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A tandemly repeated DNA sequence was identified and characterized by the
combined RAPD and FISH data from a total genomic DNA of Welsh onion
(Allium fistulosum). A clone containing this repeating sequence was
selected and sequenced. This repeating unit of 314 bp inserted into pAf 072
contained 54.1% adenine and thymine residues, and showed the primer se-
quence used, 5'-GAAACGGGTG-3’, in both terminals of the sequence. Fluo-
rescence in situ hybridization using this tandemly repeated sequence as a

probe indicated that the detected sites were coincident with the major
C-banded constitutive heterochromatin in the terminal regions of both arms
of all 16 chromosomes.

Random amplified polymorphic DNA (RAPD) (Welsh
and McClelland, 1990; Williams et al., 1990} is used to
amplify random sequences from a complex genome
DNA. Plant molecular biologists have widely applied
this technique to design the genetic markers of varia-
tion at the interspecific or intraspecific level in plants
(Chalmers et al, 1992; Wilkie et al., 1993). This
technique can provide genetic markers that are useful
in the molecular analysis of the genome (Rafalski and
Tigny, 1993; Jiang et al., 1997; Nagaoka and Ogihara,
1997). RAPD markers in plants are usually able to
compensate for the G-banding patterns that have been
used as chromosome markers for the cytogenetic
study in the animal genome (Lee and Seo, 1995).

The fluorescence in situ hybridization (FISH) techni-
que using fluochrome allows the visualization of multi-
gene families, such as the 5S and 18S-5.8S8-26S ribo-
somal RNA genes (Mukai et al., 1990, 1991; Castilho
and Heslop-Harrison, 1995; Badaeva et al, 1996b)
or the repeated DNA sequences (Cabrera et al.,, 1995;
Irifune et al.,, 1995; Badaeva et al., 1996a; Cuadrado
and Jouve, 1997) for their locations on the chromo-
somes. FISH-detectable occurrences are based on
the size of hybridizing-recipient DNA sequences for
their complementary probes; the size of probe is not
important for signal detection.

Eukaryotic genomes, including those of higher or-
ganisms, generally contain many tandemly repeated
DNA sequences. The study of these repeated DNA
sequences is important in relation to chromosome
organization, as these sequences are closely asso-
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ciated with the constitutive heterochromatin (Appels
et al., 1978; Bedbrook et al, 1980; Deumling, 1981;
Yakura et al., 1987; Iwabuchi et al.,, 1991; Wu et al,,
1991). The constitutive heterochromatin in Allium fis-
tulosum is mostly located in the terminal regions of
both arms of all eight homologous chromosome pairs
(Seo and Kim, 1975; Vosa, 1976). To date, the iden-
tification or acquisition of highly repeated DNA se-
quences, which are considered as components of the
constitutive heterochromatin, is generally obtained by
digestion with the combinations of several restriction
enzymes (Barnes et al.,, 1985; Irifune et al., 1995).

In this paper, we report the nucleotide sequence
of a highly repeated DNA sequence, which is obtained
as the constant RAPD using the OPA kit 07 primer.
FISH patterns were also detected within the consti-
tutive heterochromatin regions of all 16 chromosomes
in A. fistulosum.

Materials and Methods

Plant material and chromosome preparation

Allium fistulosum cv. Keumjang single stem was
soaked in water, then placed on a moist filler paper
in petri dishes at room temperature. After 3-4d, the
root tips were excised and used for chromosome
preparation of FISH according to Mukai et al. (1990).

DNA extraction and RAPD analysis

Genomic DNA was extracted from young leaves by
the cetyltrimethylammonium bromide (CTAB) extraction
buffer (Rogers and Bendich, 1988). Twenty kinds of
10-mer RAPD primers (A01-A20) purchased from
Operon Technologies were used for PCR amplification
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following Williams et al. (1990). Amplification was
performed in a 25ul reaction mixture that contained
1X Ex Tag buffer, 200 M each of dNTP (dATP,
dGTP, dCTP, and dTTP), 200 uM of each primer, 0.1
unit of Ex Tag. polymerase {Takara) and 10ng of
genomic DNA in sterile distiled water. Initial dena-
turation was for 5min at 94, followed by 45 cycles
of 1 min at 94°C, 1 min at 38°C, 2min at 72, and
a final 5min extension at 72°C. The PCR reaction
was run in an automated thermal cycler (Perkin-Elmer
Cetus System 9600). Amplification products were
analyzed by electrophoresis in a 1.2% agarose gel in
1X TAE buffer and detected by ethidium bromide
staining.

