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Abstract Twelve putative “Chantransia” isolates were collected from six locations across Hubei, Shanxi,
Guizhou, and Henan Provinces in China. Their morphological characters were evaluated via the Ward’s
method of hierarchical cluster analysis in SPSS software to classify phylogenetic relationships among the
isolates. The morphological data revealed that isolate HN31 (called group “MALL”) was distinct from the
other specimens being macroscopic with large vegetative cells and monosporangia (>20 μm in diameter).
The 11 other isolates were grouped into three clusters, corresponding to the species Audouinella tenella, A.
hermannii, and A. pygmaea. The morphological “Chantransia” stage of the species, reportedly belonging
to the orders Batrachospermales, Thoreales, and the phylogenetically distant genus Audouinella, are very
similar, resulting in the diﬃculty to distinguish them based just on morphology. Therefore, molecular
analysis of rbcL, UPA, and COI-5P was conducted to infer the phylogenetic position of all isolates in this
study. All “A. tenella” and “A. hermannii” sequences belong to order Batrachospermales, while the isolate
HN31 was the “Chantransia” of Thorea hispida. The six other specimens varied morphologically, but they
were within the circumscription of “A. pygmaea”. All three molecular markers show that all “pygmaea”
isolates also represent the “Chantransia” of T. hispida. Furthermore, results from this investigation proposed
a new species—Sheathia qinyuanensis, corresponding to the isolates QY1 and QY2.
Keyword: Batrachospermales; COI-5P; rbcL; Thoreales; UPA

1 INTRODUCTION
The freshwater red algal orders Batrachospermales
and Thoreales belong to Florideophyceae
(Rhodophyta). Freshwater red algal orders
Batrachospermales and Thoreales reportedly have
triphasic life history, including a macroscopic
gametophyte, carposporophytes that develop on the
gametophyte thallus, and a “Chantransia” asexual
reproduction stage (Sheath, 1984). The morphological
characteristics of their “Chantransia” stages are small
tufts from a macro perspective and branched ﬁlaments
under a microscope. However, its simplicity makes
this phase a hindrance to species identiﬁcation. On
the one hand, true Audouinella and the “Chantransia”
stages of orders Batrachospermales and Thoreales
cannot be distinguished due to similar morphological

features. Therefore, to solve this problem, researchers
proposed that bluish-colored Audouinella-like species
manifest the “Chantransia” stage, whereas the
reddish-colored species are the true Audouinella
species (Skuja, 1934; Necchi et al., 1993a, b). That
being said, other studies have conﬁrmed that extrinsic
factors cause color changes (Kaczmarczyk and
Sheath, 1992). On the other hand, no correlation
exists between certain species of orders
Batrachospermales and Thoreales and their
morphological “Chantransia” stage characteristics.
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Table 1 Sample information for taxa analyzed in this study
Taxon code

Locality with longitude and latitude

Collection date

Collector

Voucher number

QY1

Qinyuan, Shanxi Province, China (36°29′N, 112°19′E)

May, 2018

Fangru NAN

SAS05181

QY2

Qinyuan, Shanxi Province, China (36°29′N, 112°19′E)

May, 2018

Fangru NAN

SAS05182

NZ1

Niangziguan, Pingding, Shanxi Province, China (37°35′N, 113°52′E)

Jan., 2018

Fangru NAN

SAS18011

NZ2

Niangziguan, Pingding, Shanxi Province, China (37°35′N, 113°52′E)

Jan., 2018

Fangru NAN

SAS18012

MT1

Matou, Hongtong, Shanxi Province, China (36°17′N, 111°45′E)

May, 2018

Fangru NAN

SAS18051

HY1

Wuhan, Hubei Province, China (30°32′N, 114°21′E)

Mar., 2018

Xudong LIU

HB18301

HY2

Wuhan, Hubei Province, China (30°32′N, 114°21′E)

Mar., 2018

Xudong LIU

HB18302

GZ1

Maling River Canyon, Xingyi, Guizhou Province, China
(25°08′N, 104°57′E)

Apr., 2018

Fangru NAN, Kunpeng
FANG, and Xiaodie JIANG

GZ18041

GZ2

Maling River Canyon, Xingyi, Guizhou Province, China
(25°08′N, 104°57′E)

Apr., 2018

Fangru NAN, Kunpeng
FANG, and Xiaodie JIANG

GZ18042

GZ3

Maling River Canyon, Xingyi, Guizhou Province, China
(25°08′N, 104°57′E)

Apr., 2018

Fangru NAN, Kunpeng
FANG, and Xiaodie JIANG

GZ18043

HN2

Yuntai Mountain, Jiaozuo, Henan Province, China (35°26′N, 113°21′E)

May, 2018

Fangru NAN

HN18502

HN31

Yuntai Mountain, Jiaozuo, Henan Province, China (35°26′N, 113°21′E)

May, 2018

Fangru NAN

HN18531

Some researchers have found that “pygmaea”
morphology probably represents the “Chantransia”
stage of numerous species, and the Batrachospermum
antipodites (currently regarded as a synonym of
Nocturama antipodites (Entwisle) Entwisle &
M.L.Vis in Entwisle et al. 2016: 388, 389) has been
associated with two “Chantransia” morphologies
(Zucchi and Necchi, 2003; Vis et al., 2006; Necchi
and Oliveira, 2011).
Phylogenetic tree reconstructions are traditionally
applied as representations of the phylogenetic
relationships among species. Currently, the
phylogenetic trees were established based on
sequences with appropriate evolutionary rates.
Studies of molecular sequences of the organellar
genes, such as the plastid rbcL, the plastid 23S rRNA
gene (UPA), and the mitochondrial COI-5P have
made signiﬁcant contributions to elucidate the
relationships within Rhodophyta (e.g., Li et al., 2010;
Hind and Saunders, 2013; Nan et al., 2014). The
rbcL gene has been analyzed to determine the
aﬃnities of fourteen putative “Chantransia” isolates
collected from locations in French Guiana, Brazil,
and Bolivia from South America, and Mississippi,
USA in North America (Chiasson et al., 2005).
Phylogenetic analysis showed that “macrospora”
isolates were the “Chantransia” of B. macrosporum
(currently regarded as a synonym of Montagnia
macrospora (Montagne) Necchi, M. L. Vis & A. S.
Garcia in Necchi et al. 2019: 587, Figs.3–14), while
the “pygmaea” morphology more likely represents
numerous species (Chiasson et al., 2005). In addition,

other studies also indicated that A. pygmaea
specimens (Kützing, Weber Bosse 1921: 191) were
related most closely to B. arcuatum (currently
regarded to Sheathia arcuata (Kylin) Salomaki &
M.L.Vis in Salomaki et al. 2014: 535) and
Nemalionopsis tortuosa (Yoneda & Yagi in Yagi &
Yoneda 1940: 85, Figs.1, 2: 1–8) as based on rbcL
sequences (Chiasson et al., 2007). Furthermore, Nan
et al. (2016) reported that four Audouinella-like
species from China could be classiﬁed as Thorea
hispida ((Thore) Desvaux 1818: 16) as based on UPA
and COI-5P. The purpose of this study was to use
morphological and molecular data to determine the
phylogenetic positions of the twelve “Chantransia”
stage specimens from several regions of China.

