1. Failure to form a successful graft or bud union in a
high percentage of cases.

Appearance of shoot dieback and general ill health of
grafted tree.

N

3. Premature death of the tree in the nursery.

It is evident from Table 2 that ability to survive at 30
days and 60 days are significantly different indicating that
under varied environmental conditions mortality was ac-
centuated, confirming incompatibility. This confirms the
view of Cuanc (1937) that symptoms of incompatibility ap-
pear most quickly and in the severest manner when the
tree is grown under adverse environmental conditions.
On the other hand under favourable conditions, the symp-
toms may take some time to appear, although incompati-
bility actually exists in the tree. The major cause seems
to be the discontinuity between wood and bark shown in
Figure 2a and 2b. Cuanc (1937) says “that the distinctive
groups of incompatibility as shown by bark and wood
discontinuity seem to be directly correlated with a high
degree of incompatibility. Possibly this crevice at the union
hinders or lessens the upward and downward transport of
water, soil solution and manufactured food, thus causing
a weaker growth of shoot and root”. Figure 1a and 1b show
successful and unsuccessful bud grafts respectively. The
unsuccessful graft is associated with shoot dieback and
premature death of tree.

On the basis of these observations it can be suggested
that incompatibility may exist in teak clones, when they
are grafted.

A systematic study must be done to determine the extent
of incompatibility using different combinations, viz scion
on stock, stock on scion and stock on stock.
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A chromosome study of coast redwood, Sequoia
sempervirens (D. Don) Endl.")

By S.E. Scurarsaum and T. TsucHiva?)
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Summary

A detailed karyotype analysis was made on the somatic
chromosome complement of Sequoia sempervirens. The
species has 2n = 6x = 66 chromosomes which concurs with
previous reports. Chromosomes with unusual or specific
structures are present in the complement. Two pairs of
SAT-chromosomes have unusually long secondary con-
strictions and are believed to be asseciated with nucleolar
organization regions. Previous studies show that Sequoia
has six nucleoli, four large and two small, which indicates
that there are two other active NOR present, likely asso-
ciated with microsatellites which may not be visible due
to pretreatment effects. Amphiplasty may have been re-
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sponsible for the morphological differences among the

nucleolar organizing chromosomes. Tentatively, Sequoia

appears to be a segmental allopolyploid, A;A;AAAA,,

though the possibility that Sequoia is an autoallopolyploid,

AAAABB, cannot be discounted.

Key words: Sequoia sempervirens, redwood, Taxodiaceae, chro-
mosome, karyotype analysis. hexaploid, segmental
allopolyploid, autoallopolyploid, amphiplasty.

Zusammenfassung

Am Wurzelspitzenmeristem von Sequoia sempervirens
wurde eine detaillierte Analyse des Karyotyps durchge-
fiihrt. Von den aus friiheren Untersuchungen bekannten
2n = 6x = 66 Chromosomen weisen einige spezifische
Strukturen auf. 2 SAT-Chromosomen haben ungewdhnlich
lange sekundére Einschniirungen, die fiir Nucleolus-Orga-
nisator-Regionen (NOR) gehalten werden. Da in fritheren
Untersuchungen 6 Nucleoli nachgewiesen werden konnten,
4 grofle und 2 kleine, werden 2 weitere NOR-aktive Chro-
mosomenpaare angenommen, deren Mikrosatelliten aber
durch die hier angewandte Vorbehandlung des Materials

Silvae Genetica, 33, 2—3 (1984)



nicht mehr sichtbar sind. Auf Grund der morphologischen
Unterschiede der NOR-Chromosomen wird fiir Sequoia
sempervirens Amphiplastie (A;A;AA,A,A,) angenommen,
obgleich auch die Madoglichkeit der Autoallopolyploidie
(AAAABB) nicht auszuschlieflen ist.

Introduction

Coast redwood, Sequoia sempervirens (D. Don) ENpL., is
a monotypic genus in the coniferous family Taxodiaceae.
The species is known worldwide for attaining great height
and forming majestic groves on the North American Pacific
coast. Though of restricted distribution today, Sequoia was
once a prominent component of forests in the late Creta-
ceous and early Tertiary epochs (FroriN, 1963). Interestingly,
Sequoia is unique within Coniferales, being of a hexaploid
nature (HiravosHr and Nakamura, 1943; Stessins, 1948).

