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Abstract

Tissue culture is used as a tool to propagate seedlings massively in industry. However, unfavorable
genomic alteration that affects phenotypic characters occurs in the procedure. A technique which scans
these genetic changes genome-wide can enables us to discriminate the clone that has genomic alteration
at early stages. In this study, we used restriction landmark genome scanning (RLGS) to detect altera-
tions among ramets of rice, which redifferentiated from a callus that had been cultured for 4 weeks. As
a result, 6% (10 spots) of the total (161 spots examined) were different between two ramets. One spot
out of ten was cloned and was located on a predicted gene. Application of a PCR-based method to the
RLGS spot region detected one methylation alteration among the ramets. Accordingly, RLGS was suc-
cessful in surveying methylation alteration events during tissue culture in plants and it should be possi-
ble to use this method for monitoring of alteration levels.
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Introduction

In rice, a convenient transformation method via cal-
lus has been established’. However, genomic alterations
often occur during tissue culture. For example, changes
of methylation status’ and transposition of transposable
elements’ induce morphological changes. The longer a
callus is cultured, the more alterations occur®. These
alterations could cause unfavorable phenotypic character
changes in plantlets when propagated massively as a
clone. On this point, we need a reliable and convenient
technology that can evaluate the stability of the genome in
a cloned population.

The restriction landmark genome scanning (RLGS)
method employs direct end-labeling of the genomic DNA
digested with restriction enzymes and two-dimensional
electrophoresis®*. This method enables one to visualize

thousands of loci on a single autoradiogram, and detect
DNA polymorphism by comparing RLGS patterns. The
RLGS method also enables a genome-wide survey for
alteration of methylation status, using a methylation sen-
sitive restriction enzyme, and has been used to detect
methylation changes in tumorigenesis'®.

In this study, we analyzed ramets redifferentiated
from a callus that was derived from an identical rice seed
using RLGS, and detected genomic alterations between
ramets.

Materials and methods

1. Tissue culture

The process of tissue culture was according to Hiei et
al.>. Briefly, a single seed of Oryza sativa L. cv.
Nipponbare was sown on N6 medium?” containing 2 pg/ml
2,4-dichlorophenoxyacetic acid to induce a callus. After
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4 weeks, the callus was transferred into N6 medium with-
out 2,4-dichlorophenoxyacetic acid, and redifferentiated.
We selected 4 ramets (ramet 1, 2, 3, and 4) and cultivated
the ramets for 4 weeks (at 15 cm high with 3—4 leaves).
The four ramets had no difference in morphology and
growth.

2. Preparation of genomic DNA and RLGS

Leaf blades and sheaths of ramets 1, 2, 3, and 4 were
collected and ground by mortar and pestle with liquid
nitrogen. Total genomic DNA was isolated by the cetyl
trimethyl ammonium bromide (CTAB) extraction method
with modification according to Kawase® and Okamoto et
al.''. We carried out RLGS with restriction enzyme com-
bination, Notl-Hpall-BamHI (NEB, Beverly, MA, USA),
described in Okamoto et al.'" and Takamiya et al.'%.

3. RLGS spot cloning

We employed the improved spot cloning method'?
based on conventional methods**. Briefly, the genomic
DNA (0.1 pg) was digested by Notl and Hpall at 37°C for
1 h. Then, the sample was mixed with DNA fragments
labeled at the Notl sites and digested with Hpall.
Thereafter, 2-D electrophoresis was carried out as
described by Okamoto et al."" and Takamiya et al.'>. The
target RLGS spots were punched out from the dried gel
and soaked in Tris-EDTA (TE) buffer (10 mM Tris-HCI,
pH 8.0, 1 mM EDTA). The DNA fragments in the gel
were electroeluted and purified. The purified DNA frag-
ment was ligated with 1 pL NotI linker (0.5 pmoles/pL:
5’- GGCCGCATGAATGGCGCGCCAAAGA-3’, 3°-CG
TACTTACCGCGCGGTTTCT-Biotin-5), 1 uL BamHI
linker (0.5 pmoles/uL: 5>-GATCCTGTACTGCACCAG
CAAATCC-3’, 3’-GACATGACGTGGTCGTTTAGG-
5”) and 2 pL of ligation high solution in Ligation High™
(Toyobo, Tokyo, Japan). Ligation reaction was carried
out at 16°C for 2 h according to the manufacture’s proto-
col. After ligation, target DNA was purified using
Dynabeads™ M-280 Streptavidin (Dynal Biotech ASA,
Oslo, Norway) according to the manufacturer’s instruc-
tion. The Dynabeads were resuspended in 4 pL TE, and 1
pL was used as a PCR template. PCR was performed
with 0.4 U of polymerase kit, KOD plus™ (Toyobo), 2 uL
Notl primer (10 pmoles/puL: 5’-GCGCGCCATTCATGC
GGCCG-3’), 2 uL. BamHI primer (10 pmoles/uL: 5’-TT
GCTGGTGCAGTACAGGATCC-3), 1 mM MgSO,,
0.2 mM dNTPs and KOD buffer (total volume: 20 uL).
PCR conditions were: 94°C for 5 min followed by 30
cycles of 94°C for 15 sec, 60°C for 30 sec, and 68°C for 1
min. Nucleotide sequences of the PCR products were
directly determined by CEQ™2000XL (Beckman Coulter,
Fullerton, CA, USA) using CEQ-DTCS quick start kit™
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(Beckman Coulter).

