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ABSTRACT

Background: Gastrodia elata Blume is a saprophytic perennial plant in the Orchidaceae family, because of its agricultural and
medicinal effectiveness, researchers focus on its genome and chemical components. However, cytogenetic information based on the
chromosome structure and composition to construct chromosomal backbone for genome sequencing research and for the develop-
ment and breeding of plants is very limited.

Methods and Results: We determined the metaphase chromosome composition of the G elata genome by fluorescence in situ
hybridization (FISH) using 5S and 45S rDNAs and telomeric repeat probes. The nuclear genome of G elata was organized into 2
n = 36, with relatively small (2.71 - 5.50 ym)chromosomes that showed gradual decrease in size. Conglutination phenomenon was
observed among the metaphase chromosomes, and it was distinguished from that in other plant metaphase chromosome spreads.
One pair of signal was detected for each 5S and 45S rDNA in the pericentromeric region and interstitial region on the short arm of
chromosomes 10 and 4, respectively, and telomeric DNA signals were detected in the terminal region of most chromosomes.
Conclusions: To our knowledge, this is the first FISH chromosome composition result in G elata and could be useful in more com-
prehensive molecular cytogenetic and genomic analyses as well as breeding programs of the medicinal plant G elata.
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INTRODUCTION G elata has no roots, leaves, and chlorophylls and is

non-photosynthetic. For this reason, G elata has to grow

The genus Gastrodia belongs to the Orchidaceae family,
consists of more than 60 species and is mainly distributed
2010). It is
characterized as a genus of achlorophyllous orchids with
succulent tubers and 2017).
Among the saprophytic
perennial plant and mainly distributed in Korea, Japan,
and the central part of China (Taguchi er al, 1981; Park
et al., 2012; Park and Lee, 2013).

in Asia and Oceania (Hsu and Kuo,

leafless shoot (Suetsugu,

species, G elata Blume is a

on rotted wood in symbiosis with a fungus Armillaria
mellea and it depends on the secretion of lysozyme from
A. mellea to digest plant tissues in order to absorb
nutrients (Wang et al., 1999; Park et al, 2012; Park and
Lee, 2013).

G elata is an important medicinal resource and has been
used as a traditional medicine for over 1,500 years (Deni,
1995). It is rich in gastordin and other effective ingredients

which have high salutary effects (Taguchi et al, 1981). It is
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also used as anti-convulsant, neurostimulator, anti-aging,

sedative, hypnotic, anti-inflammatory, immunostimulant, and

antihypertensive alternative drug in oriental medicine (Park et
al, 2010; 2012; Park and Lee, 2013). With its medicinal
value, less investment, fast production and remarkable
economic benefit, cultivation of G elata are expected to

provide many advantages in agriculture (Lan and Xu,

2010).

G elata has a chromosome number of 2 n=36
(Aoyama and Yokota, 2011). The conglutination of
chromosomes was observed in meiosis metaphase

chromosomes, and it occurred between two or more than
two pairs of chromosomes (Liang, 1984). In length, the
karyotype of metaphase chromosome was reported as a
bimodal karyotype, which was asymmetric with small and
large without any intermediate size chromosomes (Aoyama
and Yokota, 2011).

Most of the publications of G elata are about the
the
usefulness of the plant, there is very limited chromosomal

chemical composition and its efficacy. Despite
study essential for the genome sequencing research and
the development and breeding of the plant.

Previous cytogenetic studies in Gastrodia include the
chromosome number in G angusta (Liang, 1984) and the
chromosome number and length range in G confusa, G
elata (Aoyama and Tanaka, 1986), G pubilabiata (Nakata,
2004), G javanica Blume (Aoyama and Yokota, 2011), G
gracilis, G nipponica, and G flavilabella (Aoyama and
Lee, 2012) by the conventional staining method. But until
now, there is no fluorescence in situ hybridization
(FISH)chromosome information in Gastrodia.

FISH, where fluorescence-labeled probes hybridize to
target loci in chromosomal regions (Devi et al., 2005), is
a powerful tool for chromosomal studies. FISH techniques
made it possible to detect specific DNA sequences useful
for chromosome identification (Speicher er al, 1996) and
could provide a visible and mappable genomic information
at the molecular and chromosomal level.

