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Two forms with which we have recently carried on
breeding experiments, the garden flower Portulaca and
the jimson weed (Datura Stramonium), are strikingly
different in the types of variations which they show.
The Portulaca is procurable in a wide range of color va-
rieties, and is apparently subject to relatively frequent
mutations, both seminal and somatie, with sectorial and
periclinal chimeras a common phenomenon. Sufficient
breeding tests have been made to indicate that the varie-
ties of Portulaca are due in large measure at least to gene
mutations. In comparison with Portulacae, the jimson
weed is relatively stable so far as gene mutations are
concerned. Despite the large amount of breeding work
with this species, both before and since the rediscovery of
Mendel’s law, only the two allelomorphic pairs of char-
acters, purple vs. white flowers, and spiny vs. smooth cap-
sules, have been identified aside from the pair, tall vs.
short stature recently determined by the writer and
Avery (3).

It is true that certain of our pure lines of Datura differ
slightly from others when grown in comparable pedi-
grees, but the fact remains that so far as sharply con-
trasting Mendelian characters are concerned, the jimson
weed is highly stable, while the Portulaca is highly mu-
table. Our knowledge of changes in chromosome number
in other forms is not sufficient to indicate if there is any
significance for the present disecussion in the difference
just mentioned between Portulaca and Datura.

Our interest in Datura began about 1910 or 1911, when
the jimsons were used as demonstration material for
students in genetics. In 1915 we found our first mutant
which we called the Globe from the shape of its capsules.

16

This content downloaded from 080.082.077.083 on January 16, 2018 23:18:53 PM
All use subject to University of Chicago Press Terms and Conditions (http://www .journals.uchicago.edu/t-an



No. 642] VARIATION IN DATURA 17

The capsules of normal plants are ovate and the edges of
the leaves somewhat toothed. Globe plants, on the con-
trary, have depressed capsules and broader leaves with a
more entire margin (cf. 3, figs. 7 and 9). Figure 1 shows

(2n+261) o (2n+i1ar) -

Fic. 1. Young plants in 3-inch pots. The normal 2n plant is in the middle,
the (2n +1) Globe on the right, and the (2n +2) Globe on the left.

young plants beginning to flower. In the center is a
normal and on the right a Globe. The leaves of the latter
are broader and more closely massed together. In the
plant on the left, the Globe characters are more strongly
developed. This plant represents an extreme type of the
Globe mutant, and has been called the Round-leaf Globe.
It is of considerable genetic interest and will be discussed
later. It was at first thought that the Globe might be a
tetraploid type like the Gigas Enothera but a preliminary
cytological investigation showed that such was not the
case.

A peculiarity in the inheritance of the Globe (1, table 3)
was found to be that the Globe complex is transmitted to
only about one fourth of its offspring when a Globe parent
is selfed; that about the same proportion of one fourth
(Globes only appears in the offspring when the Globe
parent is crossed with pollen from a normal plant; and
that the mutant character is transmitted to only a slight
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18 THE AMERICAN NATURALIST [Vor. LVI

extent or not at all through the pollen—to less than 2 per
cent. in a large series of crosses.

The next mutant found was Cocklebur (3, fig. 11)
named from the resemblance of its fruits to those of the
cocklebur weed. The plant is weak and lopping and the
leaves narrow and twisted.

The Poinsettia mutant (3, fig. 14) was named from a
fancied resemblance of its long clustered leaves to the
hothouse plant of that name. The Poinsettia is of espe-
cial interest, since this mutant was found to give curious
ratios when heterozygous for color factors.

As our eyes became better trained, other mutants were
added to the list, largely through the keen discrimination
of Mr. Avery and Mr. Farnham, until we now have 12
main mutants with some varieties, all of which transmit
their mutant characters essentially in the same way in
which the Globe complex was found to be transmitted.

