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TR TR ARMM . WA, THikies
P Az K F DHA | EPA 5 & = I BEREXT T K= 5%
B AL P RRRH JF & B A T N,
AT 4 b Z B 1. galbana OA-3011 F1—Fk I.
galbana FACHB-861 #1774 K AR IR 7 5t
) LA AT, A B RE A D rh Bk th B A B R A
()i RHFATIEE

1 #MBEFE

11 RREREFREH

S 4/ &1 | galbana OA-3011 K5 T
A M T (0A3011-LZ), T (OA3011-LK)
HIH &7 (0OA3011-QD) YA [] 375 3 A 22 5 K 7™
FEHA PR 7] (OA3011-AY), X& 0 2k H T
] —#k 1. galbana OA-3011. —/~fh & i o [E B2
B % 7K 3 ol 126 32 3t (FACHB-861), FF 765286 1
Rt RE BT AR AR R A ik Ak, 38 s A
| mL ¥ 559 T &4 1.5%M B R B £2 55557
TR A A B TE YL o

£ 500 mL WIEEIEIRH A 300 mL 4 £/2 1%
FEIEO AT KT RTRG RSB0 EREE AN pH 435114
) 28 1 8.0, HIUAWEAN ML E N 5%10° cell/mL,
TE MR IR A6 (100 1/min) P AT B3R, i
HEF1E(20£1)°C, JE#E 4 60 pmol(photons)/(m*-s),
ST 14 h/10 hOB/IE) . 5557 6 d &, ¥R H7Y
WORE FHF it — 25537
1.2 18SrDNA HyillFF

K CTAB :2HUSS 5 R LR 40 DNAPY,
FH9E47 18S tDNA JF41 1) PCR " 3*! PCR /=4
A g A T A TR BR AN A E 4% AT 00 ) o
18S rDNA 18 Ji] PCR SI¥FE5 40T

18N1: GGATCAGAATTCTATCTGGTTGATC
CTGCCAG, 18NI11R: CTCAGTAAGCTTGATCCT

TCCGCAGGTTCACC,

IN73HAY 18S rDNA J7 51 A & F NCBI H % 53k
HEPIA R Y 248 BioEdit 244 (http://www.
mbio.ncsu.edu/BioEdit/bioedit.html) (Y ClustalW
multiple alignment J7 {47 HEXT BRI T
KA Mega 5.0 B2 it 48 47 AR 4 1 (I T
Kimura’s two-parameter 1 )4 i R G LR, 7
RO R O A T H (1000 IRE )

1.3 £K

FERHL 2 mL B3 660 nm A KT IR
JEEEAE(UV-2010 400606 EEE, Har, HA). FIH
AL T ODgeo BUAFA AW HGR 1),
FEH M ER B CGRAS, RS A A ER A
BRZA W) TE S i T T A%k
14 EYERENE

75 mL K595 B, AHIRE 1T 24858 0.45 um
()3 B 2T L JE A CHE IS, R g, I 10 mL H
PR EL VS (0.5 mol/L)Pk ¥ LABR i A ik .
AN EBR RS A SRENEAERY
I TEIE AR 1, 100°CF 4 ho 7 TR A
RERGRE, IHEAYRERREBCOWT:

BC (mg/L) = (DWA — DWC)/V

o, DWA BRI 1 8 B 355 72 40 - 35 1 5 (mg);
DWC A= FHUEE# B £k 9 3 T H(mg); VA
BEARFA(L) o
15 RERFER FHEE(FAME)RMIST#T

BURE FR M 200 mL, BB B OE T, 1
20°CF 4000 g #5.0> 5 min. 25 B3, BITTEY
WAL AE—20°C F IRAF I F o387

YR Qiao 2V 1 HERL B WB 148 R AE i o
(149 R 5 %% Ak G 19 IR R TR (FAME), 2R J5 3 i <
HEE(GC-2010; SHEHRIERNT, ARat, HA)DE
TR, BEEE A 1 L dE A A JEE N4+ (Supelco
N SP-2560: 100 pmx0.25 mm, 38 [ & &
0.20 um), N FAAE R, W | mL/min, 53
bl 1: 35, MEAR IR JE mPI7E 140°C, BEJS LA
4°C/min [ B L TF#] 240°C, Kl = R &N
260°C . RIS Moyt S 37 FPIENTER F Eabs
A (Supelco A F], DUJR=FERE, & E)AIAXT IR &
R [R] R4 7 X6 HA A
16 Sitathr

