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HBRHAMENRSEUNERYFERE
B, JE A, AR, R, T T

KRE, £
(FEKF=RIZERF R K= 5 BT, LR 5 & 266071)

FE: 2008 & 6 A, FilE T Rl i L W KIS HL R, 2475 B & AN ARG RS i & R
(Enteromorpha) B8, (R 2k — 0 025001 IR 2 Ch B SO R R LUR B R Sl e — . AR BEFEN
RS TEEMEETIE S ERIEEERE N 22 MFEREM E SRR SRR EIT TEE. 1R
B, AR B MEE M, HRESE BLRENKEREEFRRER: BEAENEERER, AIRE
BB BRI E L 0 BRI 2 SRR U SRR W A B A 0 B A B RS M, Al f b T &
FEAERI S ITS & 5.8S tDNA AT R AE 23 AN E R T 715784 — 30 B LA @ X 2 B A 503 8 T IRl — ik
EEWrE (Enteromorpha prolifera) . [ #1EKF=85£,2008,15(5) : 822 829]

KBRS BEENE HTEE
RESHES: $917.3 TEERINAD: A

25 (Green tide) J2 tH 55 & B 53k & A4 1)
AR LG, AE BRI EP | b 32 P AT K F) S
HI0FE, FEE AR I AT GRS R
W EREEI YRR R A A (Ulva sp.)
FHFE (Enteromorpha sp.) , LA 265 % . 45
TR R — RV IR AP 5 3, B A R
R R, Vg BRI R A E R
TRILETE 400, 5 R FERBER: BRVIIRTEK, &
5 | AR BRI U OS5 A, oS A AR ) Y BRAGPE I,
BOUKAEEWHEIT, WS RE - £ R
D[ﬂ%@ [2] 3

W& BER et A E e, B
(1 43 A 7E - BUK B b, AR K AE W ) e A b
oA, VMR A B L, B R R AT AR
R A £ B At R AT C AR B R
29 80 AP M, A IE LA 11 Bl 2008 4 6 H AT,
B P R S LK T AR A ], 2908 A
h s 3 A IR G R S W & 8 (Enteromorpha)

Y #s HEH: 2008-08-18; 1&1T HEH: 2008-08-25.

MEHRS: 1005 8737-(2008)05 0822 08

R (R TR A B 0 A i A R T
FETE 25 (35 LU AR /NS T TR R B 1 W (R 22
St ARG T 2 5 P 45 1) 20 SR AL 450 TN X, £
W& M — Gy KUK E EAF AR . £
R — i), AR T 4 2 il L 23
ANV I R i MBS LS R oy T4 E
ANTT TN T A I G B AT TR B
B WF 10 3 R AL, A S e & 1R SRR R 18
(SR

1 #MRETE

1.1 s

2008 %£7 H 9 H%E 16 H, Wat A A ERBE“ AL~
SRl s PR B o B R T AN A
R I (33.5-36°N, 120.0-122° E) 34T
B, JCREFIX — g3l 22 ANl & FE
HA S 20 DNISALBEF & LA 2 s (013
J2 J20-1) FIHEMEES . 55 MEEME SR A
et Ea (B D .

HEETWE: ExRBAR%ES (40706050, 40706048) 3 EZE B SZIEWTRITE (2006BAD01A13) s B R EmHARKE LI (863

%)) TH (2006AA10Z414).

EE R fr: KB (1981-), %, BIFEHTST 5, EENEEBAEWEF . E-mail:  Zhangxw@ysfri.ac.cn
EIEE: 1 YF, BIBFFT IR . Tel: 0532-85822957; E-mail: yenh@ysfii.ac.cn
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Fig. 1 ~ Sketch map showing the green-tide sample
collecting locations
QD for Zhangiao sampling site of Qingdao, and JO1-J34 for the

sampling sites of “Beidou” vessel.

