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INHERITANCE IN LADY BEETLES

I. The spotless and spotted elytra of Hippodamia sinuata™®
A. FRANKRLIN SHULL

terns of lady-beetle species has at-

tracted the attention of naturalists
for many decades, and invited specula-
tion concerning its significance in evo-
lution. Evidence of genetic segregation
was observed at least as early as the
closing years of the last century, but not
always so interpreted. The black variety
of Addlia bipunctata, sometimes labeled
a species of Coccinella in the early col-
lections, was crossed by Burgess! with
the normal red form, and both types
appeared in the progeny. Although the
female might not have been virgin in
this first cross, the fact that the male
possessed the rarer character and that
this character was borne by some of the
offspring indicated that he was the real
father. Later matings using females
known to be virgin confirmed the segre-
gation. Burgess debated whether the
black form might be a different species,
and seemed to expect that if it were, the
hybrid would have been intermediate;
but today his results would be taken to
mean that the red and black differed in
one gene.

Later experimenters expected segre-
gation, but in fitting their results to
ordinary Mendelian rules were handi-
capped by difficulty of assuring virginity
of the females. Most of the early sup-
posedly hybrid progenies were obtained
from pairs taken in cottw in nature, and
under these circumstances the female
might have mated earlier. Schroder,?
recognizing this source of confusion in
his crosses of Adalia, sought later® to
remove it by using beetles just emerging
from hibernation. After this precaution
he got only one kind of offspring from
each first cross; but even if spermatozoa
could not survive over winter in the
female, he could have got this expected
result cnly if the phenotypically domi-
nant parent were homozygous. The ex-
periments of Johnson'® 7 on various spe-

THE great variability of the pat-

cies, and of Hawkes® on Adalia and® on
Coccinella were often started with fe-
males not assuredly virgin, and some of
the results were held to show they were
not virgin—though heterozygosis might
be the explanation of some such results.
Forms regarded as belonging to different
genera were taken in copulation by Mar-
riner,?® 2! with progeny indicating segre-
gation and some degree of dominance,
though the interpretation was doubtful.
The hybrid announced in the first of
Marriner’s papers was held by Capra?
not to be a hybrid, merely the variety
10-pustulata of Adalia (Coccinella) 10-
punctata, but the second publication was
based partly on a known hybrid.

No hesitation in assigning Mendelian
explanations to results of crosses was
felt by Palmer® 2 She was able to
cross, without difficulty, five forms re-
garded by many as distinct species of
Adalia. Though no system of genes was
proposed, she found segregation and
varying degrees of dominance. Zinumer-
mann*! also arrived at simple Mendelian
results in crosses between two varieties
of Epilachna chrysomelina, in which light
pronotum proved to be dominant over
dark, and merged ocelli nearly dominant
over separate.

Multiple Alleles

Some confusion in the early interpre-
tations resulted from overlooking multi-
ple alleles. In Coelophora inaequalis
Timberlake®* concluded that inheritance
was segregative, but in some measure
non-Mendelian because unexpected off-
spring appeared. His results were en-
tirely regular, however, on the assump-
tion of multiple alleles, as Dobzhansky®
pointed out. The order of dominance i
the triple series he studied is nine-spotted
>normal >black. Tan and Li% pro-
posed three pairs of genes to explain
the patterns of Harmonia axyridis, but
Hosino!? concluded that the contrasted
patterns are really multiple alleles. Tan

*Contribution from the Department of Zoology, University of Michigan.
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and Li presented several results not in
harmony with the multiple-allele ex-
planation, but these Hosino* regarded
as the results of experimental error—
which can easily happen in work with
these beetles. Hosino!3 1#15 added other
alleles to this series, which now includes
eight patterns. Between these alleles
dominance is sometimes complete, some-
times partial or lacking.

