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Introduction

For the most part, species of the genus Cornus are inhabitants of the 
temperate regions of the northern hemisphere with a range covering North 
and Central America, Europe, Asia and Australia. Investigations of the some 

40 or more members of the genus have been primarily taxonomic with rela
tively little information on their cytology. Ferguson (1966 a, b) has compre
hensively summarized literature regarding taxonomy of the genus.

The first cytological observations of Cornus were recorded by Winge 

(1917). His admittedly uncertain report of x=12 for C. glabrata Benth. 
and x=8 or 9 for C. racemosa Lam. (C. candidissima Marsh) was later 
corrected by Derman (1932), who reported a basic chromosome number of 
11 for both species. Derman's study of Cornus lists chromosome numbers of 
23 species. Reports of chromosome numbers of additional species are by 
Meurman (1930), Sugiura (1931, 1936), Wulff (1939), Wilson (1964) and 
Packer (1964). Three basic chromosome numbers of x=9, 10, and 11 emerge 
from these accounts. One polyploid, C. canadensis L., with n=22 is known 
at this time (Derman 1932), although Packer (1964) states that he found the 
same species, Chamaepericlymenum canadense Aschers. and Graebn., to have 
n=11. A detailed analysis of meiotic behavior was not reported in any 
species.

With a relative paucity of information on the cytology of woody plants, 
it was hoped that a study of microsporogenesis in Cornus might add to the 
knowledge about meiotic behavior of woody plants in general. Mitosis in 

root tips was also studied for additional information. Since taxonomists are 
in disagreement over classification of these various species, such a cytogenetical 
study might also aid in future treatment of the genus.

Materials and methods

Mitotic chromosomes were studied from Feulgen-propionocarmine smear 

preparations of root tips. Root tips were obtained either from seeds germinated 
in the laboratory or from plant cuttings maintained in the greenhouse. Seeds 
were obtained from either F. W. Schumacher, Horticulturist (Sandwich,

1 Published with the approval of the Director of the West Virginia University Agricul

tural Experiment Station as Scientific Paper No. 1137.
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Massachusetts) or Herbst Brothers Seedsmen, Inc. (Brewster, New York). 

Entire C. canadensis plants were procured from the woods near Winthrop, 

Maine. All cuttings were taken from plants maintained in West Virginia 

University Arboretum.

In order to assure adequate germination, Cornus seeds were pretreated 

with sulfuric acid and by cold stratification according to the recommendations 

of the Department of Agriculture Woody-Plant Seed Manual (1948)1. Root 

tips of C. Amomum Mill., C. florida L., C. controversy Hemsl., C. sanguinea 

L., C. Nuttalli Aud., and C. racemosa were obtained in this manner. By 

far the most productive means of obtaining root tips was through the propa

gation of cuttings. Stems were collected from the plants, the cut end dipped 

into a solution of indole butyric acid in alcohol (10,000 ppm) and then embed

ded in a tray of vermiculite. Moisture was supplied by an intermediate 

mist. Using this technique, root tips were obtained from C. rugosa Lam., 

C. alternifolia Linne, and C. stolonifera Michx. Once the root tips reached 

a length of 3 to 5mm they were removed and placed in a saturated solution 

of alpha-bromonaphthalene for approximately 31/2 hours (O'Mara 1948). After 

pretreatment, root tips were fixed in acetic alcohol for a minimum of 24 

hours, followed by hydrolysis in 0.1 N HCl at 60•Ž for 12-15 minutes. 

This was followed by staining in leuco-basic fuchsin for at least 2 hours. 

The root tips were then teased in 1% propionocarmine and squashed.

Fixations of buds made in the spring of 1969 were used in the study 

of microsporogenesis. The plants sampled were the same ones from which 

cuttings had been taken to obtain root tips. Initial difficulties in analysis were 

encountered due to indistinct staining of the chromosomes. Several fixatives 

were tested but the most effective was that of Marks employing ferric acetate 

(1952). Best results were obtained after at least two weeks fixation at 4•Ž. 

Anthers teased from buds were allowed to remain in the mordant for 15 

minutes. They were then rinsed in 45% acetic acid and placed in 1% 

propionocarmine.

Slides were made semi-permanent using a sealing medium for acetic 

preparations as prescribed by Darlington and LaCour (1960). All counts, 

drawings, and photographs were made from semi-permanent preparations. 

