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The combination of cytogenetic, biochemical, and
family studies for investigation of patients who have
partially deleted chromosomes provides a potential
opportunity to learn what genes were present on the
fragment deleted from the chromosome. In addi-
tion, the genes on its remaining homologue can be
studied in their hemizygous state. The ring
chromosome, an example of a partially deleted
chromosome by the currently accepted mechanism
for ring formation, has lost chromatin from the dis-
tal portion of both its long and short arms (McClin-
tock, 1932).
Of the cases shown to have ring D chromosomes

(Wang et al, 1962; Bain and Gauld, 1963; Turner,
1963; Adams, 1965; Reisman, Darnell, and
Murphy, 1965; Bloom, Gerald, and Reisman,
1967; Gerald et al, 1967; Sparkes, Carrel, and
Wright, 1967; Teplitz et al, 1967; Lejeune et al,
1968; Masterson et al, 1968; Allderdice et al, 1969),
two cases appeared to be hemizygous for the struc-
tural gene for the alpha chain of haptoglobin (Bloom
et al, 1967; Gerald et al, 1967). One locus was
presumed lost during ring formation. In contrast
to these observations, we now report a patient who
had a ring chromosome No. 13 in 3 tissues studied,
but who showed no evidence of loss of a hapto-
globin-gene locus.
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Case Report
This Caucasian female was born 7 August 1964 at 38

weeks gestation, weighing 2300 g. There were no ill-
nesses, drugs, or x-rays during gestation. During the
first few months of life, she had cyanosis, clubbing of the
nails, and suspected tetralogy of Fallot. A left caver-
nous haemangioma, present at birth, grew slowly until
3 months of age when it suddenly enlarged. At that
time she had thrombocytopenia, presumably due to
platelet trapping by the haemangioma. She received a
course of x-ray therapy to the haemangioma which re-
gressed promptly. Her development was delayed.

This was the only child of a mother aged 19 and a
father aged 21 at the child's birth. They have since been
divorced. There was no infertility, miscarriage, or other
significant family history.

Physical examination at 3 years showed a small, re-
tarded girl with microcephaly, epicanthal folds, almond-
shaped eyes, large, structurally normal ears, prominent
nasal bridge, cyanosis, and clubbing of the fingers and
toes. The nipples were hypoplastic (Fig. 1). The
height (87 cm), weight (1050 g) were less than a third
centile. The head circumference (42-5 cm) was pro-
portionately much smaller than body length. Facial
asymmetry and hypoplasia of the left maxillary alveolar
ridge were attributed to x-ray therapy, although facial
asymmetry has been described in the Dq- syndrome
(Allerdice et al, 1969). Findings at cardiac catheteriza-
tion were consistent with tetralogy of Fallot. There was
no craniostenosis. X-rays of bones were normal.
Dermatoglyphic studies revealed a total ridge count of
76, atd angle of 510 on both hands, and slight ulnar dis-
placement of the axial triradius.

Cytogenetic Studies (Table I). Chromosome
analysis on peripheral blood by a modified method of
Moorhead et al (1960) showed 46 chromosomes, only
5 D chromosomes, and a ring chromosome in each of the
73 cells studied. The ring was thought to represent the
missing D chromosome. There were three cells with
45 chromosomes showing random loss of chromosomes.
The ring was quite variable in configuration and size
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I
FIG. 1. Patient, at 3 years of age, showing unusual facies, almond-shaped eyes, epicanthal folds, and prominent nose. The ears were large,
but structurally normal. The digits were clubbed.

from cell to cell (Fig. 2). Autoradiography was done at
the end of 72 hours' incubation using 0-06 AC/ml 3H
thymidine during the last 6 hours of incubation and
colchicine for the last 3 hours (Schmid, 1963). Slides
were coated with liquid photographic emulsion (Kodak
NTB-3) and exposed for 6 days. Cells in which the D
chromosomes were differentially labelled and suitable
for analysis were photographed. After degraining the
emulsion, the cells were re-photographed for comparison
with the autoradiographs.
A discernible labelling pattern was found in 36 cells

which were technically satisfactory for study. Chro-
mosome No. 13, by convention, is the late-replicating,
large acrocentric chromosome in which the late-replica-
tion occurs distally in the long arms (German, 1964;
Yunis, Hook, and Mayer, 1964). In our patient one
such late-labelling D chromosome was found in 35 cells;
whereas, there were two earlier-replicating D chromo-

TABLE I

Peripheral Skin Bone
Blood Culture Marrow

Chromosomes per cell
<46 46 <46 46 <46 46

Cells counted 3 73 20 23 4 23
Cells with 6 normal D chro-
mosomes 0 0 0 0 0 0

Cells with recognizable or
probable ring 3 73 8 23 4 23

somes (No. 15) and two D chromosomes with heavy
labelling in the region of the centromeres and light label-
ling over the long arms (No. 14). A labelling pattern
different from this was found in one cell. In addition,
the ring labelled to nearly the same extent as the normal
No. 13 (Fig. 2). We interpret these findings to indicate
that chromosome No. 13 was present as a ring chromo-
some. The mother's chromosomes were found to be
normal in 25 cells studied. The father was unavailable
for study.

