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Abs t rac t  We report cytogenetic and molecular investiga- 
tions performed in two cases of  mosaic trisomy 8 com- 
bined with mosaic sex chromosome aneuploidy. In a 35- 
year-old female, presenting with short stature, gonadal dys- 
genesis, and a multiple congenital anomalies/mental retar- 
dation syndrome typical of  trisomy 8, chromosome analy- 
sis from peripheral lymphocytes showed the presence of 
three cell lines, whose karyotypes were 45,X (59.2%), 
46,X,+8 (1.2%), and 47,XX,+8 (39.6%), respectively. 
The same cell lines were found in a skin fibroblast cul- 
ture, though in different proportions. The second patient, 
a 9-month-old male with multiple skeletal abnormalities, 
showed a 47,XY,+8 and a 47,XXY cell line in both pe- 
ripheral lymphocytes (61.7% and 38.3%, respectively) 
and skin fibroblasts (92.8% and 7.2%, respectively). To 
determine the events underlying the origin of  these com- 
plex karyotypes we performed Southern blot and poly- 
merase chain reaction (PCR) analysis using polymorphic 
DNA markers from the X chromosome and from chromo- 
some 8. Both supernumerary chromosomes 8, and, in case 
2, the two X chromosomes, appeared to be identical, lack- 
ing detectable recombination events. We conclude that, in 
both cases, the most likely mechanism underlying the ori- 
gin of the mosaic cell lines was formation of a normal zy- 
gote, followed by mitotic errors during early divisions. 
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Introduction 

The mechanisms underlying the origin of numerical chro- 
mosome abnormalities in man vary according to the type 
of aberration. Nondisjunction leading to autosomal and 
gonosomal trisomies usually occurs during meiosis, more 
frequently at the first meiotic division in the maternal 
germline (Hassold 1986; Antonarakis et al. 1991; Jacobs 
et al. 1988; Antonarakis et al. 1992). On the other hand, 
gonosomal monosomy frequently involves loss of the pa- 
ternal sex chromosome (Zinn et al. 1993). 

The simultaneous presence of two different numerical 
abnormalities in the same individual is a rare event. The 
supernumerary chromosomes may be present in the same 
cell line, consequent upon a double nondisjunction event 
in a single parent or fertilization of an aneuploid oocyte 
by an aneuploid sperm. In other cases, two abnormal cell 
lines, one of which is directly derived from the other by a 
postzygotic event, may be present in the same individual 
(e.g., one line with tr isomy 21 and another line with 
48,XXY,+21 karyotype). Finally, and even more rarely, 
two apparently unrelated aneuploid cell lines may coexist. 
In such cases it is very hard to trace the sequence of  
causative events by pure speculation, since several alter- 
native mechanisms can be proposed. 

Ascertainment of  two exceptional cases of  double mo- 
saic aneuploidy with trisomy 8 and gonosomal imbalance 
allowed us to study the stages of  nondisjunction and/or 
anaphase lag by Southern blotting and the polymerase 
chain reaction (PCR). We were able to reconstruct a hy- 
pothetical sequence of events, finding that in both cases 
the most likely explanation was a series of  post-zygotic 
errors. 
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Subjects, materials and methods 

