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codon is UUD. Each soluble transfer segment collects a
specific amino acid molecule by chemical linkage at the
ACC end; tlus linkage is attained by means of specific
activating transfer enzymes so that cells should contain 20
different kinds of the latter. The amino acid is then trans
ported to the template RNA on the ribosome and is there
unloaded, as follows: The t-RNA hooks on to the correct
codon of the m-RNA template by means of the comple
mentary pairing properties of its 3 central bases so that
the amino acid is now suspended at the correct point in
the growing protein chain, lying adjacent to another amino
acid which is suspended in a sinIilar way; the 2 amino
acids are now linked by a peptide bond. In this way the
polypeptide chain is assembled while the transfer RNA
molecules are detached to repeat their function.

It IS not yet known where t-RNA is produced; it may
be replicated on the DNA helix or may be produced by
the nucleolus which is a store of RNA in the nucleus.
Neither are the functions of the other bases in t-RNA
known; it may be that they form a chemical pattern which
is recognized by the activating enzyme so that only the
correct amino acid is collected. The picture of the decoding
of genetic information is then the following: At-RNA
picks up a particular amino acid and carries it to the
assembly line, which consists of a template m-RNA strand
stabilized on a ribosome, the complementary codons of
transfer, and messenger RNA pair, and the amino acid is
suspended in line with others adjacent on either side to
which it is linked by peptide bonds; the t-RNA molecules
are then detached.

THE OPERON

A problem which arises in visualizing the coding and
decoding systems is the question of when a gene, which is
a section of the DNA chain, will initiate or end its cycle
of functioning. An interesting theory9 has been advanced
to elucidate this problem. The synthesis of specific proteins
may be induced or suppressed under the influence of
external agents. Such influences could be due to chemical
operations which control the rate of transfer of informa
tion from the gene to the protein and may thus affect this
process at the genic and cytoplasmic levels. The new con
cept is that while the structural gene forms a cytoplasmic
transcript in the m-RNA strand, an adjacent operator gene
is present which coordinates the activity of the structural
gene (perhaps several different structural genes). This
coordination is achieved through the operator combining
specifically and reversibly with a substance which has a
complementary structure, and this combination blocks the

formation of m-RNA. Such a cluster of genes, structural
and operator, is called an operon.

The specific repressor is synthesized by a regulator gene
which need not be adjacent te> the operon. In an inducible
enzyme system, for example, the repressor may combine
with certain !>maU molecules such as the substrate used
for the enzyme, so that it then has no affinity for the
operator resulting in the activation of the operon, i.e.
m-RNA is produced. In a repressible enzyme system the
repressor is inactive and is activated only by combination
with certain molecules, perhaps a metabolite of the
product, so that if there is sufficient of the latter the operon
will be inhibited and further production of m-RNA will
stop. This whole system has been demonstrated to work
in the case of the enzyme galactase in the colon bacillus.

The whole complex system of enzyme or protein
synthesis is vulnerable to modification at various levels.
The genic or DNA code may change owing to a mutation
which could result from miscopying during its reproduc
tion, and n:sult in a mutant gamete at the hereditary level
or a mutant cell at the somatic level; the latter could
initiate the growth of a mosaic patch of cells. A pleiotropic
effect may follow the mutation of an operator gene and, by
affecting several structural genes of the operon, cause a
syndrome of effects in an offspring, if it happened in a
gamete. A phenocopy is an abnormality which resembles
the effects of a mutation, but is not heritable since the
specific gene has not mutated, but has only had its function
modified; this may well b:o: due to particular external
factors involvmg the cytoplasmic functioning of the operon
and its regulator gene.
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Several autosomal chromosome translocations have been
reported. These generally involve 2 acrocentric chromo
somes. Translocations have been described between group
13 - 15 and 21 - 22 as well as translocations between indivi
dual members of these 2 groups. It is less common to find

translocations involving an acrocentric and a non-acrocen
tric chromosome.

The subject of this report presents with some of the
physical stigmata of the D trisomy and with a large BID
translocation chromosome.
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CLINICAL SUMMARY

The patient, a 35-year-old female, has been an inmate of the
Witrand Mental Institution since 1937. The mother had been
in poor health during her fourth pregnancy. Quinine tablets
were taken in the first trimester for suspected malaria, and a
threatened abortion, at that time, was treated by her medical
practitioner. A baby, weighing 6 lb., was delivered normally.
Several anomalies of the baby were noted at birth: a cleft
palate, a hare-lip, with part of the upper lip attached to the
nose, and eyeless orbits. The attachment of the lip to the nose
was surgically corrected. Five other siblings, 2 of whom were
born after the patient, were outwardly normal. There were no
abortions or stillbirths. It was not possible to obtain blood for
chromosome analysis from either the mother or any of the
siblings.