Sequoia was thought to be a polyploid species as early
as 1904 (Lawson, 1904). Attempts to obtain a definitive chro-
mosome count of the species were made for a number of
years without success (Goopspeep and CRraNg, 1920; DARk,
1932; Sax and Sax, 1933; BucunoLrz, 1939; JenseN and Levan,
1941). Eventually, Hiravyosur and Nakamura (1943) counted
2n = 66 chromosomes in the pollen mother cells of Sequoia.
This count was later independently confirmed by StesBiNs
1948) as the war period had disrupted communications.
Stirr (1952), Fozpar and Lissy (1968), and SayLor and SimoNs
(1970) also counted 2n 66 chromosomes in somatic cells
of Sequoia.

Hiravosnr and Nakamura (1943) recorded various meta-
phase configurations in 4 cells involving hexavalents, qua-
drivalents, bivalents, and occasionally univalents but be-
lieved that Sequoia was not of an autopolyploid nature.
StesBINS (1948) analyzed 2 microsporocytes and found the
metaphase I configurations to comprise of hexavalents,
quadrivalents, and bivalents. The observation of multiva-
lents led StesBINs to hypothesize Sequoia to be an autoal-
lopolyploid (AAAABB) or a segmental allopolyploid with
a genomic formula of A A A A AA, or AJAAAAA,.

SayvLor and Simons (1970) studied the somatic chromoso-
mes from root tip meristematic cells and made a detailed
karyotype analysis. They found that when the haploid set
of chromosomes was arranged in descending order accord-
ing to overall length, there was a preponderance of group-
ings of three chromosomes of similar lengths. Additionally,
these authors recorded three sets of chromosome pairs with
satellites (SAT-chromosomes) in the whole complement
giving credence to the grouping of chromosomes in trios.
Within the groups of three chromosomes, one chromosome
was often different in kinetochore position and/or length
than the remaining two chromosomes. SayLor and SimoONSs
(1970) concluded that Sequoia was an autoallopolyploid
(AAAABB) based on the observation of four large and two
smaller, inconsistently appearing, nucleoli in the somatic
cells.

The present authors have been engaged in studies of
coniferous trees in search of chromosomes with unusual
structures that may indicate cytotaxonomic and phylogenet-
ic relationships (ScHrarBaum and TsucHiva, 1975, 1984;
ScHLARBAUM et al., 1983, 1984). In a preliminary report on the
chromosomes and relationships of Metasequoia glypto-
stroboides Hu et CuHenc and Sequoia, ScHLARBAUM et al.
(1984) indicated the presence of marker chromosomes
with unusual secondary constrictions in the complement of
Sequoia. The present report is the result of detailed ana-
lysis of the Sequoia karyotype and a discussion of the poly-
ploid nature as indicated by the marker chromosomes.

Materials and Methods

Sequoia seed of an unspecified origin was obtained from
a commercial company and germinated. Chromosome stud-
ies were made on five seedlings. Actively dividing cells in
the meristematic region of the root tips were isolated and
analyzed. The root tips were immersed in 0.002 M solution
of 8-hydroxyquinoline for 36 hours at 4° C (cf. SayLor, 1961)
or 0.2 percent colchicine for 6—8 hours at room tempera-
ture (cf. Haigr, 1968). The materials were then fixed in
either a 3:1 mixture of ethanol and glacial acetic acid or
Carnoy’s fixative for approximately one week. The root
tips were then hydrolyzed for 10—15 minutes in 1 N HCL
at 60°C and stained in Feulgen or acetocarmine (ScHLAR-
Baum and Tsucuiya, 1976).

The slides were prepared by using the squash technique
and made permanent by applying several drops of a 10:1
mixture of 45 percent acetic acid and glycerol to the edge
of the cover slip (TsucHiya, 1971).

The nomenclature system for chromosome types of Levax
et al. (1964) was modified for designation of individual
chromosomes, except for chromosomes with unusual struc-
tures or satellites in which the length of the unusual struc-
ture or satellite has not been included in arm length
(ScuLarBaUM and TsucHiva, 1984).

The karyotype analysis was made on the chromosome
complement of a representative cell in which the chromo-
somes were well spread and morphological features could
be readily observed. Procedures for the karyotype analysis
of the polyploid Sequoia sempervirens was similar to
methods used with diploid conifer species in previous
studies (ScurarBaum and TsucHiva, 1975a, b, 1976, 1984;
ScurarBauMm et al., 1983). However, the arrangement of
chromosomes in the karyotype and corresponding tables
were different due to the hexaploid nature of the species.

