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Abstract

One strain of unicellular flagellated yellow-green algae was successfully isolated from the coastal area near Tianjin
in the Bohai Sea in May 2015. The strain ranged from round to elongated in shape. Most of the cells possessed
active  motility,  and  some  cells  formed  non-motile  aggregation.  Based  on  evidences  from  morphology,
ultrastructure  and  molecular  analysis,  we  identified  the  strain  as  Pavlova  pinguis  which  belonged  to
Pavlovophyceae, Haptophyta. For Pavlovophyceae, only Pavlova viridis (Diacronema viridis) was reported in
China seas prior to this study and it played an important role in aquaculture. This is the first record of Pavlova
pinguis in Chinese waters.
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1  Introduction
The Haptophyta comprises more than 400 species which

form a monophyletic group not closely related to any other algae
(Edvardsen and Medlin, 2007). Two classes (Prymnesiophyceae,
Pavlovophyceae) were included in Haptophyta, with many spe-
cies having very important ecological significance, especially
members in Prymnesiophyceae. Some well-known taxa, such as
Phaeocystis and coccolithophores, can even cause blooms in
costal or oceanic area. Coccolithophores are globally distributed
and contribute up to 10% of the global phytoplankton biomass
(Holligan et al., 1983; Sadeghi et al., 2012; Hagino and Young,
2015; Oviedo et al., 2015). This calcareous nanoflora plays a vital
role in global carbon cycle (Sun et al., 2014).

More than 400 species in Haptophyta were classified in Prym-
nesiophyceae. Unlike Prymnesiophyceae, the Pavlovophyceae
contains only one order (Pavlovales) and one family (Pavlo-
vaceae) comprising four genera (Pavlova, Diacronema, Exan-
themachrysis and Rebecca). Although members in Pavlovo-
phyceae are very common in global coastal areas, only 13 spe-
cies was described in Pavlovophyceae (Bendif et al., 2011). For all
or most members of the Pavlovophyceae, common structural fea-
tures discriminating them from the Prymnesiophyceae include
the markedly anisokont nature of the heterodynamic flagella,
simple arrangement of microtubular as well as fibrous roots of
flagellar-haptonematal basal complex (Green and Hori, 1994). It
was suggested that the Pavlovophyceae were generally represent-

ative of the primitive state and possessed some characteristics re-
lated with the ancestral haptophyte (Bendif et al., 2011).

Butcher (1952) erected the genus Pavlova with the descrip-
tion of P. gyrans as the type species. After that, several species
were described (Green, 1973, 1975, 1976). In 2000, Edvardsen et
al. (2000) transferred two species of Pavlova into a newly de-
scribed genus Rebecca based on the evidence of molecular data.
Besides, based on evidences of molecular analysis and ultral-
structure information, Bendif et al. (2011) changed five species of
Pavlova to the genus Diacronema (Pavlova ennorea, Pavlova
lutheri, Pavlova noctivaga, Pavlova virescens and Pavlova
viridis). Till now, at least four species was included in the genus
Pavlova: Pavlova calceolata van der Veer 1976, Pavlova granifera
(Mack) Green, 1973, Pavlova gyrans (Butcher) Green and Man-
ton, 1970, and Pavlova pinguis Green, 1967. All of these species
share some common features including the presence of motile
and the palmelloid cell of somewhat reduced haptonema associ-
ated with two unequal flagella (Green, 1976). Phylogenetic rela-
tionship, pigments composition and ultrastructure of these spe-
cies have already been described, however, some evidence
showed that there were still some species undescribed (Bendif et
al., 2011), indicating that diversity of this genus may be underes-
timated. Some species could serve as food of bivalves, crusta-
ceans and fish since they can synthesize long chain polyunsatur-
ated fatty acids such as docosahexaenoic (DHA) and eicos-
apentaenoic (EPA) acids (Gayral, 1980; Green, 1975; Meireles et  
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al., 2003; Ponis et al., 2006). Hence, it is very important to study
them not only because of taxonomic significance but also eco-
nomic essentiality.

In May 2015, one strain of motile yellow-green algae was suc-
cessfully isolated from costal area of Tianjin Harbor. Microscopic
observation, ultrastructure features and genetic (18S rRNA) ana-
lysis confirmed that the strain was closely related to Pavlova. We
identified it as Pavlova pinguis and named it Strain TJ-B02. This
is the first record of this species in China seas.

2  Materials and methods

2.1  Isolation and culture
A total of 250 mL water sample was collected from coastal wa-

ter near Tianjin, Bohai Sea in May 2015. Sample was brought to
the lab and single cell was isolated in the lab with series dilution
method and was grown in the f/2 medium (Guillard and
Ryther, 1962) under a 12 h:12 h light:dark cycle at 2 500 lx with
YZ21RR16/G cool-white fluorescent light tubes (Sunshine 117
Company, China) at 25°C. The vegetative cells were transferred
into freshly prepared medium every two weeks. All the required
chemicals were obtained from Sigma Company unless otherwise
stated. Strain TJ-B02 was successful established.

