
294 Cytologia 35

Karyology of Sequoia sempervirens: Karyotype

 and Accessory Chromosomes1

LeRoy C. Saylor and Holly A. Simons

Department of Genetics, North Carolina State University, Raleigh,
 North Carolina, U. S. A.

Received February 20, 1969

Introduction

Sequoia sempervirens is a species that has interested both scientist and 

non-scientist for many years. Certainly the size and age reached by individual 
trees make a lasting impression on everyone that observes the towering 

stands of coast redwood. No other species of plant is capable of reaching 

their height.

In studying its ancestry, investigators have been intrigued and baffled 
by its apparent polyploid condition and by the lack of close relatives of 
either living or fossil types. Although there has been some confusion in the 

past regarding absolute chromosome numbers, several investigators (Hirayoshi 
and Nakamura 1943, Yasui 1946, Stebbins 1948, Fozdar and Libby 1968) have 
now recorded values of either n=33 or 2n=66. As a result, S. sempervirens 
is considered to be hexaploid (x=11). This is quite unique in that only 11 
of the hundreds of species of gymnosperms alive today are considered to be 
true polyploids and only three of these are tree species (Khoshoo 1959). 
Sequoia in the only polyploid gymnosperm above the tetraploid level and 
certain evidence indicates it has been a hexaploid at least since the Tertiary 

(Miki and Hikita 1951).
Unfortunately little information is available about the karyotype or other 

karyological features. Past studies were designed primarily to obtain chromo

some counts and the published data either lack accompanying photomicro

graphs or drawings, or the figures presented are very difficult to interpret. 
In this paper, a detailed description of the karyotype of Sequoia sempervirens 

is presented along with evidence of the presence of accessory chromosomes.

Methods

As with most species of conifers, problems exist in studying the mor

phology of Sequoia chromosomes because of their great length and the large 
mass of material present in the nucleus. Some type of pretreatment to shorten 

the chromosomes is absolutely necessary.
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The technique used in this study involves a slightly modified procedure 
developed for studying species of Pinus (Saylor 1961). It includes the 
following steps:

1. Pretreat in 8-hydroxyquinoline (0.3g/l) for eight hours at 12•Ž.

2. Fix in alcohol-acetic acid, 3:1, for 1-4 hours.

3. Hydrolyze in 1N HC1 for 10-15 minutes at 60•Ž.

4. Stain in aceto-carmine for 60 minutes.

All analyses were done with somatic chromosomes obtained from squash 

preparations of seedling root-tip meristems. Most collections were obtained 

from 1-10 month old seedlings. The seedlings came from seed collected from 

a single population in the Santa Cruz Mountains in California (Courtesy of 

the Institute of Forest Genetics, Placerville, California).

The chromosomes of all plates capable of being counted were drawn at 

2000•~ using a projection apparatus. From these, a group of plates was 

selected in which each chromosome was measured using an engineer's divider 

and an accurately calibrated steel rule.

With the above techniques, nucleoli are rarely stained well enough to be 

studied. Therefore, a special procedure was used to enhance their staining. 

Instead of HC1 hydrolysis, the root-tips were placed in a pectinase solution 

(1 mg pectinase per ml of buffer solution at pH 6.0) for 15 hours. To digest 

out the DNA, they were then placed in a solution of 30ƒÊg DNase per ml 

of 0.003 molar MgSO4 at pH 6.5 for two hours at 23•Ž. Two methods were 

used for staining: 1) Azure blue (0.25mg stain/ml of citrate buffer at pH 4.0)

-Stain for 2 hours at 50•Ž and squash . 2) Aceto-carmine-Place root-tips in 

aceto-carmine for 60 minutes and then over-stain by adding excess iron from 

needles when preparing the squash; heat slide excessively with alcohol flame.

Results

Seventeen seedlings were analyzed, and 15 measureable drawings were 
obtained from 11 of them. A total of 32 verifiable counts were actually 
recorded for the 17 seedlings.

Unequivocal counts of 66 chromosomes were obtained for 15 of the 
seedlings. Figures 1A and 1B, which are representative of the plates used in 

studying the chromosomes, illustrate the clarity with which the counts could 
be made. A very unexpected result was the discovery of an additional, centric, 
small chromosome or fragment in plates from two of the plants (Figs. 1C and 
1D). As will be discussed later, this chromosome, which is approximately one 

half the size of the smallest normal (A) chromosome, is considered to be a 
type of accessory (B) chromosome.

Karyotype

The chromosomes comprising the haploid complement are similar in size 

and morphology (Table 1 and Fig. 3). The lengths, which are somewhat
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shorter than normal because of pretreatment effects, ranged from approximately 
11 to 5 microns (23 to 11mm as magnified for study). The centromeres of 
most of the chromosomes are located in a median position, but some, especially

Fig. 1. Metaphase chromosomes from aceto-carmine preparations of root-tip meristems . 