The chromosomes were initially divided by size into 11
groups of six (designated with Roman numerals), which
were further subdivided into subgroups of four and two
chromosomes based upon size and Kkinetochore position.
The subdivision of each 11 groups into 4:2 chromosomes was
a posteriori based on the assumption that Sequoia is a
segmental allopolyploid with a genomic formula of
A AA A AA, or an autoallopolyploid with a correspond-
ing genome formula of AAAABB (cf. SteBBins, 1947, 1948).
Therefore, in each set of six chromosomes, the A, or A ge-
nome is represented by a group of four chromosomes and
the A, or B genome is represented by a chromosome pair.

Genome diagrams were constructed following Tno and
HacBer: (1951) and were used for comparisons of genomes
defined by the present study with those defined by SayLor
and Simons (1970, cf. Table 1). Representative chromosome
lengths in the genomes were calculated by averaging the
lengths, respectively, of four A, or A chromosomes and
the two A, or B chromosomes in each chromosome set. The
percent of the total chromosome length of each genome
(relative length) and chromosome index (short arm: long
arm ratio) were then calculated from these values for each
chromosome in the respective genomes. The relative length
(axis of abscissa) and chromosome index (axis of ordinates)
values were used for plotting points in the diagrammatic
comparisons. A diagrammatic comparison was also made
between the A, or A and the A, or B genomes.

Results

The chromosome number of Sequoia was found to be
2n = 66 (Fig. 1) which confirms the initial reports of Hi-
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rayosHl and Nakamura (1943) and Stessins (1948) and other
studies (Stirr, 1952; Fozpar and Lissy, 1968; Sayior and
Simons, 1970). The hexaploid chromosome number was
reaffirmed in a number of cells, sixteen of which had well
spread chromosomes making possible detailed observations

Table 1. — Measurements in microns of somatic chromosomes as
arranged in Figure 2 in the root tip mitosis of Sequoia semper-
virens.
Long Short
Arm Arm  Satellite L Kinetochore

Chromosome (L) (S) region Total /S position  Genome
I 1 5.5 5.1 - 10.6 1.078 m Ay
2 5.4 4.1 - 10.5 1.059 m A
3 5.2 5.2 - 10.4 1.000 M A
4 5.2 5.1 - 10.3  1.020 m M
5 5.3 4.9 - 10.2  1.082 m Ay
6 5.3 4.9 - 10.2  1.082 m Ay
17 7 5.3 4.6 - 9.9 1.152 m Ay
8 5.1 4.7 - 9.8 1.085 m Ay
9 5.1 4.7 - 9.8 1.085 m Ay
10 5.1 4.6 - 9.7 1.109 m Ay
n 5.1 4.6 - 9.7 1.109 m Ay
12 5.1 4.3 - 9.4 1.186 m Ay
11113 4.7 4.6 - 9.3 1.022 m Al
14 4.7 4.3 - 9.0 1.093 m A]
15 4.7 4.3 - 9.0 1.093 m A
16 4.5 4.4 - 8.9 1.023 m Ay
17 4.9 4. - 9.0 1.195 m AZ
18 4.4 4.3 - 8.7 1.023 m Ay
w19 6.8 3.5* 2.0 10.3+ 1.940t sm Ay
20 5.5 3.3 3.0 8.8t 1.667t msm A]
21 5.5 3.2* 2.3 8.7+ 1.7Mgt sm A~|
22 5.3  3.2* 1.8 8.5+ 1.656t msm Ay
23 5.5 3.2 - 8.7 1.719 sm Ay
24 5.4 3.2 - 8.6 1.688 msm Az
v 25 4.5 4.3 - 8.8 1.047 m A
26 4.3 3.9 - 8.2 1.103 m Ay
27 4.0 4.0 - 8.0 1.000 M A
28 4.0 3.8 - 7.8 1.053 m A
29 3.9 3.8 - 7.7 1.026 m Ay
30 4.3 3.4 - 7.7 1.265 m Az
Vi3 3.9 3.4 - 7.3 1.147 m A]
32 3.8 3.4 - 7.3 1.085 m Ay
33 3.7 3.6 - 7.3 1.028 m A1
34 3.7 3.6 - 7.3 1.028 " A.|
35 4.3 3.2 - 7.5 1.344 msm AZ
36 4.4 3.0 - 7.4 1.467 msm A2
VII 37 4.0 3.1 - 7.1 1.290 m A]
38 4.5 2.6 - 7.1 LA sm A
39 4.5 2.6 - 7.0 IR sm Ay
40 4.0 3.0 - 7.0 1.333 ngm Ay
4 3.6 3.6 - 7.2 1.0C0 M AZ
42 3.7 3.4 - 7.1 1.088 a A,Z,
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of chromosome morphology. There was no notable differen-
ces in chromosome morphology among the five seedlings.

