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Abstract: Using Fluorescence in Situ Hybridization with 45S rDNA probes, we analyzed two wild rice species, Oryza alta and
Oryza latifolia, both having CCDD genomes. The results showed that the hybridization signals of 45S rDNA in O.latifolia
chromosome preparations were distributed on different chromosomes with the number of 10~16. The same signals in O.alta
chromosome preparations were 6 and distributed on three pairs of homologous chromosomes: with two pairs in short
chromosome arms and the other one pair in long chromosome arms. The number and positions of 45S rDNA signals are stable in
O.alta genome, but there are some dynamic changes of signals in O.latifolia genome. Our observations indicated that there are
distinct differences between the two CCDD genomes. Comparative analysis of the karyotype of O.alta and O.latifolia
chromosomes based on the Fluorescence in Situ Hybridization pictures showed vast differences. We propose that the genome of
O.alta may be differentiated earlier in evolution and tend to be stable, while O.latifolia may still be in its evolutionary process.
Based on the imbalance of evolution and differences of genomic structure, we propose that O.alta and O.latifolia can be divided
into two wild rice species, which may be better conforming with their evolution characteristics. The mechanism and
characteristics of 45s rDNA’s distribution in the chromosomes are discussed.
Keywords: 45S rDNA, Fluorescence in Situ Hybridization (FISH), Oryza alta, Oryza latifolia

1. Introduction
The genus Oryza is divided into sativa, officinalis, ridleyi,
and meyeriana complex. In the officinalis complex, both the
Oryza alta and Oryza latifolia are allopolyploids with CCDD
genomes, and have excellent characteristics such as anti-insect,
anti-disease, and anti-stress. But the classification status of
these two species has always been controversial. Some
researchers believed that the two kinds of wild rice are very
similar in terms of geographical distribution and
morphological characteristics, have no significant
reproductive isolation, and their crossbreeding progenies’
chromosomes display normal synapsis and pairing during
meiosis. As a result, they inclined to classify O.alta and
O.latifolia as one species [1]. On the other hands, other related
studies in the field of molecular biology (studies using

isoenzyme, AFLP markers, RFLP markers, repetitive
sequences and ribosome ITS sequences, etc.) and cell biology
(studies using cot-1 DNA hybridization, genomic
hybridization, etc.) had revealed enormous differences
between these two wild rice species, and demonstrated their
divergence in the phylogenetic trees of the genus Oryza [2-4].
In order to better protect and utilize these wild rice genetic
resources, more studies are needed to clarify the genetic
relationship between them.
The 45S rDNA belongs to highly and moderately repetitive
DNA sequences, and can be used to study the differentiation
of species and the origin of genomes. As a result, it has been
used to determine the original ancestry and establish the
evolutionary tree between different species [5]. These are
made possible by the fact that the 45S rDNA repetitive
sequences contain less genes or genes with multi copies, and
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their mutations are likely not to cause lethal effects. Therefore,
the selection pressure in the process of evolution is relatively
small, the variations in these regions can accumulate gradually
and randomly, and can be used to differentiate between
species within the genus. Mutations that usually occur in
conserved sequences such as functional gene regions are more
likely to cause lethal effects and less likely to be inherited or
retained. As a result, compared with the single-copy and
low-copy sequences that are more conservative in evolution,
the medium and high repetitive sequences are more suitable
for studying the relationship between the genomes of closely
related species with small variation [6].
In studies of plant genetic resources, valuable information
is often obtained using Fluorescent in Situ Hybridization
(FISH) localization technology, which can be used to
characterize about the structural changes of chromosomes, the
phylogenetic relationship of proximal species and the origin of
heteropolyploid [7-9]. The FISH analysis using 45S rDNA
probes showed that the position of rDNA loci on
chromosomes was usually stable among the related wheat
species, in spite that of the primitive and derived polyploid
species had undergone a long period of parallel evolution.
Using this technique, it was found that the three basic diploids
with A, B or C genomes in the brassica genus have 5, 3 and 2
pairs of the 45S rDNA loci, respectively [10]. When FISH
technology was used to analyze 45S rDNA of different
genomes of cultivated rice and wild rice, Shishido et al [11]
found that there are some changes in the location and number
of rDNA loci. For example, the numbers of rDNA sites of six
diploid species in the rice genus fluctuate between 1 and 3
pairs, and there are also changes in the copy number of rDNA
repeat units and rDNA loci. In addition, it was found that there
is only 1 pair of 45S rDNA loci in O.Sativa ssp. Japonica, and
2 pairs of 45S rDNA loci in O.Sativa ssp. Indica [12].
In this study, we performed FISH and karyotype analysis on
O.alta (CCDD) and O.latifolia (CCDD) using 45S rDNA
probes, and compared the numbers and locations of 45S rDNA
loci on the chromosomes of the two wild rice species. The role
of 45S rDNA in the evolution of heteropolyploids, and the
characteristics or mechanism of evolution of allotetraploid
wild rice are discussed. By comparing and analyzing the
differences in the number, size and location of 45S rDNA in
the heterotetraploid genomes of O.alta (CCDD) and
O.latifolia (CCDD), we provide relevant evidences for various
classification status of the two genomes.

