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                                   Abstract

   Eleven species of nine genera and their alliance SL,didoPitys verlicillata in the Taxo-

diaceae were karyomorphologically investigated. The chromosome number in the species

was 2n=22 except for 2n=20 for Sc. verticillata and 2n=66 for Sequoia semPervirens. The

chromosome number of Taxodium ascendens was recorded here for the first time. The

chromosomes at interphase in the species were of the diffuse type, but those in Sc. ver-

ticillata were of the chromocenter type. The condensation pattern in the chromosome

segments at mitotic prophase was of the continuous type. The chromosomes of each

metaphase complement in each species showed gradual decrease in length from the longest

to the shortest chromosomes, especially those in Cunninghamia lanceolata, Taiwania c7rJIPto-

merioides and T. ]7ousiana showed more gradual decrease. Centromeres were located at me-

dian to submedian regions of the metaphase chromosomes in all of the species, thus the

chromosome complements were of the symmetric type. However, the chromosome com-

plements of C. Ianceolata, T. cryPtomerioides and T. flousiana were less symmetric than

those of the other species. The secondary constrictions were located at the proximal

regions of certain chromosomes in CryPtomeria juPonica, Cr. fortunei, T. c7yPtomerioides, T.

fZousiana, GlyPtostobus Pensilis, Sequoiadendron gignntea, Metaseqzaoia glyPtostroboides, Taxo-

dium distichum and Ta. ascendens, at the interstitial regions of certain chromosomes in Sc.

verticillata and certain clones containing 3 or 4 nucleoli in CryPtomeria species, and at the

terminal regions of certain chromosomes in Se. semPervirens and C. Ianceolata. Six nucle-

olar chromosomes were observed in M. glyPtostroboides and S. semPervirens while two were

observed in the other species. Based on these karyomorphological characteristics the

species excluding for Sc. verticillata were divided into five groups.
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                                Introduction

   The family Taxodiaceae is composed of 15 species in seven monotypic genera and three

genera containing a few species each. The species of the Taxodiaceae were distributed all

over the Northern Hemisphere as important rnemberS of the fbrest during Tertiary era.

Furthermore, the extinct species grew at the restricted regions of Eastern Asia and North

America and Tasmania (Frolin, 1963).

   The chromosome number of 2n=22 was reported in certain species in the Taxodiaceae

(Khoshoo, 1961), excepting Sequoia semPervirens (2n=66) was a hexaploid species

(Hirayoshi and Nakamura, 1943). Some individual plants of C7yPtomeria juPonica showed

exclusively the chromosome numbers of 2n=33 or 44 (e.g., Chiba, 1951; Zinnai and Chiba,

1951) and those of GlyPtostrobus Pensilis (=G. heteroPhylla) showed 2n=33 (Price et al.,

1973). Thus, the basic chromosome number of x==11 is accepted for the genus of Taxo-

diaceae (Khoshoo, 1961).

   Detailed karyomorphological observation on chromosomes at interphase and mitotic

phases may supply us some important roles in phylogenetic relationships among the species

of the Taxodiaceae containing basically the same chromosome number of 2n=22. This

study is dealt with karyomorphology in the mitotic division cycle in eleven species of nine

genera and their alliance Sciadopitys verticillata in the Taxodiaceae distributed in Northern

Hemisphere.

                          Materials and Methods

   The localities or sources, and numbers of plants of the species investigated were

tabulated in Table 1. The seedlings and the scion cuttings were cultivated in pots and

their root tips were used for chromosome observations. The living voucher specimens

have been reserved in the Experimental Botanical Garden, Biological Institute, Faculty of

Education, Ehime University.

   The root tips 5 mm long were treated with 2mM 8-hydroxyquinoline at 10eC for about

20 hours and then fixed in the mixture of ethanol, glacial acetic acid and chloroform (2:1:1)

at 4eC overnight. After the fixed root tips were macerated in the mixture of IN

hydrochloric acid and 45%o acetic acid (2:1) at 600C for 15-25 seconds, their meristematic

cells were isolated on glass slides and, were stained and squashed with 2P(or aceto-orcein.

   An observation was made on the chromosomes at interphase, mitotic prophase and

metaphase. Chromosome morphology at interphase, prophase and metaphase were
classified and described according to Tanaka's nomenclature system (1977). Each

metaphase chromosome was measured in length of long arm, short arm and satellite. Arm

ratio was estimated by long arm length / short arm length. Nomenclature system of

Levan et al. (1964) modified for species of the Taxodiaceae by Schlarbaum and Tsuchiya

(1984b) was used for designation of individual chromosomes. Relative length was
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estimated by chromosome length / total Iength of all chromosomes of copaplement Å~

100. Quantity of chromosomes, symmetry index and homogeneity index were estimated

tentatively by total length of all chromosomes in a complement, total length of all long arms

/ total length of all short arms, and length of the longest chromosome / length of the

shortest chromosome, respectively.

 Table 1. Locality or source, and number of plants studied of twelve species in the Taxodiaceae

Species Chromosome
number (2n)

No. of
plants

Locality or source

Cunninghamia lanceolata
 (Lamb.) Hook.

Taiwania ci yPtomerioides

 Hayata

Taiwania .flousinna Gaussen
CtslPtomeria 7'aPonica D. Don.

CryPtomeria fortunei
 Hooibrenk ex Otto et Dietr.
GlyPtostrobus Pensilis

 (Staunt.) Koch
Ttucodium distic,hum (Linn.)

 Rich.
Tcuvodium ascendens Brongn.

Sequoladendron gigantea
 (Lindl.) Buchholz

Sequoia semPervirens (Lamb.)

 Endl.

Metasequoia glyPtostroboides

 Hu et Cheng

SciadoPitys verticillata

 (Thunb.) S. et Z.

22

22

22
33
22

22
22

22
22
22

22

22

22

22

22
22

66

66

22

22

20
20
20

10

5

5
1

2

25
3

5

6

20

32

4

34

1

2
1

2

3

5

10

20
2

28

Kobe Municipal Arbor., Kobe C., Hyogo
Pref., Japan

Kamigamo Exp. Stn. Kyoto Univ. Forest,
Kyoto Pref., Japan
Kobe Municipal Arbor., Kobe C., Hyogo
Pref., Japan

Kamigamo Exp. Stn. Kyoto Univ. Forest,
Kyoto Pref., Japan
Nanjing Forestry University, Nanjing, China
Hiroshima Pref. Exp. For. Stn., Miyoshi C.,

Hiroshima Pref.
Yuki T., Hiroshima Pref.
Omogo V., Ehime Pref.
Yanase, Umaji V., Kochi Pref.

Anhui, China

Kamigamo Exp. Stn. Kyoto Univ. Forest,
Kyoto Pref., Japan
Hiroshima University, Hiroshima C.,
Hiroshima Pref., Japan
Kansai For. Tree Breed. Inst., Syoou T.,

Okayama Pref.
Clyde Robin Seed Co., Calif., USA
Hiroshima Botanical Garden, Hiroshima C.,
Hiroshima Pref.
Kamigamo Exp. Stn. Kyoto Univ. Forest,
Kyoto Pref., Japan
Kansai For. Tree Breed. Inst., Syoou T.,
Okayama Pref., Japan
Hiroshima University, Hiroshima C.,
Hiroshima Pref., Japan
Ehime Pref. Exp. For. Stn., Kawauchi T.,
Ehime Pref., Japan
Owase, Wakayama Pref.
Kanmuri, Yosiwa V., Hiroshima Pref.
Omogo V., Ehime Pref.

Results

1. Cunninghamia lanceolata (Lamb.)

   The chromosome number in the

Hook., 2n=22, Table

15 plants was 2n=22,

2 and Fig. 1

which verified Sugihara (1941a;
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     Fig. 1. Photomicrographs of chromosomes at interphase (A), mitotic prophase (B) and
            metaphase <C) in the root tip cells of Cunninghamia lanceolata (2n=22). Bar
            represents 10 pm.

n= 11) and Mehra and Khoshoo (1956; 2n=22).

