
December, 1955] STINSON AND STEINER-STUDIES IN OENOTHERA 905

to these are the primary exyem and pith. The
periderm forms beneath elongated cracks in the
epidermis. After secondary growth commences,
transient radially arranged dilation meristems first
occur in a poorly developed state in the primary
body, and later more highly developed ones occur
through previously formed dilation tissues and the
phloem rays. They produce wedges of new tissue

(dilation tissue) which cause the older rings of
tissues to be fragmented, and in the trunk and large
limbs the fragments of the primary body are so
widely dispersed that they are only occasionally
encountered in a given section.
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PHYLOGENETIC STUDIES IN OENOTHERA: FURTHER ANALYSIS
OF PLANTS FROM THE SOUTHEASTERN UNITED STATES!

Harry T. Stinson 2 and Erich Steiner 3

AN EARLIER ANALYSIS (Steiner, 1952) of oeno­
theras from the southeastern United States indicated
the presence in this region of three phylogenetic
groupings. One of these, the grandiflora group,
is found as a relict population and consists of
structural homozygotes with large open-pollinated
flowers. The remaining collections which have been
analyzed are structural heterozygotes, some of which
belong to the biennis group I of the midwestern
United States, while others, although phenotypical­
ly narrow-leaved biennis types, carry beta corn­
plexes with the distinctive truncans arrangement of
chromosome ends and alpha complexes with certain
grandiflora characters. Extension of the original
study was undertaken to determine which of the
latter types predominate in the southeastern popu­
lations and to obtain additional evidence which
might clarify the relationships among the three
types occurring in this area. Since both structural
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homozygotes with conventional cytogenetic behavior
and specialized, balanced heterozygotes occur in the
Southeast, it is felt that a more intensive analysis
of populations of this region may reveal how struc­
tural heterozygotes have evolved from their homo­
zygous ancestors. With these considerations in
mind a cytogenetic study of recently acquired col­
lections from Virginia and North Carolina was
carried out.

MATERIALS AND METHODs.-The races included
in the present analysis are shown in table 1.
With the exception of the strain from Washing.
ton, North Carolina, all are true-breeding complex.
heterozygotes showing circles of fourteen chromo­
somes at meiosis. The eight races under considera­
tion may all be classified phenotypically as biennis
types, although they are by no means identical in
appearance; each race can be distinguished from
any other with little difficulty. Even the two Camp
Peary strains, which were collected in the same
field, are distinctive.

The methods employed for the cytogenetic
analysis of these races are those which have been
commonly used in studies of Oenothera phylogeny
(for details, see Cleland et al., 1950).

CHARACTERIZATION OF THECOMPLExEs.-Genetic.
-The alpha complexes of these races all produce
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TABLE 1. Races analyzed in. the current study

Chromosome
Race Source Collector Configuration

Beaufort Washington, N. C. B. Mikula 0 10, 04
Camp Peary E Williamsburg, Va. J. T. Baldwin, Ir. 0 14
Camp Peary L Williamsburg, Va. J. T. Baldwin, Jr. 0 14
Newport News B Newport News, Va. H. Stinson 0 14
Oxford Oxford, N. C. B. Mikula 0 14
Roanoke B Roanoke, Va. E. Steiner 0 14
Warwick A Warwick, Va. H. Stinson 0 14
Williamston Williamston, N. C. B. Mikula 0 14

similar phenotypic effects, namely those associated
with the biennis phenotype (see further, Cleland
et aI., 1950). There are, however, in the alpha
complexes of Beaufort and the Camp Peary strains
leanings toward the grandiflora type, especially in
the glabrous, clear-green, long and tapered bud
cones, clasping bracts, and narrower leaves (as com­
pared with typical biennis complexes). Thus, these
complexes tend to be intermediate in phenotype
between the alpha biennis group 1 and the alethal
grandiflora complexes.

The beta complexes produce strigosa characters
-thick, gray-green leaves, appressed pubescence,
and an open habit with limited branching. The beta
Camp Peary complexes depart somewhat from the
typical strigosa features in yielding darker leaves
and thinner bud cones. They are probably not
sufficiently distinct, however, to consider them other
than beta biennis 1 complexes.

