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CHAPTER 6

The genetics of handedness, cerebral dominance
and lateralization

1.C. McManus! and M.P. Bryden2

! Department of Psychology, University College, London, U.K. and 2 Department of Psychology, University of Waterloo,
Ontario, Canada

‘The fact that left-handedness ‘runs in families’ has
.. attracted the attention of many observers, yet the
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people imagine the condition to depend entirely upon
training or imitation. There is thus much of guesswork
concernine_the true nature of the condition’

Introduction and background large numbers of normal individuals; and there is
compelling evidence for some genetic control,

Handedness has a double importance to neuro- therefore making it suitable for attack with the
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asymmetry causing a preference for the more skilful
hand). A recent study of children with autism, who
show population level asymmetries for hand prefe-
rence but not for skill asymmetry, suggests that
-preference may be prior to skill asymmetry McMa-

Defining the phenotype

Handedness is deceptively simple and deceptively
complex to define. At first sight there seems little
problem, 90% of the population readily replying
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you right- or left-handed?’. However more noted that the reliability of preference is usually
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(1951) and Gillies, MacSweeney and Zangwill the Annett peg board.

(1960), suggest that handedness is a more complex
phenomenon. Although scientifically useful there is
nevertheless a strong argument for following Peters’
(1990) argument that ‘“It is best, as Wittgenstein
suggests, to begin with a simple common understan-
ding of a concept before launching into elaborate
definitions’’. In the final analysis it seems to us that
the everyday notion of handedness encapsulates one
of the central phenotypic truths concerning handed-

Handedness inventories ‘

Preference is routinely measured by handedness in-
ventories, which ask about the hand used for a
number of unimanual tasks, typically on a three- or
five-point scale; most widely used are modified ver-
sions of the Edinburgh Handedness Inventory (Oldﬁ
field, 1971). Other inventories include those of An-
nett (1967), Bryden (1977), Coren Porac and Dun-
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TABLE 1b

Handedness in families as given in Table 1a, except data are broken down by approximate year of birth of propositi

Parental handedness Offspring

Father Mother Sons Daughters Total
(1880 —1939)

Right Right 6.0% 5.1% 6.1%

Left Left 35.1% 33.3% 40.9%
37 (#2)) (66)
(1940 — 1954)
Right Right 10.9% 8.2% 9.6%
(16,028) (13,721) (33,153)
Right Left 22.6% 21.8%
(954) (806) (132'327;
Left Right 18.7% 15.3%
(1107) 953)
Left Left 26.3% 22.6% 25.5%
76) 62) (153)

(1955 -1979)
Right Right 13.5% 11.1% 11.9%
(7386) (7716} (17 44\
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zygosity, meaning that the classification of handed- vironment by means of adoption studies. Surpris-
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Manus, 1980). ness. Since the dlirection of handedness is normally
Taken overallit can beseen from Table 3 that there fixed at a fairlv earlv age it is necessary that adoption
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dedness. A meta-analysis by Seddon and McManus
(1990) of the prevalence of left-handedness in 100
populations involving 284,665 subjects found an
overall prevalence of 7.78%, a value very close to
that found by Coren and Porac (1977) who reported
that 7.4% of 1180 works of art produced during the
past five millenia portrayed unimanual hand usage
with the left hand. The prevalence is however some-

(NCES), in which parents reported the handedness
of their children (see McManus and Crow, 1990).
The effect is not readily explained by possible secu-
lar trends, which are typically suggested as topping
out in recent decades (Levy, 1976), whereas the
parent-offspring differences continue to be found in
very recent data. Furthermore, as Ashton (1982)
points out, if the effect is merely the result of secular
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handedness was particularly common in first-born ren who have received definite brain damage at a
and fourth or later-born children. The many studies vulnerable age. There have, however, been indirect
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discordance is to be expected (in just the same way 3 Annett (1985) Annett (1985)

: : : - Singletol le T |
that if a pair of MZ twins each tossed a coin we ingieton maies win males
would also expect discordance in the outcomes). RS- =RS-/+ RS+ —Total —RS-/- =-RS-/s ~RS+/+ —Total