   The chromosomes at interphase formed many small chromomeres and fibrous
chromatin distributed homogeneously throughout the nucleus. Several plants showed fre-

quently one or two spherical heteropycnotic bodies about 1 ptm diameter at the surface of

the nucleolus (Fig. IA). One or two nucleoli were observed in each nucleus. The

chromosomes at mitotic prophase appeared as homogeneous threads with a constant width

(Fig. IB) and not differentially condensed among chromosome segments. The somatic

chromosomes in the metaphase complement showed a gradual decrease in length from the

longest (14.3 ptm) to the shortest <5.3 #m) chromosomes (Table 2, Fig. IC). Their cen-

tromeres were located at the median regions in most cases. However, the chromosome

pair 8 had a centromere at the submedian region and the pairs 7 and 9-11 had at the me-

dian-submedian regions. The chromosome pair 3 with the median centromere possessed a

secondary constriction at the terminally interstitial region of the short arm and a satellite

1.0-1.2 "m long. The satellites varied in shape among the cells on the same slide depend-

ing on degree of chromosome condensation, while they varied in size among the plants

studied. These morphological variation of satellites supported the previous document by

Han et al. (1984). Morphology of the chromosomes at interphase was categorized to be the

diffuse type and that at prophase was the continuous type (Tanaka, 1977). Morphology of

the chromosome set at metaphase was gradual and somewhat symmetric. The metaphase

karyotype was very similar to that reported by Han et al. (1978), Schlarbaum and Tsuchiya

(1984b), Toda (1985), Fang and Hsu (1986) and Li (1987e).
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2. Taiwania ciyPtomerioides Hayata, 2n=22 and 33, Table 3 and Fig. 2

   The somatic chromosome number in the plants was 2n=22, excepting a plant distinct

with gigas leaves showed 2n=33, and verified the documents of n=11 by Sax and Sax

(1933) and Sugihara (1941b) and 2n=22 by Matsumoto (1933) and Kuo et al. (1972).
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     Fig. 2. Photomicrographs of chromosomes at interphase (A), mitotic prophase (B) and
            metaphase (C) in the root tip cells of Taiwania ctyPtomerioides (2n=22). Bar
            represents 10 ttm.

   The chromosomes at interphase were observed as numerous small chromomeres and

fibrous chromatins without any heteropycnotic body (Fig. 2A). Maximum two nucleoli

were counted in each nucleus, but three in the triploid plant. The chromosomes at mitotic

prophase condensed homogeneously (Fig. 2B). In the metaphase chromosome complement

a gradual decrease in length was observed from the longest (15.0 ptm) to the shortest (6.2

ym) chromosomes (Table 3, Fig. 2C). Centromeres were observed at the median regions of

six pairs of chromosomes, the median-submedian regions of three pairs (6, 10, 11) of

chromosomes and the submedian regions of two pairs (5, 8) of chromosomes. The second-

ary constriction 'was presented at the proximal region of the short arm of the chromosome

pair 5. The constricted region was elongated and was weakly stained. The chromosomes

at interphase a'nd mitotic prophase were morphologically categolized to be the diffuse and

continuous types. The chromosome complement at metaphase showed the gradual and less

symmetric karyotype as observed in C. lanceolata. The metaphase karyotype was similar to

that reported by Kuo et al. (1972), Schlarbaum and Tsuchiya (1984b), Toda et al. (1986), ex-

cept for location and number of the secondary constrictions.
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3. Taiwanin fZousiana Gaussen,

   The chromosome number of
previous documents (Fang, 1986;

ei

2n=22, Table 4 and

2n=22 was counted
 Li, 1986c).

( )

Fig. 3

in the 20 plants and conf irmed the

       1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

     Fig. 3. Photomicrograph of chromosomes at mitotic metaphase in the root tip cells of
            Taiwania flousiana (2n=22). Bar represents 10 ptm.

   The chromosomes at interphase and mitotic prophase were morphologically very similar

to those observed in T. ciyPtomen'oides. One or two nucleoli were formed in each

nucleus. The chromosome complement at metaphase displayed a gradual decrease in

length from the longest (11.7 ptm) to the shortest (5.1 ptm) chromosomes (Table 4, Fig. 3).

Three pairs of chromosomes (pairs 3, 9, 10) had centromeres at the submedian regions and

the other chromosomes had centromeres at median or median-submedian regions. A

secondary constriction appeared at the proximal region of the chromosome pair 3. Gross

morphology of the chromosome complement at metaphase was similar to that reported by

Fang <1986) and Li (1986c), except for location and number of the secondary constrictions.

4. C2yPtomerta japmica D. Don, 2n=22, Table 5

The thirty clones

/ dit

investigated showed the

         .
          .

A

and Figs. 4,

chromosome

,
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5.

number
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of 2n == 22,
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!Si,
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which
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  12
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Photomicrographs of chromosomes at interphase (A), mitotic prophase (B) and
metaphase (C) in the root tip cells of Ci )IPtomerta japanica (2n=22). Bar represents

10 pm.
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     Fig. 5. Photomicrographs of chromosomes during mitotic division in the root tip cells of CryPt"
            meria japaniaa (2n=22) without pretreatment. A and K: interphase, B,C and D: pro-
            phase, E,F and G: metaphase, H and I: anaphase, J: telophase. Bar represents 10 ptm.

verified the previous counts (e.g., Sax and Sax, 1933; Matsumoto, 1933; Mehra and

Khoshoo, 1956).

   Chromosome morphology at each mitotic phase without pretreatment were presented in

Fig. 5. The chromosomes at interphase forrned many small chromomeres and fibrous

chromatins dispersed homogeneously over the nucleus and formed no heteropycnotic body

(Fig. 4A). Maximum number of nucleoli per nucleus was constant for each clone but

varied between two and four for the cultivated population studied. The clones with two

nucleoli were most frequently observed. The chromosomes at mitotic prophase were of

folding threads with a constant width and their segments were similar in degree of conden-

sation to each other (Fig. 4B). The chromosomes of the metaphase complement showed a

gradual decrease in length from the longest (9.4 #m) to the shortest (5.9 ptm) chromosomes

(Table 5, Fig. 4C). The chromosomes showed their centromeres at median or median-

submedian regions. The chromosome pair 10 possessed the secondary constriction at the

13
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proximal region of the short arm and the large satellite 2.8 ptm long. Since the small

chromosome arm was observed at proximal region of the satellited chromosome, the posi-

tion of the secondary constriction was precisely at the proximally interstitial region. The

elongated constrictedregions were frequently lightly-stained. In the clones containing

three or four nucleoli per nucleus, the secondary constriction was present at the interstitial

region of the short arm of the chromosome pair 6 in addition to the chromosome pair 10.

This karyotype of this species at mitotic metaphase recorded here was similar to that

reported previously by Sax and Sax (1933), Mehra and Khoshoo (1956), Kuroki (1969) and

Schlarbaum et al. (1984b). Moreover, the present observation supported Toda (1979a,b,c),

Somego (1980) and Kondo et al. (1985) reported three karyotypes with differences of the

secondary constrictions in this species.

   The chromosomes at interphase were of the diffuse type and those at mitotic prophase

were of the continuous type. The chromosome complement at mitotic metaphase was of

the gradual and symmetric karyotype. The nucleolar chromosomes were either of the prox-

imal type and or of the interstitial type.

5. C2yPtomeria fortunei Hooibrenk ex Otto et Dietr., Table 6 and Fig. 6

   The chromosome number of 2n=22 counted in the 32 plants confirmed the previous

documents (Toda and Fujimoto, 1983, 1985; Somego and Kikuchi, 1983; Li and Xu, 1984;

Xiao and Dong, 1984).
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     Fig. 6. Photomicrographs of chromosomes at interphase <A), mitotic prophase (B) and
            metaphase (C) in the root tip cells of CryPtomeriafortunei (2n=22). Bar represents 10

            pm.