Slides were made permanent by inverting them in 45% acetic acid until the 

cover slip separated and then passing both slide and cover slip through 1:3 

acetic alcohol and two changes of absolute alcohol. Mounting was done in 

' Euparal ' (Darlington and LaCour 1960). The percentage of stainable pollen 

was determined using propionocarmine. Pollen was also tested for peroxidase 

reaction (King 1960). Seeing that both percentages were very close, the 

latter is omitted from Table I. Measurements of pollen and chromosomes 

were taken using an ocular micrometer. All photographs were taken with

1 Woody-Plant Seed Manual. Forest Service, U. S. Dept. of Agriculture. Misc. Pub. 

654. Washington. June, 1948.

49*
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Panatomic X Film and drawings were 

made with a camera lucida.

Results

Mitotic observations

Chromosome counts of C. alterni

folia, C. Amomum, C. canadensis, C. 
controversa, C. florida, C. sanguinea, 
C. rugosa, C. stolonifera, and C. 

racemosa confirm the previous account 
of Derman (1932). There is no agree
ment with the number n=11 assigned 
to Chamaepericlymenum canadense by 

Packer (1964). A new number to 
report is n=11 for C. Nuttalli (Fig. 7). 
Each chromosome complement except 
C. racemosa is represented in Figs. 
1-10.

Karyotype analysis of these species 
was virtually impossible for several 

reasons: 1) The small size of the 
chromosomes made length differences 
difficult to discern; 2) the state of 
contraction of chromosomes allowed 
the detection of only a few centro
meres; and 3) the apparent absence 
of secondary constrictions, trabants, or 
any other distinguishing characteristics. 
However, certain general traits were 
evident in chromosome morphology. 
The smallest chromosomes, with a 

range of 0.5 micron to 1.5 microns, were 
observed in C. canadensis, while the 
largest, with a range of 1.5 microns 
to 3.5 microns, were observed in C. 

controversa. Other groups were inter
mediate. Derman (1932) observed that 
C. florida chromosomes were a little 

larger in size than the chromosomes of 
the other species. He also noted that 
the chromosome complement of C. 

Florida contained one pair of chromo
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Figs. 1-10. Metaphase chromosomes in root tip cells of Cornus. 1, C. alternifolia with 
2n=20. 2, C. Amomum with 2n=22. 3, C. canadensis with 2n=44. 4, C. controversa 
with 2n=20. 5, camera lucida drawing of Fig. 4. 6, C. florida with 2n=22. 7, C. 
Nuttalli with 2n=22. 8, C. rugosa with 2n=22. 9, C. sanguinea with 2n=22. 10, C. 

stolonifera with 2n=22.
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somes with minute trabants. Neither feature was apparent in this study.
The outstanding characteristic of all species was the presence of a pair 

of long chromosomes (Figs. 1-2, 4-10). C. canadensis, with two pairs of 
long chromosomes, was the only exception (Fig. 3). The centromere was 
unmistakably subterminal for these long chromosomes. The double constric
tion Derman (1932) described for these chromosomes was not apparent.

C. controversa is the only species where centromeres and likely secondary 
constrictions were evident in the chromosome complement (Fig. 4). The 
longest chromosome pair had a submedian centromere. The rest of the 
complement had subterminal primary constrictions. An apparent secondary 
constriction was located on the second largest chromosome pair in a median 

position (arrows, Fig. 4). Derman (1932) mentioned the presence of four 
chromosomes much longer than the others in C. controversa and C. alternifolia. 
Figs. 1 and 4 revealed not four, but two chromosomes much longer than the 

others and two that are only slightly longer. Although C. alternifolia and 
C. controversa are closely related taxonomically and anatomically, their 
chromosomes revealed considerable difference.

An examination of the different chromosome sets of Cornus does not 
reveal distinctive morphological differences between each complement. Striking 
similarities were noted between the chromosomes of C. Amomum, C. racemosa, 
C. rugosa and C. stolonifera. Identification of a particular species based on 
chromosome markers would thus be impossible. C. canadensis, C. alternifolia, 
and C. controversa could tentatively be identified by chromosome number.