In addition we had a mutant which, unlike the 12 types
just mentioned, was found to breed true, and since it is
practically impossible to obtain crosses between it and
the normal form from which it arose, it was called ‘‘ New
Species 7’ (3, fig. 15). The capsules are somewhat spheri-
cal and the leaves broad, although in a race of the same
type later discovered the leaves are not greatly different
from the normals. Heterozygous plants of the <“ N. 8.”’
sometimes gave curious ratios in their offspring.

Such was the situation up to the spring of 1920, when
we were fortunate in securing the cooperation of Mr.
Belling in a study of the nuclear condition of our mutants.
On the basis of his work we are able to make the classi-
fication of types shown in Fig. 2. In the individual fig-
ures—which of course are highly diagrammatic—the
chromosomal constitution of somatic cells is represented.
We have not attempted to represent the size differences
determined by Mr. Belling and pictured in our paper in
the morning session.' A .word of explanation of terms
is desirable. The terms diploid, triploid and tetraploid
are already current to indicate a balanced condition in
which each chromosomal set (we can not say chromosomal

1To be published shortly in the AMERICAN NATURALIST.
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F1e. 2. Diagrams illustrating the chromosomal types already found in Datura,

pairs when there are more than 2 in a set) has respec-
tively 2, 3, or 4 chromosomes. I have suggested (2) the
terms disome, to indicate a set of 2 chromosomes, trisome
a set of 3, and tetrasome a set of 4, ete., with the adjectives
disomie, trisomie, tetrasomic, ete. Such terms may be
found useful, but it seems impossible to devise a simple
terminology that will adequately describe even the chro-
mosomal irregularities at present known in Drosophila
and Datura. Accordingly, after considerable discussion
with Dr. Bridges, we have agreed upon a set of formule
which is illustrated in the diagram and which we shall
use:in our present papers.
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Of the balanced forms there are even-balanced or
stable, and odd-balanced or unstable types. In the even-
balanced diploid, ‘which is the normal jimson weed, the
two chromosomes in each set go to opposite poles by the
ordinary process of disomic reduction, and the plants
breed true for chromosome number. Partly for the same
reason, the even-balanced tetraploid, which is our ‘‘ New
Species,”” breeds essentially true. The triploid, on the
other hand, is odd-balanced and therefore unstable, since
in the trisomie disjunction in each set two of the three
chromosomes go to the one pole and one to the other, the
process taking place at random. Through the operation
of chance, therefore, gametes of different chromosomal
number will be formed, and simple and double mutants
as well as diploids will oceur in the offspring. The rela-
tion may be seen from the pollen of the three balanced
types under the same magnification (Fig. 3), where the
photograph at the left (a) shows a field of pollen from a
diploid; that at the right, (¢) with larger grains, pollen
from a tetraploid; while that above (b) shows pollen from
a triploid. Pollen from a triploid is not only character-
ized by a large proportion of empty grains, but also by a
great diversity in the size of the grains brought about
by the differences in the number of chromosomes which
they contain.

The upper left-hand figure of the unbalanced types (Fig.
2) has one extra chromosome in the lower right-hand set,
indicated by the arrow, giving 1 trisome, and 11 disomes
in this nucleus, and its formula may be written (2n -+ 1).
Such a simple mutant is the Globe—simple because only
one set is affected. If another set has the extra chromo-
some—say the set on the right—instead of the one with
the arrow, this extra chromosome would cause.the plant
to assume the characters of, say, the Cocklebur mutant.
It is obvious that since there are 12 sets in Datura and
each set may have an extra chromosome, there are 12 mu-
tants with the formula (2% 4 1) theoretically possibie.
Through the process of disjunction in these 12 mutants,
half of the gametes should contain the extra chromosomne,
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and half should not. Differential mortality, affecting
adversely zygotes with the extra chromosome, prevents
the expected equality of (2n) and (2% + 1) individuals in
the offspring from test crosses with diploids.

