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New record of an economic marine alga,
Ahnfeltiopsis concinna, in Korea

Pil Joon Kang and Ki Wan Nam’

Abstract

An economic marine alga, which is considered to be an important source of carrageenan, was collected from Jindo
of the southern coast of Korea. This species shares the vegetative and female reproductive features of Ahnfeltiopsis
and is characterized mostly by its small size (up to 8 cm), terete to subterete thalli at the lower portion, cartilaginous in
texture, dichotomous branches, rarely produced proliferations, and an absence of hypha-like filaments in the medulla. It
is distinguished from other Korean species within the genus by the thallus feature. In a phylogenetic tree based on the
molecular data, this alga nests in the same clade with A. concinna from Japan but forms a sister clade to A. concinna
from Mexico and Hawaii (type locality). However, the genetic distance among those sequences was calculated as 0.1-1.

3% for rbcl. and 1.1% for COI sequences, considered to be intraspecific variation within the genus. Based on the
morphology and molecular analysis, this alga is identified as A. concinna originally described from Hawaii. This is the

first record of the species in the Korean marine algal flora.
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Background

Ahnfeltiopsis P.C. Silva et DeCew belongs to Gigartinales
F. Schmitz, which is considered to be one of the
economic marine algal taxa as an important source of
carrageenan (Craigie 1990; Donald et al. 1993). Particu-
larly, it has been known that this alga can be used as a
potential commercial material of antioxidant compounds
in the medicine, food, pharmaceutical, and cosmetic
industries in Hawaii (Kelman et al. 2012).

This genus was first proposed by Silva and DeCew in
Silva (1979), but was invalid. Later, the generic name,
Ahnfeltiopsis, was validly published. It was character-
ized by internal cystocarps and a heteromorphic type of
life history in which upright unisexual gametophytes
alternate with a crustose tetrasporophyte (Silva and
DeCew 1992; Masuda 1993). However, it has been
reported that Ahnfeltiopsis is polyphyletic in molecular
phylogeny (Fredericq and Lopez-Bautista 2002; Maggs
et al. 2013; Calderon and Boo 2016; Calderon et al. 2016;
the present study). This suggests that the generic features
should be revised for delimitation of Ahnfeltiopsis.
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Ahnfeltiopsis involves 33 species distributed from
temperate to tropical waters (Dawson 1954; Masuda
1993; Silva et al. 1996; Guiry and Guiry 2017). Among
these, three species, Ahnfeltiopsis catenata (Yendo)
Masuda, A. paradoxa (Suringar) Masuda, and A. flabelli-
formis (Harvey) Masuda, had been reported in Korea
(Kim et al. 2013). However, recently, the former two spe-
cies have been transferred to Besa Setchell based on mo-
lecular and morphological examination (Calderon et al.
2016). Accordingly, only A. flabelliformis in this genus is
currently recorded in the Korean marine algal flora. A
gigartinalean species was collected from Jindo of the
southern coast of Korea during a survey of marine algal
flora. Based on the morphology and molecular data, this
species was identified as Ahnfeltiopsis concinna, which
was established from Hawaii (Dawson 1961), and is
newly recorded in Korea in the present study.

Methods

Specimens for this study were collected from Jindo
located in southern coast of Korea. Taxonomic data
were obtained from fresh, liquid-preserved, and herbar-
ium specimens. Liquid-preserved material was stored in
a 10% solution of formalin/seawater. For anatomical
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observations, the material was cleared in 5-10% NaOH
in distilled water for 2-7 days and then rinsed in
distilled water. Blades dissected from the cleared mate-
rials were hand sectioned, transferred to a slide with a
drop of distilled water, and mounted in pure glycerin.
In some instances, a smearing method for microscopic
examination was employed. Measurements are given as
width and length. For photographs, the sections were
stained with 0.5-1.0% aqueous methylene blue, aniline
blue, or hematoxylin. For permanent slides, the glycerin
was exchanged with 10-20% corn syrup.