Though the chromosomes of C. controversa appeared to be different 
from those of the other species, the difference was most likely due to 

pretreatment or some factor during slide preparation. When analyzing the 
somatic chromosome sets one should be cognizant of several variables. First, 
cells may not be equally affected by pretreatment and chromosomes therefore 
show different degrees of contraction. A study of chemical pretreatments 
and their effect on chromosome arm length of Sitka Spruce by Burley (1965) 
revealed a great deal of variability in the results dependent upon pretreat
ment. C. controversa preparations may not have been affected in the same 
manner as cells from the other species, thus resulting in their increased 
chromosome length. Secondly, Sybenga (1959) has shown that squashing 
will generally increase chromosome length. Different pressure on various 
cells may lead to differential expansion and measurements. Finally, the main 
variability in the determination of chromosome length is the vagueness of 
chromosome ends and constrictions (Sybenga 1959). Examination of additional 
cells of C. controversa would be necessary before deciding whether the 
chromosomal complement was actually different from the others .

Meiotic observations

The meiotic behavior of all five species of Cornus was essentially normal , 
although several interesting irregularities were observed. The one outstanding
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exception was the occurrence of a B chromosome in C. rugosa . Meiotic 
observations of the five species are summarized in Table 1.

The earliest stage successfully examined was diakinesis. Prior to diakinesis 
the chromosomes were of such a diffuse quality that it was difficult to 
distinguish much detail. Globular bodies of different sizes were frequently 

present and could be confused with chromosomes since they both stained with 
almost the same intensity. These globules often persisted through diakinesis , 
especially in cells of C. racemosa (Fig. 12).

Only bivalents were observed at diakinesis in C. alternifolia, C. Amomum, 
and C. stolonifera, while both bivalents and univalents were seen in C. 
racemosa (Fig. 12) and C. rugosa. The pattern of high chiasmata frequencies 
and low univalent and laggard frequencies are worth noting for C. Amomum 
and C. stolonifera. Data from these two species closely correspond from 
diakinesis through pollen stainability (Table 1). Onl the other hand, data 
from C. racemosa and C. rugosa reflect lower chiasmata frequencies and a 

greater occurrence of univalents and laggards. C. alternifolia falls between 
the two groups.

At metaphase the univalent frequency increased in C. rugosa and C. 
racemosa. In some cases this appeared to be the result of precocious 
separation of bivalents. Most univalents were located somewhere in the 
spindle region. In one metaphase cell of C. racemosa two univalents were 
aligned on the plate as though they were bivalents. Chiasmata frequencies 
at metaphase were relatively unchanged from diakinesis except in the case 
of C. rugosa where the frequency dropped by a value of 1.87. Even though 
chiasma frequency increased from diakinesis to metaphase in C. Amomum, 
the change is very slight. Such a small increase probably resulted from either 
the small number of cells sampled or partially inaccurate observations of 
chromosomes at diakinesis or metaphase. The higher chiasmata frequencies 
in C. Amomum and C. stolonifera compared to those of the other three 
species were reflected in the shape of the metaphase chromosomes (Fig. 15). 
For example, their chromosomes appear much less rod-like than do those of 
C. alternifolia and C. rugosa (Figs. 14, 16).

Lagging chromosomes were common in anaphase I of C. racemosa (Fig. 
17) and C. rugosa. Most laggards were univalents which subsequently divided 
in the interpolar region. If the univalent was close to the equator the halves 
went to opposite poles, but if it was not close to the equator, both halves 
went to the nearest pole (Fig. 17). Laggards were often left in the center 
of the cell as meiosis proceeded to second division. The highest incidence 
of cells with laggards was found in C. racemosa. C. rugosa had fewer cells 
with laggards but a higher number of laggards per cell. The higher frequency

telophase II. 19, C. stolonifera, microsporocyte with 6 microspores. 20, C. rugosa, diakinesis 
with 11 bivalents and 1 B chromosome (arrow). 21, C. rugosa, B chromosome (arrow) with 9 
bivalents and 4 univalents at metaphase I. 22, C. rugosa, B chromosome reaching anaphase I 

pole without division.
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Figs. 11-22. Microsporogenesis in Cornus. 11, C. rugosa, diakinesis with 11 bivalents. 
12, C. racemosa, diakinesis with 10 bivalents and 2 univalents. 3 globular bodies are indicated 
by arrows (Note other relatively inconspicuous globules). 13, camera lucida drawing of Fig. 
12. 14, C. alternifolia, metaphase I with 9 bivalents and 2 univalents. 15, C. Amomum, 
metaphase I with 11 bivalents. 16, C. rugosa, first metaphase with 11 bivalents, 17, C. 
racemosa, two dividing univalents at telophase I. 18, C. rugosa, chromosome laggards at
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of laggards per cell at anaphase I may be related to the presence of a B 
chromosome. Their existence in C. rugosa will be discussed later . Bridge 
and bridge-fragment configurations were not observed at anaphase I .