   The chromosomes at interphase (Fig. 6A), mitotic prophase (Fig. 6B) and metaphase

(Fig. 6C) were very similar to those observed in Cr. joPonica. The chromosomes of the

metaphase complement varied in length from 9.6 - 5.9 pm (Table 6). The secondary con-

strictions were located mostly at the proximal region of the chromosome pair 10 but were

                                     14



Karyomorphological studies in the Taxodiaceae

located sometimes at the interstitial region of the chromosome pair 6 as observed in Cr.

joPonica. Thus, the karyotype at metaphase given here was very similar to that previously

reported by Toda and Fujimoto (1983, 1985), Somego and Kikuchi (1983), Li and Xu (1984)

and Xiao and Dong (1984).

6. GlyPtostrobus Pensilis (Staunt.) Rich., 2n=22, Table 7 and Fig. 7.

   The chromosome number in the six plants was 2n=22, which was identical to that of

the previous reports (Toda, 1985; Fang, 1986; Li, 1987b), but was different from 2n=33

(Price et al., 1974).
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     Fig. 7. Photomicrographs of chromosomes at interphase (A), mitotic prophase (B) and
            metaphase <C) in the root tip cells of GlyPtostrobus Pensilis (2n=22). Bar represents

            10 pm.

   The chromosomes at interphase and mitotic prophase showed the similarities in

chromatin distribution and chromosome condensation to those in CryPtomerla joPonica (Fig.

7A and B). The chromosomes of the metaphase complement displayed a gradual decrease

in length from the longest (10.7 pm) to the shortest (5.6 ptm) chromosomes (Table 7, Fig. 7).

All the chromosomes exhibited their centromeres at the median regions excepting for four

chromosomes (pairs 6 and 10) exhibited the centromeres at the median-submedian
regions. The secondary constrictions were located at the proximal regions of the short arm

of the chromosome pair 11. The chromosome complement at metaphase was gradual and

symmetric. The nucleolar chromosome was the proximal type. The karyotype at
metaphase was similar to that previously reported (Toda, 1985; Fang, 1986; Li, 1987b).

7. Taxodium distichum (Linn.) Rich., 2n=22, Table 8 and Fig. 8

   All of the clones of this species studied had the chromosome number of 2n=22 which
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     Fig. 8. Photomicrographs of chromosomes at interphase (A), mitotic prophase (B) and
           metaphase (C) in the root tip cells of Ttzxodium distichum (2n=22). Bar represents
           10 ptm.

verified the previous documents (Sax and Sax, 1933; Stebbins, 1948; Schlarbaum et al.,

1983; Toda, 1985).

   The chromosomes at interphase formed smal1 chromomeres and fibrous chromatins

(Fig. 8a) and the chromosome structures filled in a nucleus. One or two nucleoli were

observed in each nucleus. The prophase chromosomes condensed homogeneously (Fig. 8B)

as observed in the other species. In the metaphase complement the chromosomes ex-

hibited a gradual decrease in length from the longest (10.0 pm) to the shortest (6.0 ptm)

chromosomes (Table 8, Fig. 8C). The chromosomes possessed their centromeres at the me-

dian regions excepting three pairs of chromosomes (pairs 3, 6, 11) possessing their cen-

tromeres at the median-submedian regions. The morphology of the metaphase
chromosome complement was categolized to be the gradual and symmetric karyotype. The

secondary constriction was located at the proximal region of the chromosome pair 11. The

metaphase karyotype was similar to that reported by Schlarbaum et al. (1983) and Toda

(1985), except for location of the secondary constriction.

8. Taxodium ascendens Brongn., 2n=22, Table 9 and Fig. 9

   The chromosome number of 2n=22 in a plant of Taxodium ascendens was counted here

for the first time. The chromosomes at interphase (Fig. 9A) and prophase (Fig. 9B) were of

the diffuse type and the continuous type as observed in T. distichum. The chromosomes of

the metaphase complement exhibited a gradual decrease in length from the longest (9.4 ptm)

to the shortest (5.9 "m) chromosomes (Table 9, Fig. 9C). The metaphase chromosomes

displayed their centromeres at the median regions excepting the chromosome pairs 4, 7 and
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     Fig. 9. Photomicrographs
            metaphase (C) in the root tip cells of Taxodium ascendens (2n=22)

            10 "m.

11 displayed their centromeres at the med

tion was presented

The chromosome
karyotype.

9. Sequoiadendron gigantea (Ldl.) Buchh., 2n=22, Tables 10 and Fig. 10

   Six clones of this species obtained from two sources showed the chromosome number

of 2n=24. This chromosome count verified the previous works by Buchholz (1939), Jensen

and Levan (1941), Schlarbaum and Tsuchiya (1975), Baba (1983), Toda et al. (1986) and

Inaba et al. (1987).

   The chromosomes at interphase and prophase (Fig. 10A, B) were considered to be the

diffuse type and continuous type, which were similar to those in the other species. One or

two nucleoli were observed in each nucleus. The chromosomes of the metaphase comple-

ment performed a gradual decrease in length from the longest <10.8 ptm) to the shortest (5.1

pm) chromosomes (Table 10, Fig. 10C). The chromosomes at metaphase exhibited their

centromeres at the median regions and the chromosome pairs 2, 8 and 9 possessed their cen-

tromeres at the median-submedian regions. The shortest chromosome pair 11 possessed

the secondary constriction at the proximal region of the short arm. The chromosome com-

plement displayed the gradual and symmetric karyotype. The karyotype at metaphase was

very similar to that reported by Schlarbaum and Tsuchiya (1975), Baba (1983) and Toda et

al. (1985).
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         of chromosomes at interphase (A), mitotic prophase (B) and
                                         . Barrepresents

                   ian-submedian regions. The secondary constric-

 at the proximal region of the short arm of the chromosome pair 11.

complement at metaphase performed the gradual and symmetric
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10. Sizquoia semPervirens (Lamb.) Endl., 2n=66, Fig. 11.

   The seven clones of this species showed the chromosome number of 2n=66, which

verified the previous reports by Hirayoshi and Nakamura (1943), Yasui (1946), Stebbins

(1948), Fozdar and Libby (1968), Saylor and Simons (1970), Schlarbaum and Tsuchiya

(1984a) and Toda et al. (1986).

   The nucleus was 30-40 ptm diameter and larger than that of the other species in the

Taxodiaceae. The chromosomes at interphase were homogeneously dispersed throughout

the nucleus as numerous small chromomeres and fibrous chromatins (Fig. 11A) and thus,

were considered to be of the diffuse type. Two to eight nucleoli were counted in each

nucleus. The chromosomes at mitotic prophase were observed as the folded threads with a

constant diameter (Fig. 11B) and considered to be of the continuous type. In the

metaphase complement the chromosomes displayed a gradual decrease in length. The six

shortest chromosomes were quite distinct. The chromosomes exhibited their centromeres

at the median regions (Fig. 11C). The chromosomes of the pairs 7-9 had weakly-stained,

small satellites at the terminal regions of the short arms. The satellited chromosomes were

distinct characters for this species and moreover for C. lanceolata in the Taxodiaceae. The

karyotype at metaphase was very similar to that reported by Saylor and Simons (1970),

Schlarbaum and Tsuchiya (1984a) and Toda et al. (1986). However, difference between A

and B or Ai and A2 genomes was obscure in this observation. The chromosomes at inter-

phase and prophase were considered to be of the diffuse type and the continuous type.

                                     18



Karyomorphological studies in the Taxodiaceae

     --
  •"         ---
-- "

l•

t•

 ,#, .-

'' V' "' L '

         >))

cio><(is

•.

 `,.i l; ,. ,,1,l;i' "''"
              ': t•/g..1 -11...... .. .
              / pt.:: .. ...r l' t .'
              5 .'r'-. ,.               "i f. ", -
       # ' 't"'N:''-1
              ;s'" .: ,,t.: ,}

" iAe'l"Ili"''"''ttt-.

               't

) >?l]"

          10

     ]a>vel

           iit.
x E:. -
   tttt-

   • r.•..    •"           '
      .
•1. ts-. h.  //.

'

',s,

--

<)(><
           20

lS>c<ss

e•

Vr

(l

f)

.. •, 1,,    rt ' : - ' t/
     ' •,E./ i  7. .''" ";.:{lr,..s,pt..

