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two classes of gametes with and without the factor re-
sponsible for this character.

Although it 1s true that the form biennis D in later
generations has been uniform as to the stem coloration
deseribed above it by no means follows that the original
plant of 1910, which furnished the gametes of the eross,
was homozygous for this charaeter. I have already noted
the fact (Davis, "12a, p. 386) that types oceur wild similar
to biennis D except for their clear green stems. Con-
sequently the original plant may have been heterozygous
with respect to factors for red papille and in my later
egenerations I may have isolated a homozygous line.

Last summer I grew the reciprocal of the eross de-
seribed above, 1. e., a eross biennis D % grandiflora B
which involved the same parent plants as in the first.
The ¥, generation of 103 plants, culture 12.11, was
brought to maturity and consisted of the same two clearly
defined classes. (lass I, consisting of 87 plants, presented
the stem coloration of the biennis parent (red papille on
egreen portions of the stem). Class I, consisting of 16
plants, presented the stem coloration of the grandiflora
parent (stem above clear green). There was a dispro-
portion of the numbers as in the previous case, but in the
reciprocal eross the plants with red papille were in a
large majority, 87:16, instead of being in a small mi-
nority, 12:168, present in the first eross. Other peculiari-
ties of these classes were the same as in the first eross.
Again the mixed conditions in the ', reciprocal eross sug-
gested the probability that the biennis parent, in this case
female, was heterozygous with respect to the red colora-
tion of the papillate glands and that it also formed two
classes of gametes with and without the factor respon-
sible for this character.

The two classes of hybrids in the F, generation de-
seribed above appear to present a phenomenon similar to
the ““twin hybrids’’ of De Vries (’07) which result when
(K. biennis or (K. muricata are pollinated by Lamarckiana
or by one of its derivatives (e. g., rubrinervis, brevistylis
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to be alternative. It is on this hypothesis that I shall
treat the red coloration of papille as a dominant char-
acter when for convenience emploving a Mendelian nota-
tion in the accounts that follow.

It became a matter of interest to determine how repre-
sentatives of Class I and Class II would behave in the F.,
when selfed and how they would behave when erossed
reciprocally.  Therefore I selected a plant, 11.35m
(Davis, "12a, Fiigs. 6 and 7), as representative of Class I,
and a plant, 11.35a¢ (Davis, 12a, Figs. 5, 8 and 9), as
representative of Class II, and aeceording to my plan
( Davis, "12a, p. 399) carried these in pure lines into an F,
and also grew the crosses 11.35 m X a and 11.35 a X m.
Furthermore, a large F', generation was grown from an
especially interesting plant 11.35La (Davis, "12a, Figs.
10, 11, 12 and 13), also representative of Class II, which
resembled (Enothera Lamarckiana closely in certain par-
ticulars, These cultures will now be briefly deseribed.

1. The F, Generation from 11.85m.—From this plant,
with red papille on green portions of the stem as in the
parent biennis, the contents of one capsule, 413 seeds,
were sown. The culture, 12.43, produced 180 seedlings,
of which 166 plants were brought to maturity. Among
these, 86 plants presented the stem coloration of 11.35m
and the biennis parent of the cross, and 80 plants pre-
sented the stem coloration of the grandiflora parent.

Let us assume the formula for the biennis parent to be
Ry (R standing for the presence of the factor responsible
for the red color of the glands and » for its absence) ; 1. e.,
the biennis parent is held to be heterozygous for this
character and to form two classes of gametes, viz., R and
r. Let us assume that the formula for the grandiflora
parent with respect to this character is rr. The F,
hybrid plant 11.35m would then be expeeted to have the
formula Rr and to produce gametes R and r. These
gametes in chance combinations should give F', hybrids in
the proportions 1RR : 2Rr: 1rr, which would be a 3:1 ratio
with respect to the appearance of the character R (red
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larger F', generation grown from the sister plant of the
same Class II, 11.35La, where 532 plants agreed in having
this same type of stem ecoloration characteristic of
grandiflora.