Case reports 

Case I 

The patient (Fig. 1) came to our observation at the age of 35 years 
owing to mental retardation and multiple congenital anomalies. 
She was the third daughter of healthy, unrelated parents (father 39, 
mother 35 years of age at the time of her birth). Birthweight was 
3750 g. She had menarche at 13 years of age, but menses stopped 
1 year later. At the time of examination, head circumference 
(OFC) was 53 cm (3rd-50th centile), height 143 cm (< 3rd centile), 
and weight 31.5 kg (< 3rd centile). Physical examination showed 
an elongated face and cranio-facial asymmetry with high forehead, 
exophthalmos, bulbous nose, everted lower lip, micrognathia, ab- 
normal ears, high-arched palate, a corneal opacity in the upper por- 
tion of the left eye, multiple nevi, and kyphoscoliosis. Her fingers 
were long and knotty and showed camptodactyly of digits 4 -5  and 
clinodactyly of digit 3 on right, and camptodactyly of digit 2 on 
left. Dermatoglyphics were: t, ab, L" A L u L L' U' (right); t, abcd, A 
A A L u W (left). The nails and the skin of the toes were dystrophic 
owing to diabetic neuropathy. The distal phalanges of toes 3-5 
were medially deviated bilaterally, and there was camptodactyly of 
the 2rid toe bilaterally. External genitalia and breasts were hy- 
poplastic. Skeletal roentgenograms showed kyphoscoliosis,  gen- 
eralized osteoporosis and osteomalacia. Pelvic ul trasonography 

demonstrated hypoplastic uterus, streak gonads, bilateral kidney 
malrotation, and duplication of the renal pelvis on the left. Type I 
diabetes was present. 

Case 2 

The patient (Fig. 2) is a 9-month-old male, third child of unrelated 
parents. Birthweight was 3730 g. Bottle-feeding was necessary be- 
cause of poor sucking. At the time of our examination, his weight 
was 6.6 kg (< 3rd centile), length 68 cm (3rd centile), OFC 44.4 
cm (25th centile). He had brachycephaly, sparse hair with abnor- 
mal hairline, prominent and hairy forehead, hypertelorism with 
broad and flat nasal bridge, antimongoloid eye slant with bilateral 
inverse epicanthal folds, low-set, abnormally shaped ears with a 
preauricular fistula between tragus and antitragus on the left, high- 
arched palate, short upper lip and lingual frenula, hypoplastic 
philtrum, micrognathia, two paramedian parallel furrows on the 
upper lip and one in the middle of the lower lip, skin redundancy 
on the neck and back, chest asymmetry, pectus excavatum, small 
umbilical hernia, presacral dimple, and anteriorly displaced anus. 
The right testis was not palpable. Hands showed proximally set 
thumbs, ulnar deviation of the 2nd and 3rd rays with campto- 
dactyly of the 4th ray on right, and ulnar deviation with apparent 
brachydactyly of the 3rd ray and clinodactyly of the 5th ray on left. 
Palmar creases were deep and abnormal bilaterally; the 3rd inter- 
phalangeal flexion creases on left and the 5th on right were absent. 
Dermatoglyphics were: t ' , L L' L u p U  pL u L u (right); t ' ,  L u L r W W 
W (left). Cutaneous syndactyly of the 2nd and 3rd toe with hy- 
poplasia of the 2nd metatarsus was present bilaterally. Clino- 
camptodactyly of the 5th toe was present on left. 

Cytogenetic and molecular methods 

Trypsin-Giemsa and 5-bromodeoxyuridine reverse banding were 
performed on stimulated peripheral blood lymphocytes and skin fi- 
broblasts following conventional techniques. Chromosome 8 and 
X-chromosome polymorphisms were investigated by Southern 
blotting or by PCR. Loci DXS1, DXS3, DXSI 1, DXSI5,  DXS52, 
DXS 159, DXS278, PGK l, D8S3, D8S7, and TG were analyzed by 
Southern blotting followed by hybridization to 32P-labeled probes 
(Feinberg and Vogelstein 1983). All other loci were investigated 
by PCR, using genomic DNA (50-100 ng) extracted from total pe- 
ripheral leukocytes for amplification. For short tandem repeat 
polymorphisms, a 35S end-labeled primer was added to the PCR 
mixture, and amplified fragments were separated by denaturing 
polyacrylamide gel electrophoresis and visualized by autoradio- 
graphy. A Hindl l l  restriction fragment  length polymorphism 
(RFLP) at the F8C locus and a Bgll RFLP at the TIMP locus were 
detected by ethidium bromide staining of the agarose gel after en- 
zymatic digestion of the PCR products. The cytogenetic map loca- 
tion of probes and primers used in this study is shown in Table 1. 
Detailed information regarding these DNA markers can be found 
in the Genome DataBase and in previous publications (Feener et 
al. 1991; Williamson et al. 1991; Kumar et al. 1992; Rogaev et al. 
1992; Gu et al. 1993; Sleddens et al. 1993; Thomas and Drayna 
1993; Ward et al. 1993). Additional hypervariable loci mapping to 
chromosomes 2, 6 and 12 were tested by PCR in case 2 and his 
parents to determine whether the mosaicism could be consequent 
upon the formation of a chimeric embryo. 