Cytological. - The chromosomal end arrange­
ments which have been determined in the present
study are shown in table 2. With the exception of
alpha Beaufort, all alpha complexes possess the ar­
rangement found among approximately 80 per cent
of the alpha biennis group 1 complexes so far
studied. The alpha Beaufort arrangement differs
from the typical alpha biennis 1 arrangement by
two interchanges; it is of interest to note that the
alpha Beaufort arrangement is identical with that

TABLE 2. Newly determined segmental arrangements

of acuens, a complex which was first encountered
in a structurally heterozygous race collected by
deVries, near Dixie Landing, Alabama, and show­
ing the grandiflora phenotype (Cleland, 1935).

The beta complexes of three races, Newport News
B, Warwick A, and Roanoke B, are also typical of
the biennis 1 phylogenetic grouping, since the two
arrangements occurring here are those found most
commonly among the beta biennis group 1. In con­
trast, the beta complexes of Camp Peary E and
Camp Peary L are far removed segmentally from
either of the common beta biennis 1 arrangements.
The Camp Peary betas do, nevertheless, show some
affinity to certain beta biennis 1 complexes (see
table 3). Thus, beta Camp Peary L is but two inter­
changes removed from beta Richmond, a biennis 1
race collected approximately sixty miles inland
from the Camp Peary locale. Beta Citronelle, a
race from southeastern Alabama, is three inter­
changes distant from beta Camp Peary L. Beta
Camp Peary L is separated from every other beta
biennis 1 complex by at least four interchanges.

Beta Camp Peary E, which is a minimum of six
interchanges removed from beta Camp Peary L,
appears to be intermediate between certain biennis
1 complexes and complexes with the truncans ar­
rangement. It is three interchanges from the
biennis 1 complexes, beta Tuscaloosa A and beta
Harrisonburg, and three interchanges distant from

alpha complexes
alpha Beaufort -------------------- 1.4 3.2 5.6 9.8 7.10 11.12 13.14
alpha Oxford

-----~-----
1.2 3.4 5.14 9.8 7.10 11.12 13.6

alpha Williamston -- 1.2 3.4 5.14 9.8 7.10 11.12 13.6
alpha Newport News B 1.2 3.4 5.14 9.8 7.10 11.12 13.6
alpha Warwick A __ ------------------------ 1.2 3.4 5.14 9.8 7.10 11.12 13.6
alpha Roanoke B _________________ 1.2 3.4 5.14 9.8 7.10 11.12 13.6
alpha Camp Peary E 1.2 3.4 5.14 9.8 7.10 11.12 13.6
alpha Camp Peary L ---- ----------- 1.2 3.4 5.14 9.8 7.10 11.12 13.6

beta complexes
beta Warwick A 1.14 3.2 5.9 7.8 6.12 11.10 13.4
beta Roanoke B ------- --------------- 1.14 3.2 5.9 7.8 6.12 11.10 13.4.
beta Newport News B 1.4 3.9 5.2 7.8 6.12 11.10 13.14
beta Camp Peary E -----------------_ •..----- 1.13 3.8 5.12 7.6 9.14 11.10 2.4
beta Camp Peary L 1.l0 3.9 5.13 7.11 8.12 2.6 4.14
beta Williamston ----- - 1.7 3.2 5.4 6.10 9.12 11.14 13.8
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TABLE 3. Previously determined complexes showing relationships segmentally to the newly determined arrangements

acuens ---------------~-----------------------~----_.._--- 1.4 3.2 5.6 7.10
beta Citronelle ------------------------._--._----- 1.4 3.13 5.9 7.2
beta Harrisonburg -------- ._-------------_.. 1.3 4.8 5.7 6.12
beta Richmond

