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CHROMOSOME STUDIES IN KUHNIINAE
(EUPATORIEAE). 1. BRICKELLIA

L. O. GAISER
(Continued from p. 288)

Seeds of the northerly species B. Greener Gray, which has a
limited distribution in northern California and Oregon, have
been recently received. In figure 41 of a large periblem cell,
where the chromosomes overlap hardly at all, their sizes as well as
the spaces between them indicate the absence of any long ones.
At least four central ones are medium in length and the remainder
are short, two pairs at least short short. Though 1t was out of
focus for the photograph of the inner tip of the medium chromo-
some seen at center bottom, there 1s a small satellite. In another
cell, there were two such chromosomes (fig. 46), outer, lower and
upper left. By the presence of this pair, as well as the lack of
any long chromosomes, the karyotype of this species more
nearly resembles that of B. incana (cf. figs. 47, 48) than any
other. By a comparison with those of figures 1 to 30 1t 1s apparent
that by the lengths of the chromosomes it would have to be
placed within the second row before those of the Microphyllae,
which have been referred to as a general karyotype.

Of the two species, B. oblongifolia var. linifolia and B. macro-
mera, not enough dividing cells were seen to permit karyotypic
analysis or to select adequate ones for photography. Neverthe-
less, besides enabling accurate counts in both, the figure of B.
oblongifolia justifies the statement that its karyotype 1s more
similar to those with longer chromosomes than to B. incana
with a complement of short units. B. macromera appeared to be
more hike B. californica.

SECTION 1X. MACROBRICKELLIA.

This section represents the ultimate size of the head in the
genus, as many as one hundred and thirty-eight florets having
been counted in a head of the specimen received. B. monoce-
phala, in the first preparations of inactive tissues, gave evidence
of comparatively large nuclei, being almost twice the size of
those in B. diffusa, which was being studied at the same time.
When seen, this karyotype clearly consisted of longer chromo-
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somes than any other examined (fig. 30). The two shortest
pairs were well equal to what were classed as medium ones else-
where and proportionately, the medium and long chromosomes
were longer than in others. In the figure are seen across the top,
three of the long submedian class with the shorter arm of one a
hittle blurred by the overlying long median one. The two on
either end are a pair, while the mate to the middle chromosome,
clearly 1n focus at center right, emphasizes that these two pairs
of heterobrachial chromosomes show different proportions 1n
length of arms. Though one would hardly call this latter pair
subterminally constricted, 1t 18 quite possible that reduction in
total length of this chromosome would result in about the equiv-
alent of an Lst of other karyotypes. In the row of four chromo-
somes of medium length at center left, can be seen in succession
1 Mm, 1 Mst, 1 Msm, 1 Mst, respectively. Completing all the
classes of this karyotype, the shortest length 1s seen in one just
next to the long submedian one at the right. With a lhittle
attention, each of the classes can be seen in this cell without
resorting to stylized 1diograms.

SUMMARY ON KARYOTYPES

In the thirty-three perennial herbs and shrubs carefully ex-
amined, there 1s one chromosomal complement, or a complement
so closely approaching 1t that it cannot be distinguished, com-
mon to hfteen species. This has been called the general karyo-
type since 1t imvolves the greatest number of species. It 1s
represented, approximately in the order of the lengths of the
chromosomes, as 1 Lsm, 1 Lm, 1 Lst, 1 Msm, 2 Mm, 1 Mst, 2 Sm.
Since so many species did not differ recognizably in the mor-
phology of their chromosomes, 1t 1s concluded that speciation is in
a large measure due to genic changes.

Quite distinctive karyotypes were found, however, 1n:

(1) The predominantly short chromosomes of B. laciniata, B.
desertorum, B. californica, and the nearly as short ones of B.
veronicaefolia.

(2) Similar to (1), the almost indistinguishable karyotypes of
B. Rusbyr and B. floribunda.

(3) The distinctive complement of short chromosomes, with
one pair showing satellites, of B. incana and B. Greene:.
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(4) B. Coultert, similar to the general complement, but with
one pair having satellites.

(5) The singular complement of entirely long and medium
chromosomes, longer than in other species, and lacking any
short ones, of B. monocephala.

(6) B. grandiflora, with long and medium chromosomes only.

(7) The fewer short (one pair rather than two) in the comple-
ment of predominantly longer ones, of B. Waislizeni, B. peninsu-
laris, B. argyrolepis, B. adenocarpa, B. pacayensis, and also 1n
B. betonicaefolia and B. amplexicaulis.

