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ETF marK rbcL F01 ITS FHIH S M KMBERELXEHRAR

2 W', EE, FE, kWER, T &', BRH

> 1
5"!3 7% ’
(1. P EREVERFK =508, ILR B S 266003 ;
2. EK R B rE KRR T, AR TN 510300)

WE: A PCREFENFE, AREEALZ BA FHEMPEN AR ZATE AEAT
B AR 2T AR ST 3% B GenBank # 8y 58 #F A o 3 5 B A v vE SRR 8y matK rbel An A2 R 1TS
9 H 2 FI AT, BT T S AT & 3 ANE i B HF BT 5, 4 R R I R
(CO)E3INEH B ENAERRMK, ITS FRERME 172 AR FREH, KA F Wk
LA, maK R B LA 52 A MHFBREY, rbcL R B LA 20 A HBASR, HAH
ABERETE L THEAXEHR, HEALERAFLEFET -2, £TITS,
matK fu rbcL 3 A~ B 8y Jr B, R 4P 8% oK B ik R R USSR A U ik R S R
FWEREA B AR N3 AL, BAHEG KT ERER3 HATRORHFRZNZ7
R 19.33% , 20T %A L £ 2| T B AKF. 2T matK A0 rbcL 2£H Fr Bk 8 7 71 8 247
EREW ARG A ER RN MR BIELHH#(2~2.TBFEM), FERTAT RN S
fort Bl L (4~5.3 BHF), 5HERTEN QLR EAHFH(27~36 BHEH), 54
JRARKT T 3 0 A (i B AE 4R 3Tt (33 ~44 B 7)o 4 MR AW ITS f & 77 T4
HE,ERFKARTRITS RKINEFRRE EHEE S TAHL, EAEA T AT ET B HEAE
WATRREN, ZHRL—FERATSHAHTERNRAKTRAR, A48 EAELN L

FRAXTAARBERSH,

KR AHHRE; THEE; marK; rbcL; ITS; RERH K &

FESES: Q949; S917

TE R RN FAAHT 17 X, ¥ K ( seagrass bed,
T HEAE AL o 5 RO A T8 R R 1 i
PR MR IR ) 55 2040 ARFN S 31 e — A, 2 =K it
R AESRGEZ —, BAE KB % fe
M. KUO % AR ettt g dAs 4 B 12 8
60 ZF, K [Hiz 4 M kAl sk iR 4 R 10
J& 20 F'° kM3 B} ( Zosteraceae ) , < 3 B
( Posidoniaceae ) , ¥ i B £} ( Cymodoceaceae ) , 7K
# P} (Hydrocharitaceae ) , [E P X i3 FH 3 1% K
-3 JE ( Zostera) FIUFE 3 J& ( Phyllospadix ) 2 4~
J& , KM B A 5 K M35 I J& ( subgenus Zostera)
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caespitosa) F.ZE KM 3 (Z. caulescens) | T MK
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SCHERFRIRAS : A
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B Jm B AE SRR AT IE ¥ ( Phyllospadix japonicus)
LLAMRAMEBE (P, iwatensis) . VL 7 AFh 35
PARTEILZR b LTI, TR RSeS|
WER I B B EE R
TR B E B TAEY) Y A SRR
DRI R LA i AT T RS AR
RS, B 47 1 R G0 1 R J, M 4R AR 11
matK . rbcL KL Jr BEFIZHEIR ITS | B &/ Eh
FRELEWIE ™ HAR WA E AR AL
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ARG W N ITS imarK F1 rbeL i BAER 53 F 45
10, AT ECRR 5 R I A I S (R RIAZ AR A2 DR 2
ANFVRBEE RS AL AR BE , FFEARIT 5 Bl -5 1]
ISR R IR, TR FU AR (R R 24
SN A B LA R AR 2257, LAY
WK BERHN > T R T TR IS %

L MRS

1.1 SEie#ray
RAET 2 /R 22 AR B ) B R T 2008

AEREIC AR ORA AT (], SR A T [l B il 2% 30
LT 2000 AEREE TR ORAET 0], SRAE T HASAR 5L
BRI 38 /IS HE A 8% 2000 R4 {HE, SRAE
E 5 A JHGTRTEN 2 FOREE (SR 1) R
ChERR) S 8 & MO Ew F R JEAT
FIRYEE . MR IE TR K Bk R it it i
NATRERE A0 B9 OV TPy ] S 6 =8 o L B R
SRR IR T K BT I S S ], SRR
ﬁﬁ%ﬁ%ﬁﬂdﬁﬁﬁ*ﬁ% T PRI RS 207 2 m LA