The culture was remarkable for the length and breadth
of its leaves, which far surpassed that of the parents of
the cross and for its general vigor. In these respects
there was marked progressive evolution. The flower
size, however, was below the grandiflora type, the petals
ranging from 1.5 to 2.8 em. long (those of grandiflora
being about 3.3 em. long). Since none of these plants
appeared to present the possibility of developing the stem
coloration of Lamarckiana, I have not considered it worth
while to follow the family further.

3. The Cross 11.35 m X a and ils Reciprocal 11.85
a > m.—These crosses were made to determine whether
or not the peculiarity of the red glands with the other
correlated characters was in any sense or degree sex-
limited. Thus if these characters were carried by the
male gametes from the plant 11.35m, the progeny of the
cross 11.35 a > m should have the peculiarities of Class I,
while the progeny of the cross 11.35 m X a should have
the péculiarities of Class II. A hehavior of this general
nature has been deseribed by De Vries (’11) in his paper
on double reciprocal crosses.

From the eross 11.35 m < a the contents of one capsule,
276 seeds, were sown. The culture, 12.45, gave 143 plants
which were brought to maturity. Of these, 50 plants pre-
sented the red-colored papille characteristic of 11.35m
and of the biennis parent, and 83 had the coloration of
11.35a and of the grandiflora parent. On the hypothesis
developed through the cultures previously deseribed the
plant 11.35m should have the constitution RBr and the
plant 11.35a should have the constitution rr. The female
gametes of 11.35m should then have been of two sorts
(R and r), the male gametes from 11.35a should have been
all similar (), and the plants of the culture distinguished
as 00fr and 83rr. The expected ratio of the two classes
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4, The F, Generation from 11.35La.—This plant,
11.35La (Davis, '12a, pp. 401406, Figs. 10,11, 12 and 13),
was one of the most interesting of my hybrids because of
its strong resemblance to Lamarckiana in buds and foli-
age. The coloration of the stem was, however, that of
Class 11, i. e., it was grandiflora-like in the absence of red
in the papille on green portions of the stem. I had no
means of knowing, when this plant was selected as the
parent of a second generation, that its type of stem colora-
tion was probably recessive to that of the red papille as
found on the biennis parent, and that I should be disap-
pointed in my hope of obtaining in an F', some plants with
the stem characters of biennis D and Lamarckiana. 1
now believe that such a form is unable to produce in later
cenerations plants with red papille, and, since this is an
important character of Lamarckiana, my efforts with this
particular line of hybrids will be discontinued. The F,
generation from this plant, however, from the genetical
standpoint proved to be one of the most interesting that
I have grown and well merits a brief deseription.

The contents of 14 capsules, containing 2,217 seeds,
were sown, and after eight weeks gave a eunlture, 12.41, of
623 seedlings., An unusual mortality, apparently in a
class of dwarfs, reduced the culture finally to 532 plants.
The rosettes before they were half grown presented an ex-
traordinary range of variation and it became possible to
group them although this preliminary classification re-
quired considerable revision later. A large group of
more than 100 rosettes presented broad closely clustered
and erinkled leaves of the Lamarckiana type. Many of
these rosettes when half grown were indeed indistinguish-
able from those of Lamarckiana at the same age. A
smaller group of about 20 consisted of rosettes with
narrow leaves; most of these developed into dwarf forms.
Finally, the remainder, constituting what might be called
the mass of the eulture, contained rosettes ranging on the
one hand from a number somewhat grandiflora-like to a
few rosettes somewhat close to the biennis type, and be-
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Fro, 16, A type, 1241Lf, in the Fa from the F, plant 11.356La, hybrid of
grandiflore B x biennis [, representative of Group A, A form similar to
Lamarckiona In folinge, four-angled buds and fairly large flowers (petals 3 cm.
long)d, but the stem coloration was the type of grandifiora, and the internodes
were short as in gigas.