2.2  Molecular identification and phylogeny analysis
The vegetative cells of Strain TJ-B02 were collected from ex-

ponential growing stage. Genomic DNA was extracted with a plant
DNA extraction kit (Sangon, China), following the manufa-
cturer’s protocol. The primers and PCR programs amplifying SSU
rRNA gene followed Medlin et al. (1988). PCR products were pur-
ified with a gel purification kit (Axygen, USA).The purified PCR
products were sequenced from both directions in the Beijing Ge-
nomics Institute with the same primers as described above. The
18S rRNA gene sequence of Strain TJ-B02 has been submitted to
NCBI with accession number MH916633. Closely related se-
quences were selected from BLAST results. Sequence alignments

were run by Bioedit and phylogenetic constructions (Neighbor-
joining distance trees) were performed with MEGA 5.1. Boot-
strap values were based on 1 000 replicated trees.

2.3  Morphology observation
The vegetative cells of Strain TJ-B02 in exponential stage were

collected and fixed with 2.5% glutaraldehyde in 0.1 mol/L phos-
phate buffer solution (PBS, pH 7.4) for 4 h. The fixed cells were
then concentrated by centrifugation at a speed of 4 000 g for 5 min
and the concentrated cells were washed with 0.1 mol/L PBS buf-
fer (pH 7.4) twice for 5 min before centrifugation. The cell pellet
was then pre-embedded in relatively cool, liquid agar (1%) and
the agar was allowed to solidify. The pre-embedded cells with
agar were post-fixed with 1% osmium tetroxide solution (OsO4)
overnight after being rinsed in 0.1 mol/L PBS buffer (pH 7.4). The
pre-embedded cells were then dehydrated through a gradual
ethanol series (10%, 30%, 50%, 70%, 90% and 100%, 10 min at
each step) followed by 100% acetone. Spurr’s resin (Spurr, 1969)
was applied to embed the dehydrated cells which was then sec-
tioned. The ultrathin sections were stained with uranyl acetate
and lead citrate, and examined under a HITACHI 7000 Electron
Microscope (Hitachi, Japan).

3  Results

3.1  Mophology observation
The cells of strain TJ-B02 were yellow-green, solitary with very

active motility. The shapes of the algae were variable and most of
cells were oval, spherical or elongated (Figs 1a, b, c). They could
also form non-motile aggregation embedded in mucilage after
the exponential growth phase (Fig. 1d). Size of this strain was
very small, ranging from 4 to 8 μm. Two flagella were observed
clearly, arising from a concave on the side (Fig. 1c).

The ultrastructure of the strain based on TEM observation
was simple. One or two parietal plasmid with parallel thylakoid
lamellae in the cell was observed and a bulging pyrenoid was also
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Fig. 1.     Morphology and ultrastructure of Strain TJ-B02. Abbreviation ks represents knob-like scales, Pl plasmid, and sg storage
granule.      
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present (Figs 1e, f). Haptonema was not observed in vegetative
cells under light microscopic and ultrastructural observation.
Knob-like scales and some storage granules were observed in the
cells (Figs 1f, g), however, we did not find the eyespot no matter
under light microscopic or ultrastructure observation.

3.2  Phylogenetic analysis
Phylogenetic trees based on SSU rRNA gene sequence (1 709 bp)

were constructed using the maximum likehood method. Phylo-
genetic analysis confirmed that the isolated Strain TJ-B02 was
closely related with P. pinguis. The results of phylogeny showed
that these species in Pavlovophyceae formed paraphyletic groups
with five clades in the phylogeny. Pavlova pinguis sequences

formed a single clade suggesting its far phylogenetic relationship

with other species (Fig. 2). Five species of Diacronema (Diacro-

nema ennorea, Diacronema lutheri, Diacronema virescens,

Diacronema viridis and Diacronema vlkianum) grouped togeth-

er within one clade which is the sister group with P. pinguis.

Pavlova gyrans possessed a far relationship with other Pavlova

species and Diacronema, indicating from its single lineage in the

phylogenetic tree. Both genus Rebecca and Exanthemachrysis

formed monophyletic clades, suggesting that these genera rep-

resented two single evolutionary lineages. This phylogenic ana-

lysis supported the classification system of class Pavlovophyceae

very well.
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Fig. 2.   A maximum likehood phylogenetic tree showing the phylogenetic associations of Pavlova pinguis Strain TJ-B02 (highlighted in
bold) with closely related sequences based on the 18S rRNA gene sequences. Bootstrap numbers were based on 1 000 replicated trees.
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4  Discussion
The common structural feature of Haptophyta is the hap-