Palmer’s results®*2® are also explain-
able on the basis of a series of multiple
alleles, which may have been her concept
of their relations to one another though
she does not specifically so state. The or-
der of dominance (probably not always
complete) in Adalia, as she found it, was
apparently melanopleura  >bipunctata
>annectans >coloradensis >humeralis.
There seems to be no specific reason in
her work for putting melanopleura above
bipunctata in this order, though she ap-
parently assumes (Palmer,*® p. 299)
that that is its position. Support for
the conclusion that these forms are mul-
tiple alleles is presumably afforded by
the work of Lus'® on the same species,
Adalia bipunctate. Lus concluded that
eight forms of this species are dependent
on genes at the same locus, though the
evidence is regarded by Timoféeff-
Ressovsky3®® as not quite conclusive. The
names given these forms are all different
from those given to Palmer’s “species,”
and from the illustrations presented most
of them are phenotypically different from
hers. With respect to two of them,
however, there is no clear difference.
Probably the form called by Palmer sim-
ply bipunctata (two black discal spots on
a red ground on the elytra, and a black
M on the pronotum) is the same as
forma typica (gene S') of Lus; and
Palmer’s humeralis (red discal spots and
red shoulder patches on black ground on
the elytra, and a mostly black pronotum)
could be identical with 4-maculata (S™)
of Lus. If either of these suggested
identities is real (and possibly even if
they are not), the two series of alleles
become a single one. If they do, how-
ever, the order of dominance is con-
fused (perhaps by dominance-modifying
genes) ; for humeralis is most recessive
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in the American alleles, 4-maculata
second most dominant in the Russian;
and bipunctata is near the top of the
dominance order in America, while {ypica
is fifth in order in Russia. It would be
interesting to know whether this large
series may not also extend to another
species, 4. decempunctata, in which Lus
discovered three alleles of a series.
Among these three, the one at the bottom
of the dominance order (bimaculata) is
phenotypically very similar to the one
(sublunata) at the top of the dominance
order in A. bipunctata. One could specu-
late on the existence of a series of muta-
tions of the same gene, spread through
the two species, but divided into’ two
groups by interspecific sterility. Lus
does not indicate whether any species
crosses were attempted.

Species crosses, it will be observed,
are readily effected, though views of
what constitutes a species (heretofore
very discordant) may be profoundly in-
fluenced by the genetic work as the latter
accumulates. Johnson'? reported species
crosses which were probably correctly
so judged, since Johnson’s tendency, ac-
cording to Dobzhansky,® was to assemble
species rather than split them. Even a
generic cross (between Adalia bipunc-
tata and Coccinella variabilis, see ante)
was reported by Marriner?® hoth as
effected in the laboratory and as discov-
ered in nature; and this hybrid was suffi-
ciently fertile to be bred into later gen-
erations. The same author?' suggests
further that hybrids between Adalia and
Mysia are found in England.

Indications of inheritance too vague
to lead to any explanation were observed
in Harmonia axyridis by Dobzhansky*
before the conclusive genetic work of
Tan and Li. and of Hosino. His discov-
ery that each of several fluctuating (and
overlapping) types had a different re-
action norm suggested that these types
had a genetic basis, and may well have
been influential in bringing about the
later experimental work. Correlations
between different parts of the pattern
could be interpreted on at least a physio-
logical basis, perhaps a genetic one.
Dobzhansky* established a correlation
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between pronotum and elytra in Har-
monia axyridis, Schilder?™ between the
parts of the elytral pattern in Adonia
variegata, and Zarapkin'® between the
position of spots and their size and ten-
dency to nierge in Propylaea 14-punc-
tata. These correlations, if not of genetic
significance, must bear on questions of
physiology of development, a field di-
rectly explored by Zarapkin®® in Cocci-
nella 10-punctata with respect to origin
of pigment (which he regarded as being
subject to a directed variability) and to
formation of pattern. The fact that dif-
ferent races of Eptlachna respond dif-
ferently to temperature in the extent of
their black spots (Timoféeff-Ressov-
sky®®) presumably means that there is
a genetic basis for this response. A num-
ber of other studies merely or chiefly
described variability—for example, that
of Reichert®® for Adaha bipunctata; of
Hosinol! for Harmonia axyridis; of
Meissner®® for Propylaea and Coccinella
with respect to the tendencies toward
lightness and darkness; of Schilder*$ for
Propylaea from which one could almost
infer—as the author does not—domi-
nance of reduced spotting over increased
spotting; of Vogt and Zarapkin®® for
Coccinella decempunctata arriving at a
statistical rule for the frequencies of
- patterns and at the conclusion that vari-
ation is directed ; of Zarapkin?*4* on the
relation between the frequency of spots
and the time of their ontogenetic appear-
ance, leading again to the concept of di-
rected variability; of Schilder (in part.
see ante) on Adonia variegata,; and of
Smirnov™ and Timoféeff-Ressovsky and
Zarapkin®? in which lady beetles furnish
part of the illustrative material for more
or less purely mathematical considera-
tions. While the phenomena described
in these papers doubtless have a genetic
basis in part, the authors are concerned
with genetics only in a minor way or
not at all. They may, however. have
helped stimulate the directly genetic ex-
periments.