Fig. l Patient I at age 35 years 

Fig.2 Patient 2 at age 9 months 

Results 

In  ca se  1, c h r o m o s o m e  a n a l y s i s ,  p e r f o r m e d  o n  2 5 0  m e t a -  
p h a s e s  f r o m  p e r i p h e r a l  l y m p h o c y t e s ,  s h o w e d  the  p r e s e n c e  
o f  t h r e e  d i f f e r e n t  cel l  l ines ,  w h o s e  k a r y o t y p e s  w e r e  4 5 , X  
(148 cells;  59 .2%) ;  4 6 ,X ,+8  (3 cells;  1 .2%);  and  4 7 , X X , + 8  
(99  ce l l s ;  3 9 . 6 % ) ,  r e s p e c t i v e l y .  T h e  s a m e  ce l l  l i n e s  w e r e  
f o u n d  in a s k i n  f i b r o b l a s t  c u l t u r e  ( 1 0 8  ce l l s  a n a l y z e d ) ,  
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Table 1 List and location of 
X-chromosome (a) and chro- 
mosome 8 (b) polymorphic 
loci tested 

a 

Cytogenetic Locus Probe a 
location symbol 

Xp22.3 DXS278 CRI-$232 
Xp21.2 DMD 
Xpl 1.23-pl 1.3 TIMP 
Xpl 1.21 DXS14 p58-1 
Xql 1.2~tl 2 DXS 1 p8 
Xql 1~112 AR 
Xq 13 DXS 159 cpX289 
Xq 13.3 PGK 1 pXPGK-R 10.9 
Xq21~t22 DXS456 
Xq22 DXS3 19-2 
Xq24-q25 DXS 11 p22-33 
Xq24-q26 DXS424 
Xq26.1 HPRT 
Xq27.3 DXS548 
Xq27.3~t28 DXS 1113 
Xq28 F8C 
Xq28 DXS52 Stl4 
Xq28 DXS15 DX13 

b 

Cytogenetic Locus Probe a 
location symbol 

a Only probes used for South- 
ern blotting are listed 

8p23-pter D8S201 
8p23 D8S7 pSW50 
8p22-cen D8S339 
8p21 NEFL 
8p12 D8S87 
8p D8S307 
8cen~t 13 PENK 
8ql 1-q22 D8S88 
8q13 CRH 
8q21~122 D8S85 
8q23-qter D8S 199 
8q23~lter D8S 198 
8q24 TG pCHT 16/8.0 
8q24 MYC 
8 D8S3 86B 

Table 2 Results of molecular analysis in family 1. Loci are listed 
according to their relative chromosomal order from pter to qter. 
Genotype numbers represent the different alleles at a specific lo- 
cus, a chromosome X, b chromosome 8 