         .s . s't +-:-fl.r). .

. ...t,,il- SS2

-' -r{-  'N

;il!(s..a,,:.. '.ily'• N''
i;,i

 "t J{-"•                E             '.. v,;"'B

(S•>>l(((>

             30

Uli("cns
                      40 50 60 66
     Fig. 11. Photomicrographs of chromosomes at interphase (A), mitotic prophase (B) and
            metaphase (C) in the root tip cells of &quoia semPervirens (2n=66). Bar represents
            10 ptm.

The chromosome complement at metaphase performed the gradual and symmetric
karyotype. The nucleolar chromosome was of the terminal type.

11. Mettzsequoin glyPtostroboides Hu et Cheng, 2n=22, Table 11 and Fig. 12.

   All of the plants of this species studied showed the chromosome number of 2n=22,

which was same as the previous counts by Stebbins (1948) and Schlarbaum et al. (1983),

Fang (1986), Li (1986a) and Toda et al. (1986).

   The chromosomes at interphase formed the numerous small chromomeres and fibrous

chromatins (Fig. 12A) and thus, were categorized to be of the diffuse type. One to six

nucleoli were counted in each nucleus. The chromosomes at mitotic prophase condensed

homogeneously as observed in CiyPtomerla and GlyPtostrobus and were considered to be of

the continuous type (Fig. 12B). The chromosomes of the metaphase complement perform-

ed a gradual decrease in length from the longest (11.1 #m) to the shortest (5.0 ptm)

chromosomes. The chromosomes of the shortest pair were distinct from the other

chromosomes. The metaphase chromosomes had their centromeres at the median regions

excepting the chromosomes of the pairs 4 and 5 possessed their centromeres at the

median-submedian regions (Table 11, Fig. 12C). The secondary constrictions were observ-

ed at the proximal regions of three chromosome pairs <8, 9 and 11). The morphology of

metaphase complement performed the gradual and symmetric karyotype, which was similar

to that reported by Schlarbaum et aL (1983), Fang (1986), Li (1986a) and Toda et al. (1986).
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12. SciadoPitys verticillata (Thunb.) S. et Z., 2n==20, Table 12 and Fig. 13

   Fifty clones of this species collected from three native localities showed the 2n=20

chromosomes, which confirmed the previous works (Sax and Beal, 1934; Tahara, 1937;

Hirayoshi, 1942; Schlarbaum and Tsuchiya, 1976; Toda, 1985).

   The chromosomes at interphase formed several heteropycnotic bodies located at certain

region of the nucleus and small chromomeres and fibrous chromatins dispersed over the

nucleus (Fig. I3A). The morphology of the interphase chromosomes was categolized to be

of the chromocenter type different from that of the other species of the Taxodiaceae. At

mitotic prophase any difference in degree of condensation among chromosome segments

was not observed (Fig. 13B), indicating the continuous type. In the metaphase complement

the chromosomes were aligned gradually in length from the longest (15.9 ptm) to the

shortest (8.2 #m) chromosomes (Table 12, Fig. 13C). The chromosomes exhibited their cen-

tromeres at the median or the median-submedian regions. The secondary constriction was

found in the long arm of the chromosome pair 5. The chromosome complement at
metaphase performed the gradual and symmetric karyotype. This karyotype at metaphase

was similar to the previous reports by Schlarbaum and Tsuchiya (1976) and Toda (1985).

                                 Discussion

   The Japanese umbrella pine, SciadoPitys verticillata was taxonomically classified into the

Taxodiaceae (Pilger and Melchior, 1954; Sporne, 1965) or sometime into the monotypic

family Sciadopityaceae (Hayata, 1931). The latter treatment was supported by the in-

vestigations on embryogenesis (Tahara, 1937), chromosome morphology (Hirayoshi, 1942;

Schlarbaum and Tsuchiya, 1976; Toda, 1985; Li, 1988d) and so on (see Schlarbaum and

Tsuchiya, 1985).

   This problem was re-examined with respect to the present karyomorphological observa-

tions. SciadoPitys had the basic chromosome number of x=10 different from x=11 of the

genera of the Taxodiaceae. The basic chromosome number is usually very stable in the

conifers within family with a few exceptions such as the Podocarpaceae (n=10-20), and

Pseudotsuga menziesii (n=l3) and Pseudolarix amabilis (n=22) in the Pinaceae (x==12)

(Khoshoo, 1961) Therefore, the basic chromosome number was thought to be an important

character of family level in cytotaxonomy of the coniferous plants. The morphology of in-

terphase chromosomes of SciadoPitys was of the chromocenter type different from the dif-

fuse type observed in the species of the Taxodiaceae. The total chromosome length of the

metaphase complement of SciadoPitys was longer than that of any diploid species of the

Taxodiaceae. This result could be supported by the data of measurements of DNA amount

per genome (Price et al., 1974). The secondary constrictions of SciadoPitys were located at

the interstitial regions of certain chromosomes, while those of the species of the Taxo-

diaceae were located at the proximal or terminal regions. According to the above

karyomorphological characters SciadoPitys was considerably different from the species of
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the Taxodiaceae. Thus, SciadoPitys should be placed in the independent family

Sciadopityaceae. Although Schlarbaum and Tsuchiya (1985) hypothesized that the
metaphase karyotype of SciadoPitys was derived from that of a pro-taxodiaceous ancestor

(2n=22) by an unequal translocation and loss of chromosome fragment independently with

present taxodiaceous species, any direct interrelationship of karyotypes between SciadoPitys

and any species of the Taxodiaceae could not be found in this study.

 Table 13. Karyomorphological characters in twelve species of the Taxodiaceae

Species
Chromosome Total Chromosome
 number length shape TL/TS
   2n (pm) m msm sm

LIS
 No. of No. of
secondary uncleoli
constrlctlons

Cunninghamia lanceolata
Taiwania cryPtomerioides
Taiwania flousiana
CryPtomeria iaPonica
CryP tomeria fortunei
GlyPtostrobus Pensilis

Taxodium distichum
Taxodium ascendens
Sequoiadendron gigantea
Sequoia semPervirens
Metasequoia glyPtostroboides
SciadoPitys verticillata

22
22
22
22
22
22
22
22
22
66
22
22

192.4
201.2
116.7
153.3
164.8
175.2
164.4
169.3
166.5

182.5
227.3

14 6
12 6
12 4
20 2
20 2
18 4
16 6
16 6
16 6

17 5
l7 3

2
4
6
o
e
o
o
o
o

o
o

1.24
1.29
1.29
1.13
1.10
1.18
1.17
1.18
1.17

1.20
1.13

2.70
2.53
2.29
1.65
l.63
!.91
1.61
1.67
2.12

2.20
1.94

2T
2P
2P
2P(1-2I)
2P(1-2I)
2P
2P
2P
2P
6T
6P
2I

2
2
2

2-4
2-4

2
2
2
2

6-8
6
2

TLITS: total length of long arms/total length of short arms, L/S: length of the
longenst chromosome 1 length of the shortest chromosome in chromosome complement.
T: terminal secondary constriction, P: proximal secondary coRstriction,
I : interstitial secondary constriction, -; not measured.

   The relationship of karyotypes among the species of the Taxodiaceae extruding

SciadoPitys was examined. In all species the chromosomes at interphase and mitotic pro-

phase were considered to be commonly of the diffuse type and the continuous type. The

metaphase karyotypes among the species were different in degree of symmetry and gra-

dient, number, and location of the secondary constrictions (Table 13). Thus, the species of

the Taxodiaceae were divided into five groups as follows:

   The first group was composed of CryPtomeria joPonica, Cr. fortunei, Taxodium

ascendens, T. distichum, GlyPtostrobus Pensilis, and Seqzaoiaaendron gigantea. It was

characterized by the gradual, symmetric karyotype and a pair of proximal secondary con-

strlctlons.

   The second group was of Metasequoia glyPtostroboides. It was characterized by the

gradual and symmetric karyotype and the six proximal secondary constrictions.

   The third group was composed of Taiwania cryPtomerioides and T. flousiana. It was

characterized by more gradual and less symmetric karyotype and the proximal secondary

constriction in a pair of medium-sized chromosomes.

