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Junko NoGUCHI*, Shuichi NAKAYAMA™** and Shoichi KAWANO*** :
Karyotype Analysis of Artemisia rubripes, an Introduced
Species from the Asiatic Continent into Hokkaido, Japan,
and a European Species, A. vuigaris.

BONEF* » plifg—r* » FEFIE—*** .
3 E X BT 2 EALIEREE Artemisia rubripes B & O
I—w 8B A vulgaris DYBEE L ETARE

In the previous paper, it was shown by
NAKAYAMA (1983 in press) that a taxonomically
unknown species of Artewmisia, which at present
ocecurs widely in eastern to central Hokkaido, was
identified as A. rubripes NAKAI (Sect. Abrotanum
Subsect. Polycarpicae Series Vulgares-Mongoli-
cae) (KITAMURA, 1940} based upon its morpho-
logical characters, although it had been once
tentatively referred to A. vuigaris L., a European
species (cf. NAKAYAMA, 1983 in press). It was
also suggested that this species was possibly
introduced from north-eastern part of China into
Hokkaido just after the World War 11, and had
expanded its distribution range over eastern to
central Hokkaido. To supplement a previous
taxonomic study, the present karyological analy-
sis was conducted on both Arfewusia rubripes
collected from Tokachi, Hokkaido, by one of the
authors (S. NAKAYAMA), and Avtemisia vulgaris,
authentic seeds of which were kindly sent from
Prof. H. MERXMULLER of the University of
Miinchen Botanical Garden, Miinchen, Federai
Republic of Germany.

Chromosome counts have so far been made on
A, wvuigaris by various authors, i. e, 2n = 16
(TISCHLER, 1934 ; CLAUSEN ef al., 1940; KECK,
1946 ; POLYA, 1949; WULFF, 1950; LOVE and

LOVE, 1956; MULLIGAN, 1957; SORSA, 1962;
KAWATANI and OHNO, 1964 ; KOUL, 1964 a, b,
KHOSHOO and SOBTI, 1958}, 2 n = 18 (KOUL, 1964
a, b; KHOSHOO and SOBTI, 1958 ; WEINEDEL-
LigBau, 1928; MEHRA ef al., 1965), 2n =36
(KHOSHCO and SOBTI, 1958; KouL, 1964 b
CLAUSEN et al., 1938), and 2 n = 54 (KOSHOO and
SopTl, 1958 ; KOUL, 1964 b). It appears clear that
the European A, vulgaris is a diploid species with
the basic number of X =8 chromosomes:
whereas North American plants of A, vulgaris
form a polyploid series, 2n =36 (4 X) and 2n =
54 (6 X), possessing a different basic number of
X = § (KECK, 1946). From Arfemisia rubripes two
different chromosome numbers, i. e., 2n = 16 and
2n = 18, have previously been reported by
Kurosawa (1979) on the materials collected from
Lake Furen, Nemuro in eastern Hokkaido, and
also from Takamori in Kumamoto Prefecture,
Kyushu, respectively. All the previous papers,
however, have not reported detailed karyotypes
of these Arfemisic plants. The purpose of this
paper is first to report on the chromosome number
of A. vwlgaris and A. rubripes, and second, to
describe critically their karyotypes.

Material and Methods
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Avrtemisia rubripes was collected in 1982 from
the grassy roadside in the campus of Obihiro
Chikusan University, Hokkaido, Japan. The
collected rhizomes were planted in pots and
cultivated in the experimental garden of Toyama
University in 1983. The seeds of A. vulgaris were
kindly supplied by Prof. H. MERXMULLER and
were sowed in vermiculite in a pot. For the
chromosome counts and karyotype analysis,
somatic chromosomes were observed in root tip
meristematic cells. Fifteen individuals of A.
rubripes, and twenty-two of A, wvwigaris were
examined in this study.

The root tips were pretreated with 0.002 M 8-
hydroxvquinoline for 2-2.5 hours at 18°C, and
fixed in 459% acetic acid solution for 10-15
minutes at 4-8 °C. Subsequently, root tips mace-
rated in a 1: 2 mixture of 45 9% acetic acid and 1
N HCI were stained with 1 % aceto-orcein for 15
minutes, and squashed.