One of the early uses of genetic knowl-
edge of these beetles to the furtherance
of biological theory will be (and has
been) in relation to population statistics

and geographic variation, and through
these to the evolution of the coccinellid
family. Dobzhansky* and Tan and Li®*®
gave the proportions of the various types
of Harmonta axyridis in different popu-
lations, while the frequency of omission
of spots in Hippodamia convergens was
ascertained by Dobzhansky.® Marriner??
reported the seasonal prevalence of the
red and black forms of Adalia bipunctata
in England, the former being more abun-
dant in spring, the latter in. late summer.
Additional varieties of this same species
have been studied by Timoféeff-Ressov-
sky?® near Berlin not only with respect
to their frequencies in the population, but
as to changes in those frequencies during
the summer and as to their survival val-
ues in hibernation. The changes indicate
that selection favors the black variety in
summer (in agreement with Marriner
for England), the red variety in winter.
An increase in the frequency of many-
spotted individuals of Adalia bipunctata
in a certain area in England from one
year to the next seems to have been
hrought about by Hawkes!® by the arti-
ficial introduction of the darker forms
into it. The tendency of the spots in
Coccinelle 14-punctata to merge with
spots in front of or behind them, or be-
side them, was determined by Modereg-
ger? for different populations, but the
difference was not proven significant.
The importance of such statistics of
populations is considerably enhanced if
they are found to have a relation to
geography, with or without any relation
to climate. The lead in such geographic
studies was taken by Dobzhansky® who
traced the variation of two species of
Adalia from Europe to central Asia,
where they overlapped somewhat in their
phenotypes, and Dobzhansky and Sivert-
zev-Dobzhansky” who, for Coccinella
septempunctata, demonstrated a center
for small spots in south central Asia and
in Persia, and an increase in the spots
radially from this area toward the west
and northwest, and especially toward the
east and northeast. A similar study of
Hippodania convergens (Dobzhansky®)
showed that reduction of spots is much
more frequent in California than in the
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LADY BEETLE WIFQG-COVER PATTERNS
igure 4
A4—Right elytron of the lady beetle Hippodamia sinuata var. spuria. B and C are right
elytra of the spotless variety of /. sinuata. Note the short stripe on the inner angle of C.

eastern United States. Comparable geo-
graphic differences were observed for
several other species, and Dohzhansky
suspects a general relation to humidity
and perhaps temperature in most of
them. Such varieties, whether geo-
graphic or not. Dobzhansky® holds to
have a genetic origin, in that they are
differentiated out of an antecedent mixed
population. Landis and Mason's also re-
fer to geographic differences in variation
in Epilachna wvarivestris, pointing out
that in Mexico the tendency is to omit
spots, in Ohio to merge them. Popula-
tion differences in Epilachna were dis-
covered by Zarapkin'! with respect to
the distribution of pigment among the
several spots, such that specimens could
be correctly allotted to their areas on
that basis.

The literature of coccinellid genetics
has been reviewed here in outline some-

what beyond the requirements of the new
data to be presented in this paper, with
the expectation that in any future publi-
cations in the same general field it will
not be necessary fo repeat the statement
of fundamental relations,

Pattern of Hippodamia sinuata

Through the courtesy of Professor H.
B. Yocom I received in the spring of
1942 from near Eugene, Oregon. a mass
of hibernating beetles most of which
were Hippodamia sinuata var. spuria.*

The pattern of this variety is shown
in Figure 44. In the majority of indi-
viduals the spots are separate, except that
across the middle of the elytron is a bi-
lobed spot which, from a comparison
with other species of Hippodamia, may
be regarded as a merger of two spots.
In many beetles, however, the bilohed
spot is connected to a variable extent
with the spot behind or in front of it. or

*Professor Melville H. Hatch kindly identified the material.
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LACK OF DOMINANCE
Figure 3
Right elytra of two heterozygotes showing the lack of dominance of spotless and spotted.
Of 20 hybrids between the spotted and the spotless form, one had no spots and the 19 others had

much reduced spots.

with both of these. In none of the beetles
in this hibernating mass was the bilobed
spot connected with the scutellar spot
which is shared by the two elytra at
their inner front corners, though occa-
sionally an angle projecting anteromesi-
ally from the bilobed spot suggests an
approach to such a connection. The
ground color is approximately ochrace-
ous buff (Ridgway, Color Standards and
Nomenclature ) .*

Among the spotted beetles were a few
which had no black markings except
(usually) a short and slender dark scu-
tellar stripe (Figure 4B, C). Their col-
or was essentially the buff of the ground
color of the spotted type. This form is
here called “spotless.”

