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MEEEHT TR EOEMRRE EILRSBALERBISHREEAMELNERR KM PCR BEAK KR
B3 E 2 )8 8 M HIEES 28S 1DNA 51, 3% Rl GenBank FHI BT AFF, AW HEZTHREAIHNENTE.
BT SEERTEIEN 10 £FINHIE 36 A FARGR —FEHFH, 3% B Trebouxiophyceae 1 91 B /N R 3
( Chiorella ellipsoidea ) M Fusochloris perforata YESM KB, iB A EF A BB 55 F R G, 35 £ 35 (Neighbor-Joining) |
£ K 181 29 3 (Maximum Parsimony) #l Bayesian ik, 3 M B EREEHU ARSI R EBIMEEFRRL
HMBEANSFRE LHERKIER IR RERAOET  HENRRERATAEE—ERELRAEHERL THSR
BR=EABPERSENGE MEKERSHEREYIFLHERR.

XA BHEEH,; AREREMEHEEKRTEERE; RFERFT ;Bayesian I

TESHES:Q43 TWHRIRE:A

B53 B (Oedogoniales) 2 — >+ 43 MR B9 2K 8%,
U B BBl (Oedogoniaceae) —FL , IE =B —8
38 ( Oedogonium) . & 84 3 )& ( Bulbochaete ) 1 157 8 38
J& ( Oedocladium) . ¥BFFRE L, FHB) R
B3t X A AR AOK R R o w0, R
OB E MR R LU AR BRI A i 5 RO =, AL 3R
REFFIEEH KBRS T, ERBHAEHERER
FROE, R ARSI P A R—FR 428, XA
HMAFREB ANES¥LBERECSHMER
BIREXF. SAXBEERRNMAELSL FFRRHRE
THEERAKGRFERRMERE, XX B P =18
MHEFIKFHEERA, B EEENRKER
BHTHARAEE LA,

PRAR Uk Stk 4R h A S AR B AL &
BE 5 ER I B BIR B A FE R, AX A
R X ERMRERRDTEHE . L
A9 22 K HE K Mrozinska WI7E 1991 4 71 1993 4E 43
RN EEERMEHERTUL MG TEAR T
MBREENSXEREY, EWEBFRHTLER
R LA RRAE R 2 K BB B N A BNFR I

BEDFTRARA¥MRMER, X—FHWFBH

K B 345 : 2006-09-13; #: 1T A #§ : 2007-03-13

3% 4 2 1 1000-3207(2007)04-0492-07

BEIAFIRERGREMWHR B, AW, 43T
B FRA¥WHARES K LRE, RFEME X
FALSERBT 4 TR EFRHEBET AL
Buchheim % A i T ZE #E {3 72 P 8 B R SF 1Y
285 1DNA R MR BN EAE BN R G ¥
TR, KPP REEETHERNERHRR
HE— MM, 25K LA XHEBE MK 28S (DNA JF
FIHIE ZiE .
EBIRRHEB R ZBEREHN =1 B, @3
28S IDNA FFIHTTMES ST . WB THEB RS
REH, LUt — S BT oL R 5L

1 HBEFE

1.1 HRRERESF LRMHOUBEHEERNL
MR REBE N — M2, 45 51k 8844
WX (HRE 110.6°—115°, Jb& 30.4°—31.7°) MBI/
ERF(RL 110.4°, b5 29. 1)K, TELXBEHK
BT B I 55 5%, #8532 R A Bold’ s Basal 3% 3%
2O ek E AN 16h:8h, 6 MR EE N 25uE/ mP-s,
BB N 20—25C, ‘

1.2 DNA RJ3REX.28S rDNA FFFIH B NE R A

XLWA . PEHAAREES T LB (No.30270116) ; o B B4 Bk 4 4 W HF 5T BT A1 5 45088 AT 5 37 H (No. 220104) %5 By
EE®A EBO979—), &, WK WA RBNAEEE L T ENERR S TFREEHR . E-mail: meih@ihb. ac.cn