2. Materials and Methods
2.1. Materials
Wild rice accessions IRW41 (O.alta) and IRW6 (O.latifolia)
were provided by Prof. Lu Yonggen of South China
Agricultural University. The 45S rDNA plasmid was provided
by Dr. Xiong Zhiyong of Huazhong University of Science and
Technology. Wild rice materials were planted in porcelain vats
by conventional methods. Well-grown plants were used to cut
root tips for chromosome preparation.
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2.2. Preparation of Chromosome Specimens
The chromosome preparations of wild rice materials were
carried out by using a slightly modified method of Wang e t al
[13]. The root tips were washed and cut for 1~2 mm, treated
with 0.075 mmol/L KCl solution for 30 min. The root tip
tissues were fixed overnight with methanol/glacial acetic acid
(3:1) solution, and then washed 3~5 times for 5 min each. The
cleaned root tip tissues were digested with an enzyme mixture
solution of 2% pectinase and 2% cellulase for 3~4 hours in a
28°C incubator. After washing, chromosome slides were
prepared by flame drying method. The slides were examined
by the microscope and good slides were sealed and stored in
-20°C.
2.3. Fluorescence in Situ Hybridization
In the pre-treatment process, the chromosome slides were
dried in a 60°C oven for 1h, digested with 10µg/ml RNase A
solution at 37°C for 1h, and fixed with 4 % paraformaldehyde
for 10 min at room temperature. In the denaturation process,
the slides were washed twice with 2×SSC solution at room
temperature for 5 min each, denatured in 70% deionized
formamide solution at 70°C for 3.5~5 min, and quickly
dehydrated in an ethanol series (70%, 95% and 100%) at
-20°C for 5 min each, and air-dried at room temperature by
placing in a super-clean bench. In the hybridization process,
the freshly prepared hybridization solution (contain with
100ng biotin labeled 45S rDNA probe, 50% deionized
formamide, 2µg salmon sperm DNA, 10% 20×SSC, 0.1%SDS)
was denatured in a 90°C oven for 10 min, then quickly placed
on ice for >20 minutes. After adding 50µL hybridization
solution on the chromosome film, the slides were covered with
coverslip and put into a moisturizing box. The box was heated
in a 80°C oven for 10 min, and then incubated in a 37°C
incubator for 24h.
2.4. Signal Detection
The slides were washed with 20% formamide solution,
2×SSC solution and 0.2×SSC solution at 42°C for 10 min each;
and then with 1×PBS solution at room temperature for 10 min
before air-dried. Each slide was added 50µL 0.008 mg/mL
fresh streptavidin-Cy3 solution, covered with coverslip, and
incubated at 37°C for 1h. In dark conditions and at room
temperature, the slides were washed with 1×PBS solution 3
times for 5 min each. Every air-dried slide was added with
50µL 0.008 mg/mL fresh Biotinylated Streptavidin solution,
and incubated at 37°C for 1h. The slides were washed with
1×PBS solution for 3 times, added 50µL 0.008 mg/mL fresh
streptavidin-Cy3 solution, and incubated at 37°C for 1h again.
Then each slide was washed with 1×PBS solution for 3 times
and counterstained with 50µL 10µg/mL DAPI solution.
Finally, the fluorescence signals were observed under a
microscope (OLYMPUS BX61), and the targeted pictures
were obtained using the Cool-1300QSCCD (VDS, Germany)
camera system controlled by Case Data Manager Expo2.1.1
image system, and the FISH View EXPO2.0 and Photoshop
8.0 were used to fine-tune images.
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3. Result and Analysis
3.1. FISH Analysis of Metaphase Chromosomes
Using biotin labeled 45S rDNA as probes, FISH was
performed on the metaphase chromosomes of the O.alta and
O.latifolia (Figure 1). The 45S rDNA probes were detected as
red signals by streptomycin-Cy3, and the chromosomes were
shown to be blue by DAPI counterstain.

