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Two species of Ptilota， viz.， Pt. pec的 ataKJELLM. and Pt. pectinata f. litorali・scollected 

from Hakodate and Usujiri， Hokkaido， have been studied cytologically. The五rstmeiotic 

division in the tetrasporangium showed to have chromosomes of n=ca 34 in Pt. pectinata 

and n= ca 32 in Pt. pectinata f. litoralis. Among those chromosomes， the largest in mid-
diakinesis comes to take O-shape in Pt. pectinata and 8・shapein Pt. pectinata f. litorali・$. On 

the basis of the chromosome count in the cells leading to the formation of spermatium and 

carpospore， together with in the germlings from tetraspore and carpospore， Ptilota pectinata 
f. litoralis was indicated to be haploid in gametophyte and diploid in tetrasporophyte. 

Hiroshi Yabu， Faculty 01 Fisheries， Hokkaido Universi砂，Hakodate， 040 Japan. 

The red algae， Ptilota pectinata (GUNN.) 
KJELLM. and its forma， Pt. pectinata f. li-

toralis KJELLM.， which have been reported 
to occur along the coast of Hokkaido (OKA-

MURA 1907; YAMADA & TANAKA 1944; 
TOKIDA & MASAKI 1959) are very com-

mon during spring and summer at Hako-

date and its neighbouring Usujiri where 

the materials had been collected. So far 

as 1 am aware， the cytological informations 
have been lacking for the Ptilota group 

(KYLIN 1956)， so the present study was 

undertaken. 

Materials and Method 

The materials had been collected from 

May to July in the five consecutive years 

from 1971 to 1975 at two sites， Hakodate 
and Usujiri， in Oshima Province， Hokkaido. 
Several times， tetraspores and carpospores 
of both species had been discharged and 

cultured in SCHREIBER'S solution to see the 

mitosis in their germ1ings. The favourable 

dividing nuclei were obtained only in the 

germlings of the spores from the thalli of 

Pt. pectinata f. litoralis which were col-

lected at Tachimachi-misaki in Hakodate 

on May 29， 1974. The materials of the 

thalli and the spore germlings were both 

fixed in 3 parts absolute alcohol and 1 part 

glacial acetic acid and stained with WITT-
MANN'S technique (WITTMANN 1965). 

Resul飽 andDiseussion 

Meiosis in the tetrasporangium of Ptilota 

pectinata and Pt. pectinata f. litoralis: The 

process of the meiotic division in the tetra-
sporangium of Ptilota pectinata and Pt. 

pectinata f. litoralis is quite identical， and it 
was very similar to that of Chondria tenuis-

sima recently described by TOZUN (1976). 

Sometimes， however， the phase just 1ike the 
so-called ‘resting' or ‘di任use'stage which 

had been reported in Palmaria palmata 

(WESTBROOK 1928; MAGNE 1964; YABU， 
1971) or Gracilari・'afoliifera and Gracilaria 

sp. (McLACHLAN， et al. 1977)， but not so 
conspicuous， was visible before diakinesis. 
The chromosomes in early diakinesis in 

prophase 1， come in sight as the tangled 

thin threads with several minute knots 

(Fig. 1) and they soon change their form 
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Table 1. Chromosome number counted at diakinesis and early metaphase 
from the nuclei with particularly good chromosome definition in 
the first tetrasporogenesis of Ptilota pectinata and Pt. pectinata 
f. litoralis 

Chromosome number 25 26 27 28 29 30 31 32 33 34 35 

Nu~ber f Pt. pect仇ata 2 2 5 6 6 8 6 7 8 12 2 

nJ;leli n.pktmtG f.1itoralis 1 2 2 4 3 7 9 16 3 1 

to the distinct outline in small but various 

size (Figs. 2-5， 15-17). 
The data of the chromosome count in 

diakinesis and early metaphase for two 

species (Table 1) showed the interesting 

feature indicating that the chromosome 
number di任eredbetween the species and 

it was n=ca 34 for Pt. pectinata and n=ca 
32 for Pt. pectinata f. litoralis. The largest 

chromosome at mid-diakinesis takes O-shape 

in Pt. pectinata (Figs. 2-4) and 8・shapein 

Pt. pectinata f. litoralis (Figs. 16-17) and 

this was well discriminated at mid-meta-

phase as an extra large chromosome (Fig. 