-------------------------~----_._-
1.5 3.9 8.12 7.2

truncans -------------------------- ._-----~-~---------
1.13 3.7 5.2 4.6

beta Tuscaloosa A -------- -----------------~-
1.13 3.2 5.7 4.8

beta Tuscaloosa B -------- 1.4 3.7 5.11 6.10
beta Iowa 1 ------------------- ----------_._------- 1.11 3.2 5.7 6.10
beta Iowa 6 -_ .. - ------------------- 1.4 3.2 5.7 6.10
ancestral arrangement ------- 1.2 3.4 5.6 7.10

9.8
11.6
9.14
4.14
9.14
9.12
9.2
9.14
9.14
9.8

11.12
8.12

11.10
11.6
11.10
11.10

8.12
4.12

11.12
11.12

13.14
10.14
13.2
13.10
8.12

14.6
13.14
13.8
13.8
13.14

truncans. The beta of Camp Peary E is similar in
this respect to beta Tuscaloosa B which also occu­
pies an intermediate position between the more
typical beta biennis group 1 complexes and trun­
cans.

Beta Williamston shows relationship segmentally
to only one other complex found in the southeastern
area. It is three interchanges removed from beta
Tuscaloosa A. The only other beta biennis 1 corn­
plex showing as close a segmental relationship to
beta Williamston is beta Iowa 1. Beta Williamston
also shows affinities segmentally to the beta strigosa
group; it is only two interchanges distant from beta
Iowa 6, and three interchanges removed from five
other beta strigosa complexes.

The Beaufort collection.-The unusual nature of
the Beaufort race was first suspected when plants de­
rived from the original seed collection showed 010,
04 at meiosis. Intermediate circles have been
found only rarely in samples of natural popula­
tions. Cytological determinations were obtained
for four of the twelve plants in the culture. Since
the twelve plants were phenotypically identical, it
was assumed that all plants possessed the same
chromosome configuration. That this assumption
was warranted is supported by the fact that in
subsequent generations the same phenotype has
always been associated with 010, 04 configura­
tion.

Hybrid seed was readily obtained using Beau­
fort both as male and female parent in crosses with
a number of our standard races. Controlled self­
pollinations for the maintenance of the Beaufort
collection were also made.

The hybrids of Beaufort with the standard races
revealed that Beaufort possesses an alpha complex
producing {{randi/lora-like characters and a beta
complex yielding the strigosa phenotype. The alpha
complex was transmitted to 220 of the 246 F1

plants obtained from ten crosses using Beaufort as
female parent. The remaining 26 plants" which
occurred among five of the crosses, received the
beta complex. When Beaufort was used as male
parent, the beta complex was transmitted exclu­
sively to the offspring in only six out of sixteen
crosses. Of the 231 F 1 progeny from these sixteen
crosses, 168 plants carried alpha Beaufort.

Beta Beaufort has as yet not been obtained in
enough hybrid combinations to allow analysis of its
segmental arrangement.

Beaufort does not breed true upon selfing. Al­
though the original planting was uniform, the fol­
lowing generation obtained by selfing showed a
striking segregation into two classes, which only
became apparent shortly after the plants were
placed in the field. In the seedling and rosette
stages the two classes were phenotypically indistin­
guishable. One class proved to be the parental type
showing 010, 04 at meiosis. Plants of the second
class were only two-thirds as tall as the parental
type and were much less vigorous. Early in the
season the leaves of this segregate were severely
attacked by a leaf-eating insect, while the parental
type remained unmolested. The segregate showed
the alpha Beaufort phenotype, possessing thin, dark­
to clear-green, fairly narrow leaves and glabrous,
tapered, twisted bud cones with clasping bracts.
These plants were pollen sterile. Numerous anther
smears were made, but even the best slides showed
only a few pollen mother cells. In those cells which
could be interpreted, five pairs of chromosomes
were invariably present. The remaining four
chromosomes were alwavs observed in chains of
two's. It was not possible to establish with cer­
tainty whether these represented 04 in which
chiasmata had failed to form, or whether they were
bivalents. Therefore, the chromosome configura­
tion of the segregate must have been either 7 pairs
or 04, 5 pairs. Nevertheless, the phenotype clear­
ly indicated that the segregate was homozygous (if
7-paired) or nearly so (if 04, 5 pairs) for the
alpha Beaufort complex.