The majority of the chromosomes in the complement have
median kinetochores (Table 1). Eight chromosome sets of
the A, or A genome are m-type, chromosome groups VII
and IX are msm-type, and chromosome group IV is sub-
median with a long secondary constriction attached to the
short arm (Fig. 2; Table 1). The secondary constriction
(Fig. 3a, b) is similar to those found in the marker chromo-
somes of Cunninghamia spp. (ScHrarpaum and TSUCHIYA,
1984). The region is lightly stained and contains visible
chromomeres and has a satellite body connected to the
distal portion of the region (Fig. 3a, b). The secondary
constriction is inconsistent in appearance among different
cells and variation was observed between homologous
chromosomes of the same cell (Fig. 3b).

Seven chromosome pairs of the A, or B genome have
median kinetochores and one pair is M-type (Fig. 2; Tab-
le 1). Chromosome pairs VI and IX have median-submedian
kinetochores. Chromosome pair IV is submedian and has
no visible satellite region unlike the corresponding chro-
mosomes of the A; genome.

The chromosome groups of the A, or A genome gradually
decreased in size with a relative difference of 5.4 microns
between the largest and the smallest chromosomes (Tab-
le 1). The chromosome pairs of the A, or B genome follow
the same pattern with a relative size difference of 5.0
microns between the largest and smallest chromosomes

(Table 1).
Long Short
Arm Arm  Satellite L Kinetochore
Chromosome (L) (s) region Total S position  Genome
VIII43 3.6 3.3 - 6.9 1.091 m Ay
44 3.5 3.4 - 6.9 1.029 m A]
45 3.4 3.4 - 6.8 1.000 M A
46 3.4 3.4 - 6.8 1.000 ] A
47 3.5 3.3 - 6.8 1.061 m Ay
48 3.8 2.8 - 6.6 1,357 msm Ay
X 49 4.0 2.7 - 6.7 1.481 msm A
50 4.0 2.6 - 6.6 1.538 msm A
51 3.8 2.8 - 6.6 1.357 msm A
52 3.7 2.6 - 6.3 1.423 msm Ay
63 4.3 2.3 - 6.6 1.870 sm Ay
54 4.0 2.4 - 6.4 1.667 msm Az
X 55 3.3 2.8 - 6.1 1.179 m A
56 3.2 2.8 - 6.0 1.143 m A
57 3.1 2.8 - 5.9 1.107 m A
58 3.0 2.6 - 5.6 1.154 m Ay
59 3.4 3.1 - 6.5 1.097 m Ay
60 3.3 3.1 - 6.4 1.065 m Ay
X1 61 2.9 2.6 - 5.5 1.115 m Ay
62 2.8 2.6 - 5.5 1.077 m A]
€3 2.8 2.4 - 5.2 1.167 n AI
64 2.8 2.4 - §.2  1.167 m A]
€3 2.6 2.8 - €2 1.0 M AZ
65 2.6 2.6 - L2 1 M A,

* Satellite attached to short arm.
7 Satellite region not included in calculation.



Figure 1. — Somatic metaphase cell of Sequoia sempervirens (2n = 6x = 66). AI arrows
indicate SAT-chromosomes with long secondary constriction. A arrows indicate correspond-
ing chromosomes without visible satellites.
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Figure 2. — Karyotype of Sequoia sempervirens; taken from Fig-
ure 1. Chromosomes are arranged according to Table 1.

