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PCR R pinnulatus  C. crispus, 1
6 5 =20 ,
DNA ITS S GenBank 36 ITS
R GenBank (GenBank AB158485 AY322146
ITS , AY497577 AY497576  AY497563  AY225290
s AF317120  AF317114 — AF317116  AF317110
AF317106 AF317104 AF317097 U30371 U30373
U30367 AF412023 AF412019 U59798 U59799
1 U59794 US59727 AF082345 AF082341 AF082320
11 U21243 AF126422 AF149025 AY029392 Y11954
6 5 , Y11964 U30350 U30356 U30361 U30363),
Chondrus ocellatus C. armatus C. yendoi C.
F 1 REMRIRERIE
Tab.l The origin of materials used in this study
C. .
C. ocellatus 2002.03.26 AY 699051
C. armatus 2000.07.17 AY 699054
C. yendoi Muroran, Charatsunai 2003.05.22 Taizo Motomura AY 699052
C. pinnulatus Muroran, Charatsunai 2003.07.08 Taizo Motomura AY 699053
C. crispus Wembury beach 2003.12.05 Murray Brown AY 699061
C. crispus Prince Edward Island 2003.09 Alan T. Critchley AY 699063
1.2 DNA 90 Imin, 50 2min, 5 s 72
DNA (Hu et al, 2004) Imin; 90 1min, 60 Imin, 72 Imin,
DNA TE (pH = 8.0) , 30 ; 72 10min 20pl
Beckman DU2650 DNA 50mmol/L  KCI, 10mmol/L  Tris-HC1 (pH=8.3),
1.5mmol/L MgCl,, 50ng, 2.0mmol/L dNTPs,
1.3 ITS 1.0mmol/L , 1.0U Taq DNAase 1.0%
1 ITS4(5' - 3"\ GGGATCCG- , Pharmacia

TTTCCGTAGGTGAACCTGC, ITS5(5' - 3'\GGGATC-
CATATGCTTAAGTTCAGCGGGT (Goff et al, 1993)
ITS , 1

A N N o N B o
P e (1000-10000)
/ SSe
//, \\\
/ ITSA(F) e
) — N

18S [ITS1|5.8S| ITS2 26S

ITS5(R)

1 18S—26S rDNA
Fig.l1 The structure of 185—26S rDNA in Chondrus
PCR

Eppendorf Masterthermocycler Per-

sonal ( ) 95 Smin;

BiotechImageMaster VDS
1.4 ITS
ITS Watson

, ABI

3700 DNA
ITS

, ITS4-1(5' - 3")CGTTTCCG
TAGGTGAACC ITSS

E)

(NCBI) (GenBank)
15
(Goff et al,
1994), 5 DNA
(ITs1 ITS2) 3 (18S 5.8S  2695)
GenBank 36
ITS s CLUSTAL X ,
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MEGA 3(Molecular (C. crispus) (6bp)
Evolutionary Genetics Analysis)(Kumar et al, 2004) ITS 10bp(C.
Kimura 2-Parameter Distance pinnulatus  C. armatus ), 1.4%,
ME(Minimum Evolution) = MP(Maximum Par- England  C. crispus C. ocellatus
simony) , (Bootstrap) (26bp), 3.66%
, 1000 ITS1 16 , 4
, ITS1 ( 152bp)
2 10.5%  2.6%; ITS2 53 , 12
2.1 ITS , ITS2 (
5 ITS 412bp) 12.9%  2.9%, ITS2
( ITSI 5.8S ITS2) GenBank ( ITS1 5 ITS
1) « 2 ITS 2
704—714bp, 1.4%, 2.2
, ITS1 ITS2 147—149bp (Bangiophyceae)
398—404bp ITS1 ITS2  G+C Cyanidioschyzon merolae (Porphyra umbilicalis)
50%, ITS1 G+C (33.9%— , (Florideophyceae)
35.5%) ITS2 G+C (45.1%—46.9%), MEGA 3
ITS ( 5.85) G+C 44.6%— (ME) (MP) s (gap) (missing)
45.7% , CNI(Close-neighbor-interchange)
5 ITS (ITS1  ITS2), ( 3, 4) Bootstrap
ITST  ITS2 MEGA 3.0 1000
( ITS ( 3, 4)
3), , (England Canada) ,
F2 AXEESITMMITSFIKEREGIHCERE
Tab.2 ITS sizes (bp) and G+C content of five species in Chondrus Stackhouse
ITS1 ITS2 ITS( 5.8S)
Size %G+C Size %G+C Size %G+C
C. ocellatus 148 355 404 46.9 710 45.7
C. yendoi 148 34.8 408 45.5 714 44.7
C. pinnulatus 148 35.5 398 45.6 704 44.9
C. armatus 147 34.4 399 46.2 704 45.1
C. crispus (England) 149 33.9 400 45.6 707 44.6
C. crispus (Canada) 149 353 400 45.1 707 44.6

