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1 #RERZE

1.1 KM

FE L VG A2 I 3 W AT SR A, A DU A S0 A 2
AR, /\%’%ﬁzoiﬁw [ MBI SRR AT QPR (R 1.
1.2 ERIERRMKREEEE

/MSFT s aith)E, DL = T IR BG T
R 95353 g/L NaCl, 1.5 g/L NaNO;, 0.04 g/L K,HPO,,
0.075 g/L MgSO,-7H,0, 0.036 g/L CaCl,-7H,0, 0.02 g/
L Na,COj5, 0.006 g/L C¢HgO,, 0.006 g/L C4H,,FeNO,
1000 mL ddH,0 % Z%) % 208k A (K EE AT E AP K
Bt o (E5 IR e B B W S AR AR
KRS, HEE A LYW, 20 R A iEN D 2o it
B AR AN SRR AR S AR AR AR o LIRS 58 = 1T

OV % 5E [ Dunaliella sp. YCO1" %% F|FH18S

rDNAXT 200k At [ EE AT )8 W P10 % . FIH
CTABE" "$HL60d % 45 (I - DNA, 18S rDNAY"
¥ IE 514 5-TTGGGTAGTCGGGCTGGTC-3,
1A 5197 5'-CGCTGCGTTCTTCATCGTT-3'. 18S
rDNA-PCR1JJ MK & (25 uL)A: 2.5 uL dNTPs
(2 mmol/L), 1.5 uL Mg2+(25 mmol/L), 1 uL DNA,
0.3 uL Taq®§(5 U/puL)F12.5 uL 10x 2 N 2% M,
1 pL3¥%F, ddH,0%h 5. PCR M FEF N: 94°C
5min, 94°C 40s, 53°C 40s, 72°C 1min, fG¥ 35K )5
72 CHEAH10min. 371G ;=4 28 46 KI5k KT 7 5 i
J&, FIAAMEGA 6.0 A 55 KALAATE: (Maximum likeli-
hood)f4 % R4t K E W o
1.3 ETITSHHKERGAE O

ITSF5IY 18 [F) 1.2 771, $&HUR: IC
DNA. Wit JHA bt IREEITS Y4438 FH 51 P xt (1E
1] 514): 5-GGAAGGAGAAGTCGTAACAAGG-3/,
KI5 #): 5'-TCCTCCCTTATTGATATGC-3").
ITS-PCRIX iR R RMNAFEFFIL.2. LUkl I

W EE800—1000 bpfr 14 14 =4 . 4lifh Ja ik 4e R
JE DRI
RELBMHME  ClustalX2.0B & MEGAG6.0
B A I K s AT L, B HIMEGA6. 0%
ModlestEEREATITS & 3 50 B AR R ALSR At 1, AR5
Tamura-Neifsi % fif &0 5L & AR A ™, F
FIMEGAG6.0% £ (¥ Distance B i1 &0 it & BE 55, 1%
Bt FIHMEGA6.0fIMrBayes 3.1.2
B, T iR USRI Im 7% (Neighbour-joining)
A1 UL H i (Bayesian) 7l f i R R K B, J5 5%
WER R RIS R " SR i 3
5 A 8 (Chlamydomonas reinhardtii).
14 ETcox2-30HKRRZLE N
1200771, 1R BUHE IREEDNA . & it & B
R EE cox2-34 1@ H 5| X (IE W 51 4: 5'-AC
CAGCATTATTCTTATTAGTAG-3', I8 5] 4): 5'-
CCAATTAATAATGGTAAAAT-3"), I 724 K/
£1500 bp /£ 47, cox2-3-PCRIR NAK R+ N FEF[A]
1.2 ARV RIRE L FH S A A EE(C. reinhardtii) -
cox2-3M R G R B M IIE 5 E 1.3,
1.5 R E RmTEL 4N E
DS 56y =5 7 0o A G 7 40 ) 2 2,
I FH 28 0-0T D620 606 FETHI %8 685 nm A (1 786K
W YGAEL, 2 OD g5~ 756 41 ff 25 B2 br A il 22, ) 54
1Jci*?%ﬁ€ﬁa7i%1ﬁlﬁ?$|ﬂ$kﬁfﬁﬂﬁ’u‘iEE@EQHEH@
BERE, CE AR AN, LA3x 10" /mL Rk
é’]loo mL [ Fh & 2 i M 250, 0.50 1.0,
2.0F14.0 mol/L NaClf#11000 mLBG1 13750,
A INaClR FEREEE N: 0.005. 0.46. 0.91. 1.82fl
3.64 mol/L, &A™ EE B 1 B3 FAT -
1.6 HEIBELIEFRNE
BHENE  SHFRERITED