r

Fie. 3. Photomicrographs of pollen grains: (¢) from a diploid Datura; (b)
from a triploid: (¢) from a tetraploid. The magnification is indicated by the
scale, each division of which equals 0.10 mm,

The 12 mutants under discussion may best be repre-
sented in a single figure by their capsules. In Figure 4
we have capsules of the 12 simple trisomic mutants viewed
from the ovate side, each one of which represents the
addition of a single extra chromosome presumably in a
different set. There is the Globe with depressed capsiiles
and stocky spines; the large long-spined Poinsettia; the
narrow short-spined Cocklebur; the slender-spined Ilex;
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F16. 4. Photographs of capsules of 12 mutants of Datura viewed from the
ovate side.

the Mutilated, usually mutilated with a diseased blotch;
the short-spined Sugarloaf; the shiny capsule of Glossy,
ete., with lastly the narrow, long-spined Wedge. I have
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provisionally called these mutants the 12 apostles. Cer-
tain of the 12 have varieties which may be called acolytes,
and perhaps some of these in the figure may be reduced
from the rank of apostles to that of acolytes when other

forms are discovered.

F1c. 5. Capsules representing 3 pairs of mutants. Those in the lower row
are believed to represent varieties or *“acolytes” of the respective types repre-
sented above.

In Figure 5, the mutants from which the capsules in the
lower row were taken have been provisionally classed as
acolytes of their respective apostles represented above.
The evidence is best in regard to the mutants Wiry and
Poinsettia which form the pair at the left in the figure.
They both contain a single extra chromosome of approxi-
mately the same size, and in both cases this extra chromo-
some is shown, by peculiar color ratios in their offspring,
to be in the set which carries the factors for purple and
white flower color. The fact that though perfectly dis-
tinet they are yet similar in appearance, and the fact that
one has not infrequently given rise to the other in our
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cultures, is a line of argument applicable not alone to the
pair Wiry and Poinsettia. It also leads us to consider
Rolled an acolyvte of Sugarloaf, and Strawberry an aco-
lyte of Buckling. The possibility of acolytes being caused
by modifying Mendelian factors is being investigated.

I have said that the Poinsettia mutant gave curious
color ratios in its offspring (4 and 2, table 2). The evi-
dence seems conclusive that Poinsettia has its extra chro-
mosome in the set which earries the factors for purple and
white flower color. A heterozygous Poinseftia may have
one dose or two doses of the dominant purple flower color.
The offspring of Poinsgettia (like those of the Globe), it will
be remembered, are part normals and part mutants. If
a Poinsettia parent is duplex for purple, its normal off-
spring show 8 purples to 1 white, while its Poinsettia
offspring are all purples. If the Poinsettia parent is
simplex for purple the ratio for the normal offspring is
5 purples to 4 whites, and for Poinsettia offspring is 7
purples to 2 whites. The back crosses are also distine-
tive. By similar reasoning we believe the Cocklebur mu-
tant has its extra chromosome in the set which carries
genes for presence or absence of spines on the capsules.

The evidence is especially good for Poinsettia, since the
color classes can be recognized in the seedpan. Using a
Poinsettia which arose in a purple line from Washington,
D. C., we crossed it with a white line of similar appear-
ance also from Washington, and, without going outside of
these two lines, have synthesized Poinsettias of all the
possible combinations of color factors and have made
nearly all the possible combinations of crosses between
them. The results with the Washington lines are in ac-
cord with what would be expected from a random assort-
ment of 3 chromosomes in the set containing the purple-
white color factors. In a certain group of Poinsettias
simplex for purple in which the 2 chromosomes bearing
the white factor might have been brought in, so far as we
knew, either from the white Washington stock, or from a
distinet white line from Erfurt, Germany, the color ratios
in the offspring of some parents were according to calcu-
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lation, but from other parents the whites were approxi-
mately 6 times as frequent as would be expected. Later
experiments seem to indicate: that we get the definite
excess in white offspring from simplex parents when both
the ““ white ’’ chromosomes come from the German line;
that we get the Poinsettia ratios typical of random as-
sortment when the two white chromosomes come from the
Washington whites ; and that we get both of the two types
of ratios from different individual F; parents when we
make up an F', Poinsettia containing both a Washington
white, and a German white chromosome. It is apparent
that the peculiarity must be attributed to the German
chromosomes. The question is receiving further experi-
mental investigation but our provisional hypothesis to
account for the difference in the ratios is that for some
reason in trisomic digjunction the Gterman white chromo-
somes go to opposite poles rather than to the same pole
6 times as frequently as the laws of random assortment
would dictate.