1.2 HENESENE

Bk 3 52 ¥ % ¥k, Al Cannon EOS 350D A #1
M EARTES, AL Cannon EF28-135 mmo.
M TFU) R 3 & 22048 T 10 % 4@ 7R B MR 24
h 5, B A 70 % WK & . RIS L E A A
ASE-620 1A H U A HLEAT U A, V) v B 7~8
um. #RJ5 A Ehrlich FKERME AR ZHRMW ( HAKRE 6
296 % Z. 1 300 mL. A =¥ 300 mL- 4l 9 g. 7K
R 30 mL) 25 ‘CHf5 3 ho #J5 A NIKON 80i,
NIKON DXM1200F 358 2065 i fg R 45 % «
1.3 WEHNSFEE

A 9 B TC B K U 3 8, A WK 48T
B F R AR M 4 4 5 R A 4R B A & (DP320)
PB4 K 41 DNA. #EAT ITS 7 8 19 31 9
¥ %1 AR ¥% Leskinen 25 ™ [ 45 B 1T, & W K
T1(5'-TCGTAACAAGGTTTCCGTAGG3") Ml
T2(5'-TTCCTTCCGCTTATTGATATGC-3"), H1 £
W TR A F A . PCR W EAKZE K 25 uL,
H A A 4F: 10X PCR buffer 2.5 uL, 2.0 mmol/L MgCl,
2.0 uL, 10 mmol/L dNTPs 0.5 uL, 10 umol/L 5[4 T1
T2 % 1 pL, Tug DNA 45 (Promega) 0.2 pL, DNA
RERR 1 Lo SV 25y 94 “CHIAZPE 6 min; 94 ‘CAZ

£ 1 min, 54 CiB-K 1 min, 72 ‘CZE{H 1 min, fE¥ 30
W 72 CHREEE 10 min, 4 C{EA4F. PCR =¥t
AT SRR VK B B B Al A 2 S 3R R RN
HEREFBH R ARAFNR. HT R0
T2 B GE AL 3 T I & B A 261 ITS J& 5.8S tDNA
JFFIM NCBL #E EH T 8. M Clustal W 3K AT
Z 7 HIH AT & P FUARALE 23 4. A Phylip3.65 2 {4
(1) % K T 297 (Maximum likelihood) A1 Mega4.0
B AT B2 (Neighbor-Toining) ¥ R 4EH, B
521000 X 15 Bootstrap {H .

2 BRE5GH

2.1 WEHEME

211 AEHBAHFEERESHESERE A
[F AL I &, B S 5 B E EHR R E
e AE VA A X rb 4y Sl RS 2L, PG B AR EHCT
AR RS R & RS AR SAT T X
Sy tte AEMEBLRISEALA, SEAT 21 A7 F I 7 W) 6
g i [ UK R 5L 17.13.05.01.29-1 £ 34,
Ty 19 03 43 BIAL T3 AL 17 AV 01 () 4R 6
CEL D). 37 21 MW & BB R, BIRGE, AR
B, TR, A 2 mm, K AL 1.5 m, 0B
o, 5EEERHE, BRRIE, BRI .
TEWG 7K A A% B3 3 & 58 L R0k R ARV, 1
FLE ST BRI oy WEE T K . S0 17 i &
e AL 21 Wi & 220 B M E R . 4
SFF 547 17, 3647 19 BIHF & FEa B AR 1, T8
AU, FEAR R R WA A . S AL 13 R B RE
o B IREGEE, BB 2R, BRI . B54L S 1Y
WEAHEM R, BERGWHE, HG51M, 5
SEAT 21 AN, BEAR BB AR, 43 B B A I 20k 45
Fdo 57 1 RIREF B ARSI 5 FI BB RS IR
TR, R IR, HEMAE . 3647 3 IS
53507 1 B RAL, BEgiE. A7 29-1 BIHFE
JEESAL 21 AR AL, AR EH 7, F R AEE A
B, BRER, % 1~2 mm, BAR KIE, (22 T L
721 FFE A Ha, i B350 . oy 34 25
B S B (0 — AN AL, 12 A IS R S S A
H AN RN &R mIE AR F R, AR R
L 7E BT A SRR R B R, AR, E R R
EOR Hm B B RIE, m 2oL H o A
M (E2).
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Fig.2 Morphologyical characteristics of Enteromorpha colleted in different localities

212 AEHIBREZLOTESME KSR
RSB R S AR Y AT L B R, B
MHEANTEN (K 3-a), AR Z LR (K
3-b) (XFIX—FFAE 3534 2 BECCk [6]) o #F A
BT, 0] LA R A BEK A N o R e (]
3-c) . BRI ZE BB, 5 AR K& A
KREFX. BEFRRKIMAREE TR KTk E
T, M HE R B, FL 00 R 43 A b 4 A 27 [
FRIARFUFAR (] 3-d) .

