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TEE &% X B 4 (DNA B /1% 5k 8 Jg X (ITS) Fa vt 5% 4R rbel % B 3 /N 2R 3% J& ( Chlorella )6 #
INERE W R Fo A AR RHAT T AT B FH 5 GenBank 34 EA & B WA X NRE S
FI(ITS #u rbel FF 71 % % 15 &) —R#ATRR M. ERERITS FAKEEIREMANE
BEARSE MR R RAG T rbel 77| K A M E f b AARFH & ERTF. 15 #h/AN R ¥E ITS
FF 7 18] 3% 15 JE B 72 0. 000 ~0.663 2 |8 ; 77 15 #k N 3R 3 rbeL 7 7] ] JE B % 0. 000 ~0.216
o 6 Pk LKE PRGN REF2 5FEHARE F5.F9 AP WX R & B ADRE 820
54 @ NRE Cvq FLXR ARG MEDNRE Ce 5HUS MARBFLXEHRE, FEEK
HRERBERGWHEITS FRASHARTFHEZ Kbl ZEEHMELGTURTARERE

REQH T FER

KW DR WA TR K srbel BB REER; HEXR;HAXR

RES%ES:Q 78l
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Fo EMWEEZ AT &M PN ST
ERATZHNA, BRrtH LB s/NREE +
ZAF, T ATTEEMESIHE D, ERERR
PEIRSE (40 pH <3) &R ] LA 43 B B/ ER B2
M. BTESTENZHE, NRERS EEA
R, ENREAMARAE MR EFEERAER KR
B2 Ao

KT/PRER T REF5, BETEA R
HERD, EINE A (DNA /NEE (18S tDNA)
A DNA K /h W5 AN 5 % | 8 X (internal
transcribed spacer,ITS) ZEFF 51, X /NEREBE HIT &R
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BREZEM)XIRE 5 MEMPOE 20 ZHE
H/NIREE(C. vulgaris) i) LRI BTN RE R 20 2 5 E
110007, PR 5 8 T BEA BRI SR

EBES T REF W, B 1DNA ITS Al
4%k rbel 3P R BRI EZ RIS,
Hdr ITS 54 §E ITS1.5. 8S rDNA fl1 ITS2 3
AEB 43, T rbel F B R R R SCHE 3 R B
Rubisco(BHi¥E -1, 5 - —BEBR R IL/ INE#E) K
WK mBFY], FiE oGS BEMRE L%
BTG RERE LR o ARSURIEX T
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1 MRSk
1.1 ##
RFEERA SHPTH 6 BR/DIRERE R

RFE 1, BT EBEB/DIRE 820 FEE/NIRE
Cvq R¥GKFAh, HEH RBRK R, HRER
MAV3 S5 8, BFRRE R 25 T, 0 RBE N
3 000 Ix,)HE B # 4 12L: 12D,

AN 55l DNA #£BUH LW AETH
UNIQ - 10 #0403 & H 4 DNA #iRilH &,
PCR 7= 4 [o] ilit F§ BioSpin Gel Extraction &7 &

(BBBMREK) . H E. coli IM109 1 B L5
WA B S BT, B4 pMD 18-T Al PCR A5 %
BREEAEY. 51MBRIHRIE/NKEME XTI
Clustal X 1.8 B ik, ITS ¥ 35| 95051
NI 3[4 :5'-TTTCCGTAGGTGAACCTGCG
GAAG-3'; R[5 :5'-TTAAGTTCAGCGGGTA
GTCTTGCC-3',, rbeL 338519157 514 1E 151 4 -
5'-ATGKCTCCACAAACTGAAACTAR-3'; % []
3| . 5'-TTAAAGAGTATCGATWGTTTCGAA-
3'. GlYiscH L¥ A T4 AL, WP 7E i T
¥ FEHR 2 R SEAL

