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brasiliensis, with the description of a new genus and species

JIAMING ZHANG1, VOLKER A. R. HUSS2, XUEPIAO SUN1, KAIJUN CHANG1 AND DAOBIAO PANG1

1State Key Biotechnology Laboratory for Tropical Crops, Institute of Tropical Bioscience and Biotechnology, CATAS, Xueyuan

Road No.4, Haikou, Hainan 571101, China
2Institute of Biology, University of Erlangen-Nürnberg, Staudtstrasse 5, 91058 Erlangen, Germany

(Received 9 May 2007; accepted 24 August 2007)

A novel unicellular Chlorella-like green alga was isolated from the rubber tree (Hevea brasiliensis). The cultured cells were

described by light and electron microscopy. Most adult cells were spherical with a single cup-shaped parietal chloroplast,

although a few cells contained 2 to 4 chloroplasts. Chloroplasts contained many small pyrenoids with pyrenoglobuli around

the multi-oriented tube-like thylakoids in the pyrenoid matrix. Most sporangia contained 2 or 4 autospores with a spindle-

shaped chloroplast. Phylogenetic analyses inferred from both chloroplast-encoded 16S and nuclear-encoded 18S rDNA

sequences placed our isolate in the ‘Chlorella’ luteoviridis clade within the class Trebouxiophyceae. There are two group I

introns in the 18S rDNA, structurally similar to ‘Chlorella’ trebouxioides, which also has two introns at the same positions.

The exon sequence revealed highest similarities of 93–95% compared with ‘C.’ luteoviridis, ‘Chlorella’ saccharophila, and ‘C.’

trebouxioides. The chloroplast 16S rDNA has a unique 46-bp insertion in helix P21-1, which can be folded into a double

hairpin structure. Blast searches resulted in best hits of 96% similarity to ‘C.’ luteoviridis (CCAP-211/3), and of 91% to ‘C.’

saccharophila (SAG 211-1d). Based on morphological features and phylogenetic position, a new genus Heveochlorella gen.

nov. with the type species H. hainangensis sp. nov. is proposed.

Key words: Chlorella, Chlorophyta, chloroplast, double hairpin element, phylogeny, pyrenoid, taxonomy, Trebouxiophyceae

Introduction

Symbiotic associations of green microalgae with
other organisms are well known in the ecosystem.
One of the most famous symbioses is the lichen
consortium, in which an alga supplies photo-
synthetically fixed carbohydrates to a fungus,
which shelters the alga from predators in the
environment (Ahmadjian & Jacobs, 1981).
Symbioses of Chlorella sp. with hydra and
Paramecium bursaria are other examples (Rahat
& Reich, 1984, 1985, Gerashchenko et al., 2000), in
which green algae supply up to 69% of the host’s
caloric requirements when light is provided (Pardy
& White, 1977). ‘‘Back transfer’’ of metabolites
from food to endosymbiotic algae in the digestive
cells of green hydra has also been demonstrated
(Thorington & Margulis, 1981). Recent studies
indicated more beneficial interdependency between
symbiotic algae and green hydra, in that
the symbiotic hydra is more tolerant against

toxicants than the aposymbiotic hydra
(Karntanut & Pascoe, 2005).
The rubber tree (Hevea brasiliensis Müller

Argovi) is a tropical plant that originated in the
Amazon forest, but has been cultivated in vast
areas in tropical regions, including Malaysia,
Thailand, Indonesia and China. As a latex
producing crop, the bark is regularly tapped, and
the laticifer system is considered to be relatively
open to environmental microorganisms. Moreover,
cultivation by vegetative propagation allows the
transmission of invasive microorganisms between
generations. The influence of microorganisms on
growth, latex regeneration, and other physiological
aspects of the rubber tree is of great interest. The
purpose of this investigation was to describe a
Chlorella-like alga that was isolated from a rubber
tree, using microscopical (LM, TEM and SEM)
and molecular methods. Cultured algae were
observed to solidify latex in vitro, and are suspected
to affect the biology of rubber trees (unpublished
data). Based on morphology, nuclear and plastid
small subunit rDNA sequences, the algae
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are closely related to ‘Chlorella’ luteoviridis, but
also exhibit significant differences that warrant
recognition.

