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B. kushiroense Kumano et Ohsaki R GenBank ,
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B. transitorium S. L. Xie et Z. X. Shi R s
Sect. Contorta
Sect. Hybrida 10 , 5 s ,
[15]
b
1
Kumanoa
pSaA psbA 1.1
, psaA 1
P700 Al, psbA I >
D1, )
DNA
[16] (7] psaA  psbA -20C )
, 4% ,
, (SXU)
F1 FTHEMBREHIGRES
Tab. 1 Locality and voucher specimen number of samples in this study
Genus name Taxon Locality Collection data Collector No. of specimen
. . . . - . L . 2006.3.6 SAS06020
Audouinella Audouinella sinensis Shuiliandong Spring, Pingding, Shanxi
. . . 2006.3.6 SAS06128
Batrachospermum  Batrachospermum arcuatum Nanlao Spring, Taiyuan, Shanxi
R . . 2006.8.16 SAS06009
Batrachospermum  B. gelatinosum Fenhe Spring, Ningwu, Shanxi
. . 2006.4.4 ’ SAS06009
Batrachospermum B. hongdongense Guangsheng Temple Spring, Hongtong, Shanxi
L . . . 2006.3.6 SAS07001
Batrachospermum  B. longipedicellatum Nanlao Spring, Taiyuan, Shanxi
Kumanoa intorta N
. .. . . 2006.4.25 SAS06020
Kumanoa = B. intortum) Bajian Spring, Xuzhou, Jiangsu
K. curvata s
. . 2008.4.21 HP08003
Kumanoa = B. curvatum) Zhenzhu Spring, Dangyang, Hubei
o . L . 2009.3. 8 SAS09009
Thorea Thorea hispida Pingyang Lake, Pingding, Shanxi
1.2 [18],
DNA psaA psaAl30F: 5'-AACWACWACTTG
: : DNA GATTTGGAA-3' ( ) psaA930R: 5'-CCCA
(Watson Biotechnologies, Inc), ATTAGTTCTATACATRT-3'( ) psbA

DNA psbA-F: 5'-ATGACTGCTACTTTAGAAAGACG-3'



1 psaA  psbA 157
( ) psbA-R2: 5'-TCATGCATWACTTCC
ATACCTA-3'( ) PCR MyCycler R ABI3730 DNA
Thermal Cycler (BIO-RAD, USA) , ,
25 uL, 1 uL DNA ,
2 uL, 2 uL dNTPs, 2 pL 10xbuffer (Mg”") 0.2 uL GenBank blast
Tag DNA ( TaKaRa)  psaA ,
95°C, 6min ; 94°C, 20s; , GenBank ,
52°C, 35s; 72°C, 50s; 35 72°C 2 3 ClustalX !
10min pshA 95°C, lmin ; , ,
94°C, 1min; 52°C, Imin; 72°C, 1min; 35 , MEGA 5.0 2
72C Smin , (NJ) (ML)
PCR (Bayesian)!*"! ,
MEGA 5.0 PAUP*4.0b  MrBayes 3.01%%
F2 EEEPTHNATFIE psaA FIIRERS
Tab. 2 GenBank accession number of related psaA gene sequences in this study
psaA
Taxa GenBank accession Locality Author and publish time Reference
number of psaA
Anotrichium crinitum AY295119 New Zealand: Cape Campbell Yang E C, Boo S M 2003 [16]
Anotrichium elongatum AY295120 Australia: Melbourne: Queenscliff Yang E C, Boo S M 2003 [16]
Anotrichium tenue AY295121 Korea: Pohang: Gampo Yang E C, Boo S M 2003 [16]
Anotrichium yagii AY295123 Korea: Gangreung: Anin Yang E C, Boo S M 2003 [16]
Antithamnion nipponicum AY295136 Korea: Samcheok: Maengbang Yang E C, Boo S M 2003 [16]
Batrachospermum gelatinosum DQ787596 — — Unpublished
Centroceras clavulatum AY295137 Korea: Pohang: Guryongpo Yang E C, Boo S M 2003 [16]
Ceramium kondoi AY295138 South Korea: Taean: Hakampo Yang E C, Boo S M 2003 [16]
Chondrus crispus AY119710 Canada: Nova Scotia Eﬁzaih%r;agkggojz])’ [18]
Griffithsia antarctica AY295125 Chile: Punta Arenas: Chabunco Yang E C, Boo S M 2003 [16]
Griffithsia corallinoides AY295126 France: Roscoff Yang E C, Boo S M 2003 [16]
Griffithsia japonica AY295127 Japan: Chiba: Choshi Yang E C, Boo S M 2003 [16]
Griffithsia pacifica AY295130 gjgy“{?;ggf“’n: San Juan Island: 3, o £ ¢ Boo S M 2003 [16]
Griffithsia sp. SMB-2003 AY295128 South Korea: Jeju: Moonsum Yang E C, Boo S M 2003 [16]
Griffithsia teges AY295132 Australia: Melbourne: Queenscliff Yang E C, Boo S M 2003 [16]
Griffithsia traversii AY295134 New Zealand: Kaikoura Yang E C, Boo S M 2003 [16]
Halurus flosculosus AY295135 ggri:egri]fli“gdom: Isle of Man: Yang E C, Boo S M 2003 [16]
Hildenbrandia rubra DQ787593 — — Unpublished
Palmaria palmata AY119711 USA: Maine Eﬁza:—c[h%r?aalc)kgg(f;), [16]
Thorea violacea AY119712 ?;22)11?1%9\;0n Algenkulturen Eﬁzaihi’r;alc)kgtotdg), [16]
Outgroup
Bangia atropurpurea AY119698 Sammlung von Algenkulturen Yoon H S, Hackett J D, [18]

