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Abstract — Two cytotypes of Lysimachia mauritiana collected from Japanese mainland (JM-type) and the
Sakishima group (SR-type), located in the southernmost of the Ryukyu Archipelago of Japan, were cytoge-
netically analyzed. JM- and SR-types showed karyotype formulae of 2n=20(4m)=4m+2sm+4st+10t and
2n=18(6m)=6m+2sm+10t, respectively. In FISH analysis, a signal of 5S rDNA was observed at the interstitial
region of long arm on a pair of t-chromosome in both cytotypes. On the other hand, different sizes of 45S rDNA
signals were observed on the distal and proximal regions of m-, sm-, st- and t-chromosomes in JM-type, and of
m- and t-chromosomes in SR-type. Also in SR-type, a tiny 45S rDNA signal was shown at the interstitial region
of long arm on sm-chromosome. Telomere signals in two cytotypes appeared at both ends of all chromosomes,
and at internal sites of certain chromosomes. The big telomere sequence signal at the proximal region coincided
with the small 45S rDNA signal in JM-type. These results gave us a fusion/fission hypothesis with two st- or one
m-chromosome(s) for new intraspecific karyotype formation of JM-type or SR-type.
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INTRODUCTION

Lysimachia  mauritiana L. (Primulaceae),
which is biennial and herb species, has wide dis-
tribution in the temperate and subtropical zones
of both hemispheres (IWATSUKI ez al. 1993). In
Japan, the populations of the species can be fre-
quently seen on rocky place in seacoasts from
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the north to the south in the most islands or
archipelagos. Cytogeographical investigations
of this species have been mainly conducted in
the population of East Asia, including the Japa-
nese Archipelago. These studies for more than
half a century led us to common understanding
that mitosis of L. 7zauritiana had species-specific
karyotype with four longer and landmark meta-
centric chromosomes, six submeta- or subtelo-
centric and ten telocentric chromosomes, dis-
playing the formula 2n=20=4m+2sm+4st+10t’
(TanakAa and Hizume 1978) or 2n=20(4m)’
(KoNo et al. 2008) as ‘Japan mainland-type (JM-
type)’ (Fig. 1A).
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However, recent study of L. 7zauritiana in the
Sakishima group, located in the southernmost of
the Ryukyu Archipelago of Japan, revealed that
whole individuals in the almost islands belong-
ing to this group showed only single karyotype
differ substantially from previous studies, dis-
playing the formula ‘2n=18=6m+2sm+10t’ or
2n=18(6m)’ (OGINUMA et al. 2004; KONO et al.
2010) as ‘Southern Ryukyu-type (SR-type)’ (Fig.
1B). Thus, up to the present date we recognize
two major cytotypes as cytogenetically impor-
tant materials to infer a chromosome differentia-
tion of this species.

Fluorescence 77 situ hybridization (FISH) of
tandemly-repeated DNA sequences, such as the
ribosomal RNA genes (rDNAs) and telomeric
sequence repeats are useful tools for chromo-
some or genome characterizations, and for stud-
ying inter- and intra species-level relationships in
a large number of plant taxa (HEsLoP-HARRISON
2000). There is, however, no report employing
FISH for L. mauritiana. Therefore, extended ap-
plication of the technique would provide further
insight into cytogenetic differentiation or chro-
mosome changes between two cytotypes in the
species.

In this study, we investigated the 5S and 45S
tDNAs, and telomere arrays in L. 7zauritiana by
chromosomal physical FISH mapping to gain
further insight into the chromosome rearrange-
ment between two cytotypes in the Japanese
Archipelago. We will discuss the chromosomal

changing with tandem repeat sequences in this
species.

MATERIALS AND METHODS

Plant materials - Two cytotypes with 2n=18
(6m) and 20(4m) of Lysimachia mauritiana were
collected in Japan. These plants used were culti-
vated in the greenhouse of Kochi Women’s Uni-
versity. Voucher specimens investigated were
deposited in RYU, the herbarium of University
of the Ryukyus.

