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Fluorescence in situ hybridization on extended DNA (fiber-FISH) is a powerful tool in high-resolution physical mapping. To
introduce this technique into cotton, we developed the technique and tested it by deliberately mapping of telomere and 5S
rDNA. Results showed that telomere-length ranged from 0.80 kb to 37.86 kb in three species, G. hirsutum, G. herbaceum and
G. arboreum. However, most of the telomeres (>91.0%) were below 10 kb. The length of 5S rDNA was revealed as 964 kb in
G. herbaceum whereas, in G. arboreum, it was approximately three times longer (3.1 Mb). A fiber-FISH based
immunofluorescence method was also described to assay the DNA methylation. Using this technique, we revealed that
both telomere and 5S rDNA were methylated at different levels. In addition, we developed a BAC molecule-based fiber-FISH
technique. Using this technique, we can precisely map BAC clones on each other and evaluated the size and location of
overlapped regions. The development and application of fiber-FISH technique will facilitate high-resolution physical
mapping and further directed sequencing projects for cotton.
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Introduction

Fluorescence in situ hybridization on extended DNA (fiber-
FISH) is a powerful high-resolution physical mapping approach.
Because extended DNA is the target in fiber-FISH, the small size
of chromosome which is difficult to handle in classical cytogenetic
analysis is no longer an obstacle to cytological study [1,2]. In
addition, the DNA fiber can be extends approximately 2.5
3.5 kb/um on slides [1-4]. Thus, the resolution of fiber-FISH can
reach up to a few of kilo bases [5]. Fiber-FISH has been widely
applied in various ways in genome research in animals and plants,
including analysis of structure and organization of repetitive
sequence, mapping of BAC and chloroplast, analysis of transgenic
DNA, measurement of the gap in physical maps (see review in [5]).
So far fiber-FISH may be an irreplaceable technique to accurately
visualize the copy number of tandem repeats which will be difficult
to be figured out by quantitative PCR, southern blot and modern
sequencing technique [6-9].

Combined with the technique of immunofluorescence assay,
fiber-FISH can be used to analyze the epigenetic marks, such as
DNA methylation and histone modification [10-12]. This
technique has been used to visualize the DNA methylation in
mouse pericentromeric regions [11] and to examine the
relationship between CENP-A and H3-containing nucleosomes
in flies and humans [12]. Recently, it was introduced into plant
to precisely map the cytosine methylation associated with
different centromeric repetitive sequence in maize [10]. The
high resolution allowed researcher to observe the effects of
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different level of cytosine methylation on function centromeric
chromatin [10].

Cotton is not only a leading fiber crop worldwide but excellent
model plant for genome structure study. Extensive efforts have
been devoted on the exploration of cotton genome composition
and alteration, including recent global assays of its genomic
complexity [13,14]. FISH as a powerful physical mapping
approach has been applied in cotton genomic research, such as
chromosome identification [15,16], distribution of repetitive DNA
[17-19], and physical map construction [20]. However, all of
them were based on metaphase or pachytene chromosomes, which
provided a limited resolution [21]. Here, we successfully
introduced the high-resolution technique, fiber-FISH, into cotton
by conducting a systematic applications, including technique
calibration, and physical mapping of telomere and 5S rDNA. We
also combined immunofluorescence technique to check the status
of cytosine methylation on cotton fibers. In addition, a fast and
casy method of BAC molecule fiber-FISH was developed for
facilitating assembly of BAC clones and further physical mapping.

Results and Discussion

Calibration of the extension degree of cotton fiber
Quantitation of physical distance in base pair is an important
application for Fiber-FISH. To ensure accurate quantitation of the
physical distance, the conversion value of microscopic size (Wm)
and physical size (kb) have to be established previously using this
technique. Two G. hrsutum BAC clones 68D15 and 259M16 were
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used to calibrate the extension degree of cotton fiber. The inserts
of clones 68D15 and 259M16 were 95.5 kb and 35.9 kb,
respectively, as revealed by sequencing analysis. The average
lengths of signals were 29. 7+1.9 um (n = 25) for BAC 68D15 and
11.0£1.6 um (n = 25) for BAC 259M16 in fiber-FISH (Figure 1A,
Table 1). So the average resolution from these two BAC data was
3.24 kb/um (Table 1).