with clear metaphase chromosomes were used to count the
chromosome and 45S rDNA signal numbers. The results
showed that both the O.alta and O.latifolia chromosomes
numbers were 48 (Figure 1). However, there were significant
differences in the numbers of 45S rDNA signals between the
two sets of chromosomes. All of the O.alta chromosome
preparations (from different individual plants) had 6
hybridized signals (Figure 1-a1, a2), while the number of 45S
rDNA signals were variable in the O.latifolia chromosome
preparations from different individual plants. For example,
there were 16 signals in Figure 1-c1 and 13 signals in Figure
1-c2. Through the analysis of 12 different plants of O.latifolia,
we found that the minimum number of signal points was 10,
and the maximum number was 16, among which 13 and 14
signal points appeared more times, that is, 4 plants had 13
signal points and 3 plants had 14 signal points. The statistical
results showed that the number of 45S rDNA signal points on
the O.latifolia chromosomes varied between 10 and 16.
3.2. Distribution Characteristics of 45S rDNA Signals

Figure 1. FISH analysis with 45S rDNA on the chromosomes preparations of
O.alta and O.latifolia.
a1, a2 show the hybrid signals of 45S rDNA on the O.alta chromosomes; b1,
b2 show the DAPI counterstained O.alta chromosomes; c1, c2 show the
hybrid signals of 45S rDNA on the O.latifolia chromosomes; d1, d2 show the
DAPI counterstained O.latifolia chromosomes.

There were 5 pieces of good slides of each plant were
selected for FISH analysis, and in each slide at least 10 cells

On the FISH images, the chromosomes were separated one
by one using FISHView EXPO2.0 software, and the length of
chromosomes were measured using curve measurement
method of SPOT advanced software. Photoshop was used to
fine-tune the images. Combined chromosome morphology
with the statistical data, the chromosomes of O.alta and
O.latifolia were paired and sorted from the longest to the
shortest.

a1, a2 are karyogram of O. alta, b1, b2 are karyogram of O.latifolia.
Figure 2. Karyogram of O.alta and O.latifolia with 45S rDNA signals.

Figure 2 shows that the red 45S rDNA signals on the
chromosomes of O.alta and O.latifolia are mainly distributed
in the centromere, proximal centromere and telomere regions.
By comparing the karyotype maps of the two wild rice species,
we found that the distribution patterns of 45S rDNA on
chromosomes are different, and each has a specific band type.
The O.alta steadily had 6 signal points and they were mainly
distributed near telomere. The 6 signal points belonged to 3
pairs of homologous chromosomes, with 2 pairs of signals

points in the short arms and 1 pair in the long arms. On the
other hand, the O.latifolia had more signal points (10~16) and
signal bands were found in the chromosomes’ short arms, long
arms, centromeres or their vicinity areas. The end of the short
arm was the most likely distribution region, in which one can
find about 9 signal bands. Secondly, in both the centromere
and near centromere regions we can found 2 or 3 signal bands,
but there was none 45S rDNA signal found in the long
chromosome arms. Moreover, the 45S rDNA signals of
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O.latifolia were not all pairwise, with some chromosome pairs
had only one hybridization signal, or some chromosome pairs
had inconsistencies in the hybridization signal strength,
indicating that 45S rDNAs of O.latifolia on homologous
chromosomes were not evenly distributed. The differences of
45S rDNA signals distribution between O.alta and O.latifolia
confirmed that the distributions of the middle and high
repetitive sequences of these two species were different.
3.3. Chromosomal Karyotype Pattern Analysis
On the basis of data obtained by Photoshop software and
SPOT advanced software, we used the Excel software to
analyze the relative length of chromosome arms and ratio of
arms of each chromosome (Table 1). By comparing the
relative chromosome length, the corresponding chromosomes
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(with the same chromosome number) of these two sets of
genomes were different from each other. Generally, the
relative length of the O.latifolia chromosomes were longer
than that of O.alta, with the difference value range from 0.63
to 6.88. For example, the relative length of chromosome 24 of
O.alta was 25.37, and that of O.latifolia was 26.00, with a
minimum difference value of 0.63.The relative length of
chromosome 15 of O. alta was 31.62, and that of O.latifolia
was 38.5, with a maximum difference value of 6.88. Analysis
of Ratio of Arms (AR) of the both genomes showed that the
centromeres of the O.alta chromosomes almost all
concentrated on the middle, and the chromosomes had less
variation of AR (1.08~1.37); while the O.latifolia
chromosomes had larger variation of AR (1.18~1.69), that is,
their centromeres dispersed in larger regions.