x1 ERIFRIRAMKERS

Tab. 1 Information of Dunaliella in the world
ETRS B PR S KA CTRS E AR P/ RAEH
No. Species Origin Collection No. Species Origin Collection
D1 D. salina CCAPHEREE JKH WARERM || D11 D. salina g RE S S
D2 D. viridis CCAPEFHE EJ1JEE 2538 D12 D. viridis R R 3L
D3 D. tertiolecta CCAPEEFE B Uk D13 D. salina Hh K 7 B A B B R LT 1B LW
D4 D. bioculata  CCAPIEFIEE % 17 547 D14 D. salina rh K B A R ST AT IR
D5 D. maritima ~ CCAPEFIE BT Jg T 575 D15 D. bioculata UTEX#F PE | #hi
D6 D.parva  CCAPERE LISt D16 D. salina RS AK A A AT 9 i ERHNARE
D7 D. peircei  CCAPEEFE 2 sl D17 D. salina IiNipNE2 IR
D8 D. polymorpha CCAP#EFHE DLz 58] D18 D. salina iK% I I R
D9 D. primolecta CCAPHEFNEE ik iR D19 D. salina PR 2 1B LW
D10 D. quartolecta CCAPEEFIE  Jikg 22l D20 D. salina iK% B
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0.46 mol/L NaClpifl 254 T B A=A A 2B KA
H(5d. 15d. 30dF160d) %) % & % 30min &, F
MINI-PAM(WALZ, 7 [ )8 {5 485 = i) i 2 35 ¢
FEAC & AN R AL QR i R I e K6 B (F ), 7T
A5 e B (F,), AP SIII 7 ) K6 & RE S
(F,/F,)e

s S EMNE H70.46 mol/L NaCljhifs
ZAF T HI100 mLER A B (60d 72 £7), 75 Ta-
kagiZs I T7 V%, W52 AN E i B EC A T P TR

B-tAE MEREEME  H0.46 mol/L NaClf}
BEE TS mL AR (604 1), 575 T 1F
PO T30y B IR FB-H R D R ARBUH, 2
ODg0-B-THE & Ebn iy, I AN i R AL G
PIB-tHE &

-BEER HOMBEERERIEMEME  HX0.46 mol/L
NaClhif 26144 T A5 mL B3 (60d /£ 4),
S HuntZ P71, I 5E 3-BE IR H I B IR B RS
P, BS54 LA mg B A /)N BRSO WL Y
ug# &R [pg Pi/(mg-pro-h)] -

2 4R

21 HEKENEESERGFLBON

H200kFE FC 7% 19 18S rDNA £ 48 & & A 401,
FIT A SRR 18] (1) 21 2% 58 R (LA Dunaliella sp. YCO1
NZ%), ¥R THKERE, THT T - 2MNNAR
GRE T

20K AL ICERITSTIPCRY MG 45 S35 R pHPE . 7R
MR FEEITSIE R A, ARG 2 [8] (1) 5 4 R B 5 (A/G:
13.71, G/A: 14.54), FLAMBRIE [A] (1) 5 e R BARGE 2).
ik PC PR ITS B[R 0] (1) 183 4% BE B9 28 0.01—0.58 . Wi
KAUER AR A DL A & &, DAARHER A
BRAE GG TE, HAETT s b4l A3 Fh SRVE IR S RF
KT ERE 1A). HIREITSRE KB LR E
N, 208K AL FQHE i R BEAR SR ok R (% X
TR M, 5 NSRS B, KK 4328
Wik, H—ErhDI19FID20IE 57 £ 2614100/1/100,
WESZIX 24N i & 5N D. salina, D1FIDSIA] 1) 3 5 F
#4100/1/100, HEM EAIAR AT AR 14N R, g
RTHERRGES EiC R RE. B _fFF
D7. D11. D12. DI5SHIDI18IA ) X & ik100/
1/100, 3% B SPRAE [CHE ()8 4% ¢ RAR I, (HIHH X
Hik A4 A LE, D7 5D 120 AF1E 3 0 £ 7
CCFFZ: 74/-/89).