R1 6 BRRER AR RBER= M

Tab.1 The names, sources and localities of 6 Chlorella strains

DNIREAZFR FMRIR JE=
Chlorella algae sources original localities
BB/ R F5 FPRHBERDUK A BT
C. pyrenoidosa F-5 Institute of Hydrobiology, CAS RE USA
BB/ RE F9 FPRHBERDUK A BT .
C. pyrenvidosa F9 Institute of Hydrobiology, CAS 8 China
E Bk 820 TR
C. pyrenoidosa 820 Ningbo University RE USA
G/ NIREE F2 FPRHBERDUK A BT FEREAT R A
C. protothecoides F-2 Institute of Hydrobiology, CAS Charles University in Prague, Czech
Lil/hakE Cvq TRKE . .
?‘. wulgaris Cvq Ningbo University "FE# & Qingdao, China
FAEI/NERFE Ce TR i .
C. ellipsoidea Ce Ningbo University L5 Beljing, China
1.2 ik HEATXH ST SR AT E A R G
DNA #2 3 B0 AR X B b TR 2

mL, #i50 & BB T R 4 DNA {25, g
DNA %7 30 mL 3R+,

PCR ¥ 5 & % PCR % )W ( Biometra
PCR ) A4 20 pL, H 4R DNA 2 uL,
Mg ¥ BE % 1. 5 mmol/L, dNTP ¥k ¥ % 0. 2
mmol/L, 5| H¥kE 5 0.2 umol/L, Taq B 1 ¥/,
PCR ¥ 3§42 /5y 94 CHIZE M 5 min, #: 5 & 94
CASM: 50 5,50 CH P 1 min, 72 CIEfH 1.5 min
HIAR P 1T 30 NMER, B 72 C & f# 8 min,
PCR P=¥17E 1. 2% W BRAEWEBE I LB Ik , % SME
A LB L R,

Fhwik LS A BEWER PCR
72415 pMD 18-T B FEEFHRWBRZR E. coli
IM109, PkiEFALE 7% 3517 PCR falll, B K
BAEHWELAREEEENT,

BAELSH  FH Mega 3.1 AN FTR 5

2 HR55H

2.1 JNERFE ITS #0 rbeL O ESHT

LB —XF ITS 3| 94 AL T/ BR B
tDNA /NI 3" 3 f1 R 2 5 %% , B R4S Y ITS
A& T S2 B ITS1.5.8S rDNA F1 ITS2, ¥
B3R 5 2&/NEREEF 51 (H GenBank % 3% 5 1L
# 2, 5@/ DIRE Cvq B T4 R R G55 8
ITS1 F1#E4> 5. 8S rDNA) 5 M GenBank T 2817 /)
BREE ({OE A E A RRM T F)) #E17 ITS K
B (£2),

M2 BN, AR R /NBRE ITS KELE
648 bp % 703 bp |75l , Hih 5.8S tDNA & H{R
SF(159 bp) , i ITS1 1 ITS2 ZE{piE R, HH¥E
BNREFS 1 ~5) KA TERBFFRTE,
1 CBS15 —2075 F1 CCAP 211/11F( F 545 A
6 F17) By ITS1 0 ITS2 K J&¥ th i@ /MR E A,



43 W F, % /PIRE DNA ITS SMHG{K rbel BR FFF 041 & A 567

B i, Miiller %1 #1177 BE A JB T 338 /R
B, MAPR S & /NIKE F-5.F9 [ ITS1
A1 ITS2 + B (43314 255 bp il 234 bp) FF LG/
BRI F-2 T2HF B 5 FR & A2/ R EE 820
( H ITS1 f1 ITS2 438 % 264 bp 1 280 bp)*ﬁ%
BR. B, N ITS KB F#E,820 ATREAE T
|HB/NRE, MR /DIRE F2 M 5&A#&/D
FREXRARBIE, i/ NIRE Cvq 19 ITS1 FFK
J& 9 266 bp( 3 2 RFH) , 5 Miller %' frie
H/NEREE (291 25290 bp) HEZE K, B5EAH

JNEREE 820 A1 C. wulgaris CCAP 211/11F ( Miiller
FEOUANABRTFRENRE) HE BT
GenBank $(3 R HBR T 8 /N ERBSMEE HE
MNREZTE ITS F8 (3 HRADAKRE C
saccharophila TTS2 5 28S rDNA F¢ 3 5 FR A B
8) , B Bk e EREIEZE,

ASEIILY G B 6 MR/NIREE rbel SEEE 4R
73 (H GenBank B F5 Wk 4 H)RE) , BN
FERE EREIRSF (1 428 bp) , 73 A 4 5 475 4>
AER.