2 MATERIAL AND METHOD
2.1 Sample collection
Twelve freshwater isolates, putatively recognized
as “Chantransia”, were collected from locations
ranging across the Hubei, Shanxi, Guizhou, and
Henan Provinces in China. Figure 1 and Table 1
show collection information. Materials were
collected using a knife and tweezers and were
transferred immediately to the laboratory. Materials
were rinsed several times in ultrapure water,
removing impurities and epiphytic algae. Specimens
for DNA extraction were desiccated in silica gel,
whereas the morphological examination material
was placed in centrifuge tubes and ﬁxed with a 4%
formalin solution.

No.3

HAN et al.: Aﬃnities of freshwater “Chantransia” stage algae

1065

NEI MONGOL
ZIZHIQU

SHANXI
HEBEI

Sampling site
NZ1, NZ2
QY1, QY2
MT1

SHAANXI

Niangziguan

HN2, HN31
HY1, HY2

Qinyuan

GZ1, GZ2, GZ3

Matou
HENAN
1: 3 300 000

Map review No. GS(2019)3266

SHANXI

HEBEI

SHANDONG

Yuntai Mountain
JIANGSU
HENAN

SHAANXI

ANHUI

Map review No. GS(2019)1708

CHONGQING SHI
HUBEI

●
Map review No. GS(2019)3266

SICHUAN

CHONGQING SHI
●

1: 3 800 000

SHAANXI
HENAN

ANHUI

SICHUAN
HUNAN
●
CHONGQING SHI

GUIZHOU

HUBEI
Wuhan

YUNNAN
GUIZHOU

Maling River Canyon

HUNAN

GUANGXI ZHUANGZU ZIZHIQU
Map review No. GS(2019)3266

1: 3 500 000

Map review No. GS(2019)3266

JIANGXI
1: 3 800 000

Fig.1 Map of China (map review No. GS (2019)1708) showing the collection sites of “Chantransia” stage samples investigated
in this study
More detailed location information is provided in Table 1.

2.2 Morphological observation and data analysis
For morphology observations, both fresh and
formalin preserved thalli were examined under a BX51 Olympus microscope equipped with a chargecoupled device (DP72; Olympus, Tokyo, Japan) for
taking photographs.
The morphological characteristics of all specimens
utilized in this study and three specimens of the genus
Audouinella (Table 2) were evaluated using Ward’s

method of Hierarchical cluster analysis in SPSS 19.0
package (George and Mallery, 2010). The diﬀerences
among the groups were analyzed by one-way ANOVA
via SPSS 19.0 package. P<0.05 was considered for
statistical signiﬁcance.
2.3 Objective sequence ampliﬁcation
Total DNA was extracted following the protocol
originally described by Saunders (1993) and revised
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Table 2 Morphological characteristics of specimens in this study and three specimens of genus Audouinella
Group

Isolate/Type

Color

Height
(mm)

Branch
angle*

tenella

QY1

Brownish

14.2–15.8

tenella

QY2

Brownish

hermannii

NZ1

Vegetative cells

Monosporangia
Genus/Species
Length
Diameter (μm) Chromatoplast
(μm)

Length
(μm)

Diameter
(μm)

Shape

<25°

7.3–16.4

3.6–7.3

Subspherical

5.5–7.8

4.4–6.7

2–4

S. qinyuanensis
sp. nov.

13.2–14.2

<25°

9.1–14.5

5.5–7.3

Subspherical

3.6–7.0

4.5–6.0

2–4

S. qinyuanensis
sp. nov.

Brownish

13.3–26.7

≥25°

45.6–55.6

6.7–8.9

Ovoid or
9.0–11.7
subspherical

4.7–10.6

2–4

Sheathia

5.6–8.9

hermannii

NZ2

Brownish

17.3–22.0

<25°

40.0–48.9

Ovoid

8.0–11.7

4.7–8.0

2–4

Sheathia

hermannii

MT1

Bluish

9.1–15.8

≥25°

33.3–42.2 11.1–14.4

Ovoid

10.0–15.5

6.7–12.2

2–4

V. helminthosa

pygmaea

HY1

Brownish

6.3–14.2

<25°

31.1–51.1

8.9–12.2

Ovoid

7.5–17.5

5.0–12.5

2–4

T. hispida

pygmaea

HY2

Bluish

4.7–10.0

<25°

24.4–45.6

7.8–13.3

Ovoid

8.0–12.6

4.7–10.5

2–4

T. hispida

Ovoid or
8.0–15.0
subspherical

7.0–14.0

2–4

T. hispida

pygmaea

GZ1

Brownish

4.1–10.0

≥25°

27.8–64.4

pygmaea

GZ2

Brownish

6.7–7.8

≥25°

16.7–45.6 10.0–15.6

Ovoid

8.0–20.0

7.0–11.8

2–4

T. hispida

pygmaea

GZ3

Brownish

6.8–9.1

<25°

35.6–57.8 11.1–13.3

Ovoid

11.8–20.0

8.0–15.0

2–4

T. hispida

pygmaea

HN2

Brownish

4.4–5.6

<25°

18.9–43.6

7.3–10.9

Subspherical 7.1–10.0

5.7–7.1

2–4

T. hispida

Subspherical,
ovoid or
21.8–27.0
pyriform

21.8–23.6

2–4

T. hispida

MALL

HN31

tenella
Audouinella
hermannii
taxa
pygmaea
*

8.9–14.4

Brownish

10.0–13.6

≥25°

27.3–43.6

5.5–9.1

Reddish

10.0–15.0

≥25°

13.1–20.2

4.5–5.7

–

8.6–12.6

6.7–11.2

–

A. tenella

Bluish

15.0–20.0

<25°

29.7–59.7

9.9–15.3

–

11.4–15.8

8.6–12.0

–

A. hermannii

Reddish

3.0–5.0

≥25°

26.4–50.7 12.2–15.2

–

8.9–13.0

7.1–10.0

–

A. pygmaea

Deﬁnition follows Necchi and Zucchi (1995). – means no data.