Let us return to our diagrams in Fig. 2. Of the modi-
fied diploids we may have 2 extra chromosomes. in a
single set forming a simple mutant of the formula
(20 4-2). An example is the round-leaf Globe (fig. 1)
already mentioned.

If two different sets are affected each with a single
extra chromosome we have a double mutant with the
formula (2n+1-41). Of the 66 different double tri-
somic mutants theoretically possible, we have a consider-
able number now under cultivation. As an example, the
double mutant Globe-Reduced is shown in Fig. 6. At the
top is a capsule of a normal diploid with its chromosomal
diagram. At the left is a capsule of the Globe, and at the
right a capsule of Reduced. Their diagrams indicate that
the two mutants have different sets affected. The plant
represented by the capsules below, from the appearance
of its leaves as well as from that of its fruit, is un-
doubtedly a double mutant with the two sets affected as
indicated in the diagram below. If the (lobe-Reduced
behaves like other double mutants we have bred, its off-
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spring should contain normal diploids, both the Globe and
the Reduced mutants, as well as the double mutant, Globe-
Reduced, roughly in the proportion of 6: 2: 2: 1,
Triploids (fig. 2) have been discussed in this morning’s
session. Our prediction at last year’s meeting has been
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F16. 6. Capsule of normal diploid (2n) above; capsule of Reduced (2n+1 Rd)
at right; capsule of Globe (2n+1 Gl) at left; and capsule of double mutant
Globe-Reduced (2n+1 Gl+1 Rd) below. Below each capsule is given its chro-
moscemal diagram,
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fulfilled and we have obtained, in the offspring of a tri-
ploid, practically the full range of (2» -+ 1) mutants as
well as double mutants of the formula (2» +1-41). No
modified triploids have as yet been identified, but even 1f
we found them we could not expect to be able to propa-
gate them by seed.

Heterozygous tetraploid plants also show curious
ratios, according to whether there are 1, 2, or 3 doses of
the dominant factor. Duplex plants give a 35: 1 ratio
when selfed and the different types in the offspring segre-
gate in a characteristic fashion.

In the tetraploids we may have a single extra chromo-
some in one set making a simple (4n -+1) mutant, or 2
chromosomes in a set making a simple (4% -+ 2) mutant.
‘We have two cases of a tetraploid with a deficiency in one
set, producing a (4n — 1) mutant.

Up to the present time, except for Gregory’s work on
tetraploid Primulas (5) which was correctly interpreted
by Muller (6), Mendelian research has dealt almost ex-
clusively. with disomic inheritance. Our work with the
jimsons and the recent investigations of Bridges on tri-
ploid Drosophilas offer an opportunity for the rather
novel study of trisomie, tetrasomic and pentasomic in-
heritance. We do not believe, however, that the jimson
weed is peculiar among plants in giving rise to chromo-
somal mutants.

The unbalancing effect of the extra chromosomes can
best be illustrated by extra chromosomes in the Globe set.
The (2n --2) Globe has two extra chromosomes in the
Globe set and hence should show a greater divergence
from normal than the Globe with only one extra chromo-
some. Such is the case. The simple (2n 4 1) Globe (like
other mutants of this type) is less vigorous in growth
than normals. The (2n 4 2) (Hlobe is still less vigorous
than the more common (2% + 1) Globe. From fig. 1 it will
be seen, further, that the Globe characters in the (2% - 2)
Globe on the left, such as broadness of leaves, fatness of
bud, and density of foliage, are much further developed
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than in the (2n + 1) Globe at the right, which has only
one extra chromosome,.