Locus on X Genotypes 
chromosome 

Proband Father Mother 

DMD 1/2 1 2/2 
AR 1/3 3 1/2 
DXS424 1/2 1 2/2 
F8C 1/2 l 1/2 
DXS52 1/2 2 1/2 

Locus on Genotypes 
chromo- 
some 8 Proband Mother Father 

D8S201 1/1/1 1/1 l/1 
D8S339 1/1/1 1/1 1/1 
NEFL 1/1/2 or 1/2/2 2/2 l/2 
D8S87 2/2]4 or 2/4/4 3/4 l/2 
D8S307 2/2/2 2/2 1/2 
PENK 1/1/2 or 1/2/2 1/1 l/2 
D8S88 1/1/1 1/2 1/1 
CRH 1/1/4 or 1/4/4 1/2 3/4 
D8S 85 2/2/2 2/2 1/2 
D8S199 1/l/3 or 1/3/3 2/3 1/2 
D8S 198 3/3/3 2/3 1/3 
TG 1/l/1 1/1 1/1 
MYC 2/2/3 or 2/3/3 1/3 2/4 

where the proportions of  cells with 45, 46, and 47 chro- 
mosomes  were 34.2% (n = 37), 14.8% (n = 16), and 
50.9% (n = 55), respectively. 

As expected, analysis of  X-chromosome polymor-  
phisms tested in case 1 and her parents demonstrated the 
presence of  both a paternal and a maternal allele at all loci 
tested (Table 2 a). In the proband, the intensity of  the pa- 
ternal allele was consistently lower than the maternal one 
(Fig. 3), paternal band intensity being approximately 3 0 % -  
40% of  the maternally derived one. However,  given the 
caveats inherent in dosage estimation o f  PCR products in 
mosaic tissues, and also considering that the relative pro- 
portions o f  the different cell lines in dividing lympho-  
cytes, used for cytogenetic analysis, might  not be the 
same in whole white blood cells, used for molecular  
analysis, this information was disregarded for the purpose 
of  determining the parental original of  the aneuploidies in 
this study. 

Case 1 was homozygous  at three and heterozygous at 
ten chromosome 8 loci tested (Table 2 b). Representative 
autoradiograms of  PCR products are shown in Fig.4.  At 
five o f  these loci (D8S87, CRH, D8S199,  D8S198 and 
MYC) four or three different alleles were recognized in 
the parents, but only two or one in the proband. Genotyp-  
ing results at loci D8S307 and D8S85 could be considered 
informative only if two maternal chromosomes  8 were 
present in the 47,XX,+8 cell line, in which case the 
proband should have inherited two copies of  the same ma- 
ternal allele. Likewise, homozygos i ty  at locus D8S88 in 
the proband indicates that, if the extra chromosome were 
paternal, she would possess two identical copies of  pater- 
nal allele 1. Thus, the combined data from all chromo-  
some 8 loci, which demonstrated reduction to homozy-  
gosity in the 47,XX,+8 cell line, indicate that the error had 
occurred either at meiosis II or postzygotically. 
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Fig.3 Case 1. Autoradiogram 
showing genotypes at the X- 
linked AR locus 

F ig .4a -c  Case 1. Chromo- 
some 8 polymorphisms: 
a NEFL, b D8S85 and e MYC 
loci 

Table 3 Results of molecular analysis in family 2. Loci are listed 
according to their relative chromosomal order. Genotype letters 
and numbers indicate the different alleles at a single locus, a Chro- 
mosome X, b chromosome 8 

Locus on X Genotypes 
chromosome 

Proband Father Mother 

DXS278 B/B C A/B 
DMD 2/2 3 1/2 
TIMP 1/1 1 1/2 
DXS 14 2/2 1 1/2 
DXSI 1/1 1 1/1 
AR 1/1 1 1/2 
DXS159 1/1 2 1/1 
PGK1 1/I 1 1/1 
DXS456 1/1 1 1/2 
DXS3 1/1 2 1/2 
DXS 11 1/1 1 1/2 
DXS424 1/1 1 1/1 
HPRT 1/1 2 1/3 
DXS584 1/1 2 1/3 
DXSI113 1/1 1 1/2 
F8C 1/1 1 1/1 
DXS52 2/2 2 1/2 
DXS15 1/1 2 1/1 

