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Yoshikane Iwatsubo' and Noriyasu Saitoh"”: Karyotypes of Y
chromosome mutants of Rumex acetosa (Polygonaceae)

Rumex acetosa L. (Polygonaceae), a dioe-
cious perennial plant with sex chromosomes,
has XX chromosomes in plants with pistillate
flowers (female plants) and X Y,Y, chromo-
somes in plants with staminate flowers (male
plants) (Kihara and Ono 1923a, 1923b, 1925).
In this species, the two Y (Y, and Y,) chro-
mosomes are both polymorphic in the centro-
meric positions (Wilby and Parker 1986), but
their lengths are nearly equal (Kuroki and
Kurita 1969, 1970; Wilby and Parker 1986).
In addition, the mean lengths relative to the X
chromosome are as follows: the Y, chromosome
relative to the X chromosome is ca. 0.83, and
that of the Y, chromosome is ca. 0.75 (Iwatsubo
2014). In R. acetosa occurring in Japan, an oc-
casional male plant had an unusual Y; chromo-
some or an unusual Y, chromosome (Kuroki
and Kurita 1969, 1970) or unusual chromo-
somes for both Y, and Y, (Iwatsubo 2015). The
present article presents findings for two male
plants with two extremely different Y chromo-
somes.

Materials and methods

The two plants used in the study were col-
lected at Shibukawa, Shibukawa City, Gunma
Prefecture (Plant 1), and Kagoto, Nanto City,
Toyama Prefecture (Plant 2). Both plants were
cultivated in plastic pots at the experimental
garden of the University of Toyama. New root
tips collected from the two plants were pre-
treated in a 1.9 mM 8-hydroxyquinoline solu-
tion at room temperature for one hour, and
then kept at 5°C for 15 h. After being fixed in
a mixture of glacial acetic acid and absolute
ethyl alcohol (1:3) at room temperature for 1
h, their root tips were macerated in 1N hydro-
chloric acid at room temperature for 1 h and
then 60°C for ten minutes. After being washed
in tap water, their root tips were stained and

squashed in 1% lacto-propionic orcein, and the
cells with fully-spread metaphase chromosomes
were used for the study. Chromosome form was
expressed according to the nomenclature of Le-
van et al. (1964).

Results and discussion

Plants 1 and 2 each had an X chromosome,
two Y chromosomes and 12 autosomes (Fig. 1),
showing the same chromosomal composition as
an ordinary male R. acetosa.

Karyotypes of Japanese R. acetosa are typi-
cally classified into 10 forms: AA, AB, AC,
AD, BB, BC, BD, CC, CD, and DD (Ono 1935,
Iwatsubo 2014) based on combinations of the
two forms of the A5 and A6 chromosomes.
Plant 1 had a CD karyotype with supernumer-

ary segments on the short arms of its two A5

A {5 p

B
!.—
B A 1
-~ - N £

Fig. 1. Somatic metaphase chromosomes of Plant 1
(A) and Plant 2 (B).
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autosomes (Fig. 2A, Nos. 9 and 10) and one A6
autosome (Fig. 2A, No. 11). Plant 2 had an AA
karyotype with no supernumerary segments in
its autosomes.

The X and two Y chromosomes of the two
male plants showed the following forms:
Plant 1

The two arms of the X chromosome in this
plant were nearly the same length, at 3.5 pm
and 3.6 pm (Table 1). The two arms of the lon-
ger Y chromosomes of this plant were 2.3 pm
and 3.9 pm in length, while those of the short-
er Y chromosome were 2.0 ym and 2.4 pm. The

lengths of the two Y chromosomes were 6.2 pm
and 4.4 pm, respectively. The lengths of each Y
chromosome relative to the X chromosome were
0.87 and 0.62.

Total length of the two Y chromosomes was
10.6 pm. The total length of the two Y chromo-
somes relative to the length of the X chromo-
some (7.1 pm) was 1.49.

