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=, Ljf$ﬁdc1"‘fp'§?§'§(Heterocapsa circularisquama) ITS1 XN A B3 T —X 2519, 18 Real-time PCR J7 i, Xt
IR BT T e R . DA 9 ARl vt S Xy RS HARr Se k4 R, 005 PR S 35 DNA BEAk 11
FEGA 1S AR AR B 4055 LUR S I A5 ) 00 SR HE A, T A b il 2 B o BE LR PEAR G ARG
FHUR $70.989, I HLAT LATE 30 AR AN 0.5 4R X FEAN TR B 35 26 18 T 3RS RO BROIR 57 08 35 DNA RS A TR
HOREARAGY M55 o A S ARt XS D B I A i A 7 B A, 5 B B R A 8 [P

K= Rl2%,2010,17 (2) : 267-273]

KR R FVEBE; Real-time PCR; ITS1; %558 5 2 wb kil
A

HESES: S835 ERTRIRAD

R S (Heterocapsa circularisquama) BA
RIS, T 1988 4R AL H AU 2 15 5 Kk ok
A R LR T Y AR A P R
R A JARL AR 2 2 s 2005 4F T 4 A Y
AL R R AT ul 5 BEHEA T 1 A, e Al
B R A R RO SE PR S 0B . il BRR S
R 1] 7= A — O USRS L5 R (photosensitizing
hemolytic toxin ), iV BEAFOL T 5L AT LA D1 2R EGE,
M2 T0E T MR T IR S R A
RES 127 FI= B D0 , A7 0o BEXF 1288 1Y PR M E
REH 55T RIS o

1RSI 45 7 vk EE LUB SR e A, B
TR KA il SR AR S5 ARG~ i 7 A B B¢
S o IRECTTIEARAED N B8 ), Tork AT A R B
W, LT S A M LAV Hh iR e e
H T AN ) ol ) R A ) 2 R, R T 20 T2 E

s BHA: 2009-08-04; 1&ITHEH: 2009-11-03.
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TEY) ORI B R ) FE RRRE TR PR, HE M ST
PRIAC HERA Y 4 AV AN 712, U IR
AR R Z —, LRSI AR I M it
Tt e b R AR R (R

IT4E3K, PCR (Polymerase chain reaction) J5 1
L B A TR 0 40 T AR T B T
b SRR MY S 2 E B PCR (Real-time RCR)
Fi AR, Lh Power SYBR Green IV i il 2% S~ 3L md, AT
VU TR A R A AT IR P 1 . AN TR #9 PCR
Y, GO o BORE AT IR, A T,
(melting temperature ) {HULAN[A], fir DAL i it Ze Ao
AT B AR B R S R R R R
b R MR RN PR AR AR R T
FI", Real-time PCR 75 %5 3 T 22 o i 2%
fry 55 R BRI 7 U Real-time PCR J7 7
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SE G IR S W 8 1 O FH AT 5 ] oA A1 24 o W41
15, AHEFE AR SR8 P50 5, DLITST X
AR B T RS I, JF4E S Power
SYBR Green Mater Mix, ##:37. | 5 skl 2 i AR 57
IE¥%: Real-time PCR 38 71k

1 MREFE

L1 I

PROIR S 1R AR AS IS B0 H b, LA B
R O3 A REN OSSR e L
R 172 K % 5L 1 % 2 00 8O, By R A8 O
R/ BB JE I 12 h /12 h, O BR O 4000 Ik,
Tk : VI 22 °C, MR 20 °C 0 BRI S i
(H. circularisquama) JIRAEBE (Karenia brevis ) fd/]
JEH 3 ( Prorocentrum minimum ) H B S0V 5 45 16
53 JR) E A R 5 1 B 3 (Chaetoceros sp.). IR 5%
s (Heterosigma akashiwo ) AL S ARATEERD R
H 3% (Prorocentrum sp.). il 18 # (Amphidinium sp.).
FIF S (P. lima ) 7 INEDT LK (Alexandrium
minutum) 5 VS RF A RAAZ IR B L
K (A. tamarense ) FEWR T LK EE (A. catenella).
KPR BE h R g Ry 8 ROV 5
1.2 EFEZ DNA &

BN, (i AL 4 DNA $2IBGaGH]
& (Ui E BB YR BR A R JIBUR0E DNA,

TR R o, B WA 4R, AR5 P 10 mL 2K
i Y B T ORVER 2 YOTEE, B T 50 mL &L
B ARV BT R 200 WA I 3 s | [H]
BRI 3 s (920 TP B b B ), ~20 CARAT .