Fo TEMRM- RSN B ( Enhalus acoroides)
i) matK .rbcL F1 ITS J§ %12 B8 GenBank H [7] V5 /7
%1 ( AB125360/ AB125352/EF198347 ) 1 ( AB002569/
UB0697/ AY870347 ) AT L X o

x1 HRREMARERIY

Tab.1 List of species,localities and number

Fhk species
S o NG ER FARIL
e j(”l”@f% . i A
location i Jent g - LiSiiZra
Z. marina
Z. caespitosa Z. japonica P. iwatensis
IRZTORIREE 2
A A A5 2
I E TS 2 5 5
] 2
JRCEFAELE 2 5
JEEE KA 2
a 5

1.2 ZIWH*

AR DNA IR U4 BRI S 5
BriE A sk T A, 2 18 BAN™Y [y CTAB
( Cetyltrimenthylammonium bromide ) 3% Jf- il A 2k
Rk 5L [F 2 DNA, ¥ S BEDTIE Ja 1y 2 R 41
DNA ¥ 100 uL 2848 K, 4 CIRA7 4% .
HUGREUY) DNA 3 pL FH 1. 5% 3 I8 e e v vk
R, LA#s Z J5 i PCR 474

ABEA B PCR &3 4t HITY 4

FIRMBERY marK rbcL F1 ITS F B 5 14953 50 4 -
matK F.5'-AACATTTCCCTTTTTGGAGGA-3' ,marK
R: 5'-CAGAATCCGATAAATCAGTCCA-3"*""; rbc
LF. 5'-ATGTCACACCAAACAGAG-ACTAAAGC-
3', rbcLR; 5'-GCAGCAGCTAGTT-CCGGGCTCCA-
3""MLITS F5:5-GGAAGTAA-AAGTCGTAACAA-
3’; ITS G4: 5'-CTTTTCCT-CCGCTTATTG-
ATATG-3'"*', PCR N AR B4R, 50 pL, I
.10 x PCR % i (200 mmol/L Tris-HCI, pH
8.4;200 mmol/L KCI;100 mmol/L (NH, ), SO, ;
15 mmol/L MgCl,)5 pL,dNTP 200 pmol/L,5|%)
£0.2 umol/L, Taq i 1. 25 U( KEFEY A
A]) B DNA 20 ng, 7K 2 50 wl, DLE
1 B3 ¢ X B DL HE B DNA 5 32 1 1 .
1. 5% Byt e AR I L VK RS PCR 4 184 77 40, B I
BRI,
1.3 PCR =4[El K% DNA F5iUE

PCR j=¥)%: 1% TAE 3ifs ML IK , 7= 1)
HLUK G T2 AMET T U0 H 19 45417, 11 DNA B[]
W S AT P Ak D, DU A3 BT AR 55
ABI A7) 3700 B 4x 3 3 F¢ 5] 73 A, AR IE
JIFIN P 50 A TEERR P, B A A B A T L ), T
¥ Rk 5 PCR SO —Z0 514
1.4 FIEHESH

JH DNAStar 4% A7 5036 755 U e i
Foxt, I 4 LN TR IE. ] PAUP 4. 0% il
Modeltest 2. 0" 16 3 A H 14 F BOZH W e 5 e
R, I HE T I HE R e 7R ] MEGA 4.1 4%
PR RSB marK F rbeL (R TRIF 51
T R IR A TR o A3 B A A
PRILRASR B B BRSO 3 Al AL iR
29,5 MR 3 DNA 2 28504 F4 4 Arlequin ver
3.1 AT, (4 PAUP 4. 0 504, i FAAR 2%
(NI KT 29 8 (MP)™ i K B 4R 1%
(ML) ™ #y R G & B W 32 F MrBayes 3.0 #f44
#HOL7 (Bayes) ™ RELEW.

