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Bangiophyceaen orders difficult to characterize by simple 
characters (Zuccarello et al. 2010). The advent of molecular  
analysis revealed a wide range of divergent lineages in Ban­
giophyceae including Erythropeltidales (Yoon et al. 2006).

There are few defining features of the Erythropeltidales 
although the order is well supported by molecular data 

(Zuccarello et al. 2010). Most species in the order have a 
central plastid with a pyrenoid and all species studied do 
not have pit plugs, but these characters are also found com­
monly in the other orders (e.g., Stylonematales, Zuccarello 
et al. 2008). A more defining feature is the production of 
monospores (archeospores) often by the unequal division 
of vegetative cells, producing what is called a lenticular cell, 
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INTRODUCTION 

The Erythropeltidales is placed in the class Compsopo­
gonophyceae, which consists mostly of small, ubiquitous 
marine red algae (Soares et al. 2019). The most common 
and widely reported genera in the order are Erythrotrich-
ia, Erythrocladia, Sahlingia and Madagascaria (e.g., Silva et 
al. 1996; Brodie and Irvine 2003; Zuccarello et al. 2010). 
Morphologically, they are quite simple, consisting of fila­
ments, crusts, or simple blades, rarely exceeding a few cen­
timeters in size, but more often less than 0.5 cm (Zuccarello 
et al. 2010). The order has few defining features, and their 
small size has made this order along with many of the other 
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Madagascaria erythrocladioides based on the morphological and molecular character-
istics. Morphological characteristics conformed well with its original description, and 
the phylogenetic analysis based on rbcL sequence showed Korean M. erythrocladioides 
nests in the same clade with the original species described in Japan with a genetic 
distance of 0.0-0.1%. This species was isolated from a red alga, Pterocladiella capillacea, 
in laboratory culture. The thallus ontogeny and host preference were examined by a 
co-culture with 13 different species of algae. Results showed a relatively broad host 
preference in mono-spore attachment and epiphyte development of Madagascaria 
erythrocladioides. Mono-spores of M. erythrocladioides attached to most of the red algal 
hosts’ surfaces but no crustose thalli developed on some of the algal hosts even after 
one month of co-culture.
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and the release of this cell as a spore. This characteristic 
would distinguish it from the Stylonematales in which the 
entire vegetative cell is liberated as a spore (Zuccarello et 
al. 2010). Laboratory culture is essential to confirm these 
defining features but few Korean species of Erythropeltid­
ales has been studied using laboratory culture. 

Madagascaria is a crustose monotypic genus originally  
described from specimen collected in Madagascar and  
Japan, characterized by more or less circular, free end crusts 
without bifurcate marginal cells and plastids with circular 

(Zuccarello et al. 2010). Madagascaria has been reported in  
many localities of Indo-Pacific region and even in Atlantic  
Sea (Soares et al. 2019), but not in Korea so far. In this study,  
we isolated culture strain of Madagascaria erythrocladioides 
West & Kikuchi from Pterocladiella capillacea which col­
lected from Jeokbyeokgang in the western coast of Korea. 
We observed morphological development of the algae 
using laboratory culture and analyzed its phylogeny using 
rbcL sequences.

MATERIALS AND METHODS

1. Sampling, culture, and microscopy

The samples deposited in National Marine Biodiver­
sity Institute of Korea (MABIK) (KNU cluture No. KNU 
000499) were used. The samples were isolated from 
Pterocladiella capillacea collected in Jeokbyeokgang (35° 
38ʹ20.7ʺN, 126°27ʹ46.09ʺE), Gyeokpo, Korea, 2013. In the 
laboratory, samples were cultured in medium composed 
of sterilized seawater with IMR medium described in Kim 
et al. (2006). Culture conditions were as follows: tem­
perature of 15°C, irradiance of 10 µmol photons m-2 s-1,  
16 : 8 h light: dark cycle, renewal IMR medium every two 
weeks. To examine if there are any host preferences, M. 
erythrocladioides was co-cultured with 13 different algae for 
a month and monospore attachment to the host and thal­
lus development were observed (Table 2). Samples was  
observed under microscope (BX50; Olympus, Japan). Pho­
tomicrographs were taken with camera (DP72; Olympus,  
Japan) and CellSens program (Olympus, Japan). Fluores­
cent and histochemical stains used in this study are as fol­
lows: Calcofluor White stain (Sigma-Aldrich, USA), DAPI 