Materials and methods

Isolation and maintenance of algae

Budding plants of rubber trees (Hevea brasiliensis
Cultivar 7-33-97) were grown near Haikou, Hainan
Province, China. To isolate microorganisms living inside
rubber trees, microorganisms living on the surface of the
plants were first killed. Young stems and branches were
segmented, rinsed in 70% ethanol for 15 s and sterilized
in 0.1% mercury hypochloride for 6min, rinsed in sterile
distilled water 6 times. Algae were isolated from both
stems and branches of rubber trees and cultured on
Murashige and Skoog (MS) medium (Murashige &
Skoog, 1962), maintained by subculturing every month.
Liquid MS medium was used for suspension cultures in
flasks on a shaker at 120 rpm. Incubation conditions
were 2,000 lux for a 14-h light period at 25�C. Cultures
were also stored at –80�C in 15% glycerol.

Light microscopy

For light microscopy, cells were mounted on glass
slides, with or without staining in 1% safranine, and
examined with a light microscope (Olympus BH2).
Photographs were taken under an oil immersion
objective lens. One hundred unicells and 100 sporangia
were measured using a micrometer eyepiece.

Scanning electron microscopy

Cells in late exponential growth were collected from
suspension cultures by centrifugation (5,000 rpm, 5min),
washed twice with phosphate buffered saline and fixed
in 0.5% glutaraldehyde and 1% formaldehyde, dehy-
drated through increasing concentrations of acetone,
spread over glass coverslips, critical point dried, and
shadow-cast with gold. Samples were observed with
a JEOL JSM-35C scanning electron microscope.

Transmission electron microscopy

Cells from suspension cultures were fixed with 2%
glutaraldehyde and 1% formaldehyde dissolved in
50mM Tris/HCl buffer (pH 7.4) at 4�C, harvested by
centrifugation at 5,000 rpm for 5 minutes, rinsed in
distilled water for 30 minutes and suspended in 2% agar.
Agar blocks were washed in 50mM Na-cacodylate
buffer (pH 7.0) and resuspended in 1% osmium
tetroxide (aqueous solution) overnight at 4�C. Small
blocks of agar-suspended algae were dehydrated
through an ethanol series and embedded in Spurr’s
resin. Ultrathin sections were cut with a diamond knife,
mounted on formvar/carbon-coated slots, sequentially
stained with uranyl acetate and lead citrate, and
observed with a JEOL 1010 transmission electron
microscope.

DNA extraction, PCR amplification and sequencing

Cells were collected by scraping clones from an agar
plate with a picking ring and homogenized with a mortar
and pestle. DNA was extracted with a universal DNA
isolation kit (TaKara, Dalian, China), using extraction
buffers and protocol according to the manufacturer’s
recommendation. Nuclear-encoded 18S rDNA
was amplified with the primer pair RP8:
50-ACCTGGTTGATCCTGCCAGTAG-30 and
RP9: 50-ACCTTGTTACGACTTCTCCTTCCTC-30,
designed according to the consensus sequence of the
available 18S rDNA sequences of Chlorophytas species.
The chloroplast small subunit 16S rDNA was amplified
using primers RP4: 50-TCTGATTAGCTAGTTGGTG
GGG-30 and RP5: 50-ATGGTGTGACGGGCGGTG
TGT-30, and the primer pair RP6: 50-AGAGTTYGATC
CTGGCTCAGG-30 and RP7: 50-GTGATCCAYCCY
CACCTTCCAG-30, designed according to the consensus
sequences of available 16S rRNAs. Oligonucleotides
were synthesized by TaKaRa Biotechnologies (Dalian)
Co., Ltd. PCR products were cleaned with a DNA
cleaning kit (TaKara, Dalian, China) and sequenced by
Shinegene Technologies (Shanghai, China). The
sequences were analyzed with MacVector� 7.1
(Accelrys Software Inc.).