Lagging chromosomes occurred in all species at anaphase II . C. racemosa 
again had the highest number of cells with laggards. Bridge and bridge
fragment configurations occurred with relatively low frequencies in C. 
alternifolia, C. Amomum, and C. rugosa at anaphase II. The bridge in 
C. Amomum actually appeared to be a remnant of the first division.

An interesting observation was the total lack of micronuclei at the quartet 
stage. Based on the frequency of lagging chromosomes in C. racemosa and 
C. rugosa, micronuclei were expected in the two species . Their absence 
suggests that either they moved into the regular nuclei at a later stage or 
were too poorly stained to be detected at the quartet stage.

A micronucleolus was present in many quartets. One or all four micro
spores contained from one to three micronucleoli. Another irregularity 
observed was the presence of more than four microspores in the second 
division products of C. alternifolia, C. rugosa, and C. stolonifera (Fig. 17). 
The distribution of microspores of these species is presented in Table 2.

Table 2. Distribution of microspores in microsporocytes of Cornus

Besides normal quartets, cells with five and six microspores were observed in 
C. alternifolia and as many as seven in some cells of C. rugosa. Abnormal 
cells of C. stolonifera contained from five to nine microspores. No dyads 
or triads were observed in any species.

The highest percentages of stainable and peroxidase positive pollen were 
observed in C. Amomum and C. stolonifera, the two species with the lowest 
.frequency of laggards. The species with the lowest percentage of stainable 

pollen was C. rugosa. In this species there was a great deal of variability 
between different buds in regards to stainable pollen. For example, in one 
bud there was 63.42% stainable pollen while in another 96.93% of the pollen 
stained. This variation may be due to the presence or absence of a B 
chromosome as will be discussed.

As mentioned earlier, a B chromosome was observed in C. rugosa. It 
was not seen in every pollen mother cell or in the meristematic root cells. 

No more than one B was ever present. A B chromosome was detected at 
diakinesis (Fig. 20), metaphase I (Fig. 21), and anaphase I (Fig. 22). The 

following number of pollen mother cells with B chromosomes were observed:
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3 out of 51 diakinesis cells; 14 of 100 metaphase I cells; and 10 of 32 
anaphase I cells. More anaphase I B's were detected because they usually 
lagged and were not clumped with the other chromosomes as would often 
happen at diakinesis and metaphase. Anaphase I B chromosomes were seen 
in three different forms: dividing at one pole (Fig. 22), undivided at one 

pole, or dividing at or near the metaphase plate. They were never seen 
undivided at the equator. Most of the B's seen at metaphase were oriented 
off the plate (Fig. 21). Failure to observe the B chromosome after anaphase I 
may have been due to clumping of the chromosomes which made its detection 
difficult.

It must be emphasized that some of the laggards assigned as univalents 
at anaphase I and II in C. rugosa might actually have been undivided B 
chromosomes. An undivided B was approximately the same size as a uni
valent and in some cells there was no difference in staining between B and 
normal chromosomes. This may account for the high frequency of laggards 

per cell at anaphase I. Pollen division was not studied so it was not deter
mined whether B chromosomes were transmitted through the pollen.

An interesting feature was the varied configurations assumed by the 
largest chromosome pair at metaphase in species of Cornus. In all likelihood 
this pair represented the largest entity seen in the mitotic cells. It also 
appeared to be the large chromosome pair described for C. alba by Meurman 

(1930). These chromosomes usually assumed a configuration characteristic 
of each species. At first the large chromosome was considered as a possible 
marker for identification but there was enough diversity in shape within each 
species to reject this notion.

Discussion

Somatic chromosomes

The lack of observable karyotypic differences between the species of 
Cornus is not an uncommon occurrence in higher plants. Studies show that 
although distinctly different karyotypes may exist between related genera, 
the karyotypes of species within a genus are similar. Speciation has therefore 
developed by means other than karyotypic differentiation. For example, Sax 
and Sax (1933) found that several genera of conifers differed in chromosome 
morphology. However, the karyotypes of the species within each genus were 
alike. In their estimation, speciation has resulted from genic changes while 
segmental interchanges have given rise to differentiation between genera. 
The same authors feel that since morphological distinction in chromosomes 
between species of conifer genera are rare, compatible interspecific hybridi
zation should be possible.

Stebbins (1958) suggests that speciation of Crepis is rarely the result 

of karyotype differentiation, but more often the result of paracentric inversions 
and equal reciprocal translocations. Such events do not change outward
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appearances of chromosomes.
Speciation in most cases of Cornus is probably due to genic differences. 