Locus on Genotypes 
chromo- 
some 8 Proband Father Mother 

D8S7 1/1/1 1/2 1/1 
D8S339 1/1/1 1/2 1/2 
NEFL 1/1/2 or 1/2/2 1/2 1/1 
D8S 87 2/2/2 1/2 1/2 
D8S307 3/3/4 or 3/4/4 2/4 l/3 
PENK l/1/1 1/1 1/2 
D8S88 2/2/3 or 2/3/3 3/4 1/2 
CRH 1/1/3 or 1/3/3 1/2 2/3 
D8S85 1/1/2 or 1/2/2 2/2 1/2 
D8S 199 1 / 1/2 or 1/2/2 2/3 1/3 
D8S 198 2/2/3 or 2/3/3 1/2 3/4 
TG 1/1/2 or 1/2/2 2/2 1/2 
MYC 2/2/3 or 2/3/3 2/4 1/3 
D8S3 1/1/1 1/1 1/l 

Cytogenet ic  analysis  in case 2 showed a 47,XY,+8 and a 
47 ,XXY cell l ine in both peripheral  lymphocytes  (61.7% 
and 38.3%, respectively;  140 cells examined)  and fibrob- 
lasts (47,XY,+8, 92.8%; 47,XXY, 7.2%; 70 cells examined) .  

Al l  X - c h r o m o s o m e  in fo rma t ive  loci tested showed  the 
p resence  o f  a s ingle  ma te rna l l y  der ived  al lele (Table  3 a, 
Fig.  5). Of  the ten in fo rma t ive  c h r o m o s o m e  8 markers  
(Table  3, Fig.  6), e ight  (D8S339 ,  D8S87 ,  D8S307 ,  D8S88,  
CRH,  D8S199 ,  D8S198 ,  M Y C )  demons t r a t ed  the pres-  
ence  of  two ident ica l  copies  of  the same al lele ( reduc t ion  
to h o m o z y g o s i t y )  in the 47 ,XY,+8 cell  l ine,  i ndependen t l y  
of  the parenta l  or ig in  of  the s u p e r n u m e r a r y  c h r o m o s o m e  
8. Ident ica l  conc lus ions  cou ld  be d r awn  for loci D8S7 and  
P E N K ,  but  on ly  in the case of  pa terna l  or ma te rna l  de- 
r iva t ion  o f  the addi t iona l  c h r o m o s o m e  8, respect ively.  
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Fig.5a-c Case 2. X-chromosome polymorphisms: a DXS278, b 
DMD and c DXS14 loci. A, B, C, and Y in a indicate the two ma- 
ternal haplotypes (A, B), the paternal X-chromosome haplotype 
(C), and invariant fragments mapped to the Y chromosome (Y), re- 
spectively 

PCR analysis of  additional autosomal polymorphisms 
demonstrated the presence o f  a single paternal and a sin- 
gle maternal allele at each tested locus (Table 4). 

Discussion 

Constitutional mosaic ism resulting from sex chromosome 
aneuploidy and autosomal trisomy, specifically trisomy 8, 
is an extremely rare event. The first case, a female with 
4 5 , X / 4 6 , X X / 4 7 , X X X / 4 7 , X X , + 8  mosaic i sm,  was de- 

Table 4 Genotypes of family 2 at hypervariable autosomal loci 

Locus Map location Genotypes 

Proband Father Mother 

D2S44 2p 2-3 1-2 3 4  
F 13A 1 6p24-p25 1-3 3-4 1-2 
F8VWF 12p 12-pter 2-3 1-2 1-3 

scribed by Gafter et al. (1976), who interpreted the cyto- 
genetic results as evidence o f  post-zygotic mitotic nondis- 
junction. Tegenkamp et al. (1980) reported on a 45,X/  
48,XXY,+8 post-term infant with a streak gonad on the 
right and testicular tissue on the left, as well as other 
anomalies. Hoovers  et al. (1989) described a 47,XY,+8/ 
48 ,XXYY karyotype in a man of  normal intelligence with 
neurological abnormalities. Finally, Schofield et al. (1992) 
reported on a double mosaic aneuploidy 45,X/47,XY,+8 
in a male infant with abnormal genitalia. Both previous 
and present cases showed phenotypic manifestations char- 
acteristic o f  both trisomy 8 and of  gonosomal  imbalance. 

