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1507 bp, A3 ML K EBEL R, 454\ GenBank # THW G REMIANAE24 TR
BB ITS 7], DAF A8 3B o A48 3, o 9\ SR JB B9 B/ ot ol 9\ 3 A T FE I A B AE O 3 NS0 B
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R A 0.422,

KR : WK RE; ITS JF71; BEMA,; RAHN; REES
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FLIRE R BE ITS J3 41, JF 2543 GenBank ¥4l
SRR MR ITS 51, o 5K F LI
AGEnE, ALK S RBRY R EE My T R E
Bk 5 $ A1 0 22 9 B dls o

1 MRSk

1.1 ERHE

AR S UG VR W VLR BE & (27°37'371"N, 121°
10'144"E) 4@ 8 22 it (24°66'355"N, 118°02'741"
E) J" 43k (23°287872"N, 117°06'721"E) . [G
¥ (S. vachellianum ) ¥ Az Tl A~ 4 Sy 52 56 b4
Bl SREMMRIE Tl AT R, S8 E2X K%,
R it FH i 0 ¥ 7K 78 40 ¥ Ve DA 2% I B S o 2 TR 1Y

ITS-F —> ITS1

SRR A R Bh Y, R Sy e E T - 80 T
T RURIRAE
1.2 DNA £E

B PEARAE IS AR O AF A, 3T IO R A
HE 2 100 mg HA BRI AR TS 7 W Al
Ky ACIR A 4 5 R 2 4 O ) & (b T R AR AR
TERHEA PR 7)) 422 B30 & U0 B 6 iE A7 2R P 4
DNA £ B ; -7 1 4E 4 5 R 20 246 5f) & (db e
KAEREA R F]) #17 DNA 4k, 1% 3
JU AR O 0 Hh DK R T LA 1, AR Bl A IS i
4 DNA BT -20 C &7,
1.3 ITS FHNZE

i A S0 = 0 A A LI R B 18S
rDNA J¥ 41| ( % 3 5. JQ327705 ) Fl i % ¥ (S.
muticum)28S tDNA J¥ 4 (& 5 5 : AF053109. 1)
F]H Primer Premier 5. 0 % it 5| # ITS-F.5'-
CCGATTGAATGTTTCGGTGAAGATT-3', ITS-
R: 5'-CTTCGCTTCCCTTTCAGCAATTTCA-3',

I E DL 1,

AR

18S rDNA

5.8S rDNA

<— ITS-R 28S rDNA

E1 ITSS|#myEXE

Fig.1 Locations of ITS forward and reverse primers on S. vachellianum genome

PCR Sz 7514 :94 “CAZPE 1 min;30 DMEF 45
94 CAF4: 30 5,63.5 C Bk 2 min,72 THEAH 2 min;
72 CHEM 7 min, 25 pL XK R :12.5 pl KR
2 x Taq PCR MasterMix[ 0.1 U Taq Polymerase/pL,
500 wmol/L dNTP,20 mmol/L Tris-HCI(pH 8.3),
100 mmol/L KCl,3 mmol/L MgCl, ],10 wmol/L [
EUFUFSI4 0.5 pl,10.5 uL ddH,0,1 pL A
41 DNA, PCR F=#J4: 1. 0% B i MR IS v ik AGE
J& ,f#i i TIANgel Midi Purification Kit (]t 5 KAR 4=
RHECA BR 2 ) e gl ik, 3% 4% pMDI19-T 2 {k
(TaKaRa 549 THEA FRA R)) AL 2IRZ S E.
Coli DHSa (AL HURMRAARHCA IRAFD) , 28N
B R PUMEDH 28 BH M TE B, B DA BEDL PR 4 1 3e
BEEAE T A TR ORI S5 ( bt ) A R =
eI 1% 22 LAGRAIE P 9 R
1.4 HFESH