The degree of DNA stretching has been measured in plants and
animals, ranging from 2.87 to 3.3 kb/um [1,2,4,22-24]. In plants,
this technique has been calibrated only in Arabidopsis [1,2] and rice
[4]. However, large variation was reported by different researchers
in Arabidopsis, 3.27 kb/um [2] and 2.87 kb/um [1]. The variation
was supposed to be due to the short DNA used in analyzing, which
generated only a few consecutive fluorescence spots [1,4]. To
minimize the variation, ~1 Mb contig that contains seven BAC
clones was used to calibrate this technique in rice, and result

BAC 68D15
G.hirsutum

G.hirsutum

G.hirsutum

BAC 259M16
G.hirsutum

G.herbaceum
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showed it as 3.21 kb/um [4]. Studies have showed that there was a
similar stretching level in several plants, such as Arabidopsis, maize,
potato, soybean and rice [2,6-8,25]. In our study, the stretching
degree is similar to that obtained in rice, indicating that there was
a uniform stretching level in plants.

Because clone 259M16 was derived from the A-subgenome
chromosome (12A) [20], we then tried to map BACs 259M16 in two
A-genome species, G. arboreum and G. herbaceum, which were generally
regarded as the exemplars of the A-subgenome progenitors [26,27].
However, FISH signals only from G. herbacewm were detected on
both metaphase chromosome (figure not shown) and extended
DNA. Interestingly, the length of signal from G. herbaceum was
10.3=1.3 um (n=20), which is no significant difference (ttest,
p=0.14) with it obtained in G. Arsutum. In addition, the uniform
bright signals suggested that the sequence of this 35.9 kb region was
highly identical in G. hrsutum and G. herbaceum.

BAC 259M16
G.herbaceum

G.herbaceum

G.arboreum

Figure 1. FISH mapping on chromosomes and extended DNA fibers in cotton. A) fiber-FISH signals derived from two BACs 68D15 and
259M16 in G. hirsutum and G. herbaceum. Three fibers were presented for per hybridization. B) fiber-FISH signals derived from the telomere in three
species, G. hirsutum, G. herbaceum and G. arboreum. Three images with different size were presented for per species. C) FISH analysis of telomere (red
signals) on metaphase chromosomes of three species, G. hirsutum, G. herbaceum and G. arboreum. No detectable telomere signals were found from
internal regions. D) Three fiber-FISH images of 55 rDNA from G. herbaceum. E) The longest fiber-FISH image of 5S rDNA from G. arboreum. All bars are

50 um.
doi:10.1371/journal.pone.0075674.g001
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Table 1. Evaluation of the resolution of extended fiber and molecule by two BAC clones.

Extended chromatin fiber

linear BAC molecule

BAC Clones Insert size (kb)

Average size (um) Resolution (kb/um) n Average size® (um) Resolution (kb/um) n
68D15 95.5 29.7%19 3.21 25 17.7x25 5.81 20
259M16 359 11.0+1.6 3.26 25 7.7%1.2 5.67 20