The genomic DNA of plant species comprises a high
range of repetitive DNA sequences which take part in
important cellular mechanisms (Han er al., 2008; Singh et
al., 2009).

The DNA
ribosomal RNA genes (rDNAs) which include two major

families, the 5S rDNA which has approximately 120-bp

most prominent  repetitive classes are
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long coding and intergenic region (Waminal and Kim,
2012; Zhang et al, 2016), and the 45S rDNA which
contains 18S, 5.8S, and 26S coding regions, and the ITS
and NTS (non-transcribed
spacer) non-coding regions. These two classes of rDNAs

(internal  transcribed  spacer)
are highly tandemly repeated in eukaryotic genomes, and
the copy number of both 5S and 45S rDNAs range from
2017). For this

are frequently used as

tens to thousands (Wang and Lemos,
58 and 45S rDNAs
primary probes in FISH procedures (Hasterok et al., 2001;
Belandres et al., 2015).

this  study,
composition using both 5S and 45S

reason,

FISH chromosome
rDNAs and the
Arabiposis-type telomere repeat sequence (TTTAGGQG), as
in G the distribution and

localization of both rDNA and telomeric signals, relatively

In we  analyzed

probes elata, and with
detailed chromosomal information of G elata genome was
elucidated.

This FISH chromosomal report of G

basic chromosome backbone for genome

elata provides
sequence and
chromosome organization study which will be useful for
more comprehensive molecular cytogenetic and genomic
analyses as well as breeding programs of the medicinal
plant G elata.

MATERIALS AND METHODS

1. Plant samples

Meristem tips of the Gastrodia elata protocorms were
provided by Forest Biotechnology Division, Forest Genetic
Resources Department, National Institute of Forest Science.
In brief, seeds of G elata were harvested after artificial
pollination and subsequently germinated by inoculating with
the symbiotic fungus, KFRII1212 as previously described
(Park et al., 2012; Park and Lee, 2013).

Protocorms then maintained in

were the protocorm

growth medium (PGM; sucrose 20g/ £, peptone 2¢g/ £,
hyponex powder 2g/ £, agar 8g/{, pH 4.5) at 24C in
the dark before meristem tips of protocorms were used
for chromosome slide preparation.

2. Slide preparation

of the protocorms
pretreated in N,O for 5 hrs at 0.7 Mpa, fixed with
Carnoy’s solution (absolute ethanol :

Meristems were harvested and

glacial acetic acid, 3
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:1v/v) overnight, and then stored in 70% ethanol for
future use.

Chromosome slides were prepared according to Waminal
(2011)  with Briefly, 2 mm
meristem tips were dissected and digested in 1:2 (%)
ratio of pectolyase : cellulase for 90 min at 37C. Then the

tips Carnoy’s

et al. some modifications.

root were washed with distilled water.
solution was pipetted into meristematic tissue, squashed,
15 The then

centrifuged at 5,000 rpm for 5Smin, and the supernatant

and vortexed for sec. suspension  was
was decanted carefully.

The protoplast was re-suspended in acetic acid : ethanol
(9:1v/v) solution. The final suspension was spread on a
70C pre-warmed glass slide in a humid chamber and air
dried at room temperature.

3. Fluorescence in situ hybridization (FISH)

For FISH analysis, the pre-labelled oligoprobes (PLOP)
of 5S rDNA, 45S rDNA, and telomeric repeat designed
by Waminal er al. (2017) were used.

The 40 1l hybridization mixture was prepared for each
slide following the preparation method described by
Waminal and Kim (2015), with some modifications. The
mixture included 50% formamide, 10% dextran sulfate,
2xSSC, 50ng 5S rDNA probe, 25 ng 45S rDNA probe,
and distilled
water to make up a value of 40 /0. The hybridization
mixture was placed on each slide, and chromosomal DNA

50ng Arabidopsis telomeric repeat probe,

was denatured on an 80C slide heater for 5 min.
The incubated in a pre-warmed humid
chamber at room temperature for 30 min for the probe-

slides were

chromosome hybridization step. Post-incubation stringent

washes were carried out by washing with 2 x SSC for 10

min at RT, 0.1 xSSC for 25 min at 42°C, and 2 x SSC
for Smin at RT. The slides were dehydrated at RT

through an ethanol series (70%, 90%, and 100%) for 3
min each. The slides were dried in the dark. Counterstain
with  4°,  6-diamidino-2-phenylindole =~ (DAPI)  (Roche
70217321, Hoffmann-La Roche Ltd., Basel, Switzerland) in

a ratio 1:100 of DAPI (100 xg/ml stock) : vectashield
(Vector H1000, Vector Laboratories, Burlingame, CA,
USA).