F I SeqMan B4 X Fir A7 1 Fr 550 4k 7 47 g &1

P AF 51 42 , 85 R Clustal X (1.83) 1 3¢
B — R 4 A 50 B Y 51T H X R OE , fe
E) 1S BRILIR S R B S R R ITS Jp 4, H
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GenBank N &M ETT S NH 7 AR 13 4w
— LR ITS 42K 75, 20 TS K28 {4
fiE . [Ff A GenBank T 2k 5 B #AL 3 @A
[F) ¥y Ff i) ITS J5 5] ( GenBank J¥ 51| 5 J 1 41 5 K&,
W 1) 383 Clustal X(1.83) " SpFHEAT LR,
JH BioEdit B Xt 15 51 AT A T 4 6, LA SE AT
K& (Hizikia) W E-W9 3 (H. fusiforme ) , W W\ 5 &
( Turbinaria) B 45 7N M- 0 W\ 3 ( T. conoides) F1°F
SE W WA (T. decurrens) 1E 7 3 A4 HE, F
MEGA 4.0 # 4" 5% F 4% i 4 3% ¥ ( Neighbor-
Joining, NJ) #4 ## 73 1 R L #EAL W , Bootstrap & 5
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Tab.1 Detailed information of ITS sequences from GenBank used in the study

& i b/ GenBank % % &5
genus species source of reference accession number
LR 8 Sargassum Bl LS. carpophyllum Mattio 2/ EU100799. 1
Bl LR HE S, tenerrimum JN038383. 1
TR R S, sp. Mattio 213 HQ416070
IR R P S. vachellianum AT KJ855998 , KJ855999 , KJ856000 , KI856001
5 2 3 S. aquifolium Mattio %13 HQ416073
RS ¥ S. swartzii JN038387.1
Tl T, FE S, binderi AB043116. 1
HZM SRR S. duplicatum AB043614. 1
MR E S. cristaefolium AY315628.1
St SR S. crassifolium AB043118.1
15 5, 2 3 S. sandei AY315635.1
KM S. ilicifolium Mattio %13 HQ416061
i P S. horneri AB043776. 1
ST R S. siliquastrum AB043778. 1
- IL R3S, hemiphyllum Cheang %20 FI712756
W87 S. confusum AY150001
R S. muticum McDevit % 2! FJ042709
FLEE W S. thunbergii ABO043777. 1
T B REE S. fulvellum AB043572
PR DR S. piluliferum AY150019
JERL LR W S. patens AB043666
BRI E®R S. meclurei AB043111.1
EAHE Hizikia LM H. fusiforme FI712733.1
| W\ 5 J& Turbinaria LN W EE T. conoides Rohfritsch 22! DQ448828. 1
AW\ T. decurrens Mattio %13 EU882258. 1

2 4

2.1 RRBEEZEITS FilHx

L PCR 4714 Ko Jy 510 2 , 75 5] 15 #k B I
R #E TS 4K P41 fds 4 18S .28S 741, MR ¥
GenBank %{ #& J&E & 4 9 ITS J¢ 51, #ff i ITS1,
5.8S ITS2 (¥ ¥ %1 i Bl . Clustal X (1.83)" ¢
HI L X4 R R W, 15 bk e R 3L th 3 4 FpAS [
ITS J¥ 41 : 11 #k BEAK B ITS J¥ 51 A [\ 45 i K
VITS ; 5 VvITS L, MR B B &5 A4 1TSS J$ 31 557
L&A G-A 5748 (1108 i g KA A-G RAZ b
CH VITS-N; 1 Bk 22 A K 1108 £ g &K 2E A-G
RAZ BRICH VITS-C1 Ak A 603 37 i & 4=
T-A 275, b5 ic S VITS-S. ‘& 140 B () ITS1
5.8S ITS2 - fi Afl[q] , ¥4 4 762 158 F1 507 bp, X
A& 3 AR AR TR S AR H B 3R R
e JE N X UL 2, 3X 4 A4S JF 51 Y ITS1.5.8S

ITS2 1) GC & H EAHH R 451 h58. 79% ,54. 43% Fil
59.76% ., GenBank JF 5] % 5% 2 4 31 & KJ855998 .
KJ855999 . KJ856000 F1 KI856001
2.2 RRBEERITS FIMKE