R2 15 HR/NIKEITS FIKELL B
Tab.2 The length of ITS sequences of 15 Chlorella strains

;2=3 INERE GenBank & #2 ITS1 5.8S ITS2 2K (bp)
No. Chlorella GenBank accession (bp) (bp) (bp) total length
1 C. vulgaris CCALA 268 AY591496 291 159 245 695
2 C. vulgaris SAG 2. 80 AY591495 291 159 245 695
3 C. vulgaris SAG 211 —8m AY591494 291 159 245 695
4 C. vulgaris CCALA 262 AY591513 290 159 245 694
5 C. vulgaris AB162910 291 159 >242 >692
6 C. vulgaris CCAP 211/11F AY591514 262 159 235 656
7 C. vulgaris CBS15 —2075 AY948419 243 159 246 648
8 C. pyrenoidosa F-5 EU038288 255 159 234 648
9 C. pyrenoidosa F-9 EU038289 255 159 234 648
10 C. pyrenoidosa 820 EU038290 264 159 280 703
11 C. protothecoides F-2 EU038291 255 159 234 648
12 C. ellipsoidea Ce EU038292 287 159 211 657
13 C. saccharophila UTEX 2911 EF120782 286 159 — —
14 C. saccharophila UTEX 247 EF120783 288 159 — —
15 C. saccharophila UTEX 2469 EF120784 >282 159 — —
T =" R IR EARRE
Notes:“ —” indicated the length of the sequence was uncertain

2.2 /EKE ITS AT ERYBEMEES

B/NKER PR R B X B E A TR

B RIMER 5 R/NRBETEE ITS 75 5 M
GenBank T # [y 10 &R/NERBERY ITS ¥ 51—k
FrHEF R, 3 Mega 3. 1 3440 & 51 )3
REEBHETHE (K 3) . &3 H,15 Hr/hBREM
18 ITS 7313+ B B8 (L BE B 7E 0. 000 ~ 0. 663,
HIREEBENPNBIRT 0 3 2K, H—REFEW
MEEB /N, S HREEDNRE(FS AL ~5, ]
PR ] B BE BS7E 0. 000 ~ 0. 002) FHASSLEG: Bl 3
M/NERBE(F50 8.9, 11, HF ] EERS 5 0. 004 ~
0.007), % K HEERHEIRUH, Bl 4 BR/DERE
(WG IRl/NBREE Ce F11 3 #k C. saccharophila , 75K
12~15) 5HE 11 HR/PRBEZ MK ERRK
(0.581 ~0.663) , E=2, BB T LA EWASLH

