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The intensive studies made on the inheritance of
chemical resistance in many different arthropod
species have been reviewed from time to time by
various authors, and the most recent reviews include
those of Gheorghiou b and Brown.c It is clear that
alleles for resistance may vary continuously in their
expression from complete recessivity to complete
dominance.
No difficulty arises in describing the condition

where the hybrid closely resembles either the suscep-
tible or the resistant parent. Little difficulty results
where the hybrid is slightly more resistant than the
susceptible parent or less resistant than the resistant
parent, the situation being qualitatively defined as
incomplete recessivity or incomplete dominance re-
spectively. However, confusion sometimes occurs
when the hybrid response lies somewhat intermediate
between those of the two parents, because there does
not appear to be any conventional method of deciding
exactly where recessivity ceases and dominance starts.

Hoskins d drew attention to the lack of uniformity
in the use of the terms " recessive " and " dominant "
in genetic literature on chemical resistance. He
suggested that the term " recessive " was applicable
when the hybrid varied from " identity with the pure
susceptible (complete recessivity) to somewhat less
than half-way between pure susceptible and pure
resistant " while the term " dominant " applied when
the hybrid varied from " identity with the pure re-
sistant (complete dominance) to somewhat more
than half-way between pure susceptible and pure
resistant ". Gheorghiou b also adopted these defi-
nitions in the interests of consistency in terminology,
while Brown c drew attention to the misapplication
of the term " partial dominance " to instances where
alleles were neither dominant nor recessive.
Although such standardization is a highly desirable

step, I feel that the definitions do not go far enough
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and that a fully quantitative expression of degree of
dominance obtained by means of a mathematical for-
mula would define more precisely all levels of domi-
nance. This would remove ambiguity and bring
resistance genetics more into line with classical quan-
titative genetics, but at the same time would not con-
flict with the generally accepted qualitative resistance
terminology such as " incompletely recessive ",
"intermediate " and " incompletely dominant ".
A formula for calculating degree of dominance

has been given by Falconer e and it may be expressed
as

D =
X1-X3

where D is the degree of dominance and X1, X2
and X3 are the phenotypic values of, respectively,
the homozygote with the increased value being
measured, the heterozygote, and the other homo-
zygote. Falconer e employed an arithmetic scale in
some of his calculations of degree of dominance, as
this scale gave a normal distribution of phenotypic
values. This distribution is usually achieved for
tolerances of animals to chemicals when doses are
expressed in terms of their logarithms.f Therefore
the above formula for D may be applied to the
genetics of chemical resistance if log LD50 values
for the resistant homozygote (R), the susceptible
homozygote (S) and the heterozygote (RS) are sub-
stituted for X1, X3 and X2 respectively. If the log
dosage probit lines are not parallel, it may be appro-
priate to calculate D at one or more additional levels
of response, e.g., LD5, or LD93 or both.
When D = 0 the heterozygote has the same degree

of susceptibility with respect to the resistant homo-
zygote as of resistance with respect to the susceptible
homozygote. D = 1 would be indicative of com-
plete dominance, 0 < D < 1 of incomplete domi-
nance, -1 < D < 0 of incomplete recessivity, and
D= -1 of complete recessivity; such positive and
negative values being symmetrically distributed on
a logarithmic scale about the zero point where there
is neither dominance nor recessivity (D = 0). Thus,

e Falconer, D.S. (1964) Introduction to quantitative
genetics, Edinburgh, Oliver & Boyd.

f Finney, D. J. (1962) Probit analysis, 2nd ed., London,
Cambridge University Press.
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dominance (or recessivity) occurs when the relative
resistance of the heterozygote is greater (or less) than
the square root of the relative resistance of the re-
sistant homozygote.

Misra g has considered a method of testing sta-.
tistical hypotheses on the degree of dominance. The
method may be applied to the data of Stone h on the
inheritance of resistance to formothion in the cattle
tick, Boophilus microplus. These data give LD50
values for R = 63.5 ,tg/cm2, RS = 10.2 ,ug/cm2,
SR (i.e., reciprocal cross) = 14.1 /Zg/cm2 and
S = 0.0267 /Lg/cm2, so that, X1 = 1.8028, X2 for
RS or X2RS = 1.0086, X2SR = 1.1492 and X3 =
-1.5735. Variances of these X values were esti-
mated as, V(XI) = 0.002894, V(X2RS) = 0.003533,
V(X2SR) = 0.003253 and V(X3) = 0.002110.
Denoting the estimates of D based on (X1, X2RS,

X8) and (X1, X2SR, X3) values by D1 and D2 respec-
tively we get,

D1 = 0.530, D2 = 0.613
V(D1) = 0.001878, V(D2) = 0.001967

Significance of the difference of D1 from the para-
metric value 0.5, for example, is tested by t, where

0.53 - 0.5
t=-= =,or 0.69

V0.001878
This is not significant at the 5% probability level.

The 95% confidence interval of the parameter is
estimated as 0.53± 1.96 A/0.001818, or 0.45 to 0.61.

Proceeding similarly, t for the significance of the
difference of D2 from the parametric value 0.5 is
estimated as 2.55 and is thus significant at a proba-
bility level of <2%. The 95% confidence interval
is estimated as 0.53 to 0.70.
The significance of the difference D1-D2 is tested

with 0.613 - 0.530
t = - or 1.34.AV0.001878 + 0.001967'

This is not significant at the 5% probability level.
The results obtained by various authors may be

used to illustrate the application of the formula. For
example, Stone' showed that the relative DDT-
resistance of R and RS B. microplus larvae was 12.6
and 1.88 times respectively, in studies on the inherit-
ance of DDT-resistance. D has now been calculated
to be -0.50 for this test, thus indicating incomplete
recessivity. In a similar test with R, SR and S en-

g Misra, R. K. (1968) Biometrics (in press).
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i Stone, B. F. (1962) Aust. J. agric. Res., 13, 984-1007.

gorged adult females of B. microplus, R and SR
ticks were 5.89 and 1.62 times as resistant to DDT
as S ticks; data gave X1 = 3.0652, X2 = 2.5159,
X3 = 2.3075, V(X1) = 0.0001474, V(X2) = 0.0004836
and V(X3) = 0.0006456, so that by the formula,
D = -0.45, V(D) = 0.005813 and t = 0.66 for
derivation of D from the parametric value -0.50.
This t is not significant (probability >50%Y). A
greater measure of agreement with the result for
larvae than had been suspected previously by simple
inspection of the data is thus observed.
When the relative dieldrin-resistance values of

800 and 30 times obtained by Davidson J for R and
hybrid Anopheles gambiae were used to estimate
degree of dominance, the value obtained was +0.017,
which is so close to zero as to suggest little or no
dominance of one allele over the other, i.e., the re-
sistance of hybrids is intermediate. The author had
reported this, however, as incomplete dominance f
and as semi-dominance.k Matsumura & Brown'
worked on malathion-resistance in Culex tarsalis
and published a set of LC 0 values which gave rela-
tive resistances for R and RS of 41.9 and 18.6 times
respectively. Estimated D was +0.56. This may not
have been significantly different from +0.5 and may,
therefore, be regarded, perhaps, as indicative of
semi-dominance in agreement with the statement
made by Oppenoorth m when referring to the above
paper. However, this term, widely used in the past,
may not be worth retaining now that a quantitative
expression is available. In these examples the exist-
ence of parametric values of degree of dominance
under consideration could have easily been confirmed
by the statistical procedure f if the original data or
estimates of V(X1), V(X2) and V(X3) were available.
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