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Introduction

As to the chromosome number of the rye, Secale cereale, n=7 and 
2n=14 were given by SAKAMURA (1918) and other investigators. But a 
form with 8 pairs of chromosomes was frequently observed by KIHARA 

(1924) and others.
GOTOH (1924, 32) has shown that the 8-chromosome plant has 

arisen from the normal one with 7 chromosomes through the trans
versal segmentation into two of the largest chromosome at its median 
constriction point, and these segments have no constrictions within 
themselves. The longer segment has been called by him the "I". 
chromosome and the shorter the "k"-chromosome. The chromosome 
formula (6+1k) is given to the chromosome content of the 7-chromo
some type, and (6+1+k) to the 8-chromosome one, and the total length 
of the chromosomes in the 8-chromosome one was reported to be the 
same as that of the 7-chromosome one.

LEVITSKY (1929, 31) has observed in the karyo-morphological studies 
on Secale cereale, that the chromosome set of a plant with 16 chromo
somes in diploid contains two uncommon and new chromosomes in 
addition to the typical 14 chromosomes. These two chromosomes are 
small and have the oval head like a proximal arm divided by the 
constriction on them.

So he has come to a different opinion from GOTOH's hypothesis in the 
elucidation of the chromosomal configuration of the 8-chromosome rye.

It is interesting that this form with such as the segments or the 
extra chromosomes is quite fertile and is found so frequently in most 
countries where rye is cultivated.

I think further karyo-genetical studies in both forms of Secale 
cereale is important.

Materials and Methods

In the field of Secale cereale in charge of Prof. Dr. TABATA, the 
writer has found two plants with 8 pairs of chromosomes in their 
PMC-s, and one of them was used in this investigation.

BELLING's iron aceto-carmine was employed for PMC-s with good 
results. In applying this fluid to the pollen grains in the usual manner, 
the observation of the chromosome figures was difficult. So that the
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writer used the following method.

Pollen grains were fixed in a large quantity of iron aceto-carmine 

containing a relatively large amount of iron in the usual way. After 

the smear was covered, the slide was heated gently on the micro-flame 

to 60-70•Ž for just a minute, but no bubbles appeared. Then the 

excess of fluid was removed.

We could read the temperature on the slide by heating from the 

melting figure of paraffin or vaseline prepared on it in advance. By 

heating the slide, the chromatic substance is stained rapidly and the 

granular materials such as starch grains and fat or oil droplets which 

prevent the observation of chromosome figures disappear.

Overheating may burst the wall of the pollen grains, so that 

caution is necessary to avoid it.

In order to compare the size and shape of chromosomes of 7

chromosome rye with those of the 8-chromosome one, it is important to 

take exact measure of their size and shape.

So the method for chromosome measuring reported in the writer's 

former work (1932) was adopted for this purpose.

7-Chromosome Rye

In common rye, 7 bivalent chromosomes were observed in 1st 

metaphase in their PMC-s. These chromosomes took usually the regu

lar behaviour in meiosis as described in other papers on rye, though

 in rare cases the writer has observed two 

partners of a bivalent disjoined much earlier 
than in other bivalents in metaphase and chro
mosome bridges in anaphase in the 1st division.

After the regular distribution of chromo
somes to tetrad cells, the chromosome number 
at metaphase of primary division of pollen 
nucleus was found to be 7 (Fig. 1).

The metaphasic chromosomes of primary 
division of pollen nucleus were observed to be 
slightly thicker than the somatic ones in root
tip, and besides, their number is half of that 
in somatic cells, so that the observation on

Fig. 1. Metaphasic chromo

somes in primary nuclear 

division of pollen grain of 

7-chromosome rye. •~2270.

their size and shape is comparatively easy if they are stained well.
It was not impossible to measure the chromosome lengths using 

the writer's methed (1932), though they were s'ained with iron aceto
carmine. And the lengths of the longest and the shortest chromo
somes were measured by this method.

