 at 2 % - 5 %  recombination (Vin- 
cent et al. 1989). Although favourably located, DXS296 
is of limited value for diagnostic application because of 
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its low informativity. It is evident that, for accurate diag- 
nosis of fragile X in a high percentage of families, many 
more closely linked informative markers need to be iso- 
lated. These markers will also be of great value for the 
construction of a physical map of the fragile X region 
and identification of the gene itself. 

Here,  we describe the isolation and characterization 
of a new D N A  marker, DXS466, for fragile X. We have 
used somatic cell hybrid cell lines containing various por- 
tions of the fragile X region to localize this marker with 
respect to the fragile locus and loci DXS296 and DXS304. 

Materials and methods  

Probe II-10 was derived from a cosmid library of the human x ham- 
ster somatic cell hybrid cell line 908K1. Construction and charac- 
terization of this hybrid cell line have been described previously 
(Hulsebos et al. 1986). It contains a der(19;X) chromosome with 
the q24-qter part of the X chromosome as the only human compo- 
nent on a hamster background. Three cosmids from the X part 
were mixed, digested to completion with Sau3A and the resulting 
fragments subcloned in the BamH1 site of pSP64T (Melton et al. 
1984). II-10 was one of the subclones. Its 370-bp insert was recloned 
in pSP65 (Promega). Other probes used in this study were VK21A 
and VK21C, each identifying locus DXS296 (Suthers et al. 1989), 
U6.2, identifying locus DXS304 (Vincent et al. 1989), and F814, 
identifying locus DXS52 (Heilig et al. 1988). Standard procedures 
were followed for the isolation of genomic DNAs, digestion with 
restriction enzymes, electrophoresis in agarose gels and Southern 
hybridization (see Sambrook et al. 1989). Alternative procedures 
for transfer (under alkaline conditions), hybridization (in 0.5 M 
NaHPO4 [pH6.8], 7% SDS, i mM EDTA) and washing (in 0.05- 
0.1 M NaHPO4 [pH6.8], 1% SDS, 1 mM EDTA) gave equivalent 
results. Inserts of probes were labelled by random oligonucleotide 
priming according to Feinberg and Vogelstein (1984). 

The human x hamster hybrid cell line 908K1B17 and the human 
x mouse hybrid cell lines LC12K15 and CY34, used for the region- 
al localization of II-10, have been described in detail previously 
(Schonk et al. 1989; Suthers et al. 1989, 1990; Schmidt et al. 1990). 

Linkage analyses were performed with the MLINK program of 
the LINKAGE 5.03 package (Lathrop and Lalouel 1984), assum- 
ing a fragile X (FRAXA) mutation rate of 0.0005. Penetrance fac- 
tors of 0.55 for females and of 0.8 for males were used. 
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Results and discussion 

Probe 11-10 originates f rom the Xq24-qter part  of an X/ 
19 translocation chromosome,  which is the only human 
chromosome in the human x hamster  somatic cell hybrid 
908K1 (Hulsebos et al. 1986). In order  to find restriction 
fragment length polymorphisms, we hybridized this probe 
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Fig. 3. Segregation analysis of DNA markers in part of a fragile X 
family. + , -  denotes presence or absence, respectively, of the 
fragile X mutation. Bracket indicates position of the recombina- 
tion event that has occurred between DXS296 and DXS466 in this 
part of the family. (D Obligate carrier; m, @ mentally retarded and 
fragile X positive 

Fig. 1. Autoradiograph displaying the TaqI restriction fragment 
length polymorphism detected by probe II-10 

Fig. 2A, B. Regional localization of DXS466. A Southern blot 
analysis of Bg/II-digested DNAs derived from human x rodent so- 
matic cell hybrid cell lines and human placenta probed with 11-10 
and VK21A. B X chromosomal content of the hybrid cell lines and 
approximate positions of the fragile X locus (FRAXA) and the loci 
identified by RN1 (DXS369), VK21A (DXS296), U6.2 (DXS304) 
and F814 (DXS52). The amount of X chromosomal material from 
the fragile X region retained in the respective cell lines is indicated 
by a thick line. Bracket plus arrow indicates position of DXS466 as 
inferred from the Southern blot analysis in A 

to Southern blots containing sets of five genomic DNAs,  
digested with the restriction enzymes BamH1, BgllI, 
EcoRI, MspI, PvulI, PstI, RsaI, TaqI, XbaI or XmnI. 
Only the TaqI digests displayed polymorphic fragments. 
They were 6kb  and 1.5kb in length, and there was a 
constant band of 3.3 kb (Fig. 1). We estimated allele fre- 
quencies in 75 individuals and found them to be 44% for 
the 6-kb allele and 56% for the 1.5-kb allele. 