WIRAEE : WE T, E-mail: huzy@ihb.ac.cn
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CTAB( Cetyltrimethylammonium bromide ) J5 % #2 BX 5. 1>
B PR E 41 8 DNAYY, PCR R )% 2 M8 Buchheim
e A1V 07 3, LA TTS-4rc! "0 1S-18'¢13% PCR 399"
3 28S 1DNA A Bto 25uL R M f3 4% 1L DNA A4,
1pmol /L 5147,0.2mmol/L dNTPs, 3.0mmol/L MgCl, &
1U Tag DNA B4 B5(Fermentas 24 71) . XA 3% 30 4

F1 AT 28SDNA FOIGHEIHE BKRRER.FHSEIMR GenBank F 5§

1535, A 94°C, Imin, £ ¥ 52°C, | min, JE f#8
72°C,105s, ¥ 3 P2 ¥ A QIA-quick kit i 7 & 4k,
514 TTS-4rc ) 1S-18 Ho.3% F7E 7 510 & , LAt B e 5
739751 B Buchheim % AV HIBFF . 28S 1DNA 31 HE
i FH B 350 FF {4 (Applied Biosystems 3730 Stretch) , &>
BEHEENE. HAFFIRE GenBank(E 1),

Tab. 1 Species used for 285 rDNA sequences analyses, strain source, sequences reference and accession numbers
B P& R R ORI Fr31 %% Uk GenBank %5
Order Species and strain source Sequences reference GenBank accession no
Chaetopeltidales Planophila terrestris Groover et Hofstetter UTEX 1709 Buchheim et al. 2001 AF183480
Chaetophorales Aphanochaete magna Godward UTEX B 1909 Buchheim et al. 2001 AF183449
Chaetophora incrassata (Huds.) Hazen UTEX LB 1289 Buchheim et al. 2001 AF183471
Schizomeris leibleinii Kutzing UTEX LB 1228 Buchheim et al. 2001 AF183483
Uronema belkae Mattox et Bold (O’ Kelly et Floyd) UTEX 1179 Buchheim et al. 2001 AF183489
Chlamydomonadales Characiochloris acuminata Lee et Bold UTEX 2095 Buchheim et al. 2002 AF395493
Characiosiphon rivularis lyengar UTEX LB 1763 Buchheim et al. 2002 AF395494
Chlamydomonas parkeaeSAG 24.89 Buchheim et al. DQO15731
Dunaliella tertiolecta UTEX 999 Buchheim et al. DQO015753
Haematacoccus lacustris UTEX 16 Buchheim et al. DQO015727
Lobocharacium coloradoense Kugrens, Clay et Aguiar Kugrens Buchheim et al. 2002 AF395509
Oog hlamys zimbabwiensis UTEX 2214 Buchheim et al. DQO15758
Volvox carteri lyengar UTEX 1885 ( HK10) Buchheim et al. 2001 AF183490
Chlorococcales Chlorococcum ellipsoideum Deason et Bold UTEX 972 Buchheim et al. 2001 AF183470
Tetracystis aeria Brown et Bold UTEX 1453 Buchheim et al. 2002 AF395513
Chlorosarcinales Chlorosarcinopsis bastropiensis UTEX 1698 Buchheim et al. DQO015736
Chlorosarcinopsis gelatinosa CCMP 1511 Buchheim et al. DQO15737
Oedogoniales Bulbochaete hiloensis (Nordst. ) Tiffany UTEX 66 Buchheim et al. 2001 AF183453
Oedocladium prescorsii Islam M2, R THI B KKK, MEFHBMB +  Present investigation DQ335880
WEE
Oedogonium cardiacum Wittr. UTEX 40 Buchheim et al. 2001 AF183478
Oedogonium nodulosum Witte. L1, KT I BRIK — 3B, I8 4 Present investigation DQ335874
FEFHLREL S
Oedogonium pakistanense Islam & Sarma M5, K FHHBE K LT —K  Present investigation DQ335881
fr e
Oedogonium sp. 13, K TR BHEHHF R —/PKHRA Present investigation DQ335876
Oedogonium sp. L6, R THIILWERARRP XFRE, ZME  Present investigation DQ335878
BA% ByMTEa L
Oedogonium sp. L7, R TR B KD F R i— /MK A Present investigation DQ335879
Oedogonium subdissimile Jao LS, R TR EE BRI+ WA Present investigation DQ335877
Oedogoni bplagi Ley 2, R TREBZH HFHU—DK  Present investigation DQ335875
o
Sphaeropleales Neochloris aquatica Starr UTEX 138 Buchheim et al. 2001 AF277653
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H A RRARR Fr 3 & % Sk GenBank 5|5
Order Species and strain source Sequences reference GenBank accession no
Pediastrum angulosum (Ehr.) Menegh UTEX 1370 Buchheim et al. 2005 AY779880
Schroederia setigera (Schrod.) Lemm.UTEX LB 2454 Buchheim et al. 2001 AF277657
Tetrasporales Chaetopeltis orbicularis Berthold UTEX 422 Buchheim et al. 2001 AF183465
Tetraspora sp. UTEX-LB 234 Buchheim et al. 2001 AF183486
Chlorophyceae incertae sedis ~ Cylindrocapsa geminella Wolle SAG 3.87 Buchheim et al. 2001 AF183472
Dictyochloris fragrans Vischer ex Starr UTEX 127 Shoup and Lewis 2003 AY206711
Treubaria setigera ( Archer) G.M Smith SAG 37.83 Buchheim et al. 2001 AF183488
Trochiscia hystrix (Reinsch) Hansg. UTEX LB 606 Buchheim et al. 2001 AF277658
Outgroup Chlorella ellipsoidea Gerneck IAM C-87 Buchheim et al. 2001 D17810

