Vol. 34, No.1

>

Sheath, et al.

(Psilosiphonaceae), 3

Yets B E: 2008-05-19, 1&iT HHA: 2009-02-28
E&mA: (30470118, 30270119)

TEZE N
BRI

(1983—), ; ;

34 1
2010 1 ACTA HYDROBIOLOGICA SINICA Jan., 2010
DOI: 10.3724/SP.J.1035.2010.00020
- rbcL
B N -
F BEOF A MWE
( , 030006)
s , 70% 130
43 rbcL , )
PAUP*4.0b10 Mr Bayes 3.0b4 43
DNA rbcL >
, (D) ,
, ) (2)
(3) ) , 4)
: ; ; rbecl
FESZES: Q41 XHkFRIRES: A XE4S: 1000-3207(2010)01-0020-09
(Batrachospemales) , Harper & Saunders, Vis, et al., Sheath &
(Rhodophyta), (Florideophyceae), Miiller
Pueschel  Cole 1982 ™ Pueschel  Cole Thorea hispida (Thore) Desvaux emend.
( Sheath, Vis & Cole
, - ) 4=€1 2002 , Miiller, et al. ,
( ) ,
(Batrachospermaceac) (Lemaneaceace) (Thoreales)m, (8.9]
(Thoreaceae) (Nemalionales) R 3 (
, ), 7 (
1989 , Entwisle (Psilosiphon), Batrachospertmum Sirodotia
(Lemaneaceae)!?! Nothocladus Tuomeya Lemanea
s Paralemanea Psilosiphon)
, 2007 , Vis, et al. ,
Petrohua, ,

>

, Tel: 0351-7018121; E-mail: xiesl@sxu.edu.cn



- rbcL 21

[11]

, 43 rbcL ,
, , 710% 130 , ,
[9]
b 2
18
’ 1
b
12,13
, [ ], 1.1
[14]
2
1, 5- / )
rbcL . DNA -20C R
V)
. ; 1.4 kb, 4%
: (SXU)
, ( D
(2
x 1 BT rbcL BEFFIMNERMHEARIBXER
Tab. 1 Samples used in the rbcL gene sequencing and their information
Taxon Locality No. of specimen
SAS06035
Batrachospertmum anatinum Sirodot Hedao Spring, Shuozhou, Shanxi
SAS07001
Batrachospertmum arcuatum Kylin Nanlao Spring, Taiyuan, Shanxi
SAS06128
Batrachospertmum gelatinosum (L.) DC Source of Fenhe River, Ningwu, Shanxi
SAS06009
Batrachospertmum.hongdongense Xie et Feng Guangsheng Temple Spring, Hongtong, Shanxi
SAS06020
Batrachospertmum intortum Jao Longzi Temple Spring, Linfen, Shanxi
JS2006003

Batrachospertmum longipedicellatum Hua et Shi

Bajian Spring, Xuzhou, Jiangsu
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5 DNA $2E CTAB [
DNA,
S| ¥Rt rbcL

Vis & Sheath , F160: 5’CCT CAA

CCA GGA GTA GAT CC 3'( 1) rbcL reverse:

5'ACA TTT GCT GTT GGA GTC TC 3/( 2)ttel
PCR ¥ 1% BIO-RAD

PCR 25 uL, 0.5 pL
DNA , 2.5 uL 1, 2.5 pL 2, 2.0 uL
dNTPs, 2.5 pL 10xbuffer, 1.5 pL MgCl, 0.2 pL Taq
DNA ( ) 94°C,
Smin 94°C, 1min; 60°C, 1min; 72°C,
2min; 35 72°C 6min

5N E ABI 3730 DNA
(Applied Biosystems, USA)
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Tab. 2 GenBank Accession numbers of downloaded rbcL sequences in this study

Taxon

GenBank accession No.

Batrachospermum ambiguum Montagne
Batrachospermum antipodites Entwisle et Foard
Batrachospermum atrum (Hudson) Harvey
Batrachospermum boryanum Sirodot emend. Vis et al.
Batrachospermum cayennense Montagne
Batrachospermum confusum (Bory) Hassal
Batrachospermum deminutum Entwisle et Foard
Batrachospermum discors Entwisle et Foard
Batrachospermum gracillimum West et West
Batrachospermum guyanense (Montagne) Kumano
Batrachospermum heterocorticum Sheath et Cole
Batrachospermum involutum Vis et Sheath
Batrachospermum kraftii Entwisle et Foard
Batrachospermum louisianae Skuja
Batrachospermum macrosporum Montagne
Batrachospermum nodiflorum Montagne
Batrachospermum sirodotii Skuja ex Flint
Batrachospermum sp.

Batrachospermum spermatiophorum Vis et Sheath
Batrachospermum theaquum Skuja ex Entwisle et Foard
Batrachospermum turfosum Bory

Batrachospermum virgato-decaisneanum Sirodot
Batrachospermum wattsii Entwisle et Foard

Lemanea borealis Atkinson

Lemanea fluviatilis (Linnaeus) Agardh

Lemanea fucina (Bory) Atkinson var. parva Vis et Sheath
Nothocladus lindauri Skuja

Nothocladus nodosus Skuja

Paralemanea annulata (Kiitzing) Vis et Sheath
Paralemanea catenata (Kiitzing) Vis et Sheath
Paralemanea grandis (Wolle) Kumano

Psilosiphon scoparum Entwisle

Sirodotia delicatula Skuja

Sirodotia huillensis (Welwitsch ex W et G. S. West) Skuja
Sirodotia suecica Kylin