10.30LL (Fig. 5), but were present in very much smaller -
proportions,

Group €' comprised 7 plants having the habit of grandi-
flora with long branches from the base, but with narrow
lanceolate leaves. The flowers were grandiflora-like
(petals 3 em. long), but the plants were not so high
(about 8 dm.). The plants were distinguished with diffi-
culty from certain forms in group F.

Group D consisted of 3 plants, short and very much
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Curiously the tendeney in this group appeared not to be
progressive as to the size of flowers and other plant or-
oans, but, instead, retrogressive. There were no plants
with flowers larger than those of grandiflora, but in con-
trast a large number had flowers (petals 1-1.5 em. long)
much smaller than those of the biennis parent type
(petals about 2 em. long). The general tendency through-
out this group, as well as that of group 4, was distinetly
downward as regards the size of the plant’s organs.
This 1s the first time that 1 have met with such a phe-
nomenon in my observations on second generation hy-
brids of (Enothera.

(‘onsidering the culture, as a whole, it presented the
same sort of extreme variation that has appeared in
other ', generations. Many tvpes were present which
were taxonomically distinet from either parent of the
cross and from the F, hybrid plant 11.35La. The
eroups of dwarfs included few individuals, but these were
quite as puzzling in their extreme reduction in size as
were the dwarf tvpes deseribed from the F, plants
10.30La and 10.30L5.

4. A IDiscussiox or THE BEHAvVIOR oF THE HYBRIDS 1IN THE
SEcoND AND THIRD GENERATIONS WITH REFERENCE
TO THE STABILITY 0F MENDELIAN FACTORS

I wish brieflv to point out what seem to me diffienlties
in interpreting the F, generations deseribed in this paper
in accordance with a striet Mendelian conception of the
stability of factors. These difficulties are not presented
as a criticism of Mendelism, for the data are not suffi-
cient to justify conclusions, but it is well to note the
problems.

As T understand the tenets of striet Mendelism it is
assumed that the faetors believed to be responsible for
characters are stable. New characters are believed to
appear either by the loss of factors or by their recombi-
nation in the gametes, with possibly the oceasional intro-
duction of new factors or modification of the old to give
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high, respectively. It isdifficult to imagine fertile hybrids
of such parentage much more reduced in their vegetative
expression than are these dwarfs. Furthermore, the
reduction was apparently a complete loss in the power of
a greater growth, as was indicated by the dwarfs breed-
ing true in the I, generation.

If the dwarfs were to be interpreted in so simple a
manner as recessives from a cross where two factors for
size were allelomorphic to their ahsence the ratio of the
dwarfs to the mass of the culture should have been as
1:15. Why then in the mass of the culture, dwarfs ex-
cluded, was there no evidence of other classes? The two
factors assumed must be of large value if their absence
is to make the difference between the size of the dwarfs,
34 dm., and the size of the parents, an average of about
15 dm. There might be expected a class of giants to bal-
ance the class of dwarfs and in the ratio of 1:15.
There should have been several other classes ranging
between these giants and the dwarfs. With only two
factors for size concerned, and these of such large value,
it seems impossible that the fluetuating variations could
conceal the presence of such classes. Yet the mass of
the eulture failed to exhibit them, and only the dwarfs
could be separated as a class sufficiently distinet to war-
rant its designation. The mass of the culture ranged in
size approximately between the limits of the parents;
the gap between them and the dwarfs was not bridged
by intermediates.

I am aware that the dwarfs might be explained as re-
sulting from the presence of an inhibiting factor intro-
duced into the cross, but again there should have been
evidence of other size classes together with the dwarfs
according as the inhibitor was present in a full or in a
lessened amount or was entirely absent. These difficul-
ties are in themselves of suflicient weight, let alone the
general improbability of such a situation.

The explanation of the progressive evolution of an
F. generation in which the eulture with respect to cer-
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tors or combination of factors that should give classes of
small-leaved plants to balance the mass of the culture
with its progressive advance in leaf size and degree of
erinkling.