2 4k

2.1 FIERRZGEFRAKS T

4 FRRMEERE i 220 PCR 4714 J5 245 21 1 il
Y marK rbcL A1 ITS 3 4~ H i) F B, Hodp g ot
B matK rbeL F1 ITS 7412 1 GenBank (1[5
TEFH X PTAS e A0 A T Heor HoAf LN RS OE , 15
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W% LT marK rbeL Rl ITS FE3RY 5 kM 8 R 5% B 5% 185

FN[ElIE A B8 530k marK (763 bp) (rbeL(1 324
bp) A1 ITS (436 ~455 bp) (A5 5.8 S rDNA) (&
2) o 5 FRMHEAE ITS FrBe EAHE) 166 22807
R TE marK B BRI E] 51 A 2354 L A
rbcL i Be AR 20 22807 8.

3B R BOAZ BRI A4 KRR <5 F
KB 3 A H 1y 7 Be g (C) 1) & = 3%

T 17.62% , b AR )& marK FBE(13.24% ) .
C & AE marK M1 rbcL 3K F JF it 5 R 1) 5 = %%
A b AR ( <12.19%) , b 5
PRI BETE marK 7 Be bR B 1 B C i
(<9.8%) (1), A+THEERMERT G+C
B2 i, Bl rocL /i BeH ol 58.08% , A + T
Yy 65.54% (3)

%2 FIREZESE Modeltest #1515 2 g5

Tab.2 Sequence variability and nucleotide substitution model estimates for Modeltest analyses

(CISNHESIA

Wt iR

M B (bp) . EEGE AL A/BK L o Gamma ff
parsimony i . . . . B
gene sequence length L variable sites singleton sites gapped sites Gamma value
information sites best model
matK 763 5 51 46 0 HKY Equal rates
rbcL 1 324 2 20 18 0 HKY Equal rates
ITS 436 ~455 9 166 156 53 HKY Equal rates
KH-EE W MARHEE O B3 O JEm X3 W 2L 50R IR B
matK all matK 3rd
< < 60
2 =)
R KR
s fart
T C A G C A G
B BRI nucleotide base HERIRFE nucleotide base

rbcL all
0

Bt/ %

HrH /%

C
A RBIZE nucleotide base

% ERBRZE nucleotide base

E1 5#XHE3NEMAREERAK

all. AN Bes 3 rd. S H B AR =3 0 500

Fig.1 Nucleotide compositions of three partial fragments of five Zosteraceae species

all. means the partial fragment,3rd. means the third codon of the gene.

2.2 BESUSF

ITS FBtrp, 12 BRAS] i X ) A i A s — A
BT 5 BRANVE KM S — AN BT 5 BRIR K
g e S — S BLAE AR 10 BR S [] 3t DX £ 250 AR
TR Bt 3 S — A A AR 5 R I A
166 ML A0 (9 M B R AALE 156 4

B (Z E A, 172 DR R 2 AT (nucleotide

substitution ) §1 - Fi 88 /N (transition ) (84 |~ Hii
i (transversion ) , matK JE B b 12 B AR
FUBRIMEEE SCT 3 D EAERL S BRAAE R i3t
AR5 BRI L A B,
10 BRAS[R] Hhy o5 A 2L 200 AR AR IR e e o — > LA A
5 FpOR LA 3] 51 22307 53 (5 AME B2
FL A6 A —fF B 52 MR P
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B34 AN 18 S, rbeL BEIN A B B 12 BR
AR H R R R I AN PR T, 5 R A R
BRI 35 73 3l A6 52— FLAR R 10 B AS [
RNELRRAFIE S — S PR L, 5 Fif R - g
SERRINE 20 AZBALR(2 ME B LA 18 4
PA—FEALR) 20 DEHFREUR S 14 415
e 6 A, BT HKY $ER 742 5 Rl

x3 EEE marK rbcL F1ITS 5 R E S MIAE
Tab.3 Nucleotide frequencies of matK ,rbcL

and ITS sequences %

FEA gene C T A G A+T
matK 13.24 41.83 33.36 11.58 75.19
rbcL 17.62 30.55 27.53 24.30 58.08
ITS 16.31 33.80 29.55 20.34 63.35

