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, ,47C DNA3uL 1.5%
R s PCR
] PCR 4
matK ITS , matK ITS : matk F:
R 5-AACATTTCCCTTTTTGGAGGA-3', matK R: 5'-
CAGAATCCGATAAATCAGTCCA-3' "% ITS F5: 5'-
GGAAGTAAAAGTCGTAACAA-3', ITS G4: 5'-CTT
1 TTCCTCCGCTTATTGATATG-3'"*) PCR
50 uL, : 10xPCR (200 mmol/L
11 Tris-HCI, pH 8.4; 200 mmol/L KCI; 100 mmol/L
4 (NH,),SO4; 15 mmol/L MgCl,) 5 upL, dNTP 200
, g [ pmol/L, 0.2 pmol/L, Taq  1.25 U(
] ), DNA 20 ng, 50 L matK
, , :94°C 3min, 94°C Imin, 57°C
, 2min, 72°C Imin, 40 ; 72°C
, 10min ITS :94°C 2min, 94°C
2 m Imin, 37°C 2min, 72°C 2min, 30 ;
[ Enhalus acoroides (L. f.) Royle 72°C 10min DNA
(Blyxa aubertii Rich)] GenBank( 1) 1.5% PCR
1.2 >
DNA 4 1.3 PCR DNA
, Ban!'”!  CTAB(Cetyltrimen- PCR 1%TAE ,
thylammonium bromide) , DNA
DNA, DNA 100 pL ( )
%1 #m. XS GenBank F3IS
Tab. 1 List of species, localities and GenBank accession numbers
GenBank (matK/ITS)
Species Locality Accession No.
Z. capricorni — Australia. Sydney AB096167 AY077996
Z. mucronata — Australia. WA, Perth AB096168 AY077993
Z. muelleri — Australia. Melbourne AB096169 AY078005
Z. novazelandica — New Zealand. Kaikoura Peninsula AB096173 AY 077994
Z. japonica Korea. Geoje Island
Z. noltii Germany. North Frisian Island AB096170 AY077992
H. tasmanica — Australia. WA, Perth AB096171 AY077989
Z. asiatica Japan. Hokkaido AB096161 EF198347
Z. caulescens Japan. Iwate AB096163 —
Z. caespitosa Korea. Geoje Island
Z. marina China. Qingdao
Z. pacifica — California. Santa Catalina EF198340 EF198348
Z. minima — — AJ581456 —
Phyllospadix torreyi Watson — — EF198333 AY077985
Phyllospadix iwatensis Makino China. Weihai
E. acoroides — AB002569 —
B. aubertii — — AY870359
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ABI 3700 , 67.65%, ITS A+T
, , 62.30%( 3)
PCR ITS 228 156 102
14 matK 249 138
DNAStar (DNASTAR, Inc) 122 , 153
, PAUP4.0 (62 ), 38 (28 ),
Modeltest 2.0 58 (29 ) )
MEGA 4.1 matK , matK 237 ,
15 15 (Amino acid sub-
DNA Arlequin ver 3.1 stitution)45 , 15
PAUP 4.0 s (NJ) matK
(MP) (ML) , (D
MrBayes 3.0 (Bayes) HKY+G HKY 15
2 ( 4,
0.5872—0.6141 ,
2.1 0.3155—0.3514,
4 PCR matK 0.1265—0.1599,
ITS , 0.2909—0.3551 ,
, matK 715 bp, ITS ,
( 5.8S rDNA) 424—438 2.2
bp matK ITS (NJ) (MP)
GenBank ( 1) 15 (ML) (Bayes)
matK 249 , ITS ( 2) 15 4 R
236 ( 2 ) >
15 ©) , ,
, matK C
14.32% 15 matK C matK ITS ,
(<9.70%, P. torreyi C Z. capricorni  Z. mucronata Z. muelleri  Z. novaze-
21.80%) A+T G+C , landica
%2 RBFIREZ SR Modeltest #3652 AR
Tab. 2 Sequence variability and nucleotide substitution model estimates for Modeltest analyses
. . . ! Gamma
Gene lszgt“;‘(l}:;) P ammonzig"ma“"n Variable sites  Singleton sites Indels Best fit mode] | GAMma value