3 Hr b AL GenBank a5 ff 3 H 5 B 3R} &
BRI BT oA 4 A H 0 —LL Y R Y ITS 4
KIFH (£ 2) , 458 WoR Z 808 811 3R 1TS1 7
FIR FE R T ITS2; FL IG5 B ¥ ITS1 K 2y 762
bp,ITS2 Jy 507 bp, tLAE N 1.5, 34, A6 F} ]
ITS 79 B2 AR AL A FL A, B 9 Fh 1TS 7
G B 25 580N, Heh By R R ITS 7 91 K B
1368 ~1592 bp; FLIR S JE# ITS FH KN
1427 bp, i THREBEPEHE Z N, 5 ITS1 1
ITS2 A ,5. 8S FF 2K B AE A [6] H 49 o 6] AH X 2
JE AT 153 ~160 bp; FLIRE R #E 5. 8S [P 4 K JiE
158 bp, 5458 [ HoAth H) F AH oA LA Bk 2
P 22 5, I LR AR o ) DR ST A o
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vIT3-N: GECATTCGATCETTEGCEGECCCCEEEClGECCTACGCGECACGTTGECETEETETTTGTCTTET
wITE-C: o e e e e w e 4 e e e e n w e m e e e e e a e aa e e e e a e e e

FITE: o 0 0 0w wows e i it u e s n e mn e h e e e e e a e e e e e e e m e e e e s s
WITES v mw v mnn e i i e h e e h m e n e a e e e e e e e e e e e e e A i

LR A R R R LR N EE R R R E R R EEEE R EEE R EEEREE R EREEEEEEREREEEEEREEE R EEEE SRR X
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vITE-N: GoTEEAGACGEETCTACCTTECETCCTCCGEAAGATGCETTETTGACCTCACCCCCTC TG
T

wITE: o v e e e aa B i e e ke e ke e e e e e e e e
FITE-E e v e v v e w s B i e i e e e e e e e a e e e a e e e
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Fig.2 Sequence alignment of four S. vachellianum ITS fragments with mutational sites

F2 HBEITAERIEITS FIlKELLR
Tab.2 Lengths of complete sequences of ITS1,5.8S and ITS2 from the selected algae of phaeophyta

sy ITS 4K Bors
class]iiiz:uion szjfis IIS1 585 1152 full lej:n::h accesgofr;mber

EYib A BAwRE  SBABE Fucus F. spiralis 48 153 353 969  AF102909. 1

Fucales Fucaceae  mm3e)3 Fucus F. vesiculosus 482 154 352 988  AF102931.1

Efask)® Silvetia H R REFSE S. compressa 404 153 398 955  AF102956. 1

JEFISE)E Silvetia FERREFISE S. babingtonii 401 153 409 963  AF102957.1

REfask)m Silvetia JEFISE S. siliquosa 400 153 385 938  AF102960. 1

WM Ascophyllum W13 A. nodosum 410 153 326 839  AFI102971.1

oEER  EWISRR Hizikia WG H. fusiforme 868 158 566 1592 JQ807792.1

Sargassaceae T 2 i [ Sargassum FURBEE S. thunbergii 845 158 561 1564  JQ807793.1

W g Sargassum T S. muticum 732 153 567 1452  FJ042707.1

R IEJE Sargassum TN S R TE S. naozhouense 851 158 359 1368 JF710314.1

W Sargassum KRS S. vachellianum 762 158 507 | agy IS8, KIS999,
KJ856000, KJ856001

¥ Sargassum Rt #E S, plagiophyllum 770 157 524 1451  KF692547.1

R Sargassum FIR DRI S. wighii 771 158 640 1569  KF692549. 1

bz s R W E Alaria A. marginata 246 160 259 665  AF362997.1

Laminariales  Alariaceae  }#:3% )8 Undaria WA U. pinnatifida 242 160 273 675  AF319007.1