Phylogenetic analyses

Reference sequences for phylogenetic analyses were
taken from GenBank. A larger set of sequences was
used for a preliminary analysis and the selected
sequences are identified by their accession numbers
(Figs 23, 24).

Introns and primer regions were removed from the
sequences by use of the program MacVectorTM and
aligned with ClustalW. To improve the alignments,
highly variable regions that could not be aligned
unambiguously were excluded, resulting in 1,702 posi-
tions for the 18S rDNA dataset and 1,280 positions for
the 16S rDNA dataset, except for the 16S rDNA of
‘C.’ luteoviridis CCAP 211/3, for which only a partial
sequence was available. The alignments were exported to
Phylip3.66 and Mega3.1 (Kumar et al., 2004).
Phylogenetic trees were generated with Maximum-
Likelihood, Neighbor-Joining (NJ), and Minimum
Evolution (ME) methods, with 1,000 bootstrap
replicates.

Results and discussion

Description

Heveochlorella Zhang, Huss, Sun, Chang & Pang gen.

nov. Algae microscopicae viridae inhabitatae
superficiem arboris (Hevea brasiliensis). Cellulae
uninucleatae cum centriolis persistentium.
Tegumentum bistratosum. Propagatio autosporis.
Chromatophorum unum vel paucum cum pyrenoi-
dorum aliquorum. Pyrenoidum penetratum thyla-
koidorum in vario modo directis pyrenoglobuli
includens.

J. Zhang et al. 186
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Green microalgae from trees. Cells double-
walled, uninucleate, with persistent centrioles,
dividing by successive bipartitions to form small
monostromatic or sarcinoid thalli; chloroplasts one
or few per cell, with many small pyrenoids,
traversed at various orientations by thylakoids,
the thylakoids studded with pyrenoglobuli.
ETYMOLOGY: Anagram derived from combina-

tion of Hevea and Chlorella.
TYPE SPECIES: H. hainangensis Zhang, Huss, Sun,

Chang & Pang sp. nov.

Heveochlorella hainangensis Zhang, Huss, Sun, Chang

& Pang sp. nov. Characteribus generis. Cellulae
solitariae, globose, 3.8–8.7 in diametro. Propagatio
2–4 autosporis globose vel ovalis, vel 8–16 auto-
sporis triangularis. Chromatophorum parietalis,
fusiformis patelliformisve cum pyrenoidorum
aliquorum.
With characters of the genus. Cells single

spherical, 3.8–8.7 in diameter. Propagate by auto-
sporulation. Sporangia mostly containing 2–4
spherical-to-ellipsoidal autospores, sometimes
with 8–16 triangular-shaped autospores.
Chloroplasts parietal, cup-shaped in adult cells,
spindle shaped in autospore and young cells, with
many pyrenoids, traversed by multi-directional
tube-like thylakoids. Pyrenoglobuli are evenly
spaced on thylakoids.
HOLOTYPE: Living material deposited as strain

FGG01 in the ClonBank of Institute of Tropical
Bioscience and Biotechnology at –80�C in
15% glycerol.
ICONOTYPE: Fig. 1.
ETYMOLOGY OF EPITHET: Derived from Hainan

Island, the type locality.
TYPE LOCALITY: Hainan Province, China.
DISTRIBUTION: Rubber trees at the type locality.