by Vis and Sheath (1997). Polymerase chain reaction
ampliﬁcation reaction volume was 20 μL, consisting
of 10.8-μL ddH2O, 2.0-μL 10×buﬀer, 2.0-μL
2.5-mmol/L dNTPs, 0.2-μL Taq DNA polymerase (all
from Sangon Biotech Co., Ltd., China), 2.0 μL of
each primer (10 mmol/L), and 1.0 μL of genomic
DNA. The reaction was executed in a MyCycler
thermal cycler (Bio-Rad, USA). rbcL gene was
ampliﬁed
using
the
primer
pair
F160
(5′-CCTCAACCAGGAGTAGAT-3′) and rbcLR
(5′-ACATTTGCTGTTGGAGTCTC-3′) (Vis et al.,
1998). Also, another pair of primers, F650
(5′-ATTAACTCTCAACCATTTATGCG-3′)
and
rbcLR (Salomaki et al., 2014) were the substitutive
primers so long as the ﬁrst pair did not produce a PCR
product. For rbcL, the PCR procedure consisted of an
initial denaturation at 95 °C for 2 min, 35 cycles of
denaturation at 93 °C for 1 min, annealing at 47 °C for
1 min, extension at 72 °C for 2 min, and a ﬁnal
extension of 2 min at 72 °C. The primer p23SrV_f1
(5′-GGACAGAAAGACCCTATGAA-3′)
and
p23SrV_r1 (5′-TCAGCCTGTTATCCCTAGAG-3′)
(Sherwood and Presting, 2007) were utilized to
amplify UPA sequences. PCR cycling conditions for

UPA were as follows: 2 min initial denaturation at
94 °C, 35 cycles at 94 °C for 20 s, 55 °C for 30 s,
72 °C for 30 s, and a ﬁnal extension at 72 °C for
10 min. The primers GazF1 (5′-TCAACAAATCATAAAGATATTGG-3′) and GazR1 (5′-ACTTCTGGATGTCCAAAAAAYCA-3′) (Saunders, 2005) were
utilized to amplify COI-5P. For COI-5P, thermal
cycling conditions included an initial denaturation
step at 94 °C for 4 min, 35 cycles at 94 °C for 1 min,
45 °C for 30 s, 72 °C for 1 min, and a ﬁnal extension
at 72 °C for 7 min.
2.4 Sequence determination and data analysis
PCR products, along with their ampliﬁcation
primers, were sent to the BGI Tech Corporation
(Beijing, China) for sequencing on an ABI 3730XL
sequencer. Sequences generated in this study were
deposited in GenBank (Table 3). The other
Batrachospermales, Thoreales, and Audouinella taxa
sequences utilized in this study for analysis were
downloaded from GenBank (http://www.ncbi.nlm.nih.
gov/) (listed in Supplementary Table S1), and two
genera, Compsopogon and Bangia, were incorporated
as outgroup taxa. DNA sequence data produced by this
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Table 3 GenBank accession numbers for rbcL, UPA, and
COI-5P sequences of “Chantransia” stage samples
sequenced in this study
“Chantransia”
stage samples

rbcL accession
No.

UPA accession
No.

COI-5P
accession No.

QY1

MK183661

MK183675

MK183688

QY2

MK183662

–

MK183689

NZ1

MK183653

MK183668

MK183680

NZ2

MK183654

MK183669

MK183681

MT1

MK183659

MK183674

MK183686

HY1

MK183655

MK183670

MK183682

HY2

MN158191

MN158192

MN158193

GZ1

MK183656

MK183671

MK183683

GZ2

MK183657

MK183672

MK183684

GZ3

MK183658

MK183673

MK183685

HN2

MK183660

–

MK183687

HN31

MK183663

MK183676

–

– means no data.
QY1
QY2
Audouinella tenella
NZ1
NZ2
MT1
Audouinella hermannii
HY2
HN2
HY1
GZ1
GZ3
GZ2
Audouinella pygmaea
HN31
0

5
10
15
20
Rescaled distance cluster combine

25

Fig.2 The cluster relationship of 12 putative “Chantransia”
isolates and three specimens of freshwater
Audouinella showing four groupings

study were aligned with sequences obtained from
GenBank using Clustal-X 2.0 (Thompson et al., 1997)
and MEGA 5.0 (Tamura et al., 2011). Untrimmed bases
on both ends were deleted to produce identical length
alignment. Furthermore, MEGA 5.0 was utilized to
calculate the pairwise sequence distances. Phylogenetic
trees were constructed based on the aligned sequences.
Appropriate models of sequence evolution and related
parameters of the rbcL, UPA, and COI-5P gene
sequences datasets were generated by adopting
Modeltest 3.7 (Posada and Buckley, 2004) with the
results listed in Table 4. MEGA 5.0 was utilized to
establish Neighbor-joining (NJ) trees with 1 000
bootstrap replications. PHYML software (Felsenstein,
1981; Guindon and Gascuel, 2003) was utilized to
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Table 4 Substitution models obtained for each gene sequence
using Modeltest 3.7 analysis
Molecular
marker

Model selected

Base frequency

Rate matrix

rbcL

GTR+I+G
-lnL=6 460.980 5
K=10
(I)=0.435 3
(G)=0.913 1

freqA=0.335 3
freqC=0.105 7
freqG=0.199 8
freqT=0.359 2

R(a) [A-C]=8.318 9
R(b) [A-G]=8.421 1
R(c) [A-T]=3.701 0
R(d) [C-G]=5.348 7
R(e) [C-T]=42.774 8
R(f) [G-T]=1.000 0

UPA

GTR+I+G
-lnL=2 068.481 9
K=10
(I)=0.503 4
(G)=1.004 0

freqA=0.279 1
freqC=0.162 1
freqG=0.283 7
freqT=0.275 1

R(a) [A-C]=1.299 6
R(b) [A-G]=6.719 6
R(c) [A-T]=1.305 2
R(d) [C-G]=0.000 0
R(e) [C-T]=12.139 5
R(f) [G-T]=1.000 0

COI-5P

GTR+I+G
-lnL=7 122.069 8
K=10
(I)=0.423 7
(G)=0.511 8

freqA=0.345 9
freqC=0.099 7
freqG=0.092 8
freqT=0.461 6

R(a) [A-C]=1.808 1
R(b) [A-G]=10.436 0
R(c) [A-T]=0.222 2
R(d) [C-G]=2.016 4
R(e) [C-T]=17.658 8
R(f) [G-T]=1.000 0

construct the Maximum Likelihood (ML) trees with
1 000 replicates of bootstrap analysis. Meanwhile,
Bayesian Inferences (BI) was developed in MrBayes
version 3.1.2 (Ronquist and Huelsenbeck, 2003). The
Markov chain Monte Carlo (MCMC) algorithm was
utilized to establish 4 Markov chains. Three hot chains,
1 cold chain, and 5 million generations sampling every
1 000 generations were employed. The burn-in for each
run, determined by plotting the overall likelihood
scores against the generation, was set as 25 °C of the
total tree by default. Resulting phylogenetic trees were
edited using Figtree1.3.1 (http://tree.bio.ed.ac.uk/
software/ﬁgtree/).