matK 715 56 249 193 0 HKY Equal rates
ITS 424—438 187 228 49 82 HKY+G 1.988
£ 3 ZHEER matk #1 1TS FEWERES % 3
Tab.3 Nucleotide frequencies of ITS and matK gene sequences (%)
T A G A+T matK  ITS 4
Gene
matK 14.26 40.73 32.72 12.30 73.00 ? (C)
ITS 17.36 34.46 27.84 20.34 62.30 (<l7'36%)’ matk C
(14.32%) A+T C+G
Average 15.81 37.60 30.28 16.32 67.65 ’ ALT IS
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Tab. 4 Genetic distances of gene fragment of matK (below diagonal) and ITS (above diagonal) among fifteen Zosteraceae species

H. tasmanica P. iwatensis P. torreyi Z. asiatica Z. caespitosa Z. capricorni Z. caulescens
H. tasmanica 0.5872 0.6141 0.3155 0.3342 0.1265 —
P. iwatensis 0.045 0.1228 0.6168 0.6595 0.6309 —
P. torreyi 0.396 0.3506 0.6732 0.6874 0.622 —
Z. asiatica 0.0527 0.0746 0.4217 0.022 0.2909 —
Z. caespitosa 0.0576 0.0781 0.4136 0.0085 0.3094 —
Z. capricorni 0.0127 0.045 0.3928 0.0526 0.0574 —
Z. caulescens 0.062 0.0827 0.4237 0.0113 0.0084 0.0588
Z. japonica 0.017 0.0465 0.3926 0.0572 0.0619 0.0042 0.0634
Z. marina 0.0591 0.078 0.4164 0.0113 0.0056 0.0605 0.0084
Z. minima 0.0622 0.0828 0.4165 0.0127 0.007 0.062 0.0127
Z. mucronata 0.0156 0.0465 0.3949 0.0557 0.0604 0.0028 0.0619
Z. muelleri 0.0127 0.045 0.3928 0.0526 0.0574 0 0.0588
Z. noltii 0.0156 0.045 0.3929 0.0556 0.0604 0.0028 0.0619
Z. novazelandica 0.0127 0.045 0.3928 0.0526 0.0574 0 0.0588
Z. pacifica 0.0576 0.0782 0.4139 0.0085 0.0028 0.0574 0.0085
Z.japonica  Z.marina Z. minima Z. mucronata Z. muelleri Z. noltii Z.novazelandica  Z. pacifica
H. tasmanica 0.1599 0.3459 — 0.1298 0.1265 0.1515 0.1265 0.3514
P. iwatensis 0.6786 0.6575 — 0.6381 0.6309 0.6404 0.6309 0.648
P. torreyi 0.6694 0.6826 — 0.6291 0.622 0.6316 0.622 0.6919
Z. asiatica 0.3189 0.0277 — 0.2954 0.2909 0.3138 0.2909 0.0248
Z. caespitosa 0.338 0.0109 — 0.3141 0.3094 0.333 0.3094 0.0081
Z. capricorni 0.0486 0.3204 — 0.0027 0 0.0451 0 0.326
Z. caulescens — — — — — — — —
Z. japonica 0.3495 — 0.0515 0.0486 0.0248 0.0486 0.3551
Z. marina 0.0651 — 0.3252 0.3204 0.3444 0.3204 0.0027
Z. minima 0.0666 0.007 — — — — —
Z. mucronata 0.007 0.0636 0.065 0.0027 0.048 0.0027 0.3308
Z. muelleri 0.0042 0.0605 0.062 0.0028 0.0451 0 0.326
Z. noltii 0.0042 0.0635 0.065 0.0056 0.0028 0.0451 0.3502
Z. novazelandica 0.0042 0.0605 0.062 0.0028 0 0.0028 0.326
Z. pacifica 0.062 0.0056 0.007 0.0605 0.0574 0.0604 0.0574
5 > >
[19] [19] : 29 .32
s ITS , ;
R 228 38 5 14 28
, , , 15
s 45 s 15 matK
(200 matk 15
matK 249 G421, ,
, 138 , 122

95 62 Setchell®!  Zostera tasmanica