I present these problems not altogether as a eriticism
of the hypothesis of multiple factors which has been so
ably applied in the recent (Enothera study of Heribert-
Nilsson ('13), and by East, Hays and other investiga-
tors in various groups. This hypothesis has amply
justified the confidence of its advocates, but it does not
seem to me to be established as wholly satisfactory.
There has been abundant evidence in my cultures of a
segregation of size in the F',, but my question is whether
this segregation may not be accompanied by a modifica-
tion of factors whereby new sets wholly, or in part, take
the place of the old. T do not think that East (’12) quite
met the problem in his recent disenssion of my data.

It has been snggested to me that the marked progressive
advance in the size of organs in an F, generation may
result from the continnance of the stimulus of heterozy-
gosis (East and Hays, "12) apparent in the F,. Is it not,
however, possible to view the phenomenon in the F, as
the direct modification of the factors for size as a result
of the eross? Ome of the most extreme illustrations that
I have observed of such an advance is illustrated in Fig.
17, which shows rosette leaves of a certain F. hybrid
plant (12.41Lp) in comparison with those of its parents.
This plant failed to mature flowers and its study could
not be continued. There was certainly indicated very
profound changes in its vegetative organization.

Advoecates of the hypothesis of multiple factors for
size allelomorphie to their absence may claim the possi-
bility of selective fertilization in the formation of zy-
gotes preceding an F, or later generations. This possi-
bility ean not be disregarded, but we have no data for the
cenotheras., There has been, however, in my experience
usually a high degree of sterility in the seeds of (Eno-
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of their behavior to that of (Ewnothera Lamarckiana.
Thus the hybrids have thrown off marked variants of
new specific rank as does Lamarckiana. Certain of these
new forms have held true and others have continued to
throw variants as do some of Lamarckiana’s ‘“mutants.”
One form (12.56x) appeared with a marked increase
over the normal chromosome number (14) and appar-
ently corresponds closely to the tripleid ‘‘mutants’
from Lamareckiana or its derivatives (Lutz, ’12; Stomps,
"12a). A most striking feature has been the production
in successive generations of classes of dwarfs, plants
which contrast sharply with the mass of the eulture and
which are stable. '

This behavior of the hybrids appears to me to be of
quite the same character as the ‘‘mutations’’ of La-
marchkiana, but the results, here concerned with erosses
between distinet species, are clearly of the sort that were
to be expected from their hybrid association. It is not
fundamental to my position that the various forms of the
variants in the F, and I, generations should match the
“mutants’’ from Lamarckiana. Since the F, hybrids
were not themselves the counterpart of Lamarckiana,
they should not be expected to give the same progeny as
this latter plant. It is sufficient for my purpose to point
out the essential parallelism between this hybrid be-
havior and that of Lamarckiana when it gives rise to its
“mutations,’”’

De Vries (’12, p. 30) has questioned the stability of
my grandiflora stock, apparently believing that my hy-
brids exhibit, at least in part, a mutating habit inherited
from the grandiflora parent. This view is based on the
appearance of two classes of hybrids (twin hybrids) in
the I, from the cross grandiflora B X biennis D. The
evidence, however, indicates that this peeculiarity is con-
nected with the biennis parent, which may not have been
homozygous for the character of stem coloration at the
time the eross was made, although in later generations
the form has held true.
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these new forms are regarded by Stomps as “‘mutants”’
in the De Vriesian sense in the belief that biennis and
cruciata have an identical germinal constitution, except
for factors that determine floral strueture and, therefore,
with respect to other characters may be ecrossed as
though thev were homozyvgous. - Applying these con-
clusions to the problem of the status of (E. Lamarckiana,
Stomps reasons that since Dbiennis mutates and sinece
biennis 1s an older species than Lamarckiana, it follows
that mutations among the enotheras are older than La-
marckiona and consequently the mutations of this spe-
eies can not be the result of hybridization.