5). At anaphase II， this chromosome of 

Pt. pectinata represents the figur・eof X， of 
which one arm is somewhat shorter than 

the other one (Fig. 11). In anaphase 1 & 

II， two long trails were seen to be left 

behind the chromosome alignment， however， 
they were not so evident in Pt. pectinata 
f. litoralis (Figs. 20-21) as in Pt. pectinata 

(Fig. 10). Abberant side views of meta-

phase having odd chromosomes were en-

countered in considerably high frequency 
in Pt. pectinata (Figs. 6-9)， whereas such 
views in Pt. pectinata f. litoralis (Figs. 20-
21) were relatively a few. Rarely in Pt. 
pectinata f. litoralis one lagging chromatid 
(Fig. 21) was found at anaphase 1 & II. In 

both species the chromosome which was 
moving precociously toward each pole was 

occasionally seen in one of the daughter 

nuclei at metaphase II (Figs. 12， 22)， and 
this was visible clearly to be separated 

from the chromosome group even in more 

advanced stages of later anaphase or early 
telophase， too (Figs. 13-14). From the view 

of this characteristic feature of its move-

ment， 1 consider this chromosome to have 

close relation to the sex determination. 

Mitosis in the cell leading to the forma-

tionザ spermatiumand carposporeザ Pti-

lota pectinata f litoralis: The dividing 

nuclei in male plants were easily obtained 

in the materials collected at any time in 

the cells leading to spermatium formation 

(Figs. 23-24)， and the good figures usually 
showed 20-30 chromosomes. In female 

plants， the dividing nuclei were obtained 
not so easily as in males; they were found 

only in the materials collected in the middle 

of May， 1973 at Tachimachi・misaki. In 

those materials mature procarp and that 

with the spermatium nucleus through tri-

chogyne (Fig. 25) had met with frequently. 

Nevertheless， 1 failed to observe the fact of 

the fertilization of male and female nuclei 

within the carpogonium. In the fused cell 

together with carpogonium and auxiliary 

cell and in the cells of the gonimoblast 

arising from the fused cell， 40-60 chromo-
somes were seen occasionally (Figs. 26-27). 

Mitosis in the spore germling of Ptilota 
pectinata f litoralis: The tetraspore and 

carpospore of Ptilota pectinata f. litoralis 
are nearly the same size of ca 36μm in dia-

meter which in somewhat smaller than 

those of Pt. pectinata (average ca 40μm). In 

the same way as was described and figured 

by INoH (1947， p.187-189) on the spore germ-
lings of Pt. pectinata， tetraspore and car-
pospore from Pt. pectinata f. litorali・sin 

culture had developed within two weeks 

after liberation into the thalli consisting 

of several seriated cells with one or several 

long rhizoidal filaments at its base (Fig. 36). 

When prophase sets in within one-cell stage 

of the development the nucleus increase its 
size rapidly until ca 28μm in diameter， where 



the numerous small chromatin granules ap-

pear within the nuclear cavity (Fig. 28). 

Soon the thin chromatin threads come to 

occupy the whole area of the nucleus. At 

late prophase in one or two-cell stage， 1 

saw ca 30 chromosomes in tetraspore ger司

mlings (Figs. 29， 31-32) and 40-60 chromo-
somes in carpospore germlings (Fig. 36). 

In the tetraspore germlings， two chro-

mosomes were somewhat longer than the 

others (Figs. 29， 31) and at anaphase they 

usually left a little longer trails behind the 

groups of chromosomes. As in th巴 case

of anaphase in the t巴trasporogenesis，tetra-

spore germling was rarely seen to have 

one lagging chromatid still remaining near 

the equatorial position at late anaphase 

(Fig. 33). When each cell was completely 

formed by the acomplishment of the cell 

wal1， the newly produced nucleus was found 

for a while connecting each other through 

pit connection of the cell (Fig. 34). 