(a)

B3 iFE R R I W52
a. — AR E LR KER PO b BB B. KEE
Far B o KH HA/NMIE KRS A B d S AR 4
Fig. 3 Morphologic characteristic of Enteromorpha thallus

a. A complete thallus of Enteromorpha with slender brances; b. one
segment with multi branches; c. one segment with incipient tiny

branches; d. surface view showing irregular cells.

213 EZPTMARE NS R ZMBAT]
RO T I AT DU B B R EDRE R . A
NIV E S P SN bR RNy ) e
HA0 o fE 80 JZ AR R g AN —, TR
AHE CE 4) -

Bl 4 W& ZRORRI G FIE )HAL
as ¢ WEELARVRYAY), 1 A1 1 FR 2R IR PIEE, 2 Fi1 2
A R LLIRAEITFEE ; b d. WFE 2R

Fig. 4 Longitudinal and transverse section view of

Enteromorpha thallus
a, c: Longitudinal section view, 1 and 1’ show two sides of one
thallus, and 2 and 2’ show two sides of another thallus; b, d:

transverse section view.
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BEME RS TEE 825

MRAE IR BRI, BAASR B A Rah A7 B3 & 4
AT R AR RE L R R T L AR N b
BN E T BABORZE =, (B B A ER
gk, HAEDIR S5 K i )2 A B A B, 40 B TR )2
FEARI o, B W& 8 B2 1 M A RRE, R AR
JEEF LISt i EE.

22 HTFEE
22,1 FHILEX HE 23 A A& R
f) ITS /% %) }% 5.8S tDNA F£ 7l [ PCR J& Bt i K

S K A 160 bp, ITS2 K& 4 181 bp. MJF
B Heowh 1y &5 R 1K 23 N FE LI ITS R B Je5.8S
tDNA JF 522 A0 A, o] AR € /& J8 T — >, Jofh
WER (E 5. BZF515 NCBLEUEFE T T3
() 1 26 8 Je 37 & JR 10 ITS J% 5.8S rDNA (1] ¢ 51
AT, KIVZF PSRk A BAN —MirE Bir g
(Enteromorpha prolifera) 1] 1TS % 5.8S rDNA }?ﬂ
(NCBI &35 AB298314.1) MR =, U AE SR
5 AN AL B 1AM A

B 24 540 bp, H H ITST K £ 4 189 bp, 5.8S rDNA

L] I | i i T 1 :;u u'-u I ke i | ’Iu
memBamand TR RN PR RN PR DT RN PR PR FERT PR SR R P P PR

JoL SATCAACTART CACASAGCRCT DES ST OG0 DO GO CT O SHSIGG0 SASIGCI B0 TT TACASSATIO G RSO EITRAGI IO
Joz EAT A DT AT CA AR AR CA O T e R TG O G T OO O C R e Ee T RA RS G OO DR DOE T A C A EA T TS RO DG DR DR TEA RS DO
qu3 AT OB T AR T CR TR IRAGHT A O30 TERC GRG0 T 00 T OSSR S0 B SO GC CRCOGTT TAC AR TOC BT AU O3 Ta aBC [0 C
Joa AT AR DA T CA AR A G T4 O T e e e G O DG T OO O C R e Ce T RA RS G OO D OOE TT TAC M EA T B DE G OE DR TEARI T T
JOs AT TR T R T R B O TR IR CRGHCTR O3 1N (08 T ) IR RS G AEHDE TUA IS AHE A DO B OB a3 IR ST T
JOE GATCARCCARTCACARAGCA OC TR0 ReEOGICT 0G0 T 00 OF C BeE6 BEC BA B 00 DG DOG T TAC AGEA TS B DTG UG AR TCC
fuel:] EAT AR AR T CA A A CA O T e e G O e T OO Ol R e S AR GO DR OO TT TAC A EA T S R O G O CE TEARS T T
il AT AR T AR T CRTRR RGN CRCT TG ST OO DO 00 OF OSSR QRSO0 BRI TT TAC ASIA TS DRSO CHEASI TIC
J11 AT AR T A T A A R A, O T e e o e T e T T O O T O e e T QA LS O T O O T a T T PA A CAT OO G CR S O ORTEARITC O
J13 AT U T N R T T I Ve AR G N O O 2 R G A ST DGR DA AR DO S OO T ERET IO
J13T GATCARCCART CACARRGCA OO TR0 B ECGOT OG0 T OO O CRG ea el R B GO0 CEOOETT TA CAGGA T O OGO CE TEARE T T
J17 AT CAACTART CACAEAECA DS TR R R TG CT O T OO CT SR e e RA RS GO0 DR OOE TT TAC A RA T CC RO G O CE TEA ST T T
JiZ SAT CRAR T AR T CRCASRRGCRCT TG SHERGOT ORC DO COCT GOS0 QA SO0 BRI TT PAC LS AA TS SOOI TIAST TN T
JI0 T A DA T A A A G DA O T R R G T O T OO O S R S S e RA RS GO0 CE DOG T TA L A G T O RO D G O CE TEARI T