Table 1. Karyotype analysis of O.alta and O.latifolia.
Chr. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Oryza alta
LRL±SD
29.00±3.42
25.75±1.58
25.50±2.33
24.25±1.49
23.62±2.77
22.37±1.60
22.87±3.36
22.75±2.66
20.25±2.66
19.62±1.92
19.75±1.28
19.62±1.60
17.75±1.39
18.37±3.02
17.00±1.77
17.62±1.77
18.00±2.33
15.62±1.77
16.50±1.85
17.00±2.39
16.50±2.20
15.87±2.53
15.00±1.51
13.75±0.71

SRL±SD
23.37±2.77
22.62±2.13
19.87±3.27
19.62±2.97
19.50±3.25
19.00±2.62
16.75±2.71
16.75±3.65
16.62±1.69
15.37±2.62
15.00±1.77
14.25±1.28
15.37±1.85
14.37±0.74
14.62±1.91
13.87±1.60
13.75±2.17
14.37±2.42
13.87±1.51
12.75±2.12
12.75±2.49
12.37±2.50
11.25±1.98
11.62±2.07

TRL±SD
52.37±5.71
48.37±2.56
45.37±2.92
43.87±3.72
43.12±3.70
41.37±3.62
39.62±4.31
39.50±2.10
36.87±2.83
35.00±2.03
34.75±1.75
33.87±2.03
33.12±2.70
32.75±3.45
31.62±2.66
31.50±2.97
31.75±2.56
30.00±3.11
30.37±3.25
29.75±2.12
29.25±3.41
28.25±3.45
26.25±2.76
25.37±2.45

AR±SD
1.24±0.12
1.13±0.15
1.28±0.39
1.23±0.19
1.21±0.34
1.17±0.14
1.36±0.35
1.35±0.56
1.21±0.28
1.27±0.37
1.31±0.21
1.37±0.16
1.15±0.14
1.27±0.18
1.16±0.26
1.27±0.12
1.30±0.36
1.08±0.33
1.18±0.06
1.33±0.39
1.29±0.33
1.28±0.38
1.33±0.25
1.18±0.25

Oryza latifolia
LRL±SD
30.50±4.60
31.62±8.31
27.62±4.00
29.25±4.77
25.25±4.27
25.75±3.45
25.50±4.14
25.12±1.25
24.75±3.77
23.37±4.37
22.87±1.73
21.75±2.66
21.50±2.27
22.25±2.82
21.75±3011
20.87±2.53
20.62±2.88
21.50±3.89
20.00±2.56
20.50±4.34
18.75±2.38
17.62±2.50
17.62±2.39
14.62±2.20

SRL±SD
24.37±4.47
21.25±6.02
20.25±4.13
17.25±4.13
20.25±2.92
19.62±4.41
19.37±3.85
18.87±4.29
17.87±3.36
18.62±2.97
17.50±1.93
17.50±2.20
17.50±2.98
16.50±2.07
16.75±3.01
17.62±1.77
16.75±2.25
14.75±1.75
15.62±2.07
14.37±4.44
15.25±1.75
14.87±1.36
13.00±1.60
11.37±2.07

TRL±SD
54.87±7.68
52.87±7.22
47.87±5.06
46.50±6.05
45.50±6.00
45.37±6.44
44.87±3.76
44.00±4.69
42.62±3.93
42.00±3.85
40.37±2.26
39.25±3.77
39.00±4.84
38.75±3.62
38.50±4.47
38.50±3.96
37.37±4.37
36.25±3.73
35.62±3.54
34.87±3.76
34.00±3.38
32.50±3.59
30.62±2.92
26.00±3.30

AR±SD
1.25±0.24
1.48±1.02
1.36±0.38
1.69±0.54
1.24±0.23
1.31±0.29
1.31±0.53
1.33±0.47
1.38±0.48
1.25±0.51
1.30±0.21
1.24±0.20
1.22±0.16
1.34±0.27
1.29±0.31
1.18±0.11
1.23±0.18
1.45±0.35
1.28±0.23
1.42±0.97
1.22±0.17
1.18±0.12
1.35±0.24
1.28±0.30

Chr. No., chromosomes numbers; LRL, Long arm relative length; SD, standard deviation; SRL, short arm relative length; TRL, total arm relative length; AR,
ratio of arms (long arm/short arm).