SEH{H mean  15.72 35.39 30. 14 18.74 65. 54
RS s B R B (R 4 TR 5) .
x4 SHARMEN maK( E=f/)FrbcL( T=F) BEF Z BMiREES
Tab.4 Genetic distances of gene fragments of marK ( above diagonal ) and
rbcL ( below diagonal ) among five Zosteraceae species
K- L YNU DA R pliwNG LI
Z. marina Z. japonica Z. caespitosa Z. asiatica P. iwatensis
KM% Z. marina 0.067 7 0.004 8 0.010 2 0.080 4
SRR ¥ Z. japonica 0.014 5 0.065 3 0.060 7 0.047 7
N R Z. caespitosa 0.000 8 0.0153 0.007 9 0.080 3
Ta M KM Z. asiatica 0.001 5 0.014 5 0.000 8 0.077 1
LIRUAFIEIE P. iwatensis 0.020 0 0.019 2 0.019 2 0.018 4
x5 SHARMERITS Foz EHEEESR
Tab.5 Genetic distances of fragment of ITS among five Zosteraceae species
R YN LNCEUN L PliNG S LIATARMME 3
Z. marina Z. japonica Z. caespitosa Z. asiatica P. iwatensis
KM-#E Z. marina
SRR ¥ Z. japonica 0.2155
A KM Z. caespitosa 0.002 4 0.209 8
FEM K% Z. asiatica 0.014 6 0.193 3 0.012 1
LIARIFIE#E P. iwatensis 0.389 9 0.353 2 0.400 3 0.379 1
1 marK R rbel A 115 SR 5 DR s 4 1 maK i s s 0
Bl 6 4 0 2678 2 7 S 2€ 7% (synonymous T n T
substitution ) , 5t W3 1 R I AR B (LR A5 0S4 oo oo 22
— N — 2 IDLLITSNLY o
%%:ﬁ[qﬁiﬂ,g%ﬁ ) Eﬁ%%ﬁg¥%:1ilﬁi E,:J 3 INVLMNYN] 85094
F VA B 45— LR B T U™ . marK dp s D
LR R B 1Y 51 kbgeAs v A 23 ANE SIS = 6 Ivvnaw 11 RADSF
e N Sty — 32 7 XOLII IQSYLS TSGYIDITNV VI 12 RADAY
B E(5 AR5 ) 14 BEAESR S T (7 A 8 XDLIITSIFY SEXMEHVYLL VYNYIQSYLS TSGYIDITNV VI 13 KSEAY

) 15 A T3 158 — L (9 5 4) o rbel
FEP A Be B 20 b s As v 17 AR IR
AR T2 =00 i B (4 AR Ede ) | 5 3
A 1R, A 2 R

AWK b, A marK BE Kl 254 4>
IR b, 5 Fh R i i A I ) 20 R X
(amino acid substitution )42 &b, 7F rbcL 3£ H K
FER 441 A Z LR T A b, 5 Fp R A I 3 5
A IR AT UL 5 AR BEA marK F1 rbeL
SR R BAE R R B3 T R st
Lot (18 2) .

B2 5 FKHE matK F1 rbcL B F
FENSERF 5 L3t
1. VERITE BhIE] 5 2. %R IR 3. R 2Rk, 4.
R B 5. KRR HAS 6. SEMH R85 7. ZLAURIFE 3
MG 5 8. LLAURERIEHE 155 9. VAR R I35 10, BRI 3
11 R HAS; 120 ST RT3 13, ZIAURIFIE ¥
Fig.2 Amino acid sequences alignment of matK and
rbcL gene fragments for five Zosteraceae species

1. Z. caespitosa Korea; 2. Z. japonica Korea; 3. Z. marina Ireland;
4. Z. marina Korea; 5. Z. marina Japan; 6. Z. asiatica; 7. P.
iwatensis Yantai; 8. P. iwatensis Lidao; 9. Z. caespitosa; 10. Z.

Japonica; 11. Z. marina Japan; 12. Z. asiatica; 13. P. iwatensis.
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W45 3T marK rbeL 1 TTS JF3H9 5 FhoR M3 R 50K & WF5E 187

ANR)BE A (R H IR A A R 0 25 e AN T
FERA G125 55 DR, 2 P RE T A R
FRIE Y 2E 5 A1 o 20T B ER (molecular clock
hypothesis ) TAA : He—F5 8 B9 K53 FTEIT A T &
(Lineage ) v, 24 JE R 5% 1 IR s R AR kA it
R A ORI 1, AR A 32 0 UL (i
Z R HLIR 2 ™ K FF (Oryza sativa) (]
rbcL [R)[R] SUFARE Z 1 (0.9 ~1.2) x 10 77 fij i/
AR — R R ) SO AR R AR SE T i
P DL I A B RDRE marK il rbeL B B
PHESRHER. 5 BRI B 7 B AR AR . K i S
IR BRI B B 2 ~2.7 | 4, KA F
i (Pliocene ) 5 55 i it ORI 35 1) 4 B 1) ] 2y
4 ~5.3 A4, KA T E# (Pliocene ) ; 5K
HBE Y S I R] DRy 27 ~ 36 [ JT 4R, A T

