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Balanced chromosomal abnormalities such as translocations and inversions 
have been identified in many genetic diseases. Cloning of the breakpoints 
involved in these abnormalities has led to the identification of the disease
related genes. Recent reports suggest the presence of a mental retardation 
locus at Xqll-12. We have identified a female patient with a balanced translo
cation t (X; 12) (qll;qI5) associated with mild mental retardation. We identi
fied a yeast artificial chromosome spanning the X-chromosome breakpoint by 
using fluorescent in situ hybridization techniques. A cosmid library of this 
Y AC has been constructed and the search for candidate genes is in progress. 

Introduction 

A major challenge for human genetics is the identifica
tion of new causes of mental retardation, which, although 
present in about 3% of individuals, is unexplained in over 
half of all cases. X-linked mental retardation is acknowl
edged to be a major cause of severe learning difficulties. 
Surveys have shown an excess of males over females with 
severe mental retardation and later studies suggested that 
the excess was the result of an X-linked condition. X
linked mental retardation (XLMR) is a vastly heteroge
neous group of disorders which can be roughly catego
rized as syndromic (MRXS) or nonspecific (MRX). Fami
lies with syndromic disorders usually have a quite distinct 
phenotypic presentation whereas families with nonspe
cific disorders present no distinctive somatic features. 
Despite recent advances in identifying genes such as 
FMRI [1], FRAXE [2, 3], Ll-CAM [4], FGDI and XH2 
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[5], involved in MRXS conditions, so far no gene in
volved in MRX has yet been identified or cloned. Compi
lation of the literature and McKusick's catalogue data 
revealed at least 95 X-linked disorders in which mental 
retardation appears as the main feature. Of these 95, 40 
have been regionally mapped on the X chromosome by 
conducting linkage studies using DNA markers in single 
large families or in a collection of families with the same 
XLMR syndrome. Several loci appear to be located in the 
proximal Xq region. However, it is impossible to evaluate 
how many MR genes there are in reality, partly because of 
the broad localisation and the presence of several overlaps 
between intervals of assignment. Thus, fine mapping and 
identification of genes implicated in nonspecific X-linked 
MR will essentially depend on thorough investigation of 
molecular abnormalities such as balanced translocation, 
inversion or contiguous gene deletion associated with 
MR. 
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Here, we report molecular cytogenetic investigations 
of a de novo balanced translocation t(X;12) (qll;q15) 
observed in a female patient with mild mental retarda
tion. The investigation of the X-breakpoint in Xqll-q12 
was undertaken because convergent strong arguments 
suggest the presence of a non-specific X-linked mental 
retardation locus in Xqll-q12. These arguments can be 
summerized as follows: (i) linkage data on individual 
large MRX families showed an assignment in several fam
ilies to Xqll-Xq12 [6, 7; Partington et aI., pers. com
mun.]; (ii) identifications of contiguous genes syndromes 
associated with MR resulting from deletion in Xqll-q12 
encompassing the X-breakpoint region described in this 
report [8, 9; Gustavsson et aI., pers. commun.]. We identi
fied a yeast artificial chromosome (Y AC) clone spanning 
the X-chromosome breakpoint by using fluorescent in 
situ hybridization (FISH) techniques. A cosmid library of 
this Y AC has been constructed and the search for candi
date genes is in progress. 