LEVITSKY (1931) measured by his special method the lengths of the 
somatic chromosomes of 7-chromosome rye.
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In Table 1 the actual lengths of the longest and the shortest 

chromosomes measured by the writer in metaphase at primary division 

of nollen nucleus are compared with those of LEVITSKY.

Table 1. Comparison of the chromosome lengths in somatic cell after 
LEVITSKY (1931) with those of pollen nucleus by the writer.

Lengths of chromosome parts cut by constrictions are given with the mark +, and the sum is 
the whole length of chromosome.

The chromosome set in which the measurements were made by the 
writer is shown in Figs. 1 and 5a.

At metaphase in primary division of pollen nucleus, all the chromo
somes are situated almost in one plane and they show less foreshort
ening and curvature than the somatic ones. All the chromosomes 
show remarkable constrictions. Out of seven chromosomes in a set, 
three have the submedian constriction and are different in their whole 
lengths. The other three have the median constriction and they also 
differ in their whole lengths from each other. The remaining one is 
divided by a constriction into long and short arms, and a special large 
appendage is attached to the proximal end of the short arm beyond the 
broad achromatic zone. So, it is easy to distinguish this chromosome 
from the other ones by this peculiality.

8-Chromosome Rye

At metaphase of 1st meiotic division, 8 bivalents of varied size 
were observed in this form (Fig. 2), though 7 were counted in the

Figs. 2-3. Metaphasic chromosomes in 1st divisions of PMC-s of 8-chromosome rye, 
showing the extra chromosome which is represented in its outline only. 2, Polar 
view. 3. All 8 bivalent chromosomes are drawn separately from a PMC. Side view.

ordinary form. In order to show the difference in size and shape of 

bivalents, 8 bivalents in side view in a PMC are drawn separately in 

Fig. 3.
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One of the bivalents is smaller than the others, and its two ele
ments are conjugated to each other end to end. This is a bivalent that 
could not be observed in the chromosome figure in the meiosis of 7
chromosome rye.

The prematured pollen grains were observed to be nearly similar 
in their size and they had the usual shape. Extra micro-nuclei which 
should arise from the laggard chromosomes in the meiosis were not

 observed in them. Thus the majority of young 

pollen grains were morphologically normal.
The number of chromosomes in pollen 

grain was counted in metaphase of primary 
division of pollen nucleus. The counts were 
made in 61 pollen grains in which the chromo
some figure was quite clear. 8 chromosomes 
(Fig. 4) were always counted, except in one 
case in which 9 was observed, but we could 
not find any one with 7 chromosomes.

In general we may conclude from these 
facts that the 8 bivalents in PMC are dis
tributed rather regularly to their tetrad.

Fig. 4. Metaphasic chromo

somes in primary nuclear 

division of pollen grain of 

8-chromosome rye. •~2270.

The comparison between the 7 and 8-chromosomes rye has been 

carried out on their chromosome regarding their size and shape at meta

- phase in primary divi
sion of pollen nuclei.

As can be seen in 

Fig. 5, there are seven 

chromosomes in both 

forms which are ex

actly alike in their 

size and shape, but 

one small chromosome 

in 8-chromosome rye 

does not exist in the 

7  chromosome one. 

This extra chromo

some is far smaller 

than the other and its 

shape is special in that 

an oval head or a 

short arm is attached 

to the proximal end of

Fig. 5. Metaphasic chromosomes in primary divisions of 

pollen nuclei of 7 and 8-chromosome rye. All chromo

somes are separately drawn in the order of their type 

divided by the length and the position of constrictions. 

•~ 2270. a. 7-chromosome rye in Fig. 1. b. 8-chromo

some rye in Fig. 4, showing the extra chromosome on 

the right end.

a long arm. The constriction on the extra chromosome is more super

ficial than those on other chromosomes.
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From this comparison, it is clear that the extra chromosome is 
derived from the smallest bivalent in 1st. metaphase in meiosis.