99/100/100/1.00 Zjaponica KoreaSB M- ¥ 11X
{z. Jjaponica KorealERIH-HE 1[H

+++/100/100/1.00 Z japonica KoreaS& KM 3 1
Z.marina Treland K3 IR 2%
Zmarina Japan KM 3§ FI 7
Z.marina Korea K3 1HE
Z.marina Roagebeag K- F
Zmarina Jiaonan K38 JRERE
Zmarina Lidao K38 128
Z.marina Ireland K3 F/R 24
-Z.marina Roagebeag K- 3
Zmarina Jiaonan K38 R
Z.marina Japan KM-¥E HZA
———Zmarina Korea K3 55 E
Z.caespitosa Korea MEKM- 3 15 E
spitosa Korea K- 6 H
spitosa Korea MAEKM-BE 18 H
Z.caespitosa Korea NERM- 3 1 E
Z.caespitosa Korea NAEKM-3E 35
Z japonica SEH A3
P.iwatensisYanaiZLURUF LB &
P.iwatensis LidaoZL AR R 125
P.iwatensisYantaiZLGURIF B HE
P.iwatensisYantaiZLZHUF L3 &
P.iwatensis LidaoZL FURAFTEIE 185
P.iwatensis Lidao LRI IEIE 125
E. ) mﬁﬁ

E.ac

ITS

86/91/52/0.83 99/100/100/+++

71/91/80/-++

NN

T7/100/66/0.69
e 54/80/80-+

100/100/91/0.99

Zjaponica KoreafB KM 3 #HH
Zjaponica KoreafB KM 3 #E

Z japonica Korea BRI #hIE
Z.marina Lidao KM R85

97/100/100/100

]

rbcL
mat Kt

92/97/99/1.00

Zmarina Korea XM 3 T E
Zmarina Treland K38 F/R %
Zmarina Japan AE K3 HZA
Zmarina Jiaonan K3 R4

65/100/100/1.00

65/69/91/0.8.3

98/98/95/10.80 65/91/91/1.60

Z japonica FEMK M-k

61/99/100/0.94

1]

E.acoroides¥g &

Zmarina Roagcbeag KIH-3E AL

Z.caespitosa Korea NAE KN 3 i [H
Z.caespil Korea A=K 3 #5EH
Z.caespitosa Korea NWEKH 3% #H

P.iwatensisYantai 2L FARIFEIE MHE
P.iwatensis LidaoZL HRUFTE3E 12 &
PiwatensisYantaiZLZMEF LI &

(Oligocene ) ; 55 £1. 25U AR MR & 3 114 43 1B 1) [6] 24 Oy
33 ~M [ A, RA TG Wi (Bocene)
2.3 RBEEEHM

AWFFEiE FABH: (NT) (5 K 2912 (MP) |
HRAUSR I (ML) F1 DL 37 ( Bayes ) 14 (1) R 48
KEWEA (K 3), RELFHRGERE
1,5 AR 2 40y =R 3, B — S ok
WV J& (subgenus Zosterella) 40 1§, , 7 7h— 2 1 K
3507 & ( subgenus Zostera) 3 PP H A, 55 =
FH 21250 AR R I 358 40 1, 10 L 340 AR s 1 SR %
A NJ MP ML #1 Bayes ZZittf [ n] LIE H, Kt
BEHMNERM S BRI — 3, ZE 55K
PS5 SR IS ) ol R I 98I S8 RS A S 0L K I
R PR 3t B 58 Ay — OR3¢5 R T Y 2120
MR e B 2R — 32

hl,ju/mniru Korca@ A3 #[H
LOUE0U 00 Z japonica Koread K3 7 [
Z.japonica KoreadBE KM 38 6 H
Z.marina Korea K3 15H
-Z.marina Roagebeag KM 5k
Z.marina Roagebeag K3 SRk
Zmarina Lidao K- 815
Zmarina Japan K- HA
Z.marina Jiaonan KW 3% JEErg
Z.marina Jiaonan K 3 B
Zmarina Japan K3 HA
Zmarina Treland K188 FIR2
[ Zcaespitosa Korea A KM 185 5
81/100/100/1.00 Z.c 5 KoreahAE A3 15 E
Z.caespitosa Korea WERIM3E 5 E
Zasiatica Korea B KM
P.iwatensisYantaiZLZFURMFTE 3K 40 &
TR ;l’,[wu/r'nx[x LidaoZT ZURAFFEHE 1 8%
- P.i sis LidaoZL ZURMFTE 3 1 By
P.iwatensisYanwiZLAURIFTE 3 JHE
P.iwatensis LidaoZL AP IE 1R 8
£ acoroides W B