Using the Excel software, we constructed the karyogram
mode of both O.alta and O.latifolia. The paired chromosomes
were sequenced from the longest to the shortest according to
the length and the shape. Of the equal-length chromosomes,

those with short arms were arranged before. The 45S rDNA
signal distributions in the chromosomes were based on the
FISH analysis pictures.

Figure 3. Karyogram mode of O.alta and O.latifolia with 45S rDNA signals.
a, is 45S rDNA on the karyogram mode of O.alta; b, is 45S rDNA on the karyogram mode of O.latifolia; the chromosomes from left to right are numbered
chromosome 1 to 24; black ovals represent stable 45S rDNA signal points, gray ovals represent unstable 45S rDNA signal points.
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Figure 3-a shows that the 3 pairs of 45S rDNA are located in
the long arm of chromosome 8, the short arm of chromosome
14 and the short arm of chromosome 18 of O.alta, and these
chromosome’s relative lengths are 39.50, 32.75 and 30,
respectively (Table 1). The distributions of 45S rDNAs in the
O.latifolia chromosomes are more diversified. As can be seen
from Figure 3-b, there are 4 pairs of 45S rDNA (black ovals)
of O.latifolia stablely distributing on four chromosome pairs.
They are located in the centromere of chromosome 7, and in
the short arms of chromosome 15, 19 and 24, respectively.
Some unstable 45s rDNA signals (gray ovals) appear in pairs
(i.e. on homologous chromosomes), such as signals in
centromere region of the 6th chromosome pair (shown in
Figure 2-b1, 3b), signals in telomeres region of the 2nd and
5th chromosome pairs (shown in Figure 2-b2, 3b). There are
also some unstable signals (gray ovals, Figure 3b) appear
individually, such as only one signal in each the chromosome
pairs of the 12th, 15th, 23rd chromosomes in Figure 2-b1, and
only one signal in each the chromosome pairs of the 10th, 12th,
17th, 20th chromosome in Figure 2-b2. The results show that
the signal locations of different plants are different, indicating
vast variability in the repetitive sequences.

4. Discussion
Both O. alta and O.latifolia are heterotetraploid with CCDD
genomes, belong to the officinalis complex of Oryza genus,
and originally distributed in Latin America. Some believed
that these two wild rice species should be classified to one
species due to their overlapping geographical locations,
extremely similar morphology, and the hybrids’ normal
reproductive capacity [1]. However, many related researches
indicated that O. alta and O.latifolia were significantly
different in terms of evolution [2-4]. Bao et al [14] studied the
chloroplast DNA of these two wild rice and revealed
difference from each other. In addition, Lan et al [15]
performed FISH analysis on O. alta and O.latifolia using cot-1
DNA of O. officinalis (CC genome) as probes, and verified
differences between their CCDD genomes, especially more
differences among chromosomes from DD genomes. Using
the cot-1 DNA of O. alta (CCDD genome) as the probes,
Wang Debin et al [16] conducted FISH analysis on
chromosomes of O. alta and O.latifolia, and also found
obvious differences in hybridization signals’ distribution. In
the current study, we analyzed the differences in the number
and distribution of 45S rDNA probe signals in the
chromosomes of the two wild rice species, and further
demonstrated the genetic differences and evolutionary
relationship between the two species.
45S rDNA are moderately repetitive sequences in the
genome and have high homology in different species, but the
numbers and loci of 45S rDNA are variable. The results of
different published research using FISH technology to study
the rDNA sites of different species indicated that most diploid
species had two or more 45S rDNA sites. For example, there
were differences in the number of 45S rDNA loci in different

