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Development of a real-time PCR method for rapid detection
of Thalassiosira rotula

HE Shan-ying', WU Xiao-gang’
(1. College of Life Science and Technology, Ocean University of China, Qingdao 266003, China;
2. College of Biotechnology and Food Science, Zhejiang University, Hangzhou 310029, China)

Abstract :Red tide is a global marine environment problem, and it seriously endangers the aquiculture and
marine ecology, so to identify the red tide species quickly and exactly, and detect the species quantitatively
have been the key to forecast and prevent red tide. While the traditional micro-phytoplankton detection
methods are time consuming and laborious, which can be difficult for long-term monitoring. To establish a
corret and rapid identifying and quantitative detection method, in this study, red tide alga Thalassiosira
rotula was taken as the object, the gene specific primers and DNA probe were designed based on the
sequence of 18S rDNA isolated from T. rotula. Real-time fluorescent quantitative PCR ( RFQ-PCR) method
was developed for quantitative detection of T. rotula. The results of RFQ-PCR detection largely agreed with
those of microscope counting method, which suggested that the RFQ-PCR could be served as a useful
method for red tide algae detection.
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VAR, 7R B BN TR 8 3 X B B B3R IR (R
AL BEE T O NI A R KIS R W] , K
REEFRNEE HE™E, FEKENTRENGE
FREEWHE EA, REEFHRAERZHERZ
—, HA AR WL LR TR REIEE, KL
H BRILH LA BIEE SEMNE BN R
BEEEHAE RN EZ Z X, B 20 22 70 F4
Frah, o EEEARE H R A U e RN 3 AR
A BT

[ ¥ 47 B ( Thalassiosira rotula) & VFIFRESE,
BEERE, B FEE AR IR) A A
Y, R REEE T L HERNEMZ—, HIIA
FHEEREREAE YL FE . B
R, I HLAR S A — LA SR R EER Y 5, AT
M RLEYI LT, BT R IR
R b R R A EESEH , X 2 H AT
AR AR Z — B, R PR HAS
[ S e S L, TR I X R B B A, X
BEASTHE LA RN R A EERE L,

AN A WA 2R TR -5 4 v A A TR T
FHEPHERRHE, EERSEZERN R, AKX
A e T A ) 40 L 2 AR T AR, EL AR
RN B R 2 T B F B U S E N A
B, BNEKAERREEFI RSB T BRE

BN, BHIRRS ., XETERIESRN 2, T
TR AT S B R B W, EL o T e Y A o
DAFE v e e o R b e ) R SR B 2
e R AR R B B ) R R E TR A, BE T R ST
PR R Y 5 FE B II T Bs , B PRI
WA 752 TR BT B B0 R 2 — , 2 Y K B T
SN]SR A ) 0 R A A Y [ A

F TR 1] 2 B A SRR D L H4E R
T TR R IR 2 TR LA
P EBEFE ), A PCR J5 5 B BB
FT LKA R PERKmT ™, sasg
FexE & PCR $EAR B H B, A S 108 . R
B E R R E B R IR B RS 15 3
TIEHRL R ASCUARG S A BTN 42, U
18S tDNA FE31| g4 S 4R 4T, B Sr 7 [ ¥ i 3
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1.1 ##

SCH T FH BRI BN LR 1o o B 6
AADTTH BAnEE, HAL B A TR T RN F
o MBELREPREMN F/2 RERFE
XTECAE I, B Ak R/ RSN 12 h/12
h SERRGREE N 4 000 Ix, BEFRIRE Dy 22 ~25 C,

F1 EMERRIEFRENHEKENRE

Tab.1 The microalgal names and the cell densities in their exponential stage

R YA BE (mL ") R

algae name cell density algal source
Tied% f B3 ( Chaetoceros curvisetus) 4.8 x107 JE & Jiaozhou Bay
55 f B ( Chaetoceros debilis) 3.2 x10° JBEMHiE Jiaozhou Bay
£ 405 B35 ( Chaetoceros gracile) 6.8 x10° JBE M Jiaozhou Bay
TR 5 38 ( Chaetoceros minimum) 3.4 x107 M Jiaozhou Bay
FE i FHE ¥ ( Navicula membranacea) 4.4 x10° TS Jiaozhou Bay
31 H B (Nitzschia closterium) 1.2 x10° &M Jiaozhou Bay
#RH ¥ ( Gymnodinium sp. ) 5.1 x%10° MV Jiaozhou Bay
K A5 B 3% ( Gymnodinium mikimotoi) 1.5 %108 JEE ¥ Jiaozhou Bay
B4 ( Melosira sp. ) 1.4 x10° JEE ¥ Jiaozhou Bay
2R BIZETE 3 ( Pseudonitzschia pungens) 1.6 x10* JBE M Jiaozhou Bay
il & 45 % ( Skeletonema costatum) 3.8 x10° &M Jiaozhou Bay
W7 LA B (Alexandrium sp. ) 1.8 x10* KW Dapeng Bay
TR 525 B ( Heterosigma akashiwo ) 2.3 x10* Ki#E¥ Dalian Bay
1%/ N B B 3 ( Prorocentrum minimun,) 1.1 %103 7§75 Bohai Bay
|7 ¥34% ¥ ( Thalassiosira rotula) 2.2 x10° JEMHiE Jiaozhou Bay