Physical examination revealed a deaf and severely mentally
retarded adult female, who was difficult to examine. Her
height was 57 inches, span 56 inches and head circumference
20 inches. The physiognomy was striking: the vault of the
skull was somewhat flattened, the orbits were eyeless, the nose
broad and flat, and the ears malformed and a little low-set. A
complete bilaterally cleft lip and cleft palate were present
(Fig. 1). There were normal secondary sex characters and no
cardiac anomaly could be detected clinically. There was
webbing between phalanges 3 and 4, running up to the proxi
mal interphalangeal joints (Fig. 2) and between toes 2 and 3.

Figs. 1 and 2. See text.

'Rockerbottom' feet were not present. The palmar creases
tended to be horizontal. The muscle tone was normal and
there was no hyperextensibility of joints. Angiomata were not
observed. The blood count was normal and buccal smears
showed a chromatin-positive status.

CITOLOOICAL SI1JDIES

Peripheral blood leukocyte cultures were prepared on 3 sepa
rate occasions, using a modification of the technique of Moor
head et al.l Fifty cells were counted and the great majority
contained 45 chromosomes.

(Figs. 3 and 4). The characteristics of this large chromosome
are explicable on the basis of a translocation, probably be
tween chromosomes 4 and 15. The cells analyzed showed no
other abnormality.

Fig. 3. Chromosomes as seen at metaphase.

Fig. 4. Karyotype of metaphase seen in Fig. 3. Missing chromosomes
!'lO. 4 and no. 15 are represented by dots.

Each cell counted exhibited a large abnormal chromosome.
Detailed analyses of 5 cells were carried out and karyotypes
prepared. In each case a chromosome of the B group was
missing, as was a chromosome of the D group.

The abnormal chromosome was the largest in any individual
cell examined and demonstrated a submedian centromere. The
upper arms of this chromosome resembled the upper arms of
the chromosomes in the B group, and the length of the
abnormal chromosome was approximately that of the com
bined lengths of the missing chromosomes. Occasionally the
chromosomes showed a secondary constriction slightly more
than half-way down the length of the long arm. The features
are well demonstrated in the metaphase plate and karyotype

Number of chromosomes
Number of cells

Chromosome counts
<43 43 44 45 46 47

2 1 2 45 - -
DISCUSSION

Essentially our patient exhibits many of the congenital
stigmata of the 13 - 15 trisomy syndrome, as summarized
by Lubs et aP Cytologically, there is a modal chromosome
count of 45 and a large B / D translocation chromosome.
These findings pose several problems of interpretation, and
a number of possibilities suggest themselves in attempting
to link the clinical features with the cytological findings.

The first, and most likely, explanation is fhat the
physical abnormalities are due to a reciprocal transloca
tion, with loss of the terminal section of the B, as well as
the centric region of the D chromosome. Despite the rule
of conservation of telomeres, it is possible that simple
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translocation has occurred. However, phenotypically nor
mal translocation carriers are well documented. It may be
that this is due to the fact that smaller amounts of genetic
material are usually lost in such translocations between
acrocentric chromosomes, as compared with the larger
amounts probably involved in our case-where a state of
'partial monosomy' can therefore be conceived of. Also,
altered gene sequence (position effect) may play an additive
part.

Secondiy, a three-break rearrangement (i.e. shift trans
location, insertion or partial trisomy) which is microscopic
ally undetectable, seems to be less likely.

A mosaic constitution (with one cell-line exhibiting a
'pure' 13 - 15 trisomy) is a formal but more unlikely possi
bility. In such a case at least 2 and possibly 3 successive
abnormal events would have to be postulated.

It is noteworthy that our patient has survived to a
relatively advanced age as compared with the early deaths
so far reported for the 13 - 15 trisomy. It seems likely that
the disturbance of genotypic balance in our case is less
lethal than the complete 13 - 15 trisomy status.

The drug administration during early pregnancy cannot
be considered to have been teratogenic: the aberration of
reciprocal translocation having arisen during gametogene
SIS.

SUMMARY

A mentally defective adult female with physical signs of
the 13 - 15 trisomy syndrome and in whom peripheral
blood cultures revealed a modal count of 45 and a hitherto
undescribed translocation chromosome, is presented. Con
sideration is given to the possible correlation between the
clinical and the cytological findings. We incline to the view
that reciprocal translocation with loss of genetic material
is responsible for the picture in this patient.
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done; to the Medical Superintendent of the Witrand Mental
Institution, Prof. P. C. W. Deppe, who was at all times most
helpful and kind in providing access to clinical material; to the
Commissioner for Mental Hygiene, for permission to publish;
and to the Photographic Unit of the Department of Medicine
for reproduction of the photographs.

We are indebted to Drs. Charles E. Ford, of Harwell, and
David Hamden, of Edinburgh, for helpful advice in the prepa
ration of this paper.
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GLOSSARY OF GENETIC TERMS

ALLELES (A1lelomorph~Differentgenes which can occupy an identical
site on a chromosome and effect a similar function.