A little less striking but real, the tendency of all-around
shorter chromosomes in B. dentata of the Parvulae.

There are included in the first three categories (involving
eight species), evidences of a smaller amount of chromatin in the
much shorter chromosomes, than in what is here referred to as
the general complement. In the last three categories (nine
species), the evidence for longer and fewer short chromosomes
amounts to a greater total of chromatin material than in that of
the general karyotype. The additive effect in these two group-
ings increases the difference in the extremes of karyotypes found
within the perennials.

The karyotype of only one annual was seen and that distinctly
falls in with those of lesser chromatin content having chromo-
somes of reduced length.

MEIOTIC STUDIES

OBSERVATIONS

It has been possible thus far to see the melotic chromosomes
in twenty-six accessions? of twenty-one species. Among these,
there is a representation of each section and subsection of which

the karyotype had been studied, except for the first and last
sections, and of subsection Brachiatae to which B. Coulter:

belongs. B. diffusa and B. monocephala would have made inter-
esting additions to confirm the differences in their chromosome
sizes, seen in somatic figures. B. scoparia, subsection Clavigera,
was additional, as in it mitosis has not been seen.

s Material of additional accessions of some species has been collected but the
suitable meiotic stages have not as yet been found in them,
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Fixed preparations, in which the size of units could be suitably
compared because of the uniformity with which the field material
was treated, showed quite similar plates of 9 chromosomes. In
those of B. veronicaefolia varieties veronicaefolia and senilis, the
first and second metaphase plates appeared smaller than others,
but due to unfavorable staining were not photographed. They
were not so large as those of B. scoparia (fig. 50) which are perhaps
a trifle smaller than those of B. verbenacea and B. glomerata (figs.
51, 53), both species having the general karyotype. None of the
other species having complements of the smaller chromosomes
were collected 1n Mexico and so are not included. However, a
cell of B. californica I, from an acetocarmine smear of pollen
mother cells, 1s shown 1n figure 56. Although by that technique,
chromosomes are invariably swollen so that they appear larger
than 1n fixed preparations, these are certainly no larger than
those of B. scoparia. The other haploid counts had been ob-
tained by means of smears, but slides of only a few were kept.

As the number of florets per head varies from eight (e. g., in
B. scoparia) upwards, there 1s frequently an unusual variety of
both first and second? division stages even in sections of heads
that have been cut at time of fixation to allow better infiltration
of fluids. Successful fixation, without shrinkage, resulted in
heads numbering up to twenty-seven florets, which had been
left uncut. Meiosis was found to proceed regularly except in a
single collection of each of two species, B. reticulata and B.
pendula; 1 one of two collections examined of a third species,
B. glomerata; and in one of three collections of a fourth, B.
adenocarpa. In preparations of B. glomerata I, very regular
metaphase plates were seen (fig. 53). In contrast, such could
not be found 1 B. glomerata V, for at best one or two units were
on a different focal level. In lateral anaphases and telophases,
chromatin bridges were at once evident (fig. 54, 55). In the
latter figure, a tiny unit was divided late and probably repre-
sents the fragment of an inversion. In B. adenocarpa Ia, there
were found 1n anthers of the same floret, regular metaphase
plates as 1n figure 59, and also two cells in early telophase, each
with two very similar belated chromosomes approaching the

* Hereafter first and second division stages will be referred to as I and 11 respectively.
10 In conversation with the late Prof. Conzatti, he stated this species was very
difficult to find,
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poles. In one of the cells (fig. 60), it can be seen that the lag-
gards are approximately the same size as the chromosomes which
had already reached the poles. Attached to the one at the bot-
tom 1s a small fragment, probably again that of an inversion.
Careful examination of the sections showed many regular I and
II metaphase and telophase stages but occasionally there was
evidence of one or two bivalents splitting earlier on the plate.
Preparations of B. reticulata offered a strong contrast to those
of closely related B. oliganthes and B. verbenacea (fig. 51) the
materials of which had also been collected in Mexico. Meiosis
proceeded regularly in the two latter, and in B. venosa from
Arizona n addition, while in B. reticulata all plates of I meta-
phase were slightly irregular. When seen laterally all of the
chromosomes but one (fig. 52) or two were in a neat median line
as though one or two bivalents had not been organized in the
plate. In B. pendula I, the same kinds of disturbances were
found; one outlying unit on lateral metaphases (fig. 58), less
frequently two, and occasional telophases showing division of
lagging units. In one cell, each of two univalents was dividing
evenly, one on mid-spindle and the other close to one pole (fig. 57).