HANIC states (1973， p. 28) in the spore 

germling of Chondrus that“-at the four-
cell stage; each cell may contain 2-4 nuclei." 

1 (YABU 1976) saw in Palmaria palmata and 

Rhodymenia pertusa that the cel1 of the 

spore germling is essentially uninucleate， 
however some cells occasionally come to 

have multinuclei. In P. pectinata f. litoralis 

the germlings of t巴trasporeand carpospore， 
both have also uninucleate cells， however 
very rarely 2-4 nuclei were observed in 

only one-cel1 stage of the development. 

Unfortunately 1 was unable to ascertain 

whether each of these nuclei were e妊ective

for the later cell formation or the oth巴r

nuclei except one became extinct in a little 

while. With the staining of Fe-propionocar-

mine after Feulgen， HANIC (1973) detected 
the conspicuous polar body at each end of 

the spindles in germling spores of Chon-

drus crispω 1  tried this double staining 

for the tetraspore germlings of P. pecti-

nata f. litoralis， but such a body could not 

be noticed in any of the germlings. 

The chromosome counts in the spore ger-

mlings together with those in the formation 

of reproductive organs in tetrasporophyte 

Yabu， H.: Cytological observations on Ptilota 19 

and gametophyte described above confirmed 

the fact that in Pt. pectinata f. litoralis 

tetrasporophyte is diploid and gametophyte 

is haploid as has been known in many 

species of Rhodophyceae since YAMANOUCHI 

demonstrated on Polysかhoniaviolacea (=P. 

flexicaulis) in 1906. 

1 wish to thank Dr. M. NOTOYA， of the 

Faculty of Fisheries， Hokkaido University， 
for his kind support in collection of the 

materials. 

References 

HANIC， L. A. 1973. Cytology and genetics of 

Chondrus crispus ST ACKHOUSE. Proc. N. S. 

Inst. Sci. 27: 23-52. 

INOH， S. 1947. Kaiso no Hassei. Hokuryu-kan， 

Tokyo. 

KYLJN， H. 1956. Die Gattungen der Rhodo-

phyceen. CWK Greerups， Lund. 

MAGNE， F. 1964. Recherches caryologiques chez 

les Floridees (Rhodophycees). Cah. Biol. Mar. 

5: 461-671. 

McLACHLAN， ].， V AN DER MEER， J. P. and BIRD， 
N. L. 1977. Chrornosorne nurnbers of Graci-

laria foliifera and Gracilaria sp. (Rhodo・

phyta) and atternpted hybridizations. J. rnar. 

biol. Ass. U. K. 57: 1137-1141. 

OKAMURA， K. 1907. Icones of the Japanese 

Algae. 1， Tokyo. 

TOKIDA， J. and MASAKI， T. 1959. A list of 

marine algae collected in the vicinity of 

Oshoro Marine Biological Station， at Oshoro， 
Hokkaido， Japan. Bull. Fac. Fish. Hokkaido 

Univ. 10: 173-195. 

TOZUN， B. 1974. Nuclear division in the red 

algae， Chondria nidifica and Chondria tenuis-

sima. Br. phycol. J. 9: 363-370. 

YABU， H. 1971. Nuclear division in tetrasporo-

phytes of Rhodymenia palmata (L.) GREV. 

Proc. Intl. Seawecd Symp. 7: 205-207. 

Y ABU， H. 1976. A report on the cytology of 

Rhodymenia palmata， Rh. pertusa and Halo-

saccion saccatum (Rhodophyta). Bull. Fac. 

Fish. Hokkaido Univ. 27: 51-56. 

Y AMADA， Y. and T ANAKA， T. 1944. Marine 

algae in the vicinity of the Akkesi Marine 

Biological Station. Sci. Pap. Inst. Algol. Res.， 



20 Jゆ.よ Phycol.27 (1)， 1979 

Fac. Sci， Hokkaido Univ. 3: 47-77. palmata (L.) GREV.， and some other Flori-
Y AMANOUCHI， S. 1906. The life history of Poly- deae. Ann. Bot. (Lond.) 42: 149-172. 

