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Abstract

Four tropical African mosses namely; Racopilum africanum, Thuidium gratum,
Archidium ohioense and Bryum coronatum, were studied. This was with a view to
developing a sterilization protocol and inducing calli from the gametophyte
explants in vitro. The mosses were collected from their natural populations in the
Central Campus of the Obafemi Awolowo University, Ile-Ife, Nigeria. Healthy stem
tips from the gametophytes of each of the mosses were sterilized with JIK
(containing 3.85 % M/V NaOCl) and then cultured on Murashige and Skoog (MS) 1962
full strength medium, which served as the control and a full strength MS medium
supplemented with 5 mg/L 2,4-Dichlorophenoxyacetic acid (2,4-D). Sterilization of
the explants with 8 % JIK for 8 minutes was found to be most suitable. Only Bryum
coronatum produced calli on hormone free medium, while the 2,4-D induced
massive production of calli in Bryum coronatum and Racopilum africanum.
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Introduction

Bryophytes are the second largest group of plants, comprising 15,000 - 25,000
species (Crum, 2001; Gradstein et al., 2001) and occur on every continent in
every location habitable by photosynthetic plants.

Propagation of bryophytes occurs both sexually and asexually (Makinde & Odu,
1993). Odu (1987), and Odu & Akinfenwa (1991) showed a great multiplicity of
forms of vegetative propagules from which new generations of adult plants are
often established on various substrates. Culture cells of bryophytes contain
active chloroplasts and can grow under photoautotrophic conditions among
green land plants (bryophytes, pteridophytes and seed plants) (Katoh, 1983).

Axenic culturing of bryophytes seemed to be so complicated that many
investigators gave up their attempts and thus, bryophytes did not retain for
long their rightful place as a highly favoured research object. For this reason,
most studies of plant morphogenesis are now being done on vascular plants
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(Milorad et al., 2010). Apart from axenic cultivation of bryophytes, developing
methodology in propagation of bryophytes are significant in rare species
conservation both for ex situ and reintroduction (Rowntree, 2006; Cvetic et al.,
2007; Brezeanu et al., 2008; Vujicic et al., 2009).

All of the techniques that have been developed for tissue culture of seed
plants have also been adapted for bryophytes, and these range from mere
axenic culture to molecular farming. However, specific characteristics of
bryophyte biology, for example, a unique regeneration capacity, have also
resulted in development of methodologies and techniques different from those
used for seed plants (Annette & Ralf, 2005). The induction of stably growing
callus culture in bryophytes was first established by Allsop (1957). However,
various bryophyte cultures have evolved as model systems in plant physiology
(Wood et al., 2000). In August 2000, a pilot project for the ex situ conservation
of endangered United Kingdom bryophytes was launched at the Royal Botanic
Gardens, Kew. The project, a collaboration between the Royal Botanic
Gardens and UK statutory conservation agencies (English Nature, Scottish
Natural Heritage, Countryside Council for Wales), emphasized the development
of ex situ techniques as a complement to, rather than a replacement for in
situ conservation efforts (Ramsay & Burch, 2001). Most often, bryophytes grow
in the field where they are exposed to varying contaminations. They also grow
clumped together naturally in the field, as host to a wide variety of micro and
macro-invertebrates (Peck & Moldenke, 1999). The disposal of some of the
organisms living on the bryophytes is problematic in establishing their pure
culture (Milorad et al., 2010).

In this study, we focused on four tropical African mosses; Archidium ohioense
Schimp ex. C. Mull., Bryum coronatum Schwagr, Racopilum africanum Mitt.
and Thuidium gratum (P. Beauv.) A. Jaeger; with a view to developing a
protocol for sterilizing them and finally inducing callus from segments of their
gametophytes. The mosses naturally grow at the Obafemi Awolowo University
campus in very limited areas and very little information is available on their
sterilization protocol and callus initiation. Calli induction is more amenable to
molecular, physiological and biochemical studies than intact plants (Razdan,
2003).
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Materials and Methods

Collection and identification of plant materials

The mosses investigated were collected from their natural populations in
different areas on the Campus of the Obafemi Awolowo University, lle-Ife,
Nigeria, within Latitudes 7° 3" and 7° 34' N and Longitudes 4° 30" and 4° 32' E.
These were identified at the Department of Botany of the same institution,
and then grown in different pots for easy access and collection.

Preparation of culture medium

The basic nutrient medium consisted of MS (Murashige & Skoog) 1962, mineral
salts; and vitamins. About 30g sucrose, 10mg ascorbic acid, 0.1g myo-inositol
and 0.8g adenine sulphates were added. The pH was adjusted to 5.7 with 0.1 N
HCl and/or 0.1 N NaOH after which 0.8 % agar was added. Following this, 20ml
of the media was dispensed into 100ml flasks, each covered with non-
adsorbent cotton wool wrapped with Aluminium foil before they were all
autoclaved at 121 °C and 108 KPa for 15 minutes.