The Beaufort race has been carried through four
generations with essentially the same ,behavior as
described above. Table 4 summarizes the pertinent
data of each generation.

In all cases, the parental type has shown 010,
04 at meiosis. In spite of the several hundred
slides which have been prepared, it has been pos­
sible to establish with certainty the chromosome
configuration of only five plants of the segreg-ate
type. These were all plants of the third generation.
Four possessed 7 pairs of chromosomes, and one
showed 04, 5 pairs. The latter plant was pheno­
typically identical with the others, however. An-
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TABLE 4. Segregation in the selied line of Beaufort a

a Plants were grown in test plots at Ann Arbor, Michigan.
b Plants grown from original seed collection.
C As a result of unusually wet conditions in the field, 35

rosettes died before classes could be recognized.
d 11 plants died before classes could be distinguished.

other four plants were interpreted as having 7
pairs, although not entirely without question.

One of the segregates of the second generation
was hybridized as the female parent with a number
of standard races. Seed was obtained from these
crosses but in reduced quantities as compared with
crosses made with the parental type. The cyto­
logical configurations of the hybrids were those
which the alpha Beaufort arrangement gives with
the standard complexes. There were no exceptions.
Therefore, the specific Beaufort segregate used in
these crosses, if 7-paired, must have been homozy­
gous for alpha Beaufort or, if 04 were present,
must have transmitted only alpha Beaufort chromo­
somes to its offspring.

Two plants appearing in the third generation
differed from the ordinary segregate in possessing
gray-green, thick, stiff leaves and in remaining un­
branched. Both plants died before producing buds
which could be used for cytological preparations.
It is possible that these represented 010, 2 pairs
segregates which theoretically should appear on the
basis of the behavior outlined above.

DISCUSSION.-If the phenotypes as well as the
segmental arrangements of their complexes are con­
sidered, at least five of the eight races here analyzed
belong without question to the biennis group 1.
These races show essentially the biennis 1 pheno­
type; their alpha complexes possess the typical
alpha biennis 1 end arrangement and produce bi­
ennis characters. The beta complexes produce a
strigosa phenotype in every case, and those seg­
mental arrangements which have been determined
are identical with or closely related to the betas
of biennis group 1.

The three remaining races, Beaufort and the two
Camp Peary forms, give evidence of phylogenetic
connections with the other groups previously iden­
tified in the southeastern United States. Thus, the
alpha complex of Beaufort is phenotypically and
segmentally intermediate between the alethal gran­
diflora complexes and the alpha biennis group 1
complexes. The alpha complexes of the two Camp
Peary strains show tendencies toward the grandi-

Parental
Year type

1951 b 12
1952 2
1953: 1st planting C 11

2nd planting 28
1954 d 27

alpha
Beaufort
segregate

o
13
21

110
29

strigosa-type
segregate

o
o
2
o
o

flora phenotype. The Camp Peary betas display
some phenotypic effects suggestive of those pro­
duced by the truncans complex. Moreover, the
segmental arrangement of beta Camp Peary E, like
that of beta Tuscaloosa B, appears related to certain
beta biennis complexes on the one hand, and to the
truncans arrangement on the other hand. These
affinities point to phylogenetic relationship between
the biennis group 1 betas and complexes with the
truncans arrangement, a connection already sug­
gested by Steiner (1952).

Although they have not been worked out seg­
mentally, the beta complexes of Beaufort and Ox.
ford are certainly not closely related to truncans,
since they give 014 and 012, 1 pair, respectively,
when combined in hybrids with truncans. They,
like the betas of biennis 1, also produce strigosa
phenotypes. It thus seems likely that these beta
complexes will turn out to possess one of the beta
biennis group 1 arrangements.

With the analysis of these races from the South­
east, it seems increasingly apparent that the charac­
teristic type found in these populations is identical
with or very similar to the biennis group 1 forms.
Of all the groups of oenotheras which have so far
been analyzed, the biennis group 1 occupies one
of the most extensive ranges. Its success, at least in
part, must result from a pronounced and perma­
nent heterosis, since its members carry two corn­
plexes which are genetically and segmentally very
different.