This is particularly true in species which Rickett (1944), Wilson (1964), and 
Wyman (1967) list as being capable of hybridization. C. Amomum, C. 
racemosa, and C. stolonifera are the species in this study known to form 
fertile hybrids. Therefore, the difference between their karyotypes is perhaps 
only genic and not structural. Species of Cornus which do not form fertile 
hybrids perhaps contain inversions and translocations of segments large enough 

to prevent successful pairing of chromosomes. Although these large structural 
rearrangements may be present, they would not visibly change chromosome 
morphology, but would prevent successful hybridization between species.

Another factor of species formation in Cornus is the loss or gain of 
single chromosomes. Three basic chromosome numbers of 9, 10, and 11 are 
known but their origin is unknown. Only four species studied to date have 
x=9 or 10 so the single chromosome changes do not appear as prevalent as 
the genic changes in Cornus speciation. Polyploidy is not an important 
method of speciation in Cornus since only one tetraploid species, C. canadensis, 
is known. The origin of this species still remains obscure.

Microsporogenesis

Asynapsis appears to account for many of the meiotic irregularities in 
several species of Cornus. They exhibit weak asynapsis as described by 
Prakken (1943). The behavior of univalents in this genus agrees with that 
of other weakly asynaptic plants (Matthiola incana, Armstrong and Huskins 
1934, Nicotiana sylvestris, Goodspeed and Avery 1939, and the genus 
Sorghum, Huskins and Smith 1934). In all of these cases the number of 
univalents varies from cell to cell and plant to plant. Goodspeed and Avery 

(1939) indicate that the variability of asynapsis depends on both the external 
environment and internal differences between the pollen mother cells which 
may affect the expression of asynapsis. In Cornus, most univalents generally 
resulted in laggards which divided at either the first or the second division. 
Chromosomes that divide at anaphase I are common in plants that show weak 
or partial asynapsis (Prakken 1943).

The reduction in pollen stainability in most species of Cornus with 
univalents is probably due to the asynaptic factor. The percentage is not 

greatly lower which conforms to the fact that weakly asynaptic plants are 
not known to be highly sterile (Prakken 1943). Prakken and many other 
workers consider asynapsis to be due to a gene or genes that prevents pairing 
at diakinesis or metaphase (Bergner, Cartledge and Blakeslee 1934, Li, Poa, 
and Li 1945).

In asynaptic plants of Ulmus glabra, Eklundh-Ehrenberg (1949) found 
that univalents which remained outside the telophase II nuclei later disappeared. 
It is proposed that many lagging chromosomes of Cornus disappear at the 

quartet stage. Another possibility is that some of the lagging chromosomes
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may be involved in the formation of irregular quartets.
Cells with more than four microspores at the conclusion of the second 

division are a common occurrence in asynaptic plants. The percentage of 
sporocytes with more than four microspores in the three species of Cornus 
is in agreement with that in Ulmus glabra (Eklundh-Ehrenberg 1949). Li 
et al. (1945) have found from five to eight spores per sporocyte in common 
wheat and called the condition polyspory. A partially asynaptic plant of 
Picea abies was found to have from two to seven nuclei and cells per tetrad 

(Andersson 1947). Another gymnosperm, Pinus silvestris exhibited polyspory 
in the tetrads of asynaptic trees (Runquist 1968).

In Datura, Celarier (1955) indicates that the formation of many micro
spores suggests that all chromosomes retain the metabolic activity necessary 
to produce microspores. Lagging univalents of Cornus may lead to the 
formation of many microspores per quartet. This would offer another 
explanation as to why micronuclei are not observed. Any laggards which 
do not disappear would result in the development of additional microspores 
into which the laggards would be incorporated. The orientation of the 
chromosomes of C. rugosa in Fig. 18 suggests such a possibility. Another 
species where individual chromosomes stimulate formation of microspores is 
Allium ascalonicum (Darlington and Haque 1955). In this species two lagging 
nucleolar chromosomes are common at metaphase I of normal cells. If not 
incorporated at anaphase I they often form microsporocytes which divide at 
the same time as the major microsporocytes.

Polyspory could be related to the occurrence of univalents in C. alterni

folia and C. rugosa but not in C. stolonifera. The latter species was observed 
to have very few lagging chromosomes. Although cells of C. racemosa 
contained many lagging chromosomes, polyspory was not observed. It thus 
appears that although lagging univalents can partially account for the occur
rence of polyspory in Cornus, some other factor such as a gene or gene 
combination may be involved.