J20-1 GATCAACTAAT CACASAGCACT DECSIGIGITIGC DI CDCT I SHEI GG GA SHG 0 DFERGTT TACAGAA TG SFI0ICITIASI T
TEO-LT ST CARCCA LT SR A SRS O8O P e EE e T O O I OO O J SR E e ST RA RS G OO O COE I TAC A EA T OC B0 S O OE TEARS T

JZL AT ORI T TR TR R 0 G eI O3 N0 00 O7F 2 S B GO0 GG TS AHEA D0 S0 O3 TEAS T Do &
TZL-1 EATCA T A W TR AT A O T i I G I O R 0 RGBT DN TAGHTT A S ATHEA TR0 0 O DA RO Do
JZP EATCARCCART CACARAGCA DS TECEEEOECT OG0 OO0 O C B oes EA PR GO CEOOETT TACAGEA T 6 O e DG DR TEARI IO D
JEF-1 AT CAACCART CACASARICACE THCSISTICT OFC I'C 00 OT C G3SFIGC GAGGCC CRCOFIT TACAGAATOC G2 ORS00 TIAGCICC
J33 EAT CAACTAAT CACARAS CA D PR e e e T O 0 IO OO O C B eE Bt CARS E O e OO e TT TAC A EA T O EI DR S DR CETEARS IO
T3 AATCARCO AR T CACARAICACE TEESIEFICT OAC M COOT & SIS SASHICC CACOITT TACAGAR DI G DO TIAGE T
QoD FATCRE O AR T CRIC ARG R TS ST G TN OO0 O7F O SRS S SRR G00 CEOOE T TAC AGAR TCOC GBS DHIORETEASI T &

- J.:m i JIJ.D i J.;EID i, JIBD . l.iw . 1i5D i 1.:50 i i J.FI.'I
a01 L'{"[\ mmmmh Eﬂ{‘a{\ emes- EGGA&"D TmDATmL~‘LTDIG“D“mM9:AGCTI\ u-".\- M&m&h‘ ‘c‘-}ur'o.r.mm'
ang O T R e G DR DE CE O 56 B0 e EA ST U0 T AL DO AT TEAA DT OF T B0 OO0 PEAA B MG O T BC AT BE AT AT OO CTEC GATA ST
anz CODBISRIEFOTNOFOROT SHEE OFERGE 00 TALS COAT TR OO OF OG0 OO DAAR ST AT I GCAS SRERLE AT I O G0 SA A ST
Jo4 D R A A e D O T P T D A P T D T AT AT DA TS OF T oS OO Pt A R A T T P oA PR R EN AT OO TT ST RATART
aos O PG e e OGS OE 06 00 56 50 DR EA ST 00 TALT OO AT TEAA DS OF OF 00 OO PR AR EC G O P R o AT PR R AT OO CT B0 GA TAST
alé COTTSREIEIOMAT DO ST OF BRGS0 00 DRSS COAT Tiah, 00 CF O 5 00 TEbAR S0 AT 10 B2 A0 SEHE AD 00 OT 52 SATAST
ang O T G G R A O DG 00 B T DG EA RS OO TS OO LT PEAA DS OF OF 60 OO PR AT MG OT T B4 BRI AT OC DT ST RATA ST
Ji0 O TOSRRREROENC OG0T SREC OHHEA BT OO0 DALS COAT TEAA T O O B0 00 AR SO AGTT DI S0 RS SREEAT A2 00 O S0 SR TAST
a1l OO TG EE EEOEAT OE 06 00 56 50 DR EA BT OC AL OO AT TR R DT OF OF 50 00 TEA A SO MG OT T 5O AT BEEELT AT OO CT G0 GATAST
TL T e e e . O O P B O A B O T S OO AT P A OO O O B OO PR A LS T P B S BE LA OO CT R CATAET
J13r CODCSHFIEIOEHL OFOFOC BHEC OFRR GO DANT OCAT TEAA OO CF O S 00 DAL GO AT DC SAC S3SRL AT T OIS SATRLET
aLT OO EEEE G OELT DE D600 56 50 DR EA RS OF PANS OO AT TEAADT OF T 60 OO TR A BT MG OT T AT SRR AT O T &0 GA TAET
aJ18 CODCATRFAFOFAT OFOFOT SHEI CHAASE 00 TALT OCAT DEARCT O 0T 60 OF DA RSC L30T DO SIAC SFERLC AT O TSI SATAST
J20 OO EGEEEE OGS D606 00 BE 50 DR EA ST U0 TALT OO AT TEA OC OF T 60 00 TR A B LG O T B AT BRI AT OO CT BT GATAST