Ribosomal RNA gene
ITS1

1.3 EF

DA FR IR S 35 B DNA A EC T pl A 24 ul
[ PCR S I Y (FE 25 L #9507 4 & o 4 46
10 x PCR buffer,2.5 mmol/L ) ANTP,1 U [ Taq
ity , K W ddH,0, 1F J5 [ 51 9 9 ¥ 10 pmol/L)
17 PCR & N, P 3% 2R R 5 18 ¥ 89 1TS (internal
transcribed space) J¥%1, PCR 5|¥)Z% HEN4E 23l FF
G, P4 25 94 C AR M 5 ming 94 CCAE 30 s,
55 CiB 'k 455,72 CHEfH 45 5,35 PMEHR; 72 CHEfH
7 min, T Eppendorf Thermal Cycler # 17 PCR ¥ 1%,
PCR =¥ i SR 5L A A wIIT
1.4 Real-time RCR #1%

HIMEGA 4 81519751 5 M GenBank 3k
153 0 [R1 5 0 AT L 43 A, P4 1TS Xl 55
b A B 25 519 1TS1 X, ] Primer Express 3.0
Wit HiE A T SYBR Green ¥ 1766 8514, IF
W15 195 GenBank ¥ #E4T blast X, ¥R
ARSI BEY SYBR 155 E w519 (K] 1), 1E 10 5]
¥ Ymits1F: 5’ -GGGCGGAGATCGTATCAAAA-3 ',
15514 Ymits1R: 5" -TGAGAACAGGGAGCCGAG
A=3751YiAbFE ERIE A IR AR A . PR
SeiEEE bR R B ITS1 IXZOGE B 107 bp.
Real-time PCR § 34T Applied Biosystem StepOne Plus
R HEAT PSR FR O 20 pL AR 2R, 2 ul BE K 2H DNA,
1 x Power SYBR Green Mater mix, Z3¢ 54 200 nmol/L
) Ymits1F F1 Ymits1R,7.2 uL ddH,0.,  JZ [ 2% 14
94 °C 10 min,94 °C 155,60 °C 1 min,40 NMIGHR; i
Hh4E: 94 °C 155,60 °C 1 min, $RJ5 L4 0.3 °C/s 12T+
FZE 94°C,94°C 15 s,

1Ts2

18S

5.88 28S

A 4

H. circularisquama FRFES 49

Ymits1F: 5 —gggcggagatcgtatcaaaa—3 " ({7 & : 54-74 nt)
Ymits1R: 5’ ~tgagaacagggagcegaga—3 " ({7 H : 160-179 nt)

BT BRI 1R B 51

Fig.1

Position and sequence of H. circularisquama primers
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S5 240 AL SNTOLE
2 ERE5HH

21 NFHER

A5 B Ky 595 bp #Y ITS 51, Fifs 51 5
Yoshida 25 ! il () 3R4R 5 08 3751 ( GenBank )3
G145 AB084091 ) AH{LUEE A 100% .
2.2 5|¥Ngit 54 RMEIIE

PR S IEEE A 514 LLH TTST 81 ok H s i B
BT, 43 S AS TR P s i DNA R e g i e TR A

Y) ¥t 17 Real-time PCR ¥ 3% (/& 2). Real-time PCR
PR, NE 2 g thZe 8 BRI LR, S A FH
PEFRIR I 1) DNA JEAR - MAH RN G AT 165
B RS F A 20, LA AT 4 IR
B0 5 AR AR , LA ) DNA Xof FRCAR S 1 5
Real-time PCR ¥ B4 3545 520, H A 88 e LA 985 1)
IRA W EE 25 A0 B RS BCA R B 55, Ui
I EARRARE R L 2 il AT L)
il T, EAHIE 474 83.5C,

7.0
6.5
6.0
=
s 55 <
< 50 <
=45 =
=t o
e 40 e
iy iy
gz 35 iz
S— S~
D30 ]
® 25 ®
= 50 =
s \ i
m - o |
1.0
0.5
0.0
2 4 6 8310121416182022242628 303234363840 65.0 70.0 75.0 80.0 85.0 90.0 95.0
TEHEL Cycle HEE/C Temperature
A B

