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Distribution Patterns of 45S Ribosomal DNA Sites on Somatic
Chromosomes of three Subspecies of Inula britannica
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The genus Inula (tribe Inuleae, Asteraceae) is consisted of about 100 species, and is primarily
distributed in the Eurasian Continent and Africa, extending to Japan (Kitamura 1981). Inula britannica L. is
one of common species between Japan and the Eurasian Continent, and /. britannica subsp. britannica is
widely distributed in the Eurasian Continent, while two subspecies of subsp. japonica (Thunb.) Kitam. and
subsp. linariifolia (Turcz.) Kitam. are endemic to Japan (Kitamura 1937, Koyama 1995). Inula britannica
subsp. linariifolia is taxonomically distinguished from the other two subspecies by having longer and linear
leaves, and subsp. japonica is distinguished from subsp. britannica by having larger heads (Kitamura 1937).
Previously three chromosome numbers of 2n = 16, 24 and 32 were reported on infraspecific taxa of L
britannica, and suggested the basic chromosome number of x = § was supposed for this genus (Okabe 1937,
Love and Love 1961, Arano 1962, Nishikawa 1980, 1984, Probatova and Sokolovskaia 1990, Kokubugata
and Koyama 1999).

Recently the fluorescence in situ hybridization (FISH) method has been applied to various wild taxa of
Asteraceae, and has been confirmed as one of powerful methods to analyze chromosomal evolutions (e. g.,
Kondo et al. 1996, Kokubugata and Koyama 1999, Kokubugata and Matsumoto 1999, Saito et al. 2003).
The specific aim of the present study is to compare chromosome number and karyotype by the orcein
standard squash method and distribution patterns of 45S ribosomal DNA (rDNA) sites on somatic
chromosomes in the three subspecies of I. britannica subsp. britannica, subsp. japonica and subsp.
linariifolia by the FISH method.

Materials and methods

Orcein standard squash method
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Table 1. Plant materials and chromosomal characters in three subspecies of Inula britannica

Subspecies Locality ™ 2n  No. satellite  No.rDNA

subsp. britannica  RUSSIA, Orenburg: close to Boevaya Gora village, 16 2 2
Mt. Boevaya Gora (G. Kokubugata 2602)

subsp. japonica  Cultivated in Tsukuba Botanical Garden 24 3 3
(G. Kokubugata 2022)

subsp. linariifolia JAPAN, Honshu: Tanuma, Aso, Tochigi 24 2 3

(G. Kokubugata 2021)

* Voucher specimens are deposited in TNS.

Three subspecies of Inula britannica were collected and brought in the Tsukuba Botanical Garden,
National Science Museum, Tokyo (Table 1). Root tips were pretreated in 2mM 8-hydroxyquinoline at
20°C for 4h, and fixed in acetic ethanol (1 : 3) at 4°C for at least 2h. They were macerated in 45% acetic
acid at 60°C for 10 sec, and stained in 2% aceto-orcein at 20°C for 2h, then squashed under a cover slip.
This aceto-orcein squash method resulted in well-spread chromosomes that were suitable for the present

study.

PCR amplification and DNA labeling

Total DNA isolated from Aster ageratoides Turcz. (G. Kokubugata 2810, TNS) by the DNeasy Plant
Mini Kit (QIAGEN Cat. No. 69104) was used as a template for polymerase chain reaction (PCR) as FISH
probes. The PCR amplification of part of the 45S ribosomal DNA (rDNA) array was performed using
primer NS1 (5" -GTA GTC ATA TGC TTG TCT-3') and NS4 (5" -CTT CCG TCA ATT CCT TTA AG-
3’ ) designed by White ez al. (1990). These were located at the 5" end of 18S (NS1) and ¥; downstream in
18S (NS4), respectively, resulting in an 18S rDNA fragment of approximately 1150bp. The PCR profile for
30 cycles of DNA amplification was 1 min at 94°C, 1 min at 56°C and 1 min at 72°C. The amplified DNA
fragments were labeled with digoxigenin- (DIG) dUTP by the Nick Translation Kit following the
manufacturer’s protocol (Roche, Cat. No. 976776). The labeled probe was dissolved in 50% formamide
and 10% dextran sulfate (w/v) in 2XSSC, and adjusted to a final DNA-concentration of 5 y g/ml. This
hybridization mixture was denatured at 75°C for 10 min before being immediately chilled in ice-cold water

for 10 min.