Sirodotia tenuissima (Collins) Skuja ex Flint
Tuomeya Americana (Kiitzing) Papenfuss

Balbiania investiens Sirodot

Ballia callitricha (Agardh) Kiitzing

Nemalionopsis shawii Skuja

Nemalionopsis tortuosa Yoneda et Yagi
Rhododraparnaldia oregonica Sheath, Whittiek et Cole
Thorea gaudichaudii Agardh

Thorea hispida (Thore) Desvaus

Thorea okadae Yamada

Thorea riekei Bischoff

Thorea violacea Bory

AY423391
DQ523252
AY297055
DQ393132
AY423394
DQ393133
AF209981
AF257778
AY423395
AY423396
DQ393136
AF029143
AY297057
AF029144
AY460203
AY423399
BSU04036
AY423423
AY424882
AY297051
DQ449028
AF029148
AF209986
AF029149
AF029150
AF029151
AF209987
AF029152
DQ449029
AF029154
DQ523259
AF029155
DQ646478
AF126410
DQ523255
AF126420
DQ523253
AF132293
AF149029
AB159658
AB159659
AF029156
AB159651
AB159653
AB159655
AB159656
AB159657




- rbcL 23
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DNA GTR+HI+G, 11
¢ 3,
(-InL) 4 (f(A) f(C) f(G) f(T))
XY 6 (R X-Y) gamma
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Tab. 3 Nucleotide substitution model parameter estimates for
Modeltest 3.7 analyses

Model selected Base . Rate matrix
frequencies
GTR+1+G R(a) [A-C] =2.0021
—InL = 15654.0312 freqA = 0.4055 R(b) [A-G] = 6.5555
K=10 freqC = 0.1099 R(c) [A-T] = 0.5449
AIC =31530.9590 freqG = 0.1021 R(d) [C-G] =2.7388
(I)=0.5350 freqT = 0.3825 R(e) [C-T]=13.0171
(G)=0.7240 R(f) [G-T] = 1.0000
1 , (Outgroup) ,
, 0.99 1.00
MP NIJ )
BI , ( 2

(Sect. Aristata)
(Sect. Contorta) (Sect. Hybrida)

(Sect. Turfosa), MP NJ

(Psilosiphonaceae)
(Sect.
Batrachospermum) (Sirodotia)
(Nothocladus) (Tuomeya)
(Lemanea) (Paralemanea) B.
gelatinosum ,
10%—15%,
, MP
BI
, BI (Psilosiphonaceae)

B.spermatiophorum  B. discors
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PHYLOGENETIC ANALYSIS OF BATRACHOSPEMALES (FLORIDEOPHYCEAE,
RHODOPHYTA) BASED ON CHLOROPLAST RBCL SEQUENCES

LI Qiang, JI Li and XIE Shu-Lian
(School of Life Science and Technology, Shanxi University, Taiyuan 030006)

Abstract: Batrachospermales is an order belonging to Florideophceae, Rhodophyta. It distributes all over the world,
China and its adjacent regions are the distribution center. Since Batrachospermales has been reported, the studies about
the order were mainly focused on their morphological characters and its flora. But the phylogenetic relationship between
taxa of Batrachosperales was still hard to guarantee in terms of morphology. Chloroplast rbcL sequences from 43 spe-
cies of Batrachospemales and their relative lineages were used to reconstruct the phylogenetic trees by using the PAUP*
4.0 b10 and Mr Bayes 3.0 b4 software, which contained 6 samples collected from China and 37 species abroad obtained
from GenBank. The phylogenetic relationships were inferred using the neighbor-joining, maximum-parsimony and
Bayesian analysis, and three methods produced trees with largely congruent topology. These trees revealed that: (1)
Three kinds of phylogenetic trees based on rbcL sequences were consistent. All phylogenetic trees topology got a similar
placement of Thoreales, which formed a monophyletic group with high bootstrap support (100%). According to the
Bayesian analysis, the conclusion supported that the Thoreales should be classified as a separate order. Thoreales were
distinguished from Batrachospemales based on having freshwater representatives with multiaxial gametophytes, a uni-
axial chantransia stage, and pit plugs with two cap layers, the outer one of which was usually plate-like. (2) All phy-
logenetic trees, got from the three methods (MP, NJ and Bayesian), showed that the Lemaneaceae was a relatively evo-
lutional group in Batrachospemales. Two genera (Lemanea and Paralemanea), which belonged to family Lemaneaceae,
formed new branches respectively, both of which were sister group. (3) In all trees, the taxa of Sirodotia and Tuomeya
clearly formed a monophyletic clade with a strong bootstrap support, showed that they were relatively evolutional group
in Batrachospemales. The two species of the Nothocladus were closely related to each other and formed a sister clade
with Tuomeya and Sirodotia of Batrachospertmum, which separated from the clade including most taxan of the Batra-
chospertmum. This result accorded with the morphologic study. (4) In Batrachospermum, Sect. Hybrida and Sect. Con-
torta had a relatively small sequence divergence. From the observational results of morphology, carpogonial branches of
Sect. Contorta had distortion or twist more or less. So, the research result of this study was inclined to combine Sect.
Hybrida as Sect. Contorta. (5) Batrachospermaceae was the largest family of Batrachospemales, contained many species
and distributes broadly. So the phylogenetic relationship was more complex. Thereby, further molecular and morpho-

logical investigations are needed to determine the phylogentic position of the Batrachospermaceae.

Key words: Batrachospemales; Phylogenetic analysis; rbcL