25228} (0.030 ~0.329) ,

MCEEBE R 470 6BH T 3 NEE: (1) ITS Jf
FITE 5 MREE/NIRBEFP AR R RST , ML A B
99% LA b5 i Miiller %' Y A& T34 /) 3k
) CBS15 —2075 il CCAP 211/11F 53% 5 #f/pER
BAEERI 12905 0.33 f10.19, (2) JRIG/HER
B F-2 5PitkE QB NERE F-5.F9 RIS
K 99% LA b, IERIF R R, (3) ARSEL Brill i)
5 /NEREE Ce 5 3 #R/NBR#E C. saccharophila W)
REABIEMHNREER, W 3 £k C. saccharophila TN
ITS BEEEFE 0.055 ~0. 114,10 Ce 5 EfI=FHH
BEES7E 0.030 ~0.116,
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£3 15 H/NEKE ITS FIIREEES
Tab.3 The genetic distances calculated using the ITS sequences of 15 Chlorella strains
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1
2 0.000
3 0.002 0.002
4 0.000 0.000 0.002
5 0.000 0.000 0.002 0.000
6 0.198 0.198 0.196 0.198 0.198
7 0.329 0.329 0.326 0.329 0.329 0.267
8 0.259 0.259 0.256 0.259 0.259 0.195 0.323
9 0.256 0.256 0.254 0.256 0.256 0.192 0.317 0.007
10 0.311 0.311 0.308 0.311 0.311 0.284 0.185 0.301 0.301
11 0.259 0.259 0.256 0.259 0.259 0.195 0.323 0.007 0.004 0.301
12 0.615 0.615 0.610 0.615 0.615 0.615 0.622 0.639 0.635 0.612 0.640
13 0.614 0.614 0.610 0.614 0.614 0.610 0.626 0.648 0.644 0.610 0.649 0.053
14 0.602 0.602 0.598 0.602 0.602 0.615 0.602 0.643 0.639 0.594 0.643 0.030 0.055
15 0.628 0.628 0.624 0.628 0.628 0.621 0.613 0.662 0.658 0.581 0.663 0.116 0.114 0.091

ERP 1-15 PS5 AT AARR/DRE R GenBank B3R5 2

Notes: The represented Chlorella strains by number 1 to 15 and their GenBank accession numbers were the same as those listed in table 2

2. 3 BRI rbeL RN E BB IEEEES
BARPIS P 6 HR/DIRBE S GenBank $(#E FE
AR rbel FFFI R 2 /DEREE (S 15 #) 1Y
rbeL JPF|—FEHEAT Xt , B Mega 3. 1 34X &
Fr 3 I BE B HEAT BN B (3R 4) o 3X 15 BR/PER
BORT T AR, BN BARYE rocL FF3it
BHIBIFEERE Y 0.000 ~0.216, HE KEEME
15 #R/DERE ITS FI IR & KEE
(0.663) /MEZ o] WL 4K rbel 2 Hi% tDNA
ITS RFHEE R, 7224 P, BRI/ (R R
F 9% UL L) A 4 4, —RFHREENRET
506 M T) FIFRAE R /D EREE(8.9) , 3% 4 #R/D
BRI PEERS Y 0.000 ~0.004; 5 —HEEHE
/NEREE F-5.F9 55 16/hNR# F2(10.11.,13) , H
B i BE B3 2 0. 000 ~ 0. 003 ; HARFH 3 B RE C.
ellipsoidea UTEX20 1 C. saccharophila (3 F11 4,
BEEE 4 0.000) .820 1 Cvq (12 #1 14, HEE B K
0.002) , 5 ITS 53RN, RE rbcl FFIIITER
BERS LR IR /N ERBE Ce 5HE 5 #R/NBREE IR EE
BB, & BB /MR F-5.F9 5RIG/NERE
F-2 [AIFE B B/
2. 4 NEKEITS RgRiagE

MR8 15 4% ITS P34, #id Mega 3.1
P i) NJ 3 ( neighbor-joining method ) #4437
AGM (B 1), HZ{H Bootstrap 5 1 000 W E

