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The genus Cycas (Cycadaceae, Cycadales; Stevenson 1992) occurs in the Malesian region, Japan
and Southeast Asia, extending to Micronesia and Polynesia, Madagascar and East Africa, and is the
largest one in the Cycadales (Stevenson et al. 1995). Although the taxonomical studies of Cycas have
been advancing (e.g., Hill 1992, 1994a, 1994b & 1996), its chromosomal studies are lacking. There are
two reasons for the lack of chromosomal investigations in Cycas: all species of the genus are regarded
as endangered species in the world, and identification is quite difficult. The aim of the present study
is to investigate chromosome numbers and karyotypes of C. micronesica and C. seemanni, which have

previously unreported, by the standard aceto-orcein staining method.
Materials and Methods

Seeds of Cycas micronesica K.D. Hill and C. seemanni A. Braun, which were classified to subsec-
tion Rumphiae, section Cycas (Hill 1994b), were obtained from the wild by the second author, and the
plants were grown in the Royal Botanic Gardens, Sydney (Table 1). The voucher specimens were
deposited in the National Herbarium of New South Wales (NSW).

Young leaflets were pretreated in 3 mM 8-hydroxiquinoline at 4°C for 20 hr, fixed in acetic
ethanol (1:3) at 4°C for 20 hr, and stored in 709 ethanol at —20°C. The stored leaflets were macer-
ated in 459% acetic acid at 60°C for 5 min and then stained in 2% aceto-orcein at 20°C for 5 hr. After
squashed with 459§ acetic acid, the stained chromosomes at mitotic metaphase were classified with

their arm ratio following Levan et al. (1964).

Table 1. Plant materials of two Cycas species in the present study

Species Accession number
C. micronesica RBGS 920530
C. seemanni RBGS 931245

RBGS: Royal Botanic Gardens, Sydney.
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Three mitotic metaphase plates were measured for each species to obtain mean chromosome
lengths and arm ratios. Chromosome length of more than 20 £ m was designated as “long”, and that
of less than 20 £ m as “short”. Values of asymmetry of arm ratio and chromosome length were

calculated following Zarco (1986) with some modifications.
Results and Discussion

Both Cycas micronesica and C. seemanni showed the chromosome number of 2n=22 (Fig. 1).
Their chromosome number corresponded with those of other Cycas species in the earlier reports (e.g.,
Sax and Beal 1934; Kondo et al. 1995).

From the 1st to the 4th chromosomes, the two species showed two long subterminal- and two long
submedian-centromeric chromosomes (Figs. 2 & 3, Table 2). The two long subterminal-centromeric
chromosomes showed a secondary constriction on the interstitial region of the long arm (Fig. 1,
‘arrows). From the 5th to the 22nd chromosomes, they showed twelve subterminal-, two short
submedian- and four short median-centromeric chromosomes (Figs. 2 & 3, Table 2). The value of arm
ratio asymmetry of C. micronesica was 0.62, and that of C. seemanni was 0.58. The value of chromo-
some length asymmetry of C. micronesica was 0.24, and that of C. seemanni was 0.23. These results

indicated that karyomorphologies of the two species were very similar to each other.

Table 2. Chromosomal features of two Cycas species studied

C. micronesica C. seemanni
Chrom. no.

L R F L R F
1 24.6 3.2 st 22.1 3.5 st
2 23.1 3.1 st 21.1 3.6 st
3 24.5 2.7 sm 20.5 2.5 sm
4 23.2 2.7 sm 20.1 2.4 sm
5 22.6 4.8 st 16.5 4.4 st
6 20.5 4.9 st 15.9 4.0 st
7 19.8 3.9 st 15.7 4.7 st
8 19.0 5.0 st 15.0 4.1 st
9 18.5 4.0 st 15.0 3.6 st
10 17.6 3.6 st 14.7 3.6 st
11 16.9 4.9 st 14.1 4.3 st
12 16.1 43 st 13.8 3.8 st
13 15.8 53 st 13.0 49 st
14 15.7 43 st 12.8 34 st
15 15.3 44 st 12.4 3.1 st
16 14.1 5.3 st 12.3 3.6 st
17 14.2 2.1 sm 12.5 1.8 sm
18 15.2 1.8 sm 11.2 1.8 sm
19 13.7 1.1 m 12.2 1.1 m
20 12.6 1.3 m 11.8 1.1 m
21 11.7 1.1 m 11.2 1.1 m
22 10.1 1.3 m 10.3 1.1 m