The position of nucleus in pollen grains is usually characterized by 
the stages of their development. At the end of meiosis the tetrad cells 
are separated from each other and become independent pollen grains. 
Following this stage, a large vacuole appears in the cytoplasm and a 

germ pore is formed on the pollen wall near the broad end of the 
pollen grain. At early prophase in primary division of pollen nucleus, 
the nucleus lies near the sharp end of the pollen grain, where the 
opposite position of the germ pore is located (Fig. 6). At metaphase all 
the chromosomes lie on a plane (Fig. 7). Then a vegetative (tube) and 
a generative nuclei are formed (Figs. 8-10). After the primary division, 
the vegetative nucleus moves to the opposite side of the pollen grain 
where the germ pore is located, and its staining capacity is lessened 
(Fig. 11). But the generative nucleus remains in the same position as 
before, and divides again to form the two sperm nuclei. We can dis
tinguish the vegetative or the generative nucleus by their position, 
shape and staining capacity.

At anaphase of primary nuclear division in pollen grain of 8
chromosome rye, divided halves of the ordinary seven chromosomes 

pass normally to two poles, but those of the extra chromosome show 
rather irregular behaviour and they often reach the poles later than 
other chromosomes. In late anaphase and in early telophase of primary 
nuclear division, they were often found lagging behind. In some cases 
the halves of the extra chromosome are carried to either pole without 
separation.

When the split halves of an extra chromosome are distributed to 
different poles, both the vegetative and generative nuclei should have 
8 chromosomes (Fig. 13). If the two halves go to the generative 
nucleus, it should have 9, i.e. 7+2x chromosomes, and the vegetative 
nucleus contains 7 ordinary chromosomes (Figs. 8 & 14). If the two 
halves go to the vegetative nucleus, 7+2x chromosomes should be cont 
tained there, and the generative one receives 7 chromosomes. If the 
two halves were left behind as lagging chromosomes, both the vegeta
tive and generative nuclei should have 7 chromosomes.

The frequency of irregular distribution of the extra chromosomes 
is shown in Table 2.

As can be seen in this table, the two split halves of the extra chro
mosome are in most cases included in the generative nucleus in late. 
anaphase. The cases showing lagging chromosomes in early telophase 
were observed also relatively frequent. These laggards may probably 
be disorganized later. Thus the majority of pollen grains may contain 
in their vegetative nuclei 7 ordinary chromosomes.
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The generative nucleus divides again to form two elongated sperm 
nuclei. The metaphasic chromosomes in this division are smaller

Figs. 6-14. Primary nuclear division in pollen grains of 8-chromosome rye. •~940 for 

Figs. 6-14, •~2130 for Fig. 14. 6. Prophase. 7. Metaphase. 8. Anaphase; showing 

irregular distribution, the extra chromosome is going to generative nucleus without 

division. 9. Late anaphase. 10. Telophase. 11. Vegetative nucleus moved to the 

side where the germ pore is located. 12. Early anaphase; the extra chromosome is 

retarded. 13. Early anaphase; 2 halves of the extra chromosome are going to the 

different poles. 14. Anaphase; the generative nucleus receives 2 halves of the extra 

chromosome, but the vegetative ordinary 7 chromosomes.
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Table 2. Frequency of irregular distribution of the extra chromosomes in 

primary nuclear division of pollen grains of 8-chromosome rye.

than those of primary nuclear division, and the observation of them is 
interrupted by the accumulation of granules in cytoplasm. So that the 
writer failed to make clear the number and behaviour of chromosomes 
in the division of generative nucleus.

Discussion

The comparison of chromosomes between both the 7 and 8-chromo
some types of rye is necessary in relation to the elucidation of the 

phylogenetic relationships between them. Metaphasic chromosomes in 
primary nuclear division of pollen grains are useful for this purpose.

The chromosome set of 8-chromosome plant was found to consist 
of 7 chromosomes quite similar to the 7 chromosomes of the ordinary 
rye plus a small extra chromosome. Thus the results of the writer are 
the same as that of LEVITSKY (1929, 31) which were obtained comparing 
the somatic chromosomes of 7 and 8-chromosome ryes.