Materials and Methods 

Case Report 
J.P. is a 12-year-old female, the child of healthy, normal unrelated 

parents (father 38 years and mother 37 years), born after pregnancy 
with placenta praevia by delivery at full-term with Apgar scores of 
ten at 1 min and ten at 10 min. At birth weight was 3.10 kg, height 
47.5 cm, and occipitofrontal circumference (OFC) 33.5 cm. Her 
mother had had two abortions previously. Infancy was complicated 
by status epilepticus, following by complex partial seizures. Electro
encephalography was consistent with left centrotemporal spike 
waves. Seizures were successfully treated with carbamazepine (Te
gretol®) therapy. Walking started at the age of 31 months. Develop
mental delay was recognized at 4 years. The patient presents severe 
learning difficulties. She now attends a special school for the 
retarded. Presently, the WIRC-R (Weschsler Intelligence Scale re
vised) exhibits a score of 58 (IQ). Verbal skills are seriously affected 
(verbal IQ 53). She also has neuromotor coordination troubles and 
dyspraxy without cerebellar and pyramidal tract involvement. Physi
cal examination at 12 years shows a coarse face with proeminent nose 
and bilateral divergent strabismus. Fundoscopy was normal. Her 
height, weight and stage of puberty were normal for age. A computed 
tomography was performed at the age of 3, showing dilated ventricles 
with moderate cerebral atrophy. Magnetic resonance imagery scan 
performed at the age of 12 confirmed the dilated lateral ventricles 
and also exhibited a dilated fourth ventricle without vermis hypo
plasia. 

Metaphase Chromosome Preparations 
Metaphase chromosomes were obtained from Epstein-Barr virus 

immortalized Iymphoblastoid cells from the female patient with 
mental retardation and from phytohemagglutinin-stimulated blood 
cell cultures of healthy males using the methotrexate-BrdU technique 
as described previously [10]. 
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Probes 
A selection ofY AC clones expected to be located in the Xq 11-q 13 

region were used as probes for FISH on the patient's metaphase chro
mosomes. We have used ICRF Y AC clones ICRFy900H0493 (4690) 
and ICRFy900D0896 (4565) positive for DXS159 (XqI2) and 
DXS227 (Xq 13.1) markers, respectively. 

Y AC probes were prepared by Alu-PCR from 100 ng of Y AC 
DNA as reported elsewere [11]. Alu-PCR probes specific for chromo
some X or 12 were prepared as described by Cherif et al. [11]. PCR 
products were ethanol precipitated, dissolved in TE and quantified 
on a 1.3% agarose gel. PCR products of YAC and cosmid DNAs 
(lllg) were labelled by nick translation with biotin-16-dUTP (Boeh
ringer Mannheim) and purified using a Sephadex G-50 Quick spin 
column (Pharmacia). Chromosome X and 12 painting probes were 
labelled by nick translation with biotin-16-dUTP (Boehringer Mann
heim) and with digoxigenin-ll-dUTP (Boehringer Mannheim), re
spectively. 

YAC 4690 Cosmid Library: 
A Y AC 4690-specific cosmid library was prepared using a partial 

Mbol digest ofYAC 4690 clone, sCos-l vector [12] and XLI-Blue 
MR cells as hosting bacteria (Stratagene). Packaging was performed 
using freeze thaw lysate and sonic extract (Gigapack Gold II, Strata
gene). The cosmid library was plated on XLI-Blue MR, and filter lifts 
were prepared on a Hybond N+ membrane (Amersham) according to 
the manufacturer's protocol. The cosmid library filters were hybrid
ized with total human DNA to identify the Y AC recombinant clones. 
The DNA of 100 cosmid clones representing approximately 4 Y AC 
equivalents was prepared using a conventional miniprep protocol. 
Proximal or distal location of different cosmids with respect to the X 
breakpoint has been performed by FISH analysis. 

Fluorescence in situ Hybridization 
To exclude a potential complex rearrangement in this X; 12 trans

location in a female patient, chromosome painting using Alu poly
merase chain reaction (PCR) probes was performed as described by 
Cherif et al. [11]. The chromosome X biotinylated painting probe 
was detected by avidin-FITC (Vector Laboratories) and amplified 
once with additional layers of biotinylated goat anti-avidin (Vector 
Laboratories) and avidin-FITC (Vector Laboratories). The chromo
some 12 digoxigenin-Iabeled painting probe was detected by rho
damine anti-digoxigenin from sheep (Boehringer Mannheim) and 
amplified with layer of Texas red anti-sheep (Vector laboratories). 
The slides were observed under a Zeiss fluorescence microscope (Ax
ioplan). Chromosomes were counterstained with DAPI (Sigma). 

