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Inheritance of DDT-Resistance in a European Strain of
Blattella germanica (L.) *

DONALD G. COCHRAN, Ph.D. 1 & MARY H. ROSS 2

A strain of Blattella germanica has recently been obtained from Europe which has
proved to be highly resistant to DDT. This paper reports on genetical studies designed to
show the mechanism of inheritance of the trait. Various crosses involving this strain and
strains susceptible to DDT or possessing genetic markers were made. Progeny were tested
for resistance to DDT and were examinedfor markers. The results show that DDT resist-
ance is inherited as a simple Mendelian trait, with the hybrid being incompletely susceptible.
Resistance appears to be on the same linkage group as " balloon-wing ", but is independent
of " orange-body

It has been clearly established in at least three
species of insects that resistance to DDT is inherited
in a manner consistent with simple Mendelian
principles involving only one major factor (Milani,
1956; Davidson, 1957; Qutubuddin, 1959). In other
species there are indications of monofactorial
inheritance, but the evidence is not nearly so con-
clusive (Rozeboom & Hobbs, 1960; Pal & Singh,
1958; Cochran & Ross, 1962). In still other cases,
examples are known where the inheritance mecha-
nism seems to be more complex (Tsukamoto et al.,
1957), or where the dominance situation is confused
(Milani, 1956; Lichtwardt, 1956). In the present
paper evidence is put forward for a simple mono-
factorial inheritance mechanism for DDT-resistance
in a newly-acquired field strain of the German cock-
roach. Linkage studies involving the possible relation-
ship of this DDT resistance to two morphological
markers have also been undertaken, and the results
are described herein.

METHODS

Reciprocal crosses were made between a suscep-
tible strain and a DDT-resistant strain referred to
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here as the Landstuhl strain.3 In addition, crosses
of F1 x F1 individuals, resulting in F2 generation
offspring, as well as certain back-crosses and F3
crosses, were made in order to study the inheritance
of resistance. Similar, but less extensive, crosses
were also made between a balloon-wing, susceptible
strain (Cochran & Ross, 1961) and the Landstuhl
strain; and between an orange-body, susceptible
strain (Ross & Cochran, 1962) and the Landstuhl
strain in connexion with the linkage studies. In all
cases the cockroaches were examined for morpho-
logical markers, and tests were made to determine
DDT resistance or susceptibility. The insects were
exposed to DDT according to the method described
by Clarke & Cochran (1959). One procedure was
the use of scalar doses and preparing mathematically
fitted regression lines from the resulting data.
Alternatively, a single discriminating dosage was
used. In the latter case, a simple ratio of resistant to
susceptible cockroaches in the population tested
was calculated, and a x2 " goodness of fit " test
was employed to determine whether the population
deviated significantly from an expected ratio.

3This strain was derived from a field-collected strain
which was maintained without selection pressure for several
generations. Upon their arrival in our laboratory in January
1961, these cockroaches were immediately exposed to selec-
tion pressure with DDT. The exposures have been continued
intermittently.
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THE RESPONSE OF PARENTAL AND Fi POPULATIONS OF GERMAN COCKROACHES
TO DDT

Males Females
Strain a LC5ob Times c Slope LCsob Times c Slope

value resistance or b value value resistance or b value

S 0.05 1.0 3.2 0.16 1.0 3.7

(S& x L )-F, 0.15 3.0 2.3 1.75 10.9 1.7

(L& x SD) - Fi 0.20 4.0 2.4 1.00 6.3 1.9

DDT-R(L) >40.00 >800 - >40.00 >250 -

a S = susceptible strain; L = Landstuhl DDT-resistant strain.
b Grams of DDT per litre of suspension.
c Calculations are based upon LC50 values from fitted regression lines, except for the Landstuhl

strain.

