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Abstract
Gene specific p rimers and DNA p robe were designed based on the sequence of 18S rDNA cloned from the red tide alga Thalassiosi2
ra rotula. A real2time fluorescent quantitative PCR (RFQ - PCR) method was developed for quantitative detection of T. rotu la.

The RFQ - PCR assay data showed that the results obtained with the RFQ - PCR quite good agreement with those with the light

m icroscope (LM) counting method, which suggested that the RFQ - PCR could be a useful method for red tide alga detection.
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1　 In troduction

The occurrence of red tide events in sea waters

along temperate coasts throughout the world appears

to be an enlarging threat against human health, fish2
ery resources, and tourism industry ( Anderson,

1989; Smayda, 1990).

Thalassiosira rotula, which belongs to p lankton2
ic diatom , is a cosmopolitan harmful alga. It fre2
quently appears along the coasts of China, and is

classified into the red tide species catalogue in China

(Q i, 2003 ) . This alga p roduces some short2chain

aldehyde that p roves to restrain the growth of cope2
pod spawn (Adrianna et al. , 2004) , thus the ex2
panding red tide resulted from T. rotula could affect

the population structure of copepod, further threat2

ened the coastal fishery industry and ecological envi2
ronment. So, the investigation on T. rotula has be2
come a focus of the marine ecological research.

Monitor of the alga species is the key to p redic2
ting and p reventing the red tide. In the early phase

of red tide development, the cell density is relatively

low and the cell size is usually small. W hile the con2
ventional m icro2phytop lankton detection was largely

based on morphological features underm icroscopy, it

is time consum ing, labor tedious, and difficult for

long2term monitoring. Furthermore, in some cases,

the subjective p rejudice should not be neglected

(Rehnstam - Holm et al. , 2002). Therefore, more

sensitive and rap id methods are required to detect

this alga and study the related dynam ic variation. On

the basis of the genetic diversity of different genera

and species (LaJeunesse, 2001; Moon2van et al. ,

2001 ) , molecular biological technologies could be
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introduced into the detection of a m icroorganism in

both seawater and sediment ( Guillou et al. , 2002;

Saito et al. , 2002; Scholin et al. , 1995). The pol2
ymerase chain reaction ( PCR) has been successfully

app lied to the detection of various toxic dinoflagel2
lates in seawater samp les ( Bowers et al. , 2000;

Godhe et al. , 2001; Rollo et al. , 1995) , and the

real2time fluorescent quantitative PCR ( RFQ -

PCR) is app lied widely because of many advanta2
ges, such as high sensitivity, high specificity, and

good repeatability. It has been used in pathogen

(Bell and Ranford - Cartwright, 2002 ) and virus

detection (Luo et al. , 2004; Zhan et al. , 2002) ,

cancer diagnosis (Xu andM iller, 2004; Schnürch et

al. , 1998 ) , gene exp ression ( Cherry et al. ,

2004) , immunology research (Lang et al. , 1997) ,

genetic mutation and polymorphism analysis (W al2
burger et al. , 2001 ) , and marine environmental

bacteria detection (Du et al. , 2006).

Here, we reported the development of a RFQ -

PCR app roach for T. rotula qualitative and quantita2
tive detection in seawater. The RFQ - PCR assay

was validated with the m icroscope counting method.

It suggested that the RFQ - PCR can be a useful tool

for red tide alga detection.

2　M a ter ia ls and m ethods

2. 1　Plants and cultures

A lgae used in experiments are p resented in Ta2
ble 1. A ll of the 15 species are fam iliar in the Chi2
nese sea area, and ten species of them are diatom s,

five species are dinoflagellates. A ll species were i2
dentified and single cell samp les were from the Col2
lege of Marine L ife Science, Ocean University of

China. The algae were cultured to the exponential

stage in the f /2 medium at 22～25 ℃ and exposed

under the illum ination app roximately 4 000 lx under

a 12h∶12h ( time ratio of light to dark) .