Annett’s 1978 model

Annett (1978) published a genetic model of
handedness which was radically different from the
earlier model published in 1964. Its development is
described in Annett (19853). In her 1978 monn-
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will be right-hemisphere dominant for language. advantage which would explain the balanced poly-
Since 9.27% of a group of dysphasic patients show- morphism of handedness.
ed right hemisphere language the frequency of the The Annett (1983) model underwent a further

RS —/— genotype must therefore be 0.1854, and changein Annett (1985a) in which it is proposed (see
hence the frequency of the RS— gene must be Fig. 2¢) that the rlght shift is different in males and
e DA il R T e

estimation of the extent of the right shift in the males, and 1.2 and 2.4 standard deviations in fe-
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one allowed the Annett model to use parameters view of right and left-handedness as being two dis-
which seem implausible. crete categories, corresponding to the definiton of
direction of handedness given earlier. Although
Phenotypics and the differences between the Annett right- and left-handers differ, there are no measur-
and McManus genetic models able differences in skill asymmetry between a right-
hander with a DD genotype and a right-hander with

The seeming irrelevance of phenotypics often makes a DC or with a CC genotype. Differgnces in degree
RIS
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metric bimodal’ model of skill differences (McMa- in Table 1a); and left-handed offspring are expected
nus, 1985b). The differences between such models to be 1.062 times more common in the offspring of
can readily be tested by fitting them to the peg- R x LthaninL x R matings, compared with the
moving data of Annett and Kilshaw (1983), or to figure of 1.393 x for the actual data of Table la.

handedness data from the National Child Develop- Sex differences in the McManus model might be
ment Study. McManus (1985b) has carried this out incorporated (as suggested by McManus 1985a, p.
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(a) Annett (1985a): the right shift is 2.4 and 2.0 for RS+ /+, 1.2 and 1.0 for RS+ /— and 0 and O for RS —/ — in females and males
respectively, and the frequency of the RS —allele is 0.4306. (b) A modified McManus (1985a) model: the proportions of left-handedness
in the DC genotype are 21.48% for females and 28.52% for males, and the frequency of the C allele is 0.155. (c) The modified McManus
(1985a) model with a sex-linked modifier gene, as specified in Table 4b. Calculations are shown separately for an overall prevalence
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more male left-handers will be genotypically DD but
with the normal phenotype masked by the modifier
gene), and hence their offspring are more likely to be
left handed. Table Scshows that the maternal effect

dedness in twins (Springer and Searleman, 1978) is
too small for formal genetic analysis.
Genetic models of cerebral dominance are there-

fore restricted to explaining the association of
Tﬁ‘ ar cud Iinowneawlrmiaaerr vishigan dias

McManus models, R X L matings producing 1.179
times more matings than L X R matings, a figure
rather more compatible with the effect found in
Table 1a, accounting for 46% of it, compared with
4% for the McManus model with differential he-

trmarig e nnd A6 Mg th -~ Anoslt wa slmftasan! .

duals, and cannot be regarded strictly as genetic qua
genetic tests of the models in the absence of meiosis
or recombination.

McManus’ model for the association of handed-
ness and cerebral dominance is straightforward.

The vadalofbqnrqensa oo yar thamlls nrafelad

maxi;num-likelihood f-itting has not yet been carried
out for the modifier gene model, although it does
seem capable of explaining both the sex difference
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hand is determined by a single patr of alleles, with a
substantial chance element due to fluctuating asym-
metry. The model of cerebral dominance for lan-
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writing and tapping better with their left hand but
are better with their right hand at carrying out other
tasks, such as throwing, a dissociation which is rare
inright-handers. If the different skills are controlled
by separate cortical centres, both typically in the left
hemisphere, then it can be predicted that 71% of
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the single genotype to the two lateralised pheno-
types.

Familial sinistrality as a predictor of atypical cere-
bral dominance
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cross one particular leg over the other. Blau (1946)
suggests that 66% of the population puts the right
leg over the left. There are few studies of leg-
crossing, although the unpublished data of Michael
Reiss (Dresden) suggest both that it is independent
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Handedness in animals

Handedness (or more properly, pawedness, clawed-
ness or footedness) has been studied in a number of
species, and reviewed by Annett (1967) and Walker
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possible that it is another independent asymmetry
akin to hand-clasping and arm-folding.