WA Rl Saccharina S. groenlandica 242 153 275 670  Fl042751.1

Laminariaceae % J& Laminaria AU L. solidungula 244 153 274 671  FI042757.1

TR H MwER  SRIEJE Sphacelaria S. caespitula 237 158 290 685  AJ311819.1

Sphacelariales Sphacelariaceae S Tjis J& Sphacelaria FOR BT S. racemosa 287 158 275 720 AJ311817.1

MG R Sphacelaria S. nana 303 158 265 726 AJ311816.1

i H TR R} iz J@ Desmarestia D. dudresnayi 256 158 359 773 AJ439832.1

Desmarestiales Demarestiaceae i3 J& Desmarestia D. menziesii 247 158 320 725  AJ243781.1

Kz H KR Kz )@ Ectocarpus E. crouaniorum 867 158 263 1288  FN564442.1
Ectocarpales  Ectocarpaceae k7 J& Ectocarpus KKz E. siliculosus 870 158 263 1291  U38770.1
JER ¥ E Kuckuckia K. sp. 829 158 274 1261  U38830.1

2.2 REHUSH T 2 B O I R 55— 43 0 LA A T

NI BEACR s, SRR AL 3 N JE i 25 Rl sy DB BR A Ko A (& KL (S, patens) | Bk B (S.
R 3 A0 3, b WU A M SN HE Ry piluliferum) \SEIG S ¥ (S. meclurei) ) b 1TS fig
— 3, B REEVIE NS, R B SR T A W R IR A B P R 2R R AT A ) 2K
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KA [ — B A [R]85 2R o — 3, ok B IR — 8 A
17 7 Js 1) 0 b A e SR AE — R, S s B Y 2R
KA U RE BRI S R B AR e R R
Jigs F) S i Je A B I 5 {ELR I T P A
MR GEE KA R H DRI E
RIFCALL I 3-1, 1L Wy o A 58 4 R 2K — 3¢, i
FEIRAE LT[ P 3-10 ]t R 2Ky o B 1) — 32, 1R B

65

98

99

84

—

i B REE S.aquifolium
TAET W S.binderi
JEM S E#E S.crassifolium
64 L RRTYEH Sswarii _
75 {%ﬂf%%& S.carpophyllum
100 KRB S.tenerrimum
62 JER B S patens
FRELRW Spiluliferum
iR Ssp
——— IR RE Svachellianum
——— LIRS REE Svachellianum-S
66 ——LIK T R #E S.vachellianum-N
LK R S.vachellianum-C ]
IR R S.meclurei
KEMNLRE Silicifolium
BT R #E S.sandei
96 T4 DR S.duplicatum
67 I:ﬂwr%%& S.cristaefolium _
B S.siliquastrum O
Hi%E S.horneri )
% WBHES. thunbergii
61 eI R EES. hemiphyllum
LM H, fusiforme
TEIh T SR BES. fulvellum
WS confusum
N Tzﬁﬁ?&muticum
T IEMIW\EE T decurrens

100 L BUNHBINBE T conoides

5 OURKIETE S AT SR 2RI . A5
R IR B RN 4 A ITS JE 50 e R AE — SR
Jei LR 10 B A BE S R i R B (S. sp. ) FIBR
HRBR N — ARG R LB 2R
GORAR . BN SR ILIR S B SR
JE B it A S Bre s 0 0. 004, 55 480/ i i W35 gt
BB i 9 0.422(3£ 3) ¢

(1)

HYRETE
(DY s. subgen. Sargassum

(1)

S i Y S
(3)Q S. subgen. Bactrophycus

H W\
Turbinaria

B3 EFITS FHEEN ZHENS FRER
(D) ~ (1) KR EHRBHEWIRM 3 A433: (1) ~ (3) Ko et W@ r 428, (1) etk 2 5 () K4 (3) [AIBEH
Fig.3 Phylogenetic affinities within the selected Sargassums ,implemented by the
NJ method based on ITS alignment

The numbers in parentheses(1) — (III) indicate the three clades within the subgenus Sargassum. (1) - (3 ) indicate three sections within the

subgenus Bactrophycus,each corresponding to the sections as follows: (1) Section Halochloa; (2) sect. Spongocarpus; and (3) sect.