the 7.5-kb vector was included.
doi:10.1371/journal.pone.0075674.t001

Evaluation of cotton telomere length by fiber-FISH

Arabidopsis telomere which is composed of telomeric repeat
arrays of TTTAGGG has been found in most plants [28]. The
length of telomere varies dramatically among species, from 2—
4 kb in Arabidopsis up to 60-160 kb in tobacco [29]. To
evaluate telomere length in cotton, an Arabidopsis-telomere
probe was developed and used in fiber-FISH to check the
telomere length of three species, G. hirsutum, G. herbaceum and G.
arboreum. Based on 200 measurements, telomere size was
revealed as 0.80-25.14 kb in G. hursutum, 0.80-26.74 kb in G.
herbaceum and 1.01-37.86 kb in G. arboreum (Figure 1 and 2). As
shown in Figure 1B, all multiple-dot signals showed continuous
dotted tracks with uniform florescence intensity, suggesting that
the TTTAGGG repeat unit were tandemly reiterated without
interruption by other sequences. Therefore, we could deduce
that there were 114-5,408 copies of TTTAGGG repeat in
these cottons. Overall, all these three species showed similar
telomere-size distributions (Figure 2), in which most of the
telomere size (92.5%, 91.5.0% and 91.0% in G. husutum, G.
herbaceum and  G. arboreum, respectively) were below 10 kb.
However, the average telomere size of G. arboreum (4.63 kb) was
longer than both of G. hursutum and G. herbaceum (3.96 kb and
3.77 kb, respectively). In addition, we found four telomere
measurements of G. arboreum were >30 kb (Figure 2C),
suggesting that there was (were) one or several telomeres with
a size >30 kb, whereas no telomeres were more than 30 kb in
size in G. hrsutum and G. herbaceum.

However, a question raised here is how to distinguish the
internal telomeric repeats (ITRs) which might exist in cotton
genome as it is the case in Arabidopsis [30]. To test the existing of
ITR, we hybridized the telomere probe onto metaphase chromo-
somes in FISH. Results showed that no detectable signals were
found from internal regions, suggesting no significant fractions of
ITRs in G. hirsutum, G. arboreum and G. herbaceum (Figure 1C).
Additional the uniform signal intensity from our fiber-FISH also
exclude its existing because most of I'TRs contained degenerated
TTTAGGG arrays [30], which would cause nonuniform signal
intensity in FISH.

In plants and animals, a wide range of methods have been
developed to measure telomere size such as terminal restriction
fragment (TRF), flow-FISH, quantitative FISH and qPCR
assay [31,32]. All the methods, except TRF, have the
disadvantage of generating a relative measure of telomere size.
The advantage of fiber-FISH is that, unlike RTF assay
individual telomere could be measured. In rice, combing with
subtelomere-specific sequence, seven telomeres have been
characterized by fiber-FISH analysis [33]. The next target
for us will be to isolate chromosome-specific subtelomeric
sequence, and then to characterize individual telomeres in
cotton. The data obtained here will facilitate our further study
and also will facilitate further sequencing of the individual
telomere regions in cotton.
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Physical length of 5S rDNA in G. herbaceum and G.
arboreum

For 5S rDNA, diploid cotton G. herbaceum and G. arboreum were
analyzed because they have only one 5S rDNA site [16,17].
Continuous signals were obtained from both species (Figure 1D
and 1E), confirming that they are organized as long tandem
arrays. For G. herbaceum, ten good-quality fibers were measured.
Results showed that it spanned 297.5%£16.3 um (n = 10), repre-
senting an average of 964.0%52.7 kb (Figure 1D). For G. arboreum,
however, dramatically long fibers were obtained (Figure 1E). We
collected five good-quality fibers, which showed a length from
900.8 um to 1,035.6 um (Table S1). The average length was
947.3£52.5 pm, suggesting that 5S rDNA was >3.1 Mb in G.
arboreum. 35S RNA genes are highly conserved in the plant
kingdom, both with respect to length and nucleotide sequence
[34,35]. Sequencing analyzing has shown that the 5S RNA genes
of G. herbaceum and G. arboreum had also a high level of sequence
identity (>92%, 297/298 bp) [36]. It means, therefore, that there
were ~3,234 copies of 5S array (298 bp) [36] in G. herbaceum.
However, in G. arboreum, it was at least 3.1-fold longer (>10,300
copies) than that observed in G. herbaceum.