A, 2n=66 chromosomes. •~800. B, 2n=66 chromosomes (arrow denotes a typical satellited 

chromosome). •~850. C, 66 normal chromosomes plus one accessory chromosome (arrow) .

 •~ 750. D, normal replication of accessory chromosome (arrow) . •~950.
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the smaller chromosomes, have submedian centromeres. (Chromosomes with 
median and submedian centromeres are defined by short-arm: long-arm ratios 
of 0.75-1.00 and 0.50-0.75, respectively).

Table 1. Mean arm lengths (in millimeters) of chromosomes magnified 2000•~.

* Denotes chromosomes with satellites; these constitute triplet number 4. (bee text)

Karyotype data can be presented by various methods, each with slightly 

different merits. A descending order of total chromosome length was selected 

for this material because as presented below it provided the most natural 

grouping. Using this method, differences in chromosome length between
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adjacent positions ranged from 0 to 2.0mm. Seventy-five percent of these 
differences were 0.5mm or less, and the combined error term for the technique 
is of this magnitude. Under such conditions, the opportunity for chromosome 
reversals is quite high (Matern and Simak 1967) and this should be taken into 
account in all references to the karyotype.

Although it is not possible to easily identify most of the chromosomes 
individually, they can be arranged into distinct groups according to morpho
logical features. Unusually large differences in the gradually descending order 
of total lengths occur between adjacent chromosomes in several positions in 
the arrangement presented in Table 1. The breaks that occur between 
chromosomes 3-4, 6-7, 15-16, 24-25 and 30-31 are of special interest because 
they set off groups consisting of three chromosomes or some multiple of 
three. One of the six groups (chromosomes 7-15) delineated by chromosome

Fig. 2. Cells from aceto-carmine preparation of root-tip meristem . A, 

four large and one small nucleoli. •~672. B
, four large and two small 

nucleoli. 760•~.

length can be 

further subdi

vided by 

grouping to

gether the 
three chromo

somes with 

satellites. As 
a result a 

total of eight 

natural 

groups can be 
formed. This 

is of interest 

in that any 

natural order
ing of the chromosomes in groups of three substantiates further the postulated 

hexaploid nature of this species.

The three chromosomes possessing satellites are the easiest to recognize, 
but because of similarities in size, it is not easy to distinguish between them. 
The total number of satellited chromosomes observed in the cells ranged 
from 0 to 6, with the average being slightly over three . Three of the 15 
plates drawn had 6 satellited chromosomes; satellites were lacking in only one 
of the plates.

In most instances, the satellited regions were quite small (Fig. 1B). 
They were set off from the distal portion of the a arm by a region of varying 
length that stained much lighter than the euchromatic area of the chromo

some. It is possible that the variation in length observed in the achromatic 
region was caused by differential reaction to the pretreatment or stretching 
that resulted from pressure applied during preparation of the slide . Although
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the width of the achromatic region was invariably less than that of the 

euchromatic portion, it was always greater than that of a single strand as is 

commonly seen in other organisms. Again this may be the result of the 

pretreatment. Measurements of the satellited chromosomes for the karyotype 
analysis did not include the achromatic area or the satellite.

Nucleoli were observed in varying numbers in most of the cells prepared 

specifically for their detection. The number ranged from 0-6 with approxi
mately 85 percent of the cells containing four or more; the mode for 166 

observations was five. Twenty-three percent of the cells had six nucleoli , the 
largest number observed in any cell.

Fig. 3. Idiogram of Sequoia sempervirens. Chromosomes arranged according to triplet 
grouping of Table 2. (Numbers correspond to position in Table 1; letters indicate genomic

 relationships).

Secondary constrictions other than those associated with the small satel
lites were rarely seen; the average was less than one per plate. Undoubtedly 
the pretreatment and staining techniques tend to obscure these areas, but even 

so, it is doubtful that many such constrictions exist.
It was hoped that the results of this study would provide data of use in 

determining the polyploid origin of this species. Stebbins (1948) presented 
evidence to suggest the S. sempervirens is either an autoallopolyploid with 
the genomic formula AAAABB or a segmental allopolyploid with either 
A1A1A1A1A2A2 or A1A1A2A2A3A3. To determine if the karyotype data in any 
way supported one of these interpretations, the chromosomes were grouped 
into triplets (Table 2 and Fig. 3). In Table 1 chromosomes in position 8, 9, 

and 13 constitute a natural triplet because of their satellites, so they were

Cytologia 35, 1970 20
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grouped together. The remaining 30 chromosomes were then grouped in 
successive triplets according to a descending order of their total lengths (e. g. 
1, 2, 3-4, 5, 6-7, 10, 11 etc.). The natural grouping of chromosomes in triplets 
1, 4 and 11 is especially striking.