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H. tasmanica LIPYPIMLE] LUQILQSVIQ DUPALMLLEF YIVEVHNUNT FITRKXSIYN FSKENJRFLR LLYMSYLSEY ELUFCF IRKH 80
P. iwatensis 1 ¥ 80
F. torreyi 80
Z. asiatica 80
Z. caespitosa 80
Z. capricorni 80
Z. caulescens 80
Z. japonica 80
7. marina 80
Z. minima 80
Z. mucronata 80
Z. muelleri 80
Z. noltii 80
Z. novazelandica 80
Z. pacifica 80
H. tasmanica SSYLLSTSFC DFIDRTHFYVU KMEHLAVUFC NYFHKNLOLL KOPFMAYURY QCKSIMASKG THL IMKKVKY HLUFFWCHF 160
P. iwalensis sssssssss E sscscescns ssnes Wesss sss Qecsses ssssssssss ssssssssss sssssssass sss Vessnss 160
P_(orreyf sem eesl cscscesses eaWeses sollencses soass 160
7 asiatica Fecosanes esenee Beoo oTaVarones o n.Q 160
Z. caespitosa Fassasnns snnnns Reoo IMV.cuaae & n.Q 160
7 CAPFICOFAl ~ ssssssssss sassnnsnss snsssssnns aad L] 160
7. caulescens ' PRI B D ".Q.. 160
Z. japonica Tesseseres sessesesss sesseseaen oed q 160
Z. marina T T T o O 160
Z. minima . . H.Q.. 160
Z. mucronata 0 160
7. muelleri Q 160
Z. noltii Q 160
Z novazelandioct essssssses sssssssses ssssssssss sss q 160
Z_pacfﬁca .............. Beer oleVasnnes n.Q 160
H tasmanica  NFWSQPYRIN [TQLANCSFF FLOYFLSULYT MPLIUSSKIL ESCFLIDTUI KXLOTIUPIE PIIRSLSKAK FCHISGY 237
P iwatensis Veeosasass snasBaMea? cavalonans sealoicenne BVusanaaal MoV snnsasnnes sealess }23'}1
P. torreyi Vesosonann woasSuMa¥ cuvilonane snelucnnee B¥icnnaneal dMeVinine sncnnnnens sedlaae [237]
2. oasiatica Y. - o solBalaMice socosallene sl lacee FoadllMloe ousd Vissss ssssssssss sssssss 237
7. caespitosa Vesssasass soslillillics sosassliss ssaloscsss Vasslllles oasd Uisess sssssssses sssssss 237
Z cgpfjcorﬁj Pessssssss as PosdMace sessseseses essscscses s0sssssess sssssnssss ssssassases seseses 237
Z. caulescens v. eoRaWiMocs sevonaMics coalancans VaudlMlae oo Wisass ssssssssss sassses 237
Z. japonica Seccscanans WiPuoaMea¥ cucnnnnene csencncncs soanancnss sssscnsnss ssase ssses ssssnes 237
7. maring Vessssss e wsRWWVLNL. sessMene enalennnes VoadlMlas ousd Visses ssnsasass s sasasas 237
Z.ominima Y. - s sslRaWaMeas saalMeclMess sseVacsses sToaslMlas oassd Visosos sssssssses sesenes 237
Z. mucronata Verooanann o0 Pl i iiiiiiias cddiiiises ssseiesaes sssssesses sas L... }2371
Z muelleri Yeeaaaaaa o Pl coccicians cadccccscs seccescccs sascccsscs emccscssss sssseas 237
Z. noltii L ETT T MWPee e caicicinen cacecncnes sucsccnces cucsccnane sescscnces sasacne 237
Z novazelandica ¥eeeeavees .. S 237
Z. pacifica p.. snse ssRJU.M.. AP | PR FTTTTTUNN PO | | PRFI A, ses sessses 237
1 15 matK
Fig. 1 Amino acid sequences alignment of matK gene for fifteen Zosteraceae species
, Heterozostera al.” Taylor!'?!
den Hartog"®  Kuo!?" Tomlinson  Posluszny!"*!