Isolation and growth condition of Heveochlorella
hainangensis

Heveochlorella hainangensis was isolated repea-
tedly from surface-sterilized explants of young

rubber trees. The isolates appeared identical under
the light microscope and were considered to be the
same species, which was further confirmed by their
identical 18S and 16S rRNA sequences. The algae
were found between bark and xylem by peeling
bark from explants during growth. It is not known
whether these algae live intercellularly or intracel-
lularly in vivo. Since they were only isolated from
1–3% of explants, the algal density in plants must
be very low.
Cells grew best at pH 7, the pH of the rubber

latex, but are capable of growing slowly in
medium of low pH (3.0). They are also capable
of growing in 5–7% sodium chloride, and
in medium containing mannitol in the dark,
like ‘Chlorella’ saccharophila and ‘Chlorella’
luteoviridis (Huss et al., 1999).
Vegetative cells of H. hainangensis are single,

spherical, 3.8–8.7 mm in diameter, with a mean
diameter of 5.9 mm. Each cell usually has a single
cup-shaped bright green parietal chloroplast
(Fig. 2). A few cells were seen to have 2 or 4
spindle-shaped chloroplasts (Figs 4, 5, 9), probably
due to division of the chloroplast before cell
division. The mode of division of the chloroplast
seems unique. Division was initiated from one side
in the longitudinal direction (Fig. 3) and continued
to the other side until chloroplasts were completely
separated (Fig. 4). This is in contrast to the typical
binary fission pattern, in which a central constric-
tion ring is formed (Whatley, 1988). The two
progeny chloroplasts move to opposite sides of the
cell and adopt a spindle shape (Fig. 5). The
chloroplast was sometimes divided unequally
(Fig. 10), leading to unequal division of the
parent cell (Fig. 11).
Cells reproduced by autosporulation. The

number of autospores was variable, 2–8, most
commonly 2 or 4 (Figs 6–8). Sporangia were
usually no larger than the adult vegetative cells.
Autospores were oval, 3–5mm in diameter, with a
single spindle-shaped chloroplast, released through
rupture of the parent cell wall. Autospores usually
divided equally, but sometimes were very different
in size (Figs 11, 12).

Electron microscopy

TEM revealed two layered cell walls in both the
sporangia (Figs 12, 13) and adult cells (Fig. 17).
Most sporangia contained 2 or 4 equally divided
autospores, but a few contained unequally divided
cells (Fig. 12). In a few cases, sporangia contained
a large number of autospores (Fig. 14), in which
the autospores were triangular in shape, unknown
in other Chlorella-like species. The chloroplasts of
autospores were spindle shaped with multiple
pyrenoids (Figs 12, 16), while in adult cells, the

Fig. 1. Light microscope drawings of Heveochlorella

hainangensis from the type locality. Scale bar: 5 mm.

A novel green alga from the rubber tree 187
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chloroplasts were cup-shaped, occupying most of
the cell volume (Fig. 17).
Pyrenoid number and ultrastructure are impor-

tant morphological characters in classical systema-
tics. TEM revealed that H. hainangensis
chloroplasts have many small pyrenoids,
0.3–0.7 mm in diameter (Figs 12, 17).
Pyrenoglobuli occur around tube-like thylakoids,
oriented in different directions in the pyrenoid
matrices, so that they are seen from different angles
in the same section (Fig. 18). The thylakoids are
about 100 nm in diameter and are connected to the
surface of the pyrenoid (Fig. 18). Chloroplast
ultrastructure is unique among ’true’ Chlorella and
Chlorella-like species, which have only one pyr-
enoid per chloroplast (Ikeda & Takeda, 1995). The
pyrenoid structure of ‘true’ Chlorella is character-
ized by a double thylakoid penetrating the
pyrenoid matrix. ‘Chlorella’ luteoviridis (SAG
211-2b) has the most similar pyrenoid ultrastruc-
ture to H. hainangensis. It has tube-like thylakoids
(Ikeda & Takeda, 1995) but only a single, larger
pyrenoid (2 mm diameter), and its thylakoids seem
to orient in the same direction. The morphological
differences between H. hainangensis and its closest
relatives, ‘C.’ luteoviridis and ‘C.’ saccharophila, are
summarized in Table 1.