1.2 DNA 8
DNA 202 B Rajeshwar %[13] o E: il
DB, WA T B S T (R 1),

10 000 r - min " B0 4R, 1 200 wL TE 28 sk
(10 mmol + L™ Tris-HCI pH 8. 0,1 mmol - L}

EDTA pH 8.0) , fLA 2 A B E 55 CHY
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R ZErh & (3% (w/v) CTAB, 1% (w/v)
Sarkosyl, 20 mmol - L™" EDTA, 1.4 mol - L™
NaCl, 0.1 mol - L™ Tris-HCl,pH 8.0, 1% (v/v)
2-mercaptoethanol ) ,55 °C #b ¥ 1 h, H: 8] & [& 10
min AR S — UG BREFE T 4 CIKFEHE 3
min, fIA 800 pL S5 F0EE (24: 1) BifEIR S
F PR ,10 000 ¢+ min ™' 4 CES.» 10 min, B
BRI A SRR S TR (24:1) R
49,10 000 r * min "' 4 CEL.L> 10 min; 2 J5 HIHRAE
[ % #Li DNA 3258, 325 DNA % F 50 pL
TE ZMR+ .
1.3 =ENRF

M IEIG4E BB DNA ST L fiA 49 plL
PCR R H (7E 50 L B 2R i & 43 48 50
mmol - L' & 4k#F, 10 mmol - L' Tris-HCl ( pH
8.3), 1.5 mmol - L& 4k%E, 0.2 mmol - L™
dNTP, 0.5 U Taq B, IERIF 594 3 wmol -
L") #1755 —% PCR, H A EMBIWHIF5] 2
5'-gct cgn mwy war grt taa gee atg c-3', 5|4
HIFF31) R 5'-cct tgg tee gtg tit caa ga-3', PCR &2
5 %7:94 C 3 min;94 C 30s,50 T 30s, 72 T 1
min, 3£ 30 MEFH ;72 C 5 min, ¥ fr{H PCR
P B FE ) B PCR =My a4k 5] & 4t
5, B pL inAGR EFTiR ) PCR JBLR 2
BEATEE %2 PCR, It%% PCR BT YT W) 4371 2 «
5’-cct ttg tac aca ccg ccc-3'(IE[A]), 5'-cac ggt act
tgt wyr cta tcg gt-3'(JZ[1]) . PCR #&fF 4 :94 T 3
min;94 € 30 s, 55 € 30 s, 72 C 1 min, 3 30
MEF ;72 T 5 min, %% PCR =¥ G
5 TaKaRa pMDI18-T Vector &5, #ALA K
B DH5-o H1, BRERFHPE B & 5 5% , SR 48 BORLI F
1.4 S¥git RESRMERIE

JH DNAstar 204 %5453 #7751 5 M. GenBank
[ BRAR B FEE 5 AT LR 2 A, S R 1 A
[ 18S 1DNA X SHERIFEY A BEER
X 3, F§ Primer Premier 5. 0 % it & & T
RFQ-PCR 1 5| ) #1 £ & ( Primer T. rotula #0
Taqman T. rotula) o XX 5| Py A B I AR 4
BEAT PCR ¥ 3, {K 3R g : WFEIK 36. 75 pL,10 x
Taq BEZE vP¥E 5 wL,dNTP -5 ¥ (2. 5 mmol -
L ")4 pL,&4k% (25 mmol - L™')2 pL, Taq fif
(5U -« uL™") 0.25 uL,Primer T. rotula TE [75|4)
(30 wmol + L") 0.5 pL,Primer T. rotula JZ 8] 5|

(30 wmol - L™')0.5 pL, 4z 1 pL;PCR &
J%:94 C 3 min; 94 € 305,59 T 30 s, 72 T 30
$,30 MEFF;72 T 5 min,
1.5 EHRNEEE PCR HFENEIL

