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( , 2013)

’ 1
Erythrotrichia japonica J. Tokida 1.1
Erythrotrichia incrassata T. Tanaka ( , 2005) 2015 5 2016 7
, Myriactula clavata )
(Takamatsu) J. Feldmann ( , 2003) (2016) > )
Punctaria Hesperia A. W. Setchell et N. L. >
Gardner ( , 2000) Desmarestia DNA,
ligulata (Stackhouse) J. V. Lamouroux ( ,2003) (LNU)
, (Olympus BH2)
Capsosiphon  groenlandicus (J. Agardh) K. L. , Nikon HFX- A
Vinogradova ( , 2008)
Chaetomorpha valida (J. D. Hooker et 1.2 DNA PCR
Harvey) F. T. Kiitzing ( ,2009) DNA (TTAGEN,
Valencia, CA, Beijing) DNA ,
s DNA PCR rbcL.  COI PCR
, (2016) ;
> ( , 2009) Primer5.0
2015 5 5 1,
Fz 1 rbcL F1 COI 5 BT ESIH
Tab.1 Primers used for amplifying rbcL sequences and COI sequences
rbcL F5 5-TGGGACCCTGATTATGTA-3'
R1352 5'-CGGTGTCTGTAGAAGTATAGTT-3’
F1 5'-GGATACTGGGACCCTGAT-3'
R1140 5-GCCAAACTGAAGAACAACA-3'
COI F1 5'-CTTGTATTTAATTTTTGGTGCATTCT-3'
R661 5'-AAATAGATGTTGATAAAGAACAGGATC-3'
1.3 C. wrightii (Harvey) Y. Yamada (Filloramo et al, 2016)
6 rbel Coelothrix F. Borgesen
GenBank C. irregularis (Harvey) F. Borgesen (Lozada-Troche et

(Schmidt et al, 2016; Schneider et al,

2012; Suzuki et al, 2010) 5
(Filloramo et al, 2016; Gavio et al, 2003; Lozada-
Troche et al, 2010) Botryocladia (J. Agardh)

H. Kylin B. leptopoda (J.Agardh) Kylin
(Filloramo et al, 2016)
C. repens (Kiitzing) R. E. Norris (Gavio et

Ceratodictyon
Zanardini

al, 2005) Chrysymenia J. Agardh

al, 2010),
Champia Desvaux
Agardh) W. H. Harvey (Ballantine et al, 2008)
Gastroclonium Kutzing G ovatum (Hudson) G.
F. Papenfuss (Filloramo et al, 2016)
Pyropia J. Agardh P

vietnamensis (Tak. Tanaka et Pham-Hoang Ho) J. E.
Sutherland et Monotilla (Sutherland et al, 2011) 15

C. parvula (C.
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rbcL 2 (Filloramo et al, 2016)
6 COlI (Milstein et al, 2012) 12  COI
GenBank ( 2
(Schneider et al, 2012) 5 Clustalx (1.83)
(Filloramo et al, 2016; Saunders et al, 2010) Maximum likelihood (ML)

Botryocladia  B. Pseudodichotoma (Farlow) Neighbor joining (NJ) Maximum
H. Kylin (Saunders, 2014) parsimony (MP) , MEGAG6.0
(Filloramo et al, 2016) ,
(Sherwood et al, 2010), Number of differences  Kimura

(Sherwood et al, 2-Parameter, Bootstrap 1000 DnaSP

2010) Gastroclonium G. ovatum

R2 STFISMAABEME. REHSFMERNERSTIR

Tab.2 The list of species used in this study, the collection location, and GenBank accession numbers