Sterilization experiment for callus induction
Healthy gametophyte tips from each species were selected and washed with
distilled water several times in a stream of flowing water to scour off attached
superficial materials. Then, in the Laminar flow chamber, the shoot tips were
sterilized as follows with commercial bleach (JIK, containing 3.85 % M/V
NaOCl),

(i) 5 % JIK for 10 minutes,

(ii) 8 % JIK for 8 minutes,

(iii) 10 % JIK for 5 minutes.

The explants were rinsed 5 times after each case with sterile distilled water to
eliminate traces of the disinfectant and then transferred to a sterilized Petri-
dish containing wet filter paper.

Callus induction

The sterile gametophyte tips were cut into 5-10 mm lengths with a sterilized
knife and the explants inoculated on the surface of prepared sterile culture
media after which they were incubated at 25 + 2 °C, 16 hours photoperiod, 30
- 40 ymol.m?s™ cool white fluorescent tube. The cultures were observed at
regular intervals of 2 days for callus induction. For each treatment, there were
10 replicates and the experiment was replicated three times.
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Results

The responses of the explants to disinfection with 5, 8 and 10 % commercial
bleach (JIK) for the different times were quite different. While sterilizing with
5% and 10 % JIK gave 25 % and 20 % success respectively, sterilizing with 8 %
JIK for 8 minutes gave an 85 % success rate. Although there was still some
contamination of the inocula cultured in the 8 % disinfectant concentration,
when the concentration of the disinfectant was 5 %, it was observed that
surface sterilization of the plant materials was not effective enough to kill the
xenic organisms on the plants, as the explants were overgrown quickly with
fungi, algae and bacteria. The attempt to leave the explants until the cultured
plantlets overgrow the xenic organisms remained unrealizable. Meanwhile, at
10% concentration, surface sterilization killed the plant material or was not
effective enough to kill the xenic organisms on the plants and not harm the
plants at the same time.

Callus from Bryum coronatum was successfully induced after about two months
of culturing (Figure 1A) on ordinary basal medium (i.e. hormone-free medium),
though the calli produced were scanty. Archidium ohioense, Racopilum
africanum and Thuidium gratum did not produce callus on the basal medium.
Callus of Bryum coronatum and Racopilum africanum was successfully induced
on MS medium containing 2,4-D (5 mg/L) after 12 days of incubation (Figures
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Figure 1. A Calli of Bryum coronatum cultured on a hormone free MS basal medium. B
Calli of Bryum coronatum cultured on MS medium supplemented with 5 mg/L 2,4-D. C
Calli of Racopilum africanum cultured on MS medium supplemented with 5 mg/L 2,4-D.
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1B and 1C). The calli grew rapidly and massively and maintained the
dedifferentiated state throughout the three month period of culture. The
attempt to induce callus from Archidium ohioense and Thuidium gratum failed
on both media, as no callus induction was observed throughout the period of
the experiment.

Discussion

Axenic cultivation of bryophytes as well as developing methodology in the
propagation of bryophytes are significant in rare species conservation both for
ex situ and reintroduction (Rowntree & Ramsay, 2005, 2009; Cvetic et al., 2007;
Brezeanu et al., 2008; Vujicic et al., 2009). Sterilization of explants before
inoculation is no doubt of significant importance in tissue culture as
contamination of plant tissue cultures by different sources, such as bacteria
and fungi, reduces their productivity and can completely prevent their
successful culture (Hatice et al. 2011). The use of commercial bleach (JIK
containing 3.85 % M/V NaOCI) at 8 % concentration for these plants was found
effective with a 85 % success rate. Other concentrations were either too weak
for effective sterilization or too strong for the plant cells to retain their
viabilities.

At the early research stage on bryophytes, most calli were induced from spores
on culture media containing several organic additions, although factors
affecting callus induction were not clear (Gang Yong-Yun et al., 2003). In this
study, explants of Bryum coronatum in the absence of exogenous plant
hormone produced callus which was greatly enhanced by the application of
2,4-D. In the case of Racopilum africanum, callus was formed only in the
presence of 2,4-D. Ono et al. (1988) reported that the addition of 10 mole/L
2,4-D to MS medium was necessary in inducing calli in Polytrichum commune, a
moss and Anthoceros punctatus, an anthocerote. Earlier, they induced callus
from spores of Atrichum undulatum using 2,4-D (Ono et al., 1987). Mixtures of
2,4-D and BA were also effective in callus induction in Physcomitrella patens
(Chen et al., 2006) and Cratoneuron filicinum (Gao et al., 2003). This study
recorded no callus induction from gametophyte explants of Archidium
ohioense and Thuidium gratum in any of the media. However, various
conditions have been reported for callus induction, depending on the species
of the bryophytes (Glime, 1988). Several reports of production of callus at the
cut surfaces of leaf explants as a consequence of wound reaction in hormone-
free medium are also well known.
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Conclusions

Sterilization of the mosses explants in 8% commercial bleach (JIK) is adequate
for proper sterilization. Callus can be induced by 5 mg/L of 2,4-D in explants
of Bryum coronatum and Racopilum africanum, although, further work is
required to determine the optimal concentration required for induction. The
possibility of callus induction from explants of Archidium ohioense and
Thuidium gratum should also be tried using other concentrations of 2,4-D
and/or combination with other plant growth hormones such as cytokinins.
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