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Fig.1 The sample collection sites in the Bohai Sea and the Yellow Sea
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1.2 rbcL. COI ,
( ,
, 2007), 2015 12 2017 6 (LNU)
2 25cmx25cm ( 2b),
( 2a), , ,
, 65°C 24 ,
, (Olympus BH2)
, Nikon HFX- A , RIT (Hasegawa
, et al, 1955), RIT /
2
Fig.2 The wild habitat and setting of the quadrat (25x25cm) for D. simplex sampling
Coa ( ); b: (25%x25cm)
1.3 DNA PCR 1 , rbcL
DNA col PCR ( ,
DNA, DNA PCR 2016),
( ,2016),
F1 rbcL 5 COLEREFHNTEETESI
Tab.1 Primers used for amplifying rbcL sequences and COI sequences
rbcL F57 5'— ATGCTAAAATGGGTTACTGGGA —3’
R958 5'— CCAATAGTACCACCACCAAAT —3'
F747 5'— CACGGTATGAATTTCCGTGTAATT —3'
R1381 5'— ATCTTTCCATAGATCTAAAGC —3'
COI GazF1 5'— TCAACAAATCATAAAGATATTGG —3’
DumR1 5'— AAAAAYCARAATAAATGTTGA —3'
1.4 rbcL COI Maximum likelihood
3 (ML) Neighbor joining (NJ)
30  rbcL 30 COlI GenBank Maximum parsimony (MP) ,
3 rbcL.  COI ( 2), MEGA®6.0
Dumontia , Number of
contorta, Grateloupia differences
Grateloupia turuturu

Clustalx(1.83)

Kimura 2-Parameter, Bootstrap

1000
( ,2016)



832

49

&2 rbcL. COIERFIINMAMHM, REMSREAEZTRSIIR

Tab.2 List of species for rbcL and COI gene sequence analysis with the sample location and the accession numbers of GenBank

rbcL COlI
Dumontia simplex Cotton (LNU2016122925) MG195956 MG200060
D. simplex Cotton (LNU2017012708) MG195957 MG200061
D. simplex Cotton (LNU2017021102) MG195958 MG200062
D. simplex Cotton (LNU2017032711) MG195959 MG200063
D. simplex Cotton (LNU2017032113) MG195960 MG200064
D. simplex Cotton (LNU2017042601) MG195961 MG200065
D. simplex Cotton (LNU2017042602) MG195962 MG200066
D. simplex Cotton (LNU2017052603) MG195963 MG200067
D. simplex Cotton (LNU2017052609) MG195964 MG200068
D. simplex Cotton (LNU2017060925) MG195965 MG200069
D. simplex Cotton JN403063 AY971153
D. contorta JN403062 AY971160
Grateloupia turuturu s AY 100004 KJ648543
2 , 10—13cm 2,
15—17cm; 2 , ,
2.1
10 lem( 3a) 3 , 2—3cem(
3b), 3 , 7—8em(  3c), 3
’ ’ ’ 11—14cm( 3d) 4
’ 16—19cm(  3e), 32cm(  3f)
5—6 ,
8 (3
2
®3 FTRREMSHBRRFRDS BFIRIMNBRSH
P
Tab.3 The external morphology of D. simplex of different |
collection ) V
(cm) (cm) a b c
4—12 0.4—1.3
3—13 0.3—1.6 |
5—14 0.6—1.7
6—17 0.7—1.6
4—15 0.5—1.2 —
d e f 3cm
3—10 0.5—2
7—26 1—2
3
8§—32 1—2.5 . T , L
Fig.3 Morphology of individual D. simplex in different months
6—13 0.2—0.8 ca: 2 ;b—d: 3 ;erd
5—19 0.4—1.6 ; I
.22
s 0.8—1.5cm, 5
1.5—2.5cm 12 , 85—160pm 4—8 2—3
, lem, 12 , , R ,
1—2cm, 12 , 5—6cm 1 4—6
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4.384g/m’( 4), 10%(  5), RIT 8%( 6) 1
, 54%, RIT 47% 2
4.729  4.583g/m’, 5—6 , , 72%, RIT
, 17—11 68% 3 R
81%, R/IT 82% 4 R
88%, RIT
, 82% 5 ,
12 , 95%, RIT 89% 6
, RIT 100%
x4 BERFREVENTNH
Tab.4 Variation in the biomass of D. simplex
(g/m*)
12 0.507 0.342 0.451 0.471 0.512 0.473 0.536 0.672 0.599 0.495 0.519
1 1.264 1.112 1.032 1.243 1.301 1.052 1.341 1.571 1.490 1.221 1.273
2 2.615 1.867 1.991 1.853 2.207 2.035 2.302 2.482 2.448 2.142 2.323
3 4.415 3.789 3.943 3.864 4.152 4.135 4312 4.613 4.536 4.152 4.231
4 4.384 4.143 4.213 4.121 4.423 4.124 4.464 4.729 4.583 4.515 4.525
5 3.163 2.898 2.843 2.953 3.241 3.152 3.342 3.554 3.462 3.212 3.152
6 1.532 1.342 1.312 1.218 1.612 1.563 1.521 1.833 1.697 1.621 1.601
x5 BERFERBAMNMKRILEIEL
Tab.5 Variation in the mature individual proportion of D. simplex
(%)
(%)
12 10 8 9 7 11 9 10 15 14 9 8
1 54 51 50 52 55 51 50 60 56 58 57
2 72 72 71 69 74 73 72 76 74 71 70
3 81 79 81 80 80 78 81 85 84 82 80
4 88 87 85 86 88 87 84 92 92 90 89
5 95 94 92 93 96 95 94 97 96 96 97
6 100 100 100 100 100 100 100 100 100 100 100
F6 BERMERTHERHENTK
Tab.6  Variation in the R/T ratio of D. simplex
RT RIT (%)
(%)
12 8 6 8 4 9 7 8 14 13 8 7
1 47 45 45 47 48 46 43 50 49 49 49
2 68 68 68 65 69 67 68 73 72 67 64
3 82 80 80 81 81 80 83 84 83 83 81
4 82 81 82 81 83 81 80 84 83 83 82
5 89 90 88 89 88 89 89 90 90 87 89
6 100 100 100 100 100 100 100 100 100 100 100
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2.4 2.5 rbcL COI
2.5.1 rbcL 30
, (<0—5°C) rbcL , ,
(5—10°C) (10— 20°C) 1 rbcL GenBank
(20—30°C) (25—30°C ) , : MG195956 MG195957
, MG195958 MG195959 MG195960 MG195961
12 6 R MG195962 MG195963 MG195964 MG195965
, 13, 1220bp ML
, 12 6 NJ MP rbcL ,
12 1, s
10.5°C 6.3°C, ML
, 2—4 5 , 30
4.6°C 8.1°C, ,
B 5_6 s )
10.6°C 15.3°C, , Dumontia contorta (Gmelin) Ruprecht
7—11 , 90bp (8.34%)
4.6—10.6°C, Grateloupia G turuturu
174bp (11.67%)
Dumontia simplex Qingdao Lu Hsun Park (MG195956)
Dumontia simplex Rongcheng Chu Island (MG195957)
Dumontia simplex Yantai Yangma Island (MG195958)
Dumontia simplex Qin huangdao Laolongtou (MG195959)
Dumontia simplex Xingcheng Chrysanthemum Island (MG195960)
% Dumontia simplex Dalian Huang jinshan (MG195961)
100| Dumontia simplex Dalian Hei shijiao (MG195962)
Dumontia simplex Dalian Fu jiazhuang (MG195963)
Dumontia simplex Dalian Jin shitan (MG195964)
Dumontia simplex Dalian Zhangzi Island (MG195965)
Dumontia simplex USA (JN403063)
Dumontia contorta Canada (JN403062)
Grateloupia turuturu USA (AY100004)
s s—
0.02
5 rbcL ML
Fig.5 The Maximum likelihood (ML) tree was based on rbcL sequences
ML NJ MP, 50%
2.5.2 COI 30 R ML
COI , R
1 COI GenBank 6 s 30 ,