Discussion

Comparisons of the results of the present study with
those of SayiLor and Simmons (1970) are presented by the
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Figure 3. — a) Isolated SAT-chromosome of Sequoia sempervirens
showing the long secondary constriction. b) Isolated marker
chromosome pairs from cells of Sequoia sempervirens.

diagrams in Figure 4a, b. Comparison of the A, or A ge-
nomes shows close agreement of the paired points (Fig. 4a).
The A, in comparison with B shows the same general
point distribution pattern but some discrepancies between
the paired points (Fig. 4b). It may be that a real difference
exists between the results of Sayror and Simons (1970) and
the present study, but nonbiological factors such as slide
preparation technique or different methods of arranging
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Figure 4. — Diagrammatic comparisons of Sequoia sempervirens genomes of the present study results (solid stars)
with the results of Savior and Simons (1970) (hollow stars). a) Comparisons of the Al or A genomes. b) Comparisons
of the A2 or B genomes.
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chromosomes may have contributed to the apparent dif-
ferences between the two works. For example, in the pre-
sent study a karyotype was developed by cutting and ar-
ranging chromosomes from a photomicrograph of a cell
whereas Sayror and Simons (1970) displayed only an idio-
gram.

Savror and Simons (1970) concluded that three SAT-
chromosome pairs existed in the chromosome complement
of Sequoia based on the analysis of fifteen cells. They
observed that the number of satellited chromosomes ranged
from 0—6 per cell and all six satellited chromosomes were
observed in three cells. However, none of the photographs
in the paper shows all six SAT-chromosomes. As pre-
viously mentioned, Sayror and Simons (1970) had found six
nucleoli per somatic cell, four large and two smaller, which
may have influenced their opinion of the number of SAT-
chromosomes in Sequoia.

In the present study only two SAT-chromosome pairs
were visible in the sixteen cells examined. Although the
morphology of the SAT-chromosomes and secondary con-
strictions was variable, this variation was inconsistent
among the chromosomes. Nothing was observed to suggest
that the satellites and the associated secondary constric-
tions of individual chromosomes were consistently different
as in the SAT-chromosome observed in Secale by Bosk
(1956, 1957, 1958). In no instance were more than four SAT-
chromosomes visible in the complements. However, if only
four SAT-chromosomes are present in the complement, then
only four nucleoli should be visible in somatic cells instead
of the six nucleoli reported by Sayror and Simons (1970). This
is based on the assumption that the secondary constriction
of each SAT-chromosome is associated with a nucleolar
organizer region. Apparently, two other chromosomes are
involved in nucleolar organization and are not exhibiting
secondary constrictions in the slide preparation. This phe-
nomenon is not uncommon in other plant species such as
sugar beet (Nakamura and TsucHiva, 1982) or barley (Tsu-
CHIYA, 1964). It is likely that microsatellites are present in a
chromosome pair but are not visible in the slide prepara-
tion due to the pretreatment procedure used to shorten
the chromosomes. Although the report of six SAT-chro-
mosomes in Sequoia by Savior and Simons (1970) is tech-
nically correct, it is felt that the additional two satellites
observed are not the postulated microsatellites of the pre-
sent study. SAayror and Simons (1970) make no distinction
among satellite morphology in the idiogram. The two ad-
ditional satellites observed by Sayvior and SimMons were
likely artifacts affecting the morphology of several stand-
ard chromosomes in the complement or due to allocycly
as shown in Cryptomeria japonica D. DoN by SCHLARBAUM
and TsucHiva (1981). Artifacts such as chromosome twisting
and breakage and allocycly were observed to occur in
Sequoia chromosomes by the present authors.

The chromosome number of Sequoia sempervirens 2n =
66, reveals the hexaploid nature of the species. StTeBBINS
(1947) classified polyploids into three categories: auto-
polyploid, allopolyploid, and segmental allopolyploid.
SteeBiNs (1948) considered Sequoia an autoallopolyploid
(AAAABB) or a segmental allopolyploid (A;A A A AA,
or A;AAAA Ay, which is independently supported by
the chromosome configurations shown by Hiravosur and
Nakamura (1943). The karyotype analyses of Savior and
Simons (1970) and of the present study closely concur with
Stebbins’ hypothesis, indicating that the A or A,; genome
is repeated four times, AAAA or A A A A,. This classifies