Results
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A. rubripes NAKAI

The morphology of interphase nuclei of
Avrtemisia yubripes NAKAI belongs to the complex
chromocenter type, which contains 10-20 small
round heteropycnotic bodies in lightly staining
chromatin (Fig. 1 A) (TSCHERMAK-WOESS, 1963 ;
TANAKA, 1971 a). The condensing pattern at
prophase to prometaphase corresponds to inter-
stitial type which initiates to condense from the
interstitial or proximal parts of chromosome
arms (TANAKA: 1977). In particular, the terminal
interstitial part of the ninth chromosome, the
proximal interstitial part of the fifteenth, and the
proximal part of the sixteenth begin to strongly
condense earlier at prophase to prometaphase
(Fig. 2 A). In this study A. rubripes examined
(collected from Obihiro, Hokkaido) possess 2n =
16 chromosomes. The longest chromosome pair in
the complement is about 6 ym in size, and the
shortest about 4 gm in size. The second to the
seventh pairs, intermediate of the two extremes in
size, gradually vary in size. The metaphase

»® ]
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-r“(./
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Fig.1. Photomicrographs of interphase nuclei and mitotic metaphase chromosomes. A and B, A. rubripes;
C and D, A. vulgaris. The bars in the photos specify 5 gm.
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Fig. 2. Photomicrographs of prometaphase chromosomes in two species of Arfemisia. A, A, rubripes and B,

A. vulgaris.
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Fig.3. Karyotypes at mitotic metaphase of two Arfemisia species. A, A. rubripes (2n=16) and B, A. vulgaris

(2n=16).

chromosome complement, consists of 14 median
and 2 subterminal chromosomes (Table 1). The
fifth, sixth, and ninth chromosomes are all satellit-
ed which have a satellite at the terminal part of
the short arm. The satellites are 0.4-0.5 gm in
size in the fifth chromosome, and 0. 3-0.4 gm in
sixth and ninth chromosomes. Regarding the size
and occurrence of satellites, the third (chromo-
some no. 5 and 6) and the fifth (chromosome no. &
and 10) pairs investigated always consisted of
heterogeneous pairs of chromosomes, respectively
(Fig. 3 A, 4 A).

A. vulgaris L.

Interphase nuclei of A. wvulgaris showed the
characteristics of the complex chromocenter type
nuclei, just as was observed on A. rubripes, having
25-40 small round heteropycnotic bodies in lightly
staining chromatin (Fig. 1 C). The condensation
pattern of prophase to prometaphase is the same
interstitial type as A. »ubripes. However, the
initiating parts which begin to condense in A.
vielgaris are different from those in A. »ubripes. In
A. vulgaris, the interstitial part of the long arm
and the whole short arm in the sixteenth chromo-
some are very strongly condensed (Fig. 2 B). The
chromosome number of A. wvulgaris was also

s



December 1983

The Journal of Phytogeography and Taxonomy

Vol XXXI No.2

Tablel. Chromosome length, arm ratio, and chromosome morphology of A, rubripes
Complement Chromosome length (gm) Arm ratio %l;?;?hzsl'gg?
1 28+3.6=6.4 1.3 m
2 24+3.8=6.2 1.6 m
3 2.5+28=5.3 1.1 m
4 23+28=5.1 1.2 m
5 0.5+1.9+2.8=5.2 1.5 m
[ 04+20+2.8=5.2 1.4 m
T 20+26=4.6 1.3 m
8 1.8+2.6=4.4 1.4 m
g 0.4+2,0+2,0=4.4 1.0 m
10 1.8+2.0=3.8 1.1 m
11 1.6 +2.0=3.6 1.2 m
12 1.6+2.0=23.6 1.2 m
13 1.5+ 2.2=3.7 1.5 m
14 1.5+2.0=33 1.3 m
15 0.7+2.8=3.5 3.7 st
16 0.7+28=3.5 3.8 st
Table 2. Chromoesome length, arm ratio, and chromosome morphology of A. wulgaris.
Complement Chromosome length (um) Arm ratio %\gg;llgsigg;e
1 2.34+3.3=5.6 1.4 m
2 24+34=538 1.4 m
3 2.8+2.9=35.7 1.1 m
4 2.6+2.8=5.4 ! m
5 .3+ 2.242.7=5.2 1.2 m
] 2.4+2.6=5.0 1.1 m
7 2.0+2.3=14.3 1.2 m
8 1.9+2.4=4.3 1.3 m
9 I.B+2.4=4.2 1.3 m
10 1.842.4=4.2 1.3 m
1 1.6+ 2.1=3.7 1.3 m
12 1.6+2.3=3.9 1.4 m
13 1.6 +2.6=4.2 1.6 m
14 1.1+ 3.6 =4.7 3.1 st
15 0.6+3.2=23.8 5.5 st
16 0.8+3.2=4.0 4.0 st
turned out to be 2n = 16. The size of metaphase Discussion