Trisomy 8 mosaicism is a relatively c o m m o n  chromo- 
some abnormality with a well-defined phenotype (Riccardi 
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1977), ranging from minimal effects to severe malforma- 
tions (Chandley et al. 1980; Schinzel 1984). This variabil- 
ity probably depends on the distribution of the aneuploid 
cell line in the different tissues (Kurtyka et al. 1988). The 
accompanying cell line usually has a normal chromosome 
complement, which is compatible with the occurrence of 
a meiotic error leading to an aneuploid zygote, followed 
by appearance of a normal cell line due to mitotic nondis- 
junction or anaphase lag during the first post-zygotic divi- 
sions. Two lines of evidence support this hypothesis. First, 
parental age was slightly increased among couples who had 
children with mosaic trisomy 8 (Schinzel 1984). Second, 
nondisjunction of chromosome 8 is a more common event 
than it appears from cytogenetic surveys of liveborn indi- 
viduals, since non-mosaic trisomy 8 is a frequent abnor- 
mality in spontaneous abortions (Bou6 and Bou6 1978). 

The relatively high prevalence of Klinefelter syndrome 
has allowed it to be established with a high level of confi- 
dence that the causative error can occur equally during pa- 
ternal or maternal meiosis (Jacobs et al. 1988; Lorda- 
Sanchez et al. 1992). 

The origin of X monosomy in Turner syndrome is 
more difficult to ascertain. Meiotic errors could be in- 
volved in the majority of cases, but it has also been pro- 
posed, in consideration of the high prenatal lethality of 
45,X fetuses, that there is no 45,X livebom without mo- 
saicism for a normal cell line (Zinn et al. 1993). In such 
cases the zygote would probably start with a normal kary- 
otype, followed by early somatic loss of one X chromo- 
some. 

On the other hand, mosaicism for two abnormal, ap- 
parently unrelated, cell lines, as observed in the two indi- 
viduals reported in the present study, requires at least two 
independent errors. Though unlikely, both of these could 
occur in two different germ cells during meiosis, and in 
such a case the resulting offspring would be a chimera. 
Other possibilities include a combination of meiotic and 
mitotic errors or, alternatively, a series of somatic events 
(with loss of karyotypically normal lines). 

In case 1, molecular analysis was indicative of a mi- 
totic error in 47,XX,+8 cells, since in no instance was re- 
tention of heterozygosity for polymorphic markers span- 
ning chromosome 8 observed. Although we did not exam- 
ine polymorphic alpha-satellite markers to investigate the 
origin of chromosome 8 centromeres, it has been shown 
that such analysis can be omitted with little consequence 
on the significance of the results, provided that markers 
sufficiently close to the centromere are investigated (Robin- 
son et al. 1993). Case 1 also had a low proportion of cells 
with a 46,X,+8 karyotype, intermediate between the two 
major lines. While loss of an X chromosome in 1.2% pe- 
ripheral lymphocytes is not an unusual finding among 
adult females, the proportion of pseudodiploid cells in 
skin fibroblasts was considerably above normal levels rel- 
ative to the age of the patient. In view of the presence of 
this cell line, a plausible sequence of events, implicating 
the occurrence of two asynchronous somatic errors, is the 
following: (1) normal 46,XX zygote; (2) early somatic 
nondisjunction of chromosome 8 (possibly at zygote divi- 