FISH using rDNA probes

Fixed root tips were digested in a mixture of 2% cellulase “Onozuka” RS (Yakult) and 1% pectolyase
“Y-23" (Seisin) dissolved in distilled water (w/v ; pH 4.5) at 36°C for 20 min, and then washed in distilled
water for 10 min. A single digested root tip was placed on a glass slide, the meristematic apex dissected
and squashed in 45% acetic acid under a glass cover slip. The cover slip was removed from the slide by the
dry-ice method. The air-dried root meristem preparation was treated with 0.1% RNase (w/v) in 2>XSSC at
37°C for 1h. After a wash in 2>XSSC at room temperature for 10 min, it was submerged in 4%
paraformaldehyde (w/v) in phosphate-buffered saline (PBS) at room temperature for 5 min, and then rinsed

in distilled water at room temperature for 10 min. The preparation was then dehydrated through an ethanol
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series (75%, 80% and 100% ethanol at room temperature for 3 min each), and dried at 36°C for 30 min.
The preparation was covered with 10 1 of the hybridization mixture, and mounted with a silicone-coated
cover slip before being sealed with rubber solution. Then, the preparation was denatured at 80°C for 10
min and placed in a humid chamber at 37°C overnight for DNA hybridization to occur. Following the
hybridization, the slide was rinsed in 4 XSSC at 40°C for 10 min twice. The hybridization signals on the
chromosomes were detected with 20 z g/ml Anti-digoxigenin-rhodamine, Fab-fragments (Roche, Cat. No.
1207750) in 1% bovine serum albumin dissolved in 4 XSSC at 37°C for 1h. The slide was rinsed in 4X
SSC at room temperature for 10 min twice in a dark box, and received 100 1 of 4,6-diamidino-2-
phenylindole (DAPI; Sigma Cat. No. D9542) for counter-staining at 4°C for 30 min before being mounted
with a coverslip. The hybridization signals fluoresced red while the non-hybridized region fluoresced blue

when visualized using a double band excitation filter (Zeiss, filter set No. 23).

Description of chromosomes

Chromosomes at mitotic metaphase were classified by arm ratio (R = long arm length / short arm length
ratio) following Levan et al. (1964). Median- (R = 1.0 to 1.7), submedian- (R = 1.8 to 3.0), subterminal- (R
= 3.1 to 7.0) and terminal-(R = 7.1 to %) centromeric position were designated and symbolized as “m”

« ’” « )

sm”, “st” and “t’, respectively.

)

Results and Discussion

Orcein standard squash method

Plant of Inula britannica subsp. britannica showed the chromosome number of 2n = 16 (Fig. 1A), while
that of I. brifannica subsp. japonica and subsp. linariifolia showed the chromosome number of 2n = 24
(Figs. 1B and C). The present chromosome number of 2n = 16 in I britannica subsp. britannica was
corresponded with Probatova and Sokolovskaia (1990); that in I. britannica subsp. japonica of 2n = 24 were
corresponded Okabe (1937), Arano (1962) and Nishikawa (1980; as 1. britannica var. chinensis Regel) and
that in . britannica subsp. linariifolia was corresponded with Kokubugata and Koyama (1999).

The chromosome compliment of the plant of 1. britannica subsp. britannica was consisted of ten m
and six sm chromosomes with a satellite on the terminal region of the short arm of two sm chromosomes
(Fig. 1A, arrows); that of I. britannica subsp. japonica was consisted of fifteen m and nine sm
chromosomes with a single satellite located on the terminal region of the short arm of three sm
chromosomes (Fig. 1B, arrows); and that of subsp. linariifolia was consisted of fifteen m and nine sm
chromosomes with a single satellite located on the terminal region of the short arm of two sm chromosomes

(Fig. 1C, arrows)

FISH method

Plant of I. britannica subsp. britannica with 2n = 16 exhibited an rDNA site on the satellite of the two
sm chromosomes (Fig. 2A, arrows); that of L britannica subsp. japonica with 2n = 24 exhibited a rDNA
site on the satellite of the three sm chromosomes (Fig. 2B, arrows); and that of I britannica subsp.
linariifolia with 2n = 24 exhibited a rDNA site on the satellite of the two sm chromosomes (Fig. 2C,

arrows) and the terminal region of a sm chromosome (Fig. 2C, arrowhead).