3 RESULT
3.1 Morphological observations
Morphometric data showed a wide range in all
characteristics among isolates. Hierarchical cluster
analysis grouped these specimens and three species of
genus Audouinella into four clusters (Fig.2).
The ﬁrst group (named tenella) included two
isolates (QY1 and QY2) in this study, as well as a
species of genus Audouinella (A. tenella (Skuja)
Papenfuss 1945: 326). Specimens of this group are
distinguished as macroscopic (13.2–15.8 mm), having
small vegetative cells ((7.3–16.4) μm×(3.6–7.3) μm),
and monosporangia ((4.4–6.7) μm in diameter) (Table
2; Fig.3a & b).
The second group (named hermannii) consisted of
three isolates (NZ1, NZ2, and MT1), as well as a
species of genus Audouinella (A. hermannii (Roth)
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Fig.3 Morphological features of putative “Chantransia” isolates in this study
a. isolate QY1 (=Sheathia qinyuanensis sp. nov.). Monosporangial branch with subspherical monosporangium (arrowhead); b. isolate QY2 (=Sheathia
qinyuanensis sp. nov.). Monosporangial branch with subspherical monosporangium (arrowhead); c. isolate NZ1. Filament showing branch angle ≥25°
(arrow) and monosporangium (arrowhead); d. isolate NZ2. Filament showing branch angle ≤25° (arrow) and monosporangium (arrowhead); e. isolate MT1.
Filament showing branch angle ≥25° (arrow) and monosporangia (arrowhead); f. isolate HY1. Monosporangium (arrowhead) grow binately on top of the
spore branch; g. isolate HY2. Filament with a monosporangial branch and an ovoid monosporangium (arrowhead); h. isolate GZ1. Monosporangial branch
with monosporangium (arrowhead); i. isolate GZ2. Filament showing branch angle ≥25° (arrow) and monosporangial branch with a mature monosporangium
(arrowhead) and two empty, discharged monosporangium (double arrowheads); j. isolate GZ3. Filament showing branch angle ≤25° (arrow) and
monosporangia (arrowhead); k. isolate HN2. Monosporangial branch with subspherical monosporangium (arrowhead); l. isolate HN31. Monosporangial
branch with big subspherical (arrow), ovoid (arrowhead) or pyriform monosporangia (double arrowheads). Scale bar: 20 μm (a–l).

Duby 1830: 972). This group is characterized as
macroscopic (9.1–26.7 mm), having large vegetative
cells ((29.7–59.7) μm×(5.6–15.3) μm), and small
monosporangia ((4.7–12.2) μm in diameter) (Table 2;
Fig.3c–e).
The third large group (called pygmaea) contained
six isolates (HY1, HY2, GZ1, GZ2, GZ3, and HN2),
as well as a species of genus Audouinella (A. pygmaea).
It is separated from the other groups as microscopic
(4.1–14.2 mm), having large vegetative cells ((16.7–
64.4) μm×(7.3–15.6) μm), and small monosporangia
((4.7–15.0) μm in diameter) (Table 2; Fig.3f–k).