K2 BRI ES | R e e S
A FOIRSEIEHE Real-time PCR #1445 B: FRIRSFIEE Real-time PCR VA AR Mk
a: FRIRSEIEHE DNA 5 be BRI IESAUAES 5 3 OK [CHLR 3 BEFD 17 1L K DNA IR G5 o FRARSFIRBERG0 NP 3 BTLe
HEHIVA R DNA YRS d: SRR IREEAN M B8 R 5743 U DT I EER) DNA TR 5 e FRIRSIREE DNA R F Py (LA |
TN PP 3 ETLAR S R Dt P B 0 A P D e PR TR G s £ IS E A I L DR OK TRBILAE T8 R B JE VS Bl N PP 98 VA T2 79 DNA
REW: g MBI RSB S 5 SRS P SRR A s he BB IKTE DNA; i: /NG DNAS j: KGR
DNA; k: 37 DNA; 1: f/ N7 s DNA; m: A5 H 3 DNA; n: Aii&%: DNA; o: RIS DNA p: B DNA; q: 25 R IR
Fig. 2 Specificity test of H. circularisquama primers
A: Real-time PCR amplification plot of H. circularisquamas; B: Real-time PCR melt curve of H. circularisquama.

a: H. circularisquama DNA; b: the mixture DNA of H. circularisqua, P. lima, K. mikimotoi and A. tamarense; c: the mixture DNA of
H. circularisquama, P. minimum, K. brevis and Amphidinium sp.; d: the mixture DNA of H. circularisquama, Chaetoceros sp., H. akashiwo and A.
minutum; e: H. circularisquama DNA and the mixture of ultrasounds from A. tamarense, P. minimum, K. brevis and P. lima; {: the mixture DNA of
A. tamarense, K. mikimotot, P. lima, P. minimum and Amphidinium sp. ; g: the mixture of ultrasounds from Chaetoceros sp., H. akashiwo, K. brevis,
Prorocentrum sp.; h: A. tamarense DNA; i: P. minimum DNAj j: K. mikimotoi DNA; k: K. brevis DNA; 1: A. minutum DNA; m: P. lima DNAj;

n: Amphidinium sp. DNA; o: H. akashiwo DNA; p: Chaetoceros sp. DNA; q: negative control.

2.3 Real-time PCR #r/4 i 2% B9 22 37 A Ek B4

B ISR — R AR IR S 0 P AN M, K P 2
BT KR SR R R IR, R AR S A5 B Y
WFE 1 10 5 H B (A 5000 S4HIE] 0.5 N4HA),

5 TR B REE 3 A, A5 2 pl g
PR, R AT R Ymits 514217 Real-time
PCR AN , SR J5 DL A T AR5 O A B B AR
Pl Real-time PCR §" 3415249 C, (B NN ALARZ HilbR



270 O K R A

174

HEMNZE . Real-time PCR 5 £ UK 3 frzn, IIEJT
TN y=—3.277x+43.708, Horb x ABEIEL, v N C,
{8, FFHRECH 0.989, FHiZ 2 ik 2

10
9

- 8

S

< 7

i

o8 6

D\

2 s

Ry

#

e\ﬁ 3

m 2
1
0 [P

2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40
TEHAEL Cycle
A

FAGUE R R NELE b 25 i Z 1R e EELE
7E 30 AMEER L AT LRI R 0.5 20

30
29
28
27
26
25
24
23
2
21
20
19 B
18
17 B
16

CT{ﬁ Threshold cycle

0.5 5 50 500 5000
AL Cell number
B

3 B BEREFPIR SR MM Real-time PCR 37 HIZ5 7
A A HRHEFRIR SN Real-time PCR §7H6 112 s B 4 F FEIEFPIR SHIRUENEN Real-time PCR HFRIENIZE

Fig.3 Real-time PCR results of diluted extract of H. circularisquama

A: Real-time PCR amplification plot of diluted extract of H. circularisquamas; B: Standard curve developed for H. circularisquama
with real-time PCR.