2085 A G cox2-3HIPCRAS 18 &5 5L 34 5 FH 4 o
FEA KB cox2-33E K Fh, GRIA . THICZ [H] %
B (A/G: 19.15, T/C: 15.21), A mi 5 8] fr) 25 4

BARGE 3). KB cox2-33E K 8] () AL BE 55 0
0.01—0.68. FHK#EMcox2-3 2GR A &R ER
(Kl 1B), 208k i Z AT Kl 20 AR H R 408 R
(K S SRR M e, HAM R R E o)
B). H—fEMDL. D2. D3. D4. D9FIDI10# 1%
K RBOE (L 99/-/77), B A— 4 3; D5
D6, DI16FID1I7IMAK K AR RT3, 26 )
DI N—, DTEDI12E N A — X HESx
R (G FEE: 99/1/100); D8, D11. D14, D15,
D18, DI9FID20% A 71— L (LFFH: 89/1/65),
HhD115DI153EE R RIMIECGCHRR: 100/1/100),
HEMEATT AT B8 R — fb o, (RT3 7 79 2 1) DR
e SR B R -

22 MHEKBEESZHM

WEL20 06 AL IR E60d A2 45 T A5 (B 2AFI2B),
REEH EBIRSERHECR 4).

AT i B A R 6 0d 22 A5 F 41 K /N S8 7
D134 i K (40 £ 18—20 pum, 405 : 13—
13.5 pm), D4FID 14448 /N A8 . 9—10 pm,
R TE4—S5 pum), AFHZE L 64T, X ATRE 5 H M R
1) R SR IBAE AR AT O, FLAth i 8 AR 2 22 S 3 /N o
M EIRE, D1. D5, D6, D7. D9. D16+
D17. D18. DI9FID20AME R, D2. D3. D8,
D10. D11. DI2FIDI5KNEHTE, DARIDINELIE,
DI4HKIE . 2RI AT B 5 HoE NS
BEEBIARE NG XK. SNEREGE, DI,
D4. D6. D7. DI2FID20 N 4, D5, DI11.
DI16MID17 A E® G, D2, DISHMDI19 K 4t {0,
D3FID14 xSk th, DI3AIDIS AL, DS NI,
DO RNIK L, DIOARE O, RO S €5 2 M
FER B 2 BB, DB R 2, XA RE S HA
a2 EfHx. NALHES, DI. D5,
D6. D7. D9. D11, D13, D16. DI7HIDI8HA
2K TE; D195 D20 R K I 464 6, HA
PRIG) A e I BEBATAE, 3R B 1K L8 5 241 i oK & 7 Bl
FBIRBWIE R, Wishhe )12, HiE A F S /KIS EHE
447 . DI DOFID20K AR 55, H AR BEAN ML A K

2 HEKRITSHE SRR MIRA ARG T
Tab. 2 Maximum likelihood estimation of ITS base substitution
matrix in Dunaliella

A T C G
A — 5.79 6.07 14.54
T 5.79 — 12.38 6.13
C 5.79 11.80 — 6.13
G 13.71 5.79 6.07 —
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I, 2R B IX 3Rk b R IBOE M R 5 HDOAID 104 K T8 B e PR (B 45 K A 47 RLA B B K
23 #EES KB R YR, WA N T PO RS SRR B R . TR

¥ 3ATRT AN, 208K AT IRFEEAE0—15d N ) 48 Al 50—60d, 250 AR M40 I AR KB B IR 2R, 2500 &
25 P K BRI, P RIIR (177+12)%x10°/mL, A2k V2 6 5 P B (59042 1)x 10°/mL, HE\F& 58 #H
KAEIR . 7E15—50d, 7% i 2 75 20 0 25 58 P ik 1 K. IMEE60KLLE, 2505 R I 4 M % 1 2
Ko, 3419 1E(3859168)x 10 /mL, Ayt & K1, H IS N R, DS 1E A K, (55 0E

A 76/0.99/92 | D2 Lk kLEC#EE D. viridis
97/0.98/94 [ D6 ELECH: 2 D. parva
84/0.51/82 |! D3 FF AL D. teriolecta

D1 #h 4 [C# D. salina
78/0.81/66 | |100/t/to0 ¥ “
D5 #g2At R D. maritima
D10 PYH-#+ G D. quartolecta
100/0.51/10 13_)?4; Sﬁéaﬁ&éﬁ D. bioculata
& Bkt D. primolecta

