


Microb. Resour. Syst. June 2019

Vol. 35, No. 1

Figs. 13-19 Chloromonas typhlos strain NIES-2243 (formerly labeled Chlamydomonas suban-
gulosa j). 13-16. Nomarski interference micrographs of vegetative cells, shown at the
same magnification. Scale bar=>5 um. 13. Optical section of a cell. 14. Surface view of a
cell. Arrowheads indicate irregular perforations and incisions on the chloroplast surface.
15. Surface view of a cell showing a rod-shaped eyespot. 16. Optical section of a dividing
cell showing rotation of parental protoplast and apparently transverse first division.
17-19. Transmission electron micrographs of vegetative cells. 17. Longitudinal section of
a cell. Scale bar=2 ym. 18. Pyrenoid showing thylakoid lamellae penetrating into pyrenoid
matrix (arrows). Scale bar=1 ym. 19. Eyespot composed of two layers of globules. Scale
bar=1 uym. ch, chloroplast; cv, contractile vacuole; e, eyespot; n, nucleus; pa, papilla; py,

pyrenoid; s, starch grain.

demonstrated that Cd. gerloffii represents a distinct
phylogenetic position separated from the other four
species within the Reticulata group. Recently,
Barcyté et al. (2018a) reported a new species, Cr.
arctica, which is sister to Cd. gerloffii strain CCAP
11/72 (=NIES-2215) in the 18S rRNA gene tree.
However, Cr. arctica lacks pyrenoids in the chloro-
plast and exhibits enough differences in its nuclear
rDNA ITS2 sequence to be considered distinct from
Cd. gerloffii at or above the species level (Barcyté et
al., 2018a). Although Barcyté et al. (2018a) showed
that Cr. paraserbinowii (Skuja) Gerloff & H. Ettl

strain SAG 71.72 and Cd. hydra H. Ettl strain SAG
4.73 belong to the Reticulata group, the former spe-
cies lack pyrenoids and the latter species is clearly
different from Cd. hydra based on light microscopic
characteristics (Ettl, 1983). Therefore, Cd. gerloffii
should be recognized as a distinct species within the
genus Chloromonas. However, the epithet gerloffi
is unavailable in Chloromonas because Cr. gerloffii
H. Ettl (1963) was described for different species.
Thus, we propose the new name Cr. difformis to
encompass Cd. gerloffii under the genus
Chloromonas. Within the Reticulata group, Cr. dif-
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formis can be distinguished from two other pyre-
noid-containing species based on pyrenoid morpholo-
gy. The pyrenoid matrix in vegetative cells of Cr.
chlorococcoides and Cr. typhlos is entirely surround-
ed by thick starch plates with no space between
starch granules except for the spaces through which
thylakoid lamellae penetrate (Matsuzaki et al., 2012).
In contrast, the starch plates were thin and exhibit-
ed spaces between starch granules surrounding part
of the pyrenoid matrix in Cr. difformis (Figs. 10, 11).
This ultrastructural difference in the starch plates
may reflect the difference in pyrenoids observed by
light microscopy. Under light microscopy, the pyre-
noids are prominent or distinct in the former two
species (Matsuzaki et al., 2012), whereas the Cr. dif-
formis pyrenoids are somewhat indistinct (Ettl 1983;
Fig. 6).

“Cd. subangulosa’ strain NIES-2243 (Figs. 13-19):
Vegetative cells were unicellular, biflagellate, and
ellipsoidal in shape, measuring 13-18 ym long and
6-12 ym wide. The cells had one nucleus, a promi-
nent papilla at the base of the flagella, and a parietal
chloroplast with a single pyrenoid positioned in the
middle of the cell (Fig. 13). The chloroplast was cup-
or urn-shaped, with irregular perforations and inci-
sions on the surface (Fig. 14). The eyespot was
shaped as a short rod or ellipsoid and positioned in
the anterior 1/3 of the cell (Fig. 15). The pyrenoid
was prominent, spherical or ellipsoidal in shape, and
lateral in position. The papilla was hemispherical,
often with a flat top face, and the nucleus was posi-
tioned in the cytoplasm anterior to the pyrenoid.
The flagella were the same length as the cell. Two
contractile vacuoles were located near the base of
the flagella. Asexual reproduction occurred via zoo-
spore formation, producing four biflagellate zoo-
spores within the parental cell wall. Before the first
cell division, the protoplast rotated 90° (Fig. 16).
TEM demonstrated that the pyrenoid matrix was
surrounded entirely by starch plates, and thylakoid
lamellae penetrated into the pyrenoid matrix from
various directions (Figs. 17, 18). The eyespot was
composed of two layers of globules (Fig. 19).