以後，honiaviolacea. Bot. Gaz. 42: 401-449. WITTMANN， W. 1965. Aceto-iron-haematoxylin-

WESTBROOK， M. A. 1928. Contributions to the chloral hydrate for chromosome staining. 

cytology of tetrasporic plants of R加のmenia Stain Tech. 40: 161-164. 

簸 源: クシペニヒパとコパノクシペエヒパについての細胞学的研究

北海道の函館と臼尻に産する紅藻タシペニヒパとコパノタシベニヒパについて細胞学的研究を行った。四分

胞子褒内に於ける減数第一分裂でタシペニヒパでは n=約34，コパノクシペニヒパでは n=約 32の染色体が数

えられた。 このうち最も大きい染色体はディアキネシス期にクシペニヒパで・はOの字型， コパノタシベニヒパ

では8の字型を呈する。コパノタシベニヒパでは精子と果胞子形成過程の細胞並びに胞子発芽体で見た染色体数

から配偶体は単相，四分胞子体は複相であることを確かめた。(北海道大学水産学部 040函館市港町 3丁目 1-1)

Explanation of Plates 

Figs. 1-9. Various stages of nuclear divisions in the tetrasporangia of Ptilota pectinata (GUNN.) 
K]ELLM. All X 1，300. 1. Early diakinesis. 2-4. Mid-diakinesis. The largest chromosome taking 0・

shape is indicated by arrow. 5. Metaphase. Arrow indicates the extra large chromosome which was 
transformed from the O-shaped chromosome appeared at diakinesis. 6-9. Side views with one or 

two odd chromosomes at metaphase (Figs. 6-7) and early anaphase (Figs. 8-9). 

Figs. 10-14. Various stages of nuclear divisions in the tetrasporangia of Ptilota pect勿ata(GUNN.) 

K]ELLM. All x 1，300. 10. Anaphase. 11. Metaphase in the second division. 12. Side view of meta-
phase in the second division. 13-14. Anaphase in the second division. Arrow indicates the chro-

mosome which behaves alone to be separated from the chromosome group. 

Figs. 15-27. Various stages of nuclear divisions in the tetrasporangia of Ptilota pectinata f. lito・
ralis KJELLM. Figs. 15-24 & 26-27， X 1，300; Fig. 25 X 130. 15-17. Diakinesis. Arrow in Figs. 16-17 

indicates the largest chromosome taking characteristic 8・shape. 18-19. Side views of metaphase with 

odd chromosomes. 20. Anaphase in the second division. Arrow indicates one of the faintly stained 

a little longer trails leaving behind the chromosome alignment. 21. Anaphase in the second division. 
Arrow indicated one lagging chromatid. 22. Metaphase in the second division. 23. Late prophase 

(pointed by arrow) in the cell leading to spermatium formation. 24. Liberated spermatium with 
chromosomes (pointed by arrow). 25. Mature procarp with male nucleus (pointed by arrow) through 

trichogyne. 26. Late prophase of diploid nucleus in the fused cell of carpogonium and auxiliary cell. 
27. Interphase or prophase nucleus in the cell of gonimoblast， Chromosomes are seen in the upper-
most and lowermost cell in the五gure.

Figs. 28-36. Various nuc¥ear divisions in the spore germlings of Ptilota pectinata f. litoralis 

KJELLM. Figs. 2泡ー34& 36， X 1，300; Fig. 35， X 130. 28. Prophase in one-cell stage of tetraspore 

germling. 29. Late prophase in one-cell stage of tetraspore germling. Cleavage furrow toward the 

cell division already makes appearence faintly in the horizontal plane. Two long chromosomes are 

indicated by arrows. 30. Anaphase in one-cell stage of tetraspore germling. The trail leaving from 
the chromosome alignment is indicated by arrow. 31-32. Late prophase in two-cell stage of tetra-
spore germlin 
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