D16 h A4t [ D. salina
85/0.51/87

D17 th A C# D. salina
100/1/100 D19 £h 4 ¥ D. salina

D20 Eh A ALK D. salina

100/=/98

D14 L H:ALEC# D. salina

D13 WRALE# D. bioculata
D8 £ R [C# D. ploymorpha
67 D7 J [CkEECEE D. peircei
BVt k[ D. viridis

D18 LA 4L K# D. salina

D11 £h A=A D. salina

D15 $hAE:4E ¥ D. salina

100/1/100 1/0.96/

100/1/100
68/—/81

Chlamydomonas reinhardtii 3¢ 7 A< 5

—
0.05 D10 PYH-#t ¥ D. quartolecta

B 67/—/71 D3 FRECAL R HE D. fertiolecta
D9 Ak EAL T D. primolecta
9 T py WRA:E#E D. bioculata
99/0.94/ %}0'18%%%&&7% D. salina
D2 2kt [CHE D. viridis
D5 #4544 [C#E D. maritima
100/0'94/8110/(()) o D6 BLEGAL G D. parva
D16 AL #E D. salina
D17 AL CHE D. salina
D13 th A ¥ D. salina
100/0.62/100 R D7 BZEE*iEEE’aD‘ peiroed
D12 Gttt R ¥E D. viridis

100/1/ﬂ| D11 £ A 4L D. salina
5 1/0.58/5?415 BURH:ECHEE D. bioculata

D18 #h A #E D. salina

D14 L AL #E D. salina

D19 kAL #: D. salina

D20 £ AL #E D. salina

D8 £ %k L% D. ploymorpha

Chlamydomonas reinhardtii 3 54X P

96/1/85

100/0.62/100

89/1/65

98/0.64/93

0.05
Bl 1 B TITSMlcox2-3 120 bk IR R S8 A H
Fig. 1 Phylogenetic trees of 20 strains of Dunaliella based on ITS and cox2-3
A FETITSHI200AL KR SR B I B. 2T cox2-3MI2000 A IREE R GEK & W
A. Phylogenetic trees of 20 strains of Dunaliella based on ITS; B. phylogenetic trees of 20 strains of Dunaliella based on cox2-3
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(140+8)x10°/mL, &7~ HAE K fE 1525

FH ] 3B AT AN, 7 AL PG I R 2 AR K (60d
), AE R P S A . fEfENaCl
(0.005 mol/L NaCl)fpi 511, D275 41 i 5% 5 £t
K, 3E(1107+10)x 10°/mL, 7% i F A A& B ik 7K
FFEE. 7E0.46410.91 mol/L NaClfill % F, D6
20 0 5 BE 5 B R, 43 W13k B (4947+17)x10° /mL Al
(4767+24)x10°/mL, F B Z b A ICHT 355 R . 76
1.82 mol/L NaCl[#pilt 2615 T, D540 Jf %5 5 i K,
5(3507+17)x10°/mL, 2 B1% 4k A vh B i 26 i
%o 1E£3.64 mol/L NaClfiifi 414 F, D18TE4N i %
JE B K, 1(1564+13)x10°/mL, 228 3L Jy @i 25 5
R, AR EE SEHLHE 7T LA R

3 HKE cox2-3ME B BRI K INR & 1T
Tab. 3 Maximum likelihood estimation of cox2-3 base substitution
matrix in Dunaliella

A T C G
A — 8.97 3.82 8.09
T 8.96 — 6.48 3.79
C 8.96 15.21 — 3.79
G 19.15 8.97 3.82 —

2.4 FEECTRAIEA LT

P 4ATT] A, AN TR AR K B B A PG B KOk
HREREAME, SR EA R T RE &
TEE5R, DIIF,/F B 5 K (0.62+0.082), W] 1% it
RUEAKIEBREE MR B . 1515, 30H
60K, D7IMF /FfEHI5 8K, 73 51k £]0.28+0.079.
0.23+0.059F10.55+0.130, KB iZ i RIEEANE K
A (B SRR A B & 80t

— MR UL, AL A EROR, B R AR
ST, DRI, L T AR e T i
e 7 H =g ae 71 HIE 4BAT %0, D6FIDI18H
P i B, 2 R 20 (2.77+0.044) F1(2.78+
0.028) mg/mL, J& T & /=M i &R, &6 H T#ERE
WISEM I TF R S . D15 S B A, 1Y
(1.36%0.035) mg/mL, K= i &R

