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The genus Artemisia L. (Asteraceae)occurring mainly in the temperate area of northern hemisphere,
is comprised of about 350 species worldwide (Mabberley 2008), with 30 species native to Japan (Koyama
1995) . This genus is known to show variations in chromosomal number with 2n=14, 16, 18, 25, 27, 34,
36, 45, 51, 52, 53, 54, ca.72 and 78 (Fedorov 1969), and to be a polybasic genus of x=8, 9, 17 and 26.
Among these, multiples of 8 and 9 are considered to serve as primary basic chromosome numbers while
multiples of 17 and 26 serve as the secondary basic chromosome numbers by polyploidy origin (Darling-
ton and Wylie 1955 ; Arano 1962 ; Kawatani and Ohno 1964) .

The study of karyotypes in this genus provides insight into the karyotypic evolution that accompanies
diversification of basic chromosome numbers. This paper is the first report of our karyotypic descriptions
of this genus and deals with the following three diploid Artemisia species:A. monophylla Kitam., A.
sinanensis Y. Yabe and A. stelleriana Besser.

Materials and methods

The plants used in this study include : three specimens of A. monophylla collected at Shiraki-mine,
Toyama City, Toyama Prefecture ; three specimens of A. sinanensis collected along a pathway from Ichi-
nokoshi to Higashi-ichinokoshi, Mt. Tateyama, Tateyama-machi, Toyama Prefecture ; nine specimens of
A. stelleriana collected from two sites in Utabetsu (five plants) and the Erimo Cape (four plants), at the
coast of Erimo-cho, Horoizumi-gun, Hokkaido.

Karyotypic analysis of cell nuclei from the plant root tips was performed. Actively growing root tips
collected from plants grown in clay pots were pretreated in a 2 mM 8-hydroxyquinoline solution at room
temperature (ca. 25°C) for 1 h, and then kept at ca. 6°C for 15 h. Root tips were fixed in a 1: 3 acetic acid
and ethyl alcohol mixture for 15 min, macerated in 1 N hydrochloric acid at 60°C for 6 min, and then
washed in tap water. They were stained in 1.5% lacto-propionic orcein. Standard squash technique was
applied for the examination of their karyotypes. A cell with fully-spread metaphase chromosomes was
selected from each plant, and its chromosomal form was expressed according to the nomenclature of
Levan et al. (1964).

Results and discussion

Descriptions of the somatic chromosome complements of A. monophylla, A. sinanensis and A. stelleri-
ana are as follows :
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Fig.1. Karyotypes of three species of Artemisia in Japan. A :A. monophylla (2n=18). B : A. sinanensis (2n=18).
C:A. stelleriana (2n=18). Arrows indicate satellite chromosomes. Bar represents 5 um.
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(1) A. monophylla (Fig. 1A)

This plant is an endemic alpine perennial herb from Honshu, Japan (Koyama 1995). All three speci-
mens examined had a somatic chromosome count of 18 in agreement with previous reports of this spe-
cies (Suzuka 1950, 1952 ; Masumori 1961 ; Arano 1962, 1968) . Karyotype was examined in one specimen.
Somatic metaphase chromosomes ranged from 2.1 to 3.3 um in length and 1.0 to 4.0 in arm ratio (Table
1), and were divided into 3 groups : 14 metacentric (M+m) chromosomes, 2 submetacentric (sm) chromo-
somes, and 2 subtelocentric (st) chromosomes. This somatic chromosome complement is formulated as 2n
=18=14 (M+m) +2 sm+2 st.

Table 1. Measurements at somatic metaphase chromosomes of Artemisia monophylla

No. Length(um) Total(am) Arm ratio Form
1 1.4+19 3.3 1.4 m
2 1.3+1.9 3.2 1.5 m
3 1.5+1.5 3.0 1.0 M
4 1.4+1.5 2.9 1.1 m
5 1.1+1.8 2.9 1.6 m
6 1.2+1.6 2.8 1.3 m
7 1.2+1.5 2.7 1.3 m
8 1.3+14 2.7 1.1 m
9 1.0+1.6 2.6 1.6 m
10 1.1+1.5 2.6 1.4 m
11 0.6+1.9 2.5 3.2 st
12 0.5+2.0 2.5 4.0 st
13 1.2+1.3 2.5 1.1 m
14 1.2+1.3 2.5 1.1 m
15 0.8+1.7 2.5 2.1 sm
16 0.7+1.8 2.5 2.6 sm
17 09+1.4 2.3 1.6 m
18 0.9+1.2 2.1 1.3 m

M : exact metacentric chromosome. m : metacentric chromosome. sm : submeta-
centric chromosome. st : subtelocentric chromosome.

Masumori (1961) reported that this species from Shin-koshinokkoshi in Mt. Narusawa-dake, the
boundary between Toyama Prefecture and Nagano Prefecture in central Japan, had 4 satellite chromo-
somes. However, Arano (1962)did not find any satellite chromosomes in the karyotype of this species
from Mt. Nasudake in the Tochigi Prefecture. The karyotype found in the present study was in confor-
mity with that of Arano (1962).

(2) A. sinanensis (Fig. 1 B)

This species is also an endemic alpine perennial herb in Honshu, Japan (Koyama 1995), and is known
to be a diploid species with 18 chromosomes (Matsuura and Suté 1935 ; Arano, 1963, 1968 ; Kawatani
and Ohno 1964).

All three specimens examined showed 18 chromosomes, in agreement with the reported chromosome
count of this species (Matsuura and Suté 1935 ; Arano 1963, 1968 ; Kawatani and Ohno 1964).