chromosome complement is 4 pgm to 6 um,
ranging continuously in size in different pairs.
The metaphase chromosomes are composed of 13
median and 3 subterminal
chromosome in the third chromosome pair
(chromosome no. 5) has a very small satellite at
the terminal part of the short arm. At metaphase,
it was not possible to discriminate a satellite at
the terminal part of the short arm of a chromeo-
some {(no. 15) in the eighth chromosome pair. At
prometaphase, however, a diffusing satellite was
often observed in that part. Both heterogeneous
pairs (consisting of median and subterminal

chromosomes, A

chromosomes) and homogeneous pairs of two
median chromosomes were observed in the

seventh chromosome pair (Fig. 3 B).

Both Astemisia rubripes NAKAI and A.
vilgaris L. examined in this study proved to
possess the same somatic chromosome mumber, i.
e, Zn =16, agreeing with the previous counts
made by KUROSAWA (1979) for A. rubripes from
Nemuro, Hokkaido and also for European A.
vielgaris (TISCHLER, 1934 ; CLAUSEN ef @l,, 1940 ;
KEgck, 1946; POLYA 1949 ; WULFF, 19530 ; LOVE
and LOVE, 1956 ; MULLIGAN, 1957 ; SORSA, 1962 ;
KAWATANI and OHNO, 1964 ; KouL, 1964 a, b;
KHOSHOO and SOBTI, 1958), although 2n = 18
chromoseme numbers are also known from A.
rubripes (KUROSAWA, 1979) and 2n = 18, 36, and
54 from A. wulgaris (KOUL, 1964 a, b; KHOSHCO
and SOBTI, 1958; WEINEDEL-LIEBAU, 1928 ;
MEHRA ef al., 1965). The morphology of inter-
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phase nuclei, the condensation pattern of chromo-
somes at prophase to prometaphase, and the
chromosome length at metaphase of these two
species were similar to each other. However,
differences were observed in the following
characteristics, 1. e, (1) the number of hetero-
pycnotic bodies at interphase, (2) the portions of
early condensation in chromosome complements
at prophase to prometaphase, and also (3) the
number and morphology of satellite chromo-
somes, as was described in the results.

Although both species possess very similar
somatic karyotypes at metaphase, the third pair
(no. 5 and 6) in the chromosome complement of A.
rubripes is “submedian” (more strictly) with a
satellite at the distal end of the short arm ; where-
as in A. vulgaris somatic chromosomes referred
to the third pair are “median”, often hetero-
morphic in the presence of a satellite, although
the third chromosomes can be classified exclusive-
ly as “median” according to LEVAN (1964).

!

>
« [ T | R ) - i - e R

4 5 6 7 8

Flg. 4, Id:ogram of haploid chromosomes at
mitotic metaphase. The upper chromosome
pair with the same number represents hetero-
morphic chromosomes observed. A, A. »ubripes
and B, A. vuloaris.

Further difference in size and morphology of
chromosomes, and also presence of satellite can
be found in the fifth pair and seventh pair of the
complement between these two species (cf. Fig. 4).

In addition to gross morphological characters,
the karyological data gathered in this study
provided us with additional evidence for further
consideration on the taxonomic status of A.
rubripes. However, since two different chromo-
some numbers are presently known from this
species, i. e., 2n = 16 from the plants in Hokkaido
(KUROSAWA, 1979 and the present observations)
and 2n = 18 from those in Kyushu (KUROSAWA L.
c.), the origin of A. »ubripes in Hokkaido may be
different from that in Kyushu. Future karyo-
logical as well as ecological studies on the plants
in China, Korea, and also in Kyushu must be
considered in a thorough review of this problem.
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w7 T A X O EM (REFNE) Kazuhire KOHNO: Adigntiom capilius- veneris Found in Hokuriku District.

BEFD 58 4 5 Frpdrl, IRART Adianfum O—FMEELTW2052E 00, L1, #BTAB L, B
TEANIZ W2 5 4 » ¥ (Adiantum capilius-veneris L)Y DL 3 TH B4, GEd, = O8O ARG EO 6L
AN RS s hTeA Yy, EEAFEBES | AR Y FHBEE Vol. 1, pp. 82~83(1979))
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