In plants, the size estimates of long tandem repeat such as
rDNA have mostly been established by means of southern
hybridization/southern blot [32]. However, this procedure often
overestimated the size due to the positions of restriction sites for
rare-cutting enzymes close to but not at the proximal border of
repeats. Additionally, for multiple loci, it only provides an overall
size estimate, which is not suited for analyzing the length variation
at specific chromosomes. These limitations can be overcome by
the application of FISH on extended DNA fibers, which provides a
more accurate tool to study the molecular organization of target
DNA, including tandem repeat with a size below 1 Mb. Combing
with a chromosome-specific DNA adjacent with the repeat, fiber-
FISH can provide supplementary information on the mapping of
repeats to specific chromosomes [33,37,38].

One of our goals was to determine the limits of fiber-FISH for
measuring the longest DNA in cotton. Previously, DNA molecules
>1,000 kb was supposed to be broken during DNA fiber
preparation [1,7]. Our data from G. herbaceum showed a length
of ~3 Mb with a relative low standard-deviation (*170.1 kb),
indicating that size data was reliable at ~3 Mb in our
experiments.

Epigenetic status of 5S rDNA and telomere in cotton
Cytosine methylation is a major epigenetic modification of
DNA that plays a crucial role in the transcriptional regulation of
specific genes, such as inactivation of transposon proliferation,
control of genomic imprinting and regulation of gene expression
[39]. Although genome-wide analysis of DNA methylation at a
single-base resolution has been accomplished in plants [40-42],
the mapping of cytosine methylation on repeat, especially on long
range of tandem repeat DNA still is a challenge. Recently, a DNA
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Figure 2. Telomere-size distributions in G. hirsutum, G. herba-
ceum and G. arboreum. Two hundred telomere signals for G. hirsutum
(A), G. herbaceum (B) and G. arboreum (C) were measured from three
individual fiber-FISH slides. The percentage of telomere within different
size-rang were indicated. The sizes of the longest and shortest
telomeres were showed on the corresponding measurements.
doi:10.1371/journal.pone.0075674.9002
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fiber-based technique was developed to assess the level of cytosine
methylation associated with different centromeric repetitive DNA
[10]. Here this technique was introduced in cotton to analyze the
cytosine methylation of telomere and 5S rDNA. FISH analysis has
revealed that the only 5S rDNA of G. arborewn and G. herbaceum
located in pericentromeric heterochromatin region [15,36], where
abounds in methylated heterochromatin. To evaluate the meth-
ylation status, 5S rDNA from G. herbaceum was assayed because it
has a relative short size, which will ensure us to collect data on the
entire 5S arrays. As showed in Figure 3 A-C, the immunofluo-
rescence assay using an antibody against 5-methylcytosine (5 mC)
revealed that the bright 5 mC signals were along the entire 5S
rDNA, indicating that the ~1 Mb 5S rDNA arrays were
hypermethylated. The 5 mC signals also extended to the 5S
adjacent regions indicating that 5S rDNA located in a long range
of high-level methylation region in G. herbaceum. This methylation
pattern is similar with that observed in Arabidopsis [43] and rice
[10], despite the centromeric part of rice 5S rDNA showing
hypomethylated [10].

Telomere chromatin also exhibit epigenetic modifications
including both histone and DNA methylation in vertebrates
[44]. Unlike centromeric repeats, vertebrate telomeric TTAGGG
repeat does not appear to be methylated due to the lack of
canonical CpG sequence. In plants, cytosine in telomere 1is
susceptible to methylation because cytosine in asymmetric
CpNpNp motifs could be methylated [45]. As shown in
Figure 3D, signals of 5 mC could be found on the telomeres of
all three cotton species. However, some of telomeres showed
relative weak signals in G. herbaceum, indicating a low level of
cytosine methylation. Interestingly, the adjacent subtelomeric
regions were also heavily methylated in G. Awrsutum, whereas only
few week dots were found in the subtelomeric regions in both G.
herbaceum and G. arboreum. In both animals and plants, the high
density of methylated CpG sites have been identified in the
adjacent subtelomeric regions [44,46,47]. Therefore, our results
might suggest that there was a heterochromatin-featured sub-
telomeric region on each chromosome of G. hrsutum but might not
in G. herbaceum and G. arboreum.