Photographs of capsules (Fig. 7) will further illustrate
the idea of unbalance. Unfortunately the (2n + 2) Globe
just mentioned fruits poorly and none of its capsules
were available when the fruits of the other types were
photographed. Later a photograph of a capsule was
made to the same scale, and inserted in the proper place
in the series. It will be evident that the Globe char-
acters of relative stockiness of spines and depression of
capsules are more marked in the (2n -+ 2) Globe where
there are 2 extra chromosomes in the Globe set than in
the (2n 4+ 1) Globe on the left where there is only one
extra chromosome in this particular set. Likewise in the
modified tetraploids the (plus 2) Globe on the right is
more Globe-like than the (plus 1) Globe beside it.

The degree of unbalance of chromosomes in the nuclel
may be given a quantitative expression. Thus in the
(2n +1) (lobe, the extra chromosome produces an excess
of one over the balanced 2 condition. The nucleus is
overbalanced by the active factors in a single (flobe chro-
mosome. This unbalance may be said to be 1 over 2n.
In a similar way the (2n -+ 2) Globe with 2 extra chromo-
somes has an unbalance of 2 over 2x. Having in mind
these quantitative differences one would expect the
(4n -+ 1) Globe with an unbalance of 1 over 4n to show
a less marked expression of the Globe characters than
the (2n -+ 1) Globe with an unbalance of 1 over 2n. They
are, in fact, less readily recognized in recording our pedi-
grees. The relation of unbalance enabled us to predict
the possibility.of finding (4n + 2) Globes with an unbal-
ance of 2 over 4» which one would expect to be as distinet
in appearance as (2n + 1) Globes with an equivalent un-
balance of 1 over 2n. The prediction has been fulfilled
and we are led to expect the appearance of Globes with 3,
and Globes with 4 extra chromosomes in the Globe set, if
tetraploid plants can endure the-extreme unbalance of 4
over 4z, the equivalent of 2 over 2m obtained in the
(20 + 2) Globe.
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It must be emphasized that our quantitative expres-
sions of unbalance hold strictly only for the chromosomal
numbers in reference to a single set, and not necessarily
for the somatic characters conditioned by them, although
the nuclear unbalance seems to be reflected in the somatic
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F16. 7. Above, capsules with diagrams of a diploid (2rn) and a tetraploid
(4n). Below, capsules with diagrams of the different Globe mutants.

appearance, at least in the Globe series just discussed.
In double mutants, moreover, somatic effects may be in-
tensified or largely neutralized by individual genes in the
two extra chromosomes, anll an easy expression of the
combined unbalance which they exert will therefore be
impossible.

The structural characters have been taken for illustra-
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tion from a particular part of a single mutant, the Globe.
A more detailed study of changes in external and internal
morphology brought about by the presence of specific
extra chromosomes in the several mutants is being under-
taken in cooperation with Dr. Sinnott.

The unbalancing effect of an extra chromosome is
shown in the lessened vigor of mutant plants. Thus from
(Globe parents as an example of (2u 4 1) mutants, ordi-
narily only one quarter of the offspring to reach record-
able size are (lobes, instead of the 50 per cent. expected.
Moreover, when the plants are crowded the proportion of
Globes surviving is considerably lessened.