sion), with loss of the non-viable monosomic cell line, 
and persistence of a single 47,XX,+8 line; (3) loss of an X 
chromosome by anaphase lag or nondisjunction (in the 
latter case a 48,XXX,+8 product should have been formed, 
and subsequently eliminated) with formation of a 46,X,+8 
line; (4) further anaphase lag or nondisjunction, this time 
involving chromosome 8, and appearance of 45,X cells. 
Again, nondisjunction would require the presence of the 
reciprocal product, which should be simultaneously tetra- 
somic for chromosome 8 and monosomic for chromosome 
X, presumably a non-viable combination. Similarly, the 
low proportion of 46,X,+8 cells, which are aneuploid for 
two different chromosomes, may be explained by their 
relatively low viability compared with the other two lines. 
A higher proportion of 46,X,+8 cells was found in skin fi- 
broblasts. This finding is in accordance with previous ob- 
servations indicating that the trisomic line is overrepre- 
sented in fibroblasts relative to lymphocytes in subjects 
that are mosaic for trisomy 8 (Schinzel 1984). We also 
found a higher proportion of 47,XX,+8 and 47,XY,+8 
cells in skin fibroblasts of patients 1 and 2, respectively. 

On the other hand, the results obtained in case 1 are 
also compatible with a meiosis II nondisjunction of chro- 
mosome 8 following achiasmatic meiosis 1, but this is a 
much less likely event, given the genetic length of chro- 
mosome 8. 

In case 2, the presence of not more than two alleles at 
all chromosome 8 loci and of a single allele at all X-chro- 
mosome informative loci investigated indicates that the 
errors must have occurred at meiosis lI or at mitosis in the 
embryo itself, unless two (or multiples thereot) pericen- 
tromeric recombinations took place for each chromosome. 
If  both errors had occurred during meiosis, one possibility 
would be that the individual arose from the fertilization of 
two oocytes, one resulting from a meiosis II error leading 
to gonosomal imbalance, followed by fusion of the two 
zygotes or very early embryos. Such a chimeric individual 
should contain chromosome complements derived from 
two different spermatozoa and two different eggs. This 
could be unraveled by investigation of highly polymor- 
phic loci, for which both parents were heterozygous for 
different alleles. The probability of finding more than two 
alleles at a single autosomal locus, for which at least three 
different alleles are observed in the parents, in the mosaic 
offspring would be equal to 0.75, and the combined prob- 
ability of not detecting chimerism by analysis of four loci 
placed on different chromosomes - that is, chromosomes 
2, 6, 8, and 12 - would be (0.25) 4, or 6.25 x 10 -7. In addi- 
tion, a chimera would receive from a heterozygous mother 
two different alleles at X-chromosome loci with a proba- 
bility of 0.5. Since only two alleles at fully informative 
hypervariable sequences located on chromosomes 2, 6, 8, 
and 12, and a single allele at X-chromosome loci were 
found in patient 2, the hypothesis of chimerism could be 
rejected. The complete lack of detectable recombination 
events suggests that both aneuploid cell lines arose during 
early embryonic development. Both errors could have oc- 
curred at second cleavage division, leading to the forma- 
tion of four aneuploid cells, with 47,XXY, 45,Y, 47,XY,+8, 
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and 45,XY,-8 karyotypes,  respectively, and subsequent  
loss of the monosomic  lines. The possibil i ty that one or 
both nondisjunctions took place during later divisions can- 
not be discarded, since it has been demonstrated that chro- 
mosomal ly  normal  lines may be lost or may persist at low 
levels after the occurrence of mitotic errors (Robinson et 
al. 1994). 

Recently, a somatic origin of chromosome aneuploi-  
dies has been demonstrated in a higher proport ion of cases 
than previously thought on the basis of cytogenetic het- 
eromorphism analysis (Antonarakis  et al. 1993; Robinson  
et al. 1993, 1994). The present double mosaic aneuploids 
make a new addition to this expanding category of mitot- 
ically derived genome mutations.  
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