(SAG) 33.94

Bhattacharya D 2002
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) 45.8%; pshA 835 bp,
296 35.4%,
2.1 246 29.5% DAMBE 4.1
GenBank s (23] ,
4 Clustal Tamura & Nei ,
R psaA ,
694 bp, 339, Modeltest 3.7 B4 DNA
48.8%, 318, GTRAHI+G, ( 5 6)
#3 BEEERTHOMTF A psbA FHIRERS
Tab. 3 GenBank accession number of related psbA gene sequences in this study
psbA
Taxon
No. OfpS.bA GenBank Locality Author and publish time  Reference
accession number
Anotrichium crinitum AY295139 New Zealand: Cape Campbell Yang E C, Boo S M 2003 [16]
Anotrichium elongatum AY?295140 Australia: Melbourne: Queenscliff Yang E C, Boo S M 2003 [16]
Anotrichium tenue AY295142 Korea: Ulsan: Ulgi Yang E C, Boo S M 2003 [16]
Anotrichium yagii AY295144 Korea: Gosung: Ayajin Yang E C, Boo S M 2003 [16]
Antithamnion nipponicum AY295157 Korea: Samcheok: Maengbang Yang E C, Boo S M 2003 [16]
Batrachospermum gelatinosum DQ787636 — Unpublished
. . . Yoon H S, Hackett J D,
Chondrus crispus AY119746 Canada: Nova Scotia Bhattacharya D. 2002 [18]
Griffithsia antarctica AY295145 Chile: Punta Arenas: Chabunco Yang E C, Boo S M 2003 [16]
Griffithsia corallinoides AY295146 France: Roscoff Yang E C, Boo S M 2003 [16]
Griffithsia japonica AY295147 Japan: Chiba: Choshi Yang E C, Boo S M 2003 [16]
Griffithsia pacifica AY295151 UTEX LB2317 Yang E C, Boo S M 2003 [16]
Griffithsia teges AY295152 Australia: Melbourne: Queenscliff Yang E C, Boo S M 2003 [16]
Griffithsia traversii AY295154 New Zealand: Kaikoura Yang E C, Boo S M 2003 [17]
Halurus flosculosus AY295156 United Kingdom: Isle of Man: Port Erin Yang E C, Boo S M 2003 [16]
Hildenbrandia rubra DQ787633 — Unpublished
. ) . Yoon H S, Hackett ] D,
Palmaria palmata U28165 USA: Maine Bhattacharya D. 2002 [18]
. Sammlung von Algenkulturen Yoon H S, Hackett J D,
Thorea violacea AY119747 (SAG) 51.94 Bhattacharya D. 2002 [18]
Outgroup
Bangia atropurpurea AY119734 Sammlung von Algenkulturen Yoon H S, Hackett J D, [18]