J20-1 OO DO SHSHSOGHAT DEHDGHDT BEHEC CEHRA B 00 TAMC OO AT TEAR OO CT O B0 OO TAARSC MGCT IO GOAC S3SRUC AC GO OT GO SA TAST
TEO-Ar  COTCSGEG GO TG O (G DO 5 U0 TR O T TGN O O T (3 5 TGt 5 T T (3 ST T O O 3 R TS T

az1 OO T EE G EEOEAT CF GO0 BEEC DR EA R T TAAC OO AT TEA A OO0 O T 60 OO0 TMEA A G AG O T B A EEEEAT AC COCT GO GAT AT
J21-1 3 N SN CBHINGHCAC EREHET CNEHE R 30 O T AT s T AL RCAE O O T 50 AR BT ABHCTT T SC A R HEIAC AC O CT S SATAST
J28 OO G e e O S OE 0600 @6 60 O EA EE O TALS COAT TEAA DS OF O 00 OO0 TEd A e MG O TC e C A RE R EAC AT OO OT e WA TAET
J20-1 OO ERHSGHERCHIGA T CVRHINGHCAT ERGHERC MG R O TR OO AT Tl 0 I 7 5 A3 VA 2 BT T T A BRI S T T R RA TR T
aJas COTCBGEEREOEAT DHIEC0 BEFSC OFGARG 00 TAAC COAT TEARCG O 0T BC 06 TEARBC AFTT IO BCAC BFEEAC AT CC T BCBATAST
Jas O RE EE R OEAT DG 06 OF a0 DR EA RS OO PALT OO AT TEAA DT CF OT G0 OO PR R T MG OT P B A REEEAC LI O CT B2 GATAET
o AN N GG CABHINEHCNT GGG OB S O T AT O T AR 5T O O T 050 T B ST AT T GO A B AT OO T GO BA TR ST
.85 rDNA
:‘.ﬂ E:ID 310 un 2311 4D 25.0 ED ol
sewalmemoliemademialan e bavan | RN R, PSPy [EPeRRy BOPPR s [JESPEpnY At () [ SR I PO e Sy
J01 M"'DENEM‘A.lur_"l""l"'MW""‘E.lu'l'Ju'l""l']'EG"'l""DL'E‘M"mmwmﬁ?m‘ﬂ'mrﬁmhmmrt"tﬁm?r
anz AT T A A T T A A G A TR T T G e T PO T AR A TR A A EAA DS A E T CAANT C EATACE TASTETEAA T PECACALTT
a0z ALOTEAGA AR T DAL CALDHEATA T T 352 PO DS AR S GATIAAGLA SIS A LA AT S EATACITAGTITAAA T IICASAATTY
a0% U T AT T T R R G G T T T e T D G A G TG Gt VG U G AT o s T O TG TR DA T T A AT T
a05 B TR A N T R T G T T T G 0 T AU o A A A O A T P A A T A TA G T AG T DAL T DGR CAATT
J0E R TR BT O T N BT B O, T T T B NG D R AR B DA AR AR O S SR AN T 50 SA TA I TAGTITAAA T TG ABRAATT
JUE il BB AU TS TS AU SR TaEUR TR T T S0 T T S0 AR SRR TR S RS AR S AT &0 SA TACHT AGTOTEAL T TFCRASALTT
J10 T TN A AT A D T A A A D A T T T (G e T T R AT A T A A DG A R R A M A T B CA T A DS TAG TETEAAT TECARANTT
L1 T TN A 8 N N G I B S TR, T U T G T T R A R DGR R B OV A ST BAA AT T GA TA DR TAGTATIAA T TG ABRALTT
T3 e Ty A AR TS T A At DG A T A T T R E S T T RO A AT G TEA A G A DG CA RS BAMA T B EA TA DS TAGTETEAA T TECARALTT
JL3T T T A B T T T AR G e, T T T R e T DS R AT A T A A A G DA S E A AT RO A TA DS T AS T TEAA T TECAEALTT
LT T AT 3 T T Gl I T U T T BT T T T AL I A A A O T AT T B DA D T AG TG T AL T T CABRLTT
aLe AR TR AR TG DD AR A R TR T T B 0 T ST AR 8 AR KRR OB R LR ALAT G0 R TACH T AT TAAR T TACASAATT
JE0 HyC TENGACAAD T TCAACAMNOGEATATC TTEEC IO TE ECAMAC BATGAAGAA DG CASC GAMAT EC EATACG TAGTETGAAT TGCAGALTT