One of the interesting features of the biennis
group 1 is the widespread occurrence of the 1.2 3·4
5.14 7·10 9.8 11.12 13.6 arrangement which is
characteristic of 34 of the 44 alpha biennis 1 com­
plexes so far analyzed. In the southeastern- area
two arrangements closely related to the typical
alpha biennis 1 arrangement are found among the
grandiflora complexes. One of these is the arrange­
ment considered to be ancestral for the subgenus,
i.e., 1.23.45.67.109.811.12 13.14; the other
is the acuens arrangement (see table 3) also occur­
ring in alpha Beaufort. The close relationship
phenotypically and segmentally of the grandiflora
to the alpha biennis 1 complexes has led to the
hypothesis that both these types have been derived
from a common, structurally homozygous ancestral
population, the members of which carried alethal
genomes with the ancestral chromosome end ar­
rangement (Steiner, 1952). The alpha biennis 1
arrangement is only one interchange removed from
the ancestral arrangement and two interchanges
from the acuens arrangement. Why is the alpha
biennis 1 arrangement, and not the ancestral or
the acuens arrangement so widely distributed
throughout the alpha biennis 1 complexes? An
answer may be found in table 5. In the first column
are shown the configurations which are obtained
when each of these three arrangements is combined
with thirty-seven different beta biennis 1 corn-
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plexes. The striking fact is that the alpha biennis 1
arrangement gives 014 with the beta biennis 1
arrangements in thirty-five of the combinations,
whereas the ancestral arrangement gives 014 in
but seventeen, and the acuens arrangement in only
five. Since it is generally agreed that 014 in
Oenothera possesses survival value, one may con­
clude that the typical alpha biennis 1 arrangement
is widely distributed because of its versatility in
producing 014 with many different beta biennis 1
arrangements. Here, therefore, is evidence of the
selective advantage of a specific chromosome end
arrangement.

Table 5 also reveals some interesting facts perti­
nent to the problem of the origin of the beta bi­
ennis 1 complexes. Cleland (1954) has recently
made a detailed study of the strigosa races of the
western United States. He postulates that the beta
strigosas covered the western half of the conti­
nent and spread eastward into the area occupied
by the ancestral structural homozygotes which
were the progenitors of the alpha biennis 1 com­
plexes. Crossing occurred between members of
these two populations and hybrids with 0's 14
were produced. These later developed balanced
lethals and the self-pollinating habit. As mentioned
above, the evidence indicates that the ancestral
biennis-type structural homozygotes possessed the
ancestral chromosome end arrangement, from
which later arose the alpha biennis 1 arrangement.
If either of these arrangements is combined with
the alpha or beta strigosa arrangements which have
been analyzed by Cleland, the configurations shown
in the last two columns of table 5 are obtained.
Not in a single case is 014 formed. The number
of small circles among these configurations is quite
surprising, if one thinks of the beta strigosas as

closely related to present day beta biennis 1 com­
plexes, most of which, as shown above (table 5,
first column) do form 014 with the typical alpha
biennis 1 arrangement. Thus, if Cleland is correct
in his belief that the biennis group 1 arose from
hybridization between the beta strigosas and an
ancestral biennis-type population (the only plaus­
ible hypothesis on the basis of the currently-known
facts) , then the beta strigosa complexes which were
the specific progenitors of the beta biennis 1 com­
plexes do not exist today, or at least are not repre­
sented in our collections.

The Beaufort data are of interest to the phylo­
genetic study of Oenothera in several respects.
Unlike other complex-heterozygotes with inter­
mediate circles such as O. biennis iolbicans- rubens
- 08, 06) (Cleland, 1923) and Manistique
(010, 04) (Geckler, 1950) which breed true and
thus possess a lethal in each circle, Beaufort throws
alpha. alpha segregates. Therefore, alpha Beau­
fort has not yet acquired a lethal or has lost its
lethal. Loss of lethals has been described by Ren­
ner (1941) and by Oehlkers and Harte (1944).
However, since alpha Beaufort is closely related
to the alethal grandiflora complexes, it seems less
likely that loss of a lethal is here involved. Alpha
Beaufort behaves much like another grandiflora
complex, namely acuens, which segregates in the
homozygous condition from the grandiflora race
of deVries (acuens- truncans), Although lacking
a lethal, alpha Beaufort clearly possesses deleterious
recessive genes which affect both vegetative vigor
and reproductive capacity. These genes must have
been acquired while the complex existed in a
heterozygote (i.e., a circle-bearing race), since a
plant homozygous for alpha Beaufort could hardly
persist as a distinct entity in a natural population.