If the extra chromosome is indicated by x, 8-chromosome plant in 
my material is represented by the chromosome formula (7+x) in 
haploid, or (14+2x) in diploid.

GOTOH (1924, 32) has reported that 8-chromosome plant arose from 
7-chromosome type through the transversal segmentation into two 1 
and k of its largest chromosome 1k, which occurred at the median 
constriction point. So that the 7-chromosome plant is indicated by 
(6+1k), and the 8-chromosome one by (6+1+k).

According to GOTOH, the total length of chromosomes which he 
measured directly on the drawings of metaphases of homoetypic divi
sion, is the same in both types, notwithstanding the different number 
of chromosomes. He also supposed that an indvidual with the new 
formula (6+1+2k) may become (7+k), by the reunion of the segments 
1 and k into the original chromosome 1k. So, he called the (7+k)-rye 
the secondary and the (6+1+k)-form the primary 8-chromosome rye.
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Then, we shall examine whether the x-chromosome in our material 

(7+x) is the same or different from the k-chromosome in GOTOH's 
(6+1+k) and (7+k).

Now we are going to compare the lengths of chromosomes with 
the extra and special chromosomes which are pecurially marked by the 

presence of a large appendage and broad achromatic zone.
The chromosome lengths were measured by the writer's method 

(1932), and the results are shown in the following table:

Table 3. Lengths of the extra and the special chromosomes exactly

 measured (ƒÊ).

In order to give a clear idea of the size and shape of chromo

somes, they are represented diagrammatically in Fig. 15.

As may be seen in Table 3, the whole length of the extra chromo

some is greater than any part of the special chromosome which are 

divided by constrictions. So, the supposition that the extra chromo

some should have arisen from a short arm formed by the submedian 

constriction of the special chromosome is not correct.

According to the results of LEVITSKY (1931) who has measured the 

somatic chromosomes of 7-chromosome rye, the long arm on the special 

chromosomes is 9.75-9.8ƒÊ and the largest short arm found in other 12 

chromosomes is 4.5-4.7ƒÊ. Thus the long arm on the special chromo

some is greater than the short arm of any other chromosome.

Accordingly, the extra chromosome is 

greater than any short arm on other chromo
somes. The writer's results are similar to 
those of LEVITSKY.

The k-chromosome in GOTOH's (6+1+k) 
and (7+k) types which were supposed to have 
arisen from the shorter arm of the largest 
chromosome has no constriction, so that the 
x-chromosome in our material (7+x) may not 
be the same as it. DARLINGTON (1933), how
ever, reported that he has observed the sub
terminal constriction on the k-chromosome in 
his 8-chromosome rye.

In meiosis in PMC-s of 8-chromosome rye, 
8 bivalents showed rather regular behaviour, 
and 8 chromosomes were in most cases counted

Fig. 15. Comparison of the 

size and shape of the extra 

and the special chromo

somes diagrammatically 

represented according to 

the results of exact mea

surements. •~3410.
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in metaphase at primary nuclear division in pollen grains. But the 
extra chromosome shows rather irregular behaviour in anaphase at 

primary nuclear division of pollen grains. Two split halves of it are 
carried to one of the two poles without being separated or are dis
tributed to both poles. Occasionally they were found lagging behind in 
early telophase of this division.

When the two split halves of the extra chromosome pass to the 
vegetative nucleus without separation or are left behind as laggards, 
the generative nucleus should have 7 normal chromosomes, and then it 

produces two sperm nuclei in the next division giving 7 chromosomes in 
each. If this gamete unites with a normal gamete of the common rye, 
the zygote having 14 common chromosomes will be expected.

When the two split halves are included in the generative nucleus, 
its chromosome content is (7+2x). If (7+2x)-gamete which would be 
expected from (7+2x)-generative nucleus unites with a normal (7)

gamete, its zygote should be (14+2x), the 16-chromosome plants.
Thus in the offspring of 8-chromosome rye, the plants having 14, 

15 and 16 chromosomes in diploid will be expected. EMME (1927, 28) 
reported that she has found plants with 14, 15 and 16 somatic chromo
somes. (14+nx)-forms may also be produced by the duplication of the 
x-chromosome.