Primary structure of nuclear encoded 18S rDNA

The 18S rDNA of H. hainangensis is 2,528 bp long,
including two introns. The first intron (366 bp) is
located at position 156 (E. coli numbering), a
known position for group I introns (Cannone
et al., 2002). Although its primary structure differs
from other group I introns, the putative secondary
structure is typical for group I introns of subgroup
IC1 (Fig. 19). The second intron is 394 bp long.
Based on its secondary structure (not shown), it is
also a group I intron, located at position 943
(E. coli numbering), another well known position
for group I introns (Cannone et al., 2002).
Blast searches in the GenBank using the exon

sequences as a query resulted in best hits of
93–95% compared with ‘C.’ luteoviridis
(MES A5-4), ‘C.’ luteoviridis (SAG 211-2a),
‘C.’ saccharophila (SAG 211-9a, MBIC 10037-
10043, MBIC 10092), ‘C.’ trebouxioides (MES A1-
2), and ‘C.’ angustoellipsoidea (MES A7-4).
Structurally, H. hainangensis 18S rDNA is most
closely related to ‘C.’ trebouxioides, with two
introns inserted at the same locations, although
the second intron of ‘C.’ trebouxioides is shorter,
only 213 bp (Fig. 20). Although the exon sequences
were most similar to the ‘C.’ luteoviridis strains,
their exon–intron organization was different.
SAG 211-2a (A) contains one intron, SAG
211-2a (B) contains two introns, but at different

positions compared with H. hainangensis, and

MES A5-4 has no intron at all. ‘Chlorella’ sacchar-

ophila (SAG 211-9a) has no introns. Although

other strains of ‘C.’ saccharophila have almost

identical exon sequences compared to SAG 211-9a,

they have either one intron (MBIC 10037-10043),

inserted at the same position as the second intron

of H. hainangensis, or two introns (MBIC 10092)

at different locations (Fig. 20).

Figs. 2–11. Light microscopic images of Heveochlorella

hainangensis. Fig. 2. Cells from a suspension culture at

various developmental stages. Fig. 3. Cell with a dividing

chloroplast (arrow). Fig. 4. Cell immediately after comple-

tion of protoplast division. Fig. 5. Cell with two chlor-

oplasts. Fig. 6. Sporangium with two autospores. Fig. 7.

Autospore undergoing second chloroplast division (arrow).

Fig. 8. Sporangium with four autospores. Fig. 9. Cell with

four chloroplasts, one chloroplast partly hidden by another.

Fig. 10. Cell with an unequally dividing chloroplast

(arrow). Fig. 11. Unequally divided cells. Scale bar: 10 mm.

J. Zhang et al. 188
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Primary structure of chloroplast-encoded 16SrRNA

The chloroplast-encoded 16S rDNA sequence of

H. hainangensis is 1,531 bp long with no obvious

introns (but see below). With 96% similarity

(BLAST searches) it is most similar to a short frag-

ment of ‘C.’ luteoviridis (CCAP 211/3) 16S rDNA

(AJ242767; 450 bp). The second best hit was ‘C.’

saccharophila (SAG 211-1d) with 91% similarity.
Alignment of the 16S rDNA of H. hainangensis

with reference sequences revealed a unique 46-bp
insertion at position 639 (E. coli numbering) in
helix P21-1, which has not been found in plastid

rDNA of any other species, including higher
plants. This insertion forms a perfect double
hairpin structure (Fig. 21). When this structure is
removed from helix P21-1, the normal secondary
structure is completely restored. Interestingly, the
partial 16S rDNA sequence of ‘C.’ luteoviridis
(CCAP 211/3) spans exactly the region of helix
P21-1 and also contains a 46-bp insertion, with 12
different nucleotides (73.9% sequence similarity),
but forms a strikingly similar secondary structure
(Fig. 22). Apart from these differences, the
P21-1 sequences of both strains are identical.
We conclude that CCAP 211/3 andH. hainangensis

Figs. 12–18. Transmission electron micrographs of Heveochlorella hainangensis. Fig.12. Sporangium with two unequally

divided autospores. Fig.13. Sporangium with four autospores, one autospore out of visible plane. Fig.14. Sporangium with

large number of autospores, in which the autospores are packed in a triangular shape. Fig.15. Triangular-shaped autospore

with a spindle-shaped chloroplast. Fig.16. Spindle-shaped chloroplast with a pyrenoid. Fig.17. Adult cell with a cup-shaped

chloroplast containing many pyrenoids. Fig.18. Pyrenoid with pyrenoglobuli surrounding tube-like thylakoids, which traverse

the pyrenoid matrix in multiple directions. Scale bars: 1 mm.