Teretia. The numbers at each node represent bootstrap values(1 000 replicates)
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3 ihg

3.1 RERKDEEITS F3KEHE

5 EHGE Y R Rk A A 2 BL, A BIF 5
PAFHYICIC D 2 3 ITST K KT ITS2, H It
H1.5f T2&M¥EEHITSI/ ITS2 H{E 1.0 ~1.6
5 B P S A, 2 R0 BT 2K ITST [ K
JER T ITS2, X H &g '] 2R 0L, £r 350 ITS1 K&
k1 416 ~531 bp, ITS2 3 291 ~ 405 bp' > > ;i 5
CLEITM R, 2L 8] 2 80 ITS2 19 )7 9 K 2 K F
ITS1, ITS1 4 151 ~ 563 bp, ITS2 J 350 ~
799 bp 7,
3.2 RKGEEMS KM

BT ITS JPA 0 RGE SR b, 565855 2K
—H KRS RERERERSEREE — X HES
SCRA R KDL R I AR B S T R
#% 3V J& ( S. subgen. Phyllotrichia) () 3k 3% I J& 3 &2
i, ERGERE L BREEENEZER, K
W SR ENrE X—2RIFATE, W
R ER A e Y A% 5 43 25 M A AR R A7 B o BE
U T S RO S8 ME — 4 A T G R R
Fit, Tseng %5 LR 1983 4F jt of Hoit AL W7 J& 1)
oy T BE, 994, Stiger 2 A MR
G ACFIBEM: 3 ARARL, A5 6 RO T8 Y MR AR AE
HEHAARAS XWAEMHE, SESREEVEY
FRFEARRL, JF Bl 1TS R LB HA K
BREBUE, AR RESREES KRS
FEWE DL B A5 R B R i W& A AN S FF
Stiger WL, BRI —F BRI RE KR
3.3 CEENESRSEXMY FIREREN R

WEE I FhRic e SRS RPN T, 52
BARZ YR o K M AL $EAT TAEIT H K BB
AR EE5K— 3, W 2K rh A — Leyy F
8 2B 1T, M AE 8 AL A 28k b AR AR
B X R] e S R R AR A AR TR A
AR KA Ko

TEAD R ITS REH AR g, bR T3k EE 5
RS, EA R SR SRS MR
G RMAL GBS R RS R AL S5y
Khjg THEOVJE , 765> 7 3 b 2 R R |
TR X I A {8 4%, Stiger 25 i i ITS
S FhRC T SRR G2, WM R AL R
BABDRE R, R A% SR S

FT 0 M5 F R G AL 19 AR — S 1, Mattio %
i 0 5 T SO S b b 43 2 i AR AL, A 0 X
LGy KRG E T M ECT & P Rl DL S ] T 4%
T2 1) BT IR R AR HE A T E BT PE A o

BEAN A R SR B S S AE 2 1 R AL B 2R
KB E nY Bl v g 4> 3, 5 g Gy 2K
JB TR E A —H . CTEMRN RS H
O, A A L, B AR B 262 %K Okamura' ™ A
R B N e R A R S - S
ST T — B E AW SR E Hizikia okamura , {H
TSN N — DAY 1Y R G0 K07 AR
BT H AL AR Y, kR
Setchell ™ Ay 2 47 3 Fi1 2 J2 35 I 1) B2 9 C S.
thunbergii) A5 AL, W # 2| 15 J2 35 J& Sz il i 1
Ja s Lee 45 " AL SRR SEOE & b B AT SR
I U AE I3 AN A o BB I REAE K AR B AE A
I il A A HE 0 R IR 5 D R S A R, X SR AR SR A
BRI 1 FR S84 S R BE 5 Ajisaka ! 7E X BB £
B HARTEIE B AR AT R Ge b Ak 2 B ik 48 1 2
WS N H A Sl i e, B B R R E R R
B (S. hemiphyllum ) , iX 5 A& ff 58 45 R — B,
Stiger %5/ FIFI ITS-2 nrDNA 3 51 4y 5 45 18 1k
I3 FARIC AN B A A Sy Bt i s /Y —
TS YA LE B 2 KL SE AR S fusiforme 1Y Fh
%L, A AN — A4 S. sect. Hizikia ( Okamura )
Yoshida, PG, 25 & LA E WL AL, 547 3 0 E 8T 5
N T R e B I T e A AR S — AN B
4, T EE Z YR ITS J7 51 1) 32 28 UK 35 2 F oy
ThRiC# T R G Hr .