Ettl (1983) classified Cd. subangulosa into the
“Euchlamydomonas” group because of its basal
pyrenoid in the cup-shaped chloroplast. CCAP
11/28 was referred to be derived from one of the
original author of Cd. subangulosa (“John"; George
1976). However, significant morphological differenc-
es were recognized between the original description
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of Cd. subangulosa (Fritsch & John, 1942) and the
present observations of NIES-2243. According to
Fritsch & John (1942), this species has a basal pyre-
noid, and the first division is longitudinal. However,
the present cultured material has a lateral pyrenoid
in the urn-shaped chloroplast, and the first division
was apparently transverse after 90° rotation of the
protoplast (Figs. 4, 5, 13-16). Moreover, the cell size
according to the original description (Fritsch & John,
1942) conflicts with that of our observations. Fritsch
& John (1942) reported that the cells are 16-20 ym
long, whereas in our observation of NIES-2243, the
cells were 13-18 ym long. These morphological fea-
tures were essentially the same between strains
NIES-2243 and CCAP 11/28, which were recently
sent directly from CCAP, and the sequences of
nuclear ¥DNA ITS2 in NIES-2243 and CCAP 11/28
were exactly the same (DDBJ/EMBL/GenBank
accession numbers LC439250 and LC439251, respec-
tively). Thus, CCAP 11/28 was misplaced with a dif-
ferent strain or misidentified as Cd. subangulosa
(George 1976).

“Cd. subangulosa” strain NIES-2243 and Cr. typh-
los strain SAG 26.86 formed a small robust clade
within the Reticulata group. However, some mor-
phological differences were recognized between
these two strains. NIES-2243 has one eyespot per
cell, whereas Cr. typhlos lacks eyespots (Matsuzaki
et al., 2012). Moreover, on average, the ratio of the
cell width to length is lower in NIES-2243 than in
Cr. typhlos strain SAG 26.86. The average ratio of
the cell length to width (based on observations of 25
cells from each strain) is 1.39 in SAG 26.86 and 1.53
in NIES-2243. However, NIES-2243 is highly similar
to Cr. typhlos strain SAG 26.86 in other morphologi-
cal attributes (Matsuzaki et al., 2012). Both strains
have a hemispherical prominent papilla at the base
of the flagella, a parietal chloroplast with irregular
perforations and incisions on the surface and a sin-
gle lateral pyrenoid positioned in the middle of the
cell, and a nucleus positioned anterior to the pyre-
noid (Figs. 4, 5, 13, 14) (Matsuzaki et al., 2012).
Because of these morphological characteristics, the
stigma-containing species Cd. media G.A. Klebs is
similar to NIES-2243 (Klebs, 1896; Ettl, 1983).
However, Cd. media is different from Cr. typhlos
and NIES-2243 due to its large cell length.
Vegetative cells of Cd. media measure 18-20 ym
long (Klebs, 1896; Ettl, 1983), whereas Cr. typhlos
(including SAG 26.86) and NIES-2243 have vegeta-
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tive cells measuring 6-18 ym long (Ettl, 1983;
Matsuzaki et al., 2012). In addition, the culture
strain NIES-2743, recently determined to form the
basis of the epitype of Cd. media, has a relatively
smooth chloroplast surface, and its phylogenetic
position is distantly separate from the genus
Chloromonas (Nakada et al., 2012). This species was
recently transferred to the genus Microglena as M.
media (G.A. Klebs) Nakada (Nakada & Tomita, 2014).
Thus, NIES-2243 is assigned here to the monophylet-
ic species Cr. typhlos. Cr. typhlos now exhibits mor-
phological variability, particularly in terms of the
presence or absence of an eyespot in the chloroplast.
Such eyespot variability has been reported in anoth-
er monophyletic species of the unicellular
Volvocales, Chlorogonium euchlorum (Ehrenberg)
Ehrenberg (Nozaki et al., 1998) and among strains of
the unicellular volvocalean species Gloeomonas
anomalipyrenoides Nakada, Matsuzaki & Nozaki
(Nakada et al., 2015).

Recently, Boldina (2017) reported light and elec-
tron microscopy of a Russian strain of Cr. typhlos.
Interestingly, this strain has a stigma as in NIES-
2243. However, its phylogenetic position was not
resolved. Further molecular phylogenetic studies
using this Russian stain will resolve more accurate
taxonomic status of Cr. typhlos.

TAXONOMIC TREATMENT

Chloromonas difformis Tomo. Makino, Matsuzaki &
Nozaki nom. nov.

Replaced synonym: Chlamydomonas gerloffii H. Ettl
1965: 298, fig. 15 (holotype); pl. 30: figs. 1-3.

Priority for Chloromonas gerloffii H. Ettl 1963: 398.
Etymology: the name “difformis” meaning “with dif-
ferent forms from others” refers to the unique and
distinct features of this species within the Reticulata
group, such as a basal or central pyrenoid surround-
ed by meager starch plates, many globular vacuoles
in the cytoplasm, and three layers of eyespot glob-
ules.

DISTRIBUTION: Czech (Ettl, 1965)

STRAIN EXAMINED: NIES-2215 (=CCAP 11/72,
authentic strain of Cd. gerloffit strain; George, E.A.,
1976).
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