AL R, 3 AHEE WV EEbR 2 (X £
SD)FR~, BRI A M . HE M LECR
Duncan®"Z 5 LA AT B K T 220007 o Bdie 4y
Mok SPSS11.0 (SPSS A dl, Zhn+f, ),
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2.1 18SrDNA F3l 5i# M pazE
BN 5 ERSEHES 35 R AU 18S rDNA
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J¥ 5 $& 28 NCBI J5 43 313815 T DL T & % 5
KX980524(FACHB-861). KX980523(0A3011-LK).
KX980522(0A3011-LZ), KX980525(0A3011-AY),
KX980521(0A3011-QD). #E AL 43T e BH: 5 BRER
AEHI 4 P R 15 NCBI HE A 1) CCMP1324 3
MERAE— A 3 b, iS5 R4 (. litor-
alis) K& K REE, /W, OA3011-LK .

OA3011-LZ Al OA3011-AY RAE ] —A4~4 7 (K 1),
Ay STHEHHE SR 61%, 78 AT BT i X AR B
P£4 100%; FACHB-861 il OA3011-QD 4351 /4 #i&
T3, R ZHH5HA 3011 i RZ I T 4
B, 7EA] HRAYIX B}, FACHB-861., OA3011-QD
4305 HAth OA3011 7E[F] — L & B T 11K A---G

67
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40

OA

BEf, T FACHB-861 5 4 4~ OA3011 i & AE Al —
FEE I T 1R G---C Bifie(K 2).
22 EKME

HELLIE SR 6 d H5 IR A B {E ODggo, %
PEEFE 1 d 5 A 05 R AR BRI, 54
i RIEECE R ZS R AR, BR R 6 K,
FACHB-861 fil OA3011-AY =K 2218, JfikF|Fa
E, WA 3 SRR AT PG, AERS
FEEE R OA3011-LK ik 21| fix =5 40 i 25 )& (4.95
10° cell/mL), OA3011-AY F4 40 fit0 %5 & ] A%, 10K
3.13x10° cell/mL. M4, FACHB-861 #H Lt HiAth 5
AR T AR AR, EHRCEREE N
BB A B (B 3),

OA3011-LK
OA3011-AY

OA3011-LZ
Isochrysis galbana CCMP1324 HM 149542

FACHB-861
3011-QD

0.002

&1

Isochrysis litoralis RCC1346 KC888112

T 18S rDNA F [ 751 1) 1R 45 T 4 58 i 2R AL &

DU SR M A o 2 R4, 4 32 BT B 28R 1000 R BT H Y BB, BB R 0.2%K978 K.

Fig. 1

The phylogenetic tree of |. galbana strains inferred from 18S rRNA gene sequences with I. litoralis as outgroup

Bootstrap values calculated with 1000 replicates are given aajacent to each node. Scale bar indicates 0.2% divergence.

FACHB-861 —_TTCGAGCACCGGAGTAATGATTAACAGGGAC—
0OA3011-LZ —TTCGAGCACCGGAGTAATGGTTAACAGGGAC—
0A3011-LK —TTCGAGCACCGGAGTAATGGTTAACAGGGAC—
0A3011-AY —TTCGAGCACCGGAGTAATGGTTAACAGGGAC—
0A3011-QD —TTCGAGCACCGGAGTAATGATTAACAGGGAC—

—CAGATACCGTCGTAGTGTTAACCATAAACCA— FACHB-861
—CAGATACCGTCGTAGTCTTAACCATAAACCA— OA3011-LZ
—CAGATACCGTCGTAGTCTTAACCATAAACCA— OA3011-LK