rbcL COl
Sparlingia pertusa (gt(;ztceﬁzri:{éP?clg?af(t}. W. Saunders, I. M. (LNU20150512) KY774847 KY774853
S. pertusa (LNU20150513) KY774848 KY774854
S. pertusa (LNU20150515) KY774849 KY774855
S. pertusa (LNU20160717) KY774850 KY774856
S. pertusa (LNU20160718) KY774851 KY774857
S. pertusa (LNU20160719) KY774852 KY774858
S. pertusa JQ907561 HM916393
S. pertusa AB383123
S. pertusa KT154697
Rhodymenia corallina (Bory de Saint-Vincent) Greville AY 168657
R. pseudopalmata (J. V. Lamour) P. C. Silva AY 168656 HMO033146
R. intricata (Okamura) Okamura KU726710 KU707844
R. divaricata E. Y. Dawson EU670597
R. stenoglossa J. Agardh KU726706 HMO033152
R. leptophylla J. Agardh HMO033148
R. prolificans Zanardini HMO033144
Botryocladia leptopoda (J. Agardh) Kylin KU726723
B. pseudodichotoma (Farlow) Kylin KM254747
Ceratodictyon repens (Kutzing) Norris HQ400571
Chrysymenia wrightii (Harvey) Yamada KU726707 KU707857
Coelothrix irregularis (Harv) Borgesen EU670598
C. irregularis HQ422624
Champia parvula (C. Agardh) Harvey EU086464
C. parvula HQ422819
Gastroclonium ovatum (Hudson) Papenfuss KU726714 KU707861
Pyropia vietnamensis (Tak. Tanaka et Pham-Hoang Ho) J. E. HQ687544

Sutherland et Monotilla

P. vietnamensis

JN222751
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) 90—140pum 2—3 ,
10—20pum, ; 3—5
2.1 ( ) , 80—120um, ,
Sparlingia G. W. Saunders, I. W. Strachan et G. T. ( 2B)
Kraft, 1999
’ ’ , Imm s
s 1_2 5 s
2—3 , 3—5 ’ ’
; ’ 2C, D);
4 ’ ) : ( » D) (
2E—H) ,
1mm;
o (2D, ,
: Sparlingia pertusa (Postels et Ruprecht) G.
W. Saunders, I. M. Strachan et G. T. Kraft, 1999 ’ ’
2.2 ( , 1) ’
Porphyra pertusa Postels et Ruprecht, 1840 ,  30—40um,  20—35pum ( 2J—L)
Rhodymenia pertusa (Postels et Ruprecht) J. : ( 3

Agardh, 1851

Sparlingia pertusa (Postels et Ruprecht) G. W. > 38°55'N, 121°37°E

Saunders, I. M. Strachan et G. T. Kraft, 1999 : ( ) ( )
: , ( ) ( ),
; ; ( ), ( )
1—2 0.2—0.8m; 2.3

; , 30—50cm; 2.3.1 rbcL

20—30cm; ; Gastroclonium G.
( 1A—G); ovatum
( 24) D , , ML
> NJ MP rbcL COl

Cc

_5cm. 13cm

Fig.1 The morphological appearance of S. pertusa
:A—D: ; E—G:
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The vegetative structure and reproductive structures of S. pertusa
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Fig.3 The forms of S. pertusa (arrows) in the field
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, , 140bp (10.29%)
1bp (0.98%), 189bp (11.70%) 150bp (10.49%) 192bp (12.34%)
5 137bp (10.50%)—162bp Gastroclonium
(11.07%), G ovatum 213bp
Ceratodictyon  C. repens (11.75%) 184bp (12.30%) 269bp (13.91%)

Sparlingia pertusa Dalian (KY774852)

Sparlingia pertusa Dalian (KY774851)

64 |Sparlingia pertusa Dalian (KY774850)

g—g Sparlingia pertusa Dalian (KY774849)

Sparlingia pertusa Dalian (KY774848) Sparlingia

100| Sparlingia pertusa Dalian (KY774847)

1—8—8 Sparlingia pertusa Japan (AB383123)

Sparlingia pertusa USA (KT 154697)

Sparlingia pertusa Canada (JQ907561)

99 ——Botryocladia leptopoda Philippines (KU726723)

%g ——— Chrysymenia wrightii Japan (KU726707)

L 67 Rhodymenia pseudopalmata USA (AY168656)

78 ZT% Rhodymenia divaricata Puerto Rico (EU670597)

£ % Rhodymenia corallina Chile (AY168657) Rhodymenia

ERﬁodymenia intricata South Korea (KU726710)

85 Rhodymenia stenoglossa Australia (KU726706)

Ceratodictyon repens South Africa (HQ400571)

Gastroclonium ovatum Ireland (KU726714)

76
‘73_1 _li Coelothrix irregularis Puerto Rico (EU670598)

Champia parvula Puerto Rico (EU086464)