HRIE 3R 7 s o 5 | W S IR S SR B
Taqman R5f, 8 37 7 6 4% 3 )8 1 SC i 52t 8 &
PCR 77, Taqman #4t 5'%5H FAM #Ric, 3" ¥
F§ TAMRA #Rrit, F Bioer Line-gene FQD-33A
(T H, BA) #1796 & PCR RN, AR A : X
787K 22.1 pL,10 x Taq BEZE #Pik 10 pL,dNTP iE
AW (% 2.5 mmol - L) 6 pL, {ILE
(25 mmol «+ L™')8 uL,Tag B§(0.5 U - pL™")
0.5 pL,Primer T. rotula 1IE R [W] 5| #) (20 wmol -
L") %1 pL,Tagman T. rotula(20 mmol - L")
0.4 wL,#HR 1 wL;PCR 25 :95 T 5 min; 95 T
15 s, 60 T 50 5,40 MEH

¥ 1.2 Frid iR B R V5 3 DNA,#21:10
fELLRRE, 6 MR BEE, AAEHEL1 pl DNA ¥
BWHATENTOLEE PCR, B MRBEEEZ N &
3 W AR THEORE B 4 M50 X BUE A i
JEFR , LASERT 3% E & PCR b HAHR i CT B
YRR , 2 RIARHERT 28

2 R

2.1 MEFEER

M54 B 1 887 bp FY 18S 1DNA JF51, fir
WA K F 5 NCBL L & R % & % F 5
( AF374480) t8{LLEE N 99%
2.2 SRt 5 RIERIE

Primer T. rotula W) %) K :5'-ttg tgg ctt ggc
tce ttc att-3’,5'-ttg tta cga ctt cac ctt cct cta a-3’,
Taqman T. rotula JF %)~ :5'-gge ctg acc geg aga
act tgt ccg-3', FH Primer T. rotula 3| ¥j%t /R [7] Bk
MIH AL PCR I 45 R a0 & 1. MK 1 W] 41,
Primer T. rotula {3 B 1§45 82 A 83 bp HFFF M
PG, XS HE 14 FEETTY #5400, /TS 19
Xof %if T B R R R
2.3 WHEE PCRIREMBRET

DA ) 25 B2 Y [ 76 4 e 4R BU) DNA VR K%
Primer T. rotula #1 Tagman 7. rotula $Ff79 6 E R
PCR #:, 85 R WA 2 Fim, BMRBEEEN
&3 (BB DNA WRiEH C, ERER
2), FRIARH) C, (B 20 0 25 BE B X B E AR I, L
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B3, MHKWMATREN y = - 3. 4857« +
40. 174, Hr « R 4B EE ,y R C, 1H, H1H
IHZAH:R* =0. 9962,
2.4 WHEE PCR AEREIE

[ s A U I 1 mL RS 3R R,
Pt R PCR WIE . HRIELIN G H, FE N

AR E R RIS B P AR (R 3) o SEit
SR 7E P =0. 05 B, FIBi 1 REFQ-PCR #E
AWM BRI NHARERERAE BEEES, A
SCEE ST B RFQ-PCR 75 ik Ay Ml (B 5 5% e /2 W] 52
o

250 bp m=—3p-
100 bp w3~

K1 PCR B1F Primer T. rotula X [ ¥H4% 8 i Re v

Fig .1 Test of the specificity of the Primer T. rotula
1,10. 2000 bp DNA ladder plus ( \_EFJ £k /)>:2000 bp, 1000 bp, 750 bp, 500 bp, 250 bp, 100 bp) ; 2. RHIMZFILIHE; 3. i
HEABHEA. THMBE; 5. FHMMABE; 6. HAMHBE; 7 KIS 8. S, 11 AREIRIEEE; 12, BN LR E; 13. 5
AZIEEE; 14, FGEESE; 15. PIB4R8E; 16. BUNERSE; 17. ERE%E; 18, RAEHE; 9,19.H,0
Lane 1,10. 2000 bp DNA ladder plus (from the top down, the size of each bank is 2000 bp, 1000 bp, 750 bp, 500 bp, 250 bp, 100

bp) ; Lane 2. P. pungens; Lane 3. C. curvisetus; Lane 4. C. debilis;

Lane 5. C. gracile; Lane 6. C. minimum; Lane 7. G. mikimotoi; Lane

8. G. sp.; Lane 11. H. akashiwo; Lane 12. A. tamarens; Lane 13. N. closterium; Lane 14. T. rotula; Lane 15. S. costatum; Lane 16. P.

