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The chromosomes in most eukaryotes are known to have a specifically localized 
centromere. But in some species belonging to the genus Spirogyra (Godward 1950, 
1954a, 1954b), some genera of Desmidiaceae (King 1953, 1960), Luzula (Malheiros 
and Castro 1947, (Ostergren 1949, Nordenskiold 1951, La Cour 1953, Braselton 1971) 

and some genera of Cyperaceae (Battaglia 1954, Hakansson 1958, Strandhede 1965, 
Braselton 1971), the chromosomes are reported to have the diffuse or poly-centro
meres. The chromosomes having the similar type of the kinetic organelles are also 
known in some insects belonging to some orders such as Hemiptera (Hughes-Schra
der and Schrader 1961, Buck 1967, Comings and Okada 1972) and Lepidoptera 

(Murakami and Imai 1974). The presence of the diffuse or poly-centromeres in 
these chromosomes has been induced from such observations as follow: i) in 

general, these chromosomes have no apparently distinct primary constriction; 
ii) in anaphase, the sister chromatids separate quite in parallel, and in some cases 
they move away taking U form with their ends turned to the poles; iii) chromosomal 
fragments, when induced by X (or r)-ray irradiation, behave likewise as normal 

chromosomes, that is, they survive in subsequent generations. Along with these 
observations, the recent studies with the electron microscope in some plant chromo
somes (Braselton 1971) and in some hemipteran chromosomes (Buck 1967, Comings 
and Okada 1972) seem to have evidently substantiated the presence of such non
localized centromeres in the chromosomes.

In Liliaceae, there has been no report dealt with the presence of the diffuse
or poly-centromered chromosomes (holocentric or holokinetic chromosomes) 
heretofore. However, the results now obtained, which will be described here, seem 
to suggest strongly the presence of this type chromosomes in Chionographis japonica 
Maxim.

Materials and methods

Several clones of Chionographis japonica used in the present experiments and 
observations were collected from six localities in western Honshu, Kii peninsula and 
central Honshu (Table 1).

The observations of mitotic chromosomes were made in root-tip meristem cells 
of these clones. The root-tips, pretreated with 0.002M 8-hydroxyquinoline for 4 hrs
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at ca. 20•Ž, were fixed in 45% aqueous acetic acid for 10 min at ca. 10•Ž and macerat

ed in a mixture of 1 N HCI (2 parts) and 45% aqueous acetic acid (1 part) for 1 min 

at 60•Ž, and then stained with 1.5% aceto-orcein for about 15min. The root-tip 

fixation without pretreatment with 8-hydroxyquinoline was also carried out in paral

lel. The root-tips, after stain, were squashed gently on the slide glass when neces

sary to preserve mitotic spindles, but were squashed hard on the slide glass when to 

get sparse chromosome figures. The microscopic observation was made on these 

temporal preparations.

Table 1. Materials examined

1

: Western Honshu.

2: Kii Peninsula.
3: Central Honshu .

X-irradiation experiments : Vividly growing roots were irradiated by X-rays, 

ca. 500R (dose-rate being 500R per minute), in order to break the chromosomes.
Irradiated roots have been harvested at varied intervals: the first fixation (lot 

number, R-1) was made after I day recovery, the second fixation (lot no., R-2) after 
2 days' recovery, the third fixation (lot no., R-3) after 4 days' recovery, and the last 
fixation (lot no., R-4) after 10 days' recovery. The X-rayed roots were fixed in 45 
acetic acid, without any pretreatment, and processed to make preparations after a 
scheme as described above.

In microscopic survey, scores were recorded after four categories; i.e.,i) varia
tion of the number of chromosomes included in cells, ii) types of chromosomal aber
rations, iii) relative frequencies of cells with aberrant chromosomes, iv) mode of 
separation of chromosomal fragments in ana and telophases.

Observations

Mitosis in the root-tip cells in Chionographis japonica (2n=24)

The chromosome number of all clones collected from 6 different localities (Table 
1) has been proved to be 2n=24. This result reconfirmed the previously reported 
chromosome number by Sato (1942), Hara and Kurosawa (1962) and Hara (1968).