The karyotypes of the three specimens were nearly the same, demonstrating somatic metaphase chro-
mosomes ranging from 3.6 to 5.4 um in length and 1.0 to 5.2 in arm ratio(Table 2), divided into 2
groups : 14 metacentric chromosomes and 4 subtelocentric chromosomes. All of the 4 subtelocentric chro-
mosomes had tiny satellites on their short arms. The somatic complement of A. sinanensis was thus for-
mulated as 2n=18=14 (M+m) +4tst.

The karyotype of this species had been reported by Arano (1963)on a plant collected in Mt. Tateyama,
where also the plants used in this study were gathered, and was found to have one pair of subtelocen-
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Table 2. Measurements at somatic metaphase chromosomes of Artemisia sinanensis

No. Length(um) Total(am) Arm ratio Form
1 2.1+3.3 54 1.6 m
2 2.2+3.2 5.4 1.5 m
3 2.4+3.0 54 1.3 m
4 2.3+3.0 5.3 1.3 m
5 2.4+2.7 51 1.1 m
6 2.3+2.8 5.1 1.2 m
7 2.5+2.5 5.0 1.0 M
8 2.4+2.5 4.9 1.0 M
9 2.0+2.6 4.6 1.3 m
10 2.0+2.5 4.5 1.3 m
11 2.1+2.3 4.4 1.1 m
12 2.1+2.3 4.4 1.1 m
13 1.8+24 4.2 1.3 m
14 1.8+2.4 4.2 1.3 m
15 t-0.6+3.1 3.7 5.2 st
16 t-0.6+3.0 3.6 5.0 st
17 t-0.8+2.8 3.6 3.5 st
18 t-0.8+2.8 3.6 3.5 st

t : satellite. M : exact metacentric chromosome. m : metacentric chromosome. sm :
submetacentric chromosome. st : subtelocentric chromosome.

tric chromosome with a satellite. Such a difference in reported karyotype may be due to the tiny size of
the satellites.
(3) A. stelleriana (Fig. 1C)

This species occurs in the coastal regions of the Aleutian Islands, Korea, Sakhalin, Kurile Island,
Kamchatka, Okhotsk region, the Maritime Province and Japan (Koyama 1995). In Japan, this plant is
distributed in both Hokkaido and the northern part of Honshu. In this species, we obtained a diploid
chromosome count of 18 in all nine specimens examined.

Our findings were consistent with all previous reports of the chromosome numbers for this species
(Suzuka 1950, 1952 ; Sokolovskaya 1960, 1966 ; Arano 1962, 1968 ; Masumori 1963 ; Kawatani and Ohno
1964 ; Korobkov 1972 ; Taniguchi et al. 1975 ; Morton 1981 ; Nishikawa 1981 ; Probatova and Soko-
lovskaya 1981 ; Rudyka 1995). Within the nine specimens, one plant was used to assess the karyotype.
The chromosomes at metaphase ranged from 2.5 to 3.3 um in length with arm ratios of from 1.0 to 4.0
(Table 3). The 18 chromosomes were divided into 12 metacentric chromosomes, 2 submetacentric chro-
mosomes, 2 submetacentric chromosomes with satellites at the ends of their short arms, and 2 subtelo-
centric chromosomes with satellites on their short arms. The somatic chromosome complement was thus
formulated as 2n=18=12(M+m) +2 sm+2tsm-+2tst. Arano (1962) reported that the plant from Gensei-
kaen, Abashiri City, Hokkaido Prefecture, had 2 satellite chromosomes ; while Masumori (1963) reported
that the plant from Toyotomi-cho, Hokkaido Prefecture, had 4 satellite chromosomes. The karyotype
found in our study was almost completely in conformity with that of Masumori (1963).

The present study shows that a total of 16 metacentric and submetacentric chromosomes are found in
both A. monophylla and A. stelleriana, and 14 metacentric chromosomes in A. sinanensis. These fea-
tures show that they have all symmetric karyotypes.

In contrast, the number of reported satellite chromosomes sometimes differs by account. Such vari-
ation suggests that the secondary constrictions of satellite chromosomes in Artemisia do not always ap-
pear or that karyotypes are diversified within each species.

We are grateful to Dr. Kyoko Sato for providing A. stelleriana. We thank late Dr. Teisaku Kobayashi,
a member of the Planting Research Committee of Tateyama Route Area, for provided young A. sinanen-
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Table 3. Measurements at somatic metaphase chromosomes of Artemisia stelleriana

No. Length(um) Total(am) Arm ratio Form
1 1.5+1.8 3.3 1.2 m
2 1.5+1.8 3.3 1.2 m
3 1.4+1.6 3.0 1.1 m
4 1.3+1.7 3.0 1.3 m
5 t-0.6+2.4 3.0 4.0 st
6 t-0.6+2.3 2.9 3.8 st
7 1.3+1.5 2.8 1.2 m
8 1.3+1.5 2.8 1.2 m
9 1.2+1.6 2.8 1.3 m
10 1.3+1.4 2.7 1.1 m
11 1.3+1.3 2.6 1.0 M
12 1.3+1.3 2.6 1.0 M
13 1.1+1.5 2.6 1.4 m
14 1.0+1.5 2.5 1.5 m
15 0.9+1.6 2.5 1.8 sm
16 0.9+1.6 2.5 1.8 sm
17 t-0.9+1.6 2.5 1.8 sm
18 t-0.9+1.6 2.5 1.8 sm

t : satellite. M : exact metacentric chromosome. m : metacentric chromosome. sm :
submetacentric chromosome. st : subtelocentric chromosome.

sis plants after they had been used for a germination experiment of the seeds of this species.
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