#J Jpn. J. Phycol. (Sorui) 61: 74-80, July 10, 2013

AAESY 2 CH

B/ IRIRIEBEICAEE 5 > A VOB S ARIE &
AR — v DL

PER—F - RUIRE—ER ' - fsFafh 2%

VRN RS - AEEEAIZERE (T 917-0003 FEFH /N 22 EHT 1-1)
PHRFREANT R - MEEEMEIREE (T 917-0003 fEH /w226 1-1)

Kazuo Niwa', Yu-ichiro Hayakawa' and Mitsunobu Kamiya®*: Comparison of genetic variation and distribution pattern among Cladophora
species growing different salinity regimes. Jpn. J. Phycol. (Sérui) 61: 74-80, July 10, 2013

Because there seems to be less geographic barrier in marine habitats than in freshwater environments, this difference is expected to affect the
dispersal range and the degree of gene flow and diversity in aquatic organisms. In order to verify this hypothesis, we analyzed intraspecific
genetic variations of three species of Cladophora collected from marine, brackish and freshwater habitats. In C. opaca, 13 ribotypes
(ribosomal haplotypes) and five heterozygous sequences were detected from marine and brackish regions: only one ribotype was widely
distributed from Hokkaido to the western part of Honshu, whereas all the other ribotypes were endemic to the local areas. In contrast,
nine ribotypes and six heterozygous sequences were found in C. albida collected from marine and brackish habitats, four of which were
distributed broadly. Because C. albida grows on various substrates including macroalgae and appears for a wider range of seasons than C.
opaca, this ecological property may have contributed to its long-distance dispersal and intrapopulational genetic exchange. C. glomerata
growing in brackish and freshwater environments indicated more diverse and complicated genetic structures than the above marine species:
a total of 15 ribotypes and seven heterozygous sequences were detected and many ribotypes showed a wide range of distribution regardless
of habitats. These ribotypes were phylogenetically divided into four clades: there were no heterozygous ribotypes in the two clades, whereas
all ribotypes were heterozygous in the other two clades. Because of no haploidic ribotype, the entities belonging to the latter two clades
may not perform meiosis and reproduce by apomixis. Despite of the close relationship, the genetic diversity and dispersal range obviously
differed among the three Cladophora species, and this may have resulted from the differentiation of ecological and reproductive properties.
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Table 1. Information about Cladophora species analyzed in this study.

Ribotype (number of specimens collected)

Collecting site Date salinity C. opaca C. albida C. glomerata
Miho Bay, Shimane 23 May 09 sea - 1(1) -
Nakaumi, Shimane 23 May 09 brackish 1(1) - -
Lake Shinji, Shimane 23 May 09 brackish - 1(4)
Takeno, Hyogo 8 May 12 sea 1(1), 1/5(1), -