In interphase nuclei, many small deeply stained heteropycnotic bodies and light
ly stained diffused chromatic figure can be observed (Fig. 1). A similar counter
staining pattern has also been observed in early prophase chromosomes (Fig. 2). 
These remarked differences observed either in the condensation of chromatin thread 
or in the staining affinity of the chromosomes become more and more indistinct in
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mid prophase. Eventually in mid through late prophase , this differential staining 
pattern was lost (Fig. 3). In some of the chromosomes at mid prophase, however, 
gap-like small constrictions could be seen (Fig. 3), but these constrictions became 
almost invisible in later mitotic stages as the chromosomes get more and more con
tracted. In mid and late prophase, the sister chromatids ran side by side in parallel 
and no region were there to be seen bilaterally linked to each other . After the disap
pearance of the nuclear envelope at the end of the prophase, the chromosomes migrate 
step by step to the equatorial plate (Fig . 4). In this pro-metaphase they are more 
strongly contracted and the sister chromatids lie parallel more intimately than they 
were at prophase.

Figs. 1-11. Mitotic cell cycle in the root-tip cells of Chionographis japonica. •~1680. Bar indi

cates 10ƒÊ. 1, interphase. 2, early prophase. Heterochromatic segments are still apparent in the 

chromatin threads. 3, late prophase, showing some ambiguous gaps in chromosomes. 4, pro

metaphase. 5, metaphase in side view. 6, a polar view of the metaphase. 7, early anaphase, 

showing parallel separation of the chromosomes. 8, early anaphase in side view. 9, early telo

phase. 10, late telophase. 11, daughter nuclei.

In the metaphasic and anaphasic chromosomes in this species, any distinct 

primary constriction simulatable to that of the monocentric chromosomes could
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not be detected (Figs. 6 and 7). However as described above, occassionally in some 

chromosomes, short and small constriction remained visible in metaphase through 

anaphase. A metaphase chromosome complement was found to be consisted of 

4 long and 20 short ones. Average chromosome length measured in 9 cells, pretreat

ed with 8-hydroxyquinoline before fixation, was found to be 2.7ƒÊ in the longest 

pair, 1.3ƒÊ in the shortest one, and the average mean length of all chromosomes of a 

diploid complement was 1.8ƒÊ.

The sister chromatids were observed to move apart parallel in separation in 

mitotic anaphase (Figs. 7 and 8), and this feature differs strikingly from that observa

ble in the monocentric chromosomes in anaphase. The spindle body is broad and 

seemingly of barrelled form.

The tightly condensed mitotic chromosomes begin to loosen by themselves at 
telophase and redisintegration occurs to get a diffused state of the chromatin mass. 
Some parts get completely out of the condensation, while another parts remain un
changed.

Newly formed daughter nuclei are, at first, flat, having disk-like shapes (Fig. 
10), but later they become swollen and eventually global (Fig. 11).

Several distinct heteropycnotic bodies are observed in nucleus at early inter

phase (Fig. 11).
Though one or two nucleoli were found to exist in nucleus at interphase, no 

localized nucleolar constriction nor nucleolar organizing region in the chromosomes 
has been found in the present observations.

From observation described above, specifically concerned to chromosome 
morphology, the chromosome of Chionographis japonica are to be said to have a 

holokinetic feature. Meanwhile, another supporting evidence was provided by 
experiment in which fragments and fragmented chromosomes produced by X-ray 
irradiation have survived through several cell cycles.

Behaviors of the fragments induced by X-irradiation in mitosis
To confirm whether the chromosomes of Chionographis japonica have diffuse 

centromere or not, the following X-irradiation experiments were carried out. Vigo
rously growing roots of the clones were X-rayed and harvested after a schedule as 
described in the experimental methods.