RESULTS AND DISCUSSION

F1 crosses

The results of the reciprocal crosses between the
susceptible strain and the Landstuhl strain are
presented in Fig. 1 and in the table above. As can
be seen from the figure, the susceptible and the F1
male and female populations are represented by
regression lines. It was not possible to represent
the Landstuhl strain in this way because the highest
dosage obtainable by the method used (40 g ofDDT
per litre of suspension) gave no mortality in this
strain. Thus, it is impossible to categorize resistance
in this strain except that it is very high with an LC10>
40.0 g/litre (see the table).
From these results it is clear that the offspring

of the reciprocal crosses are similar in their response
to DDT, subject to the usual variations due to sex.
This in turn leads to the conclusion that sex-linked
factors are not involved in the inheritance mechanism
to any significant extent. Furthermore, the positions
of the regression lines for F1 males and females
indicate that these progeny are quite susceptible to
DDT. They are not completely susceptible, however,
and the difference between the F1 and the susceptible
parent warrants an explanation. The two most
logical explanations are the incomplete dominance
of susceptibility, and the presence of vigour tolerance
traits which in the heterozygous condition impart
some slight resistance. At present it is impossible
to distinguish between these two alternatives.
Either or both may be involved.

F2 crosses

In the F2 generation results have been obtained
which indicate the existence of a ratio of three

susceptible to one resistant cockroach. Evidence
for this finding comes from studies using either the
discriminating- or the scalar-dosage technique. A
discriminating dosage of 30.0 g/litre was used to
test the susceptibility of a large number of indivi-
duals. It had previously been demonstrated that
this dosage kills all susceptible and F1 cockroaches.
In the F2 this dosage killed 72.8 % of the population
(1569-S: 586-R). The observed segregation can be
accepted as fitting a 3:1 ratio (X2 = 5.54; P>0.01).1
While a better fit of the data to a 3:1 ratio would
be more satisfying, it has frequently been noted that
discrepancies of up to 10% between observed and
expected values are not uncommon in resistance
studies (Rozeboom & Hobbs, 1960).
The results obtained on the F2 populations using

the scalar-dosage technique are shown in Fig. 2.
It is obvious that a definite plateau exists at approxi-
mately the 75% level, and that no indication of an
increase in mortality occurs up to a dosage of
30 g/litre. Clearly, one quarter of the F2 population
(both males and females) is highly resistant to DDT.
As added proof, it has been shown that the resistant
fourth of the F2 population produces, in subsequent
generations, a strain which is highly resistant to
DDT.

Back-crosses
Back-crosses were made between the F1 cock-

roaches and both parental lines. It was found that
when F1 cockroaches from both reciprocal crosses
were mated with the susceptible strain, all offspring

' xI = Chi square with one degree of freedom; P = the
probability of getting a larger x' value under the hypothesis
that the proposed ratio exists in the population.
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FIG. I

DOSAGE-MORTALITY REGRESSION LINES FOR THE SUSCEPTIBLE PARENTAL STRAIN (S)
AND FOR Fi POPULATIONS OF GERMAN COCKROACHES EXPOSED TO DDT
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The F, populations were obtained from reciprocal crosses between the susceptible strain and the Landstuhl DDT-resistant
strain (L).

FIG. 2

THE RESPONSE OF F2 POPULATIONS OF MALE AND FEMALE GERMAN COCKROACHES TO DDT
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were killed by the discriminating dosage of 30 g/litre
of DDT (2065-S:0-R). On the other hand, when
F1 cockroaches were back-crossed with the resistant
strain, a ratio of approximately one resistant to one
susceptible insect occurred in the offspring (1084-S:
1096-R). This observed segregation is a good fit to
a 1:1 ratio (X2 = 0.06; P>0.80).