‘We have been discussing the unbalance as affecting the
sporophytic generation. In the gametophyte, the un-
balance is doubled. Thus from (2n-+1) Globe plants
with an unbalance. of 1 over 2 the pollen grains with the
extra chromosome have an unbalance of 1 over n. This
extreme unbalance hinders their functioning and brings
it about that the Globe character is transmitted to only a
slight extent through the pollen (under 2 per cent. in a
considerable series of crosses). It is of interest in this
connection to note the results of selfing and crossing
Globes of the tetraploid series. The unbalance in a
(4n 4-1) Globe is 1 over 4u, while the unbalance in its pol-
len grains which carry the extra chromosome is 1 over 2n.
Due to this lessened unbalance in comparison with pollen
of (2n - 1) Globes, the pollen of the (42 -~ 1) Globe trans-
mits the Globe character to a higher percentage of its
progeny (14 per cent. in the single pedigree tested), and
partially for the same reason we have obtained higher
proportions of Globes in the offspring from selfing such
(4n - 1) Globes (a total of about 60 per cent. in a single
experiment). A more specific study of the effect of ex-
tra echromosomes upon the gametophyte is being under-
taken in cooperation with Dr. Buchholz.:

It will not be advisable at the present stage of our in-
vestigations to discuss the possible external and internal
factors which may induce the chromosomal aberrations
which form the basis of our common mutations in Datura.
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A study of the effects of radium rays undertaken in co-
operation with Dr. Gager has given results which, al-
though in an early stage of the experiment, appear sug-
gestive in this conneetion. Other stimuli are being tested
which appear to induce irregularities in the distribution
of chromosomes to the pollen grains. 1t will be a matter
of theoretical interest to be able to control experimentally
the production of chromosomal mutations. It might also
prove to be of considerable economic importance to be
able to produce at will the full range of chromosomal mu-
tants in any plants, especially in those which are propa-
gated by vegetative means.

To us, one of the most interesting features of the Da-
tura work is the possibility afforded of analyzing the in-
fluence of individual chromosomes upon both the mor-
phology and physiology of the plant without waiting for
gene mutations. Kvidence is at hand which indicates
that every chromosome in Datura carries factors which
influence the expression of the so-called unit character
purple pigmentation. Our work so far we believe adds
evidence to the coneclusion that the mature organism—
plant or animal-—is not a structure like a child’s house of
blocks, made up of separate unit characters, nor is it de-
termined by separate and unrelated unit factors. It is
rather the resultant of a whole series of interacting and
more or less conflicting forces contained in the individual
chromosomes.

LITERATURE CITED

1. Blakeslee, A, ¥, 1921. The Globe. Mutant in the Jimson Weed.
Genetics, 6: 241-264, fig, 1.

. Blakeslee, A, F. 1921, Types of Mutations and Their Possible Signifi-
eance in Evolution. AMER, NAT., 55: 254-267.

3. Blakeslee, A, F., and B. T. Avery, Jr. 1919. Mutations in the Jimson

Weed. Jour. Heredity, 10: 111-120, fig. 5-15.

4. Blakeslee, A, F., John Belling and M. E. Farnham. 1920. Chromo-
somal Duplication and Mendelian Phenomena in Dature Mutants.
Science, N. 8., 52: 388-390,

. Gregory, R. P. 1914. On the Geneties of Tetraploid Plants in Primula
sinensis.  Proe. Roya! Society, B 87: 484492,

6. Muller, H. J. 1914. A New Mode of Segregation in Gregory’s Tetra-

ploid Primulas. AMER, NAT., 48: 508-512.

o

<t

This content downloaded from 080.082.077.083 on January 16, 2018 23:18:53 PM
All use subject to University of Chicago Press Terms and Conditions (http://www .journals.uchicago.edu/t-an



	Article Contents
	p. 16
	p. 17
	p. 18
	p. 19
	p. 20
	p. 21
	p. 22
	p. 23
	p. 24
	p. 25
	p. 26
	p. 27
	p. 28
	p. 29
	p. 30
	p. 31

	Issue Table of Contents
	American Naturalist, Vol. 56, No. 642 (Jan. - Feb., 1922) pp. 1-2+5-96
	Symposium: The Origin of Variations