The fourth group (called MALL) included one
isolate (HN31) and no Audouinella taxa. It is distinct
from other groups as macroscopic (10.0–13.6 mm),
having large vegetative cells ((27.3–43.6) μm×(5.5–
9.1) μm), and monosporangia ((21.8–23.6) μm in
diameter) (Table 2; Fig.3l).
Isolate HN2 had the smallest mean tuft length
(5.0 mm) and isolate NZ1 had the largest (20.0 mm),
with their overall range being 13.3–26.7 mm. The
mean tuft length signiﬁcantly diﬀered (P<0.05) from
each group, and only the isolates belonging to groups
“tenella” and “MALL” were similar. Isolates of group
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“hermannii” were signiﬁcantly larger (P<0.05) than
others regarding mean tuft length and vegetative cell
length, but they did not diﬀer from at least some of the
other isolates in vegetative cell diameter and
monosporangia size. The mean vegetative cell
diameter signiﬁcantly diﬀered (P<0.05) among the
isolates belonging to groups “pygmaea”, “tenella”,
and “MALL”. Isolates belonging to groups
“hermannii” and “pygmaea” were quite consistent
regarding monosporangia size, whereas isolates of
group “tenella” were signiﬁcantly smaller (P<0.05)
than all other isolates regarding monosporangia
length, and isolate HN31 was signiﬁcantly larger
(P<0.05) than the other isolates regarding
monosporangia length and diameter (Table 2).
3.2 Molecular analysis
3.2.1 Analysis of rbcL sequences
rbcL data matrix included 46 specimens of two
orders Batrachospermales and Thoreales and 3
species of a phylogenetically distant genus
Audouinella, as well as 2 outgroup taxa, consisting of
644 characters, of which 295 (45.81%) were variable
and 272 (42.24%) were parsimony informative.
Supplementary Table S2 lists the pairwise distance
among “Chantransia” isolates and other specimens of
orders Batrachospermales and Thoreales.
Table 2 lists the pairwise distance based on rbcL
sequences between all 12 “Chantransia” isolates and
other species of orders Batrachospermales and
Thoreales. Results show that isolate MT1 was
identical to Virescentia helminthosa (Bory) Necchi,
D. C. Agostinho & M. L. Vis 2018: 318. However, the
p-distance between isolates QY1 and QY2 was 1%,
corresponding to 8 single-bp diﬀerences. The pairwise
distance between isolates collected from Qinyuan of
Shanxi Province (QY1 and QY2) and the other
species of genus Sheathia showed larger variance
than among intraspeciﬁc distance of the genus
Sheathia (0.0582 vs 0.0565). The p-distances among
isolates NZ1, NZ2, and four species of genus Sheathia
(S. hongdongensis (S. L. Xie & J. Feng) J. -F. Han et
al. 2018: 68, S. jinchengensis J. -F. Han et al. 2018:
65, Fig.1, S. longipedicellata (Hua & Shi) J. -F. Han
et al. 2018: 68, and S. matouensis J. -F. Han et al.
2019: 258, Fig.2) were 0%–1%. Similarly, divergences
between the remaining seven isolates used in this
study and T. hispida specimens (including both the
gametophyte and “Chantransia” stage) were 0%–1%.
Three phylogenetic methods (NJ, BI, and ML)
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produced trees with similar topological structures
among “Chantransia” isolates and their sister
specimens, except that the main branches were
arranged diﬀerently. Therefore, only the BI tree with
supporting values calculated from three methods was
displayed (Fig.4).
rbcL tree was composed of three main branches
representing orders Batrachospermales, Thoreales,
and genus Audouinella. In the Batrachospermales
branch, four putative “Chantransia” isolates clustered
with Sheathia taxa that had high support values
(1.00/98.8/100). Isolates collected from Qinyuan of
Shanxi Province (QY1 and QY2) clustered into an
independent clade. However, they were separated
from other species of genus Sheathia with moderate
Bayesian posterior probabilities (PP) and NJ support
values (0.82/66.6/80). Among the Sheathia taxa, four
species S. hongdongensis, S. jinchengensis, S.
longipedicellata, and S. matouensis showed the
closest relationship with isolates NZ1 and NZ2, which
was well-supported (1.00/99.7/100). Isolate MT1 was
also in the Batrachospermales branch and clustered
with V. helminthosa that had robust values
(1.00/100/100). Within the Thorea branch, the seven
other “Chantransia” isolates and T. hispida clustered
together with moderate to high support values
(1.00/99.7/89). They were sister to a clade formed by
a species of T. okadae (Yamada 1949: 158, Figs.1–3
(as ‘okadai’)) and T. indica (Necchi, E. K. Ganesan &
J. A. West 2015: 268, Fig.2A–I). However, none of
the 12 isolates clustered with Audouinella algae.
3.2.2 Analysis of UPA sequences
The UPA sequence determined for the 10 (except
for isolates HN2 and QY2) “Chantransia” isolates
utilized in this study were 310 bp, of which 115
(37.10%) were variable and 99 (31.94%) were
parsimony informative. Supplementary Table S3 lists
the pairwise distance among “Chantransia” isolates
and other specimens of orders Batrachospermales and
Thoreales. For the UPA gene, three diﬀerent
phylogenetic methods produced trees in similar
topology. Therefore, only the BI tree was shown
indicating supporting values calculated from the three
methods in Fig.5.
Isolate MT1 was located in the Batrachospermales
branch and formed a moderately-to-strongly
supported clade with the Virescentia species
(1.00/83.2/85). Divergence within this clade was 4%,
corresponding to 11-bp diﬀerences. Furthermore,
within the Sheathia clade, three putative “Chantransia”
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EU106063 Montagnia macrospora
AY423414 Montagnia macrospora clone chant FG15-Chantransia Montagnia
RNZ1
JQ028696 Sheathia longipedicellata
RNZ2
1.00/99.7/100 MK746107 Sheathia matouensis
MH356749 Sheathia jinchengensis
0.82/66.6/80
HQ677187 Sheathia hongdongensis
0.85/55.4/61 RQY1
1.00/96.3/98 RQY2
-/68.7/88
DQ393131 Sheathia arcuata
1.00/94.8/97MN481449 Sheathia indonepalensis
0.95/56.1/72
MN487060 Sheathia indonepalensis
0.80/68.7/88
Sheathia
MN487058 Sheathia dispersa
0.89/62.2/78
1.00/100/100
MN487059 Sheathia dispersa
0.88/74.9/89
MN481450 Sheathia assamica
MN481451 Sheathia assamica
1.00/95.0/99 JX669769 Sheathia exigua
1.00/98.8/100 1.00/77.1/52
JX669803 Sheathia grandis
0.92/70.0/JX669801 Sheathia involuta
0.99/94.6/97
JX669790 Sheathia heterocortica
JX669778 Sheathia boryana
1.00/89.5/89 1.00/99.6/100 JX669802 Sheathia americana
1.00/100/99 JX669775 Sheathia confusa
KM593863 Batrachospermum sp.
1.00/100/100
Batrachospermum
AF029141 Batrachospermum gelatinosum
0.93/-/52
0.99/73.2/57
AF029152 Nothocladus nodosus
0.53/-/54
KT802856 Nothocladus pseudogelatinosus
Nothocladus
KT802861 Nothocladus theaquus
0.93/69.3/77
Paludicola
0.50/-/78
DQ449028 Paludicola turfosa
0.86/60.0/73
1.00/100/100 RMT1
Virescentia
AB114646 Virescentia helminthosa
GU953247 Thorea bachmannii-Chantransia
JN707694 Thorea hispida-Chantransia
AB159653 Thorea hispida
RGZ3
1.00/99.7/89
RHN31
0.68/52.7/93
RHY1
RHY2
1.00/97.5/98
RHN2
Thorea
RGZ1
0.94/78.2/99
RGZ2
1.00/100/100
0.99/82.6/95
AB159655 Thorea okadae
KU351645 Thorea indica
0.86/86.1/62
KX958150 Thorea kokosinga-pueschelii
KX958155 Thorea mauitukitukii
1.00/99.9/100
1.00/98.1/99
AB159651 Thorea gaudichaudii
AB159657 Thorea violacea
1.00/98.0/100
AB159656 Thorea riekei
1.00/96.1/99
AB159659 Nemalionopsis tortuosa
AB159658 Nemalionopsis shawii
Nemalionopsis
1.00/99.8/100
1.00/100/100 EF116879 Nemalionopsis sp.
1.00/98.4/100 KC134346 Audouinella hermannii
1.00/91.2/89
U04033 Audouinella violacea
Audouinella
AF029138 Audouinella arcuata
1.00/100/100 U04037 Compsopogon coeruleus
Compsopogon
DQ308426 Compsopogon caeruleus
1.00/100/100

Batrachospermales
Thoreales
Audouinella Outgroup

0.1

Fig.4 Bayesian inference tree based on the rbcL gene sequences
Support values for all analyses are shown as follows: Bayesian posterior probabilities/ML bootstrap/NJ distance bootstrap. ‘-’ denotes <50% support for that
analyses at that node. All new sequences generated in this study are indicated in red boxes.

isolates formed two independent clades that roughly
related to the gathering places: the ﬁrst clade was
composed of isolates NZ1 and NZ2 collected from
Niangziguan of Shanxi Province. They clustered
together with moderate-to-high support values
(0.95/81.0/85) and were sister to a clade formed by
species of S. hongdongensis and S. boryana ((Sirodot)
Salomaki & M. L. Vis in Salomaki et al. 2014: 535),
while isolate QY1, collected from Qinyuan of Shanxi
Province, formed the second weakly supported
independent clade. The remaining six samples (GZ1,