Several types of the chromosome aberrations observed in these irradiated root
tip cells are reproduced in Figs. 12-16. In most of the cells examined, simple brea
kages occurred most frequently to produce chromosomal fragments of various 
dimentions (Figs. 12-14). But in a few cells, some other types of aberrations such as 
diplochromosomes (Figs. 15 and 16), and fused long compound chromosomes have 
been found.

In Table 2, frequencies of the cells with chromosomal aberrations, and frequen

cies of the cells having different aberrant chromosome numbers, including 2n=24 
with aberrations, are tabulated for every experimental lot, R-1, R-2, R-3, and R-4. 
In scoring the number of the cells, we observed chromosomal configurations at 
metaphase, but when was it possible to detect chromosomal aberration in anaphasic 
cells or in pro-metaphasic cells, all of them were included in the scores. In the
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first R-1 lot, the aberrations of the chromosomes could be detected in 182 cells (85
.4
•}4.0%) out of 213 cells examined . Each corresponding measures for R-2, R-3, 

and R-4 lots are 97.0•}3.0% , 84.9•}5.8%, and 82.7•}6.9%, respectively. It is quite 

striking that such unusually high ratio of the cells including chromosomal aberrations 

persisted to the second (R-2), third (R-3), and to the fourth fixations (R-4) . Al

though real scores varied in a series of 85 .4%, 97.0%, 84.9%, and 82.7%, the data 

obtained here seem to imply that the fragments produced by the X -irradiations did

Figs. 12-16. Chromosomal aberrations induced by X-ray irradiation in C. japonica. •~1680. 

Bar indicates 10ƒÊ. 12, a cell (2n=24) with aberrant karyotype (Lot R-3). 13, a cell (2n=29) 

with aberrant karyotype (Lot R-4). 14, a cell (2n=39) with numerous fragments (Lot R-2). 15 

and 16, cells with diplochromosomes (Lot R-3).

survive in the subsequent generations.
Meanwhile, the wide range of the variation of the diploid chromosomal numbers 

was found in every experimental lots (cf. Table 2). The widest range of the chromo
some number was found in the second lot, R-2. Here, 2n was varied from 24 to as 
high as 40. This wide range of chromosome numbers was divided arbitrarily into 
three groups; namely, A-group with aberrant 2n=24, 25, 26, and 27; B-group with 
2n=28-31; and C-group with 2n=32-40. The first A-group occupies about 80 
level in the pooled measures, B-group about 18%, and C-group, about 3%. Relative 
frequencies in the A-group shift in the order from R-1, R-2, R-3, and R-4, as
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72.0%, 69.8%, 86.6%, and 87.0%, respectively . As for relative frequencies of 

aberrant cells in the B-group as compared in the four experimental lots, mean fre

quencies of R-1 (24.2%) and R-2 (22.9%) reduced by half in those scored in R-3 

(11.5%) and R-4 (13.0%). In the C-group, percentage of aberrant cells observed 

in R-1 (3.8%), doubled in R-2 (7.3%), then reduced to about one fourth in R-3 

(1.9%), and turned out zero in R-4. This decline in the relative frequencies of the 

cells having higher number of fragments (those in B and C-groups) in the R-3 and 

R-4 lots is, probably, due either to their inactiveness as the mitotic cells owing to 

their serious physio-genetical damages caused by irradiation, or to the simple sampl

ing error owing to the smallness of the sampling size adopted in the present experi

ment. In any way, the most frequent and common chromosomal aberration observ

ed in the X-rayed root-tip cells was of a simple breakage type (average number of 

breaks per cells was calculated to be about 3). Thus produced fragments of 

various dimentions (average number of the fragments per cell is about 6), are ex

pected to have behaved just like vivid motile chromosomes through a number of 

mitosis. In fact, this was confirmed by observations of a number of anaphase and 

telophase cells. In many cells at anaphase, fragments of various dimentions includ

ing very minute ones of less than 0.4ƒÊ in diameter could be observed to separate 

quite normally with normal mitotic activity. Some of these anaphasic cells, in which 

fragments divide and separate in regular fashion, are shown in Figs. 17-21. Only 

a few cells showed some anomalies in the chromosomal separations (cf. Fig. 23, 

Table 3). That is, the anomalous separation of the chromosomes was observed in

Table 3. Chromosome separation in mitotic anaphase and the absence of 
micronuclei in telophase as observed in the irradiated cells of 