DS RN AVRE SR N 1 @ v VAR ¢ S EL L A
(Arthrophycus )™, J§ 5 B A S il i 0 J&
2000 4 Xy Stiger 45" 3 ITS-2 J¢ 51 43 Bt H:
MARDREETE, AU D R & E
FRESED R ERICHY M RE, LT
HLRERETE .

25 bR A R ITS 23 F AR id 47 B
RSEESTRES R GRERES5HEES R
BRI L REAERG RS FHATRNRE R
o EGRWS T RG RS, W KT
PRICAH R DNA P 5k 8] i X 7 41) -2 (internal
transcribed spacer 2 ,1TS-2) |1 ,5- " [z 4% [ B 42
1 B/ 4 B ( ribulose 1,
carboxylase/oxygenase , RubisCO ) £ 41 Jif! {0, & %

5-bisphosphate
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38 &

{1 3 (cytochrome oxydase 3,cox3) ">, BIMA G
2% ki & DNA [H] f§ [X. ( mitochondrial spacer, mtsp)
F40 o 8 & E AL B 1( cytochrome oxidase subunit
1,CON) " o {ELZ F i o o 7 5% 4 15 O 2
DNA B 15> ARl , B R BT T RS bt
FEAN R X — S W ol (14 4% 52 53 24 Hbu o7 £ 15 03 58 1 43
FAEIT W . AH1E BEE X 34 AR e ik 5 1
AT 206 42 i o 2 3 DNA 0B 9 /Y 2 57,
e GRS RE, NN E L EE 2
7 ) ) T A R N 8] R 8 R A R R A
T B o
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Characterization and phylogenetic analysis of ITS sequences in three
geographic populations of Sargassum vachellianum ( Fucales , Phaeophyceae )

BI Yanhui, YANG Xu, ZHOU Zhigang "
(College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract. Sargassum vachellianum C. Agardh is native to China and mainly distributed in coastal waters of
Zhejiang , Fujian,, Guangdong and Hong Kong, China. It is important in maintaining the structure and function
of littoral ecosystems and has been chosen as the main candidate for seaweed bed reconstruction by artificial
breeding in China. Thus,to conserve and sustainably use this species,we should make genetic studies on it.
As the traditional classification and phylogenetic relationships in Sargassum have been challenged by DNA
phylogenies and the status of numerous species have been re-assessed, it is necessary to know whether the
traditional taxonomy of S. vachellianum needs to be revised. However, there was no DNA markers have been
reported in this important species. In this study, we cloned and sequenced ITS sequences of 15 S.
vachellianum individuals from 3 different geographic populations. As a result,4 different ITS sequences were
obtained. Sequence analysis revealed that the lengths of the four ITSs were all the same and their ITS1,5.8S
and ITS2 were 762,158 ,and 507 bp,respectively. There were 3 mutations among the four ITS sequences, but
no geographic population specific sites were found. The phylogenetic relationships among the four S.
vachellianum ITSs and 24 GenBank ITS sequences from three genera of Sargassaceae were studied with
sequences from Hizikia fusiformis, Turbinaria conoides and T. decurrens as three outgroups. The Neighbor-
Joining phylogenetic tree constructed by MEGA 4.0 showed the four ITSs of S. vachellianum were clustered
together first and then clustered with S. sp. and S. piluliferum, indicating a close genetic relationship
corresponding to the smallest genetic distance (0. 004 ) between S. vachellianum and S. sp. The greatest
pairwise genetic distance(0.422)existed between S. vachellianum and T. conoides.

Key words: Sargassum vachellianum C. Agardh; ITS; geographic population; phylogenetic relationships;
genetic distance
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