4. PCR method for methylation analysis

Fifty nanograms of genomic DNA were digested by
50 U Mspl or Hpall, and used as a PCR template.
Undigested genomic DNA was also used as a positive
control to indicate existing target sites. PCR was carried
out with 0.4 U of KOD plus™ polymerase (Toyobo), 1.5
pL forward primer (10 pmoles/uL), 1.5 pL reverse primer
(10 pmoles/pL), 1 mM MgSO,, 0.2 mM dNTPs and KOD
buffer (total volume: 20 puL). PCR conditions were: 94°C
for 10 min followed by 30 cycles of 94°C for 15 sec, 60°C
for 30 sec and 68°C for 1 min.

Primers used for PCR amplifications were; C4F(M1):
CGAGTCGAGCAGTTGGGAG and C4R(M1): GGGA
CATCTATGCCATGTGGG.

Results and discussion

RLGS profiles of ramets 1 and 2 that were derived
from an identical single seed were analyzed with the
enzyme combination of Notl-Hpall-BamHI. As a result,
157 and 155 spots were detected on areas of the RLGS
profiles of ramet 1 (Fig. 1-a) and ramet 2 (Fig. 1-b),
respectively. In total, 161 unique spots were observed in
these patterns. One hundred and fifty-one spots out of
161 were common in the two ramets. On the other hand,
we observed 10 different spots (6% of 161 spots) between
these cloned plants’ profiles. Six spots were detected spe-
cifically in ramet 1, and 4 spots were specific in ramet 2.
In Fig. 1, ramet-specific spots are indicated by closed
arrowheads, conversely, disappearance of spots are indi-
cated by open arrowheads.

We cloned one ramet 2 specific spot (C4) from the
pattern (Fig. 1-b), and obtained the sequence shown in
Fig. 2. As aresult of a blast search of NCBI (http://www.
ncbi.nlm.nih.gov/) and RAP-DB (http://rapdb.lab.nig.ac.
jp/), the nucleotide sequence of spot C4 was mapped on
the 3’ region of a predicted gene (Os01g0894400 shown
in Fig. 3).

We thought that the differences of spot patterns might
be caused by alteration of DNA methylation status,
because Notl and Hpall are methylation sensitive
enzymes, and the polymorphic spot regions between
ramets might be altered often during tissue culture. At
this point, we examined methylation status of restriction
enzyme sites using a PCR-based method with the genomic
DNA of ramets 3 and 4 that were derived from the identi-
cal seed as the ramets 1 and 2. When the alteration occurs
in the early stage of culture, the probability is that the
same genome change event is supposed to be shared in
some ramets. It is also possible that the same methylation
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Fig. 1. RLGS spot patterns

a: RLGS pattern of ramet 1, with the restriction enzyme combination, Nofl-Hpall-BamHI. There are 157 spots
in the profile.

b: RLGS pattern using NotI-Hpall-BamHI for ramet 2. The pattern has 155 spots. In comparing a and b, ten
spots are different. Six spots are specific in Fig. 1-a, and four are detected specifically in Fig. 1-b. Spot C4
indicated by closed arrowhead is specific in Fig. 1-b and null in Fig. 1-a (open arrowheads). Figures 1-c and
1-d are magnified images of the spot C4 in ramets 1 (Fig. 1-a) and 2 (Fig. 1-b), respectively.

GGATCCTTTTCCAGTTATATCGATGAAAAACTTTTTTCGTTATGTGTTAAACAAGTTATA
GCATTGACATTAGAAAAAGAAAGTTGAGAGGAATGCTCCTAATATACTGGCATAGCTGCC
ATTACGCCACATGAAAAACACGATCAATCACGAATTCACAACACTCACCATGTGATACGT
GTGATGGCAATCCCCAGCGGTTCAACATCCACGGCTGAGGATTCGCGGGTAGCAACCTCG
GTTTGAAGCCAAAAGGCAACCACTACCGTCCAGCTCTACTAGGACGGGCCCACCAAGCTG
GGTCCGACGTGTCATCGACGAGTGGGCCCCACACAGCAGGACAACGAGGACGAGTGGGCC
CCAGCATTCACCCCCACGAGGCCCACCGACAGCGACCCAGGCGGCCGC

Fig. 2. Sequence of spot C4
The spot C4 was detected in the pattern of ramet 2, and located
on chromosome 1. Underlines show Nofl (GCGGCCGC) and
BamHI (GGATCC) sites.