To determine the chromosomal localization and a possible chi
merism, the Y AC probes were initially hybridized to normal human 
metaphase chromosomes. When biotinylated PCR products of Y AC 
DNA were used in hybridization experiments, 75 ng of probe was 
precipitated with 35 Ilg of Cotl DNA (Gibco-BRL), 10 Ilg of soni
cated salmon sperm DNA, and resuspended in 10 III of hybridization 
buffer (50% formamide, 10% dextran sulfate, 2 x SSC, pH 7). The 
cosmid probes were directly hybridized on metaphase chromosomes 
from patient Iymphoblastoid cells. 50 ng of cosmid probe was mixed 
with 251lg of Cot 1 DNA and 10 Ilg of sonicated salmon sperm DNA 
in 10 III of hybridization buffer. Probe denaturation, prehybridiza
tion and hybridization were performed as described by Cherif et al. 
[13]. After posthybridization washes, the biotinylated probe was 
detected by avidin-FITC (Vector Laboratories) and amplified once 
with additional layers ofbiotinylated goat anti-avidin (Vector Labo-
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Fig. 1. Chromosome pamtmg with a 
chromosome X specific painting probe and 
with a chromosome 12 specific painting 
probe showing one normal X chromosome 
(green), one normal chromosome 12 (red), 
the shorter der(X) chromosome, and the der/ 
(12) in the female patient who has a karyo
type 46,XX, t(X;12) (qll;qI5). 

Fig. 2. Metaphase spreads of the t (X;12) 
patient with propidium iodide and with 
FISH signals detected by FITC. Chromo
somes X, 12, der(X) and der(12) are indi
cated on the micrographs. The chromosomes 
with hybridization signals are indicated by 
arrows on the FITC micrographs. Note the 
hybridization signals on both der(X) and 
der(12) chromosomes, indicating that this 
Y AC clone 4690 spans the breakpoint. 

ratories) and avidin-FITC. Simultaneous localization of probes and 
R-banding were performed as previously described [13]. The slides 
were observed under a Zeiss fluorescence microscope (Axioplan). 
Chromosomes were counterstained with propidium iodide and the 
fluorescent signal of probes appeared as two symmetrical yellow
green spots on both chromatids. 

X; 12 Translocation in a Female with Mild 
Mental Retardation 

Results 

Chromosome painting using Alu PCR probes, specific 
for chromosomes X and 12 respectively, confirmed the t 
(X;12) in the female patient (fig. 1). The rearrangement 
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appears as a balanced X; 12 translocation and small mo
lecular rearrangement could not be ruled out. This analy
sis only suggests that there is no complex rearrangement. 
Y AC clones 4565 and 4690 were tested by FISH to nor
mal metaphase chromosomes. They were localized on 
band Xq13.1 and Xqll-12, respectively, without cyto
genetic evidence of chimerism. These Y ACs were hybrid
ized to the patient's chromosomes. The Y AC clone 4565 
showed specific signals on the normal X chromosome and 
the derivative chromosome 12, placing this Y AC distal to 
the translocation breakpoint on band Xq 11. Y AC 4690 
showed signals on the normal X chromosome and on both 
the der(X) and the der(12) chromosomes (fig. 2) indicat
ing that this Y AC clone spans the breakpoint on Xq 11. By 
CCD camera visualization, the probe signal measurement 
revealed that the signal on der(12) is at least 3 times stron
ger than that on der(X). These data suggest that the break
point is located approximately 300 kb from the centro
meric Y AC' extremities (Y AC 4690 is approximately 
850 kb in size). More than 100 Y AC 4690-specific cosmid 
clones have been obtained by subcloning Y AC inserts into 
a cosmid vector. Eleven cosmids were analyzed by FISH 
to patient chromosomes. All cosmids were localized on 
Xq 11 band of the normal X chromosome. Seven of them 
showed a signal on the der(12) chromosome and four 
hybridized to the der(X) chromosome. 