(SAG) 33.94

Bhattacharya D. 2002

F 4 AFLENBFF GenBank B3RS
Tab. 4 GenBank accession number of gene sequences determined in this study

psaA psbA
Taxon GenBank accession number of psaA GenBank accession number of pshA
Audouinella sinensis IN592045 JN592046
Batrachospermum arcuatum KF806485 KF806491
B. gelatinosum KF806488 KF806494
B. hongdongense KF806487 KF806493
B. longipedicellatum KF806486 KF806492
Kumanoa intorta (= B. intortum) KF806483 KF806489
K. curvata (= B. curvatum) KF806484 KF806490
Thorea hispida IN171698 IN171699
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%S5 Modeltest 3.7 #1015 B psaA BEEMILERSE K. Curvata (= B. curvatum) 24
Tab. 5 Nucleotide substitution model parameter estimates of psaA
gene for Modeltest 3.7 analyses >
B. atropurpurea ,
Model selected Base frequency Rate matrix psaA psbA (Bayesian)
b
GTR+I+G freqA=0.3818 R(a)[A-C]=1.1410 (ML) (NJ) 3
“InL=7195.2520  freqC=0.1188 R(b)[A-G]=4.4088
K=10 freqG=0.0840 R(c)[A-T]=0.0539
(1)=0.4233 freqT=0.4155 R(d)[C-G]=1.8109 ,
(G)=0.4572 R(e) [C-T]=8.5279
R(H[G-T]=1.0000
( 1-3) 7

% 6 Modeltest 3.7 I 15249 psbA EERUBER S
Tab. 6 Nucleotide substitution model parameter estimates of pshA
gene for Modeltest 3.7 analyses

Model selected Base frequency Rate matrix

GTR+I+G freqA=0.2388 R(a)[A-C]=0.6887
~InL=5288.5190 freqC=0.1614 R(b)[A-G]=11.9902
K=10 freqG=0.2146 R(c)[A-T]=15.0786
(1)=0.5874 freqT=0.3851 R(d)[C-G]=1.4730

R(H[G-T]=1.0000

2.2

Kumanoa R
K. intorta(= B. intortum),

Uy

MEL psaA FERIRIEETI RS (B DA H, fi
P R AP SEHIBERT 8 K. intorta FNZS ERERY
¥ K. curvata TN —3Z, 3 FOIE N SCRERI N
100%, 51%JE 26 208 Rl 12 B EREEJEFI K, 3
PO SCRE203 00h 92% 58.6% 1 76%. MLL
psbA FERIFIER RGN (K 2)n]F i, AEET SR 1)
PIAPPATIAR AR — 3, 3 PRI SRR A
100%, 5 1% 8 35 % o< Z il 1)t 4 B B i J Bl 2,
SLrHR PR TR SRR R 90%. K] 3 JELL psaA
Fl psbA FERIC A B R G0h, 51 R 2 —FF,
FE BT B (G W /NP B 2R A — 32, 3 PRI S HE
KA 100%, 5FHIESOC R BT I B BR e Jm Fh
K, 3 MR SRR IILE 90% LA I

R7T REREFEMEHAET R SHEIE

Tab. 7 Morphometric data for specimens of Kumanoa intorta and K. curvata

Thallus characteristics

Kumanoa intorta

Kumanoa curvata

Breeding system
Color

Whorl shape
Whorl diam. (um)

Internode length and width (um)