(genus Nanozostera),
Kuo! Heterozostera( 1 ) Nanozostera(8
, Zostera(4 ) Phyllospadix(5 )4
Sauvageau, et al. , matK ITS
[4, 8, 11,25—27] matK
, ITS
, (
Tomlison'" , matK 2 )
[13]
1995  Soros-Pottruff  Posluszny'* . 31,
Yip[24]
, Tomlison!"! ,
Z. muelleri Les, et al.l rbcL
Soros-Pottruff, et al.”*! Les, et ,
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Fig. 2 Phylogenetic trees of fifteen Zosteraceae species based on
neighbor joining analyses, maximum parsimony analyses, maxi-
mum likelihood and Bayes analyses

;o matK; TS
Numbers on the trees represent the values of supporting values and
posterior probability value; above: matK; below: ITS
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PHYLOGENETIC RELATIONSHIPS IN ZOSTERACEAE BASED ON MATK AND ITS
NUCLEOTIDE SEQUENCES

LI Yuan', LI Wen-Tao', SUN Dian-Rong” and GAO Tian-Xiang'

(1. Fisheries College of Ocean University of China, Qingdao 266003, China; 2. South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract: Seagrasses are composed of four families belonging to angiosperms and they are thought to become adaptive to
aquatic life independently. The marine monocotyledonous Zosteraceae are one such family, which place in the order of Helo-
biae using traditional classifications and are typically circumscribed to comprise three genera (Heterozostera, Phyllospadix
and Zostera) with approximately 18 species. Since Zosteraceae had been reported, the studies about the family were mainly
focused on their morphological characters, physiological and biochemical characters and their flora. But the phylogenetic re-
lationship between taxa of Zosteraceae was still hard to guarantee in terms of similar morphological characteristics. With se-
quencing by PCR amplification, we reconstructed the phylogenetic relationship of Zosteraceae based on fragments of the
chloroplast (matK) and the nuclear ribosome (ITS) regions, which were successfully suitable for phylogenetic relationship
analysis. Four species were collected from China and Korea, and eleven species were obtained from GenBank. The nucleotide
composition analysis indicated a strong bias against cytimidine (C) in both fragments. 228 nucleotide substitutions were found
in ITS gene, showing the high genetic polymorphism. 249 nucleotide substitutions were checked in matK gene, and most of
them were synonymous transitions at the third codon positions. The Zosteraceae species had a certain degree of differentiation
at the amino acid level. Based on partial sequences of matK and ITS gene, phylogenetic trees were constructed by neighbor
joining, maximum parsimony, maximum likelihood and bayesian inference methods and the four methods produced trees with
largely congruent topology. These phylogenetic trees showed four separate lineages: (1) subgenus Zostera, (2) Heterozostera,
(3) subgenus Zosterella and (4) Phyllospadix. The pairwise percentage divergence values in the samples of subgenus Zostera
and subgenus Zosterella were from 29.09% to 35.51% and were much higher than the standard values (9.60% to 28.80%)
among genera of most angiosperm. The results suggested genetic differentiation of these two subgenus had reached the level
of generic variation. Our results lend support to the classification by Tomlinson and Posluszny, who recommended taxonomic
delimition of Zosteraceae as four genera: Heterozostera (one sp.), Nanozostera (eight spp.), Phyllospadix (five spp.) and Zos-
tera (four spp.). The molecular evidence suggested that Phyllospadix was the most divergent taxon, while Heterozostera and
Nanozostera were the most closely related taxa. The phylogenetic relationship was more complex, so, further molecular and
morphological investigations were needed to classify the phylogentic relationships of Zosteraceae.

Key words: Internal transcribed spacer; matK; Zosteraceae; Phylogenetic relationships