B, B9, RABIENPA/DER (GRIFER
7£0.01 LIF) :—4 1 5 #RE @/ EREEM AL, 55—
A E A2 /DEREE F-5.F9 5 RIG/NERE F2 1
Ao HIREEBS IWEHEIE (BERE 0.1 £/) KWE
115 /N BREE Ce F1 3 ¥R/NBR#E C. saccharophila 4
BUIZERE . B /N EREE 820 FI/NBREE CBSIS —
2075 SE K, B INFK-EE /N IRE Cvq FEEE
ITS P33 — R B REN, Cvq 5 820 &k
%,
2. 5 INEKEE rbcl RGERIHAE
1RIE 15 4% rbel FF 5\ 503 , 1T Mega 3.1 3K
e NI e E S FRAEW (B 2), B4E
Bootstrap 2 1 000 (RE X, 7K 2 P, X ARKIE
B 4 A/ PNERBEERE AR : (1) BEB/DIREY,
BEAARETH FS.FO. EEHBR /DR E
(AB240145) K JRff /N EREE F-2; (2) 3@ /N ER B
(SAG 211 -11b.C-27) 5 BI/NRFE(C-27 5
Tamiya) ; (3) & HB /P EREE 820 5@ /NERE
Cvq; (4) ¥ H /h 3k % UTEX20 5 /hER¥E C.
saccharophila( AM260446 ) , DL FEEBZERPHEE
—ME=A5 ITS iSRS . EEREN
B, BB ARH R 4 BRAF IR /)N BR B : Tamiya #RF0 C-
27 MR ARTE— A~ R, T UTEX20 #k 5 Ce #
MK EWAEREP,

Huss %" Pt 3 AR AL I A4 T4
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£

F, % /PIRER 1DNA ITS S5H4R{kK rbel ZBH FF31 53047 B B

569

WZEEARGT T PIRERBNRGERERXRR, b
fiTAA C. wvulgaris .C. lobophora.C. sorokiniana Fl

C. hessleri X 4 MR AMEGEHNERE 1), M

[3 C ”
.

protothecoides

.

Auxenochlorella

protothecoides) | “ C.” mirabilis, “ C.” ellipsoidea

“C.” saccharophila F1 “C. " luteoviridis 3X 5 |~ Ff
NZJ& T Trebousiophyceae HH) 7 — K7 (1L N
REIL) , TiTZ8 (B NBRSE C. pyrenoidosa 7624
fE EXELIKE,

R4 15 BRNIKE rbeLl R BEBSERTTE
Tab.4 The genetic distances calculated using the rbcL sequences of 15 Chlorella strains

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1
2 0.191
3 0.161 0.216
4 0.161 0.216 0.000
5 0.063 0.190 0.152 0.152
6 0.066 0.189 0.156 0.156 0.061
7 0.069 0.193 0.160 0.160 0.063 0.004
8 0.069 0.193 0.160 0.160 0.063 0.004 0.000
9 0.069 0.193 0.160 0.160 0.063 0.004 0.000 0.000
10 0.063 0.191 0.154 0.154 0.011 0.065 0.067 0.067 0.067
11 0.060 0.188 0.152 0.152 0.008 0.062 0.064 0.064 0.064 0.003
12 0.109 0.182 0.141 0.141 0.09 0.099 0.103 0.103 0.103 0.099 0.095
13 0.060 0.188 0.152 0.152 0.008 0.062 0.064 0.064 0.064 0.003 0.000 0.095
14 0.107 0.180 0.138 0.138 0.094 0.096 0.101 0.101 0.101 0.096 0.093 0.002 0.093
15 0.171 0.168 0.201 0.201 0.178 0.173 0.178 0.178 0.178 0.182 0.178 0.177 0.178 0.174

I EHE RSN /MRS & GenBank BF:2:1.C. sorokiniana( EF113429) ,2.C. luteoviridis (EF113428) ,3 A%[E /iR UTEX20
(EF113427) ,4.C. saccharophila( AM260446) |5 .55 4% /NekEE C. pyrenoidosa( AB240145) ,6. 358/ k3L SAG 211 - 11b( AF499684) ,7.,
3/ MR C —27(NCO01865 ) ,8 HEIE /MREE C —27( D10997) ,9 B /MERSE Tamiye (M20655) ,10. %8 (4% /MaR 3 F-5( EU038282) ,
11.EBB/M R 3 F9 (EU038283 ), 12 & B 4% /D3R 3 820 (EU038284), 13 JE 4 /M 3R 3 F-2 (EU038285), 14, 38 /M 3R 3 Cvq

(EU038286) ,15 J%[F /MR 3E Ce( EU038287)