In plant, efforts on telomere epigenetic were only conducted in
few species [46,47]. Recently researchers have suggested that the
telomere chromatin of Arabidopsis had a euchromatin features with
low level of 5 mC but not in tobacco [46,47]. However, due to the
existing of I'TR, which has the same TTTAGGG sequence and is
difficult to be distinguished from the telomeric TTTAGGG arrays,
these results still be controversial [48,49]. The I'TRs were usually
presumably located in the heterochromatin regions with heavily
DNA methylation. If so, the 5 mC signals would be found on ITS
and its both sides of adjacent regions, whereas the 5 mC signals
will be found in only one adjacent region of telomere if it was
methylated. As expected, our result proved it. In other words,
fiber-FISH provide a more reliable method to analyze the DNA
methylation on true telomere.

FISH on BAC molecule

The assembly of BAC/YAC clones or large contigs is the
primary strategy for sequencing large complex genomes. Fiber-
FISH is the easy and powerful way to assemble large fragments by
constructing high-resolution physical map, especially for the
fragments containing lots of repetitive sequences which are
difficult to access by sequencing techniques [5,50]. To test it,
two BAC clones 173C03 and 174A01 which screened by the same
molecular marker NAU1463 were used as probes in fiber-FISH.
The size of two clones, 173C03 and 174A01, were measured as
41.7£6.6 pm  and 14.8%3.5 um (n=12), corresponding to
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Figure 3. DNA methylation assay of cotton telomere and 5S rDNA. A-C) DNA hypermethylated along the 5S rDNA in G. herbaceum revealed
by immunodetection of 5 mC on DNA fibers. D) Mapping of DNA methylation in the telomere of three species, G. hirsutum, G. herbaceum and G.
arboreum. Three images with different size were presented for per species. In G. hirsutum, the adjacent subtelomeric regions were also heavily
methylated, whereas only few week dots (arrows) were found in the subtelomeric regions in both G. herbaceum and G. arboreum. Bars are 50 um.

doi:10.1371/journal.pone.0075674.9003

135.021.3 kb and 47.9%11.2 kb, respectively. Interestingly,
nearly the whole 173C03 (~47.6 kb) was overlapped with
174A01 at the distal region (Figure 4A).

However, most of large insert clones are difficult to mapping on
genome DNA fibers because they usually contain repetitive
sequences, which occurred as high copy numbers in genome
level. A clone molecule-based fiber-FISH has been developed to
overcome this problem [3,51]. However, when we tried it
according to previously published protocols [3,51], very few

173C03

173C03+

174A01

173C03

17303t

s s +i7ap01
B

Figure 4. FISH on extended genomic DNA fibers and BAC
molecules. A) FISH signals derived from two BAC clones 173C03
(green) and 174A01 (red) on extended genomic fibers of G. hirsutum. B)
FISH mapping of BAC 173C03 molecules. Both clones 174A01 (red) and
BAC 173C03 (green) were used as probe and hybridized onto 173C03
molecules to visualize the BAC 173C03 molecules and overlap regions.
Red signals (174A01) covered most parts of BAC 173C03 molecules
indicating that most parts of 173C03 were overlapped with 174A01. C)
FISH mapping of BAC 174A01 molecules. Probes 174A01 (green) and
BAC 173C03 (red) were hybridized onto 174A01 molecules. To facilitate
the identification of overlapped regions, BAC vector (red, arrow) was
labeled and hybridized simultaneously with two BAC probes. Bars are
10 um.