minimun; Lane 17. Melosira sp. ; Lane 18. N. membranacea; Lane 9,19. H,O

xR2 HRAERBERARZXNGH RFQ-PCR 451
Tab.3 The RFO-PCR results of diluted microalgae

MR

. 0 . 1 . 2 . 3 . 4
dilution serial 1:10 1:10 1:10 1:10 1:10
. -1
X]Lmﬁﬂmg.z (L " DNA) 1.1 x108 1.1x10° 1.1 x10* 1.1x10% 1.1 x10%
corresponding cell number
B1WW C fH
C value for the first time 18.95 22.36 25.8 29.94 33.93
2 kW C, A
C; value for the second time 19.61 22.53 25.4 29.03 32.94
53 W ¢ 1E
19.74 22.64 25. 29, LA
C value for the third time 27 6 5.9 9.07 33.46
P C
T 19.43 22.51 25.7 29.35 33.44

average C value

3 it

I YTENE P A SIS IR EE A,
FRGERIN 7 ik, G2 B BT A B LER , (L RE
A EH#EAT 487, Wi\ DNA {R5F 551 M B 317
YR, IR ST A A E B R AR, RS
YIRF 58 B P4 5, B T DNA B & R 57

P HA/NEEE 5.8S X, ITS] 1 ITS2 X R
ZEPEEAE PCR 3 X3, H I X B S HEFE
ZREEA RPN EREE R EMR Y
PERERY Y XTER S BRI
e R R TAEY) , Rl X — B
FREX SRR A EENE, DR ER
I i WA =T G 0L i -
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2 1
mg O
SR | T
#K::I 0.1 d\\ i /,/
0- 0l ——%T5 16 20 24 %8 32 36 40

THEREL cycle

K2 KB DNA BRTOUE S Lk
Fig. 2 The RFQ-PCR results of diluted DNA solutions
B AR R R IEER S, YBRbr N BO6R E, S8R P47
W B LRI GIRAE . |1 £R IR0 A [ 4 v B T e
RS2, HARE S ERE S I
The abscissa was cycle number, the ordinate was
fluorescence. The curves are the fluorese corresponding to the
different DNA dilution of T. rotula,each concentration was
detected 3 times
1
3 4 5 6 7

1 2
i H{i log cell number
Bl 3 RFQ-PCR ;& B4 B ¥4 B hr v i £

Fig.3 The standard curve for detection
of T. rotula by RFQ-PCR

r
N W W
[9) I RN

RQ-PCRHIC {H

threshold numbe
[\
(]

—
(=]

15 B g BE B 1 TDNA F9ER o Kk i1 51 )
SHEE, BT RA REFRRT 1, e EJLHE
JR B2 SR, FIAE A Rl S PR B R AR AR I
LA rDNA X385 51 15 715 B B2 X S 57 1 90t
JEf PCR J5 ¥k, 600 150 o6 5 B , HEAA W) 56, 5 5%
LT

R R — R E N 1 %
(10" ~10°) mL ™", A SCE 7 W7 LA A &
FIMEEESE 1.1 x (10° ~107) mL ™" {KHE, SE 2
FRIKAAR SR A i Bt A 00 9 L, F ok BE B Ak A
(<100 mL ™" 7KK , B B LR R R D
REM R, B4, 7T LUES # 5 DNA 2B
FRSLEL, R/ DNA $25US 2 5 DNA K15
KAF\ERABRMELR, RS AMREEE,
Foulds 2™ 53R 8, FIZR R A 4R U7 1648 211
DNA 2B et e & PCR, HE R AATR
RER REEHARNBYPHIOLER
PCR ¥, ALt € & PCR &A%, 46 L
R, 5190 Tagman 35 FE R, X
RLARFF BT SF , d— L AT DL T ¥

#£3 RFQ-PCR AiMERMEITEELERNLLE
Tab.3 The comparison for the RFQ-PCR method and microscope counting method

HarFS RFQ-PCR 5y 41 fu % LM L4 Hi % ¢t RIS R  tym =4.30,(P =0.05,n=3)
sample cell number by RFQ-PCR method cell number counted by LM analysis of statistics

1 (1.55£0.20) x10° (1.97 £0.11) x10° el =2.22 <typm

2 (3.77 £0.78) x10° (3.13 £0.20) x10° el =115 <tpm

3 (1.59 +0.08) x10° (1.42 +0.04) x10° el =3.76 <tym

4 (4.94 £0.85) x10° (3.07 £0.38) x10° Il =4.13 <tyem

AR B i [E Ve S | R R A AR A ™
A FRERE R (B R AR EOR R , X gk ™
FREE 6 S SR BT I B2 D BOR KR, B
B AT R TR BN AR T+ 0EENE
Mo MFRAIUAER , A SR BT e 0T, B
YEMRIE, B2 4 h AT ERSE i, X AR Rk
A WA RN R B , O SE DL X Hf [ Vg 8 ) B
SIEMATRABIFHAE IR BE T4

S E
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