Pyropia vietnamensis India (HQ687544) | Pyropia
DT
4 rbcL ML
Fig.4 The Maximum Likelihood (ML) tree built based on rbcL sequences
s ML NJ MP, 50
2.3.2 COI 6 COI 130bp (10.48%) 122bp (10.15%) 147bp (11.11%)
, COlI
GenBank |, 1 KY774853 3
KY774854 KY774855 KY774856 KY774857
KY774858, 18 (Dawson,1941; Saunders et al,
601bp, 245 195 1999) rbcL ( 4
50 R
rbcL s 6
R 6 , , 100,
: ( : 6
5), 5
90bp (8.78%)—97bp (9.14%), ; COlI (
Botryocladia  B. pseudodichotoma 5), 6

103bp (9.28%) 104bp (9.67%) 116bp (10.16%) )
Gastroclonium Rhodymenia leptophylla

100,

G. ovatum Rhodymenia intricata (Okamura) K. Okamura



84

49

Sparlingia pertusa Dalian (KY774853)
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97
97 9

99

Rhodymenia leptophylla Australia (HM033148)
Rhodymenia intricata South Korea (KU707844)

Rhodymenia pseudopalmata USA (HM033146)
10

o

s

m[ Rhodymenia prolificans Australia (HM033144)
100 Rhodymenia stenoglossa Australia (HM033152)

JfBotryocladia pseudodichotoma USA (KM254747)
99 Chrysymenia wrightii Japan (KU707857)
Coelothrix irregularis USA (HQ422624)
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0.05

5
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Fig.5 Maximum likelihood (ML) tree built based on COI sequences
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20 80
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> bl

(Chust et al, 2010),

(Nicholls et al, 2010),

, 38°53"  60°51',

; (3)
100 2013)
, 2001), )
200
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2015 ,
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rbcL COlI
) Sparlingia pertusa
(Postels et Ruprecht) G. W. Saunders, I. M. Strachan et
G. T. Kraft s

Sparlingia G. W. Saunders, I. W. Strachan et G. T. Kraft

,2008.
Ulvales)

Capsosiphonaceae(
,30(2): 169—174

, 2013,
,22(1): 8—16

s >

) , 2006.
: , (10): 307—310
, 2016.
: , 50—51
, 2007.
, (12): 6—8
, 2001.
, 20(2): 259—265
, 2009. —
, 28(3): 162—163
, 2013.
, 32(8): 2186—
2193
, 2005.
. , 22(3): 58—66
, 2003. (Myriactula)
,23(2): 137—140
R , 2005. (Erythropeltidaceae)5
, 25(6): 1—4
, 2000. ( )
, 38(4): 392—397
, 2003. ( )
. , 23(4): 396—398
, 2001.
, 24(1): 39—42
, ) , 2002.
. , 17(4): 272—278
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MORPHOLOGICAL AND MOLECULAR STUDY ON INVASIVE MARINE
RED ALGAE, SPARLINGIA PERTUSA

SONG Xue-Wen, LOU Yu, YIPeng, WANG Hong-Wei
(College of Life Sciences, Liaoning Normal University, Dalian 116081, China)

Abstract
Rhodymeniaceae was discovered recently as an invasive species in Heishijiao, Dalian, Liaoning during May 2015 to July

Sparlingia pertusa (Postels et Ruprecht) G. W. Saunders, I. M. Strachan et G. T. Kraft in the Family

2016. Detailed morphological structure observation, and the large subunit of ribulose-1, 5-bisphosphate carboxylase/
oxygenase (rbcL) gene and the partial cytochrome ¢ oxidase I (COI) gene sequences analysis were conducted. The thalli
was erect; mature thallus height was 0.2—0.8m; red or dark reddish brown; the hole with different sizes on the surface;
cortex consisting of 2—3 layers of small cells and medulla of 3—5 layers of large oblong cells. The rbcL gene shows no
sequence divergence among all our six samples of S. pertusa and sequence from Japan, except for only a 1 bp (0.98%)
divergence as intraspecific difference between our specimens and those from USA and Canada. In addition, the COI gene
shows no sequence divergence between our samples and Canadian ones. Both the species S. pertusa and the genus
Sparlingia G. W. Saunders, I. M. Strachan et G. T. Kraft are the first record in China. We infer that this species was brought
in with a ship ballast water like other marine economic species did, e.g., Crassostrea gigas and Pecten yessoesis.

Key words Sparlingia pertusa; morphological observations; biomolecular analysis

foreign species; red algae;
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