   The forth group was of Cunninghamia lanceolata. It was characterized by more

gradual and less symmetric karyotype and the terminal secondary constriction in a pair of

large chromosomes.
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   The fifth group was of Sequoia semPervirens. It was characterized by the gradual and

symmetric karyotype, hexaploid genome, three pairs of chromosomes with terminal
satellites.

   Then, the present grouping was compared with the taxonomic treatment by Pilger and

Melchior (1954). The first group contained the tribes Taxodieae, Cryptomieae, and a part

of Sequoiaeae. Each of the other groups could be correlated with each tribe. Thus, the

karyomorphological grouping could be considerably correlated with the taxonomic treat-

ment. Toda and Nagano (1985) divided the karyotypes of the taxodiaceous species into

two types; the K6pfchen-type and Telomere-type. The former type was compatible to the

groups 1-3 and the latter type was compatible to the groups 4 and 5. Li (1987a,d) reported

two phylogenetic trends of Metasequoia-Cunninghamia and CryPtomeria-GlyPto-
strobus- Taiwania increasing asymmetry degree according to phylogenetic level. However,

phylogenetic relationships among the five groups have not yet been determined, and further

investigatlons are necessary.

   Stebbins (1948) observed meiotic chromosomes in pollen mother cells in Sequoia semPer-

virens, somatic chromosomes of Metaseqzaoia and outer morphology of Metasequoia and

reported that the Se. semPervirens was autoallopolyploid or segmental allopolyploid and the

possibility that Metasequoia might actually be a direct descendent of ancient ancestor of the

Se. semPervirens was a plausible. Recently, Li (1986b, l987c, 1988a,b,c) hypothesized that

Sequoia was formed by a hybridization, polyploidization and backcrossing between Meta-

sequoia and Sequoiadendron. An autoallopolyploid genome (AAAABB) of Seqzaoia was

verified by Saylor and Simons (1970), Schlarbaum and Tsuchiya (1984a) and Toda et al.

(1986). On the basis of morphology of chromosomes with secondary constriction of Sequoia

and Metasequoia Schlarbaum et al. (1984a) discussed the lack of evidence for genomic con-

tribution of these species to the hexaploid Sequoia. The present observation on karyotype

regarding to secondary constricted chromosome supported the Schlarbaum's opinion (Schlar-

baum et al., 1984a) and furthermore indicated that any present species in the Taxodiaceae

except for Athrotaxis, whose karyotype was unknown, might directly involve the formation

of Sequoia genome.

                             Acknowledgments

   The author wishes to express his sincere thanks to Dr. R. Tanaka of Hiroshima

University for his valuable suggestions, to Dr. K. Kondo of Hiroshima University for

critical reading and suggestions and Dr. M. Wan of Nanjing Forestry University, Dr. S.

Ohata of Kyoto University Forest, Dr. K. Karasawa of Hiroshima Botanical Garden, Dr. T.

Kondo of Kanto Forest Tree Breeding Institute, the staff of Kobe Municipal Arboretum

and Mr. O. Tokui of Ehime Prefectural Experimental Forest Station for supplying seeds or

cuttmg sclons.

23



                                    Masahiro HIzuME

                                     References

Baba, S. 1983. The chromosomal study of Sequoiadendron giganteum (Lindl.) Buch. Sci. Rep. Fac. Agr.

     Rhychu Univ. 30 : 615-620 (in JaPanese).

Buchhoiz, J. T. 1939. The morphology and embryogeny of Sequoia giganteum. Amer. J. Bot. 26:93-101.

Chiba, S. 1951. Triploids and tetraploids of Sugi (C7yPtomeria 1'aPonica D. Don) selected in the forest

     nursery. Bull. Govt. For. Expt. Sta. 49:99-108.

Fang, Y. 1986. Karyotype analysis of GlyPtostrobz{s Pensilis, Metaseqztoia glyPtostroboides and Taiwania fZou-

     siana. Rep. Shanghai Teatear's Univ., Nat. Sci. 3 : 48-55 (in Chinese).

      and Hsu, P. 1986. Patterns of karyotype differentiation of some geographical races of Cunninghamia

     lanceolata. J. Wuhan Bot. Res. 4 : 347-352 (in Chinese).

Fozdar, B. S. and Libby, W. J. 1968. Chromosomes of Sequoia semPervirens; 8-hydroxyquinoline-castor oil

     pretreatment for improving preparation. Stain Technol. 43 : 97-100.

Frolin, R. 1963. The distribution of conifer and taxad genera time and space. Acta Horti Bergiani 20 :

     121-312.
Han, Y., Tong, C. and Yang, Z. 1978. Preliminary study of Cunninghamia lanceolata karyotype. Sci.
     Silvae Sinicae 16 (Suppl.) : 37-41 (in Chinese).

- ,Yang, Z., Tong, Y. and Chen, X, 1984. Studies on the karyotype of geographical provenance of Cun-

     ninghamia lanceolata. Sci. Silvae Sinicae 20 : 113-121 (in Chinese).

Hayata, B. 1931. The Sciadopityaceae represented by SciadoPitys verticillata Sieb. & Zucc., an endemic

     species of Japan. Bot. Mag. Tokyo 45:567-569 (in laPanese).

Hirayoshi, I. 1942. Report of forest tre genetics and breeding II. Seiken Ziho 1:88-90 (in laPanese).

      and Nakamura, Y. 1943. Chromosome number of Sequoia semPervirens. Plant & Animal 11 : 73-75
     (in JaPanese).

Inaba, K., Nagano, K. and Toda, Y. 1987. 0n the study for differential staining of chromosomes of Tax-

     odiaceae (I). Trans. 98th Mtg. Jap. For. Soc., 267-268 (in JaPanese).

Jensen, H. and Levan, A. 1941. Colchicine-induced tetraploidy in Sequoia giantea. Hereditas 27:220-224.

Khoshoo, T. N. 1961. Chromosome numbers in gymnosperms. Silvae Genet. 10:1-9.
Kondo, T., Hizume, M. and Kubota, R. 1985. Variation of fluorescent chromosome bands of CryPtomeria

     juPonica. J. Jap. For. Soc. 67:184-189.

Kuo, S. R., Wang, T. T. and Huang, T. C. 1972. Karyotype analysis of some formosan gymnosperms.

     Taiwania 17:66-80.
Kuroki, Y. 1969. A study related to karyotype of principal conifers. Rep. For. Miyazaki Univ. 5:78-80 (in

     Jopanese).

Levan, A., Fredge, K. and Sandberg, A. A. 1964. Nornenclature for the centromeric position on
     chromosomes. Hereditas 52:201-220.
Li, L. 1986a. Karyotype study of Metasequoia glyPtostoboides. J. Wuhan Bot. Res. 4 : 1-5 (in Chinese).

     . 1986b. The relationship of Sequoia semPervirens and Metasequoia glyPtostroboides. Science 38 : 148-

     150 (in Chinese).

- . 1986c. Cytological investigation of Taiwania fZousiana Gaussen (Taxodiaceae). Acta Phytotax.
     Sinica 24:367-381 (in Chinese).

     . 1987a. On the significance of chromosomal data in the evolutional study of Taxodiaceae. Nature J.

     10:40-42 (in Chinese).

     . 1987b. Cytological study on GlyPtostroboides Pensilis Koch (Taxodiaceae). Guihaia 7: 101-106 (in

     Chinese).

     . 1987c. The origin of Sequoia semPervirens (Taxodiaceae) based on karyotype. Acta Bot. Yunnanica

     9:187-192 (in Chinese).

     . 1987d. A preliminary study on the karyotypes and their evolutionary levels of Taxodiaceae's

     endernic plants to China and neighbouring area. Acta Bot. Yunnanica 9 : 325-331 (in Chinese).

                                           24



                         Karyomorphological studies in the Taxodiaceae

     . 1987e. A new karyotypic type in higher plants based on Cunninghamia lanceolata. Guihaia 7 : 201-

     204 (in Chinese).

