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Evidence for the Correlation between rDNA Variation
and Satellite Heteromorphy in Somatic Chromosome
Complements of Lobelia fulgens ‘Queen Victoria’
(Subfamily Lobelioideae, Family Campanulaceae)
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The genus Lobelia (Campanulaceae) comprises of more than 360 species, primary distributes from
tropical to temperate regions (Mabberley 1997). Lobelia fulgens Humpl. & Bonpl. ex Willd. is part of the
cardinal-flower L. cardinalis-complex of sect. Lobelia subsect. Lobelia (Thompson and Lammers 1997).
The taxonomy of this complex is complicated. Two species are recognized in cultivation which are roughly
equivalent to two subspecies of McVaugh (1943) and Bowden (1982); hardier broad-leaved plants are
known as L. cardinalis L., frost-tender narrow-leaved plants are called L. splendens Willd. or sometimes
L. fulgens. Thompson and Lammers (1997) regarded L. fulgens as an independent species. It is one of the
most popular ornamental species and several open pollinated cultivar selections exist showing dark bronze
leaves (e.g., ‘Illumination’, ‘Queen Victoria’).

The chromosome number has been established to ca. 22% of Lobelia species (197 reports; Lammers
1993). A cladistic analysis of chloroplast restriction sites indicated three broad cytoevolutionary groups:
1) woody diploids with x =21 in Chile and diploids with x = 14 in Africa, Asia and Hawaii; 2) herba-
ceous diploids with several series of dysploid chromosome numbers mainly in Africa and Australia; and
3) widespread and herbaceous taxa based on a derived n =7 (with frequent polyploids, Stace and James
1996), in which L. fulgens belongs.

Despite the numerous cytological investigations were carried out on the genus, a detailed karyotype
study has been performed only on eight Brazilian Lobelia species of subgenus Tupa (Ruas et al. 2001).
All species analyzed showed the chromosome number of 2n = 28, suggesting the tetraploid origin of the
species and the basic number of x =7. Their karyotype commonly consists of mainly metacentric and
submetacentric chromosomes.

The aim of the present study is to investigate the chromosome number of four individuals of L.
Jfulgens ‘Queen Victoria’ by a standard aceto-orcein squash method and by the fluorescent in sifu hybridi-
zation (FISH) using ribosomal DNA (rDNA) probes to investigate the distribution and condensation

pattern of rDNA sites on somatic chromosomes.
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Materials and Methods

Aceto-orcein squash method

Four individuals of Lobelia fulgens were cultivated in the living research collection of the Royal
Botanic Garden Edinburgh (Table 1). Root tips were pretreated in 2 mM 8-hydroxyquinoline at 20°C for
4 h, and fixed in acetic ethanol (1 : 3) at 4°C for at least 2 h. They were macerated in 45% acetic acid at
60°C for 10 sec, and stained in 2% aceto-orcein at 20°C for 2 h, 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 labelling

Total DNA isolated from L. fulgens by the DNeasy Plant Mini Kit (QIAGEN Cat. No. 69104) was
used as a template for polymerase chain reaction (PCR) FISH probes. The PCR amplification of a part of
the 45S 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 et al. (1990). These were respectively
located at the 5’end of 18S (NS1) and 2/3 downstream in 18S (NS4), resulting in an 18S TDNA fragment
of approximately 1150 bp. 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 labelled with digoxigenin- (DIG) dUTP
by the Nick Translation Kit following the manufacturer’s protocol (Roche, Cat. No. 976776). The labelled
probe was dissolved with 50% formamide and 10% dextran sulfate (w/v) in 2 x SSC, and adjusted to a
final DNA-concentration of 5 ug/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 x SSC at 37°C for 1 h. After washing in 2 x SSC 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

Table. 1. Appearance and frequencies of satellite rDNA sites in four individuals of Lobelia fulgens

Acc. no.* 2n No. examined** Appearance of satellite

roots complements 1 satellite 2 satellites

No. % No. %
20000008A 14 8 out of 9 13 13 100.0 0 0.0
20000008A 14 1 out of 9 3 0 0.0 3 100.0
20000008A combined 14 9 16 13 81.2 3 18.8
20000008B 14 4 10 0 0.0 10 100.0
20000008C 14 2 22 0 0.0 22 100.0
20000008D 14 3 24 0 0.0 24 100.0

*Accession number of the Royal Botanic Garden Edinburgh.
**Number of roots and chromosome complements investigated in the present study.



Heteromorphism of Satellite rDNA in Lobelia fulgens 7

dehydrated through an ethanol 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 15 pl of the hybridization mixture, and
mounted with a silicone-coated cover slip before being sealed with rubber solution. The preparation was
then denatured at 80°C for 10 min and placed overnight in a humid chamber at 37°C for DNA hybridiza-
tion to occur. Following the hybridization, the slide was rinsed in 4 x SSC at 40°C for 10 min twice. The
hybridization signals on the chromosomes were detected with 20 pg/ml Anti-digoxigenin-fluorescein,
Fab-fragmentavidin (Roche, 157013) in 1% bovine serum albumin dissolved in 4 x SSC at 37°C for 1 h.
The slide was rinsed in 4 x SSC at room temperature for 10 min twice in a dark box, and received 100 pl
of an antifade solution with 1 pg/ml propidium iodide (PI) for counter-staining at 4°C for 30 min before
being mounted with a coverslip. The hybridization signals fluoresced yellow while the non-hybridized
region fluoresced red 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 =1long arm length/short arm
length ratio) following Levan ef al. (1964). Median- (R=1.0 to 1.7), submedian- (R=138 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

The four individuals of Lobelia fulgens *Queen Victoria’ investigated (RBGE 20000008A - D)

Fig. 1. Aceto-orcein stained chromosomes at mitotic metaphase in four individuals of Lobelia fulgens ‘Queen
Victoria’ investigated. A. 20000008A. B. 20000008B. C. 20000008C. D. 20000008D. Arrows show the satel-
lites. Bar = 10 pum.



