M2 M1
C4F(MD) l|3 N 050120894400
Chr.1 — __<— 050120894300 | I I |
_0.4kb_ C4R(M1)

Fig. 3. Location of spot C4
The nucleotide sequence obtained from the spot C4 is located from Os01g0894400 (predicted
gene) to its 3’ region. The gene is shown by a box. Arrows are the direction of the ORFs.
Arrowheads show the primers used for methylation analysis. N, B and M1-M2 indicate Notl,
BamHI and Mspl/Hpall sites of the RLGS spot, respectively.
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Ramet 3 Ramet 4

Primer: C4F(M1) & C4R(M1)

Fig. 4. Methylation status of restriction enzyme sites of spots C4

a: Analyzing methylation status of M1 site of spot C4 with primer C4F(M1) and C4R(M1).
Lane M is a size marker. Lanes 1 to 3 are PCR products that were amplified from genomic DNA of ramet 3. U, M and H
indicate the treatment of PCR templates; U: undigested genomic DNA (positive control); M: Mspl-digested; H: Hpall-
digested. There is no band on lane 2 (M) and lane 3 (H). The M1 site of ramet 3 is not methylated. Lanes 4 to 6 are PCR
products amplified from genomic DNA of ramet 4. On lanes 5 (M) and 6 (H), faint bands were detected.

b: Reconfirming M1 site of ramet 4.

PCR products of lanes 5 and 6 were purified and mixed. It was divided into two samples; one was loaded on lane 7 directly.

Another one was treated with Mspl (lane 8).

alteration can occur independently among ramets, if the
region is unstable in its methylation status. Then, an anal-
ysis of the C4-spot region using ramets 3 and 4 was car-
ried out. First of all, the genomic DNA of ramets 3 and 4
were treated with Mspl or Hpall, and used as a PCR tem-
plate. Hpall has different methylation sensitivity, it
doesn’t digest in the case that internal cytosine is methyl-
ated (C*"CGG), whereas Mspl digests C*"CGG. The site
of Mspl/Hpall next to Notl (N) was named “M1” (Fig. 3),
and its methylation status was analyzed using primers
C4F(M1) and C4R(M1). As for ramet 3, no band was
detected from genomic DNA digested with Mspl or Hpall
(Fig. 4-a, lanes 2 and 3, respectively). The results show
that the M1 site of ramet 3 was not methylated. On the
other hand, regarding ramet 4, faint bands were detected
in the case of Mspl or Hpall digestion (Fig. 4-a, lanes 5
and 6, respectively). These results indicated that the M1
site was methylated "C*"CGG, *"CCGG or the DNA
sequence was altered at the site in ramet 4. First, we con-
firmed that the M1 site of spot C4 was on ramet 4’s
genome. The band on lane 7 is the PCR product (880 bp)
which was purified from the mixture of lanes 5 and 6.
The mixed PCR product was digested with Mspl, and
loaded on lane 8. The PCR product was expected to be
divided into 771 bp and 109 bp fragments, and the 771 bp
fragment was detected in lane 8. These results showed the
nucleotide sequence at the M1 site of ramet 4 was not
altered, but the site was methylated. As to Notl site (N) of
spot C4, no methylation was detected in either ramets 3 or
4 by the same method (data not shown).

From the results mentioned above, we detected one
methylation alteration among the ramets, which rediffer-
entiated from an identical seed. As shown by Chengetal.,
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Tos17 was demethylated in tissue culture and remethyl-
ated during redifferentiation'. Similarly, the regions
which we analyzed in the present study might be affected
frequently during callus induction or redifferentiation.

The systematic scanning method as shown in this
research has advantages as follows. (1) The method can
detect a little alteration between samples. Although we
analyzed the ramets which were derived from an identical
single seed and had the same genetic background, we
detected some alterations on RLGS spots. (2) It has a pos-
sibility to detect genomic alteration that could affect phe-
notypic characters because RLGS surveys methylation of
Notl and Mspl/Hpall in the vicinity of a gene'”. (3) RLGS
is applicable to almost all plants. Consequently, it is con-
ceivable that this method enables the detection of regions
which are easily altered in tissue culture.

Conclusion

Our experiments clearly demonstrate that the RLGS
method can be successfully applied to detect alterations in
DNA methylation during tissue culture in plants. A callus
derived from an identical single seed was cultured for 4
weeks, and redifferentiated. The 2 ramets were analyzed
by RLGS analysis (Notl- Hpall- BamH]I), and these pat-
terns were compared. As a result, the 10 (6%) out of 161
RLGS spots indicated certain genome alterations on DNA
sequence or methylation status among the ramets. At least
one spot (C4) suggested the alterations of methylation sta-
tus in Mspl/Hpall sites.

The RLGS method is useful for genome wide sur-
veillance of epigenetic alterations in tissue culture. The
markers of an alteration’s hot spot (the region whose
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methylation status is susceptible to artificial and/or envi-
ronmental stress), which will be established using the
RLGS method in a further study, are possible and suitable
for monitoring the epigenectic stability of the genome in
tissue culture and micro-propagation.
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