2.4 Real-time PCR #&E 446

AR B 7 244 T 345 69 41 Bt F T Real-time
PCR R PERIN . 355, RE R BN ], 3 s e
20 °C .30 °C, 5535 10 d, [FIEF, N/P HUAEAS Rl B 95
BE, 53 AE 3 FPASIR) 9 15 7% 3 v (Bl 2R L SRl A
1 12 Fi Skt BRI R 20 °C ) KR 10 . 4K
BTN DNA, #E4T Real-time PCR 438, 45 5
Kl 4, 4 FOR[EZME F3R43A9 DNA Real-time PCR #§
BY 1. LIS A 1935 57 25/ X Real-time PCR [
NS A 1% 7 A T IR A A
2.5 WIS EINELARE M

B3 mL AL B PR S IR, T e s A
TG FEE IR A E 10 mL 48 9 25 O R 40,
I 10 mL JORA 25 B Tk F Ak B 7 PR AR kA T
TR , XA 28 %) A VR A T3 Y AR R L SRS 1R
Real-time PCR AARIEF T4 38  ARPEASFE T3 Cy

H—ALTOEIE S HE AR

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
TEAEL Cycle

Bl 4 BRI | e E PR R
a: 20 CH5FE; b: 30 CHEFE; o BRAFEFE; d: Bislsss
Fig. 4  Stability test of the real-time PCR method for detection
of H. circularisquama
a: 20 °C cultivation; b: 30 °C cultivation; c: lack of N cultivation;
d: lack of P cultivation
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{6, 1% 08 2.3 Prfs $04m s B T30 i i Acit 1 ATLAE 1, Real-time PCR 5 45585 WA AL

AFE AR E 3 AT, SRR 1 Pk, AR

ZERFEA L

F1 BHITEITHS Real-time PCR AT HA R ILE

Tab.1 Comparison between results obtained by microscope and real-time PCR assay L

FEM > AD G NaR A ERE S Real-time PCR {254
Sample Cell number by microscope Cell number by Real-time PCR method

1 (1.20£0.29) x 10° (1.07£0.058) x 10°

2 (1.39£0.31) x 10° (1.42£0.050) x 10°

3 (7.70£0.20) x 10 (8.06£0.045) x 107

4 (7.00£0.25) x 10 (6.69£0.034) x 107

5 (6.20£0.36) x 10 (5.26%0.058) x 10

6 (8.60£0.56) x 10 (7.15£0.036) x 10

3 itig

FI 1988 4F ISR OIR S 08 # 7 H A PRI 2
YT AR, X214 P D1 5758 s B T (G R
VT AR A HP R RN T T BT VAR, B 2R &
B FROR IS R R 2 PR SR A
— BRI AR AR, D2 ER T E
7K FRFEY A AR IR, DA M A TR 2 0 i
BT AR LA S5 A s e e 7K e I 45 T A v
PXT PR S e s I

FE TR o3 F- 56 5 P 38 R DNA %
WP S B A bR ™ i T eDNA B9
{RSpHE 2 Hok /N 3£ 5,88 tDNA L ITST 1 ITS2 X
ZEPEAE PCR ¥ 1 X3, Horr, ITS Ko A
NSRS , BT LASZ S e R 780, AL
8 R RIS /NI 7 55 £ T () ol i K P
(9 R Ge326 P, ARBEFE R 1TS1 XA Real-time
PCR 4" 1G DXl , A5 AR S Mg i BB T P 38R

ILAE 3K, L) Real-time PCR J5 ¥ K6 10 705 Ji] £ 342
TEFE AN HGE, Casper %5 " #0577 LR T
B IR AT PCR P73 (nucleic acid sequence-based
amplification, NASBA ) £l %5 BILAE ¥ 1 5 ¥, %007
2Lk thel mRNA SHHE P A, SR G m 480 Pk, s Xt
IKIAEE A A B 1 T 22 BRI, Hosoi-Tanabe
2 200 2 57 7 1) 28 tDNA 5 Y Real-time PCR
D5 20T EANMATE TS50 3R A L FR S R A

