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ABSTRACT 

Taxodiaceae species were classified into the following 4 groups with regard to chromosome structure. Group 
I (Kopfchen type): The trees of this group have a pair of chromosomes carrying a secondary constriction 
consisting of a nipple-shaped short arm, connecting fibres and a large-sized trabant. Crqpromeria japonica, C. 
fortur~ei, Glyptostrobm pensilis, Taxodium disrichurit, 7: ascendens, Sequoiadendron giganteurn, Taiwarlia 
c~yptonterioides a d  Metasequoia glyptostlaboides are included in this group. Group I1 (Telomere type): The 
trees of this group contain some chromosomes with a secondary constriction connecting telomeres. This group 
includes Cunrzirzghantia lanceolara and Seq~loia sernperviret~s. Group 111 (Kopfchen and Telomere type): The 
trees have pairs of chromosomes carrying the secondary constriction characteristic of group I and group I1 
respectively. Taxodiuril nzucronatctm is classified in this group. Group IV: The trees of this group have pairs of 
chromosomes with a secondary constriction that cannot be observed in either group I, I1 or 111. This group 
includes Athrotaxis cupressoides, A. 1a.wifolia and A. selagirzoides. There tends to be a coincidence between the 
number of chromosomes with secondary constriction and the maximum number of nucleoli per cell for each 
group. 
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INTRODUCTION 

Comparative studies of chromosome structural similari- 
ties and differences among related species and genera 
are considered important for the advance of forest tree 
breeding. The present study was a karyomorphological 
analysis of 14 species in 9 genera covering all of the 
Taxodiaceae, which are widely utilized commercially. 
Other realated cytogenetic research has been previously 
published by TODA (1978, 1980, 1983, 1987, 1989, 
1992, 1993~1, 1993b. 

MATERIALS AND METHODS 

The plant material used for this study were obtained 
from various domestic research institutes such as the 
Kyushu Forest Tree Breeding Institute. Root tip meri- 
stem cells were used. All operations, including the 
prelreatment of material for karyotype analysis (cold 
and warm treatment with 8-oxyquinoline), making of 
preparations, measurement of chromosomes, determina- 
tion of homologous chromosomes and characterization 
of karyotype were performed by the method of TODA 
(1985). For the observation of nucleoli, the cover glass 
was taken off after making the preparation, while at the 
same time maintaining the saturated state of humidity; 
staining was by treatment with 50 7~ silver nitrate 
solution for 2-6 hours (Ag-I method). 

RESULTS AND DISCUSSION 

The karyotype of the Taxodiaceae trees showed a 
gradual transition from long to short chromosomes, 
including both metacentric and submetacentric types. 

The karyotype of Taxodiaceae (Figure 9 )  is classi- 
fied into the following four groups by the presence of 
chromosomes of distinctive shape: Group I, Kopfchen 
type, with the short arm having a "nipple" form and the 
connecting fibre and trabant of large size; Group 11, 
possessing a telomere; Group 111, middle type, both the 
Kopfchen type and the Telomere type; Group IV, the 
genus Athrotaxis, having chromosomes with a second- 
ary constriction not found in Group I, I1 or 111. 

Species Group I 

This group has J chromosomes with a secondary 
constriction that are characteristic of the karyotype of 
C~yptonzerin (Figure 1). Types 0,  I and 11, characterized 
as having the F chromosome, were observed in C r y t o -  
rneria japonica (L.  F.) D.  Don and C. fortunei Hooib., 
two species of genus Cryptomeria. Intraspecific varia- 
tion in the karyotype was as follows: 

Type 0 (Figure la): F chromosome consisting of one 
pair of metacentric chromosomes. 

Type I (Figure lb) :  F chromosome consisting of one 
chromosome with a secondary constriction and one 
metacentric chromosome. 
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Table 1 Number of nucleoli and secondary constrictions in Taxodiaceae 

Taiwania cqptorneroides 
Metasequoia glyptostroboirles 
Cunnirzgharnia lnnceolnta 
Sequoia sernpervirens 
Athrotnxis selagir~oicles 
A throtaxis laxifolia 
Athrotc~xis cupressoidrs 

Zhromosome 
number 

(211) 

No of 
secondary 

constrictions 

No. of nucleoli 

Appearance ratio (Q) 

Figure 1 Karyomorphology of Cqptonwiu japonica (Group I):  a - somatic chromosomes, nucleoli and idiogram of type 0; b 
- somatic chromosomes, nucleoli and idiogram of type I: c - somatic chromosomes. nucleoli and idiogram of type 11; 
d - a gigantic tree. 



Figure 2 Karyomorphology of Taiwania cryprornerioides 
(Group I )  - somatic chromosomes, nucleoli of horseshoe 
shape and idiogram of karyotype. K(22) = 2Am+2Bm+ 
2""C"m+2Dm+2Em+2Fm+2Gm+2Hsm+21'" +2Jm+2K'" 

Figure 3 Karyomorphology of Metasequoia glyptostroboides 
(Group I )  - somatic chromosomes, 6 nucleoli and idiogram 
of karyotype. K(22)=2Am+2Bm+2Cm+2Dm+2Em+2Fm 
+2"Gm+2Hm+2"Im+2Jm +2"Km 

Figure 4 The chromosomes of distinctive shape in Group I 
(Kopfchen type). 

Type I1 (Figure lc): F chromosome consisting of 
one pair of chromosomes with secondary constriction. 