Slide preparation - The methods of pretreat-
ment, fixation and staining for chromosome
preparation of OGINUMA and Nakata (1988)
were used with slight modification. After root
tips were pretreated with 2 mM 8-hydroxyqui-
noline for 6 h at about 18°C, they were fixed in a
mixture of ethanol and acetic acid (3:1), washed
with distilled water, and then macerated in an
enzymatic mixture containing 0.02% Cellulase
Onozuka R-10 (Yakult Pharmaceutical Industry
Co., Ltd., Tokyo, Japan) and 0.015% Pectolyase
Y-23 (Seishin Pharmaceutical Co., Tokyo, Japan)
for 60 min at 37°C. After washing with distilled
water, root tips were put onto glass slide, and
squashed in 1 N HCI. The preparations were air-
dried for 24 h at room temperature after removal
of coverslips with dry ice.

DNA extraction, amplification and purifica-
tion - Total genomic DNA was isolated from

JM-type: 20 (4m)
(Tanaka and Hizume 1978)

m sm st
— = SR-type: 18 (6m)
l I (Oginuma et a/ 2004)
m sm t

Fig. 1 — Previously reported karyotypes of two cytotypes in Lysinzachia mauritiana. (A)
JM-type (Tanaka and Hizume 1978). (B) SR-type (Oginuma et al. 2004).
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young leaves following modified cetyltrimethy-
lammonium bromide (CTAB) method (DoyLE
and DoYLE 1990). The samples were ground
into powder with liquid nitrogen and homog-
enized in the buffer containing 0.1 M Tris-HCI
(pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M NaCl,
2% CTAB and 0.5% mercaptoethanol. The
homogenate was extracted three times with an
equal volume of chloroform-isoamyl alcohol
(24:1) for 15 min each and the DNA was pre-
cipitated with an equal volume of isopropyl
alcohol at room temperature. The DNA was
treated with DNase-free RNase A (0.2 mg/ml)
at 37°C for one hour followed by extractions
with phenol-chloroform and chloroform. With
extracted DNA, 5S rDNA and the 18S rDNA
sequences were amplified by polymerase chain
reaction (PCR) using primer sets of 5S F (5°-CG-
GTGCATTAATGCTGGTAT-3’) and 5S R (5’-
CCATCAGAACTCCGCAGTTA-3’), 185 F
(5’-AACCTGGTTGATCCTGCCAGT-3’) and
188 R (5-TGATCCTTCTGCAGGTTCAC-
CTAC-3’), respectively. Arabidopsis-type tel-
omere concatemer was synthesized using prim-
ers (TTTAGGG) and (CCCTAAA) in the
absence of template DNA (Ijpo et al. 1991). The
cycle profile was an initial denaturation of 94°C
(4 min), 35 cycles with 94°C (30 sec), 57°C (30
sec) and 72°C (60 sec), and a final extension step
of 72°C for 5 min. PCR products were column-
purified using QIAquick PCR Purification Kit
(QIAGEN, Tokyo, Japan) or gel-purified using
GeneClean IIT (BIO 101, CA, USA).

DNA probes and labelling - To track the chro-
mosomal locations of the 5S rDNA, 45S rDNA

and telomere arrays, the 5S rDNA unit, the 45S
rDNA sequences, and synthesized telomere con-
catemer were used as FISH probes, respectively.
Sequence identity of the 5S and 45S rDNA frag-
ments were confirmed by DNA sequencing. 5S
and 45S rDNA fragments were biotin-labelled
by random primed labelling technique (FEIN-
BERG and VOGELSTEIN 1983) using Biotin-High
Prime (Roche Applied Science, IN, USA), or
labelled in PCR with tetramethyl-rhodamine-5-
dUTP (Roche Applied Science). Telomere con-
catemer were labelled with digoxigenin (DIG)-
11-dUTP by DIG-Nick Translation mix (Roche)
by nick translation.