Total genomic DNA was extracted from silica-gel-
preserved sample using the DNeasy Plant Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
protocol. Before extraction, dried material was crushed
with liquid nitrogen using a mortar and pestle. Concen-
trations of extracted DNA were assessed by using gel
electrophoresis on a 1% agarose gel. Extracted DNA was
used for amplification of ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit (rbclL) regions and
cytochrome oxidase I (COI). PCR amplifications were
performed in a TaKaRa PCR Thermal Cycler Dice
(TaKaRa Bio Inc., Otsu, Japan). The PCR products were
moved to Macrogen Sequencing Service for sequencing
(Macrogen, Seoul, Korea). The sequences of PCR primers
for amplification are as follows: rbcL (forward: 5° GGAG
GATTAGGGTCCGATTCC 3/, reverse: 5° CTTCCGTCA
ATTCCTTTAAG 3’), COI (forward: 5° GCTGCGTTCT
TCATCGATGC 3, reverse: 5° TCCTCCGCTTATTGA
TATGC 3’) (Lin et al. 2001).

Sequences for the rbcL region were aligned using
BioEdit (Hall 1999). Phylogenetic analyses were per-
formed using neighbor joining, maximum-likelihood,
and maximum parsimony methods with Mega 6
program (Tamura et al. 2013). Bootstrap values were
calculated with 1000 replications. RbcL and COI
sequences of other species were obtained from GenBank.
Ahnfeltia plicata was used as an outgroup.

Results and discussion

Ahnfeltiopsis concinna (J. Agardh) P.C. Silva & DeCew
1992: 577

Type locality: Hawaii (Dawson 1961)

Korean name: Go-un-bu-chaet-sal nom. nov. (A %: 1L
R s o)

Specimens examined: NIRBAL0000146348, PKNU
0000127011 - 0000127015, PKNU 0000127025 (Jindo:
13.i.2014)

Habitat: Growing on rock near upper to lower intertidal

Morphology: Thalli 5-8 cm high, terete to subterete at
the lower portion, somewhat compressed at the upper
portion, fan-shaped, brown to yellow in color, cartilagin-
ous in texture, attached to substratum by discoid hold-
fast (Fig. 1 and Fig. 2a); main axes issuing dichotomous
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Fig. 1 Ahnfeltiopsis concinna (J. Agardh) P.C. Silva & DeCew. Habit of
vegetative plant. Bar 1 cm

branches at short intervals; branches divided dichotom-
ously to subdichotomously, with rounded or blunt apex,
1-2 mm wide, 200-300 pum thick; proliferations rare,
arranged pinnately to irregularly; multiaxial; cortex
consisted with small and pigmented cells (Fig. 2¢, d), five
to eight round cell layers thick, 2-3 x 4-5 um; pseudo-
parenchymatous medulla compact (Fig. 2a), ellipsoid in
transverse section (Fig. 2b), without hypha-like filaments,
200-300 x 80-100 um; gonimoblast filaments developing
inwardly (Fig. 3a, b), carposporophytes producing masses
of carposporangia; carposporangia round (Fig. 3c), 10—
12 pum in diam,; cystocarps formed at middle portion of
branches, internally immersed in medulla, surrounded by
some layers of secondary medullary cells, with carpos-
tomes (Fig. 3c, d). Male and tetrasporangial plants were
not collected during the present study.