Table 1. Morphological features of Heveochlorella hainangensis and two closely related authentic strains ‘Chlorella’

luteoviridis SAG 211-2a and ‘Chlorella’ saccharophila SAG 211-9a

‘C.’ saccharophila ‘C.’ luteoviridis H. hainangensis

Autospore shape Spherical Spherical Spherical or triangular

Cell wall layers 2 2 2

Pyrenoid size (mm) 2–3 3 0.3–0.7

Pyrenoid number 1 1 Multiple

Thylakoid type Double-layered Tube-like Tube-like

Directions of thylakoid 1 1 Multiple

Chloroplast division N/A N/A Splitting

N/A: Data not available.

A novel green alga from the rubber tree 189
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had a recent common ancestor, but subsequently
diverged as indicated by the low sequence similar-
ity of the double hairpin structure and the overall
16S rDNA sequence.

Double hairpin elements (DHEs) are well known
from mitochondrial DNA of fungi (Paquin et al.,
2000), and are also known from chloroplast
DNA (Moore et al., 2003, Nelson & Green, 2005).

Fig. 19. Secondary structure model for the first group I intron (upper case) and flanking exon sequences (lower case) in the

18S pre-rRNA of Heveochlorella hainangensis. The arrows point to the 50 and 30 splice sites. The thick lines indicate the

continuity of the sequence, and the arrowheads in the lines indicate the 50 to 30 sequence direction. The boxed nucleotides

connected by a thin line represent the base-pairing in the internal guide sequences. The diagram was drawn using the

secondary structure of the 18S rDNA group I intron of ‘C.’ saccharophila (AB058310) as a model (Damberger & Gutell, 1994;

www.rna.icmb.utexas.edu).

J. Zhang et al. 190
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They are suspected to be mobile elements, mostly
located in intergenic regions and introns. However,
no DHEs have been shown to be located in
chloroplast rRNA genes. In addition although a
DHE in our isolate has the same characteristics
(secondary structure and length), it is strikingly
different from other DHEs, having a lesser amount
of G–C pairings compared with other double
hairpin structures (Paquin et al., 2000). Although
it could be expected that DHEs are spliced out from
rRNA genes and ORFs, this was not the case for
two DHEs inserted in the ORF of cob intron 6
(cobi6; Paquin et al., 2000).

Phylogenetic position of Heveochlorella
hainangensis as inferred from 18S and 16S rRNA
sequences

Phylogenetic analyses of 18S and 16S rRNA gene
sequences demonstrated that our isolate belongs to
the green algal class Trebouxiophyceae. In the 18S
rRNA tree (Fig. 23) representative sequences from
three major classes of the phylum Chlorophyta,
the Trebouxiophyceae, Chlorophyceae, and
Ulvophyceae were used. The tree was rooted with
two sequences from the Prasinophyceae, another
chlorophytan class. Heveochlorella hainangensis
clustered with two strains previously assigned to
‘C.’ luteoviridis, although their 18S rRNAs share
only 93.5% identity and they might therefore
represent different species. Other most closely
related taxa include ‘C.’ saccharophila (MBIC
10037), ‘C.’ saccharophila (SAG 211-9a),
‘C.’ angustoellipsoidea (MES A7-4), and
‘C.’ trebouxioides (MES-A1-2), which clustered as
a sister clade to H. hainangensis and ‘C.’ luteovirdis

with 100% bootstrap support. Since sequence
similarities between H. hainangensis and the most
closely related strains are rather low (93–95%),
H. hainangensis is considered a different species, in
agreement with the morphological observations.