Plant 2
The two arms of the X chromosome were 3.5
pm and 3.6 um long (Table 2), which were the

same lengths as the two arms of the X chromo-
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Fig. 2. Karyograms of Plant No. 1 (A) and Plant No. 2 (B). Bar = 5 um.

Table 1. Chromosome lengths of metaphase chro-
mosomes of Plant 1

Table 2. Chromosome lengths of metaphase chro-
mosomes of Plant 2

Short arm +  Total length  Arm

Short arm +  Total length  Arm

Chromosome Long arm (m) (um) ratio Form Chromosome Long arm (zm) (um) ratio Form
X 3.5+ 3.6 7.1 1.0 M X 3.5 + 3.6 7.1 1.0 M
Y 2,3+ 3.9 6.2 1.6 m Y 3.0 + 3.1 6.1 1.0 M
Y 2,0 + 2.4 4.4 1.1 m Y 1.0 + 3.7 4.7 3.7 st
Al 0.9 + 3.7 4.6 4.1 st Al 0.8 + 3.5 4.3 4.1 st
Al 0.9 + 3.7 4.6 4.1 st Al 0.8 + 3.5 4.3 4.5 st
A2 0.8 + 3.2 4 4.0 st A2 0.8 + 3.3 4.1 4.1 st
A2 0.7 + 3.3 4 4.7 st A2 0.8 + 3.2 4.0 4.0 st
A3 t—0.6 + 3.2 3.8 5.3 st A3 t-0.6 + 3.2 3.8 5.3 st
A3 *t—0.6 + 3.2 3.8 5.3 st A3 t—0.6 + 3.2 3.8 5.3 st
A4 0.7 + 3.0 3.7 4.3 st A4 0.7 + 3.1 3.8 4.4 st
A4 0.7 + 2.8 3.5 4.0 st A4 0.7 + 2.9 3.6 4.1 st
A5 (SS5) 1.4+ 27 4.1 1.9 sm A5 0.7+ 2.8 3.5 4.0 st
A5 (SS5) 1.5 + 2.7 4.2 1.8 sm A5 0.7 + 2.7 3.4 3.9 st
A6 (SS6) 1.5+ 1.9 3.4 1.3 m A6 0.8 + 2.1 2.9 2.6 sm
A6 1.0 + 2.2 3.2 2.2 sm A6 0.8+ 1.9 2.8 2.4 sm

Total length and arm ratio do not include the satellite.
SS5: A5 with supernumerary segment.

SS6: A6 with supernumerary segment.

t: satellite.

*t: scanty satellite.

Total length and arm ratio do not include the satellite.
t: satellite.
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some of Plant 1. In Plant 2, one Y chromosome
showed arm lengths of 3.0 pm and 3.1 pm, and
1.0 pm and 3.7 pm in the other Y chromo-
some. The lengths of the two Y chromosomes
were 6.1 pm and 4. 7 pm, with ratios of 0.86
and 0.66 relative to the length of the X chromo-
some. The ratio of the total length of the two Y
chromosomes (10.8 pum) relative to the length
of the X chromosome (7.1 pm) was 1.52.

Iwatsubo (2014) reported that on average,
the lengths of the Y, and Y, chromosomes
relative to the X chromosome were 0.83 and
0.75, respectively, for 22 male plants, and total
lengths of the two Y chromosomes were 1.58
times that of the X chromosome.

While the two Y chromosomes of the two
male plants examined in this study differed
markedly in length, the ratio of the total length
of the two Y chromosomes relative to the
length of the X chromosome was almost always
around 1.5. This is fairly consistent with mea-
surements taken in normal plants of R. acetosa
occurring in Toyama Prefecture of Central Ja-
pan (Iwatsubo 2014).

The marked differences in the two Y chromo-
somes found in the two plants are considered
to have arisen primarily due to translocation
between their Y chromosomes.
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