300—500
350—780, 60—80

Dioecy Dioecy

Dark olive green Olive green
Truncated cone Pear-shaped
250—550

260—650, 50—160

Cortical filament diam. (um) 6—7 6—9
Fascicle length (cells) 5—12 5—12
Secondary fascicles dense dense
Carpogonial branch length (cells) (6—)8—12 4—17
Carpogonial bran::h cell diam., length (pum) 6—10,6—9 710,69
, Carpogonium diam., length (um) 25—33,9—11 28—70, 6—15

Trichogyne shape

Carposporophyte diam. (pm)

Carposporophytes per whorl

Carposporangium diam., length (um)

Spermatangium diam. (um)

5

Clavate, with short or no stalk

>

Arrow elliptical or ovate, with short or no stalk

120—190 63—400
1—2 1(—2)
12—15,17—23 10—15,13—18
(5—) 7—11 45—10




160

39

Griffithsia antarctica AY295125

Griffithsia traversii AY295134
Griffithsia japonica AY295127
Griffithsia sp. SMB-2003 AY295128

Griffithsia teges AY295132

Griffithsia corallinoides AY295126

0.81
Griffithsia pacifica AY295130

1.00 Halurus fl I AY295135
0.96 [ Anotrichium crinitum AY295119
0.97 Anotrichium elongatum AY295120
1.00

Anotrichium yagii AY295123

Anotrichium tenue AY295121
Centroceras clavulatum AY295137
Ceramium kondoi AY295138

0.75 Antithamnion nipponicum AY295136

Chondrus crispus AY119710
Hildenbrandia rubra DQ787593

B. hongdongense

0.34/-/-
0.36 1.00/1000/99} B arcuatum
B. longipedicellatum

1.00/854/83
N |: Batrachospermum gelatinosum DQ787596

1.00/878/71

0.92/586/76
B. gelatinosum

1.00/1000/109
!

Palmaria palmata AY119711

1.00/1000/100 | Audouinella sinensis IN592045
Thorea hispida IN171698

Thorea violacea AY119712

0.97/705/34

1.00/1000/74——
Bangia atropurpurea AY 119698

0.1

1 psaA

Fig. 1 Bayesian analysis tree based on the psaA gene sequence
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Fig. 2 Bayesian analysis tree based on the psbA gene sequence
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PHYLOGENETIC ANALYSIS OF GENUS KUMANOA BASED ON
CHLOROPLAST PSAA AND PSBA GENES

NAN Fang-Ru, FENG Jia and XIE Shu-Lian
(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract: Kumanoa intorta (former Batrachospermum intortum) and K. curvata (former B. curvatum) are two species
of genus Kumanoa originally from China. In this study we amplified and sequenced the chloroplast psaA and psbA
genes of these two species and of other six freshwater Rhodophyta species. We aligned their sequences with related
groups from GenBank, and constructed phylogenetic trees of both single gene and combined genes by using the methods
of Bayesian analysis, maximum likelihood and neighbor-joining. The trees generated with three different methods
showed similar topologies and thus inferred consistent phylogenetic relationships. The two species from genus Kumanoa
could form one clade with high supportive values but should be separated from genus Batrachospermum. The analysis
above supported our report about a new genus Kumanoa. The molecular biological study of Kumanoa species originally
from China revealed similar results with those originally from South America and Australia, indicating wide geographi-
cal areas of this genus. The phylogenetic tree demonstrated a close relationship between genus Kumanoa and Batra-
chospermum. According to the characteristics of the carpogonial branch, we deducted that the evolution of genus Ku-
manoa was later than that of Batrachospermum, but earlier than that of Acrochaetiales and Thoreales. B. gelatinosum
should be separated from other section Batrachospermum species and be classified as an independent section. The con-
struction of the order Thoreales could be supported by the fact that Thoreales and Batrachospermales should be sepa-
rated. Furthermore, our study suggested that psaA and psbA genes could be used as molecular markers in the study of
the phylogenetic relationships of Rhodophyta.
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