(Sigma-Aldrich, USA), Eosin Y (Sigma-Aldrich, USA), 
Methylene blue (Showa, Chemical, Japan). Cellulose in 
cell walls were stained with Calcofluor White stain for 5 
minutes in the culture medium and observed under DAPI 
filter (Klaus and Andreas 1969). Nuclei were stained with 

1 μg mL-1 DAPI for 5 minutes in the culture medium and 
observed under DAPI filter (Kim et al. 2001). Cytoplas­
mic proteins were stained with 1 mg mL-1 eosin Y for one 
hour and observed under bright filter (Suvarna et al. 2013). 
Acidic polysaccharides were stained with 0.23 mg mL-1 
methylene blue for one hour under bright filter (Levine 
and Black 1949).

2. Molecular analysis

Total DNA was extracted from fresh or dried samples 
using Wizprep Plant DNA mini kit (Wizbiosolution, 
Korea). Partial sequence of plastid encoded ribulose-1; 
5-bisphosphate carboxylase large subunit regions (rbcL) 
was amplified using the primers (Mada_rbcL_F 5′-GGC­
CAAAATAAATTGCCTTGAAC-3′ and Mada_rbcL_R 
5′-CGTGCTCCTATTATGCTAAAGTC-3′), which were 
designed in this study based on the chloroplast genome 
data of M. erythrocladioides (MW675672). The PCR con­
ditions consisted of an initial denaturation at 95°C for 4 
min, followed by 95°C for 30 s, annealing at 55°C for 30 s,  
extension at 72°C for 1 min and 30 s, final extension at 
72°C for 7 min, was followed by 35 cycles. Multiple align­
ments of nucleotide sequences were performed among M. 
erythrocladioides and rbcL of other species, from the NCBI 
database, using MAFFT in Geneious Prime v2019.0.4 (Bio- 
matters Ltd., New Zealand). A phylogenetic analysis was 
performed using MrBayes 3.2.6 and RAxML 8.2.11 soft­
ware program for Bayesian phylogenetic analysis and Max­
imum likelihood analysis. The following settings were used  
in MrBayes 3.2.6: generations = 3,000,000; subsampling 
frequency = 600, burn-in length = 300,000; model = GTR 
GAMMA. The following settings were used in RAxML 
8.2.11: Bootstrap support values (%) = 1,000; model =  
GTR GAMMA (Lee and Kim 2017). We used the Por-
phyridium aerugineum as the outgroup for phylogenetic 
tree. IQ-TREE ModelFinder was used to find the best 
model (Kalyaanamoorthy et al. 2017).

RESULTS

Genus Madagascaria 점붉꽃 (신칭)

Madagascaria erythrocladioides J.A. West & N. Kikuchi 

점붉꽃 (신칭)

Type locality. Intertidal, epiphytic on Gelidium sp. Ampasi 
Pohry, Nossi Be, Madagascar.
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Collection site in Korea. Epiphytic on Pterocladiella capil- 
lacea collected from Jeokbyeokgang (35°38ʹ20.7ʺN, 
126°27ʹ46.09ʺE); collected 30 March 2013.
Specimens examined. KNU000499H1- KNU000499H6 

( Jeokbyeokgang (35°38ʹ20.7ʺN, 126°27ʹ46.09ʺE), Gyeok­
po, Korea, 30 March 2013, Ga Hun Boo and Se Yong Kim).
Habitat. Intertidal, epiphytic on other algae. 
GenBank accession number. MZ702790 (rbcL).
Morphology. Plants were rose red to intense red, forming 
irregular overlapping crusts (20-200 µm) with free fila­
ment ends. Marginal cells are not bifurcated. Central crust 
cells 4.0-8.7 µm long and 3.7-6.0 µm wide. Monospores 
formed in the center of the crust and 4.9-7.0 µm in size. 
Monospore germinated by elongation and oblique divi­
sions forming rhizoidal extensions. Central crust cells 4.9-
8.9 µm long and 3.7-7.3 µm wide. Cells contain a laminate 

or parietal plastid with a pyrenoid. 
Morphological characters of M. erythrocladioides from 