     .1988a. Is an ancestor of Sequoia semPervirens (Lamb.) Endl. extinct. Buil. Bot. Res. 8:109-113 (in

     Chinese).

     . 1988b. The parents of Sequoia sempervirens (Taxodiaceae) based on morphology. Acta Bot. Yun-

     nanica 10:33-37 (in Chinese).

     . 1988c. Is Metasequoia an ancestor of Sequoia sempervirens? J. Wuhan Bot. Res. 6:163-166 (in

     Chinese).

     .1988d. The systematic position of SciadoPitys Sieb. et Zucc. based on cytological data. Guihaia 8:

     135-141 (in Chinese).

     . and Xu, B. 1984. A study of the karyotype analysis of Cryptomeria fortunei Hooibrenk (Taxo-

     diaceae). Sci. Silvae Sinicae 20 : 323-326 (in Chinese).

Matsumoto, K. 1933. Uber die Chromosomenzahl von C7yPtomeria j'aPonica D. Don and Taiwania c7yPto-

     merioides Hayata. Bot. Zool. 1 : 1751-1756 (in laPanese)

Mehra, P. N. and Khoshoo, T. N. 1956. Cytology of conifers. J. Genet. 54:165-185.

Pilger, B. R. and Melchior, H. 1954. Gymnospermae. In "A. Enger's Syllabus der Pfianzenfamilien.", Ed.

     H. Melchior and Werdermann E. Band I, pp. 312-344. Gebruder Borntraeger, Berlin.
Price, H. J., Sparrow, A. H. and Nauman, A. F. 1973. Evolutionary and developmental considerations of

     the variability of nuclear parameters in higher plants. I. Genome volume, interphase chromosome

     volume, and estimated DNA content of 236 gymnosperms. Brookhaven Symp. Quant. Biol. 25 : 390-

     421.
Sax, K. and Beal, J. M. 1934. Chromosomes of cycadales. J. Arnold Arbor. 15:255-258.

      and Sax, H. J. 1933. Chromosorne number and morphology in the conifers. J. Arnold Arbor. 14:

     356-357.
Saylor, L. C. and Simons, H. A. 1970. Karyology of Sequoia semPervirens: Karyotype and accessory

     chromosomes. Cytologia 35:294-303.
Schlarbaum, S. E. and Tsuchiya, T. 1975. The chromosome study of giant sequoia, Sequoiadendron
     giganteum. Silvae Genet. 24:23-26.

      and .1976. Chromosome study of Japanese umbrella pine. J. Hered. 67:65-67.
      and . 1984a. A chromosome study of coast redwood, Sequoia semPervirens (D. Don) Endl.
     Silvae Genet. 33:56-62.

      and .1984b. The chromosome of Cunninghamia leonishii, C. lanceolata, and Taiwania cryPto-
     merioides (Taxodiaceae). Plant Syst. Evol. 145:169-181.

      and . 1985. Karyological derivation of SciadoPitys verticillata Sieb. et Zucc. from a pro-taxo-

     diaceous ancestor. Bot. Gaz. 146:264-267.
     , Jhonson, L. C. and Tsuchiya, T. 1983. Chromosome studies of Metaseq"oia glyPtostroboides and Taxo-

     dium didtichum. Bot. Gaz. 144 : 559-565.

     ,Tsuchiya, T. and Johnson, L. C. 1984a. The chromosomes and relationships of Metasequoia and
     Sequoia (Taxodiaceae): an ttpdate. J. Arnold Arbor. 65 : 251-254.

     , and .1984b. The somatic chromosomes of CryPtomeria ]'aPonica with special reference
     to the marker chromosomes. Silvae Genet. 33 : 4-5.

Somego, M. 1980. Variation of karyotype of Sugi (Cryptomeria juPonica (Linn. fil.) D. Don). Trans. 91st

     Mtg. Jap. For. Soc., 213-214 (in JaPanese).

      and Kikuchi, H. 1983. Karyotype of CryPtomeria fortunei. Trans. 94th Mtg. Jap. For. Soc., 239-240

     (in JaPanese).

Sporne, K. R. 1965. The Morphology of Gymnosperms. Hutchinson Univ. Library, London.
Stebbins, G. L. 1948. The chromosomes and relationships of Metasequoia and Sequoia. Science 108 : 95-98.

Sugihara, Y. 1941a. The embryology of Cunninghamia lanceolata Hooker. Sci. Rep. Tohoku Imp. Univ.,

     4th Ser. Biol. 16 : 187-192.

                                           25



                                      Masahiro HIzuME

     . 1941b. Embryological observations on Taiwania cryPtomerioides Hayata. Sci. Rep. Tohoku Imp.

     Univ., 4th Ser. Biol. 16 : 291-295.

Tahara, M. 1937. Contributions to the morphology of SciadoPitys verticillta. Cytologia Fujii Job. Vol. : 14-

     l9.
Tanaka, R. 1977. Recent karyotype studies. In Plant Cytology. (Ed. Ogawa et al.) pp. 293-325. Asakura

     Book Co., Tokyo (in JaPanese).

Toda, Y. 1979a. Karyotype of CryPtomeria juPonica D. Don (I). Proc. Trans. Mtg. Kyushu Branch Jap. For.

     Soc. 32:151-152 (in faPanese).

      . 1979b. On the karyotype of CryPtomeria joPonica D. Don (II). Bull. Fac. Hort. Minamikyusyu Univ.

     9:1-10 (in laPanese).

      . 1979c. A karyotype of CryPtomeria joPonica D. Don (IV). Kromosomo II-14 : 404-407 (in laPanese).

      . 1985. Cytogenetical studies on Taxodiaceae V. Karyotype of Taxodiaceae. Proc. Fac. Agric.

     Kyushu Tokai Univ. 4 : 1-l8 (in faPanese).

      . and Fujimoto, Y. 1983. Cytogenetical studies on Taxodiaceae II. Trans. 94th Mtg. Jap. For. Soc.,

     241-242 (in faPanese).

      ancl .1985. Cytogenetical studies on Taxodiaceae IV. Karyotypes of CryPtomeria forinnei and

      C. juPonica. Kromosomo II-39-40 : 1227-1232 (in faPanese).

      and Nagano, K. 1985. Studies on the chromosomes of Taxodiaceae. For. Tree Breed. 137:6-10 (in

     JaPanese).

      , and Kaminishi, K. 1986. Cytogenetical studies on Taxodiaceae VI. Karyotype of Taxo-
      diaceae (2). Proc. Fac. Agric. Kyushu Tokai Univ. 5 : 33-44 (in faPanese).

Xiao, D. and Dong, J. 1984. The karyotype of CtyPtomeria fortueni Hooibrenk ex Otto et Dietr. Sci. Silvae

      Sinicae 20:431-433 (in Chinese).

Yasui, K. 1946. 0n the polyploid plants of the genus Sequoia. Jpn. J. Genet. 21:9-10 (in JaPanese).

Zinnai, I. and Chiba, S. 1951. Naturally occurring tetraploids of C7yPtomeria juPonica. Jpn. J. Breed. 1:43-

      46 (in Japanese).