Table 1. 　A lgae and the cell densities in their

exponential stage

Species Cell concentration / cm
- 3 Source

Chaetoceros curvisetus 4. 8 ×10
7 J iaozhou Bay, China

Chaetoceros debilis 3. 2 ×10
6 J iaozhou Bay, China

Chaetoceros gracile 6. 8 ×10
6 J iaozhou Bay, China

Chaetoceros m inim um 3. 4 ×10
7 J iaozhou Bay, China

N avicula m em branacea 4. 4 ×10
5 J iaozhou Bay, China

N itzschia closterium 1. 2 ×10
6 J iaozhou Bay, China

Gym nodinium sp. 5. 1 ×10
5 J iaozhou Bay, China

Gym nodinium m ikim oto 1. 5 ×10
6 J iaozhou Bay, China

M elosira sp. 1. 4 ×10
5 J iaozhou Bay, China

Pseudonitzschia pungens 1. 6 ×10
4 J iaozhou Bay, China

Skeletonem a costatum 3. 8 ×10
6 J iaozhou Bay, China

A lexandrium sp. 1. 8 ×10
4 Dapeng Bay, China

Heterosigm a akashiw o 2. 3 ×10
4 Dalian Bay, China

P rorocentrem m inim un 1. 1 ×10
3 Bohai Gulf, China

Thalassiosira rotula 2. 2 ×10
5 J iaozhou Bay, China

2. 2　DNA isolation

DNA extraction was carried out by using the

modified method of Rajeshwar et al. (2001) . B rief2
ly, algal cells in the exponential growth phase were

counted in the solution (O lympus, Hamburg, Ger2
many) , and harvested by centrifugation at 10 000 r/

m in for 5 m in and resuspended in 500μL TE buffer

(10 mmol/dm3 Tris2HCl, pH 8. 0 and 1 mmol/dm3

EDTA) ( Sangon Corporation, Shanghai, China ).

One m illilitres extraction buffer [ p re2warmed to 55

℃, 3% ( ratio of mass to volume) CTAB , 1% ( ratio

of mass to volume) sarkosyl, 20 mmol/dm3 EDTA ,

1. 4 mol /dm3 NaCl, 0. 1 mol/dm3 Tris2HCl pH 8. 0,

volume fraction 1% 22mercap toethanol ( Sangon ) ]

was added and the m ixture was incubated at 55 ℃

for 1 h with a gentle inversion every 10 m in. The re2
sulting suspension was allowed to cool at 4 ℃ for 3

～5 m in. A total of 2 mL of chloroform / isoamyl al2
cohol ( volume ratio is 24∶1) ( Sangon) was added
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and m ixed by gentle inversion ( about 25～30 times)

until an emulsion was formed. After centrifugation

(10 000 r/m in for 5 m in at 4 ℃) , the supernatant

was extracted with chloroform / isoamyl alcohol ( vol2
ume ratio is 24∶1) one more time. The DNA was

ethanol p recip itated at - 20 ℃ for 2 h followed by a

centrifugation 10 000 r/m in for 10 m in at 4 ℃. The

p recip itate was briefly rinsed twice with ice2cold

70% ethanol, dried and rehydrated at room tempera2
ture in 50μL TE buffer and stored at - 20 ℃.

2. 3　18S rDNA cloning

The isolated T. rotula genome DNA was used as

temp late for the first PCR amp lification with 18S rD2
NA universal p rimers ( forward, 5′2gct cgn mwy war

grt taa gcc atg c23′; reverse, 5′2cct tgg tcc gtg ttt

caa ga23′) . The amp lified fragment was purified and

used as temp late for the second PCR ( forward, 5′2
cct ttg tac aca ccg ccc23′; reverse, 5′2cac ggt act tgt

wyr cta tcg gt23′) . The amp lified fragment was sub2
cloned into the pMD18 - T vector ( TaKaRa) then

sequenced.

2. 4　RFQ - PCR p rimers

The T. rotula 18S rDNA sequence and the

homologue retrieved from GenBank were aligned by

ClustalW method using the p rogram MegA lign (DNA

Star 5. 0 ) , and T. rotula2specific Primer and Taq2
Man p robe were designed by the software Primer

Prem ier 5. 0, the intended amp lified fragmentwas 83

bp. The specificity of p rimers was tested by amp lifi2
cation of genome DNA from various m icroalgae. The

50μL PCR reaction m ixture includes 0. 2μmol/dm3

p rimer, 1 ×Taq polymerase buffer, 1. 5 mmol/dm3

MgCl2 , 200μmol/dm3 dNTP; and 0. 5U Taq DNA

polymerase. Thermal p rogram was carried out as fol2
lows: 3 m in at 94 ℃, 30 cycles at 94 ℃ for 30 s,

59 ℃ for 30 s, and 72 ℃ for 30 s, and a final ex2
tension at 72 ℃ for 5 m in.