Notes: The represented Chlorella strains by number 1 to 15 and their GenBank accession number; 1. C. sorokiniana (EF113429), 2. C.
luteoviridis (EF113428) , 3. C. ellipsoidea UTEX20 (EF113427), 4. C. saccharophila (AM260446) , 5. C. pyrenoidosa ( AB240145), 6. C.
vulgaris SAG 211 —11b ( AF499684), 7. C. wulgaris C —27 (NC001865) , 8. C. ellipsoidea C —27 (D10997), 9. C. ellipsoidea Tamiya
(M20655) , 10. C. pyrenoidosa F-5 (EU038282), 11. C. pyrenoidosa F9 (EU038283), 12. C. pyrenoidosa 820 (EU038284), 13. C.
protothecoides F-2 (EU038285) , 14. C. wulgaris Cvq (EU038286) , 15. C. ellipsoidea Ce (EU038287)

63 C. vulgaris CCALA 268(AY591496)
631 C. valgaris SAG 2.80(AY591495)
100 C.vulgaris CCALA 262(AY591513)

58| C. vulgaris (AB162910)
C.vulgaris SAG 211-8m(AY591494)
C.vulgaris CCAP 211/11F(AY591514)
C. pyrenoidosa F-5(EU038288)
T0GIC. pyrenoidosa F-9(EU038289)
65:C. protothecoides F-2(EU038291)
C.vulgaris CBS 15—2075(AY948419)

94

99 C. pyrenoidosa 820(EU038290)
C. saccharophila UTEX 2469(EF120784)
100 G saccharophila UTEX 2911(EF120782)
85| C. ellipsoidea Ce(EU038292)
75~C. saccharophila UTEX 247 (EF120783)
—
0.05
B1 ETF 15 ¥k/EkiE ITS FHIETPEE
MRS FRER

Fig.1 The molecular phylogenetic tree constructed
by the neighbor-joining method based on
the ITS sequences of 15 Chlorella strains

100 Ic. protothecoides F-2(FU038285)
C. pyrenoidosa(AB240145)
L (. sorokiniana(EF113429)

C.vulgaris SAG 211-11b{AF499684)
WHC. ellipsoidea Tamiya(M20655)
99

50r C. pyrenoidosa F-5(EU038282)
100|C. pyrenoidosa F-9(EU038283)
59
100

87 C.valgaris C-27(NCOO1865)

C.ellipsoidea C-27(D10997)
C. pyrenoidosa 820(EU038284)
100 . vulgaris Cvq(EU038286)
(C.ellipsoidea UTEX20(EF113427)

109

100'C. saccharophi 1a(AM260446)
C. luteoviridis(EF113428)
C.ellipsoidea Ce(EU038287)
0. 02
B2 ETF 15 ¥R/NERTE rocL BRI SEE

BN TR
Fig.2 The molecular phylogenetic tree constructed
by the neighbor-joining method based on
the rbcL sequences of 15 Chlorella strains
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ACHTEE rbel RYMHEA LA Huss 5
B2, 288 1 B9 C. wulgaris F1 C. sorokiniana
RE—E, MEBHIK“C” edlipsoidea, “C.”
saccharophila . C. ” luteoviridis 73 TE A 1R SME
HHAUNZREME K, AR/ DIRE T BERH
T Huss 53 2KH2K8E 1 B, BiXRGEREFM
Huss 3 KA —H W, WE FEBFINC”
protothecoides F-2 FIF#R“C. ” ellipsoidea( C-27 5
Tamiya) 526%F [ /NRERE &, HIEHETHE
RIFTREMNS Huss 5" KRG AE—EHER
Ko