9/10(1)
Yura, Sumoto, Hyogo 7 May 12 sea - 3(2) -
Tributary of the Kako Riv., Hyogo 6 May 2 fresh - 5/6(2)
Akaguri zaki, Ooi, Fukui 14 Apr. 12 sea 2(1), 5(1), 6(1), 2/5/8(1) -
Saburi Riv., Ooi, Fukui 1 Sep. 09 fresh - 3(5)
Unose, Obama, Fukui 31 Jul. 12 fresh - - 5/9(2)
Lake Hiruga, Mihama, Fukui Apr. 08 -Jan. 11 brackish 1(41) 1(12), 3(9), 4(33), 5(9), 6(6), -
1/6(9), 4/6(8), 4/5(11), 5/6(1)
Lake Kugushi, Mihama, Fukui Apr. 08 -Jan. 11 brackish 1(64) 1(4), 3(1), 6(1) 1(104), 2(1)
Lake Suigetsu, Wakasa, Fukui Apr. 08 -Jan. 11 brackish - 1(331), 2(3)
Lake Suga, Wkasa, Fukui Apr. 08 - Apr. 09 brackish 1(7), 2(3)
Lake Mikata, Wakasa, Fukui Apr. 08 - Apr. 09 brackish - - 1(29), 2(7), 3(3)
Shikimi, Wakasa, Fukui 14 Mar. 12 sea 1(2), 2(1), 5(1) 5(2) -
Yukimatsu, Echizen, Fukui 2 Jun. 12 fresh - - 6/9(1), 6/14(1)
Akasumi, Shika, Ishikawa 2 Jun. 12 sea 1(1), 1/8(1) -
Point1, Ganmon, Shika, Ishikawa 24 Mar. 12 fresh - - 5/9(2)
Point2, Ganmon, Shika, Ishikawa 24 Mar. 12 sea 3(1) 3(1) -
Fujinami, Noto, Ishikawa 20 Mar. 12 sea - 3(2)
Tsukumo Bay, Noto, Ishikawa 21 Mar. 12 sea 1(2) 3(1), 9(1)
Osyoro Fishing Port, Otaru, Hokkaido 16 Jul. 12 sea - 1(2)
Syukutsu Toyoi, Otaru, Hokkaido 16 Jul. 12 sea 1(1), 6(1) - -
Hamamasu Riv., Ishikari, Hokkaido 16 Jul. 12 fresh - 5/6(1)
Nobusya Riv., Mashike, Hokkaido 16 Jul. 12 fresh 5/6(1), 6/11(1)
Obirashibe Riv., Rumoi, Hokkaido 17 Jul. 12 fresh - 7(2)
Odaira Beach, Rumoi, Hokkaido 17 Jul. 12 brackish 1(2) -
Odaira Dam, Rumoi, Hokkaido 17 Jul. 12 fresh - 7(3)
Nosyappu Cape, Wakkanai, Hokkaido 17 Jul. 12 sea (1) -
Esashi Fishing Port, Esashi, Hokkaido 18 Jul. 12 brackish 1(2) -
6gounosawa Riv., Saroma, Hokkaido 19 Jul. 12 fresh - 5/6(1), 5/9(1)
Abashiri Fishing Port, Abashiri, Hokkaido 19 Jul. 12 sea 1(2) -
Point1, Lake Abashiri, Abashiri, Hokkaido 19 Jul. 12 fresh ~ brackish - 7(2)
Point2, Lake Abashiri, Abashiri, Hokkaido 19 Jul. 12 fresh - 7(1), 10/12(1)
Shibetsu Fishing Port, Shibetsu, Hokkaido 20 Jul. 12 sea 1(2) -
Akkeshi Mrine Station, Akkeshi, Hokkaido 21 Jul. 12 sea 1(2)
Chiyonoura Fishing port, Kushiro, Hokkaido 21 Jul. 12 sea 7(2) -
Lake Akan, Akan, Hokkaido 21 Jul. 12 fresh - - 7(1)
Minamisanriku, Miyagi 3 Mar. 12 brackish 3(2) -
Hinuma, Oarai, Ibaraki 5 Aug. 09 fresh ~ brackish - 1(7), 3(5)
Tone Riv., Ibaraki 18 Mar. 10 fresh ~ brackish 1(12)
Lake Suwa, Suwa, Nagano 11 Jun. 10 fresh 1(7)
Takao Riv., Hachioji, Tokyo 19 Aug. 12 fresh 6/11(1)
Enzan, Kosyu, Yamanashi 14 Aug. 12 fresh - 10/15/16(1)
Pointl, Kano Riv., Shizuoka 6 Apr. 12 brackish 3(3) -
Point2, Kano Riv., Shizuoka 6 Apr. 12 fresh - 5/9(1), 6/9(1)
Point3, Kano Riv., Shizuoka 6 Apr. 12 fresh 9/11(1)
Kawatsu Riv., Kawatsu, Shizuoka 10 Apr. 12 fresh - 7(1)
Shimoda MRC, Shimoda, Shizuoka 9 Apr. 12 fresh ~ brackish - 3(1),7(2), 1/7(1) 8(3)
Pointl, Aono Riv., Shizuoka 9 Apr. 12 brackish 4(2), 4/11(1), - -
4/13(1), 12(1)

Point2, Aono Riv., Shizuoka 9 Apr. 12 brackish - - 7(2)
Point3, Aono Riv., Shizuoka 9 Apr. 12 fresh 3(1) -
Omaezaki, Shizuoka 24 May 09 sea ~ brackish 4(1), 6(1)
Omaezaki, Shizuoka 16 Jun. 10 sea ~ brackish 3(1), 4(1) -
Lake Hamana, Shizuoka 22 Mar. 10 fresh - 3(1)
Ooyama, Okinawa 26 Mar. 09 fresh 4(1)
Manna Riv., Okinawa 30 Mar. 09 fresh 4(1)
Nago, Oklnawa 30 Mar. 09 fresh 4(1)

*The salinity at the collecting time: fresh < 0.4 psu; 0.4psu < brackish < 30 psu; 30 psu < sea.
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Fig. 1. Genetic diversity of Cladophora opaca based on the ribosomal ITS data. (a) The distribution of the 13 ribotypes. (b) NJ tree of the 13 ribotypes. The

bootstrap value (>50%) is given on each branch. The combinations of heterozygous ribotypes are connected by gray lines. (c) Network of the 13 ribotypes.

The size of each large circle is proportional to the number of specimens examined. Line indicates one mutation step between ribotypes, and small open circles

between lines indicate missing intermediate. The large number of substitutions is shown on the line.



AT VO BIBISERIE & Ao — 77

Brals /. {
[MI3l4]5]e] 3l & / ® type 4
g0
(2]/516]21508] \ ¢
pr— a7 o6
,..}H ) 0 yp
" [3]4]6] 82
8 b 57
“ IR — 100 type 3
0.002 type 9
— type7

Australia

©

T3

Miyagi, Shizuoka, Hyogo,
Ishikawa, Fukui

T4

Shizuoka

Shizuoka, Fukui

Fig. 2. Genetic diversity of Cladophora albida based on the ribosomal ITS data. (a) The distribution of the 9 ribotypes. (b) NJ tree of the 9 ribotypes and one
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same as Fig. 1.
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Fig. 3. Genetic diversity of Cladophora glomerata based on the ribosomal ITS data. (a) The distribution of the 15 ribotypes. (b) NJ tree of the 15 ribotypes and
three foreign ribotypes which were reported in Marks & Cummings (1996). (c) Network of the 15 ribotypes and the three foreign ribotypes from California,

USA (Ca) and the Netherlands (Ne). Other information is the same as Fig. 1.
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