Cloning and sequencing of RAPD products

Each RAPD band was isolated from an agarose gel
using a Geneclean Il kit (Bio 101), and was used to
determine whether signal labeled with each isolated
DNA was detected or not on chromosomes or nuclei
by FISH analysis. The FISH-detectable products were
then ligated into the pT7Blue(R) vector using T4 ligase,
and introduced into E. coii DH5a by transformation
(Sambrook et al., 1989). Nucleotide sequencing was
done on a PAGE gel with an ABl Prism 377 se-
quencer (Perkin-Elmer) as an automated fluorescent
sequencing system. DNA sequence data were an-
alyzed using the BLAST network service at the
National Center for Biotechnology Information (NCBI)
{Altschul et al., 1990).

Probe labeling and FISH

The purified RAPD product was labeled with biotin-
16-dUTP (Boehringer Mannheim) by the PCR method.
Chromosomal DNA on the slides was denatured in
70% formamide at 67°C for 2 min and dehydrated in
70%, 95%, and 100% ethanol series at -20°C for 5
min each. The hybridization mixture containing 50%
formamide (w/v), 10% dextran sulphate (w/v), 5 ng/ul
of autoclaved salmon sperm DNA and probe DNA
labeled with biotin-16-dUTP in 2X SSC, was heated
at 100C for 10 min and then kept on ice for 5min.
Ten ul of the hybridization mixture was applied to
each slide preparation denatured in 70% formamide
at 67¢C for 2min, and the slides were covered with
a coverslip. Slides were then placed in a humid
chamber at 37°¢ for 6 h or longer. After hybridization,
coverslips were removed in 2X SSC and the slides
were washed in 2X SSC for 5min, 50% formamide
at 37T for 15min, 2X SSC for 15 min, 1X SSC for
15 min, and 4X SSC for 15 min, which allowed binding
of the probe with minimal homology. The slides were
covered with 850 ul of a avidin-FITC conjugate for a
biotin-labeled RAPD product dissolved in 1% BSA/4X
SSC as a detection buffer and incubated for 1 h at 37
‘C without coverslips. After that, the siides were
washed in 4X SSC for 10 min, 4X SSC/0.1% Triton
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Table 1. RAPD products amplified from genomic DNA in Allium fistulosum

Lane } Nucleotide sequence Products
No.  Primer 5 to 3) (ca. bp)
1 OPAO1 CAGGCCCTTC 800, 600, 400
2 OPAO4 AATCGGGCTG 900, 500, 350
3 OPAD5 AGGGGTCTTG 1000, 800, 500, 400
4 OPAG7 GAAACGGGTG 300°
5 OPA08 GTGACGTAGG 700, 300
6 OPAD9 GGGTAACGCC 1300, 400, 300
7 OPA10 GTGATCGCAG 800
8 OPA11 CAATCGCCGT 1300, 800
9 OPA12 TCGGCGATAG 400, 300
10 OPA13 CAGCACCCAC 1200, 850, 700, 400
" OPA14 TCTGTGCTGG 300
12 OPA15 TTCCGAACCC 1000, 800, 600
13 OPA16 AGCCAGCGAA 1500, 900
14 OPA18 AGGTGACCGT 700

®underlined DNA fragments are FISH-detectable products.

X-100 for 10 min, 4X SSC for 10 min, and 2X SSC
for 5min. The final concentration (1 ug/ul) of 4, 6-di-
amidino-2-phenylindole (DAPI) solution containing Vect-
ashield mounting medium (Vector) as a counterstain,
was added to an amount of 15ul on each slide and
overlaid with a coverslip. The slides were examined
with a Zeiss Axiophot epifluorescence microscope with
Zeiss filter sets: 01 for DAPI, and 09 for FITC. Pho-
tographs were taken using Kodak G400 color print film.

Results

To obtain the RAPDs that can be detected with
FISH technique, all 20 kinds of 10-mer primers (OPA
kit) were applied to the total genomic DNA in A.
fistulosum. Thirty-two kinds of different reproducible
DNA bands were obtained from 14 kinds of primers
(Fig.1 and Table1). The number of bands in the
profile varied depending on the primer sequences.
To determine which of these RAPD products should
be used as a potential genetic marker in the FISH,
all RAPD bands showing reproducibility were isolated
from the agarose gel, labeled with biotin-16-dUTP by
PCR amplification, and detected by FISH, respectively.
As a result, four kinds of RAPD products from three
primers (AQ7, A11, and Al14) were detected on meta-
phase chromosomes. Among these FISH-detectable
products, the RAPD product amplified by primer A07
was cloned and examined again by FISH. As a
result of FISH procedures, the cloned sequence was
detected in the regions of constitutive heterochro-
matin of all chromosomes. We designated this recom-
binant plasmid as pAfQ72.