Fusochloris perforata (Lee et Bold) Floyd et al. UTEX 2104 Buchheim et al. 2001 AF183467

1.3 FRLUWNRRAZRESH FH Clustal X
1.8112)% 3 B ¢ 51 A Bt #F T b X (alignment) , 2 %
Booton %1315 77 ¥, Fil SEAVIEW 1 72 i X ¥ 5117 HE
F3H8 U F TRIE; A MECA3 M HHA B F 5K
BEAG BEBERANBANSETHER
DAMBE4, 11551,

KRB H L (N)) . B K fa 29 8: (MP) #0101 o Sy
¥: (Bayesian) 'S MR 4> T R Gu Mt 4838 1k 40 4 8 7
B} Modeltest!! /8 B #9 Tamura & Neil'® B 1ZFE B, 43
B {3 H PAUP  4.0b10"°1 . ¥ &5 32 ¥ %2 3 H 1000 3K
bootstrap( H J& ) K3 . 12 PAUP * 4.0b10 K K18
ABEHES FRER, ZH T B K heuristic searches
(BERXRHER), % — K heuristic searches 1] & ¥ 10
T :1000 random-sequence additions ( & #1 F 5 m AL
(B2 20 #£4), TBR branch swapping(W:%ﬁz}‘
HEERBRH), KGN 6 BRI BAET —
IR heuristic searches, 5% — YK heuristic searches ] Z ¥}
24 : MULTREES, TBR branch swapping and STEEPEST
DESCENT, {8 Fi3E 2% A & 3:1* (nonparametric boot-
strapping) & % 53 32 B A] 45 BE , 440 T : 1000 replica-
tions, heuristic searches, 10 random sequence additions,
TBR, and MULTREES, iZ JH MrBayes v3.0b4!2!! %
TN + G+ [ #EA( ZBRRE i Model test 55 3k
18)H3 8 Bayesian 5t F RGEH ., DA REFREFIE
(MCMC) ¥ #1 F : number of generations (fG¥() =
1000000, number of chains (%5 %() = 4, sample fre-
quency(BUFESI®) = 100, temperature = 0.5, start-
ing tree = random; & HF Z 4L HEAF ¥ bumin =
1000( 100000 generations) , 15000generations Bf & ik
.