26



Karyomorphological studies in the Taxodiaceae

Table 2. Measurementsof somatic chromosomes of Cunninghamia lanceolata, 2n=22 at metaphase

Chromosorne  Long arm
length (pm)

Short arm
length (pm)

  Total Relative length Arm ratio
length (ptm)                (fo}6o)

Form

1

2
3
4
5
6
7
8
9

10
11
l2
13
14
15
16
17
18
19
20
21
22

7.4
6.7
6.7
6.2
6.1
6.1
5.9
5.5
4.7
4.2
3.9

3.8
4.5
4.5
5.0
4.6
3.7
3.5
3.5
3.7
3.3
3.0

  6.9
  6.3
  5.9
  5.2
4.0+LO
4.0+1.0
  4.9
  5.0
  4.6
  4.0
  3.7
  3.7
  3.0
  2.9
  2.4
  2.5
  2.7
  2.6
  2.6
  2.4
  2.3
  2.3

14.3
13.0
12.6
11.4
11.1
11.1
10.8
10.5
9.3

8.2
7.6
7.5

7.5
7.4
7.4
7.1

6.4
6.1

6.1

6.1

5.6
5.3

7.4
6.8
6.5
5.9
5.8
5.8
5.6
5.5
4.8
4.3
4.0
3.9
3.9
3.8
3.8
3.7
3.3
3.2
3.2
3.2
2.9
2.8

1.1

1.1
1.1

1.2

1.2

1.2

1.2

1.1

1.0

Ll
Ll
1.0
1.5

1.6
2.1
1.8

1.4
1.4
1.4
1.5

1.4
1.3

 rn

 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
msm
msm
sm
sm

msm
msm
msm
msm
msm
msm

Table 3. Measurementsof somatic chromosomes of Taiwania cryPtomerioides, 2n= 22 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (ptm)

  Total Relative length                          Arm ratiolength (pm) (906o) Form

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
l6
17
18
19
20
21
22

7.5
7.0
6.2
5.8
5.7
5.6
5.2
5.0
6.1

6.3
4.9

4.8
4.2
4.3
5.2
5.1
4.1
4.0
4.5
4.3
4.2
3.3

  6.9
  6.7
  5.0
  5.3
  5.1
  4.9
  5.1
  4.8
O.2+3.3
O.2+3.1
  3.7
  3.6
  4.1
  3.8
  2.6
  2.5
  3.4
  3.4
  2.7
  2.6
  2.5
  2.4

14.4

13.7

IL2
11.1
10.8
10.5
10.3
9.8
9.6

9.6
8.6

8.4
8.3
8.1

7.8
7.6
7.5

7.4
7.2

6.9
6.7

5.7

7.1

6.8
5.6
5.5

5.4
5.2
5.1

4.9
4.8
4.8
4.3
4.2
4.1

4.0
3.9
3.8
3.7
3.7
3.6
3.4
3.3

2.8

1.1

1.0

1.2

1.1

1.1

1.1

1.0

1.0
1.7

L9
1.3
1.3

1.0
1.1

2.0
2.0
1.2

1.2

1.7
1.7
1.7

1.4

 m
 m
 m
 m
 m
 m
 m
 m
sm
sm

msm
msm
 m
 m
sm
sm

 m
 m
msm
msm
msm
msm
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Table 4. Measurements of      .somatlc chromosomesof Taiwania fZousiana, 2n=22 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (ptm)

  Total
length (ptm)

Relative length
               Arm     (%o)

ratio Form

1

2
3

4
5
6
7
8
9

10
11
12
13
14
15
16
17
l8
19
20
21
22

6.3
5.4
5.4
5.0
6.3
6.1

4.5
4.5
3.8
3.8
3.7
3.8
3.8
4.1
3.5
3.1

4.0
4.1

3.4
3.3
3.0
3.0

  5.4
  5.1
  5.0
  4.8
O.3+3.5
O.3+3.3
  4.3
  4.2
  3.7
  3.4
  3.5
  3.4
  3.2
  2.8
  2.5
  2.9
  1.9
  1.7
  2.0
  1.9
  2.2
  2.1

11.7
10.5
10.4
9.8
9.8
9.4
8.8
8.7
7.5
7.2
7.2
7.2
7.0
6.9

6.0
6.0
5.9
5.8
5.4
5.2
5.2
5.1

7.0
6.3
6.2
5.9
5.9

5.6
5.3

52
4.5
4.3
4.3
4.3
4.2
4.1

3.6
3.6
3.5
3.5
3.2
3.1
3.1

3.1

1.2

Ll
1,1

1.0
1.8
1.9
1.1

1.1

1.0

1.1

1.1

1.1

1.2
1.5

1.4
1.1

2.1

2.4
l.7
1.7

1.4
1.4

 m
m

 m
 m
sm
sm

 rn

 m
 m
 m
 m
 m
 m
msm
msm
 m
sm
sm
sm
sm

msm
msm

Table 5. Measurements of somatlc chromosomes ofCl yPtomeria joPonica, 2n=22 at metaphase

Chromosome  Long arm
length (ym)

Short arm
length (pm)

  Total
length (ptm)

Relative length
               Arrn     (po6)

ratio Form

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

4.9
4.4
4.2
4.1
4.1
4.1
3.8
4.0
3.8
3.6
3.7
3.6
3.6
3.4
3.4
3.4
3.0
3.0
3.5
3,4
3.2
3.1

  4.5
  4.2
  4.1
  4.0
  3.8
  3.4
  3.6
  3.3
  3.4
  3.5
  3.2
  3.3
  3.2
  3.0
  3.0
  2.8
  2.9
  2.9
O.4+2.0
O.4+2.0
  2.5
  2.6

9.4
8.6
8.3
8.1
7.9
7.5
7.4

Z3
7.2
7.1

6.9
6.9
6.8
6.4
6.4
6.2
5.9

5.9
5.9
5.8
5.7
5.7

6.1

5.6
5.4
5.3
5.1

4.9
4.8
4.8
4.7
4.6
4.5
4.5
4.4
4.2
4.2
4.0
3.8
3.8
3.8
3.8
3.7
3.7

Ll
Ll
1.0
1.0
1.1

1.2
1.1

1.2

1.1

1.0
1.2

1.1

1.1

Ll
Ll
12
1.0
1.0
1.5

1.4

1.3

1.2

 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 rn

 m
 m
 m
 m
 m
msm
msm
 m
 m
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Table 6. Measurementsof somatic chromosomes of CryPtomeria fortunei, 2n=22 at metaphase

Chrornosome  Long arm
length (pm)

Short arm
length (ptm)

  Total Relative length                           Arm ratiolength (ptm) (%o) Form

1

2
3

4
5
6
7

8
9

10
11
12
13
14
15
l6
17
18
19
20
21
22

4.8
4.6
4.6
4.3
4.2
4.1

4.0
3.8
3.9
3.9
4.0
3.7
3.8
3.7
3.8

3.6
3.5
3.5
4.1

4.0
3.3
3.2

  4.8
  4.6
  4.0
  4.1
  4.2
  4.0
  3.6
  3.7
  3.6
  3.5
  3.4
  3.6
  3.5
  3.5
  3.3
  3.4
  3.4
  3.3
O.2+2.5
O.2+2.2
  3.1
  2.7

9.6
9.2
8.6
8.4
8.4
8.1

7.6
7.5
7.5
7.4
7.4
7.3
7.3
7.2

Zl
7.0
6.9
6.8
6.8
6.4
6.4
5.9

5.8
5.6
5.2
5.1

5.1

4.9
4.6
4.6
4.6
4.5
4.5
4.4
4.4
4.4
4.3
4.2
4.2
4.1
4.1

3.9
3.9
3.6

1.0

1.0

1,2

1.1

1.0

1.0

1.1

1.0
1.1

Ll
1.2

ID
LI
l.1

1.2
1.1

1.0

1.1

l.6
1.7

11
1.2

 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
msm
msm
 m
 m

Tab!e 7. Measurementsof somatic chromosomes of GlyPtostrobus Pensilis, 2n=22 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (ptm)

  Total Relative length                           Arm ratiolength (ptm) (SO)6o) Form

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

5.5
5.7
5.1
4.8
5.1

4.8
4.9
4.3
4.1
4.3
4.5
4.3
4.0
3.9
4.0
4.0
3.6
3.7
4.1
3.9
3.2
3.1

  5.2
  5.0
  5.1
  4.6
  4.1
  4.1
  3.9
  4.1
  3.9
  3.4
  3.1
  3.1
  3.4
  3.2
  3.1
  3.1
  3.5
  3.4
  3.0
  2.7
O.2+2.6
O.2+2.3

10.7
10.7
10.2
9.4
9.2
8.9
8.8
8.4
8.0
7.7
7.6
7.4
7.4

7.1
7.1

Zl
7.1

7.1
7.1

6.6
5.8
5.6

6.1
6.1

5.8
5.4
5.3
5.1

5.0
4.8
4.6
4.4
4.3
4.2
4.2
4.1

4.1
4.1
4.1

4.1
4.1

3.8
3.4
3.2

1.1

1.1

1.0

1.0
1.2

1.2

1.3
1.1

Ll
1.3

1.5

1.4
1.2

1.2

1.3

1.3

1.0

1.1

1.4

1.4

Ll
1.2

 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
msm
msm
 m
 m
 m
 m
 m
 m
msm
msm
 m
 m
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Table 8. Measurements of somatlc chromosomesof Taxoaium distichum, 2n=22 at metaphase