Eye-dominance

Eye-dominance takes several forms, labelled acuity
dominance, motor dominance, and sighting domi-
nance by Porac and Coren (1976). Only sighting

although individual animals show right- or left-
handedness, there is no evidence for a population
bias, 50% of individuals being right-handed and
50% being left-handed (as would be expected if
handedness were due to fluctuating asymmetry). It
is controversial whether monkeys might show a
systematic population bias in handedness (see
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has principally considered the genetics of the direc-
tion of handedness (except in so far as the Annett
models consider degree of hand preference). Given
the phenotypic model proposed earlier, of a bimo-
dal distribution allowing variation in direction and
degree of handedness, then degree of handedness
might also be inherited. Few studies have examined
the question, and there is some conflict with the
Qn‘“nnl atuadian

ing a potpourri of weak right-handers, weak left-
handers and strong left-handers.

The inheritance of degree of handedness is ap-
parently different in animals and in humans. Collins
(1985) has assessed the inheritance of degree of paw
preference in mice by a selective breeding program.
Animals with strong pawedness, defined as either
0 -2 or 48 — 50 right paw entries (RPE) out of 50, or
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Finding the gene for left-handedness

atypical lateralisation) may be resolved if the
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If handedness is under genetic control, as this somal region of the X and Y chromosomes, the short
Chapter argues, then in the 1990s the conclusive test region at the telomeric end of the sex chromosomes
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classical genetics and ever more subtle fitting of
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and behaves genetically as an autosome (see
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autosomal location for the handedness gene can be alisation

tested by studying handedness within families, Handedness and cerebral dominance are fixed fairly
classified by sex of parents and offspring. McManus early in life, probably early in neural development.
and Crow (1990) have calculated the expected effect How the genes manifest and where may be assessed
size given McManus’ genetic model of handedness using in situ hybridisation to examine gene expres-
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homologous genes, quite probably those for hand- supported by a Killam Research Fellowship from
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identified, and their evolutionary inter-relation- and Paul Brown at the University of Waterloo for
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Conclusions
References
The family, twin and genetic evidence cited in this
review suggests that the direction of human handed- Annett M: A model of the inheritance of handedness and cerebral
ness is under genetic control. Degree of hand prefe- dominance. Nature: 204; 59— 60, 1964.

| h t hich herit Annett M: The binomial distribution of right, mixed and left
rénce may also show components which are herit- handedness. Q.J. Exp. Psychology: 19; 327 — 333, 1967,

able. The only successful genetic models of handed- Annett M: ‘Handedness in families. Ann. Hum. Genet.: 37;93 —
ness take account of the biological constraints due 105, 1973.

Annett M: A Single Gene Explanation of Right and Left-
to the process of ﬂucmatmg asymmetry The model handedness and Brainedness. Coventry, UK: Lanchester
Py NV Sy

A o V3 A0 N 11 11




Ch. 6 [.C. McManus and M.P. Bryden

study using dichotic listening. Brain Lang.:2;201 - 211, 1975.

Bryden MP: Measuring handedness with questionnaires.
Neuropsychologia: 15; 617 — 624, 1977,

Bryden MP: Possible genetic mechanisms of handedness and
laterality. Paper presented at Canadian Psychological Asso-
ciation meeting, Quebec City, June 1979.

Bryden MP: Laterality: Functional Asymmetry in the Intact
Brain. New York: Academic Press, 1982.

Bryden MP: Handedness and cerebral organization: Data from
clinical and normal populations. In Ottoson D (Ed.), Duality
and Unity of the Brain. Houndmills, UK: Macmillan, pp.

behavioural disorders in males. Proc. Nat. Acad. Sci. USA:
83; 2551 — 25585, 1986.

Corballis MC: Laterality and human evolution. Psychol. Rev.:
96; 492 — 505, 1989.

Corballis MC, Beale IL: The Psychology of Left and Right.
Hillsdale NJ: Erlbaum, 1976.

Corballis MC, Morgan MJ: On the biological basis of human
laterality: I. Evidence for a maturational left-right gradient.
Behav. Brain. Sci.: 2; 261 — 269, 1978.

Coren S: Left-handedness in offspring as a function of maternal
age at parturition. New. Engl. J. Med.: 322; 1673, 1990.

gwg S Pﬁ“ﬂ - Ei 1y ﬂnIat.nriq(—Ar riab}hﬂﬁ_jﬂp[r‘ tha

y

T — y

e
‘-‘ po o
A

”
.

g
E

i

1

) f_
. 3 j

assessment. In Boller F, Grafman J (Eds.), Handbook of
Neuropsychology, Volume 1. Amsterdam: Elsevier, pp.
143 - 159, 1988.