In C. japonica, Type I can be obtained by the cros- 
sing of Types 0 and 11; Intraspecific variation in the 
karyotype could be clarified by the observation of 
meiosis in each type. 

In Glyptostrobus pensilis D. Don, Taxodium disti- 
churn (L.) L. C .  Rich., Taxodium ascendens Brongn., 
and Sequoiadendron giganteunz (Lindl.) Buchholz, a 
pair of chromosomes was observed that had the second- 
ary constriction, consisting of the short arm of nipple 
form; the maximum number of nucleoli per cell was 
two. 

In Taiwania cqptomerioides Hayata (Figure 2), two 
chromosomes in a pair possessing the secondary 

Figure 5 Karyomorphology of Cunninghamia lanceolata 
(Group 11), somatic chromosomes, nucleoli and idiogram of 
karyotype. K(22)=2Am+2Bm+2STsm+2Dm+2Em+2Fm 
+2Gm+2Hm+21m+2Jm+2Km. 

constriction were observed, but the nucleoli had a 
"horseshoe" shape; it is presumed that two nucleoli 
were fused. 

The 2n chromosome number of Metasequoia 
glyptostroboides Hu et Cheng is 22 (Figure 3); 6 
chromosomes in 3 pairs having the secondary constric- 
tion are present, and there were 6 nucleoli per cell. 
Figure 4 shows the chromosome of distinctive shape of 
each species in group I. 

Species Group I1 

The karyotype of this group is characterized by posses- 
sion of the telomere chromosome. 

In Cunninghanzia lanceolata (Lamb.) Hook. (Figure 
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Figure 6 Karyomorphology of Sequoia sentpewirerls (Group 
11): a - somatic chromosomes (211 = 66), 6 nucleoli and 
idiogram of karyotype; b - stand of Sequoia sernpewirens in  
California. 

5), a pair of C chromosomes was observed with the 
secondary constriction consisting of the telomere, and 
the maximum number of nucleoli per cell was two. 

Sequoia senipervirens (D. Don) Endl. (Figure 6) had 
the 212 chromosome number 66; 3 pairs of B chromo- 
somes of distinctive shape did not all have the same 
form. Although 6 nucleoli per cell were observed, this 
species is considered to be allo-hexaploid because of 
the size differences. 

Figure 7 Karyomorphology of T~~xodium mucronatum (Group 
111): a - somatic chromosomes; b - nucleoli; c - idiogram of 
karyotype. K(22) = 2Am+2Bm+2Csm+2Dm+2E"m +2Fm 
+2"Gm+2Hm+21m+2"J""+2Km. 

per cell was observed. 
A study of Taxodium nlucronatzini is still under way. 

Previously the karyotype would have been classified as 
being in either Group I or Group 11, judging by the 
structure of the trabant chromosome. However, 1 would 
place it in Group 111, because it has one pair of chromo- 
somes of Group I type (Kopfchen type) and one of 
Group I1 type (Telomere type). 

Species Group IV 
Species Group I11 

The diploid chromosome number of Taxodium nmcro- 
aaturn Ten. is 22;  2 pairs of chromosomes had second- 
ary constrictions (Figure 7). A maximum of 4 nucleoli 

Three species in the genus Atlzrotaxis occur in Tasma- 
nia, visited by the author in February and March of 
1990, 1991 and 1993. Athrotnxis cupressoides D. Don 
is often found at the water's edge, Athrotaxis selagi- 



Figure 8 Karyomorphology of Athrotaxis (Group IV): a - somatic chromosomes of A. selaginoides; b - idiogram of karyotype 
in A. selaginoides; c - leaves ( 1  - A. cupressoides, 2 - A .  Ia.x~fo/ia, 3 - A. selaginoidrs; d - cones ( I ,  2, 3 - as in c ) .  

noides  D. Don occurs in rocky areas, and Athrotnxis 
luxifolia Hook. is distributed between them. A. laxifoliu 
is considered to be a natural hybrid of A. cupressoides 
and A.  selaginoides. Leaf shape and fruit size of A. 
laxifolia are intermediate between cupressoides and 
selagirzoicles, shown in Figures 8c and 8d. Its fruit 
weight was also intermediate. The 3 species of Athro- 
taxis had the chromosome number 211 = 22; one pair 
was found to have the typical secondary constriction 
(Figures 8a, 8b). The karyotype of these 3 species of 
Athrotaxis belongs to Group IV of the Taxodinceae, 
because they have pairs of chromosomes with the 
secondary constrictions absent from Groups I, I1 and 
111. It is noteworthy that in A. selcrginoides, the maxi- 
mum number of nucleoli per cell was 2, in A. luxifolia 
3, and in A.  clipressoides 4. Study of this trait is contin- 
uing. The intermediate maximum of nucleoli found in 
A. laxifolia provides additional evidence that this 
species is a hybrid between A. cupres.soides and A. 
selaginoides. 

Table I shows the total number o l  chromosomes, 
the number of chromosomes with a secondary con- 
striction, and the frequency of occurrence of various 
numbers of nucleoli per cell. Thcrc are indications of a 
positive relationship between the number of chromo- 
somes with a secondary constriction and the maximum 
number of nucleoli per cell, except in Taxodiur~~ 111ucr-o- 
nuturn and Athratnxis spp. 

The author suggests that the comparative study of 

specics and genera would be advanced further by 
differential staining of chromosomes. 
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