2 5 R

2.1 28S rDNA Fr SU4+4E

AR ARBPEBEEEH 2B 8 A
M mBE MR KT EEE 5 % 1862bp M T
5,3 M GenBank FTEH T BB~ A M8 % H M3
HiZEHEFS,FRSENS 7B M4DMEN
36 MHENE—FII L RENINERN 2 KF
Hl—HEEA Clustal X PHEF AR E LT 4T
KIS SERE . 753X 1862 MFFINLEA A 715 MW
REETR, A48 38.4%; MAME B L& 478
N, A 257%, ALT.C.CREFHEZEN
25.9%,22.0% .21.6% .30.5%, KPP A+THE
(47.9%)EMRT C+GCEHEE(52.1%), FHHME
#t 5 Tamura and Nei 38 £ E B R R A % B /R X 86
MABRARZERM(E L),
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Pairwise substitutions(%)
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L IP 4 S x Transitions
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0.0002 0.0307 0.0612 0.0917 0.1223 0.1528 0.1833
TN93 distance

B 1 M 285 (DNA ¥ 5 B BB 55 Tamura and Nei it f%
BEE A LR E A HERMGRSEE R TR

Fig. 1  Pairwise inferred substitutions compared with TN93 distances

from 285 rDNA sequences of the Chrolophyceae to show that neither

transitions nor transversions have reached saturation
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2.2 RHEEEHM

X2 B 5T Ff F B9 28S 1DNA J3 3| i# 17 Bayesian
AR, 8RN - InL=13559.4424; WIS E N A=
0.2681, C=0.2111, G=0.2810, T=0.2398; &8
MR [A-C] = 1.0000, [A-G] = 2.8004, [A-T]=
1.0000, [C-G] = 1.0000, [C-T] = 6.2699, [G-T] =
1.0000; AR R BT B 1=0.3998; ZE R A7 A1

BT MBS R BB R K BB 5" I 7 51
FH Bayesian 773 GTR + G + | BB I B 1] 50% B 5
—BMLE 2,3 5/ NI MP F 2 BIHEKE
BRI BT . 23T AR F4HLL D.P
F1 B 3k F /R NJ.MP Fii Bayesian 1 59 %5 I 15 5 B9 32
R BEKERSEE. ANBE2TTUER, =F78:
gy -8 ENEE KEXEA

Gamma %5 G =0.5686,

( Chaetophorales ) . 3 3 B ( Sphaeropleales) . &K ¥ B

D99 (
P96 Oedogonium subdissimile L5

B100 Oedogonium sp.LTL 1,
gl%(‘@?z Oedogonium parkistanense M5
D95 B100 Oedogonium subplagiostomum 1.2 ) .
B100 Oedogonium nodulosum L Oedogonium lineage
D55 .
PST~_ Oedogonium sp.L6
DB/1§2 100 Oedocladium prescottii M2
Oedogonium cardiacum UTEX40
D83 Oedogonium sp.L3 )
Bulbochaete hiloensis UTEX66 Oedogoniales

P59
D/B10Q
P99 Schizomeris leibleinii UTEX LB 1228

_P_98_{_— Chaetophora incrassata UTEX LB 1289

Aphanochaete magna UTEX B 1909

Uronema UTEX 1179 Chaetophorales

Sphaeropleales

D/P/B100
D77/P95

i D/P/B100 Chaetopeltis orbicularis UTEX 422
Planophila terrestris UTEX 1709
D/B100 D/P/B 100 Neo:;tloris aquatica UTEX 138
Pog Pediastrum angulosum UTEX 1370
Schroederia setigera UTEX LB 2454
Dictyochloris fragrans UTEX 127
D50 D/P/B100 Chlorococcum ellipsoideum UTEX 972
| psa §17(5)0 Chlorosarcinopsis bastropiensis UTEX 1698

Characiochloris acuminata UTEX 2095

Haematococcus lacustris UTEX 16
Chlorosarcinopsis gelatinosa CCMP 1511
Dunaliella tertiolecta UTEX 999
Characiosiphon rivularis UTEX LB 1763
Lobocharacium coloradoense Kugrens