64/92/91/0.96
89/76/83/1.00]

64/79/86/0.99

62/55/69/0.96

95/93/100/0.97

10(/100/100/1.0¢

97/100/100/1.00

Zjaponica KorealE KM 3 #5/E
Zmarina Korea KH-3& 1[H
Z.marina LidaoKM-3§ {25
Zmarina Japan K- H 7
Zmarina Jiaonan K-8 R
Zmarina Roagebeag KM#E ZR%
Zmarina Treland K3 /R

Z itosa Korea WAEKIHBE 65
Zasiatica KoreaBg K3
100/100/100/1.00 P.iwatensisYantai LAHRIFEHE JHE
P.iwatensis LidaoZT AURMFLEE 15
E.acoroidestF 5

89/100/100/100

97/98/100/1.00]

85/90/100/1.00

95/94/100/1.00

100/100/100/1.00

3 MRIR RKEAER RAOAEM N HTEE S FRM SR
AGLABER(XRERREBRREESX L)

Fig.3 Phylogenetic trees of five Zosteraceae species based on neighbor joining analyses,

maximum parsimony analyses, maximum likelihood and Bayes analyses( numbers on the

trees represent the values of supporting values and posterior probability values)

3 e

AT LR IR marK rbcL FITS 3 A~ H Y

FBH e (C) & & 8K (BT
17.62% ) ,7£ matK F rbcL 25 [ 5 4 5 5L 7 146
SRS R E R <12.19% ), A+T
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% ik 35 4

HEEm T C+G e E, RIUHBXNA+T S &
Tt BT A DR 3 55 =0 EAZ AT IR
MY ZRASZ 3] B SRR 1/, BT LA G 46 = AL
F R T AR 14 2 WA R BR AL L AN 2 —
B AW R TR A 3 R ) S T8 A [
FEAF A X — B, MEYER™Y N, %0 74 =
AL A SRR B R AR (R SO AR
FFLA L 8 MR B AR 2 48 (R[] SCRRAR) ]
RS2 Bl DL A8 RS 55 = b
A R 3 05 5 =6 A b i A4 T 5 —
W0 B TC SR . 1TSS Fr B R
S gl R T (AT IR Sy 5 AR R,
PEALECR R A8 TS SL PR F Boh 4 3 42 57
Wiz fe 238, A 166 28008, 172 M
BRI , AP FE 45 B 5 T I Bmr g 45 A
Bl EREILFAKT L, EIERITH) L As 7
Eb PR 2 11 0 G i 5 R A T IR 7 91) b 1) st A5 A0 S
A5 2,5 B R i e 7E S MR 7 5] b LA I 5] 47
WE AR S, W 5 TP i B AE marK Fl rbe Ll J
WA B L —E ot

KM WFR R, marK  rbcL F ITS Fr B #f
FELAPRSE B A TR LA F KRG EL 0T, HAR
BT R RO He ITS B ]
DL T B 98 AN () b B Bk 8] 19 23 - 3R 40 18 Ak ¢
ZUT VESCHR A R B S  BE R X
HIWFE ITS Fr B34 58 AR, o W —R U8, 1 5
HA E E 26 E W & a —E i th. At
o E R H AT R 22 KB ITS fr BT 51
SEAAHIA] 45 B F W] ITS A3 FH T - A []
FRARIE Y o0 F RSk . marK rbcL 1 ITS 3 A4~
H 1 BOERRER: 5 Fh R SEAR 47 19 X 43 FF, il HL
R R R BRHEA—S, RS A K
BEIER N3, Z 5 F S T R RS B
R0 R S5 A A 400K i 3 I S 1) 8 R I e
B IR A — K 37, e R B 8 A £ A5 AR R I
Boph g R — X, 5 & KUO %P I DEN
HARTOG"* {1 /345 5%