J20-1 P T 2 N P Sl It W, I T I IS I T AT R AL MR DGR I AT G A TA O T AG T AT AR T T ARAATT
JE0-1T AACTENEN AR T T T AR AN D RATAT C TT S TE T FoAAC FAT AN FAACFCART RAMAT RS RATADE TAGTFTEAAT TECARAMTT

Jz1 T T A T O TS T AR R DG A T A T T R ST DO T E O AT A TR A A A DG DA B AL M T EC CA TACE T A TETEAA T PECAEALTT
JEAmd RO THERERC A T T A R AGACGMEA TR T T GEC T T 0 AR B T R A O R @A A T 3O A T A T AGTETEA AT TECRRRATT
az28 ARCTEAIAT ARL T T AR CAADIEATATC TT RS DO DD 32ARD FATRARL S AACHCASS BAANT B3 JATA DI TAITITIAL T TICASALTT
JRE-1 T T R T T R S G T T I B T D S A TS A LA DS S EAA AT B CA DA CS P ACTE TS A T TEOACALTT
I3 ARCTRAGATARC IO DO AR CAADRIEATATC PTRSC DO DT SEANT SATGARSAACHCA S SALMLTGC JATA DA TAGTITRAAT TICASANTT
Jas T TN A T A T T A LA G G A T T T B o T T A B T A A LA, O A S A T B EA TACS TACTETEA AT TS CARRATT
(==} ARG TAASATARCTC DO AR CAATIEA TATC FTSEE T DO AR 3R DR S AA CICAF SALAT ST AL TA ST A TITRALT PACASALTT
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aii
a0z
an3
ald
ful ]
J0e
fulil]