In late anaphase of primary nuclear divisions in pollen grains with 

(7+x)-chromosomes, two daughter extra chromosomes were included in 
many cases in the generative nucleus, or they remained lagging and 
then disorganized: viz. the vegetative nucleus had no extra chromo
some in most cases.

The chromosome contents in the vegetative nucleus might have 
some influence upon the development of pollen grain and pollen tube. 
The same in the generative or sperm nuclei may affect on the other 
hand the development of the embryo and endosperm. More detailed 
work is needed, however, on these problems.

Summary

1. The comparison of chromosomes was made between 7- and 8
-chromosome rye regarding their, size, shape and behaviour in 
PMC-s and pollen grains.

2. In common rye, the chromosome number was counted to be 7 at 
metaphase of primary nuclear division in pollen grains. These 
chromosomes were classified into three groups according to their 
size and shape.

3. During the meiosis in 8-chromosome rye, 8 bivalents showed rather 
regular behaviour, and 8 chromosomes were counted in the majority 
of their pollen grains.
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4. Chromosome set of 8-chromosome rye consists of 7 chromosomes 

quite similar to those of 7-chromosome rye and an extra small 
chromosome.

5. The extra chromosome is not the same in its size and shape as the 

k-chromosome in GOTOH's 8-chromosome rye.
6. The position and shape of nucleus in pollen grains is usually 

characterized by the stages of their development , and we can 
distinguish by these the vegetative and the generative nuclei .

7. The extra chromosome shows rather irregular behaviour in primary 

nuclear division of pollen grain. In most cases, two halves of it 
were included in the generative nucleus or remained lagging , so 
that the vegetative nucleus receives 7 ordinary chromosomes. 

8. From the irregular distribution of the extra chromosome, the plants 
having 14, 15 and 16 chromosomes in diploid may be expected in 

the offspring of 8-chromosome rye.

The writer wishes to express his gratitude to Prof. Dr. KAGAWA 
for his valuable advice, and is also indebted to Prof. Dr. TABATA for 

the permission to use the material under his management.

Literature Cited

Darlington, C. D. 1933 The Origin and Behaviour of Chiasmata, VIII. Secale cereale 
(n, 8). Cytologia 4: 444-452.

Emme, H. 1927 Zur Cytologie der Gattung Secale L. (Russisch mit deutschen 
Resume). Bull. Appl. Bot. of Genet. & Plt. Breed., Leningrad, 
17: 73-100.

- 1928 Karyologie der Gattung Secale L. Zeits. f. ind. Abst. a. 
V erer. 47: 99-124.

Gotoh, K. 1924 Uber die Chromosomenzahl von Secale cereale L. Bot. Mag. 
(Tokyo) 38: 135-152.

- 1932 Further Investigation on the Chromosome Number of Secale 
cereale L. Jap. Jour. of Genet. 7: 172-182.

Hasegawa, N. 1932 Comparison of Chromosome Type in Disporurn. Cytologia 3: 
350-368.

Kihara, H. 1924 Cytologische and genetische Studien bei wichtigen Getreide
- arten mit besonderer Riicksicht auf das Verhalten der Chro
mosomen and die Sterilitat in den Bastarden. Mem. Coll. Sci. 
Kyoto Imp. Univ., B. 1: 1-200.

Levitsky, G. A. 1929 Investigation on the Morphology of Chromosomes (Russian
 with Engl. summary). Proc. U. S. S. R. Cong. of Genet. Plt. & 

Anim. Breed. 2: 87-105.
- 1931 The morphology of Chromosomes (Russian and Engl.). Bull. 

Appl. Bot. of Genet. & Plt. Breed. 24: 19-174.
Sakamura, T. 1918 Kurze Mitteilung caber die Chromosomenzahlen and die Ver

- wandtschaftsverhaltnisse der Triticum-Arten. Bot. Mag. 
(Tokyo) 32: 150-153.