In comparing the members within each triplet, it was noted that one 
chromosome frequently differed from the other two with regard to location of 
centromere or total length or both. The centromere of one chromosome is 
either more median or submedian than the other two in the triplet; in six 
of the 11 triplets, the difference was so great that the chromosome fell into 
a different category (i.e. median vs. submedian). Difference in total length 
was the distinguishing feature between genomes in three triplets, especially 
in number one. In two triplets (2 and 6) all three chromosomes were quite 
similar for both traits. Possible genomic relationships for the triplets are 

presented in Table 2. The unusual chromosome has been assigned to the 
B genome in each case.

Table 2. Triplet grouping of chromosomes according to position in Table 1.

 (See text)

1 C=location of centromere L=total length of chromosome

Differences in size frequently were observed among the nucleoli of a given 
cell. Undoubtedly some of this variation was caused by the coalescence of 
two or more nucleoli or by factors associated with slide preparation (e. g. 
unequal pressure). However, the pattern of occurrence in many cells was 

such to suggest that a real difference existed. In 51 percent of the cells, 
either one or two of the nucleoli were noticeably smaller than the others 

(Fig. 2). As a result, patterns of four large nucleoli plus one or two small 
ones were found in 40 percent of the cells, which provides further evidence 
of a possible autoalloploid condition of AAAABB.

Of the possibilities suggested by Stebbins (1948), the above results tend



1970 Karyology of Sequoia sempervirens 301

to support most strongly the autoalloploid origination. The data admittedly 
are not overwhelming, but they are of such a nature to at least suggest that 

one genome is noticeably different from the other two. Such differences would 
most likely occur at the species level of differentiation.

Using primarily morphological characteristics, Stebbins (1948) hypothesized 
that S. sempervirens originated as an allopolyploid from hybrids between an 

early Tertiary or Mesozoic species of Metasequoia and some extinct type of 
taxodiaceous plant. Because Metasequoia is known to have a chromosome 
complement of n=11 consisting of chromosomes that appear at least some
what similar to those of S. sempervirens (Stebbins 1948), a detailed study of 
the Metasequoia karyotype may prove very enlightening regarding ancestral 

relationships.

Accessory chromosomes

As mentioned previously, a small, centric fragment or chromosome was 
found in two of the seedlings. It was found in every plate of these seedlings 
that could be drawn (a total of seven), plus it was observed in several others 
that were not of sufficient quality to provide accurate counts or drawings. 
Never was more than one of these chromosomes observed in a given cell.

Although it was not possible to observe the chromosome during all stages 
of mitosis, the observations that could be made indicated a normal mitotic 
behavior. For example, chromatid replication occurred in sequence with the 
normal chromosomes (Fig. 1D). Special effort was made to determine if any 

part of the extra chromosome was heterochromatic, but all tests gave positive 
results for euchromatin only.

A definition that readily distinguishes between accessory (B) and normal 

(A) chromosomes is difficult to make, as several investigators have stated 
(e.g. Muntzing 1959, Rutishauser 1956). Accessory types are most frequently 
described as small, heterochromatic chromosomes that occur in variable 
numbers in members of a population; they usually do not pair with A-chromo
somes during meiosis but only with one another if at all. According to these 
criteria, the extra chromosomes found in this study fit the definition in two 
ways; they are much smaller than any of the A-chromosomes, and they occur 
in varying numbers.

Although more than one B-chromosome was never observed in a cell, 
evidence possibly exists in another study of as many as three per cell. In one 
of their figures, Fozdar and Libby (1968) noted the presence of a small, 
subterminal chromosome that occurred as a trisomic in six plates obtained 
from one plant. Because these three chromosomes all appear considerably 
smaller than the others in the figure, and because they appear very similar 
to the accessory chromosomes found in this study, it seems very probable that 
they are accessory and not A-chromosomes. Unfortunately accurate chromo
some counts are not available for the figures in question (personal communi
cation).

20*
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The content of heterochromatin in accessory chromosomes is quite variable 

(Darlington 1956). It ranges from conditions found in rye and maize in 
which B-chromosomes are highly heterochromatic to those in Trillium, Clarkia 

and Paris in which it is completely lacking. Thus, the lack of heterochromatin 
does not eliminate the fragment type chromosomes of Sequoia from being 
considered accessory rather than A-chromosomes. The correct interpretation 
will only be possible, however, when data are available regarding pairing 

relationships during meiosis. Of interest is the fact that the fragment 
chromosomes of Sequoia closely resemble in size, morphology and euchro

matin content those of Trillium grandiflorum and T. luteum, two species 
with chromosomes of comparable size to those of Sequoia (Rutishauser 1956).