Fluorescence in situ hybridization (FISH) -
Chromosome preparation was treated with 100
pg ml! RNase A (NIPPON GENE Co., Ltd,,
Tokyo, Japan) for 120 min at 37°C in a humid
chamber. After dehydration in a graded series
of ethanol, a hybridization mixture contain-
ing 50% formamide, 10% dextran sulfate and
DNA probes was dropped onto the slides. The
preparation was sealed, denatured for 3 min at
78°C, and then incubated for 16 h at 37°C. Sub-
sequently, the slides were rinsed in 2 x SSC at
42°C for 10 min, 0.2 x SSC at 42°C for 10 min,
and 2 x SSC / 0.2% Tween-20 at room tempera-
ture for 10 min twice. The slides were blocked
with 5% bovine serum albumin in 2 x SSC /
0.2% Tween-20 for 60 min at 37°C. Biotin-la-
belled and DIG-labelled probes were detected
with streptavidin-Alexa Fluor 488 (Invitrogen,
CA, USA) and anti-digoxigenin-rhodamine (Ro-
che) in 2 x SSC, respectively, for 2 h at 37°C in
a humid chamber. The slides were washed in 2

Fig. 2 — Dual FISH to detect 5S rDNA (red) and 45S rDNA (green) sites on mitotic metaphase chromosome spreads
of two cytotypes of Lysimachia mauritiana. (A-D) JM-type. E-H: SR-type. (A and E) DAPI-counterstained chromo-
somes. (B and F) 5S rDNA hybridization sites detected by red thodamine. (C and G) 45S rDNA hybridization sites
detected by Alexa Fluor 488. (D and H) Merged image with DAPI, 5S and 45S rDNAs signals. Bar = 5 pm.
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x SSC / 0.2% Tween-20 for 10 min twice, and
2 x SSC for 10 min twice at room temperature.
The preparations were then mounted in Vectash-
ield mounting medium containing 1.5 pg/ml
4’,6-diamidino-2-phenylindole (DAPI) (Vector
Laboratories, Inc., CA, USA). Chromosome im-
ages were taken by a digital camera (CoolSNAP:
Roper Scientific, Inc., Chiba, Japan) on a micro-
scope (Olympus BX51; Olympus, Tokyo, Japan).

Karyotype analysis - To determine the FISH
signals on chromosomes, at least 30 cells were
observed for each accession. Chromosome
length was obtained from digital images of 10
metaphase chromosome complements. The
relative length of chromosomes was calculated
by (length of each chromosome) / (total length
of all chromosomes of the complement) x 100.
Categories of chromosome morphology on the
basis of the position of centromeres followed
LEVAN ez al. (1964).

Fig. 3 — Dual FISH to detect telomere repeat sequenc-
es signals on mitotic metaphase chromosome spreads
of two cytotypes of Lysimachia mauritiana. (A and B)
JM-type. (C and D) SR-type. (A and C) DAPI-coun-
terstained chromosomes. B and D: Telomere repeat se-
quences signals detected by red rhodamine. Bar = 5 pm.

Since some chromosomes were quite char-
acteristic and could be easily recognized as
landmarks in the metaphase complements of L.
mauritiana, the karyotype formula for this spe-
cies was defined on the basis of the centromere
position and relative length (KoNo e al. 2008).
Metacentric chromosomes with relative length
more than 5.4 were additionally classified as
longer-medians indicated by bold letter “m” in
karyotype formula. The chromosome numbers
and numbers of “m” were used as markers to
be simplified the karyotypic polymorphism be-
cause more than a hundred various karyotypes
were observed in this species.

RESULTS

Karyomorphological characters - Mitotic chro-
mosome number of JM-type was 2n=20, while
the chromosome number of SR-type was 2n=18.
The karyotype of JM-type consisted of four m-,
two sm-, four st- and ten t-chromosomes. In con-
trast, the karyotype of SR-type consisted of six
m-, two sm- and ten t-chromosomes. Four and
six m-chromosomes with relative length more
than 5.4 were found in JM-type and SR-type,
respectively. Thus, the karyotype formulae were
determined as 2n=20(4m)=4m+2sm+4st+10t in
JM-type, and as 2n=18(6m)=6m+2sm+10t in
SR-type. Satellites in the chromosome comple-
ment were located on the long arms of the two
st-chromosomes in JM-type, and on the short
arms of the two longer m-chromosomes in SR-
type, respectively.

rDNAs localization on the chromosome set -
The results of rDNA fluorescent 72 situ hybridi-
zation (FISH) are shown in Figs. 2 and 4, and
Table 1. Certain chromosomes could be paired
or identified in both cytotypes. A strong signal of
5S rDNA probe was observed at the interstitial
region of long arm on a pair of t-chromosome
in both cytotypes (red signals in Figs. 2 and 4).