tonema located between the flagella (Edvardsen et al., 2000). Tra-
ditionally, the haptophytes can be envisioned as a single class
Prymnesiophyceae Hibberd or Haptophyceae Christensen ex
Silva (Hibberd, 1976; Christensen, 1980; Chrétiennot-Dinet et al.,
1993; Jordan and Green, 1994). Two subclasses Prymnesiophy-
cidae and Pavlovophycidae (Cavalier-Smith, 1986, 1989; Jordan
and Green, 1994) were included within this class until Cavalier-
Smith (1993) revised the classification system and raised them to
the class Patelliferea and Pavlovea respectively. Then Cavalier-
Smith renamed Pavlovea to Pavlovophyceae and changed the
definition of Prymnesiophyceae to include two subclasses:
Flavoretophycidae and Prymnesiophycidae which is a synonym
of Patelliferea (Cavalier-Smith et al., 1996). Multiple evidences
including molecular analysis and ultrastructural information all
confirmed this classification. Cavalier-Smith et al. (1996) indic-
ated that the amount of divergence in the rRNA gene differentiat-
ing the two classes of haptophytes is up to 6%, which is the equal
amount found in class-level divisions of other algae groups.
Some structural features including the markedly anisokont
nature of the heterodynamic flagella, the relatively simple ar-
rangement of microtubular and fibrous roots of the flagellar-
haptonematal basal complex could distinguish Pavlovophyceae
from Prymnesiophyceae (Green and Hori, 1994). Besides, char-
acteristics of swimming movement and scales are also different
between the two classes. For Pavlovophyceae the scales-knob
scales, if present, locate on the flagellum (Bendif et al., 2011). The
knob scales are actually knob like dense bodies (Edvardsen et al.,
2000) which are different from the calcareous scales (coccoliths)
of Prymnesiophyceae. According to molecular clock, divergence
of the Pavlovaceae from the Prymnesiophyceae occurred in pre-
Cambrian or Early Palaeozoic, (ca. 800 Ma) (Medlin et al., 2008).
Pavlovophyceae are generally perceived to possess some primit-
ive characteristics likely to be related to ancestral haptophyte
(Bendif et al., 2011) which is very important for the research on
evolution of haptophyte.

All of these species share some common features including
the presence of motile and the palmelloid cell of somewhat re-
duced haptonema associated with two unequal flagella (Green,
1976). Pigment type and morphological differences between spe-
cies of this genus were summarized by Bendif et al. (2011) includ-
ing habitat, cell size, length of flagellum and haptonema, mor-
phology of plasmid and so on. However, it is difficult to distin-
guish various species in this genus without enough morphologic-
al and phylogenetic information, especially Pavlova gyrans and
Pavlova pinguis. Bendif et al. (2011) concluded that the Pavlova
gyrans and Pavlova pinguis were identical to each other and pos-
sible formed a single cryptic species. Another possibility is that
Pavlova gyrans and Pavlova pinguis could be different forms
within a common life cycle of one species. However, our phylo-
genetic tree differentiated these two species very well (Fig. 2),
suggesting they are completely different species.

Although Pavlovophyceae is a very common component of
costal phytoplankton communities with widespread distribu-
tions in the world (Bendif et al., 2011), little is known about the
diversity of Pavlovophyceae in China seas. Chen et al. (1985) re-
ported one strain of yellowish green algae with flagella isolated
from the coastal area of Haiyang County, Shandong Province in
March 1982 and they identified it as Pavlova lutheri (Chen et al.,
1985). However, Tseng et al. (1992) reexamined the strain and
classified it as a newly described species Pavlova viridis. Based
on evidences of molecular analysis and ultralstructure informa-

tion, Bendif et al. (2011) changed both Pavlova lutheri and
Pavlova viridis to the genus Diacronema. No other species of
Pavlovophyceae was recorded in China seas till now. This study
was the first report of the species Pavlova pinguis and second re-
cord of class Pavlovophyceae in China seas.

Due to the ability to synthesize long chain polyunsaturated
fatty acides, most of previous study on Pavlova in China focused
on the optimal culture conditions, the value for food in aquacul-
ture and effects of feeding, especially for Pavlova viridis (Chen et
al., 1985; Lu and Zhang, 1994; Liu, 1995; Liu and Liang, 1999;
Zhao and Sun, 2004). Further study was needed to explore the
value of Pavlova pinguis in aquaculture of China although there
were some reports about the nutrient value of this species
(Brown et al., 1998, 1999; McCausland et al., 1999; Ponis et al.,
2006). Besides, Bendif et al. (2011) showed that the diversity with-
in the Pavlovophyceae may be much higher than previously
thought based on the molecular genetic evidence, although this
group is a relatively very small group compared to Prymne-
siophyceae and other microalgal classes. Deep research on spe-
cies diversity of Pavlovophyceae combing multiple methods is
very necessary for the research of this group in future.
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