—CAGATACCGTCGTAGTCTTAACCATAAACCA— OA3011-AY
—CAGATACCGTCGTAGTCTTAACCATAAACCA— OA3011-QD

Z ) 18S rDNA JFF i HE24 5 b

B2 5 AERAEHEG 5N
Fig. 2 Comparison of five strains of |. galbana on the base
differences of 18S rDNA sequences
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Fig. 3 Growth curves of five strains of |. galbana

OA3011-AY M4y 53 4 (53.78+4.29) mg/L Fil
(59.11+5.05) mg/L, & # ik T OA3011-LZ I
FACHB-861(P<0.05).
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Tab. 1 Specific growth rate and biomass concentration of five strains of |. galbana

n=3; X +SD

i & strain

RS K R /d ! specific growth rate ZE#) %5 /(mg-L™") biomass concentration

2P M) )7 FE linear regression

FACHB-861 0.31£0.01
OA3011-LK 0.38+0.03
OA3011-LZ 0.34+0.04
OA3011-AY 0.31+0.03
OA3011-QD 0.33+0.06

85.65+14.46" y=13.71x-0.06, R*=0.9906

53.78+4.29° y=16.87x-0.09, R*=0.9955
78.22+10.86* y=13.85x-0.33, R*=0.9923
59.11+5.05° y=11.86x+0.01, R*=0.9960

61.33£10.91™ y=15.16x-0.35, R*==0.9973

e RNFE AR 25 BE MR K J7 22005, Duncan K2 55; P<0.05).

Note: Different superscripts indicate significant difference among five |. galbana strains (ANOVA, Duncan’s test; P<0.05).

24 BEMBRESE

OA3011-LK, OA3011-QD A1 OA3011-AY &5
R 5 A v 43 K (96.76+17.70) mg/g, (92.75+
22.95) mg/g, (87.91+25.80) mg/g, %A & %5
(P>0.05), #Rifii, FACHB-861 Fll OA3011-LZ ) &
JE W R & 54 91 M (52.11+18.20) mg/g F1(66.42+
3.50) mg/g, WEMLT OA3011-LK. OA3011-QD
1 OA3011-AY (P<0.05)(K 4).
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BB A B/ (mg-g™) total fatty acid content

1 1 1 1 1 J
FACHB- OA3011- OA3011- OA3011- OA3011-
861 LK Lz AY QD

& strain

B4 5 /S ERAEHEG B0 R B0 BRI IR 7 it
ANTR] bR T AR () 28 e o 3 P (B R R Ty 25 43T,
Duncan £ 55; P<0.05).

Fig. 4 TFA production of five |. galbana strains

Different superscripts indicate significant difference among five
|. galbana strains (ANOVA, Duncan’s test; P<0.05).

25 [EMERAS

SA R BR R £ B2 Cra: 0 (12.49%~
14.61%), Ci6:0(9.75%~13.02%), Cis: 1n-o (11.77%~
24.60%), Cig: 206 (2.50%~6.94%), Cis: 303 (3.67%~

6.98%), Cig:an3 (9.36%~23.79%) 1 DHA (9.68%~
12.32%)(% 2). 5 OA-3011 4% &4 ., FACHB-
861 7E Ci6:0, Ci6:1n-7> Cis: 109> Cig:1n7s Cis: 2065
Cig:3n3, Cis:ana, Coa:o, MUFACE AN FIIENTFR)
M PUFA(Z A FIEIIR) & & L HA R EER
(P<0.05), HAE M Cigino MEAKM Cigunso

5 i AR DHA &Ml EPA S AH2ZEM K
(3% 2). EPA FEVEHIMN 0.20% (OA3011-LZ)%
1.42% (OA3011-QD), DHA % & M 9.68% %I
12.32%, OA3011-QD i , 1M OA3011-LZ ffiK.
OA3011-LZ #1 OA3011-AY [ DHA/EPA 435K
48.99+2.82 F130.04+3.42, W& m T HAbM &, Wi
OA3011-QD F1 FACHB-861 ELA AL/ DHA/EPA,
A3k 8.76+1.76 F1 8.70+0.61, 34 EAK T HoAth

i 2 (P<0.05),
26 YMMLAZRE. EME5E2EHBRES=EHEX
453 #r

M 3 PR, XA S A dh R 40255
AW S BIRITR S /AN E R AT T Pearson
FASCHE AT, AN R o0 S5 A i . SR TR
R (B G AR S, T A Wy LR N DT R
e 2 (B AR B 2 Y TR S (P<0.01)