ANEUPLOIDY-Occurrence of a chromosome number different from the
usual number and not an exact multiple of the haploid number.

AUTOSOMES-ehromosomes which are not sex chromosomes. In man
there are 22 homologous pairs of autosomes and 2 sex chromosomes.

BARR BODY-Alternative name for sex-chromatin--occurs in a higher
frequency of female nuclei than male nuclei.

CHROMOSOMES-Nuclear structures which are the particulate rod-like
carriers of the genetic material. Every nucleated human cell has 23 pairs
or 46 chromosomes.

CONTROLLER GENES (regulator)-Genes which control the rate of
protein synthesis.

CYTOGENETICS-The study of the cytological basis of heredity, i.e. with
the study of the chromosomes.

DIPLOID-Diploid cells or individuals possess a duplicate set of homolo
gous chromosomal pairs. Each member of the pair is derived from the
germ cells of one of the parents.

DNA-Deoxyribosenucleic acid, the chemical basis of heredity. DNA is
concentrated in the chromosomes.

DOMJNANCE-When the homozygous and heterozygous genotypes produce
the same phenotype.

EXPRESSIV1TY-Variable clinical manifestation of a genetic disease.
GAMETE-Germ cell, i.e. sperm or egg
GE E-Localized chromosomal region occupying a specific site (locus) and

characterized by a specific function.
GENOTYPE-The genetic constitution of an individual.
HAPLOID-Haploid cells possess only a single representation of a chromo

somal pair. Sperms and eggs are haploid cells. All other cells are diploid.
HETEROZYGOTE-If 2 allelic genes are not identical (e.g., Aa), an indivi

dual is a heterozygote.
HOMOZYGOTE-If 2 allelic genes are identical (e.g., aa or AA) the

individual is homozygous. If the 2 genes are both normal, an individual
is a normal homozygote (AA). If both genes are mutant, the individual
is an abnormal homozygote (aa).

IDIOGRAM-Diagrammatic representation of the chromosome complement,
the chromosomes being arranged in pairs in descending order of size.

KARYOTYPE-The complement of the chromosomes of an individual: the
term covers the number, relative sizes and morphology of the chromo
somes.

LOCUS-The specific chromosomal site of a given gene and its alleles, e.g.,
the ABO locus.

MEIOSIS-A special cell division in the reproductive organs leading to
reduction of the chromosome number to one-half its original number and
to formation of germ cells such as sperm and eggs.

MESSENGER RNA-RNA involved in transferring the genetic information
from DNA to the protein-synthesizing particles in the cytoplasm.

MITOSIS-Mechanism of cell division by which the chromosomal set is
duplicated and the resultant 2 daughter cells receive an identical chromo
some number as the mother cell.

MONOSOMY-Presence in an otherwise diploid complement of only 1
member of a particular chromosomal pair.

MOSAIC-Organism or tissue with 2 or more differing cytogenetic cell
population.

MUTATION-A permanent change in the genetic material.

NONDISJUNCTION-Failure of homologous paired chromosomes to sepa
rate from one another in meiosis.

PENETRANCE-The frequency of detectable manifestation of a given gene
among known carriers of this gene.

PHENOCOPY-Environmentally induced phenotype similar or identical to
a genetically controlled phenotype.

PHENOTYPE-The demonstrable manifestations of a genetic trait, i.e.,
the clinical signs and symptoms of a genetic disease or a certain bio
chemical pattern produced under a specific genetic influence.

PLEIOTROPISM-Multiple differing phenotypic effects produced by a single
gene.

POLYGENIC-(MultifactoriaI): A quantitative variable (e.g., Height
affected by a large number of genes.

POLYMORPffiSM-Existence in a population of a trait determined by a
smgle gene With a frequency that cannot be explained. by the mutation
rate (i.e.• sickle haemoglobin trait. colour-blindness, etc.).

POLYPLOIDY-Occurrence of an abnormal number of chromosomes which
is an exact multiple of the haploid number, though greater than two
times the haploid number.

RECESSIVE-A gene is recessive to an allele A when there is no detectable
effect of the gene in the heterozygous genotype Aa. If the heterozygous
genotype (Aa) can be detected, the gene is incompletely recessive.

RNA-Ribosenucleic acid. Several types of RNA exist: (a) soluble RNA,
(b) messenger RNA, and (c) microsomal RNA.

SEX CHROMOSOMES-ehromosomes determining sex. The human female
has 2 homologous sex chromosomes: the X chromosomes. The human
male has 1 X chromosome and I small Y chromosome.

STRUCTURAL GENE-A gene concerned with specification of protein
structure in contrast to regulator or controller genes which regulate the
action of structural genes.

TRANSLOCATION-Exchange of chromcsomal regions between non
homologous chromosomes.

TRISOMY-Presence of a specific extra chromosome.
ZYGOTE-The fertilized egg.