Beetles of both the spotted and spot-
less kinds were bred, and from their de-
scendents were selected virgin females
of the spotted form and males of the
spotless, which were crossed. Of the 20
offspring obtained, one was entirely spot-
less (except the scutellar stripe which
hereafter will be ignored), and the other
19 had much reduced spots. The size of
the spots in these 19 varied considerably,
but never even closely approached those
of the spotted pattern. Two grades of
the intermediate pattern are presented in
Figure 5. The one at the left is not
quite the darkest; it shows a slight in-
dication of the outer lobe of the bilohed
spot. In one other individual this outer
lobe was a mere cloud, but separate from
the inner lobe. At the other extreme of

*One beetle in the entire group, discovered too late to do any genetic work with it, had
its spots so enlarged that the whole elytron was solid black except a narrow streak of buff

along part of the margin.
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SPOTTING PATTERNS
Figure 6
Types of coalescence of spots un elytra of H. sinnata var. spuria. Note that the bilobed
central spot can he united by a bridge either to the forward spot (A4), to the rear spot (5),
or to both (C).

this series the spots became mere hazy
patches. When only one spot was pres-
ent it was at midlength ; when two were
present, it was usually the anterior outer
(humeral) spot which accompanied the
middle one.

The spotless pattern is thus not quite
dominant over the spotted. There was
overlapping of the heterozygote with the
spotless homozygote, but always (in
these experiments) a sharp gap between
the heterozygote and the spotted homo-
zygote.* To make the presentation of
all the crosses uniform, the ahove results
are included in the first line of Table 1.
where all the other successful experi-
ments are recorded. All beetles with re-
duced spots, even if these are mere
clouds, are listed as intermediate. The
one spotless one in the first line is of

course heterozygous, like the inter-
mediates.

One mating not included in the table,
spotless X spotless, was attempted sev-
eral times, but offspring were obtained
in only one experiment. In this success-
ful mating one parent had faint cloudy
spots, and was used on the chance that
it might be homozygous spotless because
spotless beetles were scarce at the time.
The offspring were, however, of two
kinds, spotless and intermediate. They
are accordingly included in the second
line of the table as progeny of intermedi-
ate X spotless.

With the exception of the seven beetles
marked with an asterisk, the results in
the entire table are in harmony with the
assumption that only one gene differen-
tiates spotless from spotted, and that

*In the classification of the hibernating mass there were only three or four beetles which
required a second observation to decide whether they were intermediate or spotted.
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dominance of spotless is incomplete. One
of these seven (in the first line of the
table) is known to be heterozygous; it
is therefore justifiable to conclude that
the spotless ones of the third and fourth
lines are also heterozygous. Attempts
to breed them for a more direct test
failed.

Variations of spotied pattern

The only author to report the breed-
ing of spuria is Johnson,'® who regarded
it as a separate species. He bred 13 fe-
males, sometimes after mating with un-
known males, and records the pattern of
their offspring. No later generations
were reared. All these beetles were of
the spotted pattern and the variations
he observed were mostly related to the
separation or coalescence of the spots.
No very definite conclusions could be
reached. He states that the inheritance
of the scutellar stripe is segregative, but
apparently this merely meant that it
could be present or absent. He recog-
nized two centers of variation of the
spotting, but not two unit characters.
The form which Johmson called sinuata
he did not breed at all.

Whether the coalescence of the spots
of the spotted pattern has a genetic
foundation was not specifically tested in
my own experiments, but some results
bear on that question. All parents have
been preserved, except a few which es-
caped or died and could not be found.
Unfortunately, as a labor-saving device,
the matings were not always of single
pairs. Several females of one kind were
confined with several males of a con-
trasted kind. When offspring were ob-
tained, they could be the progeny of any
one or more of each of the sexes among
the adults. With respect to the charac-
ters which were being directly studied,
and so long as the heredity proved to
be simple, this method was satisfactory ;
but for any character which differed in
some minor respect among the females
or among the males, the results would be
questionable.

In four of the matings between spotted
and spotted all females and males used
had the bilobed spot separate from the

others. Their offspring included some
with coalesced spots, the details being
given in the first line of Table II. In
other experiments one or more of the
adults had the bilobed spot connected
with either the humeral or with the api-
cal (most posterior) spot (Figure 6).
In Table II the experiments are de-
scribed according to the type of coales-
cence shown by the possible parents and
the progeny are sorted with respect to
their coalescence. There is little in this
table to suggest that the merging of spots
is hereditary. More coalescence occurred
in progenies which certainly were de-
rived from parents without coalescent
spots than in progenies whose parents
may have had coalescent spots. It seems
more likely that merging is dependent
on developmental or possibly environ-
mental fluctuations. :

Frequency of the pattérn genes

In their bearing on evolution, the im-
portance of alternative genes depends on
their abundance. While no comparison
of the frequencies in different popula-
tions of the genes here studied can be
made at once, the facts for this one popu-
lation should be put on record. The
beetles sent from Oregon were in a
hibernating mass of over 23,000 individ-
uals. It is found to consist of 20,974
spotted, 2,125 intermediate, and 143
spotless ones. The first of these num-
bers is fairly accurate, since there is lit-
tle or no overlapping of the phenotypes
of spotted and intermediate beetles. The
other two numbers are doubtful because
heterozygotes may have only the faint-
est indications of spots or be entirely
spotless.