The 314-bp RAPD product inserted into pAf072 is
practically hybridized to the terminal regions in both
arms of all 16 metaphase chromosomes and inter-
phase nuclei in A. fistulosum (Fig.?2). Fig.3 shows
the nucleotide sequence of the 314-bp fragment in-
serted into the pAf072 plasmid. This repeating unit
contains 54.1% adenine and thymine residues, and
shows the primer sequence used, 5-GAAACGGGTG-3,
in both terminails of the sequence. This sequence
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Fig. 1. RAPD fragment amplified by the OPA kit in Allium fistulosum.
M; molecular weight marker (1-kb ladder), 1-14; electrophoretic pattern
of each RAPD product, m; molecular weight marker (A DNA/HindIll).
Sizes of bands are indicated in base pairs.

shows about 95% homology in only the overlapping
region with those of the highly repeated DNA se-
quences obtained from A. fistulosum, which was
registered in the EMBL data bank.
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GAAACGGGTG CAGGGATTTG AAATGGACCA GTACCATGGT GCACCACTCT 50
CCAGGGATGG TAAATCGTAG ACCAGCCACG GTGTTCCCTT TTTAACGTAA 100
AAATTCACGT GATGGAAAAA CGAAGGCCAA AAAACTTCAG AGACCCGATT 150
GAGGTTCGGA TAGGCTTTTT TGGGTATGAA ACTAACCGTT GACGGCTTAC 200
AGCGGTCAAA GCCGTAGAAC TCACTCAGAC CTTCGTTTIG ACTGGTTATG 250
GCTCCCGTAA CTCTAAACGA GGCAACAGTT ATGGCCGTCC GAATAATCGA 300
TGTCCACCCG TITC 314

Fig. 3. Nucleotide sequence of tandemly repeated DNA inserted into
pAf072. Primer sequence used, 5-GAAACGGGTG-3', are underlined
in both terminals. The nucleotide sequence is registered in the EMBL-
GenBank-DDBJ Nucleotide Sequence Data Base under accession No.
AF074873.

This FISH-detectable RAPD product existing in
both terminal regions of all chromosomes in this
study was characterized by a highly repeated DNA
sequence for the following reasons. First, the probe
of this product was detected in large amounts of
chromosomal regions, and second, the detected
regions of this probe were located in the terminal
regions, constitutive heterochromatin, which is darkly
stained by the C-banding technique in A. fistulosum.

Discussion

The present study of the combined RAPD and FISH
data shows that signal regions detected by FISH
using a tandemly repeated DNA sequence as a
probe are clustered in the terminal regions of all 16
chromosomes, and are coincident with the regions of
constitutive heterochromatin observed by the C-band-
ing technique. Similar locations of highly repeated
DNA sequences in terminal regions of chromosomes
have been reported, including Allium fistulosum (Irifune
et al, 1995), Scilla sibirica (Deumling, 1981) and

Fig. 2. Fluorescence in situ hybridization using a probe labeled with biotinylated pAf072 at interphase and metaphase of Allium fistulosum. A. The
signals were detected with FITC (green) in the terminal regions of all chromosomes. B. Double-exposure photographs showing in situ hybridization
with biotin-labeled pAf072 and simultaneous staining with DAPI (blue). Scale bar=10um (B).
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Secale cereale (Appels et al., 1978).

It has been reported that the BamHl repeated
DNA sequence of 375bp in satellites of A. cepa
(Barnes et al., 1985), and the EcoRV repeated DNA
sequence of 378 bp which is confirmed by the FISH
technique in A. fistulosum (Irifune et al., 1995). Irifune
et al. (1995) confirmed that both sequences between
A. fistulosum and A. cepa have high similarity in
sequence length, nucleotide composition, genomic con-
tent, and chromosomal localization. The nucleotide
sequence of the 314bp RAPD product inserted into
pAfQ72 obtained in this study is also coincident with
the 378-bp fragment of A. fistulosum obtained by
restriction enzyme digestion (Irifune et al., 1995), with
about 95% of homology of nucleotide sequence be-
tween only the overlapping regions of both sequences.

The content of constitutive heterochromatin in A.
fistulosum was reported to involve about 12% of the
genome, which was estimated from the darkly stained
chromosome length to total chromosome length (Seo
and Kim, 1975). Irifune et al., (1995) reported that
the 380 bp sequence covered almost half of the con-
stitutive heterochromatin because approximately 4.5%
of the total genome was estimated by quantitative
results of a Southern-blot analysis. Any of these
repeated sequences obtained by BamHIl, EcoRV, or
RAPD, may be part of actual tandemly repeated unit
in the genome, because signals using a partial frag-
ment in multicopy repeating families will be detect-
able. To identify and characterize the actual repeating
unit in the genome of A. fistulosum, we are planning
to undertake sequence walking from additional analy-
sis, including application of many OPA primers or of
some arbitrary primers within this sequence.
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