L: chromosome length. R: arm ratio. F: form of chromosome with centromere
position. m: median-centromeric chromosome (1.0<R<(1.7). sm: submedian-
centromeric chromosome (1.8<CR<(3.0). st: subterminal-centromeric chromosome
(3.1<R<7.0). t: terminal-centromeric chromosome (7.1<R<0).
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Fig. . Chromosomes at mitotic metaphase of two Cycas species studied. A. C. micronesica. B. C. seemanni.
Arrows show secondary constriction. Bar shows 10 z m.
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Fig. 2. Karyotypes of two Cycas species studied. A. C. micronesica. B. C. seemanni. Bar shows 10 /£ m.
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Fig. 3. Ideogram of two Cycas species studied. A. C. micronesica. B. C. seemanni. Opened areas show long
arm. Solid areas show short arm. Straight lines on long arm show secondary constriction.

It has previously been reported that karyotypes were very stable in the genus Cycas, and consisted
of two median-, eight submedian- (or subterminal-) and twelve terminal-centromeric chromosomes
(e.g., Kondo et al. 1995). The differences of C. micronesica and C. seemanni from the other species in
the previous reports are follows, 1) a secondary constriction appear at the interstitial region of the long
arm of two long subterminal-centromeric chromosomes (the 1st and 2nd in Figs. 2 & 3) unlike the
other Cycas species which show two submedian-centromeric chromosomes without any secondary
constrictions; 2) the two species show twelve subterminal-centromeric chromosomes (the 5th to the
16th in Figs. 2 & 3) unlike the other Cycas species which show twelve terminal-centromeric chromo-
somes; and 3) the 21st and the 22nd chromosomes of the two species are median-centromeric (in Figs.
2 & 3) unlike the other Cycas species are submedian-centromeric.

In morphological features, the two species were quite similar to each other, and they were
taxonomically classified into subsection Rumphiae, section Cycas (Hill 1994b). In the present study,
there is not enough data to reveal that karyomorphological differences reflect the interspecific rela-
tionship in the genus, but it is quite plain that C. micronesica and C. seemanni show not only morpho-

logical similarities but also karyomorphological ones.
Summary
Somatic chromosomes of Cycas micronesica and C. seemanni, which were classified into subsec-

tion Rumphiae, section Cycas, were observed by standard aceto-orcein staining method. The two

species showed chromosome number of 2n=22, and karyotype consist of two long subterminal-, two
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long submedian-, twelve subterminal-, two short submedian- and four short median-centromeric
chromosomes. The karyotypes of the two species were different from those of the other Cycas species
as follows: 1) a secondary constriction appeared at the interstitial region of the long arm of two long
subterminal-centromeric chromosomes; 2) the two species showed twelve subterminal-centromeric

chromosomes; and 3) the 21st and 22nd chromosomes of the two species were median-centromeric.
wm O OE

vy (v5vE, v5vH) @ Cycas & Rumphiae Hi i 2 &, Cycas micronesica & C.
seemanni @ 2TEORMIA L GEIA T & b A VA YRBEFEIC L DEIE L, 2 & bic ki
m=22%1 L, B2 HOE VRSB AT A, 2 o EVWRIbETEIRERGE A, 12
18 D YR BN E AT ek, 2 A OB\ WK ERBIRATRIGL R, B & O 4 H OV R ERE R AT
getifkis 578 > T, T b 2BOMME, BERCRESN Y 7Y BHEOKILIKRD 32
DEMBEE > TV, 1) HB1EE L5 2 FHORHSEIFRATIG ik O RPN I 2 KA
BHLNG T E;2) B5EEDOEICEHBKIGSBIRARREATH S &;3) HB2IHFHLE
2FH B ARG EATH B T &, i, AFRICE D, O 2BIATESHUL TV
ZOICA, UL TV B T EMNHSPE 5 1,
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