Fig. 4 — Alignments of mitotic metaphase chromosomes with dual FISH signals of 5S
(red) and 45S (green) rDNAs. (A) JM-type. (B) SR-type. Bar =5 pm.
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On the other hand, different sizes of 45S rDNA
signals were observed on the distal and proxi-
mal regions of m-, sm-, st- and t-chromosomes
in JM-type, and of m- and t-chromosomes in SR-
type. A pair of sm-chromosome in SR-type had
tiny signal on the interstitial region of long arm.
Quite stable and major signals were observed in
a pair of st-chromosome in JM-type, and a pair
of m-chromosome in SR-type.

JM-type had a major signal at the distal re-
gion of long arm on a pair of st-chromosome,
a tiny signal at the proximal region of two pairs
of m-chromosome, small signals at the proximal
region of a pair of sm- and another st-chromo-
somes, and tiny or unstable signals at the proxi-
mal regions of long arms on five pairs of t-chro-
mosomes (green signals in Figs. 2 and 4).

In contrast, SR-type had a major signal at the
distal region of short arm on a pair of m-chro-
mosome, tiny signals at the proximal regions of
three pairs of m-chromosomes, a small signal at
the interstitial region of long arm on a pair of
sm-chromosome, and tiny signals at the proxi-
mal regions of long arms on five pairs of t-chro-
mosomes (green signals in Figs. 2 and 4).

Telomere sequence distribution pattern - Te-
lomere FISH signals appeared at both ends of
all chromosomes (Table 1), satellites and proxi-
mal regions of certain chromosomes in two cy-
totypes examined (red signals in Figs. 3 and 5).
Both cytotypes had two different sizes of inter-

nal telomere signals: A big signal at the proximal
region of a pair of sm-chromosome, and tiny sig-
nals at the proximal regions of one or two pairs
of m- and st-chromosomes (red signals in Figs.
3 and 5). In JM-type, the big telomere sequence
signal at the proximal region coincided with the
small 45S rDNA signal (Table 1).

DISCUSSION

Karyotype differentiation - Two cytotypes in
this study are karyotypically stable in their own
native islands. The new karyotype called SR-
type was found in the Sakishima group by Oci-
NUMA et al. (2004) and KoNo ef a/. (2010), and
was quite stable in most of islands of this group.
The exception to this was Yonagunijima Island,
which had chromosome number of 2n=16 with
chromosomal polymorphism, possessing 6, 7
or 8 longer m-chromosomes (OGINUMA ef al.
2004). Considering the geographical factor with
minority population and the high variability of
chromosome morphology, the all karyotypes in
Yonagunijima Island might derive from the kary-
otype with 2n=18(6m) as seen in other islands
of the Sakishima group. There were some com-
mon features between JM- and SR-types: The
somatic chromosomes, which could be classified
to three groups by centromere position, were
referable to either meta-, submeta-/subtelo- or

TABLE 1 — Summary of the FISH signals on haploid chromosomes of Lysimzachia mauritiana.

Haploidal Karyotype formula(e) bearing FISH signals
Cytotype Karyotype 45S rDNA 5S rDNA Telomere
formula Major Minor Major  Minor  Major Minor
JM-type 2m+1sm+2st+5t st 2m+1sm+1st+5t 1t - 1sm 2m+1sm+2st+5t
SR-type 3m+1sm+5t Im 3m+1sm+5t 1t - Ism 3m+1sm+5t

Fig. 5 — Alignments of mitotic metaphase chromosomes with FISH signals of telomere
repeat sequences (red). A: JM-type. B: SR-type. Bar = 5 pm.
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telocentric groups. However, the basic chromo-
some number and chromosomal location of sat-
ellite are quite different each other. JM-type had
one st-chromosome with satellite, while SR-type
had one m-chromosome with satellite in haploid
genome set. Moreover, SR-type showed no st-
chromosomes, but showed six m-chromosomes,
instead of four in JM-type. These results allow us
to infer an involvement in satellite chromosome
changing for karyotype modification.
Chromosome natures with rDNAs - Our FISH
analysis revealed a single locus of 5S rDNA at
the interstitial region of long arm on t-chromo-
some and multiple loci of 45S rDNA on distal,
interstitial and proximal regions. Ribosomal
RNA (rRNA) genes in angiosperms are present
in hundreds to thousands of copies (ROGERS and
BENDICH 1987), and are clustered as tandem re-
peats at one or more loci (ALvAREZ and WENDEL
2003). These genes comprise two well-defined
multigene families: 45S rDNA consists of 18,
5.8S and 25S rRNAs, external transcribed spac-
ers, internal transcribed spacers, and intergenic
spacer, while 5S rtDNA consists of 5S rRNA and
non-transcribed spacers (LONG and Dawip 1980
Rocers and BenpicH 1987). Generally, the two