3 it

31 MEXZHR

Wk AR S5 SR TT LAE , BRAEHE 4 80X
— PP AE L AR A A A R R BA SR 434k, FACHB-
861 5 OA3011-QD 5 HAh OA3011 5t & ¥ 1 BH
BB, XFHEOCR Fryr B RN 2
FEVERRAL T AT HE,
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Tab. 2 Fatty acid composition analysis of fivel. galbana strains

n=3; X £SD; %; LI X5 FRIT based on total fatty acids content

JEWGBR fatty acid FACHB-861 0A3011-LK 0A3011-LZ OA3011-AY 0A3011-QD
Ciao 13.61£1.13% 12.49+1.18° 14.40+0.57° 13.96+0.53% 14.61+0.39°
Cis 13.02+0.57¢ 10.49+0.38° 9.75+0.85° 10.23+0.26° 11.64+0.38"
Ciginy 2.11£0.09* 3.3620.11° 2.89+0.08" 3.18+0.11° 4.71+0.26°
Cies 0.29+0.03" 0.65+0.04° 0.56+0.10° 0.80+0.05° 0.31+0.04°
Cigo 1.12£0.09° 1.08+0.27° 0.80+0.23% 0.73+0.10" 0.78+0.21%
Cigeino 24.60+0.93° 12.02+0.66° 15.09+0.42° 11.77+0.22° 14.21+1.00°
Ciging 1.77£0.17° 1.3440.14" 1.31£0.09° 1.56+0.02™ 1.42+0.10*
Cigans 6.94:0.64° 2.50+0.01° 3.46+0.41° 3.15+0.16" 2.76+0.08%
Cigans 3.67+0.34° 6.98+0.28° 6.88+0.40° 6.89+0.43¢ 6.23+0.17°
Cisuans 9.36+0.74° 23.79+0.99° 22.36+1.01° 23.31+0.79° 19.04+0.70"
Cazo 0.96+0.10* 0.37+0.02° 0.48+0.05° 0.30+0.02¢ 0.23+0.02°
Ca0:3n3 1.18+0.25" 1.204£0.09° 0.89+0.02° 0.97+0.11% 0.97+0.05*°
EPA 1.30+£0.19° 0.61+0.10° 0.20+0.02° 0.37+0.02¢ 1.42+0.08"
DHA 11.2£0.50% 10.45+1.01% 9.68+0.54° 11.10+0.74% 12.32+0.21¢
others 8.86+1.88" 11.54£0.22° 11.26+0.59" 11.69£1.41° 9.35+0.62%
SFA 28.72+1.24° 24.43+1.78° 25.43+0.70% 25.22+0.74% 27.26+0.23%
MUFA 28.47+1.07° 16.72+0.64° 19.28+0.26" 16.51£0.31° 20.33+0.70°
PUFA 33.65+1.40° 45.53+1.56° 43.47+1.14% 45.78+1.56° 42.75+0.82°
DHA/EPA 8.76+1.76 17.20£2.03° 48.99+2.82¢ 30.04+3.42° 8.70+0.61°

T [l — 1R [ B AR il 2R 18] 22 57 0 25 (BRI 307 229047, Duncan £6:56; P<0.05).

Note: Different superscripts indicate significant difference among five |. galbana strains (ANOVA, Duncan’s test; P<0.05).

*3 MREAEE. £YEME

BERAER & 2 HY Pearson H X317

Tab. 3 Pearson analysis of final cell density, biomass and total fatty acid content

WiH item A final cell density LY E biomass BIENITR & & total fatty acid
MIWLEE final cell density 1 -0.016 0.014
Wi biomass -0.016 1 —0.796%*
LSRR F i total fatty acid 0.014 -0.796%* 1

T BUH D Pearson HHCFREL, «* R BFE TEAC P<0.05, “**+ Rl W #F MEAHC P<0.01.