KATO 2" %t marK F1 rbeL [ 34 4k 8 % 3
A7 7RI, A5 380 =38 B AR kAL B 32 | ] B ik
FIJH Tajima’ s relative rate test X 7K FHVAE L 1 55
TR IAT TR, 45 R R 2 TG E
250 o ASHIEGE A DL 3 36 5 B A marK A
rbcL PHE T M RERA R T LR (K 3),

SRS A R R — 8 4% (0.9 ~1.2) x
10 73 5/ AF R BR 40 3 R Fl - marK Al rbeL
PR A B b RHESE 5 R 36 A9 20 B i ]t
FET XA, FATHES h 5 B K n 3 0 43 fL it
], KATO % Ye K3 g 1 RAEE 5T, 15 1
K35 e K 3EAE 3 ~ 6 HITAERT M, A
WF7E 5 H R 45 SR A .

1989 4, LARKUM 2% ¥ B E 4
(Cretaceous) 1) & 3L T ¢ Tl HL )40, HEM AT
RS B AT 1 K I 36 B 114 A R R i AR
ATOT ™ i R MR 45 = 22 ( Tertiary ) 22 J5 A
I, B LA AT BB KR A Ak . At
T R R4 R ] SRR ATOT ™ g . ) L kit
PR ALK SR AFAE G 130, W SR RE 4k 2 R R
PIRRAAT , 0] AV B b i BT L R I R 45 A ]
B4 BAEAR

Ji} 55 4 4 GenBank AR [R] AR 1 2K BE 1Y)
ITS JEHiEAT L AAT Y Tl -3 2 19 43 7 B o4 - ¢
THYIR Z 80P 8 1Y 1TS Ty 51 i a) 22 5 {6 4
1.20% ~ 10. 20% , J&@ 6] 22 S {5 H 9. 60% ~
28.80% o FETiX—briff, kA B4 45 0 st
N FEE TR A I g () ) 22 50 0.32% ~2.31% , )\
S3 A b0 SCRER B I e o) B K il g s )
A M SR A% 2 22 T 59X 45 1 Begoni handelii
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Phylogenetic relationship in five Zosteraceae species based on
matK ,rbcL and ITS partial sequences

LI Yuan', SUN Dian-rong”, LI Wen-tao', ZHANG Pei-dong' , JIANG Xin',
GUO Dong', GAO Tian-xiang'*
(1. Fisheries College ,Ocean University of China,Qingdao 266003, China;
2. South China Sea Fisheries Research Institute ,Chinese Academy of Fishery Science ,Guangzhou 510300, China)

Abstract: Fragments of the nuclear ribosome (ITS) and the chloroplast ( marK and rbcL ) regions were
successfully suitable for phylogenetic relationship analysis. With sequencing by PCR amplification ,the paper
analyzed the phylogenetic relationship of 5 Zosteraceae species ( Zostera marina ,Z. japonica,Z. caespitosa,
Z. asiatica and Phyllospadix iwatensis ) , which were collected from Ireland, Japan, Korea, China and
GenBank. Partial nucleotide sequences of matK, rbcL. gene and ITS were analyzed for five Zosteraceae
species, and nucleotide composition analysis indicated a strong bias against cytimidine ( C) in three
fragments. 172 nucleotide substitutions were found in ITS fragment, showing the high genetic polymorphism.
52 nucleotide substitutions were checked in marK gene and 20 nucleotide substitutions were checked in rbcL.
gene , most of them were synonymous transitions at the third codon positions. The five species had a certain
degree of differentiation at the amino acid level. Based on partial sequences of matK, rbcL and ITS gene,
phylogenetic trees were constructed by NJ,MP /ML and Bayes methods and the results were consistent and
the phylogenetic trees showed three separate lineages. The minimum pairwise divergences percentage in the
samples of Z. japonica and other Zostera species was 19.33% and much higher than the standard(9.60% —
28.80% ) among genera of most angiosperm and it would be the generic rank from the molecular data. Based
on the synonymous nucleotide substitution rate of the rice chloroplast genome matK combined with rbcL
gene ,we estimated the divergence time between 5 Zosteraceae species approximately arranged from Eocene
to Pliocene. The ITS sequences of all Z. marina samples were identical , which fell into the same cluster. It
was concluded that variation within ITS region of Z. marina was not correlated to their geographical
distance,and ITS region was unsuitable for identification of population groups on a regional or oceanic
scale. The paper further elaborated phylogenetic relationship of 5 Zosteraceae species, and also provided
theoretic basis for seagrass phylogeny in China.
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