GZ2, GZ3, HY1, HY2, and HN31) in this study were
in the Thoreales clade. Among the Thorea species,
T. hispida demonstrated the closest relationship with
these six “Chantransia” isolates, which was well
supported by the p-distance (0%–2%). However, in
the UPA tree, these six isolates clustered together with
T. hispida that only had high support values for NJ
(-/66.9/99).
3.2.3 Analysis of COI-5P sequences
In this study, the COI-5P alignment of species was
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Nothocladus

Sheathia

Virescentia
Visia
Paludicola
Montagnia
Kumanoa

Thorea

Thoreales

Nemalionopsis
Compsopogon

Outgroup

0.2

Sirodotia

Batrachospermales

KY225802 Sirodotia suecica
EU628667 Sirodotia huillensis
EU628665 Nothocladus theaquus
0.73/58.6/56
0.95/83.9/90
KY225790 Nothocladus pseudogelatinosus
KY225789 Nothocladus bourrellyi
0.76/83.7/88
0.91/81.3/76
EU628666 Sheathia heterocortica
0.91/74.8/94
MF940857 Sheathia involuta
1.00/69.6/60
KY225794 Sheathia americana
KY225793 Sheathia exigua
1.00/84.1/82
-/68.5/66 KM389625 Sheathia boryana
KJ143748 Sheathia hongdongensis
0.64/62.3/58
UNZ1
0.63/71.2/63
0.81/-/62
UNZ2
0.95/81.0/85
UQY1
0.99/80.6/78
EF426631 Chantransia sp.
KM676828 Sheathia arcuata
1.00/87.2/84
0.55/65.3/58 MF940853 Sheathia arcuata
EU073853 Virescentia helminthosa
1.00/83.2/85
UMT1
EU628670 Visia cayennensis
0.98/50.6/EU628651 Paludicola turfosa
0.58/-/EU628676 Montagnia macrospora
JN602667 Kumanoa novaecaledonensis
-/-/56
JN602664
Kumanoa
gudjewga
0.73/56.3/60
JN602683 Kumanoa gracillima
1.00/100/100
0.59/-/63
JX504699 Kumanoa capensis
MF940890 Thorea sp.
1.00/87.6/95
KY225805 Thorea riekei
1.00/92.6/87
1.00/98.7/99 MF940892 Thorea gaudichaudii
MF940891 Thorea gaudichaudii
KY225803 Thorea hispida
KU297884 Thorea hispida
-/74.6/77
KM389624 Thorea hispida
UHY1
UGZ1
0.98/-/UHN31
UGZ2
-/66.9/99
UGZ3
1.00/98.7/97
UHY2
KC596220 Thorea sp.
0.94/80.6/99 HQ421673 Chantransia sp.
0.50/-/50
MF940894 Nemalionopsis sp.
KY225806 Nemalionopsis shawii
1.00/100/100 HQ421672 Compsopogon caeruleus
EF426660 Compsopogon caeruleus
0.56/-/60
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Fig.5 Bayesian inference tree based on the UPA gene sequences
Support values for all analyses are shown as follows: Bayesian posterior probabilities/ML bootstrap/NJ distance bootstrap. ‘-’ denotes <50% support for that
analyses at that node. All new sequences generated in this study are indicated in red boxes.

573 bp, with 287-bp variable sites (among which
265 bp
were
Parsimony-Informative
sites).
Supplementary Table S4 lists the pairwise distance
between the “Chantransia” isolates and other
specimens of orders Batrachospermales and
Thoreales. All three phylogenetic analyses (NJ, BI,
and ML) based on COI-5P alignments showed similar
topological structures. Therefore, only the BI trees
were shown indicating supporting values calculated
from the three methods in Fig.6.
Pairwise distance based on COI-5P sequences
showed that sequence divergences among MT1 and
other species of the order Batrachospermales were
16%–21%, which were much larger than the variation
between MT1 and V. herminthosa (9%). Meanwhile,
two identical isolates, NZ1 and NZ2, diﬀered from
S. hongdongensis and S. longipedicellata at a single
nucleotide position. Similar to results based on the
rbcL sequences, isolates (QY1 and QY2) collected
from Qinyuan of Shanxi Province had unique
sequences, and the distances between them and the
other species of genus Sheathia were larger than the

intraspeciﬁc distances of this genus (0.112 0 vs
0.092 8). Furthermore, divergences between the
remaining six isolates utilized in this study and the
specimens of T. hispida were only 0%–2%,
corresponding to 0–11-bp diﬀerences, while the
average distance between these 6 isolates in the
Thoreales branch and the other species of genus
Thorea was 14%.
All in-group species were clustered into three main
branches, corresponding to Batrachospermales,
Thoreales,
and
Audouinella.
Within
the
Batrachospermales branch, isolate MT1 clustered with
V. helminthosa and formed a strongly supported clade
(1.00/99.8/100). The four other putative “Chantransia”
isolates NZ1, NZ2, QY1, and QY2 clustered together
with species of genus Sheathia and formed a
monophyletic clade that had high support values
(0.98/90.6/98). Meanwhile, isolates NZ1 and NZ2
clustered with S. hongdongensis and S. longipedicellata
that had high support values (1.00/100/100), while the
other two isolates (QY1 and QY2) collected from
Qinyuan of Shanxi Province formed an independent
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Batrachospermum
Sirodotia
Nothocladus
Paludicola
Visia
Virescentia
Kumanoa