X inactivation studies based on an R-banding pattern 
produced by the incorporation of BrdU after cell synchro
nization made it evident that the patient's normal X chro
mosome was late replicating and the der(X) chromosome 
earlier replicating in all cells analyzed (data reviewed but 
not shown). 

Discussion 

Balanced X-autosome translocations have been suc
cessfully used to identify genes involved in several X
linked diseases. In this study, we report a molecular cyto
genetic investigation of an X;12 translocation associated 
with a nonspecific mental retardation as the first step in 
identifying a potential gene involved in this phenotype. 
Although it is difficult to rule out an involvement of the 
chromosome 12 breakpoint or a spreading of inactivation 
on the autosome, we thought it reasonable to focus first on 
the X chromosome breakpoint. As a direct approach 
towards cloning the t(X;12) (qll;qI5) breakpoint, we 
have used Y AC clones as probes for FISH analysis. Our 
results show that Y AC clone 4690 spans the Xq break
point of a balanced (X; 12) translocation observed in a 
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female patient with mild mental retardation. The other 
clone tested was localized distal to the breakpoint on Xq. 
These data suggest that the genomic critical region in
volved in nonspecific mental retardation observed in this 
patient is within YAC clone 4690. 

This 850-kb Y AC has been shown to contain the 
PGKIPl, DXSI33, and DXS159 loci. Recently, EPLG2, 
a high-affinity binding protein for a member of the eph 
family of receptor tyrosine kinases (Elk), has also been 
localized in this YAC clone [14]. Elk is expressed only in 
brain and testis of the developing and adult rat, and the 
interaction of elk with its ligand(s) has been suggested to 
playa role in the development or maintenance of the ner
vous system. According to Fletcher et aI., [14], EPLG2 
maps distal to PGKIP1. Therefore, ELPG2 was investi
gated as a candidate gene for the condition observed in 
this female. However, EPLG2 appears to be distal to the 
breakpoint on Xq. FISH analysis using cosmid clones 
containing ELPG2 gene produced fluorescent signals on 
the normal X chromosome and on the der/(12) (data not 
shown); these results strongly suggest that ELPG2 is not 
disrupted by the breakpoint. 

Fine a mapping of the breakpoint region using pulse 
field gel electrophoresis and a cosmid contig covering the 
breakpoint region is currently being assembled using 
DNA probes corresponding to cosmid ends. STSs flank
ing the X-breakpoint will be generated and used to look 
for micro deletions by PCR in about 200 unrelated non
fragile X mental retardation [15]. Also, the cosmid contig 
covering the breakpoint will be used to search for ex
pressed sequences and genes. 

Bienvenu et al. 



References 

Verkerk AJM, Pieretti M, Sutcliffe JS, Fu YH, 
Kuhl DPA, Pizzuti A, Reiner 0, Richards S, 
Victoria MF, Zhang F, Eussen BE, Van Om
men GJB, Blonden LAL, Riggins GJ, Chastain 
JL, Kunst CB, Galijaard H, Caskey CT, Nelson 
DL, Oostra BA, Warren S: Identification of a 
gene (FMR-I) containing a CGG repeat coinci
dent with a breakpoint cluster region exhibiting 
length variation in fragile X syndrome. Cell 
1991;65:905-914. 

2 Knight SJI, Flannery AV, Hirst MC, Campbell 
I, Christodoulou Z, Phelps SR, Pointon J, 
Middleton-Price HR, Barnicoat A, Pembrey 
ME, Oostra BA, Bobrow M, Davies KE: Trinu
cleotide repeat amplification and hypermethyl
ation of CpG islands in FRAXE mental retar
dation. Cell 1993;74:127-134. 