subspecies of cultivated rice, 2 loci in indica and 4 in japonica
[12]. Furthermore, there was a significant variation in the
number of 45S rDNA loci in different wild rice species, with a
variety range of 4~14 sites [11]. Shishido et al [17] reported
that the rDNA number of tetraploid species is not a simple
doubling of the rDNA number of diploid species. On the other
hand, Wu et al [18] demonstrated that distribution of repeated
sequences in the allopolyploid genomes are unstable. In
addition, Dong et al [19] detected about 10-14 of 45S rDNA
loci in chromosomes of O.latifolia and analyzed their
distribution polymorphism. In this study, we analyzed 45S
rDNA loci in two tetraploids. We demonstrated that not only
the number but also the sites of 45S rDNA were stable in O.
alta, i.e., 6 of 45S rDNA loci were always detected on 3 certain
chromosome pairs of O. alta. The 45S rDNA number of
O.latifolia were as many as 10~16, and their sites were more
complex than expected. There were only 8 of 45S rDNA loci
were steadily detected on 4 certain chromosome pairs; some
other chromosome pairs may be detected 0, 1 or 2 loci and
their distributions would varied among different individual
plant. The analysis of locations of 45S rDNA showed that
about 9 loci located in the ends of short arm of chromosomes,
2~3 in the centromere regions, and 2~3 in the near centromere
regions. Although both O. alta and O.latifolia had CCDD
genome types, they were significantly different in the 45S
rDNA loci, indicating their differences in the internal
composition and structure of genomes.
Previous studies have shown that the number of 45S rDNA
sites in polyploid species generally tends to decrease during
evolution [20]. In this study, we found that O.latifolia has a
larger average chromosome length, and more 45S rDNA loci
but unstable; on the other hands, the O. alta has smaller
average chromosome length, and fewer 45S rDNA loci but
stable. Therefore, we propose that the formation of O. alta is
earlier than that of O. latifolia. The 45S rDNA loci of
O.latifolia may be in the process of abatement, and may
gradually become stable in the long future. Although O. alta
and O.latifolia have similar morphological and chromosomal
behaviors, due to their large differences in genomic structure
and their imbalance in evolution, we believe that the division
of them into different wild rice species is more consistent with
their evolutionary characteristics.
It can be seen from figure 3-a and 3-b that, although the
numbers of 45S rDNA loci were different between O. alta and
O.latifolia, their locations on chromosomes were mostly the
same, that is, most of them are located at the proximal end of
chromosomes short arms. Wende et al [21] and Cronn et al [22]
considered that the location of 45S rDNA on chromosomes
had a close influence on the evolution rate of 45S rDNA,
because the unequal exchange in the middle of a chromosome
is more likely to result in genetic imbalance or the generation
of inanimate gametes than that either in the end or in the
proximal end of the chromosomes. Therefore, the 45S rDNA
locating at the middle of the chromosome has higher
variability than that locating at the proximal end. The 45S
rDNA signal tends to be distributed at the end of the short arm
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of the chromosome, which may be related to its specific
function and number changes [23, 24]. Most of the 45S rDNA
loci of O.latifolia are located at the end or proximal end of the
chromosomes and the signal points are not distributed equally
in chromosome pairs. Some chromosome pairs have only one
hybridization signal, and some chromosome pairs have
inconsistencies in the hybridization signal strength, possibly
due to the asymmetric exchange during meiosis. These results
further suggest that O.latifolia is still in the process of
evolution, far from reaching a stable state.
Chromosome rearrangement, unequal exchange (deletion,
insertion), and amplification of concealed rDNA copy caused
by transposons all lead to changes in chromosome structure.
Altinkut et al [25] found that En/Spm transposons existed in
45srDNA of rice. The transposons caused change may be one
of the reasons for the changes of 45S rDNA number and loci
position. The nucleolus organizer regions (NOR) of most
species were found locating on the short arms of
chromosomes, forming the secondary constriction of
chromosomes. As a result, we speculate that the 45S rDNAs
are involved in the composition of nucleolus organizer regions.
Fransz et al [26] found that both euchromatin and
heterochromatin have specific spatial structure in the
interphase nucleus, and this specific structure can make the
regulation of gene expressions more smoothly. Whether 45S
rDNA is restricted by a specific spatial structure and tends to
be distributed at the ends of chromosomes need to be further
studied. The reasons of unsymmetry of 45S rDNA evolution
and the heterozygosity of repeat sequence in O. alta and
O.latifolia remained to be further investigated.
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