Note: Data was Pearson correlation coefficient; “*”indicates significant correlation, P<0.05; “**”indicates significant correlation, P<0.01.

32 XEKnEy=

ARGIFFE H 5 A &R AR KR AE 0.31~0.38,
I HARBA PO A KRS, 155 4~5 d Jefiidt
AFasE 3% 5 Kain F1 Fogg®'%f I. galbana Parke
IRFSE —3, I R AR K HURAE 0.25~0.55,
IHTE 4~6 d 45 RFR B K, SR, ASLgmrh Ay
49 59.11~85.65 mg/L, H Liu ZPM0F 58 A [a] i
Z MR [A] 5 B RS Isochrysis Y A 4 4 (0.49~
524 g/L)RiR 2L, XX RAHE LR LT H
RoLEM: DEERAEGNZESR, #IEREOGEY
J N Ay 2) 35 37 0 By 25 5 3)E IR VR FE 1 AN [F]

OREF TR, JEE S e AL IR, SR
AP ECE R E R

e KA R AE P i 7 1, FACHB-861 194
Kol gk 5 HAb i R B RR, I HEA e 4k
it [FEE, OA-3011 4% 0 R A R B ok i 3
#7255, OA3011-LK F1 OA3011-AY B ¥ie i &
&TF OA3011-LZ(P<0.05), %3 Hi% & & il fig
ZRAET k.
33 REMBRESE

KT Isochrysis J& iyt 2t 5t Bl il & 19 S
iR & e 2 K ASY, filan 1. aff. galbana T-1SO
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(4= 1y 101.9 mg/g T-#EP, 1. galbana All4 Wy
55.5 mg/g TE i —1LL |. galbana ¥
4 178.6~238.1 mg/g T H Y, 105.8 mg/g T HPY,
97.1~118.1 mg/g THPOIELE K LHLER GA%L
Y1) 52.11~96.76 mg/g T B ILA—F]
34 FERhER

S, 1. galbana i) DHA 75 &t 5 SR T R
Er N 9.68%%] 12.32%, 1 Liu P45 5 3.6%
2 17.5%Z 18], BRI AR B8 EPA &l i
AR, (AR 1. galbana ) EPA S &A% D
F2E 5 UAE ST AR AE IR ZE I 1. galbana,
—25 DHA & &5 T EPA & &, 1. aff. galbana
T-ISOP% 32731, 532k DHA & 81K T EPA, il
Parke 432519 1. galbana Parke clon [SQE- 282936371
EARMSE I 5 AR BARE TRTE

FRIE Cig:ino Al Crgians BIE T HEE R, 76X
WHFFE R 5 4 &Y 1. galbana fiEfg 2 G 21,
FACHB-861 1 OA-3011, & £ 1Y 4 FRAA LF i B T
HAGHR AR . #RT, 7E OA-3011 44 RIAR
R 2 B Lk A T — 2 /NEg AR fE, N OA3-
011-QD 1y EPA & b HAh 3011 M REFEMEZ,
X HAES T LS HAL 0A3011 MARSER
25 B (18 1), Alonso ZEEVM T 59 4> 1. gal-
bana MY SLRE 5, A& B v 2 (6] B 1D e 2 A7 BH
W&, IFFHIEH, XEARBIR AT 68 & 5 v b
AL AR R AP, ARSI IESE 9 OA3011
AR R FEHIE Cluio0. Cis: o
Cig:4n3. EPA F1 DHA 1, X #JiB7E 1. galbana H
ARG M B R 5
35 MRARE. EMESBEMBRSENHEXNE

4 i 2 5% i 5 A W B 2 B G 2 R O, 3R
B 5 A~ R A AR E B IR — KU, il
MRE RN S R Z (B R B 2R, A &
5 E AR IR & B M B3 O DGR T ER S 4
AR RS, BEY TS IR TR T R,
AT MR AR R, X5 AT EY
T AR I A A R A A — 20, e
ANTA] it F2 2 30 LR AN R 8 A G SR
36 EELTR