Although many non-woody species have been found to possess B chromo
somes, their presence in woody species was suspected to be a rare event. 
Mehra and Bawa (1968) found six out of 137 woody species that had B 
chromosomes. These species of the families Lythraceae and Lauraceae 

generally possessed only one accessory chromosome.
The sporadic occurrence of the B chromosome in cells of C. rugosa 

is similar to that of Poa alpina as described by Muntzing (1948). He found 
variation in the number of B chromosomes within an individual plant both 

in different years and different panicles and also within the same anther 
loculus. Unlike C. rugosa, in Poa alpina the B's did not divide at anaphase I. 
Somatic counts of Poa alpina revealed only a small number of root tips with 
B chromosomes. Muntzing (1948) believes that somatic non-disjunction may 
cause the B's to preferentially pass to the "germ line" pole and leave the
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roots free of any accessory chromosomes. Haplopappus gracilis plants with 
B chromosomes present in the pollen mother cells were also found to lack 
B's in the root tips (Ostergren and Frost 1962). Similarly B chromosomes 
of Panicum coloratum were discovered to be present in the microsporocytes 
and absent in the root tip cells (Swaminathan and Nath 1956).

Non-disjunction was implicated in the elimination of B chromosomes in 
the roots of Poa alpina (Muntzing 1948). Since the B chromosome of C. 

rugosa was not seen in second division, it appears that a mechanism other 
than non-disjunction might exist for its elimination at mitosis or meiosis and 
the inheritance of the B chromosome may be exclusively maternal.

Once thought to be inert, B chromosomes are now known to exert 

certain influences on plants. The effects are variable from species to species 
and plant to plant. Darlington and Thomas (1941) described the variability 
of B chromosome activity as being non-specific. Bosemark (1957) found 

pollen fertility decreased as the number of accessory chromosomes increased 
in Festuca pratensis. Seed set and plant weight also appeared to be affected 
by large numbers of accessories, indicating a cumulative effect. Bosemark 
believes the genetic effects of accessory chromosomes are not uniform. In 
Panicum coloratum, an accumulation of five or more B chromosomes in 
second division resulted in some degree of pollen abortion (Swaminathan and 

Nath 1956). Only one B chromosome was found to result in pollen sterility 
in Plantago coronopus (Paliwal and Hyde 1959). Black Mexican sweet corn 
was found to have an increased chiasmata frequency with increasing B 

chromosome frequency (Ayonoadu and Rees 1968) while in Lolium perenne 
the effects were opposite (Cameron and Rees 1967). Exactly how C. rugosa 
is affected by the presence of a B chromosome is unknown. Greater meiotic 
irregularity and lower pollen stainability could be attributed to the presence 
of an accessory chromosome in addition to the presence of univalents as 
discussed earlier.

Whether the B chromosome of C. rugosa was recently acquired, or has 

been present for a long time, is unknown. B's may be derived through 
either fragmentation or structural alterations (Darlington 1963, Muntzing 1943). 
Lewis (1951) is of the opinion that the supernumerary chromosome of Clarkia 

elegans arose through structural rearrangements of the chromosomes followed 
by meiotic irregularities. If either fragmentation or structural alterations 
actually produce new chromosomes in Cornus this may explain how the three 
basic numbers of x=9, 10, and 11 may have arisen. Derman's (1932) sug

gestion that nine is the original basic number may thus be correct. Fragmen
tation occurred and the extra chromosome(s) developed to give either x=10

 or x=11. The B chromosome of C. rugosa is evidence that an extra 
chromosome might be added to a normal chromosome complement.

The micronucleoli seen in the quartets of Cornus have been observed 
in several other species. Frankel (1937) recorded four nucleoli in young
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tetrad cells of Fritillaria pluriflora. Walters (1966) has referred to such 
structures as accessory nucleoli in Bromus. The structures varied both in 
number and size in individual microsporocytes. Accessory nucleoli were not 

present in all microsporocytes and during prophase they often fuse with larger 
nucleoli. Walters (1968) has also observed similar structure in Zea mays 
and suggests that their appearance reflects the synthesis and dispersal of 
material from the chromosomes.