gene clusters are not linked (HEMLEBEN and GRI-
ERSON 1978), and are localized independently
on different chromosomes per haploid genome
(Fukul et al. 1994; LEE and SEO 1997). In L. m2au-
ritiana, because each chromosome possessed
one or two signal(s) of 45S rDNA probe, the 5S
rDNA locus was linked with a minor site of 45S
rDNA on a pair of t-chromosome. However, the
major and stable 45S rDNA signal, which was
considered only the active site of nucleolar or-
ganizer region in L. mauritiana genome, was
localized independently on different set of the
chromosome from that of 5S rDNA gene. We
suggest that minor and unstable 45S rDNA loci
on pericentromeric regions in all chromosomes
might be inactive. Thus, the two gene clusters
of tDNAs in L. mzauritiana also fall into the gen-
eral category as seen in many other plant species
studied previously.

The 5S and 45S rDNA arrays of L. mzauritiana
make chromosomes useful as markers for easy
identification in telocentric chromosome. More-
over, the 45S rDNA locus with the largest size in
the loci was located on secondary constriction
with satellite chromosome. Although intraspe-
cific differentiation of two cytotypes must be
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Fig. 6 — Haploidal FISH-karyotypes of two cytotypes in Lysimachia mauritiana. A: JM-
type. B: SR-type. Fusion/fission hypothesis with two st- or one m-chromosome(s) for
new intraspecific karyotype formation is summarized.
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considered carefully, these novel data gave us a
simply fusion/fission hypothesis, as summarized
in Fig. 6, with two st- or one m-chromosome(s)
for new intraspecific karyotype formation of JM-
type or SR-type.

On the other hand, because of a high pos-
sibility of mobility of rDNA with transposable
elements (ScHUBERT and Wosus 1985; Dus-
covsky and DVORAK 1995; RASKINA et al. 2004),
multi 45S rDNA loci detected as minor signals
at centromeric regions on several chromosomes
suggest that complicated genome rearrangement
occur before or during speciation event of L.
mauritiana. The copy number and chromosomal
location of rDNA could be rapidly changed in
plant genomes (SCHUBERT and WoBUS 1985; RAI-
NA and Mukar 1999), and chromosomal rDNA
distribution often varies among closely-related
taxa, even if within species (GARRIDO et al. 1994).
Variation in the amount of rDNA genes has
demonstrated to be on the basis of most of these
polymorphisms, as revealed by 7 situ hybridi-
zation (WARBURTON and HENDERSON 1979; KING
et al. 1990; CaSTRO et al. 1998). The dynamics
of rDNA clusters might be regarded as a strong
indicator for significant intra-genomic processes
with chromosomal repatterning (JIANG and GILL
1994; RASKINA et al. 2004; RASKINA et al. 2008).

Chromosome repatterning with internal tel-
omere sequence repeat - Telomere repeat sequenc-
es in our FISH results located not only on the ends
of all chromosomes, but also near to centromere
or proximal regions on some chromosomes. Big
telomere site was same to 45S rDNA colocalized
position at proximal region on sm-chromosome in
JM-type, but not in SR-type. This organization is
rather rare case in plant genome. In many organ-
isms, telomere repeat sequences have been located
at the ends of chromosomes (MEYNE e¢ al. 1990;
PETRACEK et al. 1990; RiCHARDS et al. 1991). In
contrast, non-terminal telomere repeat sequences
at the internal sites are known in some cases, and
are suggested to mediate chromosome fusions and
fissions (FrY and SALSER 1977; MEYNE et al. 1990;
RicHARDS et al. 1991). Especially, internal telom-
eres at proximal region near centromere position
are considered to support large karyotype change
with Robertsonian fusion from telocentric chro-
mosomes (HorLmouist and Dancis 1980; Cox et
al. 1993). Thus, as in the case of multi rDNA loci,
the internal residues of telomere repeat sequences
on L. mauritiana might be an evidence of chro-
mosome rearrangement or karyotype repatterning
with their large structural changes during genome
differentiation of the species.