TABLE 5. Configurations obtained when the acuens, the ancestral, and the typical alpha biennis 1 end arrangements are
combined with the known beta biennis 1, beta strigosa and alpha strigosa complexes

beta biennis I
Configuration Number

With acuens

With ancestral
arrangement

With typical
alpha biennis I
arrangement

08, 04, I pair
010,2 pairs
04, 04, 04, I pair
08,06
012, I pair
0l4.
06, 06, I pair

08,06
014
08, 04, I pair
06,04,04
0]2, I pair

014
08,06
08, 04, I pair

10
14
I
4
2
5
I

13
17

I
I
5

35
I
I

beta strigosa alpha strigosa
Configuration Number Configuration Number

04, 04, 3 pairs 22 010,2 pairs I
06, 04, 2 pairs 2 08, 04, I pair 10
04, 04, 04, I pair I 06, 06, I pair 8

08,3 pairs 2 06,04,04 3
04,5 pairs I 012, I pair 2

010,04 3

04, 04, 04, I pair 20 08,3 pairs I
06, 04, 2 pairs 3 06, 04,2 pairs 15
06,04,04 2 08, 04, I pair 3
08, 04, I pair 2 04, 04, 04, I pair 5
04, 04, 3 pairs I 06,04,04 2

010,2 pairs I

08, 04, I pair Jl 010,2 pairs 4
010,2 pairs 3 06, 06, I pair 5
04. 04, 3 pairs 10 08, 04, I pair 10
010,04 2 06,04,04 2
04, 04, 04, I pair I 012, I pair 4
06, 04. 2 pairs ] 010.04 2
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The alpha Beaufort complex may, in fact, represent
one method whereby lethals arise in Oenothera,
namely through an accumulation of detrimental
genes which eventually reach a lethal potency.
Renner (1933) has given evidence for such an inter­
pretation of the lethal effect in at least certain races.
Following this line of reasoning, it is possible to
give, in outline, a series of events which might lead
to the establishment of lethals.

First, hybrids produced as a result of crossing
between two alethal, structurally homozygous
populations of different genotypes would be ex­
pected to manifest hybrid vigor. If such popula­
tions differed also in segmental arrangements,
circles would be present in the hybrids. The
hybrids might be favored over either parental type
because of their hybrid vigor. In addition, as was
indicated earlier, the greatest survival value would
accrue to those hybrid individuals with large
circles, since the larger the circle, the greater the
degree of permanence of the heterozygosity in sub­
sequent generations. The circles would, therefore,
tend to be maintained in the population even
though, hecause of the absence of lethals, 7-paired
segregates identical or similar to the parental popu­
lations would continually arise.

Detrimental recessive mutations occurring within
the chromosomes of the circles would, before the
origin of lethals, suffer one of two fates: (1) such
mutations appearing in the 7-paired segregates
would be eliminated by selection; (2) those muta­
tions remaining in the circle, to the extent they
were completely recessive, would not be subjected
to elimination by natural selection and hence would
persist. Thus, prior to the occurrence of mutation
the 7-paired segregates would be at a selective dis­
advantage with respect to the circle-bearing indi­
viduals because of the increased vigor of the latter.
As mutations occurred in the circles, the 7-paired
segregates would be burdened further by the pres­
ence of these deleterious mutations, while the same
mutations would survive within the circle. The
continued build-up of detrimental mutations in the
circle would lead to even greater reductions in
survival value in the 7-paired segregates. That is,
a lethal situation would be approached in plants
homozygous for a given complex of 7 chromo­
somes. This lethal action might at first affect the
mature plant, e.g., pollen production, but selection
might tend to favor those mutations which elimi­
nated the plant at a much earlier stage until even­
tually embryo development was impaired. When
the latter condition obtained, zygotic lethals as
they actually occur in Oenothera would have been
developed.

