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Half Chromatid Mutations: Transmission in Humans?

STANLEY M. GARTLER1 AND UTA FRANCKE2

Many mutations must be initiated as single base changes in single DNA strands
(half chromatid mutation). If a half chromatid lesion is transmitted in a gamete,
then after the first round of DNA replication and cleavage of the zygote, a com-
plete mutation or base pair will be formed in a chromosome of one cell while the
sister chromosome in the other cell will carry the parental base pair; that is, the
embryo will be a mosaic (fig. 1). A mosaic may also result from a somatic muta-
tion occurring in the early cleavage of an embryo and would be indistinguishable
from a mosaic occurring as a result of gametic half chromatid mutation.

Induced mosaic mutations are known in experimental organisms, especially as
a result of chemical mutagenesis [1]. On the other hand, X-ray induced mutations
result in mosaics much less frequently [1, 2]. Presumably, whether a mutation is
expressed as a mosaic or is complete depends on whether DNA replication and/or
repair occurs before transmission. This in turn will depend on the nature of the
inducing agent and the meiotic stage of the mutagenized cell. If the half chro-
matid lesion occurs in a germ cell before the final DNA replication period pre-
ceding meiosis, only complete mutations should be expected. However, if the initial
change takes place after the onset of meiosis, then in the absence of DNA repair
a half chromatid mutation may be transmitted (fig. 1). Little is known about the
extent of half chromatid lesions among spontaneous germ cell mutations. Evidence
from the mouse and Paramecium can be interpreted as indicating that a con-
siderable fraction of spontaneous mutations result in mosaicism [2, 3]. There is
also one report which suggests that spontaneous somatic mutation in mammalian
cell cultures may often result in mosaic colonies [4]. The purpose of this com-
munication is to point out the possibility of determining the significance of half
chromatid and early somatic mutation utilizing Lesch-Nyhan disease and to pre-
sent some preliminary results.
To solve this problem a marker must be used where new mutants represent

a significant proportion of the total cases available and where mosaicism can be
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FIG. 1.-Origin of mosaicism following single base change

detected. Lesch-Nyhan disease, which involves a deficiency of hypoxanthine gua-
nine phosphoribosyltransferase (HGPRT) activity, satisfies both of these require-
ments. It is an X-linked recessive lethal, and one-third of the HGPRT- alleles
at this locus should be lost each generation [5]. This follows from the fact that
one-third of the X-linked genes at any locus are in males, and Lesch-Nyhan pa-
tients do not reproduce. Therefore at equilibrium one-third of all HGPRT- genes
should be the result of fresh mutation. Only those fresh mutations, half chromatid
or complete, which eventually result in Lesch-Nyhan cases can effectively be
studied. The marker is cell autonomous, and mosaicism can be detected in cell
cultures derived from small skin biopsies and directly in hair follicles [6-11].
The mothers of Lesch-Nyhan cases will be either heterozygous (+/-) or

homozygous normal (+/+). In the latter case the Lesch-Nyhan patient would
have received a complete mutation from his mother. A half chromatid mutation
from his mother would have resulted in mosaicism in the son (+/Y, -/Y). Since
all heterozygotes at the HGPRT locus (+/-) are mosaics as a result of X chro-
mosome inactivation and are clinically normal, a mosaic male (+/Y, /Y)
would also appear normal. To our knowledge, no mosaic Lesch-Nyhan patients
have been reported. Of the 40 Lesch-Nyhan families recently collected, three
cases fall into the category of a homozygous normal mother [12]. According to
theory, 13 (1/3) instances of homozygous normal mothers are expected.

In those cases where the mother is a heterozygote, the original mutation may
have occurred in the grandparental generation or in still more remote generations.
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For practical purposes it is likely that only the grandparents of any particular
family would be available for study. They will fall into three classes (fig. 2).
In most cases the grandmother will be a heterozygote and the grandfather will

a b c
FIG. 2.-Three possible maternal grandparent configurations in Lesch-Nyhan families.
=+/Y; 0=+/+; 0=+/-; [I=+/Y, -/Y; *=-/Y.

be normal (fig. 2a); such families are noninformative and simply indicate that
the segregating mutant gene originated in an earlier generation. In some or pos-
sibly all of the remaining cases the grandmother will be homozygous normal and
the grandfather normal (fig. 2b). Such cases would represent either mutations
occurring in the grandmother or the grandfather and transmitted to the daughter,
or an early somatic mutation in the mother. Regardless of the type of mutation,
the daughter will be a heterozygote and mosaic. The half chromatid and somatic
mutant mosaics should have a lower proportion of mutant cells than the full
chromatid type, but separation, if at all possible, could only be done on a statistical
basis. Finally, if transmission of half chromatid lesions occurs, some cases will
have a homozygous normal grandmother and a mosaic grandfather (fig. 2c). That
is, the grandfather would have been the recipient of a half chromatid mutation
(or early somatic mutation) which should result in mosaicism. Clinically he
should be normal, since all heterozygotes are mosaics and normal.
We have studied two sets of maternal grandparents where the mother was a