C. japonica

only three cells in the R-1 lot (total number of cells observed being 96), two cells in 
the R-2 lot (35 cells) and one cell in the R-4 lot (72 cells). In most of these anomal
ous cells as to the chromosome separation, laggards or chromatic bridges of rela
tively long sizes were most frequent. But the lagging pair of relatively small sized 
fragments was rare and observed in only one cell in the R-1 lot. This implies that 

most of these anomalous chromosomes as to the chromosome separation were not 
induced by the lack of their own kinetic abilities, but might have induced by their 
structural irregularities caused by the X-ray irradiations. In telophase and even 
in interphase cells, micronucleus was not found at all (cf. Fig. 22, Table 3). That is, 
in spite of the high production of the chromosome fragments by the irradiation,
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chromosome separation at mitotic anaphase and telophase was quite normal. Al

most all the fragments of the chromosomes produced by the irradiation are supposed 

to have underwent regular separation at mitotic stages and survived in the subsequent 

generations. All these observations seem to indicate clearly the presence of holo
kinetic features in the chromosomes of the present materials.

Figs. 17-23. Separation of chromosomes and chromosome fragments in anaphase and telophase 

cells in C. japonica. •~1680. Bar indicates 10ƒÊ. 17 and 18, early anaphase cells showing the 

normal and parallel separation of the chromosomes and chromosome fragments (indicated by ar

rows; both Lot R-4). 19-21, mid to late anaphase cells showing the separation of the fragments 

(indicated by arrows; 19 and 20, Lot R-4; 21, R-3). 22, telophase showing the normal separation 

of chromosomes (Lot R-3). 23, telophase showing one long stretched bridge, just broken by 

septum newly formed (Lot R-1).

Discussion

It is obvious that the chromosomes of Chionographis japonica are holokinetic 

and fall under the category of the holocentric chromosomes, since the behavior and 

appearance of the chromosomes are quite in agreement with some of the known 

characteristic features of the holocentric chromosomes. Namely, the chromosomes
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of this species do not show any morphologically visible constriction at metaphase 
and anaphase; in mitotic anaphase , the sister chromatids separate quite in parallel; 
and the fragments of the chromosomes induced by X-ray irradiation behave just 
like as normal chromosomes and can survive in the subsequent generations. It 
seems quite interesting and striking fact that this type of chromosomes could be 
found in one of the genera of Liliaceae, since among the terrestial higher plants, 
only two families of the monocotyledons, Juncaceae and Cyperaceae, have been 
known to possess the holokinetic chromosomes. Though some taxonomists have 
an opinion that Juncaceae has evolved from Liliaceae, and Cyperaceae from Jun
caceae (e.g., Hutchinson 1934), it must be careful to relate readily Chionographis 
or some allied genera of Liliaceae to some of the genera of Juncaceae, because there 
are wide morphological gaps between those genera of the two families. Though 
we have not ample data to discuss further on this problem, it should be remembered 
that the holocentric chromosomes are known from organisms in relatively remote 
taxonomic relations. This seems to imply that the holocentric nature of the chromo
somes can originate independently in the chromosomes of different organisms.