Fig. 20. Schematic representation of 18S rDNA of Heveochlorella hainangensis compared with closely related ‘Chlorella’

species. Black and white boxes indicate exons and introns, respectively, and dashes indicate gaps in the sequence alignment.

Scale bar: 500 bp.

Figs 21, 22. Secondary structure model of helix P21-1 of

chloroplast 16S rRNA of Heveochlorella hainangensis

(Fig. 21) and ‘Chlorella’ luteoviridis strain CCAP 211/3

(Fig. 22) with a double hairpin structure of 46 nucleotides.

The P21-1 sequences of both strains are identical. Base

substitutions in the double hairpin sequence of strain

CCAP 211/3 are indicated by reversed letters. Ten of the 12

substitutions are located in the first hairpin and are

compensatory.

A novel green alga from the rubber tree 191
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When included in the phylogenetic analysis,
a short 18S rRNA gene sequence (515 bp) from
another ‘C.’ luteovirdis strain, CCAP 211/3
(AJ242758), was most closely related to
‘C.’ luteovirdis (SAG 211-2a), but did not change

the topology of the 18S rRNA tree. Several
sequences from other ‘C.’ saccharophila strains,
including MBIC 10067, MBIC 10092, and MBIC
10037-10043, were also analysed but not included in
the phylogenetic tree, as they are almost identical to

Figs 23, 24. Phylogenetic trees inferred from nuclear 18S (Fig. 23) and chloroplast 16S (Fig. 24) rRNA sequences of

Heveochlorella hainangensis and related species, rooted with Scherffelia dubia and Pseudoscourfieldia marina (Fig. 23) and the

cyanobacterium Anabaena variabilis (Fig. 24). Tree topologies are based on Maximum Likelihood analyses, which are

consistent with trees calculated by Neighbor-Joining (NJ) and Minimum Evolution (ME). Bootstrap values for NJ and ME

were calculated for 1,000 replicates with each method and are shown above or below the nodes. Bootstrap values lower than

60% are not shown. Branch lengths reflect the evolutionary distances indicated by the scales.

J. Zhang et al. 192
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SAG 211-9a, except for presence or absence of one
or two group I introns, as discussed above.
The phylogenetic tree inferred from the chlor-

oplast 16S rDNA is in agreement with the nuclear
18S rDNA phylogeny. It places H. hainangensis
next to ‘C.’ luteoviridis (CCAP 211/3) with 100%
bootstrap support, with ‘C.’ saccharophila (SAG
211-1d) as a sister taxon (Fig. 24). Unfortunately,
16S rRNA gene sequences for the other closely
related strains are not available.

Conclusions

This unicellular green alga isolated from the rubber
tree has distinct morphological and molecular
characteristics and is considered to represent a
new species. Since no trebouxiophycean genus has
been described with both spherical and triangular
autospores, both cup- and spindle-shaped chlor-
oplasts, and multiple small pyrenoids traversed by
variously oriented, tube-like thylakoids, we pro-
pose a new genus Heveochlorella, with a single
species H. hainangensis. ‘Chlorella’ luteoviridis
(SAG 211-2b) is morphologically most similar,
but has only a single larger pyrenoid traversed by
similarly oriented thylakoids (Table 1). Therefore
it belongs to a different genus, also supported by
the low sequence similarities (94%) and different
intron/exon organization of their 18S rDNA.
Morphological data for ‘C.’ luteoviridis (MES
A5-4) are not available, but its 18S rRNA also
shows a low similarity (95% in exon region) to our
isolate, excluding it from the genus Heveochlorella.
This also applies to ‘C.’ luteoviridis (CCAP 211/3)
with 94.2% similarity to our isolate in a partial
18S rRNA gene sequence, although both have the
unique double hairpin element inserted at the same
position in their chloroplast 16S rDNA, suggesting
recent common ancestry.
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