Gametophytic lethals could arise in much the
same way, i.e., by the accumulation of recessive
deleterious mutations which rendered pollen or egg
·cells non- functional. These incipient gametophytic
Iethals, when arising within the circle, would also

impair appreciably the success of the 7-paired
segregates. In the segregates there is near absolute
homozygosity, which means that any genes that
affect the functioning of either kind of gamete
would be carried by both members of the chromo­
some pair, or pairs, concerned, and hence no com­
bination of 7 chromosomes would exist which
would allow normal functioning of one or the other
kind of gamete.

On the view advanced here a balanced lethal con­
dition is not necessary for the accumulation of
detrimental mutations. On the contrary, the lethal
situation may arise as a result of the build-up of
mutations occurring in the chromosomes of the
circle. Nor are balanced lethals essential for the
survival of circle-bearing races. The latter become
established, initially, through the increased selec­
tive advantage imparted by their heterosis. Circle
formation itself, therefore, assumes the major role
in the establishment of complex-heterozygotes.
Lethals are thus a more or less inevitable conse­
quence once circles arise. And obviously lethals
arising in the manner indicated would have to be
"balanced" in the sense that both complexes of a
plant cannot acquire the same lethal.

It should be noted that the above sequence of
events could also account for the origin of lethal
systems dependent upon a single locus rather than
many loci. In this case the circle would serve not
so much to allow accumulation of detrimental mu­
tations as to prevent elimination by natural selec­
tion of the locus involved.

The Beaufort case is instructive also in the light
of a suggestion put forth that in the evolution of
the oenotheras, lethal-bearing complex-heterozy­
gotes have probably not given rise to alethal
complex-homozygotes (Stinson, 1953). The argu­
ment advanced was based on the fact that although
it may be possible for a complex to lose its lethal
and thereby come to reside in a homozygous
condition, one would hardly expect the homozygous
individuals arising in this manner to survive in
nature. It was reasoned on a priori grounds that a
complex which had existed in a complex-heterozy­
gote could have accumulated a number of dele­
terious genes because of the enforced heterozygos­
ity, and that these genes, when allowed to express
themselves fully, would cause a severe reduction
in the survival capacity of the individual carrying
them. The results obtained upon self-pollinating
Beaufort offer convincing evidence in favor of this
hypothesis, since the plants homozygous for either
five or seven of the alpha chromosomes were vege­
tatively stunted and showed complete pollen steril­
ity. When the same chromosomes are associated
with the beta Beaufort complex, the latter must
"cover" the detrimental genes and so prevent
manifestation of their effects.

A number of questions about Beaufort remain
unanswered. For example, the variable propor-



December, 1955] STINSON AND STEINER-STUDIES IN OENOTHERA 911

tion of segregates in successive generations is
puzzling. Further studies are in progress with the
hope of clarifying some of these problems.

SUMMARY

Eight new collections of Oenothera from the
southeastern United States have been analyzed
cytogenetically. Five of these races are structural
heterozygotes which belong to the biennis group l.
This group, therefore, occurs not only throughout
the Midwest, but extends into the Southeast. The
three remaining races, although complex-hetero­
zygotes, show relationships to the homozygous,
alethal grandiflora forms known to occur in Ala­
bama. One of the races, Beaufort, is of special
interest because it possesses a chromosome con­
figuration of intermediate circles, namely, 010,

04, rarely found among samples of natural popula­
tions. A further distinction of Beaufort is its
production in each generation of homozygous
segregates which are reduced in vigor and are
pollen sterile. This race is interpreted as having
accumulated deleterious recessive genes, which are,
however, not of lethal potency. It thus represents
an intermediate form in the evolution of complex­
heterozygotes. The manner in which complex­
heterozygotes may have evolved from structurally
homozygous populations is discussed.
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