REFERENCES

Awvarez 1. and WeNDEL J.F, 2003 — Ribosormal ITS
sequences and plant phylogenetic inference. Mo-
lecular Phylogenetics and Evolution, 29: 417-434.

CastrO J., SANcHEZ L. and Matinez P, 1998 —
Analysis of the inheritance of NOR size variants in
brown trout (Salmo trutta). The Journal of Hered-
ity, 89: 264-266.

Cox A.V., BEnnerT S.T., PAROKONNY A.S., KENTON
A., CaLLiMAssIA MLA. and BEnNETT M.D., 1993
— Comparison of plant telomere locations using a
PCR-generated synthetic probe. Annals of Botany,
72:239-247.

Dovik J.J. and DoviE J.L., 1990 — A rapid total
DNA preparation procedure for fresh plant tissue.
Focus, 12: 13-15.

Duscovsky J. and Dvoraxk J., 1995 — Ribosomal
RNA multigene loci: nomads of the Triticeae ge-
nomes. Genetics, 140: 1367-1377.

FEINBERG A.P. and VOGELSTEIN B., 1983 — High spe-
ctfic activity labeling of DNA restriction endonucle-
ase fragments. Analytical Biochemistry, 132:6-13.

Fry K. and SALSER W., 1977 — Nucleotide sequences of
HS-a. satellite DNA from kangaroo rat Dipodonzys
ordii and characterization of similar sequences in
other rodents. Cell, 12: 1069-1084.

Fukur K., Oummo N. and Knus G.S., 1994 — Vari-
ability in rDNA loci in the genus Oryza detected
through fluorescence in situ hybridization. Theo-
retical and Appl Genetics, 87: 893-899.

GARRIDO MLA., JaMILENA M., Lozano R., Ruiz-Rgjon
C., Ruiz-RgjoN M. and PARKER ].S., 1994 — rDNA
site number polymorphism and NOR inactivation
in natural populations of Alliun schoenoprasum.
Genetica, 94: 67-71.

HeMLEBEN V. and GRIERSON D., 1978 — Evidence that
in higher plant the 258 and 185 rRNA genes are
not interspersed with genes for 55 rRNA. Chromo-
soma, 65: 353-358.

HesrLop-HARRISON ].S., 2000 — Comzparative genome
organization in plants: from sequence and markers
to chromatin and chromosomes. The Plant Cell,
12: 617-635.

Hormquist G. and Dancis B.M., 1980 — A general mod-
el of karyotype evolution. Genetica, 52/53: 151-163.

Iipo J.W., WELLs R.A., BALDINT A. and REEDERS S.T.,
1991 — Improved telomere detection using a te-
lomere repeat probe (TTAGGG) generated by
PCR. Nucleic Acids Research, 19: 4780.

Twarsuki K., Yamazaxki T., Bourrorp D.E. and OnBa
H. (Eps), 1993 — Flora of Japan Volume I1la. Ko-
dansha, Tokyo, Japan.

JiaNG J. and GriL B.S., 1994 — New 185-26S ribos-
omal RNA gene loci: chromosomal landmarks for
the evolution of polyploidy wheats. Chromosoma,
103: 179-185.

KinG M., CoNTRERAS N. and Honeycurt R.L., 1990

Variation within and between nucleolar organ-

izer regions in Australian hyblid frogs (Anura)

shown by 185 + 28S in situ hybridization. Geneti-

ca, 80: 17-29.




98

KONO, HOSHI, SETOGUCHI, YOKOTA and OGINUMA

Kono Y., Hosmr Y., SErocucHr H., Yokora M. and
OcmNuma K., 2008 — Aneuploidy and karyotypic
polymorphism of Lysimachia mauritiana (Primu-
laceae) distributed in northern and middle parts in
the Ryukyu Archipelago belonging to Kagoshima
Prefecture, Japan. Chromosome Botany, 3: 89-93.

