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The keystone of genetic analysis is an appropriate description of the phenotypes,
as may be 1mmed1ately reallzed by cons:dermg the problems that would have arisen
) | P sl o vl g semality awndirorum to g dua o

phenylketonuria, had the blonde hair of these children been taken as the primary
phenotype for analysis.
In the case of handedness two phenotyplc approaches may be found m the llt-
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FIG. 2. The author’s conception of the phen-
otypic description of handedness. Strongly lat-
eralized scales (such as handedness invento-
) ries) show a blmodal dlstrlbutlon in which the
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they hardly overlap at all (b). As a result, two
independent measures, the direction of hand-
edness (a categorical variable) and the degree
c of handedness (which is a continuous variable),
may be derived (a). As the modes of the two dis-

more difficult to distinguish the two separate
components in the overall distribution (¢ and d),
ﬁ qch that g aives tha s martical dnnrAsS 0N
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twins, the overwhelming impression is of almost chance levels of concordance, for
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In passing, it should be noted that there is probably no clear evidence for twins
having a higher incidence of sinistrality than singletons, or for the occurrence of the

O 40

o 2 i Qe A

P e == e o S ——




GENETICS OF CEREBRAL DOMINANCE 131

TABLE 1. The proposed genetic model*

- .

— ———————————-m e
Genotype Left Right frequency
DD 0.0 1.0 0.714 Directional asymmetry
DC 0.25 0.75 0.262 Additivity of heterozygote
CcC 0.5 0.5 0.024 Fluctuating asymmetry

= Alleles: D, dextral; C, chance. p(L,) = 0.0775; p(C) = 0.155.

Consideration of Table 1 shows why left-handedness runs so poorly in families;
even if two left-handers are both of the CC genotype, their offspring have only a
50% chance of being left-handed (although they are, as it were, breeding true for
the phenotype of fluctuating asymmetry). Table 2 shows the expected distributions
of left-handed offspring in families of one and two children according to the hand-
edness of the two parents.

The relatively low concordance of MZ twins is more interesting. Consider the
2.4% of the population who are of genotype CC. Each has his handedness phenotype
determined by a chance process in utero, resulting in 50% of individuals becoming
left-handed. Exactly the same process is assumed to occur in MZ twins, except that
the two chance processes are assumed to occur mdependently in the two twins. As

50% are discordant, one being right-handed and the other being left-handed. Simi-
larly, 37.5% of MZ twin pairs of the DC genotype will be discordant for handedness
(although all DD pairs w1ll be concordant) The result, as shown m Table 3 is that
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TABLE 3. Predicted proportions of monozygotic (MZ)
and diazygotic (DZ) twins of particular handedness

combinations*®
Twins R -R R-1L L-1L
Mz 0.867 0.110 0.022
Dz 0.859 0.127 0.014

* R, right; L, left.

A GENETIC MODEL OF LANGUAGE DOMINANCE AND APHASIA
A genetic model of language dominance must account for certain facts:

1. Tests of cerebral dominance by dichotic listening, unilateral electroconvulsive
S T e ’——'——i!‘ R . Eo oS

handers and 29 and 40% of left-handers show right-hemisphere dominance for
language (7).

2. About 1 to 2% of right-handed aphasics and about 20 to 30% of left-handed
aphasics have a right hemisphere lesion. The incidence of crossed dominance
in right-handers, therefore, is estimated differently from clinical and laboratory

data.
3. Left-handers are more likely to become aphasic after a cerebral lesion, are more
- '1‘ 4 —_ » \L ) At 1, mmlis A
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TABLE 4. Proportion of individuals who are expected
to be right hemisphere dominant for language, as a

cnfinn nf handerdnace anAd narantal handarinace

under the simpler form of the model

Handedness
Right Left
Parents? (%) (%)
NK x NK 6.0 28.9
R xR 4.6 28.0
R x L 14.8 30.0
L xtL 246 39.4

» NK..not known: R. rinht: | . lett.

of 6.0% of right-handers showing crossed dominance is not compatlble with the
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TABLE 6. Expected proportion of aphasics who would have right-sided lesions by
handedness and parental handedness

Right-handers (%) Left-handers (%)
Parental Acute Permanent Acute Permanent
handedness? aphasia aphasia aphasia aphasia

R xR 7.4 13 342 13.9

R xL 20.9 5.3 35.7 16.6

LxL 30.6 13.2 427 30.9
NK x NK 9.5 18 34.8 15.1

+ R, right; L, left; NK, now known.

influence on the likelihood of recovery, particularly in right-handers with left-sided
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makes recavery less likelv after rieht-sided lesions. althaneh the effect is small and___
)
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primarily confined to those with two left-handed parents.

The above model has been fitted to a series of data sets from the literature and
has generally been found to be compatible (see ref. 19). An interesting exception is
that in fitting two series of data on aphasia after neurosurgical operation in patients
with chronic epilepsy or temporal lobe glioma, it was found that the permanent model
fitted the data better than the acute model, as was also the case in a series of non-
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to recover, as a function of handedness, lesion side, and parental handedness

Right-handers (%) Left-handers (%)

Parental Left Right Left Right

handedness? lesion lesion lesion lesion

R xR 6.7 84.3 426 821

RxL 22.1 83.4 44.4 80.1

L xL 34.1 77.4 53.9 72.4

NK x NK 8.8 83.9 434 81.2
* R, right; L, left; NK, not known.

the Rsierfhoth ghirtosrnnicsiydigial 1 Q NamlinicinCs il Wb Thanwhagof

such individuals is compatible with the predictions of the model. A more speculative

" iir\(ﬁ)_“r : B'Wjin—mmwm dglly o b e R, |

in some patients, a unilateral lesion will result in alexia without agraphia. As an
example taken at random from the recent literature, consider the two cases described
by Sevush et al. (29) of Wernicke’s aphasia with intact oral reading after a left-sided
lesian, authors_correctly noint aut the nrohlams of interngeting thesgrases in
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An atypical disposition of lateralized centers might require greater interhemispheric
connections to produce functional integration and hence may explain the increased
corpus callosum thickness that has been reported in schizophrenia (5).

CONCLUSIONS
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