proven heterozygote with a single affected son. The mothers and sons and one
maternal grandmother were reported in previous publications [8, 13]. Studies
included cell culture assays (autoradiography and selection in the presence of
6-thioguanine) and determination of HGPRT activity in hair follicles for two
grandmothers and one grandfather, and only hair follicle assays for the other
grandfather. All tests were negative for the presence of HGPRT- cells; thus
none of these grandparents was a mosaic. The mutations in these families must
either have occurred in one of the grandparents or as an early somatic event in
the mother. Only mosaicism in the grandfather would constitute evidence for the
possibility of half chromatid mutation. If a series of such cases were all negative,
it would have to be concluded that transmission of half chromatid mutations and
the occurrence of early somatic mutations were very rare or nonexistent.
To obtain a series of Lesch-Nyhan families where the maternal grandparents
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are available will require international cooperation, and one of the purposes of
this communication is to call attention to this need. Hair follicles and/or small
skin biopsies which are used for assaying mosaicism can be obtained simply and
transported easily anywhere in the world. It should be stressed that all Lesch-
Nyhan families where grandparents are available for study are of potential value.
At first glance it might seem useless to study a family with multiple Lesch-Nyhan
first cousins of sibling mothers (fig. 3), since it might be concluded that in such

FIG. 3.-Hypothetical Lesch-Nyhan family which could be explained by a mosaic grand-
father. See figure 2 for explanation of symbols.

a case the grandmother would be a heterozygote. However, a mosaic grandfather
could also have more than one heterozygous daughter.
The concept of mutation producing mosaics bears a possible relationship to

Haldane's hypothesis that the mutation rate in males might be much greater
than in females [14]. His idea was derived from a statistical analysis of segre-
gation data for sex-linked recessive hemophilia, where he found too few cases of
fresh mutation (i.e., affected males of homozygous normal mothers). He pointed
out that if mutations occurred primarily in males, very few affected sons appearing
as new mutations would be expected in sex-linked recessive disease (i.e., most
new mutations would appear as new heterozygotes). The same pattern of appear-
ance of new mutations would be expected if a significant fraction of mutations
are transmitted as half chromatid lesions or occur as early somatic events (e.g.,
a half chromatid mutation occurring in a female would not lead to Lesch-Nyhan
disease in the recipient son). Although Haldane's idea has been discussed and
reexamined, it is still not completely resolved. An extensive and intensive study
of Lesch-Nyhan families could resolve this question as well as that of half chro-
matid or early somatic mutations.

Are there any other conditions which might be useful in the investigation of
the question of transmission of half chromatid mutations or of the occurrence
of early somatic mutations? In terms of satisfying the two requirements of high
mutation yield and sensitivity of detection of mosaicism, Hunter's syndrome is
another possibility. It is also possible that some phenocopies could be explained
by mosaic-yielding mutations. For example, in the case of retinoblastoma, a coii-
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siderable fraction of the sporadic cases appear to be nontransmissible and are
therefore phenocopies. Knudson [15] has suggested that these sporadic cases
are due to multiple somatic mutations occurring late in development in retinal
tissue. While this idea would appear to be the most likely explanation for most
sporadic cases, it is possible that some sporadic cases could represent half chro-
matid or early somatic mutations. Since the condition is a dominant, the resulting
mosaicism could lead to significant but less severe clinical effects and not neces-
sarily be transmissible. In the absence of a cellular marker, this speculation cannot
be directly tested. There are a number of genetic markers where mosaicism could
be detected quite easily (e.g., most of the enzyme and blood group polymor-
phisms). However, the frequency of new mutants is so low that this type of study
is essentially impossible.

Finally we should like to call attention to the possibility of a connection between
half chromatid mutation and the apparent inability to demonstrate a radiation
effect on mutation induction in humans. Induced mosaic mutations have been
frequently observed in experimental organisms; this is especially true of chemical
mutagenesis, but mosaics are also observed after irradiation, the proportion of
mosaics being inversely related to the dose. Russell's [2] studies with X irra-
diation in the mouse indicate that mosaics involving point mutations are only
rarely found; however his work utilized high doses of irradiation. In humans the
only major radiation study has attempted to detect induced gene mutations by
looking for mortality effects among the offspring of survivors of the atomic bomb-
ing in Japan during World War II. Sex ratio changes were used to detect the
possible induction of early acting sex-linked recessive lethals, and general mortality
effects were used to detect the induction of autosomal dominants affecting sur-
vival. All results to date have been negative [16, 17]. If a significant fraction
of radiation-induced mutations in these studies were transmitted as mosaic-
producing lesions, then their effect on survival could be considerably less than
complete mutations, and a mutagenic effect could go undetected.

SUMMARY

Attention is drawn to the possibility of half chromatid and early somatic
mutations and to several implications of these mosaic-yielding events. There is
suggestive evidence that spontaneous mutations can result in mosaics. A world-
wide cooperative study of Lesch-Nyhan families could determine the extent of
half chromatid mutation transmission and early somatic mutation in humans.
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