Next,  we determined the physical location of DXS466 
in relation to the fragile X locus. This was accomplished 
by probing human x rodent hybrid cell lines, containing 
various portions of the terminal region of Xq, with II-10. 
The relevant part  of Xq and the pieces of X-chromosom- 
al material  retained in the respective cell lines, are de- 
picted in Fig. 2B. Figure 2A shows the result of an ex- 
per iment  in which II-10 was hybridized to BgllI digests 
of genomic DNAs  derived from the cell lines. As an in- 
ternal control, we probed the blot simultaneously with 
VK21A. This probe hybridizes with a BglII fragment  of 
approximately 12 kb that is present in cell lines 908K1B 17 
and CY34 but that is absent both in cell line LC12K15 
and in a hamster-only cell line (A3). This hybridization 
pattern is in accordance with earlier observations of Suth- 
ers et al. (1990). Probe 11-10 only reacts with 6.5-kb frag- 
ment  in cell line 908K1B17. We conclude f rom the ab- 
sence of hybridization of 11-10 with LC12K15 and CY34 
that DXS466 is located in the region (indicated in Fig. 
2B) that is absent in both cell lines. This places DXS466 
on the distal side of the fragile X locus between DXS296 
and DXS304. 

We found support  for the physical localization of 
DXS466 by the analysis of individual recombination 
events in fragile X families. Figure 3 shows the segrega- 
tion of the alleles detected by probes VK21C, II-10, 
U6.2 and F814 in one branch of a large fragile X family. 
The coupling phase in I-1 was infered from analysis of 
the other part  of this family (data not shown). VK21C 



Table 1. Two-point lod scores (2,) at various 
recombination fractions (0) for linkage of 
DXS466 with the fragile X locus (FRAXA) 
and other loci 

Loci Recombination fraction 

0.001 0.01 0.05 0.10 0.20 0.30 0.40 

2 0 
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DXS466-FRAXA 7.02 7.69 7.60 6.91 5.14 3.18 1.29 7.79 0.02 
DXS466-DXS304 4.39 4.31 3.96 3.52 2.60 1.63 0.68 4.40 0 
DXS466-DXS52 1.13 4.00 5.50 5.60 4.75 3.33 1.64 5.64 0.08 

cosegregates with fragile X, whereas recombinat ion  must  
have occur red  be tween  II-10 and fragile X,  and also be- 
tween the o ther  two probes  and fragile X. These  results 
suppor t  the physical posi t ioning of  DXS466 distal to  
DXS296.  In our  fragile X families, we found  no recombi-  
nat ions be tween  DXS466  and DXS304.  Thus,  DXS466 
could not  be posi t ioned relative to DXS304  by this type 
o f  analysis. O n  the o ther  hand,  in two families with re- 
combina t ions  be tween  F814 (identifying locus DXS52)  
and fragile X, we found  cosegregat ion of  II-10 with the 
disease locus (data  not  shown).  W e  conclude f rom the 
latter observat ions  that  DXS466 occupies a proximal  po-  
sition relative to DXS52.  

We  de te rmined  two-point  lod scores for  l inkage o f  
DXS466 with the fragile X locus ( F R A X A ) ,  DXS296,  
DXS304  and DXS52  in 15 fragile X families. Two of  
these are 2-genera t ion families, the others  have 3 (or  
more)  generat ions.  A total  o f  166 persons,  of  w h o m  49 
were fragile X-posi t ive and/or  mental ly  re tarded,  were 
typed with the p robes  identifying the respective marke r  
loci. The  results are summar ized  in Table  1. L o d  scores 
for  l inkage of  DXS466 with DXS296  were  low (less than 
1) because  o f  a lack of  informative meioses and were 
therefore  not  included in the Table.  We  calculated a 
peak  lod score of  7.79 at a r ecombina t ion  fract ion of  0.02 
for  l inkage of  DXS466 with the fragile X locus. The  ap- 
proximate  90% conf idence  limits for the recombina t ion  
fraction (Conneal ly  et al. 1985) were  0 and 0.11. In  prac- 
tice, considering the physical localization of  DXS466  
proximal  to DXS304,  we use an upper  limit recombina-  
t ion fraction of  0.05, i.e. the upper  limit r ecombina t ion  
fraction for DXS304  (Vincent  et al. 1989), in risk calcu- 
lations involving DXS466.  As  stated before ,  in the ge- 
netic analyses of  our  fragile X families, we found  no re- 
combina t ions  be tween  DXS466  and DXS304,  resulting 
in a peak  lod score of  4.40 at r ecombina t ion  fract ion 0 
(Table 1). The  observed  recombina t ion  fract ion for  link- 
age be tween  DXS466  and DXS52  (0.08, see Table  1) is 
in accordance  with that  expected (0 .07-0.12) ,  based  on 
publ ished figures (Brown et al. 1988; Vincent  et al. 
1989) and the assumpt ion  that  DXS466  is located be- 
tween DXS296 and DXS304.  

In  summary ,  we localized DXS466 by physical map-  
ping between DXS296, the closest distal marker  for fragile 
X, and DXS304.  This assignment  was suppor ted  by ge- 
netic mapping data obtained f rom the analysis of  15 fragile 
X families. DXS466 is closely linked to the fragile X locus 
and has a he terozygos i ty  o f  almost  50%.  In  our  family 
material ,  DXS466  was approximate ly  3 t imes more  in- 
format ive  than DXS296.  This makes  DXS466 a valuable  
new distal marker  and informative alternative for DXS296 
in the D N A  diagnosis of  fragile X. 
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