DISCUSSION

Just how abundantly such irregularities occur in this genus is
still a question.  One of the four referred to here, was collected
in the field in Guatemala and the other three, in Mexico on
three different dates in as many different states. The incidence
among the more southern species seems of a rather high propor-
tion, 4 out of 13, when compared to smears from greenhouse
plants of an equal number of other species, where no irregulari-
ties were noticed.

Irregularities in meiosis of the kinds deseribed are usually
assoclated with structural hybridity, indicating that inversions
have taken place. They are well known in interspecific hybrids
and are also found in a number of species (Darlington, 1937, and
Dobzhansky, 1941). Various species of Paconia (Dark, 1936:
Stebbins, 1938) are especially remarkable in that all individuals
studied gave evidence of one or more inversions. The species of
Brickellia affected, belong principally to the subsection Coleo-
santhus, although one 1s of the Reliculatae. The observations
bring up very interesting points in relation to these species.



302 Rhodora [VoL. 55

Discussion of B. reliculata (Gaiser, 1952) explains the doubt
concerning this entity. Both Gray (1852) and Robinson (1917)
had suggested that it might not be distinet from B. oliganthes.
In this author’s collections, from two different localities 1n the
adjoining states of Michoacdn and Jalisco specimens were found
which come within the descriptions of B. oliganthes and B.
verbenacea respectively, and from Morelos, this one plant of B.
reticulata. They are clearly closely related, but cytologically
the latter has been found to differ from the other two. If the
meiotic irregularities seen are merely indicative of structural
changes, such as inversions, it 1s generally considered that such
have no effect on the phenotype but to alter gene linkage and
introduce sterility (Gates, 1951). Although seeds were obtained
from the first two specimens, it 1s not known whether this single
plant of B. reticulata would have been fertile since 1t was 1n an
early flowering stage. By the tomentose stems with numerous
almost entire leaves it was recognized as differing from the other
two species, and strongly resembling the figure of a single plant
of Haenke’s, which DeCandolle described as B. reticulata. lake
it, the plant was robust and the inflorescence was large, charac-
teristics that might be indicative of hybrid vigor. It may be
that the chromosome behavior 1s the result of two not quite
compatible genomes and that this plant represents some mid-
form between a species with the somewhat serrate leaves, as seen
in B. oliganthes, and another even less closely related species.
At least three other species were collected within a stretch of
seven kilometers on the same road from Cuernavaca to Jautepec,
B. glomerata 111, B. paniculata, and B. scoparia. Of these, the
former was very abundant and grew close by the plant of B.
reliculata. In material collected from B. glomerata I11, the
pollen had already developed and the grains were regular in form.

Of B. glomerata, 1t was possible to study meiosis in materials
of the two accessions, I and V, collected respectively in Cuerna-
vaca and from near Taxco. The first accession which had
normal divisions with regular plates, had been noticed to vary in
height and size of leaf from B. glomerata II, which was also col-
lected along the river bank in Cuernavaca. From an examina-
tion of the Taxco specimen, collected in early lowering condition
from a high exposed and sunny rock, the characters of leaves
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and heads seemed to come within the description of the species.
This was also true of specimens from three other shrubs, taken
near by, which were not in such advanced conditions, but varied
considerably in height. In that region of Taxco, a sharp look-
out was kept for the closely related species B. hebecarpa (DC.)
Gray, from which 1t had been separated and which had been
reported from Puenta de Ixtla, less than 50 kms. distant.
Leaves which are basally acute rather than rounded, and heads
pedicellate rather than glomerate, should distinguish the two
species. While some of the material of B. glomerata had leaves
that bore a resemblance to that species, none was found in this
early stage with other than sessile heads. One 1s led to wonder
if, with many more collections, these characters might fail as
clear cut specific delimitations.

The accession of B. pendula III with lagging bivalents 1n
meiosis, was found in Puebla, on the route from Jalapa to
Puebla, on open scantily wooded slopes intermingled with shrubs
of B. veronicaefolia. At the time of collection 1t was left un-
named. In part this can be explained by the uncertainty of
distinguishing the species B. secundiflora var. secundiflora and
B. pendula in the field. It is similar to two other collections
made in Mexico, D. . and Puebla, respectively. In comparison
with specimens in the herbarium, this collection resembles 5.
pendula 1in 1ts oblong-lanceolate leaves and the presence of
reddish stipitate glands on the pedicels and phyllaries. It does
have more flowers per head than i1s given by Robinson, 19 rather
than ca. 12. In this it i1s more nearly like B. secundiflora with
ca. 20 flowers.