doi:10.1371/journal.pone.0075674.g004

PLOS ONE | www.plosone.org

circular molecules were obtained (1-5 circular molecules per slide).
In addition, the linear molecules vary greatly in size for the same
BAC clone, suggesting that BAC molecules were broken into
fragments of various sizes. To solve it, we developed a slight-
stretching method here (see details in Method). BAC clones 68D 15
and 259M16 were tested firstly. Both circular and linear molecules
were obtained (Figure S1). The measurements from circular
molecules showed a large variation (standard deviation, 13.2 pm
for BAC 68D15 and 3.5 um for 259M16, n=20), whereas
remarkable consistent results were obtained from the linear
molecules (standard deviation, 2.5 um for BAC 68D15 and
1.2 um for 259M16) indicating that most of molecules were intact
and were stretched uniformly (Table 1, Figure S1). Because linear
molecules always attached on the glass in the direction of liquid
flow, the stretching force could uniformly work on it in our drop
coverslip extension method (see details in Methods) [51].
However, circular molecules formed various of geometrical
shapes, and the stretching force could not be applied uniformly
on each of side [52], which, therefore, caused large variation in
total size estimations. So, only linear molecules were included in
the further analysis. The average lengths (include 7.5-kb vector) of
two BAC clones were calculated as 17.7 um in BAC 68D15 and
7.7 um in 259M16, determinating an average resolution as
5.74 kb/um. This resolution is lower than that obtained from
the genomic fiber (3.24 kb/um) (Table 1), indicating relatively low
level of stretching was applied on these BAC molecules. The slight
stretching, therefore, kept most of linear molecules intact and not
to be broken easily into pieces as other methods [3,51,52]. To
further test it, we measured the molecule lengths of two BACs
173C03 and 174A01. The lengths of BAC 173C03 and 174A01
were revealed as 43.6%£6.9 kb and 138.6%19.0 kb in molecule
FISH, respectively, which were consistent with results obtained in
genome fiber-FISH (+test, p$>0.19). As expected, when 174A01
was used as probe to hybridize onto 173C03 molecule, all the parts
of molecule was stained (Figure 4B), whereas an overlapped region
with 40.2%5.5 kb was detected when the 173C03 was hybridized
onto 174A01 molecule (Figure 4C). Consistently, the overlapped
region was closed to the vector, suggesting that it was on the distal
region of 174A01 (Figure 4C). To further confirm it, HindIII
fingerprinting was conducted. After laborious DNA digestion and
delicate gel running, we were able to identify that most parts of
clone 173C03 was overlapped with174A01 based on the similar
band-pattern between two BACs (data not shown). However we
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could not identify where the overlapped region was, and how
about the size of overlapped region unless the further sequencing
was conducted. However, with the present technique we were able
to visualize the BACs physical map, in which we can determine
accurate size of both BACs and their relative locations.

Materials and Methods

Materials

A tetroploid cotton, G. hirsutum acc. TM-1 and two diploid
species G. arboreun cv. JLZM and G. herbaceum race kuljianum cv.
hongxincaomian were used for extended DNA preparation. All
BACs were derived from the tetroploid cotton BAC libraries as
described previously [20].

An Arabidopsis thaliana BAC F23H06 containing 42 copies of
TTTAGGG was used to isolate Arabidopsis telomere by PCR. One
pair of primer, Y7454, was designed using the online software
Primer 3 (http://frodo.wimit.edu/) (Y7454F: 5'-AACGAGG-
TATCCCTACTATGA-3";  Y7454R: 5-TGGTTCCCTTT-
CCACTA -3"). The PCR reaction was 94°C for 3 min, followed
by 35 cycles of 95°C for 30 s, 58°C for 30 s, and 72°C for 45 s and
ended by a 4 min extension at 72°C. PCR products were
recovered by a Gel Extraction Kit (Qiagen catalog no. 28704).