Korea are in good agreement with the original description 
except that Korean strain was isolated from Pterocladiella  
capillacea while the type specimen was isolated from 
Gelidium sp. (Table 1). Thallus ontogeny on the surface of  
the host, Pterocladiella capillacea, was observed (Fig. 1A-
D). Monospores of M. erythrocladioides were initially 
loosely attached to the host (Fig. 1A), and 2-3 days after 
attachment, tight binding occurred between the host and 
epiphyte, then the epiphytic cell began dividing (Fig. 1B). 
Cell division initially occurred horizontally on the host 
surface (Fig. 1C), but the thallus eventually developed 
into crustose form with free ends (Fig. 1D). Monospores 
often attached to the bottom of culture dish and formed a 
membrane covering the surface (Fig. 1E-H). Although the 

Table 1. Morphological characters of Madagascaria species

Epiphyte species Isolate Distribution Monospore diameter Reference

Madagascaria 
erythrocladioides

Pterocladiella capillacea Korea 4.9-7.0 µm This study

Gelidium sp.
-

Madagascar
Japan

4.9-7.8 µm
5.3-6.5 µm

Zuccarello et al. (2010)
Zuccarello et al. (2010)

Madagascaria atlantica - Brazil 5.0-7.5 μm Soares et al. (2019)

Erythrocladia irregularis Gigartina acicularis Italy 7-8 μm Gargiulo et al. (1987)

Fig. 1. Laboratory culture of Madagascaria erythrocladioides. A-D. Thallus ontogeny on the surface of the host, Pterocladiella capillacea. A. 
The initial stage of monospore attachment. B. Tight binding occurred between the host and epiphyte. C. Epiphytic cells dive first along the 
surface of the host. D. Mature epiphyte showing free-end crusts. E. Co-culture of M. erythrocladioides with Pterocladiella capillacea. F. M. 
erythrocladioides culture without a host. G. Enlarged view of the culture in the culture dish. H. Mature thallus showing free end. Scale bars: 
A-D= 10 μm; E= 1 cm; F= 50 μm; G, H= 20 μm.
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M. erythrocladioides cells formed a thin membrane on the 
surface of culture dish (Fig. 1F-H), mature crustose thalli 
with free ends also developed from the membrane (Fig. 
1H). 

Fluorescent staining of the thallus with Calcofluor-white 
and DAPI showed that the matrix forming membranes 
are composed of cellulosic materials (Fig. 2A, B). Eosin Y 
staining showed that the matrix contained little amount of 

proteins (Fig. 2C). Methylene blue staining showed that 
polysaccharides covered the crusts (Fig. 2D). Host prefer­
ence was assayed by co-culturing M. erythrocladioides with 
13 different species of algae (Table 2). Monospores did not 
attach to some algal hosts during co-culture for one month 
even when whole surface of culture dish was covered with 
M. erythrocladioides cells (Fig. 3). Red algal hosts, Colacon-
ema daviesii, Stenogramma guleopoense and Erythrotrichia 

Fig. 2. Fluorescent staining of Madagascaria erythrocladioides. A. Calcofluor white stains the matrix of the thallus. B. DAPI staining C. Eo-
sin Y staining. D. Methylene blue staining. Scale bar: 10 μm.
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Table 2. List of epiphyte host

Species Monospore attachment No.

Chlorophyta
Bryopsis plumosa + Collected, Korea, 2003
Codium fragile - MGARB200241

Rhodophyta

Aglaothamnion callophyllidicola + KNU000165
Ahnfeltiopsis flabelliformis + KNU000109
Bostrychia moritziana + KNU000027
Colaconema daviesii - KNU000474
Erythronychia sp. - Collected, Korea, 2018
Heterosiphonia pulchra + KNU000185
Pachymeniopsis lanceolata + KNU000129
Pterocladiella capillacea + KNU000107
Pyropia yezoensis + KNU000212
Stenogramma guleopoense - KNU000458