, : MG200060 MG200061 ,
MG200062 MG200063 MG200064 MG200065 2bp (1.30%), ,
MG200066 MG200067 MG200068 MG200069, Dumontia contorta 75bp

13 663bp ML (6.88%) Grateloupia
NJ MP COl R G. turuturu 117bp (8.12%)
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Dumontia simplex Qingdao Lu Hsun Park (MG200060)
Dumontia simplex Rongcheng Chu Island (MG200061)
Dumontia simplex Yantai Yangma Island (MG200062)
Dumontia simplex Qin huangdao Laolongtou (MG200063)
Dumontia simplex Xingcheng Chrysanthemum Island (MG200064)
Dumontia simplex Dalian Huang jinshan (MG200065)
Dumontia simplex Dalian Hei shijiao (MG200066)
Dumontia simplex Dalian Fu jiazhuang (MG200067)
Dumontia simplex Dalian Jin shitan (MG200068)
Dumontia simplex Dalian Zhangzi Island (MG200069)
Dumontia simplex USA (AY971153)
Dumontia contorta Canada (AY971160)
Grateloupia turuturu Korea (KJ648543)
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Fig.6 The maximum likelihood (ML) tree based on the COI sequences
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GROWTH STATUS AND MOLECULAR SYSTEMATICS OF
DUMONTIA SIMPLEX

WANG Yong-Yu, WANG Hao-Lin, LI Jia-Jun, WANG Hong-Wei
(College of Life Sciences, Liaoning Normal University, Dalian 116081, China)

Abstract Dumontia simplex Cotton populations were sampled at 10 sites in the coast of the Yellow Sea and Bohai Sea
in Shandong, Hebei, and Liaoning provinces, and their morphological structure, biomass variation, mature individual
proportion, and temperature property, as well as the large subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase
(rbcL) gene, and the partial cytochrome coxidase I (COI) gene sequences were analyzed. The results indicated that: (1)
thallus of the 10 sites were erect and flattened or in heliciform, gelatinous in texture, red or purplish red, but the length and
width of thallus in Heishijiao and Fujiazhuang sites in Dalian were significantly greater than the other samples. (2) Thallus
were composed of cortex and medulla, the cortex had 4—8 layers, and the medulla was consisted of many loosened
rhizoidal filaments. Cystocarps distributed and embedded throughout the whole thallus. The newly developed cystocarp
was smaller and light-colored. With thallus growth, cystocarps gradually enlarged and became darker in color. The mature
tetrasporangia were formed from the inner cortex cells, and cruciately divided. (3) The average maximum biomass was
4.384g/m’ appeared in April. From December to June, the proportion of mature individuals increased gradually, reaching
100% in June, and all of thallus were tetrasporophytes. (4) D. simplex belonged to annual algae. The growth period was
from December to June. The temperature property of D. simplex is subfrigid. (5) According to the phylogenetic tree
constructed by rbcL gene sequences and COI gene sequences, there were no sequence divergence among the 10 sites in this
research. The 10 samples and that from USA clustered in a single monophyletic subclade; they were all identified as D.
simplex.

Key words Dumontia simplex; morphological structure; biomass; temperature property; molecular systematics