The globular bodies seen in some cells of C. racemosa appeared similar 
to the "spherosome" described by Sarvella (1961). However, the round 
bodies he referred to were rarely seen at stages beyond diplotene. Sarvella 
suggested that "spherosomes" may be involved in chromosome duplication, 
chiasma formation and terminalization, spindle fiber formation, or organization 
at the metaphase plate. Globular inclusions in Phleum pratense have also 
been described by Nath and Nielsen (1961) and Nath et al. (1970) in Paspalum 

plicatum. The globules were found at all stages of meiosis and not just at 
early diakinesis.

In summary, Cornus species have a certain amount of meiotic irregularity 
apparently associated with the presence of a B chromosome and asynapsis. 
According to Darlington (1965), a meiotic breakdown such as asynapsis gives 
"an optional character to the genetic system which has an effect in generating 

variation." Darlington (1963) also feels that B chromosomes increase varia
bility and hence the adaptability of a species. Since the genus is composed 
of long-living individuals any such potential variability is important. According 
to Stebbins (1958), individuals with variability are apt to be the original 
ancestors of new lines of evolution. Those members of a long-lived popula
tion that produce a relatively small proportion of highly fit organisms have 
the advantage. With the apparently inherent variability of Cornus species it 
appears that the genus is provided with a basis for the continuing evolution 
of fit individuals.

Summary

Distinct karyotypic differences between species of Cornus were not 
detected during a study of mitosis in root tip cells. C. Nuttalli was found 
to have 2n=22. Several interesting cytological abnormalities during micro

sporogenesis were evident in five species. A B chromosome was observed 
in several cells of C. rugosa during first division but not in second division. 
Globules persisted in some diakinesis cells of most Cornus species and could 
often be confused with chromosomes. Weak asynapsis was evident in several 
species. C. altornifolia, C. rugosa and C. stolonifera exhibited polyspory 
at the quartet stage. The result of these anomalies appears to be the genera
tion of variability within the genus.



1971 Cytogenetics of Some Species of Cornus 729

Literature cited

Andersson, N. 1947. A case of asyndesis in Picea abies . Hereditas 30: 301-347.
Armstrong, J. M. and Huskins, C. L. 1934. Further studies on the cytology of Matthiola 

incana. Jour. Gen. 29: 29-50.
Ayonoadu, U. and Rees, H. 1968. The influence of B chromosomes on chiasma frequencies 

in Black Mexican sweet corn. Genetica 39: 75-81.
Bergner, A. D., Cartledge, J. L., and Blakeslee, A. F. 1934. Chromosome behavior due to a 

gene which prevents metaphase pairing in Datura. Cytologia 6: 19-37.
Bosemark, N. O. 1957. On accessory chromosomes in Festuca pratensis V. Influence of 

accessory chromosomes on fertility and vegetative development. Hereditas 43: 211
-235.

Burley, J. 1965. Karyotype analysis of Sitka Spruce, Picea sitschensis (Bong. Carr.). Silvae 
Gen. 14: 127-132.

Cameron, F. M. and Rees, H. 1967. The influence of B chromosomes on meiosis in Lolium . 
Heredity 22: 446-450.

Celarier, R. P. 1955. Desynapsis in Tradescantia. Cytologia 20: 69-83.
Darlington, C. D. 1963. Chromosome Botany and the Origins of Cultivated Plants . New 

York: Hafner Publishing Co.- 
Cytology 1965. London, J. and A. Churchill.- 
and Haque, A. 1955. The timing of mitosis and meiosis in Allium ascalonicum: a 

problem of differentiation. Genetics 9: 117-127.- 
and LaCour, L. F. 1960. The Handling of Chromosomes. London: George Allen and 

Unwin Ltd.- 
and Thomas, P. T. 1941. Morbid mitosis and the activity of inert chromosomes in 

Sorghum. Proc. Roy. Soc. London 130: 127-150.
Derman, H. 1932. Cytological studies of Cornus. Jour. Arnold Arb. 13: 410-417.
Eklundh-Ehrenberg, C. 1949. Studies on asynapsis in the elm, Ulmus glabra Huds. Heredi

tas 35: 1-26.
Ferguson, I. K. 1966. Notes on the nomenclature of Cornus. Jour. Arnold Arb. 47: 100

-105.- 
1966. The Cornaceae in Southeastern United States. Jour. Arnold Arb. 47: 106-116.- 

Frankel, O. H. 1937. The nucleolar cycle in some species of Fritillaria. Cytologia 8: 37
-47.

Goodspeed, T. H. and Avery, P. 1939. Trisomic and other types in Nicotiana sylvestris. 
Jour. Gen. 38: 381-458.