3 itig

T B R S iRt W e T o )
HRFEE R R RE T 528 TR, 4%
FPE N7 A U4 tDNA K/ # (LSU 1 SSU) &
HPE RN X (ITS) £ M RS RHEH
TIREE RS IE B AN rbeL . psad I psbA % R 3
1 B R R S B S AR RE N K E N T
RESHRAPABIN T 2N AE™ . Kb, &
tDNA ITS1 F1 ITS2 J§ 51 354k 3 S AR X B bk I B
HREMFF RS, AN IREY
KL T AR 5 256 UK LR BT T 3
WFEFR. MR A RS0 B R TS h R ] ITS
BHBRERE— BT 14% , L 0 g s Ay
2B (E JRE KT 20% , T rbel EH i T IhBEH
FRAIZEREIL 8RR ST, B A TR B &SI 26B
T RGRAETRT . AP 5 B/ BRE
ITS JF 51| A AL B 38 4k 8 Kk (M 648 bp 3 703
bp) , T ELJF 31 15 B4 3 £ B BS 78 0. 004 ~ 0. 640,
FAXHTI S ,6 Mk /NERIE rbeL 55 AUE R E H AR
HRSF(32 1 428 bp) , i ELF 3 18] B9 A5 BE B
7£0.000 ~0.182,;5/NF ITS B3, 50 uEBA T
rbeL FE5 IR SFHRN ITS 51078 Stk

ATBFSEFR ITS 7 rbel BiALFFF T 6 k/NERIE
R AIRP I R R HEAT T A, B T R A3
f9 3 MR (1) JRIA/NEREE F2 SHIMAR
9T A/ NEREE F-5 . F-9 [R5 2 PRy 3
£;(2) BAB/MRE 820 5338 /N ERIE Cvq 1
FEATRI; (3) WB/NERIE Ce SHE 5 bR/NIRE
[IHEE B B . %45 5 5B — M SR TR 40D
FB psbA FEATHIS TR —FCEBRER)

hT/NRER REL , B4 NIER KRG —,

I+ H EHRTE M /NEREE ITS T rbel J7 318D, ¢
HIR ITS [F51, b B o LF- 2 R 8 /DR
WA ERENTRER, HEEEEL/D
BRUE ITS H1 rbel FFFIRESR, 5 HESTEY
FIS ROE S RS B L R 45
B SENA BT RN KRB RS LR,

S k-
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Molecular identification of Chlorella strains based on sequence analysis
of nuclear rDNA ITS and chloroplast rbcL gene

SUN Xue, WU Xiao-wei, LI Xing-wen, PEI Lu-qging
(Key Laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract ; Chlorella is one of the most important economically unicellular green algae, but its hundreds of
varieties make it difficult to be distinguished based only on the morphological, physiological and
biochemical features. To analyze the interspecies and intraspecies relationships and genetic variation of
Chlorella species, two kinds of molecular markers were applied. One was the internal transcribed spacer
(ITS) of nuclear rDNA and the other was the chloroplast rbcl gene encoding ribulose-1, 5-bisphosphate
carboxylase/oxygenase large subunit. The 6 Chlorella strains studied included C. pyrenoidosa F-5, F9,
820, C. protothecoides F-2, C. wvulgaris Cvq and C. ellipsoidea Ce. In addition to sequences retrieved from
GenBank, a total 15 ITS and 15 rbel sequences were carried out by sequence comparison, genetic distance
calculation and phylogenetic tree construction, respectively. Results showed that the length of ITS region
was almost the same among species intrasections, but the length of ITS1 and ITS2 varied significantly
between species. However, the length of rbcL sequence was always conservative at inter- and intraspecies
levels. The genetic distances of 15 ITS sequences ranged from 0. 000 to 0. 663, and those of 15 rbcL
sequences varied from 0. 000 to 0.216. The phylogenetic relationships among the 6 Chlorella strains drawn
by ITS and rbcL were as follows: First, C. protothecoides F-2 showed very close relationship with C.
pyrenoidosa F-5 and F-9. Second, C. pyrenoidosa 820 clustered closely with C. wulgaris Cvq. Third, C.
ellipsoidea Ce showed the farthest distance with the other five Chlorella strains. This paper indicated that
phylogenetic analysis and molecular identification of the genus Chlorella could be validated based on the
combination of the highly variable ITS sequence and the relatively conservative chloroplast rbeL gene.

Key words ; Chlorella; ITS; rbeL; genetic distance; interspecies relationship; intraspecies relationship