On the basis of these numbers it may
be computed that 5.00% of the genes are
S (spotless) and 95.00% s (spotted).
It would be expected therefore that the
spotted beetles (ss) would constitute
90.24% of the population, the intermedi-
ates (i.e., heterozygotes, Ss) 9.51%, and
the spotless (S5) 0.25%. Thus the
phenotypically spotless individuals,
which constitute 0.62% of the total. are
2.46 times as abundant as the genotype
S§ should be. Only 40.7% of the pheno-
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typically spotless beetles (about 38 of the
143) may be presumed to be genotypi-
cally S§. The other 85 spotless should
be heterozygotes in which S is complete-
ly dominant. That is, in about 3.85%
of the heterozygotes, spotless is com-
pletely dominant; in the rest the spotted
gene -comes to expression in some de-
gree. These computations rest on the
assumption of random mating and equal
fertility and viability of all three types.

If the discrepancy between spotless
pattern and the S§ genotype represents
merely the overlap of Ss and S, the
proportion of heterozygotes which were
spotless was less in the natural popula-
tion (3.85%) than in the experiments
(15.22%). Another explanation of the
discrepancy could be selective mating
favoring that of spotless with spotless,
though in the experiments such 'matings
failed. The larger number of spotless
can hardly be caused by differential mor-
tality, for in the experiments the spot-
less beetles appeared to be the least vig-
orous. This appearance of lower vigor
seems to be confirmed by the smaller
number of spotless individuals among
the progeny of intermediate X inter-
mediate, in line 5 of Table I.
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Summary

The spotless pattern of Hippodamia
sinuata differs from the spotted (variety
spuria) in just one gene. The spotless
type is not quite dominant; though a
few of the heterozygotes are strictly spot-
less, most of them have reduced spot-
ting. There is little or no overlapping
of the phenotype of the heterozygote and
that of the spotted homozygote. In an
Oregon population, the spotless gene was
present in 5% of the pertinent chromo-
sumes, the spotted gene in 95%. Only
about 41% of the phenotypically spot-
less beetles are homozygous for the spot-
less gene. The occasional fusion of spots,
other than the pair in the middle of each
elytron, in the spotted pattern has no
clear genetic basis.
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THE SCULPTURING OF GROWTH

LTHOUGH not published as a con-
tinuation of the author’s well known
Chemical Embryology, the present work*
closely resembles it in format and meth-
od of approach. As in Chemical Em-
bryology, the attack ic on a large scale
over a wide front, with the difference
that in this book the main effort is con-
centrated on the organizer problem. Bio-
chemistry and Morphogenesis is divided
into three parts respectively titled: The
Morphogenetic Substratum, The Mor-
phogenetic Stimuli, and The Morpho-
genetic Mechanisms. Part I, consisting
of 93 pages, summarizes recent literature
dealing with the chemical composition of
the egg and with problems of embryonic
nutrition. It brings up to date the cor-
responding chapters of Chemical Em-
bryology. Part 1I, 405 pages, presents
an exhaustive summary of published ex-
periments bearmg on the phy51olo y of
determination in vertebrates and inverte-
brates. Part IIT, of 172 pages, covers

recent work on the special metabolism
of the embryo. There follows a glossary
of special terms and an astonishing bib-
liography of approximately 5,000 refer-
ences, listing apparently every publica-
tion of any importance which has ap-
peared in this field in the last ten years.
The volume is fully indexed. Possibly
as a compromise with paper-rationing,
the author has adopted an unfortunate
shorthand for indicating chemical struc-
tures; otherwise there are but few signs
of war in the make-up of this book. It
is noteworthy indeed that a scientific
treatise of such size and elaborateness
has been published in England at this
time.
The Evocator Mystery

The most important section is Part II
which occupies over half the book, and
deals with the complicated field of or-
ganizer phenomena wherein embryolo-
gists caught the first exciting glimpses
of a possible causal connection between

*Biochemistry and Morphogenesis, by Joseph Needham;

Macmillan, 1942.
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