Slides were observed under an Olympus BX53

fluorescence microscope (Olympus Co., Tokyo, Japan) with
a built-in CCD camera (CoolSNAP, Photometrics, Tucson,
AZ, USA), using an oil lens (x 100 magnification).

The most highly constricted and well-spread metaphase
length  was
images were

chromosome
measured using Imagel, ver. 1.51k and
finalized using Adobe Photoshop CS6.

Homologous chromosomes were identified based on their
FISH signals, lengths.
Chromosome types were classified according to Waminal
et al. (2011).

chromosomes was analyzed

morphological characteristics, and

RESULTS AND DISCUSSION

The chromosome complement of Gastrodia elata was 2
n=36 corroborating with previous results (Liang, 1984;
Aoyama and Yokota, 2011; Aoyama and Lee, 2012).

Mitotic metaphase chromosomes of G elata stained with

DAPI exhibited conglutination (Fig. 1), similar to what
Liang (1984) had reported. In his report, chromosome
conglutination ~ was  observed in  meiotic  metaphase

chromosomes, and the conglutination occurred among several
chromosomes. Gardener ef al. (2006) mentioned that once

Fig. 1. Three mitotic metaphase spreads. All the spreads A, B and C revealed the sticky
ends in several chromosomes. The white arrows indicate some examples of the
sticky ends. Bar = 10 um.
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the telomeres of a chromosome were broken, the new
ends of the chromosome could be sticky and tend to fuse
with other chromosomes.

The reason for the conglutination in this study (Fig. 1)
could be the result of broken telomeres but more study
needs to explain the phenomenon more exactly.

Karyotypic analysis through conventional staining method
provides basic chromosomal information on the genome
with a number, size, type,
(NOR) etc. (Lim et al., 2001).

Chromosomal banding, fluorescence in situ hybridization,

nucleolar organizing region

and spectral karyotyping have been developed to show

more detailed chromosomal information (Hwang et al,
2010) which have contributed to identifying each species,
tracing phylogenetic relationship, and breeding species.

Much research has been reported on the pharmaceutical
effect of G elata and gastrodin is known as the main
active ingredient (Zhan er al., 2016) and so the future
development and breeding program is an interest.

This  chromosome basic

study provides cytogenetic

information useful for the crop breeding but very limited

o= I
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chromosomal research has been reported until now in spite
of its medicinal importance.

FISH technology is an important non-radioactive in situ
hybridization. If the DNA on the detected
chromosome is and complementary to the

target
homologous
used nucleic acid probe, by denaturation, annealing, and
renaturation, hybrid of the target and nucleic acid probes
could be formed (Yang et al., 2011; Zhang et al., 2016).

The primarily used DNA markers 5S and 45S ribosomal
DNAs (rDNAs) (Belandres et al, 2015) are commonly
and abundantly existed as tandem repeats in plants (Zhang
et al, 2016). In general, these rDNAs are localized at
one or more than one sites at different chromosomes
(Shuxin ef al, 2007), and so have been used as primary
FISH probes for molecular cytogenetic study (Hasterok et
al., 2001).

FISH karyotyping is a useful method to provide detailed
chromosomal information of a genome (Waminal and Kim,
2015). FISH karyotyping using multiple repetitive DNA
probes could translocation  and

explain the intergenic

interspecific anagenesis (Jiang and Gill, 2006).

Fig. 2. Triple-color FISH metaphase chromosome spread of G. elata. 55 rDNA (A), 455 rDNA
(B), and telomere repeat signals (C) are shown as red, green, and yellow color, respectively.
The merged image is shown in panel D. The total chromosome numbers are indicated wit
the number 1 as the first and 36 as the last in each panel. The green arrows in A and D
indicate the 5S rDNA signals. Bar = 10 zm.