Accessory chromosomes are now known to exist in hundreds of species, 

and as Darlington (1956) states they undoubtedly will be found in many 
others. They are not common, however, in long-lived woody species. The 
authors know of only two reports in which they were described in such plants. 
Hunziker (1961) found an accessory chromosome in Cupressus glabra, and 
Mehra and Bawa (1968) observed them in six of the 137 woody species they 
studied in the Lythraceae and Lauraceae families.

The outstanding feature of finding accessory chromosomes in Sequoia is 

related to the following facts: 1) They are very rare in woody species; 
2) they have never been found except in only one other species of gymno
sperm; and 3) they occur much less frequently in polyploids than. in diploids. 
The presence of accessory chromosomes thus appears to be another unusual 
feature to add to many others in what is already recognized as a very unique 
organism.

Fragmentation of A-chromosomes is considered to be the most common 

mode of origin of accessory chromosomes. Darlington (1956) cited an example 
in Clarkia elegans in which they arose through irregular meiotic divisions in 

plants with rings of four or more chromosomes. How they arose in Sequoia, 
however, can only be determined after more data are obtained. Because of 
its hexaploid nature, fragmentation by various means without accompanying 
deleterious effects seems to be a possibility. Hirayoshi and Nakamura (1943) 
and Stebbins (1948) noted the existence of rings of as many as six chromo

somes during meiosis, which could possibly provide the necessary conditions. 
Although analyzable plates were limited, an attempt was made in this study 
to see if the karyotype of the plants containing B-chromosomes possessed any 
unusual features. No aberrations were found. Lack of heterochromatin in 
the accessory chromosomes is a possible indication of recent development from 
A-chromosomes which needs to be studied further.

The effect B-chromosomes have on the organisms that possess them has 
been a matter for conjecture ever since they were first observed. It has been 
shown that frequently the effect is dosage-dependent, in that low numbers 
may provide an advantage while high numbers usually do not. According to
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Darlington (1963) the effect can also vary with the stage of development so 
that an advantage at one stage may be outweighed by a disadvantage at 
another. For example, Moss (1966) recently demonstrated that in rye a strong 
correlation exists between B-chromosomes and performance during different 
stages of growth.

It is not possible at this time to even speculate about the effects acces
sory chromosomes have or may have had in the development of Sequoia. 
In this study, no differences of any kind were detectable between the seedlings 

possessing accessory chromosomes and those lacking them. If any advantages 
do exist, however, it is important that they can be exploited by means of 
vegetative propagation that exists in this species.

Literature cited

Darlington, C. D. 1956. Chromosome Botany. Allen and Unwin, Ltd. London. 
Fozdar, B. S. and Libby, W. J. 1968. Chromosomes of Sequoia sempervirens; 8-hydroxy

quinoline-castor oil pretreatment for improving preparation. Stain Tech. 43: 97
-100.

Hirayoshi, I. and Nakamura, Y. 1943. Chromosome number of Sequoia sempervirens.
 Bot. Zool. 2: 73-75.

Hunziker, J. H. 1961. Chromosome studies in Cupressus and Libocedrus. Revista de
 Investigaciones Agricolas 15: 169-185.

Khoshoo, T. N. 1959. Polyploidy in gymnosperms. Evolution 13: 24-39.
Matern, B. and Simak, M. 1968. Statistical problems in karyotype analysis. Hereditas

 59: 280-288.
Mehra, P. N. and Bawa, K. S. 1968. B-chromosomes in some Himalayan hardwoods.

 Chromosoma 25: 90-95.
Miki, S. and Hikita, S. 1951. Probable chromosome number of fossil Sequoia and Meta

sequoia found in Japan. Science 113: 3-4.
Moss, J. P. 1966. The adaptive significance of B-chromosomes in rye. Chromosomes Today

 1: 15-23.
Muntzing, A. 1959. A new category of chromosomes. Proc. X Internat. Congr. of Genetics

 1: 453-467.
Rutishauser, A. 1956. Genetics of fragment chromosomes in Trillium grandiflorum.

 Heredity 10: 195-204.
Saylor, L. C. 1961. A karyotypic analysis of selected species of Pinus. Silvae Genetica

 10: 77-84.
Stebbins, G. L., Jr. 1948. The chromosomes and relationships of Metasequoia and Sequoia.

 Science 108: 95-98.
Yasui, K. 1946. On polyploidy in the genus Sequoia. Jap. Jour. Genet. 21: 9-10.