Bryden MP: Handedness laterality, and measures of ‘latent left-
handedness’. Int. J. Neurosci, 44; 227 - 233, 1989.

Carlson JN, Glick SD: Cerebral lateralization as a source of in-
terindividual differences in behavior. Experientia: 45, 788 —
798; 1989.

Carter-Saltzman L: Biological and socio-cultural effects on

Coren S, Porac C, Duncan P: A behaviorally-validated self-
report inventory to assess four types of lateral preference J.
Clin. Neuropsych.: 1; 55—64, 1979.

Crovitz HF, Zener K: A group-test for assessing hand and eye
dominances. Am. J. Psychol.: 75; 271 — 276, 1962.

Crow TJ: Sex chromosomes and psychosis: the case for a
pseudoautosomal locus. Brit. J. Psychiat.: 153; 675 - 683,
1988.

Crow TJ: Pseudoautosomal locus for the cerebral dominance







Ch. 6 I.C. McManus and M.P. Bryden

Rice T. Plomin R, DeFries JC: Development of hand preference Spiegler BJ, Yeni-Komshian GH: Incidence of left-handed
in the Colorado Adoption Project. Percept Mot. Skills: 58; writing in a college population with reference to family pat-
683 — 689, 1984, terns of hand greference. Neuropsvchologia: 21: 651 —639.

i p— - .‘_—%‘

. ] % .
s et R n

25 178 — 186, 1940 Springer SP, Searleman A: Laterality in twins: the relationship

. in hataiann_ bandadnacr cnd hamionharia ocsimmatey far cnooach

. P Ty — O et =t

e e —— ;

31 ) e




HANDBOOK OF
VISP it @Y

== : T
i
P

I. RAPIN
S [SEGAT OWTT?Z

— —_——————————

1992

Amsterdam — London — New York — Tokyo



HANDBOOK OF
NEUROPSYCHOLOGY

Series Editors

FRANCOIS BOLLER

Unit 324 INSERM, Centre Paul Broca, Paris, France

JORDAN GRAFMAN

Cognitive Neuroscience Section, Medical Neurology Branch, NINDS, Bethesda, MD, U.S.A.

ra .|n, v,

G. BERLUCCHI (Verona), G. W. BRUYN (Leiden), S. CORKIN (Cambridge, MA),
A. DAMASIO (Iowa City), E. DE RENZI (Modena), G. GAINOTTI (Rome),
H. GARDNER (Boston), H. GOODGLASS (Boston), R. KATZMAN (La Jolla),
R. D. NEBES (Pittsburgh), I. RAPIN (New York), G. RIZZOLATTI (Parma),

S. SEGALOWITZ (St. Catharines, Ont.), H. SPINNLER (Milan),

L. R. SQUIRE (La Jolla)

ELSEVIER

Amsterdam — London — New York — Tokyo



Contents

Preface .........coeeeiiii, ettt eea et eten e eren et aehtt e et rraet e eaeaeatans \
| T oY 0] 1188 Lo F L 1o o T RO PPN vii
ACKNOWIEAZEIMENLS ... ivieiiiieitiiieret it etet et et eeaetecieasnenneans xi

Section 10: Child Neuropsychology (I. Rapin and S.J. Segalowitz)
I. Introduction

1. Child neuropsychology: nature and scope
I Rapin and S.J. Segalowitz .......... ... . . . . 0 i .iiiiiiiiiian 3

II. The Immature Brain: Development and Damage

2. Normal and abnormal development of the brain
P. Evrard, N. Miladi, C. Bonnier and P. Gressens .................. 11

3. The emergence of a neuropsychology of normal development: rapproche-
ment between neuroscience and developmental psychology
S.J. Segalowitz and M. Hiscock ............ ... iiiiinnnnn... 45

4. Plasticity and recovery of higher cognitive functions following early brain
injury
DM. Aram and J.A. Eisele .......... ... .00 i iiiiiiinon. 73

5. Developmental and acquired disorders of childhood
[aR.Y Toyeapede, Q’—H