The recent works with electron microscopy have revealed that there are some 
types in the kinetochore structure of the so-called holocentric chromosomes. That 
is, according to Buck (1967), the mitotic chromosomes of hemipteran insect, Rhodnius 

prolixus, possess an extensive layer of material, interpreted by him as diffuse kineto
chore substance on the chromosome surface. Similar diffuse type of kinetochore is 
also reported in another hemipteran insect, Oncopeltus fasciatus (Comings and Okada 
1972). In this species, plate-like kinetochore is reported to extend to up to 75% 
of the length of the mitotic chromosome surface. Contrary to these reports, the 
ultrastructures of the non-localized kinetochores of Luzula purpurea (Juncaceae) 
and Cyperus alternifolius (Cyperaceae) are reported not a true diffuse type (Braselton 
1971). In Luzula and Cyperus chromosomes, kinetochore material is located in 
several blocks or packages along the poleward surfaces of the chromosomes, though 
it was reported that the Luzula chromosomes have more discrete boundaries of the 
kinetochore units than the Cyperus chromosomes. Both chromosomes are thus 
interpreted as the polycentric ones. In Chionographis, there has been no report dealt 
with the ultrastructure of the kinetochore, but the results obtained from the present 
experiments seem to indicate that the chromosomes of Chionographis have a diffuse 
type of kinetochore. Even if the chromosomes were polycentric, each centromeric 
site might be located very closely to each other. However, the presence of many 
heterochromatic segments in interphase nuclei and in prophase chromosomes seems 
to favor the latter view that the chromosomes are polycentric. To make clear the 
motile system in this specific chromosomes, ultrastructural investigations are to 
be required.

As described already, in Chionographis, many small heterochromatic segments 

(chromocenters) could be observed in interphase nuclei and prophase chromosomes. 
We knew that this characteristic was also known in some other organisms which are 

said to possess the holocentric chromosomes. For example, it is known in some 
species of Spirogyra (S. crassa, S. trifbrmis and S. subechinata; Godward 1954), 
Luzula purpurea (Bernardini and Lima-de-Faria 1967), and Carex pachygyna (Tanaka
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and Hoshino 1975). It is not certain at present whether or not this characteristic 
is really common to all organisms possessing the holocentric chromosomes and what 
implies the presence of these many heterochromatic segments in chromosomes. But 
this problem seems to be quite tempting to study.

In some prophase chromosomes in this material, small constriction-like gap can 
be observed, as noted already. But this 'constriction' disappeared later when the 
chromosomes contracted more and more. Since the chromosomes at mitotic me
taphase and anaphase do not show any distinct morphologically visible constriction, 
and are quite holokinetic at mitotic anaphase, the constriction in question does not 
seem to be equivalent to any functioning centromeric region like that of the ordinary 
monocentric chromosomes. It is interesting that the similar constriction has been 
also reported in chromosomes of some Lepidopteran insects (Bigger 1975, 1976) 
whose chromosomes are also known to be holokinetic. Bigger called this type of 
constriction as the primary centromere, and has explained that it might have a 
limited kinetic function only in earlier stage of the mitotic cycle and in later stage its 
function was taken over by the activity of the holokinetic organization which deve
loped on the contracted chromosomes. The detailed function of this type of con
striction seems to be still open to study.

Summary

Mitosis was studied in the root-tip cells of Chionographis japonica Maxim. 

(2n=24; Liliaceae).
Mitotic chromosomes of this species were found to show several unusual chara

cteristics in the appearance and behavior; namely, the chromosomes at metaphase 
and anaphase do not show any distinct morphologically visible constriction, and the 
sister chromatids in mitotic anaphase separate quite in parallel. These characteri
stics are, apparently, quite different from the ordinary monocentric type of chromo
somes. In order to make clear the motile system of the chromosomes, the X-ray 
irradiation experiments were carried out. Many fragments of chromosomes were 

produced by the irradiation. The ratio of the chromosome-aberrant cells fixed on 
10th day after irradiation (Lot no., R-4) was 82.7%, and this ratio was almost as 
high as the ratio of the aberrant cells obtained in 1st day collection (Lot no., R-1) 
after irradiation. In spite of these high occurrences of the aberrant cells, chromo
some separation was quite normal in most of the anaphase and telophase cells ex
amined, and no micronucleus was detected. In many anaphasic cells, minute frag
ments could be observed to separate quite normally, just like as the normal chromo
somes. Therefore, most fragments of chromosomes could survive in the subsequent 

generations. All these observations seem to suggest that the chromosomes of Chio
nographis japonica are of the holocentric ones.
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