Ahnfeltiopsis was established to accommodate several
species, which had been previously assigned to Ahnfeltia
E.M. Fries and Gymnogongrus C. Martius (Silva and
DeCew 1992) and which have common internal cystocarps
with specialized pores (carpostomes) and crustose tetra-
sporic life history (Silva and DeCew 1992; Masuda 1993).
However, since the genus is known to be polyphyletic
based on molecular data (Fredericq and Lopez-Bautista
2002; Maggs et al. 2013; Calderon and Boo 2016; Calderon
et al. 2016; the present study), the generic delimitation
cannot be used for Ahnfeltiopsis. Recently, some combined
features of female structures have been adopted for this
genus (Calderon and Boo 2016; Calderon et al. 2016). The
vegetative feature of multiaxial thalli with a compact
and pseudoparenchymatous medulla is also common
in the genus (Masuda 1993). Even though male and
tetrasporangial plants were not observed, our gigarti-
nalean species collected from Jindo, Korea, during
this study can be referred to Ahmnfeltiopsis based on
these vegetative and female features in addition to the
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Fig. 2 Ahnfeltiopsis concinna (J. Agardh) P.C. Silva & DeCew. a Compact and pseudoparenchymatous medulla in transverse section of branches. b
Ellipsoid medullary cells in longitudinal section. ¢ Cortical cell layers. d Round inner cortical cells. Bars in a 200 um; b 70 um; ¢ 50 um; d 30 um

_

Fig. 3 Ahnfeltiopsis concinna (J. Agardh) P.C. Silva & DeCew. a Large auxiliary cell (arrow). b Initials (arrows) of gonimoblast filaments developing
inwardly. ¢ Cystocarp internally immersed in medulla of middle portion of branch. d Fully developed cystocarp with a carpostome (arrow). Bars in
a, b 20 um; ¢ 300 um; d 800 um
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Fig. 4 Phylogenetic tree of Ahnfeltiopsis species obtained from maximum likelihood method based on rbcl sequences. Bootstrap proportion
values (1000 replicates samples) are shown above branches. Bar indicates 0.02 substitutions/site

Ahnfeltia plicata JX969802

gross morphology. According to the original and
other publications (Silva and DeCew 1992; Masuda
et al. 1994; Braune and Guiry 2011), Ahnfeltiopsis
concinna is distinct from similar species within the
genus by its small size (up to 8 cm) thalli, terete to
subterete thalli, cartilaginous in texture, dichotomous
branches, rarely produced proliferations, and an
absence of hypha-like filament in the medulla. This
Korean alga shares these characteristics and is distin-
guished from A. flabelliformis which is currently
recorded in Korea (Kang 1966, 1968; Lee and Kang
1986; Lee and Kang 2002; Boo and Ko 2012; Kim

et al. 2013), by the thallus feature. It has terete to
subterete thalli particularly at the lower portion,
while A. flabelliformis shows compressed thalli
(Masuda 1987, 1993; Masuda et al. 1994; Yoshida
1998; Lee 2008).

In a phylogenetic tree based on rbcL sequence data
(Fig. 4), the Korean alga nests in the same clade with A.
concinna from Japan but forms a sister clade to A.
concinna from Mexico and Hawaii (type locality). How-
ever, the genetic distance among those sequences was
calculated as 0.1-1.3%, considered to be intraspecific
variation within the genus. In general, the value of
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Fig. 5 Phylogenetic tree of Ahnfeltiopsis species obtained from maximum likelihood method based on COI sequences. Bootstrap proportion
values (1000 replicates samples) are shown above branches. Bar indicates 0.05 substitutions/site

Ahnfeltia plicata JN113240
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interspecific divergence in the Gigartinaceae and Peys-
sonneliaceae within the Gigartinales varies from 2.8 to
16.5% (Hommersand et al. 1994; Kato et al. 2009). More-
over, the Korean alga also nests in the same clade with
A. concinna from the type locality based on the COI
sequence data (Fig. 5), with the genetic distance of 1.1%
between the two sequences.

This morphological and molecular evidence leads to
the conclusion that our specimens from Jindo, Korea,
should be identified as Ahnfeltiopsis concinna originally
described from Hawaii. This species is newly recorded in
Korea in the present study.

Conclusions

A gigartinalean species was collected from Jindo, Korea,
during a survey of marine algal flora. This species was
identified as Ahnfeltiopsis concinna, which was originally
described from Hawaii, based on morphological and
molecular data. This is the first record of the species in
the Korean marine algal flora.
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