(47K SR BERE S AL B 5 17 ELIAS REARS A G 52 12
) 1A, AP RESE N ST T L 18S 1DNA Ry
fifif*) Real-time PCR J5 %, 255 I @ Al 1 2R3
W55 3 (Thalassiosira rotula), SR, LA Real-time
PCR AN 7 i — e R R e S O el ik 1
AR, X LT AL DNA B RNA [958 FEEEH) |
FER) , AFI TR EREARA T, eAh, i T e %
B, R 25 BRER S 2 B AN A5 1Y) DNA, 3
fdi 48 BN RE B, A BE M M 2 AR B Al 2
ANAREL PRI, AR R AR DNA il £ — H2
Real-time PCR 6 € 18 A4 L5 “910 Foulds % (291 s
SR, A FHRBOY A3 2] 1 DNA $2 50443 31
5 Real-time PCR,Z5 AR K ZER ., BHHTHRE
f¥) CTAB ¥ ™ 4 L D 2 DNA 312 Uit 30 &5 11 %
(R DNA , 2l B2 555, 7T LAAE R Real-time PCR 22
PESCIR AR, (HR A 3 A B R Sl A Bk
2250, 2 A R SR 7 WA 2ETE 1.2% ~ 53.8% FiI
16.5% ~ 201.2% Z [8] CEUHE AR5 ), 1 75 5 7
DM 20, 7R A )58 200 W B A IR ] 3 s
IR IE] 3 s 450 T 4 P D AL 2R 4 min, BERGHIR
SRR R AT IA 100%, FHZ T 945 80 09 sl
PR A ASEA , R T R R J5 R N 2 X B A
IV, Z00RR A8 40 e P Xo B R A 13 S AR o
FHZ T 245 20 0 S A BB AR A, A& SR T LR
HSBREE R AR . 2R B B bR 2R
PR (R7=0.989), RAKE =, e AICK M FR JE <0.5
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AL, PRI, ZEATFSE EES7 /Y Real-time PCR J7i%
e SRR ARSI A AL AR AUL I A T )R T
FE SRR BB, T4 25 1 DNA i Fnatifl
It , AR B

A1 RS ) Real-time PCR 5k BENS
T AN B o 1 S . ASHIF S R B R S e Y
ITS1 K519, 15195 GenBank "1 ¥JF51 blast
FEXT 45 R 7R 5 PR S R e A S IARMBLRE 5 [T A
THIL RGNS, $ HABZ R 08 ) DNA 56
AR5 IE B DNA JRA , BF9E & B HAt 5 DNA X Bk
SEE PP B AT R, N AR S R
FIRIRESTCY 14 EJE DNA e i Kot 1977 A4
PIER CBAE RSN 3 BTEAFREFRAE T AT
ERAR S IE Y DNA SIS SRR A 43, 3]
ZEI YIRS FAE 3G A T Real-time PCR i€ it
R ERAR e . ER T b 0 IR A9
A5 PR SR 5 [ 8 1 A D (R X IR 3
[P o Tt — 2D SR .

ARWFFTHE ST HY Real-time PCR A& HH R I (1 FROIR
SRS DT R, R R L R
PRS-, R6r DU S B, AN T FRAE 2 h SRR, A AT
AR FR AR FREAS 5 ANASURT LK i e B8 s ) AR S
PETEATHERA I B, [ B S AT DU B B < 0.5 />4
il PRI, 3207 i AT LR 2R & A B o Bk
S R AN, T L AT LR AR R B X i e
A7 ST WA 330K PR S5 M TR I 0 1 o e T T
HAHERZNE X,

SE 3k
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Development of a real-time PCR assay for rapid detection and
quantification of Heterocapsa circularisquama

SHI Yanhong'?, ZHANG Fengying’, MA Lingbo'*

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. East China Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Marine and Estuarine Fisheries Resources and Ecology, Ministry of

Agriculture, Shanghai 200090, China)

Abstract: A real-time polymerase chain reaction (PCR) assay was designed and evaluated for rapid detection
and quantification of the toxic algae Heterocapsa circularisquama. A pair of specific primers was designed from the
sequence of ITS1 region, of which the PCR specificity was examined compared with the other nine dinoflagellates. PCR
amplifications were detected only from samples which contained H. circularisquama cells, and specific signals were
not detected from any other microalgae. Based on crushed algae by ultrasound for the standard, the standard curve
we got has high linearity, and correlation coefficient R* was 0.989. Moreover, this assay can detect 0.5 cell within 30
cycles, showing its high sensitivity. DNAs from H. circularisquama that had been cultured in different conditions, were
assayed in the run. Using the developed standard curves, H. circularisquama could be quantified in agreement with the
quantification by optical microscopy. [Journal of Fishery Sciences of China,2010,17 (2 ) : 267-273]
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