These results support the hypothesis that DDT
resistance in the Landstuhl strain is inherited as a
simple monofactorial trait, with resistance being
incompletely recessive. As pointed out earlier,
however, it is not possible to distinguish between
this explanation for the slight heterozygote resistance
and the alternative one that vigour tolerance factors
may be involved. Nevertheless, this does not detract
from the determination that one major locus is
responsible for most, and perhaps all, of the observed
resistance. This situation seems to resemble most
closely that reported by Davidson (1957) for the
mosquito Anopheles sundaicus.
For comparative purposes it should be pointed

out that in the Landstuhl strain no problem exists
with regard to low-level resistance in adult males.
This contrasts sharply with previous genetical studies
on DDT-resistance in this species where the problem
was so severe as to make a definitive study impo-
sible (Cochran & Ross, 1962). The differences
between the two DDT-resistant strains used are
not at present understood, but the Landstuhl strain
is of field origin and the other strain is a laboratory-
induced resistant strain. As Brown (1959) has
pointed out, it is not unusual for differences to occur
between field and laboratory strains. Perhaps the
present case is an example of such a difference.

Linkage studies
Crosses between the Landstuhl strain and a

susceptible, orange-body strain gave an F, popula-

tion which was normal in body colour and com-
pletely susceptible to the discriminating dosage of
30 g/litre of DDT. Similarly, crosses between the
Landstuhl strain and a susceptible, balloon-wing
(ba) strain gave an F1 which was normal in wing
structure (N) and completely susceptible to the
discriminating dosage of DDT. This is what would
be expected because it has been shown that both
the morphological markers are also inherited as
simple recessives (Cochran & Ross, 1961; Ross &
Cochran, 1962). In the absence of appropriate
doubly-recessive strains, simple F2 crosses were
made to test for linkage. From the crosses between
Landstuhl and orange-body strains, there was no
indication that these traits are linked. On the other
hand, the crosses between Landstuhl and balloon-
wing cockroaches gave results which indicate that
the two traits may be linked. In a simple dihybrid
situation the results of an F2 cross should give a
9:3:3:1 ratio. In this case the observed ratio (1127-
NS:422-NR:421-baS:91-baR) does not fit a 9:3:3:1
(X2 = 18.66; P<0.001). In all classes, the discre-
pancies were as would be expected if the two traits
are not segregating independently. Although no
quantitative estimate of the linkage situation can be
obtained from such results, they are indicative that
the two traits are on the same linkage group. More
critical crosses will be made as soon as appropriately
marked strains are available.
From these and other studies (Cochran & Ross,

1961; Ross & Cochran, 1962), it is evident that the
German cockroach is a species which can be mani-
pulated quite successfully in genetic experiments.
Three adequate markers are now available, and the
list will undoubtedly grow. This makes the prospect
for future genetic analyses in this species, including
that related to insecticide resistance, look quite
promising.
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RtSUMmt

La souche de laboratoire de Blattella germanica, L., dont
la resistance au DDT est connue depuis longtemps,
n'est pas particulierement favorable a une analyse gene-

tique. Aussi les auteurs se sont-ils procure une nouvelle
souche sauvage europeenne (souche Landstuhl) qui s'est
revele tres r'sistante au DDT. Ils ont essaye de mettre
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en evidence le mecanisme de la transmission de la resis-
tance au DDT et le rapport pouvant exister avec certains
genes marqueurs de cette espece par des croisements
entre la souche DDT resistante et des souches sensibles
ou possedant les genes marqueurs. Les resultats indiquent
que la resistance au DDT est transmise comme caractere
monofactoriel simple, l'hybride n'etant pas entierement
sensible. Contrairement aux resultats de travaux ante-
rieurs, le schema de l'heredite est net tant chez le male

que chez la femelle; de plus, il est prouve que la resis-
tance au DDT et le caractere morphologique # corps
orange)> sont genetiquement independants, alors que la
resistance au DDT et le caractere < aile-ballon * sont du
meme groupe. Blattella germanica se presente comme un
materiel favorable pour des 6tudes genetiques ; une expe-
rimentation plus poussee, a l'aide de souches <( marquees))
de mani6re appropriee, permettra la mise en evidence
plus precise du schema des liaisons genetiques.
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