The material of B. adenocarpa Ia, generally characterized by
very normal divisions, showed in the anthers of one floret,
chromosome bridges and regular first metaphase plates. "The
specimens of this accession were identified as variety glandulipes,
having some glandular as well as some non-glandular trichomes
on the pedicels and phyllaries. A few plants were found with
first flowers which were yellow, establishing the species, which
by herbage alone might have been confused with B. paniculata,
of rosy pink flowers. B. adenocarpa var. adenocarpa, which lacks
the glandular trichomes and has soft hairs instead, was not
found along with it at this station. However, 1t 1s known to
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occur 1n the vieinity of Antigua, a little of it having been sent in
dried condition, from the region where material of the fifth
accession was taken. However, as there was no cytological
fixation of 1t, there has been no examination of the variety
distinctly lacking glandular trichomes.

All four species, in which the irregularities have been found,
certainly raise critical questions. Is B. reticulata separated by
significant 1solation barriers from B. oliganthes? The same ques-
tion arises concerning B. glomerata V in relation to B. hebecarpa.
B. pendula 111 did not completely satisfy the species-description,
comparing favorably with the closely allied B. secundiflora in
number of florets per head. B. adenocarpa var. glandulipes Ia
represents a transition between non-glandular and glandular
pubescence. Since the same intermediacy occurs in two other
species, B. secundiflora and B. Palmeri, where the same inter-
grading pairs were made varieties, this may be of less significance.

Stebbins has observed in species of Paeonia that, in those
including a number of geographical races, the evidence for
inversions was greater than in more uniform species. Certainly
such a species as B. scoparia, studied from the same kind of
preparations and regular in meiosis, is a very uniform species as
found by the writer in Oaxaca, Michoacdn, and Morelos. Once
seen, B. veronicaefolia, although divided into four varieties by its
pubescence, would always be recognized. In two of these
varieties examined meiotically, it was perfectly regular. Look-
ing over the list studied by smears from B. microphylla to B.
grandiflora, few 1f any would be called large polymorphic species.

The greatest trouble seems to lie in subsection Coleosanthus,
which with 22 species, is the largest. If the two species, B.
Rusbyr and B. floribunda, from the New Mexico and Arizona
region, are excepted, all the rest are fairly close Mexican and
Guatemalan congeners. Without questioning the equivalence
of species or races in different genera, it may be that this group
1s 1 a great state of flux, with more variations arising.

That there may be intermediates among a group of such closely
related species, was recognized by Robinson (p. 83). A note
after B. secundiflora refers to one specimen which he considered
intermediate between that species and tomentella. It may be
significant, that in collections concerning which there was no
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doubt as to identity, as the broader-leaved variety nepetaefolia
of B. secundiflora, with strictly non-glandular trichomes, and B.
tomentella, from the entrance to the valley of Orizaba, no dis-
turbances of meiosis were found.

TRICHOMES

A study of leaves of the species of Brickellia which had been
examined karyologically was begun to see if there were any corre-
lations between the kinds of trichomes and their types of chro-
mosomal complements. Since there was a splendid representa-
tion of this genus in the Gray Herbarium, a similar examination
of most of the species was undertaken in case they might be of
any further aid in taxonomic classification. Thus leaves were
cleared of all but six species which were only scantily represented.
As far as possible, leaves were chosen from annotated sheets
mentioned in the monograph so that those studied would be of
specimens close to the types.

At the outset, absence or presence of trichomes is not considered
significant. From the experimental studies of Clausen, Keck
and Hiesey (1940) on other genera of the Compositae, 1t was
established that the amount of pubescence was one of the most
easily modified characteristics in transplant experiments, but
the type altered hardly at all. This suggests, in some genera
perhaps, a promising use of the nature of the trichome in dis-
tinction of species.

The trichomes found in the majority of the species were multi-
cellular and unseriate, the first class given by Metcalfe and
Chalk (1950, p. 783) as common in the Compositae. The length
of the cells in these may vary. When they are short and rather
block-like, as in B. betonicaefolia (fig. 61), trichomes have here
been called attenuate. A few very similar trichomes were
found along the veins of B. amplexicaulis, the closely related
species, which has a great predominance of glandular trichomes.
The side walls of the attenuate type were generally very straight
due to the greater support of the cross walls, as in the rungs of a
ladder. In contrast, those with more distant septations and
longer cells frequently had a slightly wavy outline due to a little
narrowing in the middle diameter of the cells, which might have
partly resulted from the treatment. This type looked rather



















