FISH on DNA fiber

Cotton has high endogenous levels of polysaccharides, pheno-
lics, and other organic constituents that interfere with the nuclei
isolation and further DNA fiber preparation. To solve this, a
modified protocol was developed based on previous study [1].
Young plants were grown in greenhouse and keep in dark for two
days before leaf collection. One gram young leaf was grinded into
fine powder in liquid nitrogen. The powder was then incubated
with 20 mL of cold nuclei isolation buffer (10 mM Tris-HCI
(pHI.5), 10 mM EDTA, 100 mM KCI, 0.5 M Sucrose, 4.0 mM
Spermidine, 1.0 mM Spermine, 0.1% mercaptoethanol, and 1%
PVP40) on ice for 5 min. The solution was filtered immediately
through 100, 50, and 30 um mesh nylon membranes. After
incubating with 750 pl 20% triton X-100 on ice for 5 min, the
filtrate was centrifuged at 2000 xg for 10 min at 4°C. The pellet
was resuspended in 500-pl stock buffer (NIB : glycerol = 1:1) and
stored at —20°C. Extension of DNA fibers, hybridization and
signal detection were performed as previous protocol [1].

FISH on BAC clone molecule

BAC-DNA was isolated using the alkaline lysis method [53].
Approximately 10-20 ng BAC-DNA was diluted in 10 ul distilled
water and then pipette onto a poly-L-lysine glass slide. To prevent
molecule broken, a 18x18 coverslip was used to spread the
molecules. One end of the coverslip was positioned on the slide
firstly and the coverslip was gradually pressed down toward the
slide until it covered the slide. The liquid flow between the slide
and coverslip would extend the DNA. Slide was air-dried for
30 min at RT and then the coverslip was washed off in water.
After air dry, slide was fix in 3:1 100% ethanol: glacial acetic for
2 min and dried at 60°C for 30 min. Slides can be used
immediately for FISH or stored in —20°C for several weeks.
Probe hybridization and signal detection were same with above
genomic fiber-FISH. To visualize the vector, about five- to 10-fold
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excess probe DNA was included in the hybridization mixture to
out compete the homologous sequences in the total BAC probe.

Combining fiber-FISH of 55 rNDA and immunodetection
of 5 mC on extended DNA fibers

5S rNDA fiber-FISH combined with immunodetestion of 5 mC
was conducted according to previously published protocol with a
few modifications [10]. DNA fiber slides were firstly hybridized
with biotin labeled 5S rDNA probe. In brief, FISH probe mixture
(50% formamide, 10% dextran sulfate, 50 ng of labeled DNA in
2x SSC) was applied to the slide, covered with a coverslip, and
sealed with rubber cement. The slide was then denatured for
3 min at 80°C and incubated at 37°C overnight. After hybridiza-
tion the slide was washed in 2x SSC for 5 min at RT, 2x SSC for
5 min at 42°C, 2x SSC for 5 min at RT, and 1 x PBS for 5 min at
RT. To reduce background, slides were incubated with 0.5% BSA
in 1xPBS for 30 min at 37°C. The slides were then incubated
with the anti-5 mC antibody diluted 1:100 in the blocking solution
(0.5% BSA in 1xPBS) overnight at RT. Post-hybridization
washing and signal detection was according to previous protocol

[10].

Cytological measurement and analysis

All images were captured digitally using an Evolution VI CCD
camera (Media Cybernetics, USA) installed on an Olympus BX51
fluorescence microscope. Images were merged and measured
using Image-Pro Express software V5.0 (Media Cybernetics,
USA). Final image adjustments were performed using Adobe
Photoshop 8. The path of the chromosomes was computationally
traced and straightened according to the manual provided by the
Image J software V1.41 (http://rsb.info.nih.gov/1j).

Supporting Information

Table S1 5SS rDNA length in G. arboreum.
(DOCX)

Figure S1 Circular and linear molecules of BAC
259M16. A) One microscopy field of BAC 259M16 contains
different size of circle molecules. Several molecules with obvious
large size variation are pointed out with arrows. The size of each
molecule (in um) was showed above the corresponding molecules.
B) One microscopy field of BAC 259M16 contains five linear
molecular with high consistency in size. The size of each molecule
(in um) was showed above the corresponding molecules. Bars are
10 um.
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