Sequoia as an autoallopolyploid (AAAABB) or a segmental
allopolyploid (A;A A A A,A,). The determination of the
genomic formula of the third chromosome complement, BB
or A,A, is more problematical. It appears from the pre-
vious discussion of SAT-chromosome types that one pair
of chromosomes, with postulated microsatellites and re-
sponsible for nucleolar organization, is different in mor-
phology than the other SAT-chromosomes and forms
smaller nucleoli. The critical question is: whether the
morphology of proposed microsatellites and associated
nucleolar organizer regions (NOR) remained the same after
development into the polyploid or whether the morphology
was changed by amphiplasty. Synthesis of an artifical
hexaploid Sequoia to determine the effects of amphiplasty
on the combining genomes is impossible due to the relic-
tual nature of Sequoia. The existence of a chromosome
pair with microsatellites and associated NOR has not been
observed in any of the studied genera of Taxodiaceae in
the present or previous studies (ScuiLarBauMm, 1980; ScHLAR-
BAUM and TsucHiva, 1975, 1976, 1981, 1984; ScHLARBAUM et al.
1983, 1984), though no detailed meiotic study has been con-
ducted in any species. A strong argument, however, can
be made for alteration of the morphology of the SAT-
chromosome pair and general karyotype of the BB or
A,A, genome by the effects of amphiplasty.

Amphiplasty or nucleolar dominance was first reported
by Navasuin (1927, 1928, 1934) to occur in the karyotypes of
hybrids of interspecific crosses in Crepis spp. Navashin
found that the nucleolar SAT-chromosomes of one genome
frequently had dominance over the SAT-chromosomes in
the other genome in the hybrid condition. Amphiplasty
often causes the absence of secondary constrictions, partial
or complete inactivation of the nucleolus organizer regions,
and morphological changes in the chromosomes of the do-
minated genome (cf. RigGer et al., 1979). A recent review by
Riecer et al. (1979) shows that amphiplasty has occurred
in karyotypes of many plant and animal species.

From the earlier discussion, it was shown that Sequoia
likely has a genome formula of A|A A A AA, or AAAABB.
Considering a genomic formula of A;A;A AAA, the fol-
lowing hypothesis can be made: if A,A, originally con-
tained nucleolar SAT-chromosomes similar to the SAT-
chromosome pair in the A;A;A;A, genomes and A, has
nucleolar dominance over A, in the hybrid, the A,A, SAT-
chromosomes could likely be microsatellited in morphology
and as a consequence, effect a corresponding reduction or
suppression of nucleoli. Considering a genomic formula of
AAAABB the following hypothesis can be made: if the B
originally contained a chromosome with the NOR associated
with an unusual structure, such as a long kinetochore re-
gion, and the SAT-chromosomes in the A genome had nuc-
leolar dominance over nucleolar chromosomes in the B
genome of the hybrid, the resulting morphology of the nuc-
leolar chromosomes in the B genome could be similar to a
conventional chromosome. The corresponding BB nucleoli
would likely be affected also, and become smaller or
absent.

Evidence from the karyotype analysis of the present
study favors the interpretation that Sequoia is a segmental
allopolyploid (AA;AAA,A,). Asshown by the diagramma-
tic comparison between the A, or A and A, or B genomes
(Fig. 5), the chromosomes are similar, yet the karyotype of
the A, or B genome is somewhat different than the A, or
A genome which might be expected if amphiplasty has oc-
curred. Moreover, the morphology of the large submedian
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Figure 5. — Diagrammatic comparison between the Al or A
(solid stars) and A, or B (hollow stars) genomes of Sequoia

sempervirens.

chromosome pair of the A, or B genome corresponds to
the SAT-chromosomes in the A, or A genome. This is
what would be expected if the A, or B genome were af-
fected by nucleolar dominance of the A, or A genomes.
However, the possibility that Sequoia is an autoallopoly-
ploid (AAAABB) must not be completely discounted. De-
tailed studies at mitotic late prophase and meiosis are
needed in Sequoia to determine which chromosomes are
involved in the nucleolar organization and what regions
of the chromosomes possess the nucleolar organizing re-
gion.

The karyological relationships among Sequoia, Metase-
quoia, and Taxodium have been briefly discussed in pre-
vious publications (ScuiLarBaum et al., 1983, 1984). The types
and numbers of marker chromosomes found in Metasequoia
and Taxodium distichum (L.) Ricu. are different than those
present in Sequoia making it unlikely that these species
contributed to the polyploidy of Sequoia. Comparison be-
tween the marker chromosomes in Sequoia with the nega-
tive heteropycnotic pair found in Sequoiadendron gigan-~
teun (Linpr.) Buchuorz (Scurarsaum and TsucHiva, 1975)
also indicates that genomic contribution by Sequoiadendron
to Sequoia is not probable. Further discussion of cytotaxo-
nomic and evolutionary relationships of Sequoia with other
species in the Taxodiaceae will be-presented in a future
publication.
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