In a recent diseussion (Davis, '13) of the coneclusions
of Stomps I have taken exception to the assnmption that
his biennis and cruciata have exactly the same germinal
constitution except for floral characters. This I ean not
helieve probable, for the reason that, whatever mayv be
the relation between the two species, they have certainly
had a long period of independence. Cructata has never
appeared in the extensive cultures of the Dutch biennis
that have been grown by De Vries and Stomps, and there
is no experimental evidence that it has been recently de-
rived from the latter form. From my point of view
Stomps really made a eross between two species and ob-
tained two marked variants due to some germinal modi-
fication as a result of the eross,

It seems to me fair to ask: Why did Stomps find it
necessary to ecross biennis and cruciata to obtain these
“mutants’’ biennis nanella and biennis semi-gigas? If
they have the same germinal constitution except for floral
characters, Why should not biennis alone or cruciata
alone give the ‘““mutants’’? There is no form of biennis
better known to the workers in the experimental gardens
than thiz Duteh plant. It is believed to have been on the
sand dunes of Holland since pre-Linnman times and
Bartlett (’13) has recently presented strong reasons for
believing the plant to be the form known to Linnaus as
(Enothera biennis and consequently to be regarded as
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The historical side ¢f the problem then largely centers
on the history and composition of these cultures of Carter
and Company. We have the statement of this firm that
their seeds were received unnamed from Texas. This
suggests that Lamarckiana De Vries may have in it the
blood of some of the large-flowered cenotheras with an
upright habit that are known to be present in the south-
western United States. There are a large number of
such forms which frequently pass under the name of
(Enothera Hookeri and have not as yet been properly
segregated in the experimental garden. I am working
with several of these types to determine whether any of
them may prove to be more favorable than grandiflora as
forms to eross with biennis in my attempts to synthesize
Lamarckiana as a hybrid. (See note at end of paper.)

It must, however, be borne in mind that we have at
present no confirmatory evidence that such plants as
Carter and Company deseribe or the Lamarckiana of
De Vries’s eultures grow in Texas. It is possible that
Carter and Company obtained their plants from some
part of England, as from the sand hills of Lanecashire,
where large-flowered enotheras were reported at dates
earlier than 1860 and where at the present day (E. La-
marckiana 18 successfully established. We must look to
British botanists for investigations which will make clear
the history of such (Enothera floras as that of Lancashire,
and it is to be hoped that collections will be thoroughly
searched for evidence on their probable development.

With respeet to the composition of the cultures of
Carter and Company we have some strong evidence from
the specimens grown by Asa Gray in 1862 that their
plants differed in some important respeects from the La-
marckiana of De Vries. These specimens have been
figured and deseribed (Davis, "12a, pp. 417-422) and it
seems probable that the plants were not more than one or
two generations removed from the original cultures of
Carter and Company. The specimens have characters
in part those of De Vries’s Lamarckiana and in part those
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the characters of Lamarckiana. 1t is of course in no way
essential to the hypothesis of the hybrid origin of La-
marckiana that the plant should have arisen as the
product of a simple eross. With Lamarck’s plant elimi-
nated from the problem of the origin of De Vries’s ma-
terial, the importance of grandiflora, on historical
grounds, is materially lessened and we may consider
other large-flowered types of more recent introduction
into Furope as possible parents in a eross.

The resemblance of my various hybrids to Lamarckiana
and the parallelism of their behavior in the F, and F, to
that of Lamarckiana give in themselves sufficient reasons,
in my opinion, to justify the belief in its hybrid character
and to point to the probability that this plant arose as a
eross between distinet forms of (Enothera. Lamarckiana
thus would not be representative of a wild species of
essentially stable germinal constitution and its ‘‘muta-
tions’’ are most simply interpreted as the behavior of a
hybrid.

UNIVERSITY OF PENNSYLVANIA,

April, 1913
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