[) P A R AR AL, A PG i A R B- b
FE R T AR e R Y.
Kl 4CTH %N, DITB-#HEE bR & & &, 5100 mL
PRV SRELB-TH R N 2(86.26+2.05) mg, AJ{FE Ap-
BARE N RAE I TRE SR

3Tl PR ok T G e A 9 ol A AR
S —", FCRRE 7 I 5 X T A

K2 200kt IREERAIIES
Fig. 2 Morphology of 20 strains of Dunaliella at maturity phase
A. 208k 38 B AT 25(0.46 mol/L NaCl fiffl); B. 208kt FG AL KR 25(0.46 mol/L NaCl fifyif)
A. Micromorphology of 20 strains of Dunaliella under 0.46 mol/L NaCl stress; B. growth of 20 20 strains of Dunaliella under 0.46 mol/L

NaCl stress
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R4 HREARFSER
Tab. 4 Morphological indicators of Dunaliella cells

= L AR HEESCR MRS
s A Cell Flagellum Cell R 1

No. Cell size (um) shape No. colour Eye-spot
Ko 19 14

pi B wmw 2 pme &
i 6—8
K:13—15; i P

D2 w715 7 0 wWoth L
K-- —13: .

p3y SNy R TR
B 12—13
e 10)-

pa KIS0y T
Wi 4—5
K. 13_14. .

ps KU wmp 2 wme %
B 7—9
K. 12 14.- .

pe SBTS wmm 2 pme %
T 8&—10
Ko 1A 16

p7 KNG wmm 2 pme %
i 8—10
K 11—13; _—

D8 w13 [ % 0 W ¥
K-- —15: .

Do B mEm 2 kme A
K 19 12

pro K213 0 WGk
T 12—13
£:13—15; — ; -

DIl 15 13 & 2 g are ¥
K 12—13; i Yk

DI2 g5 155 0 b7 S
£: 18—20; T 4

DI3 w13 135 S 2 ghtt ¥
K-e O 10)-

pia K910k o mge %
W 4—5
K 19 17

D15 JE 12—13; [T 0 I Erasih oo
B 11—12
K. 1315 .

pie BT e 2 wme
15 14- N
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STUDY ON POLYPHASIC CHARACTERISTICS OF DIFFERENT
STRAINS OF DUNALIELLA

GAO Fan, YIN Xu-Gang, FENG Jia, LU Jun-Ping, LIU Qi, NAN Fang-Ru, LIU Xu-Dong and XIE Shu-Lian
(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract: Dunaliella is a unique group of halophilic, unicellular, eukaryotic microalgae, which is widely used in indus-
trial field because of its rich bioactive substances such as oil, B-carotene, and polysaccharides. Dunaliella resources are
diverse in the world. The morphological difference of Dunaliella species is small. Therefore, their taxonomy and identi-
fication need to be improved. Dunaliella is broad-spectrum salt tolerant, but physiological and biochemical responses of
different species under salt stress are different. It is necessary to excavate the unique Dunaliella strains. We collected
20 strains of Dunaliella from home and abroad. Gene sequences of internal transcribed spacer (ITS) and cytochrome C
oxidase (cox2-3) were amplified by PCR. The phylogenetic trees of Dunaliella based on the two genes were construc-
ted by bioinformatics analysis. We used morphological methods to identify their microscopic and submicroscopic struc-
tures. Four representative indexes (max photosynthetic efficiency, neutral lipid content, B-carotene content and glycerol
3-phosphate phosphatase activity) of Dunaliella under salt stress were measured via physiological and biochemical ana-
lysis. The results showed that all algae strains belonged to Dunaliella. phylogenetic analysis of Dunaliella results based
on ITS and cox2-3 given similar results. The genetic relationships of 20 Dunaliella strains were relatively close. D13
cells were the largest, and D14 cells were the smallest with a long neck. The color of Dunaliella cells was mainly green
or yellow-green. The numbers of Flagella and eye-spot of them were different. D6 and D10 had the shortest growth
period. The most salt tolerant strain was D18. D7 had the highest max photosynthetic efficiency. D6 and D18 had the
highest dry weights of neutral lipid. D11 had the highest B-carotene content, and D7 had the strongest glycerol 3-phos-
phate phosphatase activity. Our research lays the foundation for the taxonomy, identification, protection, development
and utilization of Dunaliella resources in the world.

Key words: Dunaliella; Phylogeny; Salt tolerance; Physiology and Biochemistry