Huskins, C. L. and Smith, S. G. 1934. A cytological study of the genus Sorghum. Pers. II. 
The meiotic chromosomes. Jour. Gen. 28: 387-395.

King, J. R. 1960. The peroxidase reaction as an indicator of pollen viability. Stain Tech. 
35: 226-227.

Lewis, H. 1951. The origin of supernumerary chromosomes in natural populations of Clarkia 
elegans. Evolution 5: 142-157.

Li, H. W., Poa, W. K., and Li, C. H. 1945. Desynapsis in common wheat. Amer. Jour. Bot. 
32: 92-101.

Marks, G. E. 1952. A controllable carmine technic for plants with small chromosomes. 
Stain Tech. 27: 333-336.

Mehra, P. N. and Bawa, K. S. 1968. B-chromosomes in some Himalayan hardwoods. Chro
mosoma 25: 90-95.

Meurman, O. 1930. Chromosome numbers in the family Cornaceae. Mem. Soc. Fauna et 
Flora Fen. 6: 95-100.

Muntzing, A. 1943. Genetical effects of duplicated fragment chromosomes in rye. Hereditas 
29: 91-112.- 

1948. Accessory chromosomes in Poa alpina. Heredity 2: 49-61.



730 S. N. Clay and J. Nath Cytologia 36

Nath, J. and Nielsen, E. L. 1961. Cytology of plants from self- and open-pollination of 
Phleum pratense. Amer. Jour. Bot. 48: 772-777.

Nath, J., Swaminathan, M. S. and Mehra, K. L. 1970. Cytological studies in the tribe 
Paniceae, Gramineae. Cytologia 35: 111-131.

O'Mara, J. G. 1948. Acetic acid methods for chromosome studies at prophase and metaphase 
in meristems. Stain Tech. 23: 201-204.

Ostergren, G. and Frost, S. 1962. Elimination of accessory chromosomes from the roots of 
Haplopappus gracilis. Hereditas 48: 363-366.

Packer, J. G. 1964. Chromosome numbers and taxonomic notes on western Canadian and 
Arctic plants. Can. Jour. Bot. 42: 473-494.

Paliwal, R. L. and Hyde, B. B. 1959. The association of a single B-chromosome with male 
sterility in Plantago coronopus. Amer. Jour. Bot. 46: 460-465.

Prakken, R. 1943. Studies of asynapsis on rye. Hereditas 29: 475-495.
Rickett, H. W. 1944. Cornus stolonifera and Cornus occidentalis. Brittonia 5: 149-159.
Runquist, E. W. 1968. Meiotic investigations in Pinus silvestris (L). Hereditas 60: 77-128.
Sarvella, P. 1961. Circular structures associated with pachytene chromosomes. Can. Jour. 

Gen. Cytol. 3: 89-90.
Sax, K. and Sax, H. J. 1933. Chromosome number and morphology in conifers. Jour. Arnold 

Arb. 14: 356-375.
Stebbins, G. L. 1958. Longevity, habitat and release of genetic variability in higher plants. 

Cold Spr. Harb. Sym. Quant. Biol. 23: 365-378.
Sugiura, T. 1931. A list of chromosome numbers in angiospermous plants. Bot. Mag. Tokyo 

45: 353-455.- 
1936. Studies on the chromosome number in higher plants, with special reference to 

cytokinesis I. Cytologia 7: 544-599.
Swaminathan, M. S. and Nath, J. 1956. B-chromosomes in Panicum coloratum. Cur. Sci. 

25: 123-124.
Sybenga, J. 1959. Some sources of error in the determination of chromosome length. 

Chromosoma 10: 355-364.
Walters, M. S. 1966. Development and chemical constitution of a nuclear body in micro

 sporocytes of Bromus. Heredity 21: 173-181.- 
1968. Ribonucleoprotein structures in meiotic prophase of Zea mays. Heredity 23: 39

- 47.
Wilson, J. S. 1964. Variation of three taxonomic complexes of the genus Cornus in eastern 

United States. Trans. Kan. Acad. Sci. 67: 757-817.
Winge, O. 1917. The chromosomes, their numbers and general importance. Carlsberg Lab. 

13: 131-275.
Wulff, H. D. 1939. Chromosomenstudien an der schleswigholsteinschen Angiospermen-Flora 

IV. Ber. Dtsch. Bot. Ges. 57: 424-431.
Wyman, D. 1967. The best of the dogwoods. Amer. Hort. Mag. 46: 165-174.