R3 AXNKERS MEBERIREESR

Tab.3 ITS sequence divergence between species of Chondrus in this study

1 2 3 4 5 6
1. C. crispus (England) — 0.009 0.022 0.022 0.032 0.038
2. C. crispus (Canada) 6 — 0.019 0.019 0.029 0.034
3. C. pinnulatus 15 13 — 0.014 0.028 0.034
4. C. armatus 15 13 10 — 0.028 0.034
5. C. yendoi 22 20 19 19 — 0.032
6. C. ocellatus 26 23 23 23 22 —
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[ 1111 3333334444 4444445555 5555666666 6666666666 6666666777 7]
[ 344590003 3447891267 7888890001 1447000122 4456666777 7788899000 1]
[ 5134040688 7036044961 5234804560 1590189306 4871789234 6923478456 4]
#C. crispus_England TTA-TTAA-A TAGAAAGACT TT——GTTGTG ACATA-AA-C ——G——GGAA GAGACT-GGG -
#C. crispus Canada ..GC—-...G-. .......... .. - .. G....—..— ———.——. ... ... -AAA -
#C. pinnulatus .C.ACAT.-. A......... .—A. .-, G..CG-..-. —T—...G .G....—-AAA -
#C. armatus A—- ... - AL ..—.GCT.. G..CG-..-. —-T——_ AGG .G....-AAA -
#C. yendoi .= ... G ALA..GA.TC ..—...TA. GTGCGCG.T. GTT.——...G .GACG.TAAA T
#C. ocellatus ..G—....AC AGACC. AG.. CCGA...T.A G.GCG-.G-G ——.TGC..G AG...A-AAA -
2 5 ITS
Fig.2 Aligned ITS variation sites and corresponding positions for five Chondrus species
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PHYLOGENETIC STATUS OF CHONDRUS STACKHOUSE IN RHODOPHYTA
BASED ON nrDNA ITS DATA

HU Zi-Min', Alan T. Critchley’, DUAN De-Lin'

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071; 2. Acadian Seaplants Limited,
30 Brown Ave Dartmouth B3B 1X8, Canada)

Abstract
over-harvesting and environmental pollution have hugely reduced the population resource and resulted in shortage of a

Chondrus Stackhouse is a perennial red seaweed with alternate phases of gametophyte and tetrasporophyte;

constant and reliable supply. For this genus the classification and systematics are puzzled for variable forms, habitats and
phenotypic plasticity. Meanwhile, as a representative family in Rhodophyta, Gigartinaceae are one of the important taxa for
understanding the origin and evolution of red algae because of its lower position in cladograms of Rhodophyta phylogeny
based on molecular data. However, both the phylogenetic affinity within Gigartinales and the evolution status of Gigarti-
naceae in Rhodophyta remain uncertain. In this study, the internal transcribed spacer (ITS) region of nuclear ribosomal
DNA and 5.8S rDNA gene were sequenced for five representative species of Chondrus, C. ocellatus, C. armatus, C. yendoi,
C. pinnulatus and C. crispus, for assessing the phylogenetic relationships in Rhodophyta on molecular level, in addition to
reevaluation of the evolutionary status of Chondrus. The results indicate that the ITS region ranges from 704 to 714bp and
G+C content varies from 44.6% to 45.7%, including 69 variable sites and 16 informative sites; and the length variation is
1.4%. ITS1 (147—149bp) with 16 variable sites and four informative sites is shorter than ITS2 (398—404bp) with 53

variable sites and 12 informative sites; and 5.8S rDNA gene has conservative 158bp, with no variable and informative sites.
Phylogenetic analyses using minimum-evolution and maximum-parsimony methods with MEGA3 show that Rhodome-
laceae in Florideophyceae is closely related to Bangiophyceae at evolutional level. In Florideophyceae, Gigartinales has the
relatively highest evolutional level, then Halymeniaceae, Gelidiaceae, Delesseriaceae and Liagoraceae, and Rhodome-
laceae the lowest. In Gigartinales, Gigartinaceae and Dumontiaceae have a close relationship, while Chondrus and Maz-
zaella, which are difficult to discriminate in morphology, formed a fairly compact clade. The low divergence among
Chondrus species is justified considering its more recent origin, and also suggests that ITS sequence would provide a
promising method for molecular phylogenetic analysis, and to reconstruct the phylogeny within Rhodophyta on order and
family levels.
Key words Chondrus, Rhodophyta, nrDNA ITS,

Systematic evolution, Phylogeny