3 Gecz J, Gedeon AK, Sutherland GR, Mulley 
JC: Identification of the gene FMR2, associat
ed with FRAXE mental retardation. Nature 
Genet 1996; 13: 105-108. 

4 Vits L, Van GC, Coucke P, Fransen E, De BK, 
Reyniers E, Korn B, Poustka A, Wilson G, 
Schrander-Stumpel C, Winter R, Schwartz C, 
Willems P: MASA syndrome is due to muta
tions in the neural cell adhesion gene L1 CAM. 
Nature Genet 1994;7:408-413. 

X; 12 Translocation in a Female with Mild 
Mental Retardation 

5 Gibbons RJ, Picketts DJ, Higgs DR: Syndro
mal mental retardation due to mutations in a 
regulator of gene expression. Hum Mol Genet 
1995;4: 1705-1709. 

6 Suthers GK, Turner G, Mulley JC: A non-syn
dromal form of X-linked mental retardation 
(XLMR) is linked to DXSI4. Am J Med Genet 
1988;30:485-491. 

7 Gedeon A, Donnelly A, Mulley J, Kerr B, 
Turner G: How many X-linked genes for non
specific mental retardation (MRX) are there? 
Am J Med Genet 1996;64:158-162. 

8 Trifiro M, Gottlied B, Pinsky L, Kaufman M, 
Prior L, Belsham DD, Wrogemann K, Brown 
CJ, Willard HF, Trapman J, Brinkmann AO, 
Chang C, Liao S, Sergovich F, Jung J: The 56/ 
58 kDa androgen-binding protein in male geni
tal skin fibroblasts with a deleted androgen 
receptor gene. Moll Cell Endocrinol 1991;75: 
37-47. 

9 Davis H, Hughes I, Patterson M: A possible 
locus for X-linked nonspecific mental retarda
tion identified in two subjects with androgen 
insensitivity syndrome and mental retardation. 
Eur J Hum Genet 1996;4(SI):91. 

10 Romana SP, Tachdjian G, Druart L, Cohen D, 
Berger R, Cherif D: A simple method for pre
natal diagnosis of trisomy 21 on uncultured 
amniocytes. Eur J Hum Genet 1993;1:245-
251. 

II Cherif D, Romana S, Der-Sarkissian H, Jones 
C, Berger R: Chromosome painting in acute 
monocytic leukemia. Genes Chromosom Can
cer 1993;6:107-112. 

12 Evans GA, Lewis KA, Rothenberg BE: High 
efficiency vectors for cosmid microcloning and 
genomic analysis. Gene 1989;79:9-20. 

13 CherifD, Julier C, Delattre 0, DerreJ, Lathrop 
GM, Berger R: Simultaneous localization of 
cosmids and chromosome R-banding by fluo
rescence microscopy: Application to regional 
mapping of human chromosome II. Proc Nat! 
Acad Sci USA 1990;87:6639-6643. 

14 Fletcher F, Huebner K, Shaffer LG, Fairweath
er ND, Monaco AP, Muller U, Druck T, So
moneaux DK, Chelly J, Belmont JW, Beckman 
MP, Lyman SD: Assignment of the gene 
(EPLG2) encoding a high-affinity binding pro
tein for the receptor tyrosine kinase Elk to a 
200-kilobasepair region in human chromo
some Xq12. Genomics 1995;25:334-335. 

15 Billuart P, Vinet MC, Des Portes V, Llense S, 
Richard L, Moutard ML, Recan D, Bruls T, 
Bienvenu T, Kahn A, Beldjord C, Chelly J: 
Identification by STS PCR screening of a mi
crodeletion in Xp21.3-22.1 associated with 
non-specific mental retardation. Hum Mol 
Genet 1996;5:977-979. 

Eur J Hum Genet 1997;5: 105-109 109 