Chromosome  Long arm
length (ptm)

 Short arm
length (ptrn)

  Total
length (pm)

Relative length
               Arm     (g06o)

ratio Form

1

2
3

4
5
6
7
8
9

10
11
12
l3
14
15
16
17
18
19
20
21
22

5.0

5.0
4.7
4.7
5.4
5.2
4.4
4.4
4.0
3.8
4.0
3.8
3.4
3.7
3.6
3.5

3.2
3.5
3.1

3.1

3.6
3.6

  4.8
  4.6
  4.7
  4.7
  3.3
  3.5
  4.2
  4.1
  3.8
  3.7
  2.8
  3.0
  3.3
  2.8
  2.8
  2.8
  3.1
  2.7
  3.0
  3.0
02+2.3
O.2+2.3

9.8
9.6

6.4
6.4

8.7
8.7
8.6
6.5

7.8
7.5

6.8

6.8

6.7

6.5

6.4

6.3

6.3

6.2

6.1

6.1

6.1

6.1

6.0
5.8
5.7
5.7
5.3
5.3
5.2

5.2
4.7
4.6
4.1
4.1
4.1

4.0
3.9

3.8
3.8
3.8
3.7
3.7
3.7
3.7

1.1

1.1

1.0
1.0

1.5
1.5

1.1

1.1

1.1
1.0

1.4
1.3
1.0
1.2
1.3

1.3
1.0
1.2
1.0

1.0
1.4
1.4

 m
 m
 m
 m
msm
msm
 m
 m
 m
 m
msrn
msm
 m
 m
 m
 m
 m
 m
 m
 m
msm
msm

Table 9. Measurements of somatlc chromosomes of Taxodium ascendens, 2n=22 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (ptm)

  Total
length (ptm)

Relative length
               Arm     (po6o)

ratio Form

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

5.2

5.0

5.0
4.5
4.4
4.4
5.0
4.8
4.1

4.2
3.9

3.9
4.1
4.1

3.7
3.4
3.4
3.7
3.6
3.5
3.7
3.7

  4.8
  4.9
  4.6
  4.3
  4.4
  4.1
  3.4
  3.5
  3.5
  3.4
  3.5
  3.4
  3.2
  3.1
  3.3
  3.4
  3.3
  3.0
  3.0
  3.1
O.2+2.2
O.2+2.1

10.0
9.0

9.6

8.8

8.8
8.5
8.4
8.3
7.6
7.6

7.4
7.3

7.3

7.3

zo
6.8
6.7

6.7
6.6

6.6
6.1

6.0

5.9
5.8
5.8
5.2
5.2

5.0
5.0
4.9
4.5
4.5
4.4
4.3
4.3
4.3
4.1

4.0
4.0
4.0
3.9
3.9
3.6
3.5

1.1

1.0
1.1

1.0
1.0
1.1

1.5

1.4
1.2

1.2

Ll
1.2

1.3
1.3

1.1
1.0

1.0
1.2
1.2

Ll
1.5

1.6

 m
 m
 m
 m
 m
 m
msm
msrn
 m
 m
 m
 m
msm
msm
 m
 m
 m
 m
 m
 m
msm
msm
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Table 10. Measurements of somatlc chromosomesof Sequoiadendron gigantea, 2n=22 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (ptm)

  Total
length (pm)

Relati x3t;})length Arm ratio
Form

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

5.5
5.4
5.5
5.5
4.5
4.5
4.5
4.5
3.6
3.7
3.6
3.5
3.6
3.4
4.2
4.2
4.0
4.0
3.3
3.0
2.9
2.8

  5.3
  5.4
  3.5
  3.5
  4.4
  4.4
  4.3
  4.2
  3.6
  3.3
  3.4
  3.4
  3.3
  3.4
  2.6
  2.6
  2.6
  2.6
  3.3
  3.0
O,2+2.2
O,2+2.1

10.8

iO.8
9.0
9.0
8.9
8.9
8.8
8.7

7.2

7.0
7.0
6.9

6.9
6.8
6.8
6.8

6.6
6.6
6.6

6.0
5.3
5.1

6.5
6.5
5.4
5.4
5.3
5.3
5.3
5.2
4.3
4.2
4.2
4.1
4.1
4.1
4.1
4.1
4.0
4.0
4.0
3.6
3.2
3.1

1.0

1.0
1.6
1.6

1.0

1.0
1.1

1.1

1.0
1.1

'

1.1

LO
LI
1.0

1.6

1.6

1.5

1.5

1.0

1.0

1.2

1.2

 m
 m
msm
msm
 m
 m
 m
 m
 m
 m
 m
 rn

 m
 m
msm
msm
msm
msm
 m
 m
 m
 rn

Table 11. Measu rements of somatic chromosomesof Metasequoia glyPtostroboides, 2n=:22 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (ptm)

  Total
length (gm)

Relative length Arm ratio
     (Yo) Form

1

2
3

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

5.9
5.7
5.3
5.1
5.2
5.1
5.1
5.l

5.3
5.3

4.7
4.1
4.1
4.1
4.3
4.2
3.9
3.8
3.9
3.6
3.1

2.7

5.2

4.8
4.8
4.7
4.5
4.3
3.7
3.7
3.5

3.5
3.4
4.0
3.9
3.8

3.6*
3.3*
3.4*
3.4*
3.2*
3.5*
2.4
2.3

11.1
10.5
10.1
9.8
9.7
9.4
8.8
8.8
8.8

8.8
8.1
8..1

8.0
7.9
7.9
7.5
7.3

7.2
7.1

7.1
5.5

5.0

6.1

5.8
5.5
5.4
5.3
5.1

4.8
4.8
4.8
4.8
4.4
4.4
4.4
4.3
4.3
4.1
4.0
3.9
3.9
3.9
3.0
2.7

1.1

1.2

1.1

1.1

1.2

1.2

1.4

1.4
1.5

1.5

1.4
1.0

1.1

Ll
1.2

1.3

1.2

1.1

1.2
1.0

1.3

1.2

 m
 rn
 rn

 m
 m
 m
msm
msm
msm
msm
msm
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m
 m

*: with secondary constriction at the proxima! reglon.
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chromosomes of SciadoPitys verticillata, 2n=20 at metaphase

Chromosome  Long arm
length (ptm)

Short arm
length (gem)

  Total
length (ptm)

Relative length
     (%o)

Arm ratio Form

 1
2
3
4
5
6
7
8
9

10
11
l2
13
14
15
16
17
18
19
20

  8.4
  8.0
  6.6
  6.3
  6.3
  6.8
  6.1
  6.3
5.2+2.0
5.4+1.4
  5.5
  5.9
  6.1
  5.6
  5.2
  5.3
  5.3
  4.5
  4.4
  4.2

7.5

7.8
6.4
6.3
6.1

5.5
5.9
5.7
4.8
5.1

5.3
4.6
4.2
4.7
5.0

4.7
4.4

4.3
4.2
4.0

15.9
15.8
13.0
12.6
12.4
12.3
12.0
12.0
12.0
12.0
10.8
10.5
10.3
10.3
10.2
10.0
9.7

8.8
8.6
8.2

7.1

6.9
5.7
5.5
5.5

5.4
5.3
5.3
5.3
5.3
4.7
4.6
4.5
4.5
4.5
4.4
4.3

3.9
3.8
3.6

1.1

1.0
1.0 1
1.0

1.0

1.2

1.0

1.1

1.5
1.3

1.0

1.3

1.5

1.2

1.0

Ll
1.2

1.1

Ll
Ll

 m
 m
 m
 m
 m
 m
 m
 m
msm
msm
 m
 m
msm
 m
 m
 m
 m
 m
 m
 m
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