Cells cultured from a skin biopsy were harvested on
the second sub-culture and the chromosomes studied.
There were 46 chromosomes in 23 cells of which 14 had
5 D chromosomes and a recognizable ring and 9 had 5 D
chromosomes but the ring was not clearly identified.
Twenty cells had 45 chromosomes; the ring was present
in 6, absent in 12, and not clear in 2 of these cells. In no
cell were more than 5 normal D chromosomes found.
There were no consistent abnormalities seen other than
the ring chromosome. No cells were found to contain a
normal complement of 46 chromosomes. Cells from
bone marrow were studied after 48 hours' incubation.
There were 23 cells which contained 46 chromosomes
(5 D's and a recognizable or probable ring). Other cells
had the loss of various chromosomes, but a ring was
found in each of the 27 cells studied. In no cell were
more than 5 normal D chromosomes found.
Haptoglobin Studies. Plasma haptoglobin types

were determined using vertical starch gel electrophoresis
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and variation in ring chromosome. As
indicated by autoradiography, one No.
13 chromosome was missing and was
thought to be present as the ring chromo-
some. The ring was quite variable in
appearance from cell to cell.
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for separation of haemoglobin-haptoglc
(Smithies, 1955). After an overnight
staining of the gels identified the haptogl(

In this patient, a pattem was found th
to the usual pattern of heterozygous hi
demonstrating the presence of 2 separs
gene loci. The mother's haptoglobin w
2-2. Studies of additional plasma san
patient and her mother confirmed these fi
were no inconsistencies in other blood
(Table II).

Discussion
Gerald and his coworkers reported

some No. 13 in two patients who apj
to inherit a haptoglobin gene from a
anomalous inheritance of haptoglobin
by the deletion of the gene locus durin
tion. Inheritance of a variant inert
another explanation which could not 1
their first patient (Gerald et al, 1967).
patient inherited a variant weak hap
from the father, but was ahaptoglol
gesting deletion of the maternal gene
1967).

TABLE II
There were negative results for antigens Vw,

Name

Mother of proposita

0

+

0

0

A1
H
A
B

Rhesus:
ID
2C
3E
4c
5e
6f
8Cw

P1

K:
1K
3Kpa
4Kpb

Lea
Leb

M

N
S

s

Lta

Lub

Fya

Jka

Hp

Tf

+

0

+

0

+

0

i 0

+

+

+

+

2-2

C

7-J.M.G.

)bin complexes Our patient with terminal deletions of portions of
run, benzidene chromosome No. 13 had a heterozygous haptoglobin
Dbin complexes. type, thus evidence for the presence of both hapto-
at was identical globin loci. These findings do not support the lossaptoglobin 21, of gene locus hypothesis proposed by Gerald.
ras homozygous Chromosomal mosaicism was considered to explain
nples from the the haptoglobin heterozygosity, but finding no nor-ndingsf There mal cells in the 3 tissues studied made this possi-
groups studied bility less likely. Because of the wide distribution

of the single chromosome abnormality, the absence
of normal cells and the lack of other chromosome
aberrations, it is unlikely that the x-ray given to the

I ring chromo- patient at 3 months of age was responsible for the
parently failed formation of the ring.
parent. The Haptoglobin heterozygosity was reported in a
was explained patient with ring chromosome No. 14 by Sparkes
ng ring forma- et al (1967) and by Coffin and Wilson (1970) in a
t gene offered patient with ring 13 chromosome. A fragment was

be excluded in present in some of the cells of the latter. Bias and
The second Migeon (1967) reported a family in which four mem-

,toglobin gene bers had a telocentric chromosome No. 13 and a

binaemic sug- heterozygous haptoglobin type indicating that the
(Bloom et al, haptoglobin genes were not located on the short

arms of that chromosome.
Additional supportive evidence for the deletion

hypothesis has not been forthcoming. Cook et al
Mg, and Wra. (1969) described a family in which both mother andchild had probable deletion of the long arm of

chromosome No. 13. They showed anomalous
Proposita segregation of haptoglobin types, but similar ano-Proposita

malous segregation was discovered in individuals0
+ with normal karyotypes in another branch of that
+ family leading them to explain their findings on the

basis of a 'silent' haptoglobin allele segregating in
+ the family rather than chromosome deletion. They
0 were not compelled to accept the assignment of the
+ (a-chain haptoglobin locus to chromosome 13 on

the basis of available evidence.o It is possible to reconcile the haptoglobin hetero-
+ zygosity in our patient with 46,XX,13r in the light

of findings which place the haptoglobin loci on
0 chromosome No. 13 by assuming less genetic
+ material to be lost in the formation of the ring
o chromosome in our patient than in patients studied
+ previously. In view of the recent linkage data of
+ Robson et al (1969), a more likely possibility at pre-0
+ sent may be that the haptoglobin locus
o is not located on chromosome No. 13 at all. From a
o large pedigree they found that the Hp-i allele

segregated in coupling with a translocation be-
+ tween chromosome No. 2 and chromosome No. 16.
+ Their findings were supported by data from other
2-1 families with marker 16 chromosomes and offer
c strong evidence that the locus is on chromosome

16.

225



Hollowell, Littlefield, Dharmkrong-at, Folger, Heath Jr, and Bloom

Summary
A patient with tetralogy of Fallot, unusual facies,

mental retardation, and microcephaly is described.
The patient has a ring chromosome 13 in three cell
lines and heterozygosity of haptoglobin genotype.
The findings in the present case do not support the
hypothesis from chromosome deletion mapping that
the haptoglobin locus is on chromosome No. 13.
The poibility should be considered that the hapto-
globin gene is located on a different chromosome
probably No. 16 in view of recent linkage data.

The authors are grateful for the technical assistance of
Sylvia Littlejohn and Mary Beth Orosz. We thank
Mrs Lillie Bruce and Jan Getz for help in preparing the
manuscript.
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