Thorea

Audouinella
Bangia

Outgroup
Audouinella

Nemalionopsis

Thoreales

0.2

Sheathia
Batrachospermales

Chantransia sp.-Chantransia
1.00/99.2/100 HQ423114
HQ422874 Chantransia sp.-Chantransia
0.94/99.4/100
HQ422872 Chantransia sp. -Chantransia
0.81/63.2/70
KC511071 Sheathia hongdongensis
0.59/56.1/99
1.00/100/100
KC511072 Sheathia longipedicellata
-/50.9/100
CNZ1
0.85/63.7/78
CNZ2
1.00/-/99
CQY1
1.00/99.5/100
CQY2
KM592947 Sheathia arcuata
0.98/90.6/98
KM592946 Sheathia arcuata
0.95/97.3/100 KM592945
Sheathia arcuata
-/92.3/92
0.50/-/98 JX669735 Sheathia heterocortica
JX669732 Sheathia involuta
JX669733 Sheathia grandis
0.99/-/JX669729 Sheathia americana
0.92/74.7/891.00/89.4/99
0.57/-/JX669712 Sheathia confusa
JX669710 Sheathia boryana
0.71/93.7/GU810832 Batrachospermum gelatinosum
1.00/89.3/58
1.00/96.8/100 EU636738 Sirodotia sp.
0.65/-/51
1.00/99.2/99
EU636737 Sirodotia suecica
EU636739 Sirodotia huillensis
0.57/-/79
EU636742 Nothocladus theaquus
EU095972 Paludicola turfosa
0.98/50.9/EU095971 Visia cayennensis
EU073848 Virescentia helminthosa
1.00/99.8/100
0.97/58.0/CMT1
JX504696 Kumanoa capensis
0.96/54.7/51
JN604925 Kumanoa curvata
1.00/99.9/JN604924 Kumanoa louisianae
0.52/-/JN604927 Kumanoa gracillima
KM055234 Thorea quisqueyana-Chantransia
0.99/90.1/76
0.97/71.5/80
KM055239 Thorea riekei
1.00/93.7/98
KX958113 Thorea mauitukitukii
KM055236 Thorea gaudichaudii
1.00/88.5/86
0.64/-/99 KX958096 Thorea gaudichaudii
KC511076 Thorea hispida
CGZ3
CHN2
KC596320 Thorea hispida
0.93/55.1/63
HM916019 Thorea hispida
1.00/98.4/100 HM915870 Thorea hispida
CHY1
1.00/100/100
CHY2
0.84/88.2/100
CGZ2
1.00/100/100
1.00/98.3/CGZ1
KU351644 Thorea indica
KM055238 Thorea okadae
0.98/71.7/KX958092 Thorea bachmannii
KU508675 Nemalionopsis shawii
1.00/99.8/100
KC596319 Nemalionopsis shawii
-/54.9/79
KC596318 Nemalionopsis shawii
1.00/100/100 KC596317 Nemalionopsis shawii
1.00/99.5/100 MH638330 Audouinella hermannii
KC130152 Audouinella hermannii
DQ191330 Bangia atropurpurea
1.00/100/100
HQ423034 Bangia fuscopurpurea
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Fig.6 Bayesian inference tree based on the COI-5P gene sequences
Support values for all analyses are shown as follows: Bayesian posterior probabilities/ML bootstrap/NJ distance bootstrap. ‘-’ denotes <50% support for that
analyses at that node. All new sequences generated in this study are indicated in red boxes.

clade. However, they were separated from other
species of genus Sheathia with moderate support
values for PP and NJ (0.85/63.7/78). Moreover, the
remaining six samples (GZ1, GZ2, GZ3, HY1, HY2,
and HN2) in this study, together with previously
reported species of genus Thorea, clustered with genus
Nemalionopsis to form the Thoreales branch. In this
branch, isolates GZ1, GZ2, GZ3, HY1, HY2, and
HN2 clustered in a single clade together with T. hispida
that had high support values (1.00/98.4/100).

4 DISCUSSION
Despite the research on the delimitation of
Acrochaetiaceae having been executed for a long
time, some controversy remains one aspect of which
is the applicability of criteria proposed by Skuja
(1934). Based on his proposal, all reddish species