Cytological conclusion
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Fig. 1. Orcein-stained chromosome at mitotic metaphase of three subspecies of Inula britannica, A. subsp. britannica, B.
subsp. japonica, C. subsp. linariifolia. Arrows show the satellites. Bar shows 10 L.

Fig. 2. FISH-detected chromosome at mitotic metaphase of three subspecies of Inula britannica. A. subsp. britannica, B.

subsp. japonica, C. subsp. linariifolia. Arrows show rDNA sites on satellites; arrowhead shows rDNA site on the
terminal. Bar shows 10 zz m.
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Previous cytological studies suggested the basic chromosome number of x = 8 for /nula (Okabe 1937,
Arano 1962, Kokubugata and Koyama 1999). The existence of two rDNA sites in the plant of 1. britannica
subsp. japonica with 2n = 16 and that of three rDNA sites in the plant of I. britannica subsp. britannica and
linariifolia with 2n = 24 supposes the basic chromosome number of x = 8 for the genus /nula agreeing with
Okabe (1937), Arano (1962) and Kokubugata and Koyama (1999).

Although I. britannica subsp. japonica and subsp. linariifolia commonly had the chromosome number
of 2n = 24 as the triploid cytotype, the later subspecies had two satellites in a complement. Kokubugata
and Koyama (1999) also reported the same result in a different accession of . britannica subsp. linariifolia
from that investigated in the present study (G. Kokubugata 2021). The two satellites in the triploid
cytotype (2n = 24) in I britannica subsp. linariifolia may be due to one of the following possible factors:

1) artificial factor : one of the three satellites might easily break off from the short arm during the
standard squash method or the enzyme-maceration in FISH protocol. ~However, this could be unlikely
because we also confirmed two satellites in additional two metaphase complements of I. britannica subsp.
linariifolia (data no shown).

2) Structural factors: one of the three TDNA-coded satellites might have been lost or decreased during
previous cell cycles except for a small IDNA-coded fragment on the terminal of the short arm. Variation in
copy numbers of rDNA genes have been demonstrated in FISH by employing different staining techniques
(AgNO,, CMA and FISH) (De Souza et al. 2004).

3) Functional variation: 3a) hybrid origin: the plant of I britannica subsp. linariifolia might be an
undetected hybrid between diploid (2x) and tetraploid (4x) parents with differently sized tDNA sites.
However, this must be unlikely as there is no morphological evidence pointing the plant (G. Kokubugata
2021) to be a hybrid origin; 3b) differential amphiplasty: one of three nucleolar organizer regions (NOR)
sites might be more condensed than the others, which might be linked to differential transcription of rDNA
genes (i.e., the selective inactivation of rDNA sites). It was termed ‘amphiplasty’  when all chromosomes
are affected, and ‘differential amphiplasty’ when only particular chromosomes are affected (Viegas ef al.
2002). Navashin (1934) first observed differential amphiplasty in a certain Crepis species where one
parental set of ribosomal DNA (rDNA) clusters were affected. ~Although the amphiplasty has been mainly
observed and studied in hybrids, rDNA heteromorphy has also been reported in species of diverse genera,
such as Galfonia (Liliaceae; Forrest and Jong 2004) and Glycine (Leguminosae; Singh et al. 2001). At the
present stage, it is difficult to ascertain which mechanism is responsible for the present phenomenon for I
britannica subsp. linariifolia. Further cytological studies must be necessary for investigating the

phenomenon by the silver staining method to distinguish active and inactive NORs.
Summary

Somatic chromosomes of three subspecies of Inula britannica (Asteraceae) were observed by the orcein
standard squash method and fluorescent in situ hybridization (FISH) method using 18S ribosomal DNA
(rDNA) probes. The plant of Inula britannica subsp. britannica showed the somatic chromosome number
of 2n = 16 and the karyotype consisted of 10 m and 6 sm chromosomes, while that of I britannica subsp.
japonica and subsp. linariifolia showed the chromosome number of 2n = 24 and the karyotype consisted of
15 m and 9 sm chromosomes. The three subspecies of I. britannica observed had same basic chromosome
number of x = 8, similar karyotype and distribution pattern of rDNA sites in the haploid karyotype without

a small fragment in subsp. linariifolia. Previously lack of satellite excepting a small rDNA fragment in
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another triploid plant of subsp. linariifolia has been also reported (Kokubugata and Koyama 1999). The
present cytotaxonomic study suggests that the three subspecies might be phylogenetically close to each

other.
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