Oogamochlamys zimbabwiensis UTEX 2214

= Chlamydomonas parkeae SAG 24.89

Tetracystis aeria UTEX 1453 Chlamy domonadales ;

D94
P6s Tetraspora sp UTEX-LB234
B10 Volvox carteri UTEX1885(HK 10) lineage
D/P/B100 Treubaria setigera SAG
Miscia hystrix UTEXLB 606 lnceriae Sedis
Cylindrocapsa geminella SAG3.87

Chilorella ellipsoidea 1AM C-87

0.1 subsititutions/site

Fig. 2

Fusochloris perforata UTEX2104 Outgroup

Bl 2 FH Bayesian FEER T GIR + G + | MBI 50% £ 8 —Foit

Fifty percent majority-rule consensus tree derived from Bayesian analysis using GTR + G + [

S XW KA R BT B D.P A B IF 3L EIR NJ.MP Fl Bayesian ¥ 5 X #b 95 g9 SR 3, (MP 4 . — S48 (CI) = 0.4643, Fl 4t

Model branch lengths are proport;

$#5% (HD = 0.5357)
ional to the number of the expected nucleotide substitutions. Estimates of branch support provided include bootstrap
support (% ) when =50
B: Bayesian posterior probability; P: parsimony; D: distance
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( Chlamydomonadales lineage) & Incertae Sedis XL
KEHE ERGE— N, BRTEREH TR
b NJ A OMP SRR3R 4T S0 94 A 64 Sb, R
FIEEEEDT 100% . S TFARPRFTRENEE
H.HOEHIEHERTZAESREEEBRAHENE
EHEEXR, BERBIARITNIF. EH%H
A, NJ.MP Fl Bayesian HW—HRE I EEREEME
YJ ( Bulbochaete hiloensis ) TE¥ 3 B & 4t F B o BB
B, RS HIN 5% .57% M 52% , F & &R B R
T E 8% 8 #5 9 ( Oedocladium prescottii VSR BEE
YREABRR, I FARRTRELAEHEERN
BYBE /R 258¥ ,NJ A0 Bayesian # AR 1R 47 b 325 T B
i i 5 Bk B K HE B #h 2K ( Oedogonium cardiacum
Oedogonium sp. 13) BT 4H R 49 JH Bk B 4b T B B BB N2
B {5 MP A o XJ bk 9 32 F7 ED AR ; = Fob B Xk At 8
BEMEZEHXRARESL B

3 i #

A 3K 28S (DNA FHI4r T F ik, BB E M
AEREHATT AW A3 T EHNETRERE
BB A R KEAER, 2 o N) & F1 Bayesian #f
oM

EAHRS, WHHRINEHERTHEB 5K
ERBAHENBREMEEXR, ARRERTFHX
B XMEELXFEESXTINBNESFHRER
H—EH,. ERES¥%E, XWIEBHaIERS S
B 2R A 54 1, B 1, Booton %[SJ‘E‘ﬁlﬁjmﬁ\H
XERHIME, FHiAE A 185 DNA FHI TR
UE,{B 18S IDNA iR HA AR X FHENMNZEEENFEL
KFR. 28SIDNA FHIRERREF T IHF B %
ZRMFH TR,

¥ AN R 28S (DNA B4 F B K
BIFMAELU 100X REFEE, H—SHIET
T 252 f A A8 18S 1DNA FF 5 4> 47 i 45 R U1,
AL AEEB M EM BSERNARS RN
RBEERIBFHFE SN RIERE WK
T3 , A REFFIEEHRBIGHHETFMELEH
LB A P A A AE 1222 (B R — M X AR
#PE. Booton % A F 18S IDNA FHI &K R Z R
h100% I THEBNRRAE,