fa i)
JLar

JL3
J20
JE0-1
J20-ir
J21
J21-1
J28
Ji8-1
a3
318

Joi
J02
fuek]
a4
J05

JU8
a1n
J11
Ji3
J137
J17
J1%9
JZ0
JI0-1
JZ0-17
JZl
JZ1l-1
TR
JEIS-1
I33
T3S

JaL
Joz
aa3
T0d
anod

J0H
ain
TiL
J13
Ji37
J17
a1z
T20
T20-1
JZ0-17
JZL
JEL-1
TZ3
TZR-1
I31
Tag

IT82

1 alal:I I ‘Igl:I | S'I:":I 1 aim 1 B‘III:I 1 ir] 1 al"l:I 1 g 1 allm:I
cmnmmmmmwwmmammmmmrﬂmmmm!ncmnnncmmrmlrc:ccmmm
SO A T A T G A T T TG A R AT AT Il e T O I O T RaA G AT CAC AT ¥ B0 T CARC ETC REAA TACC COC T AC R
COFTARFT CATC AR TC TTTHAAC BCACAT TC CFET OGAL T CT TG G EAGAT CACATC ¥ 60 CT CABC TS BRAATACC CCODIATBC
O A T DA T G A T DT DG A B A A T T CE T DA T O T Ra G S A S S CA AT B B0 T CAGC FICREAA TACO OO T AT R
CCRRT SRET CA T AL TO TT TEAAS SOATAT T GRS EAL T T IO SR AGAC CRAICA T B B0 T CASI S0 SRR TACS O T AT ST
SO AREFTCATS SAA PO TITEAAT SEACAT TG0 COET SaAL T CR TG SbAGAAGAC TR CA TS B0 I CASI ST SRAA TR CO OGO IO AC &S
COET AT CATC GARTC TT TGAAT FCACAT I DG ET CGAL T UT TC BaAG GAGAC CACATC T B0 CT CARC FTCRGAA TACC C Do TOACEE
O A RT CA TS GAR T T DA AT B AT AT I CEET CEAC T T T RaA G S AGAS CA A T T 0 CT CARC FTC REA L TA D D OCTAC G
QCFTEASTCATC GAA T TTDRALAS SOACAT MBI CAST CHAC T CT IO SR GAGAI CACATC B 60 FI CASC ST STAATACS CON DI AD &
O EART CA TS GAA T DT DA AT B AT AT I D ET DEAC T O I BaAG GAGAS CA CA T T G0 CT CARC FTC AR TADS COC T AT G
QO AR T CAA T TP TSA LT COAC AT IO OO T ORAC T ORI RO LS EAGAC A LA T B B0 7 CACC ETORIA TACT O OO TR AT 00
CCRFTSRSTNATC GAATS TTTRANC STACAT I ORET R T CTTOSRAGSAGAT FACA T B B0 0T CASI SO SAA TACT SN TOAT S
COFTERFECATS GARTC TTTOANT SCACAT I CRET AL T O O SGA R AGAC CACATC R 30 CT CABI ST SFAATA LT T OO TCAT S
ST EA T DA TS GA R T T TGS EOAT AT T R e T DA T O T RRe SAE0 A CA T B 60 O CARC ST REA A TA DT COC T A B
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Fig. 5 Allignment of the ITS sequences (including ITS1 ITS2 and 5.8S gene) from Enteromorpha collected in different sites
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Fig.6 Phylogenetic tree of ITS sequences constructed by NJ method

YS-floating represents free-floating samples in Yellow Sea. Numbers at nodes represent bootstrap values from 1 000 replications.
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Morphological characteristics and molecular phylogenetic analysis of green tide
Enteromorpha sp. occurred in the Yellow Sea

ZHANG Xiao-wen, MAO Yu-ze, Zhuang Zhi-meng, Liu-Shufang, Wang Qing-yin, YE Nai-hao
(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Green tide is one of the major environmental problems over the world. Ulva and Enteromorpha are
two of the best known marine green alga genera, which widely distribute in marine, freshwater and brackish
environments throughout the world and are responsible for widespread green tides. Approximately 80 species
are now included in Enteromorpha genera, of which only 11 species are currently recognized in China. A large-
scale green tide occurred in the middle and south area of Yellow Sea in June,2008. The green tide algae were
classified as Enteromorpha genera from their morphological characteristics, but their taxonomy at species level
was uncertain and became the most controversial issue. In this study, molecular data were used in parallel with
morphological characters to resolve the taxonomic problems. Twenty-two samples from Yellow Sea and one free-
floating sample from Zhanqgiao of Qingdao have been studied. The segment selected for molecular phylogenetic
analysis were internal transcribed spacers (ITS1 and ITS2) and 5.8S rDNA gene. The results show that all
samples have typical morphological characters of Enteromorpha, such as distinct thalli and branches. And the
section view showed that all samples form hollow tubes of one cell thick, and the cells particularly locate in the
middle of the tube. But they are different in thallus length and width, cell size and colour which are from dark
green to light green, and to yellow-green. Molecular phylogenetic analysis was used to test whether they belong to
the same species. All the 23 ITS and 5.8S rDNA sequences are identical and they clustered in the same clade with
Enteromorpha prolifera in the phylogenetic tree based on the sequences of ITS and 5.8S rDNA, indicating that
they belong to the same species of Enteromorpha prolifera. [Journal of Fishery Sciences of China, 2008, 15(5) :
822-829]
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