Ochrophyta Ectocarpus siliculosus - KNU000012
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Fig. 3. Epiphyte host of Madagascaria erythrocladioides. A-F, J. Monospore of M. erythrocladioides attached to the cell walls of Pachymeni-
opsis lanceolata, Bostrychiamoritziana, Heterosiphonia pulchra, Ahnfeltiopsis flabelliformis, Pyropia yezoensis, Aglaothamnion callophyllidicola, 
Bryopsis plumosa. G-I, K, L. No monospore attached to Stenogramma guleopoense, Colaconemadaviesii, Erythronychia sp., Codium fragile, 
and Ectocarpus siliculosus. The arrow refers to the attached monospores. Scale bar: 10 μm.
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Fig. 4. Development of monospores of Madagascaria erythrocladioides on different algal hosts. A-F. Monospore of M. erythrocladioides 
grew on the cell walls of algal hosts Pachymeniopsis lanceolata, Bostrychiamoritziana, Heterosiphonia pulchra, Pyropiayezoensis, Aglaotham-
nioncallophyllidicola, and Bryopsis plumosa. The arrow refers to the attached M. erythrocladioides. Scale bar: 10 μm.

A B

E

C

FD



Korean J. Environ. Biol. 39(3) : 383-389 (2021)

388 ⓒ2021. Korean Society of Environmental Biology.

sp. did not bound with monospores. Some monospores 
attached to a green algal host Bryopsis plumosa, but not 
to Codium fragile, and Ectocarpus siliculosus, a brown algal 
host (Fig. 3J-L). Once tight binding occurred between the 
epiphyte and host typical crustose thalli developed on the 
surface of hosts (Fig. 4). 
Phylogeny. Phylogenetic analysis based on rbcL sequence 
showed that M. erythrocladioides from Korea nests in the 
same clade with original species described in Japan by with 
a genetic distance of 0.0-0.1% (Fig. 5).

DISCUSSION 

An epiphytic red alga, Madagascaria erythrocladioides, 
was first reported in Korea. Although sexual reproduction 
was not observed in laboratory culture, vegetative charac­
teristics of Korean strain was in good agreement with the 

original description of the species. Phylogenetic character­
istics of Korean Madagascaria erythrocladioides also con­
formed well with Japanese strain described by Zuccarello et 
al. (2010) and nested in the same clade with other Mada
gascaria species (Soares et al. 2019).

Host specificity is important for finding an environment 
in which the epiphytic species can survive and thrive. As 
previous studies have shown, their attachment to substrate 
never happens randomly (Seo et al. 2020). Our results 
showed there is a relatively broad host preference in mono­
spore attachment and epiphyte development of Madagasca-
ria erythrocladioides. Epiphytic thalli did not develop on the 
surface of some algae including three red algae (Colaconema 
daviesii, Erythronychia sp., Stenogramma guleopoense), one 
green algae (Codium fragile), one brown algae (Ectocar-
pus siliculosus), after one month of co-culture. The close 
association between epiphytes and particular host species 
appears to begin with the tight binding of monospores 

Fig. 5. Phylogenetic tree of rbcL from Madagascaria erythrocladioides and other algae. A phylogenetic analysis was performed using Mr-
Bayes 3.2.6 and RAxML 8.2.11 methods for Bayesian phylogenetic analysis and Maximum likelihood analysis. Only values≥50 are shown. 
Sequences generated in this study are highlighted in bold.



389http://www.koseb.org

New records of epiphytic red algae from Korea

to the host surface, but host preference did not appear  
to be affected by phylogenetic relationships with the hosts. 
Further studies are needed to elucidate the role of the host 
role in the epiphytic development of this species. 

ACKNOWLEDGEMENTS

This work was supported by Korea Institute of Planning 
and Evaluation for Technology in Food, Agriculture, and 
Forestry (IPET) through Golden Seed Project (213008-
05-5-SB810), funded by Ministry of Agriculture, Food and 
Rural Affairs (MAFRA), Ministry of Oceans and Fisheries 

(MOF), Rural Development Administration (RDA) and 
Korea Forest Services (KFS) and National Marine Biodi­
versity Institute of Korea (2021M01100).