Wikforst ¢ 3] 5 F14 R S 5 A [ 1 [R) Fh

Isochrysis X i B AN 32 1 | Az A 4L sl A B Xt Jo
HES W )8 B B A 225 . TEARNR T,
AT g B [F AP 7] — 55 R 1. galbana 7E4E
K, TFA S MAsI R4 F 2SS i H, A
18 IE 52 7E 5 #f % ] (Haptophyte) 1Y 45 #ffi 4> % H
Isochrysidales HJVTZ YR AAE AR A PR
B ) Young 25N Z Ay, SR R R PR
ARFTREAFFE TR M ] . AR HETSR I A
BEMIEEE W 1. galbana HA A M ARG LR,
R S8 AN ) it R () R B 1) 25 S U B T st A% AR
SRAETE, JF TR A T 1k A 58 1 [R) 6 5 40
T, KT A R — 2P

4 g

AHIF 5T 45 R 3R I M 2R 2 RE A 1T 1. galbana
AR g2, MR AN TR R . AR
WA K, = DHA . EPA FIZ AIFIIR T IR &
HEERFIRME, ROTWLLREE R R, 7T
%t OA3011-LK & OA3011-QD i1k —4 1k H .
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Intraspecific variability in growth and fatty acid composition among
five strains of Isochrysis galbana
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1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
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ment Research Institute, Yantai 264006, China

Abstract: Isochrysis galbana is an excellent unicellular bait for the larvae of many aquaculture animals. Thus,
screening for |. galbana strains with rapid growth rate and high content of docosahexaenoic acid (DHA) and ei-
cosapentaenoic acid (EPA) is very important for the breeding of aquaculture animals. However, most of the |.
galbana strains in China have been derived from a common ancestor called |. galbana OA-3011, and different
strains of |. galbana have been developed after a long duration of geographical isolation. Whether the traits of
these strains have changed or not remains unknown. In order to evaluate the status of the phenotypic traits of dif-
ferent geographic isolates for future selective breeding, comparative analysis of five strains of |. galbana
(FACHB-861, OA3011-QD, OA3011-LK, OA3011-AY, and OA3011-LZ) with regard to their taxonomy, growth,
and fatty acid composition was conducted. Different strains were cultured under identical conditions for six days
until they reached a stationary phase. Genomic DNA was extracted for polymerase chain reaction sequencing of
the 18S rDNA gene. The ODgg was recorded daily for plotting a growth curve. When the cultures reached sta-
tionary phase, they were harvested by high-speed centrifugation for biomass determination and fatty acid analysis
by using gas chromatography. Phylogenetic analysis of the 18S rDNA gene suggested that FACHB-861 was dis-
tantly related with the OA-3011 strains. OA3011-LK, OA3011-AY, and OA3011-LZ had identical 18S rDNA se-
quences, but the 18S rDNA sequence of OA3011-QD differed from that of the other OA-3011 strains at one posi-
tion, resulting in a single base substitution. The growth curve showed that the five strains reached stationary phase
at different times. FACHB-861 showed a distinct pattern of growth, unlike the other four OA-3011 strains. The
final biomass concentrations were significantly different between |. galbana FACHB-861 and OA-3011 strains as
well as among OA3011-LK, OA3011-AY, and OA3011-LZ (P<0.05), whereas the growth rates were not signifi-
cantly different among the strains (P>0.05). The total fatty acid content of FACHB-861 and OA3011-LZ were
significantly lower than that of OA3011-LK, OA3011-QD, and OA3011-AY (P<0.05). The fatty acid profile of
FACHB-861 was remarkably different from that of the OA-3011 strains. However, a conspicuous variation in fatty
acid compositions was also observed among OA-3011 strains, indicating a wide and frequent quantitative pheno-
typic variation among the strains of |. galbana. These variations resulting from geographic isolation might provide
a feasible method for the selective breeding of |. galbana strains. According to the screening criteria such as
growth rate or DHA, EPA, and polyunsaturated fatty acid content, our preliminary analysis showed that
OA3011-LK, which has the highest growth rate, and OA3011-QD, which contains the highest amount of DHA, are
promising candidates for further screening.
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