MRENPENH NS EXE, B%H
BREZSREHFMCE R, AR MEOHAE
E-UHESEMAMBE, EANBEHEESH
EMXER. AHEEE N, SRR 55 E A

BN, XN TRES¥ LHEEHSIMRHEESD
BZEEREBHELEE, WHEE RO HFHH
a4y SR TE BNE R 45 M B TR 4 3, BB R ER R R 5
WENABNBW T REEREHFUNERERS
fiE o TRVES, 3X b /)s 4 43 5% B {5 18 B 3 B A R 2K E]
SRRBHE,

BREAN=NRS, EHEEL THEBENE
R4 E (NJ MP Fl Bayesian % 9 Z 3 2 - 514 55%
571% M 52%) M HERSHERLVB LR, &
Booton %1513 3 4 /-4 3 B #2549 18S 1DNA 75 4
FEIMERP, LB TEHNERL TR EMAL
MR, BZEMRd TRANEEEMHERBER,
o 5 8 R R Y O R B R R R Mk — it iR, ABE
REATEREHHEEME, B THHEERMRE
TFHERMERNER, NERSEE EHAT A
ARG RLIKE: —rm, B, EHERE
YMBESHFEMNMER TR E R EF LN —mE, Rl
ESEAEH, EARBEEZSERINIRATR
EERRENME RSB S —FmE, BN
BB R A 2 B A B 0 B RS A Ak AT B R
REE 1 4 TR 43 39 0 1 4 1E th 7E — SR i 26 A B B b
HehgrMEE R 227 DL BSR4 i599,28S DNA
FISHATHERBREREAREEAEMN,

HEEH KA X8 % H 8 288 tDNA 5 51l 4 47 Bt
FOh HFBATHERMEHEREZE —
BFS, A REBRHEYNFY EHERSAW
BHXZRLEEIHERMNFIHHBH, FHR
HARTZBEMFS, 182 T 285 (DNA R R =
MRMKXRBAATEE, FFIESL T 28S DNA Fl 18S
tDNA FF 5453 P 85 R — 3,

{BE 2% 28S 1DNA 75 LB ARF , TR FFIM
BEAKEGRATANBAMEINXR BERN
MEIMNEEXEAMABIAHBNER, AFESH
EKH A FHRics| A,
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PHYLOGENETIC STUDIES OF OEDOGONIALES(CHLOROPHYCEAE, CHLOROPHYTA)
BASED ON 28S rDNA SEQUENCES

MEI Hong''2, LIU Guo-Xiang'and HU Zheng-Yu'
(1. Institute of Hydrobiology , the Chinese Academy of Sciences, Wuhan 430072;
2. Graduated School of the Chinese Academy of Sciences, Beijing 100039)

Abstract: The Oedogoniales is a very unusual order of green algae, and the studies about them were mainly focused on their
morphological characters. But the relationship between the Oedogoniales and other greens is still hard to guarantee in terms of
morphology . During the past few years various phycologists used different characteristics as basis for classification of the genera of
Oedogoniales, and the relationship of the three genera was uncertain. In order to clarify the systematics problem existing in this
unusual group of Oedogoniales, we collected the samples in a large area, isolated them from field and cultivated them at 20 to
25%C at a 16:8-h light: dark cycle under 25pumol photons/m’-s, in modified of Bold’ s Basal medium. Algal cultures were har-
vested by centrifugation at 7400 rpm for 2min and DNA was extracted by CTAB method. The 28S rDNA was newly amplified and
sequenced from 8 species representing 2 genera ( Oedocladium and Oedogonium) of Oedogoniales. Aligning with another two se-
quences of this order from GenBank, we succeeded to analyze the sequences covering with all the three genera of the Oedogo-
niales. Selecting Chlorella ellipsoidea and Fusochloris perforata as outgroups, we constructed a matrix of 38 DNA sequences. The
phylogenetic trees were constructed by using Neighbor-Joining, Maximum Parsimony and Bayesian. All the three trees displayed
the similar topologic structures. The results showed that the Oedogoniales was monophyletic, and within this order, the genus
Oedocladium was mixed in the member of the genus Oedogonium ; whereas the genus Bulbochaete was in a divergence position to

the other two genera.
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