morphologically similar to Audouinella are true
Audouinella, while bluish species represent the
“Chantransia” stage. However, several subsequent
studies have queried this conclusion. For example,
Kaczmarczyk and Sheath in 1992 clariﬁed that
freshwater red algae color change is related to
irradiance (Kaczmarczyk and Sheath, 1992).
Additionally, Chen et al. (2014) reported color
changes (bluish-green in the stream that turned
reddish in light) of an acrochaetioid algae aﬀected by
light. These results, supported by both morphological
and molecular data, show that all 12 isolates that are
reddish, bluish, and brownish belong to the
“Chantransia” stages of orders Batrachospermales
and Thoreales. Consequently, when combined with
previous studies, caution is recommended in thallus
color criteria which were considered a standard for
identifying true Audouinella, combining molecular
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analysis with morphological methods is essential.
Owing to the limitations of morphological methods
when analyzing the aﬃnities of putative “Chantransia”
stages, molecular-assisted methods have been used
extensively (Harper and Saunders, 1998; Pueschel et
al., 2001). Similar to A. macrospora ((Wood) Sheath
& Burkholder 1985: 111 (Table 1)), isolate HN31 has
large monosporangia (>20 μm in diameter) (Table 2)
(Necchi and Zucchi, 1997). In previous studies, all
“A. macrospora” is indicated to be the “Chantransia”
of B. macrosporum (Pueschel et al., 2001; Chiasson et
al., 2005). However, molecular phylogeny obtained in
this study unequivocally demonstrated that isolate
HN31 was the “Chantransia” stage of T. hispida. In
addition to isolate HN31, this study also conﬁrmed
that six “pygmaea” isolates (GZ1, GZ2, GZ3, HY1,
HY2, and HN2) collected from the Guizhou, Hubei,
and Henan Provinces also belong to T. hispida.
Considering the locations of T. hispida that were
previously reported in China, including Shanxi,
Jiangsu, Yunnan, and Guizhou Provinces, the number
of T. hispida distribution sites is proposed to have
expanded to six (Shi, 2006). Pairwise distance and
molecular phylogenetic trees both supported that one
of the three “hermannii” isolates MT1 can be assigned
to V. helminthosa, while the other two “hermannii”
isolates NZ1 and NZ2 formed a lineage and were
allied with several Sheathia taxa. Furthermore, a new
species of genus Sheathia, corresponding to two
“A. tenella” morphologies (QY1, QY2), is proposed
primarily based on the DNA sequence data generated
in this study, otherwise known as S. qinyuanensis.
Sheathia qinyuanensis HAN, NAN ET XIE sp.
nov. (Fig.3a & b)
Known only from the “Chantransia” sporophyte
generation. Tuft-shape, with the thallus being
brownish, 13.2–15.8 mm length, with erect and
densely branched ﬁlaments, and branch angle<25°.
Vegetative cells are cylindrical, 7.3–16.4 μm in length
and 3.6–7.3 μm in diameter, reproducing via abundant
ovoid or sub-spherical monosporangia, 3.6–7.8 μm in
length and 4.4–6.7 μm in diameter.
Etymology—The species epithet refers to the type
locality (Qinyuan, China).
Type—China, Shanxi Province, Qinyuan (36°29′N,
112°19′E): on the surface of the stone in ﬂowing
water, May 2018, Fang-Ru NAN (Holotype: SXUQY18051; Paratype: SXU-QY18052). It is deposited
in the Herbarium of Shanxi University (SXU), Shanxi
University, Taiyuan, Shanxi Province, China.
Authentic strain—SXU-QY18051.
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Iconotype—Fig.3a & b.
Representative
DNA
Barcode:
GenBank
MK183661 and MK183662 for rbcL, MK183675 for
UPA, and MK183688 and MK183689 for COI.
The red algal genus Thorea is classiﬁed in the
Rhodophyta
(Florideophyceae,
Thoreales,
Thoreaceae). Until now, sixteen species have been
reported worldwide. However, only two species (T.
hispida and T. violacea Bory 1808: 133, pl. 18: Fig.2)
have been reported in China (Xie and Shi, 2003).
Also, some research has conﬁrmed that T. hispida is
associated with several diﬀerent morphological
“Chantransia” stages. Based on seven gene markers,
Han (2012) performed a phylogenetic analysis of
A. sinensis (C.-C.Jao 1940: 241, pl. 1: Figs.5 & 6) and
A. heterospora (S. L. Xie & Y. J. Ling 1998: 281,
Fig.1) and found that they are actually “Chantransia”
of T. hispida. On the bases of rbcL and SSU rDNA,
Chen et al. (2014) found that samples morphologically
identiﬁed as A. heterospora represent the
“Chantransia” stage of T. hispida. Furthermore, Nan
et al. (2016) reported that four Audouinella-like
species (both reddish and bluish thalli included) were
the “Chantransia” stage of T. hispida. Combined with
the results of this study, T. hispida is concluded to be
associated with at least four “Chantransia”
morphologies (“A. sinensis”, “A. heterospora”,
“A. pygmaea”, and the specimens morphologically
similar to the isolate HN31 in this study).
Order Batrachospermales belongs to class
Florideophyceae (Rhodophyta), which included most
freshwater red algae (Entwisle et al., 2009). In this
order, the genus Batrachospermum was divided into
several sections according to morphological
characteristics (Kumano, 2002). However, molecular
phylogenetic analysis has conﬁrmed that some
sections of this genus are monophyletic and can be
separated from genus Batrachospermum (Entwisle et
al., 2009; Vis et al., 2012; Salomaki et al., 2014;
Necchi et al., 2019). Genus Virescentia was elevated
from one section (section Virescentia Sirodot) of the
genus Batrachospermum (Necchi et al., 2018). Until
now, six species of this genus have been reported
worldwide, of which V. helminthosa is the holotype
species (Guiry and Guiry, 2020). In China, up to this
point in time, this new genus has not been extensively
studied, while section Virescentia has been studied in
a few reports (Xie, 2001; Ji, 2013). According to
morphometric identiﬁcation, B. helminthosum
(currently regarded as a synonym of V. helminthosa)
was reported from Zhejiang and Chongqing (Jao,
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1941). In this study, isolate MT1, which is
morphologically similar to A. hermannii, was collected
from Matou of Shanxi Province and was concluded to
represent the “Chantransia” stage of V. helminthosa.
Consequently, the number of V. helminthosa
distribution sites in China expands to three.
Traditional classiﬁcation methods are mainly based
on the morphological characteristics of algae.
However, the morphological characteristics of
“Chantransia” stages will change under the inﬂuence
of factors such as physiology and ecology. Nucleotides
are carriers of genetic information; therefore evaluating
the evolutionary relationship of species via the
homology of nucleotide sequences is extremely
important. Ji et al. (2017) assessed DNA barcode
markers for freshwater red algae and suggested that
four sequence regions (COI-5P, cox2–3 spacer, UPA,
and rbcL) were useful for species-level identiﬁcation
in genus Batrachospermum, except for some allied
species. rbcL marker was utilized by Chiasson et al.
(2005) and by Necchi and Oliveira (2011) for
identifying “Chantransia” isolates in members of
Batrachospermales and Thoreales, strongly conﬁrming
that all “macrospora” isolates were “Chantransia” of
B. macrosporum, whereas “C. pygmaea” was
associated with at least nine species. Also, molecular
sequences of COI-5P and UPA were utilized to assess
phylogenetic positions of four Audouinella-like
species from China, showing high species identiﬁcation
resolution (Nan et al., 2016). Johnston et al. (2018)
reported a new species—Thorea quisqueyana (E. T.
Johnston & M. L. Vis)—based on its “Chantransia”
stage samples and three DNA sequences (rbcL, COI5P, and LSU). Based on the phylogenetic analysis of
rbcL and the COI-5P gene, a new genus Virescentia
and a new species V. viride-americana (Necchi, D. C.
Agostinho & M. L. Vis 2018: 323, Figs.18–22) were
proposed by Necchi et al. (2018). Moreover, another
new genus Montagnia was also proposed that was
based on rbcL and COI-5P sequence data (Necchi et
al., 2019). Furthermore, much research revealed that
the UPA gene can distinguish samples at the species
level, even though the sequence is shorter and the
intra- and inter-speciﬁc divergence values are
relatively lower (Sherwood and Presting, 2007;
Clarkston and Saunders, 2010). In this study, two
chloroplast genes (rbcL and UPA) and a mitochondrial
gene (COI-5P) were used to elucidate the relationships
between all twelve “Chantransia” isolates and the
species of Audouinella, Batrachospermales, and
Thoreales. Twelve isolates were demonstrated to
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belong unequivocally to the “Chantransia” stages of
orders Batrachospermales and Thoreales. Moreover,
many species of freshwater red algae, especially orders
Batrachospermales and Thoreales, may exist in the
“Chantransia” stage for a long time when environmental
conditions are unsuitable for gametophyte growth.
When compared with two longer molecular markers,
SSU and LSU, utilized by Chen et al. (2014) and
Johnston et al. (2018), the three DNA markers used in
this study (rbcL, UPA, and COI-5P) are more rapid
and convenient for species identiﬁcation.

5 CONCLUSION
Based on all three DNA fragments, including rbcL,
UPA, and COI-5P, all twelve isolates in this study
were demonstrated to belong unequivocally to three
diﬀerent genera Sheathia, Virescentia, and Thorea,
corresponding to the two orders Batrachospermales
and Thoreales. The proposal of S. qinyuanensis as a
new species of genus Sheathia from China is
supported by DNA sequence data generated in this
study. Furthermore, isolate MT1 was demonstrated to
be the “Chantransia” of V. helminthosa, which
expands the V. helminthosa species distribution in
China to three. Seven isolates (GZ1, GZ2, GZ3, HY1,
HY2, HN2, and HN31) represented the “Chantransia”
of T. hispida, of which the descriptions of HY1, HY2,
HN2, and HN31 expand the T. hispida species
distribution in China to six.
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