Kono Y., Hostt Y., SErocuchr H., Yokota M. and
Ocmuma K., 2010 — Aneuploidy and karyotypic
polymorphism of Lysimachia mauritiana (Primu-
laceae) distributed in middle and southern parts
in the Ryukyu Archipelago belonging to Okinawa
Prefecture, Japan. Cytologia, 75: 3-8.

Lee S.H. and Seo B.B., 1997 — Chromosomal Locali-
zation of 58 and 185-2685 rRNA genes using Fluo-
rescence in situ Hybridization in Alliun wakei. Ko-
rean Journal of Genetics, 19: 19-26.

Levan A., Frepca K. and SANDBERG A.A., 1964 —
Nomenclature for centromeric position on chromo-
somes. Hereditas, 52: 201-220.

Long E.O. and Dawp 1.B., 1980 — Repeated genes
in eukaryotes. Annual Review of Biochemistry, 49:
727-764.

MEYNE J., Baker R.J., Hoparr H.H., Hsu T.C., RYDER
O.A., Warp O.G., WiLEY J.E., WursteR-HiLL D.H.,
Yares T.L. and Movzis RK., 1990 — Distribution of
non-telomeric sited of the (TTAGGG) telomeric se-
quence in vertebrate chromosomes. Chromosoma,
99: 3-10.

Ocmuma K. and Naxkata M., 1988 — Cytological
studies on phanerogams in southern Peru, 1. Karyo-
type of Acaena ovalifolia. Bulletin of the National
Science Museum, Series B (Botany), 14: 53-56.

Ocinuma K., Hamapa A., Sato H., Kono Y., YokoTA
M. and Serocucht H., 2004 — Aneuploidy and
karyotypic wvariation of Lysimachia mauritiana
(Primulaceae) in the Yonagunijima Island, the Ry-
ukyu Archipelago, Japan. Chromosome Science, 8:
45-54.

Perracek MLE., Lerevre PA., Sicrrow C.D. and
BERMAN J., 1990 — Chlamydomonas telomere se-

quences are A+1-rich but contain three consecutive
G-C base pairs. Proceedings of the National Acad-
emy of Sciences, USA, 87: 8222-8226.

Ramna S.N. and Mukar Y., 1999 — Detection of a
variable number of 185-5.85-26S8 and 58 ribosomal
DNA loci by fluorescent in situ bybridization in
diploid and tetraploid Arachis species. Genome,
42:52-59.

RaskiNa O., BELyavev A. and Nevo E., 2004 — Quan-
tum speciation in Aegilops: Molecular cytogenetic
evidence from rDNA cluster variability in natural
populations. Proceedings of the National Acad-
emy of Sciences, USA, 101: 14818-14823.

RaskiNna O., Barser J.C., NEvo E. and BELYAYEV A.,
2008 — Repetitive DNA and chromosomal rear-
rangements: speciation-related events in plant ge-
nomes. Cytogenetic and Genome Research, 120:
351-357.

Ricuarps E.J., Goopman H.M. and AusuBeL EM.,
1991 — The centromere region of Arabidopsis
thaliana chromosome 1 contains telomere-similar
sequences. Nucleic Acids Research, 19: 3351-
3357.

RocGEers S.O. and BenpicH A.J., 1987 — Ribosomal
RNA genes in plants: variability in copy number
and in the intergenic spacer. Plant Molecular Biol-
ogy, 9: 509-520.

ScHUBERT 1. and WoBus U., 1985 — I# situ hybridiza-
tion confirms jumping nucleolus organizing regions
in Allium. Chromosoma, 92: 143-148.

TanakAa A. and Hizome M., 1978 — Karyomorpho-
logical studies on species differentiation in some
spectes of Lysimachia. La Kromosomo, 1I-11-12:
301-312.

WARBURTON D. and HENDERSON A.S., 1979 — Se-
quential silver staining and hybridization in situ
on nucleolus organizing regions in human cells.
Cytogenetic and Genome Research, 24: 168-175.

Received July 8" 2010; accepted March 8" 2011