Fig. 3. Triple-color FISH karyogram of G. elata. FISH metaphase chromosomes of C. elata were
arranged in a decreasing order according to the length and mog)hology of each

chromosome. Merged (A), 5S rDNA (green, B), 455 rDNA (red, ), an

telomeric signals

(yellow, D) are shown on metaphase chromosomes. Bar = 10 zm.
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In study, FISH chromosome
elucidated in G elata using three kinds of repetitive DNA
probes of 5S rDNA, 45S rDNA, and telomeric repeat
DNA. One pair of 5S (Fig. 2A) and one pair of 45S

rDNA (Fig. 2B) signals were detected in the pericentromeric

our composition was

region of chromosome 10 and interstitial region on the
short arm of chromosome 4, respectively (Fig. 3).

5S rDNA signals were considerably weaker compared
with 45S rDNA signals. Telomeric DNA signals were also
very weak and were detected in the telomeric region of
most chromosomes (Fig. 2C, Fig. 3). This is the first
FISH karyotyping report in G elata.
the
chromosome measured by Image] ver. 1.51 k and edited
by Adobe Photoshop CS6, all  the
chromosomes in decreasing order and Kim,
2012),
morphology and rDNA probe signals (Fig. 3).

According  to length and morphology of each

we arranged
(Waminal
and then paired them based on chromosome
Aoyama and Yokota (2011) and Aoyama and Lee
(2012) reported that G elata has morphological similarity
with G javanica and both of them have a bimodal

karyotype with a chromosome number of 2 »=36. But in

Table 1. Analysis of FISH chromosome composition in Castrodia

elata Blume.
Chromosome FISH signals
Chromosome length '
number 55 45S Telomeric
(em) rDNA rDNA repeat
1 550+0.14 - - N
2 4.55+0.12 - - "
3 3.82+0.28 - - _
4 3.56+0.18 - +1 +
5 3.58+0.18 - - +
6 3.47+0.23 - - +
7 3.52+0.18 - - +
8 3.46+0.07 - - +
9 3.38+0.15 - - +
10 3.03+0.23 +2 - -
11 3.55+0.12 - - n
12 3.34+0.18 - - +
13 3.39+0.15 - - +
14 3.22+0.12 - - +
15 3.05+0.07 - - +
16 3.00+0.05 - - +
17 3.06+0.11 - - +
18 2.71+0.09 - - _
Total 63.19+0.62 1 1 15

- strong major signal, ?; weak minor signal.
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this result (Fig. 3), a gradual decreasing in chromosome
length was revealed.

The
chromosome length was in the range of 2.71-5.50 um and
a total length of 63.19 um (Table 1), which was different
from Aoyama and Lee’s (2012) report of 1.00-3.00 ym

and a total length of 42.70 um. In general,
highly coiled metaphase chromosomes in the same species

most constricted and  well-spread  metaphase

the most

show similar length range, however, there can be the
difference in some species.

Li (1985) mentioned that in artificially controlled selfing,
the offspring tended to have smaller chromosomes, on the
other hand,
normal size when the outcrosses resumed. This variation

the chromosomes of offspring restored to
was caused by a recessive mutation.

In addition, healthy plant, main roots of a plant, and
one-week young seedlings had a tendency to have bigger
chromosomes as well (Li, 1985). In this study, the root
samples were obtained from artificially cultured protocorm,
we may assume that there might happen changes in
chromosome size.

The chromosome type is usually determined by arm
ratio by centromeric position. In this study, we could not
the the

chromosomes conventional

centromeric  positions
by DAPI

staining method which is quite unusual for other plant

discriminate exact on

metaphase and
metaphase chromosomes we have analyzed so far.

Conglutination of metaphase chromosomes is also a rare
case in plant metaphase chromosomes. Considering no
roots, leaves, and chlorophylls in spite of being classified
as a medicinal plant, those chromosomal differences might
be natural in G elata.

Further FISH

centromere and accordingly to analyze arm ratio and

researches are needed to discriminate
determine each chromosome type for refined karyotype of
G This might be by FISH using

centromere-specific DNA probes which can be mined from

elata. possible
genome sequencing data by way of repeat
algorithms.
newly developed chromosome markers will contribute to

exploring

Further molecular cytogenetic studies using

elucidating the chromosomal organization of its genome.
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