REFERENCES

Brodie JA and LM Irvine. 2003. Volume 1 Rhodophyta. Part 3B 
Bangiophycidae. Intercept Limited. Andover, UK. p. 167.

Bancroft JD and C Layton. 2012. The hematoxylins and eosin. 
pp.173-186. In: Bancroft’s Theory and Practice of Histological 
Techniques (Suvarna SK and C Layton eds.). Churchill Living-
stone Elsevier. London, UK.

Coleman AW, MJ Maguire and JR Coleman. 1981. Mithramy-
cin-and 4′ -6-diamidino-2-phenylindole (DAPI)-DNA staining 
for fluorescence microspectrophotometric measurement 
of DNA in nuclei, plastids, and virus particles. J. Histochem. 
Cytochem. 29:959-968.

Herburger K and A Holzinger. 2016. Aniline blue and Calcofluor 
white staining of callose and cellulose in the streptophyte 
green algae Zygnema and Klebsormidium. Bio -protocol 
6:e1969.

Kalyaanamoorthy S, BQ Minh, TK Wong, A Von Haeseler and LS 
Jermiin. 2017. ModelFinder: fast model selection for accurate 
phylogenetic estimates. Nat. Methods 14:587-589.

Kang PJ, JW An and KW Nam. 2020. New record of Chondrus 
retortus (Gigartinales, Rhodophyta) in Korea. Korean J. Envi-
ron. Biol. 38:481-485.

Kim GH, TA Klotchkova and YM Kang. 2001. Life without a cell 
membrane: regeneration of protoplasts from disintegrated 
cells of the marine green alga Bryopsis plumosa. J. Cell Sci. 
114:2009-2014.

Kim GH, TA Klochkova, KS Yoon, YS Song and KP Lee. 2006. Puri
fication and characterization of a lectin, bryohealin, involved 
in the protoplast formation of a marine green alga Bryopsis 
plumosa (Chlorophyta). J. Phycol. 42:86-95.

Lee JW and GH Kim. 2017. Isolation and characterization of two 
phototropins in the freshwater green alga, Spirogyra varians 

(Streptophyta, Zygnematales). Algae 32:235-244.

Levine BS and LA Black. 1949. Comparative analysis of the 
standard methods methylene blue stain and advantages of 
the polychrome and acid-and-water-free stains in the direct  
microscopic examination of milk. Am. J. Public Health 39: 
1110-1119.

Seo E, MR Seong, JW Lee, H Lim, J Park, H Kim, H Hwang, D 
Lee, J Kim, GH Kim, DS Hwang and SJ Lee. 2020. Anti -bio-
fouling features of eco -friendly oleamide -PDMS copoly-
mers. ACS Omega 5:11515-11521.

Silva PC, PW Basson and RL Moe. 1996. Catalogue of the ben-
thic marine algae of the Indian Ocean. Univ. Calif. Publ. Bot. 
79:1-1256.

Soares LP, SM de Beauclair Guimarães, MT Fujii, Y Yone-
shigue-Valentin, MGS Batista and NS Yokoya. 2019. Thallus 
ontogeny, morphology and molecular phylogeny of Mada-
gascaria atlantica sp. nov. (Compsopogonophyceae, Rhodo-
phyta), a diminutive crustose species uncovered in the Atlan-
tic Ocean. Aquat. Bot. 159:103152.

Yoon HS, KM Müller, RG Sheath, FD Ott and D Bhattacharya. 
2006. Defining the major lineages of red algae (Rhodophyta). 
J. Phycol. 42:482-492.

Zuccarello GC, JA West and N Kikuchi. 2008. Phylogenetic rela-
tionships within the Stylonematales (Stylonematophyceae, 
Rhodophyta): biogeographic patterns do not apply to Stylon-
ema alsidii. J. Phycol. 44:384-393.

Zuccarello GC, N Kikuchi and JA West. 2010. Molecular phyloge-
ny of the crustose Erythropeltidales Soares (Compsopogono-
phyceae, Rhodophyta): New genera Pseudoerythrocladia 
and Madagascaria and the evolution of the upright habit. J. 
Phycol. 46:363-373.