2. 5　Development of RFQ - PCR method for T. rotula

detection

　　Taqman p robe was synthesized and labeled with

FAM at the 5′term inal and TAMRA at the 3′term i2
nal. Real2time PCR was performed on a B ioer L ine2
gene FQD233A (B ioer, Japan ). The 50 μL real2
time PCR reaction m ixture includes 0. 4μmol/dm3

of each T. rotula forward and reverse p rimer, Taq2
Man p robe T. rotula concentration of 0. 16 μmol/

dm3 , 1 ×real2time PCR buffer, 4. 0 mmol/dm3

MgCl2 , 300μmol/dm3 dNTP; 1 μL temp late DNA

and 0. 5U Taq HS polymerase. Amp lification was

conducted by using the following p rogram: 5 m in at

95 ℃, followed by 40 cycles of 15 s at 94 ℃, 50 s

at 60 ℃.

DNA extracted from T. rotula was diluted into a

102fold serial, 1μL of each diluted samp le ( total six

diluted samp les) was used in the real2time PCR as2
say with trip let. Calibration curve was constructed

with the cell number against the cycle threshold val2
ue.

3　Results

3. 1　18S rDNA sequence and p rimer design

The amp lified fragment of 1 887 bp was con2
firmed to share 99% identity with the T. rotu la se2
quence in GenBank (AF374480).

3. 2　The specificity test of T. rotula p rimers

The p rimers T. rotula ( forward, 5′2ttg tgg ctt

ggc tcc ttc att23′; reverse, 5′2ttg tta cga ctt cac ctt

cct cta a23′) and Taqman p robe T. rotula ( 5′2ggc

ctg acc gcg aga act tgt ccg23′) were located in the

18 s rDNA region of T. rotula. The specificity of the

p rimers was tested by amp lification of 14 species of

m icroalgae collection in the laboratory. The PCR ex2
am ination detected an 83 bp amp lification signal only

d
矩形
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from T. rotula genome DNA ( Fig. 1, Lanes 3, 14) ,

and all the other 14 algae sepecies got no amp lifica2
tion fragment, so the p rimer is specific for T.

rotula.

Fig. 1. 　Test of the specificity of the p rimer T. rotula to

T. rotu la. The p rimers used are T. rotula p rimer 1 and

T. rotu la p rimer 2. The DNA temp lates used are as fol2
lows: Lanes 1, 10. 2 000 bp DNA ladder p lus ( from the

top to down, the size of each bank is 2 000, 1 000, 750,

500, 250, 100 bp). Lanes 3, 14. T. rotula. Lane 2. C.

curvisetus. Lane 4. C. debilis. Lane 5. C. m inim um.

Lane 6. C. gracile. Lane 7. G. m ik im oto. Lane 8. G.

sp. . Lane 9. N. closterium. Lane 11. A. tam arens.

Lane 12. P. pungens. Lane 13. S. costatum. Lane 15.

M elosira sp. . Lane 16. H. akashiw o. Lane 17. P. m i2
nim un . Lane18. N. m em branacea. Lane 19. H2 O.

3. 3　Development of RFQ - PCR calibration curve

for testing T. rotu la

　　DNA extracted from different concentrations of

T. rotula was tested in FRQ - PCR with T. rotula

p rimers and T. rotula Taqm an p robe, each dilution

was tested in trip licates and the corresponding cylce

threshold valueswere measured ( Fig. 2) . Further, a

regression curve was delineated according to the de2
velopment of the fluorescent densities in the RFQ -

PCR with the increasing number of T. rotula cells

( Fig. 3 ). The regression equation was y =

- 3. 485 7x + 40. 174, in which x indicates the log2
arithm of cell number, and y indicates the average

values of cycle threshold, with r = 0. 998.

3. 4　Validation of RFQ - PCR method

Samp les of T. rotula were counted by light m i2

Fig. 2. 　The RFQ - PCR of diluted DNA solutions. Each

dilution is tested for three times.

Fig. 3. 　The calibration curve for T. rotula by RFQ -

PCR. The corresponding T. rotula cell number ( cell num2
ber per m icrolitre DNA) of abscissa (5 dilutions) is 111 ×

10
6

, 111 ×10
5

, 111 ×10
4

, 111 ×10
3

, 111 ×10
2
. The rela2

tive standard deviation of each data point is 0. 6%～2. 1%.

croscope (LM ) and sp iked into 1 mL solution to

form four different cell densities. DNA extraction

was tested by RFQ - PCR, and the cell number was

calculated with the regression equation of calibration

curve ( Table 2) . The data showed that two methods

were comparable in all four samp les. In fact, analy2
sis of variance showed that, with a P value of 0. 05,

there was no significant difference between the

means of counting by the LM and the RFQ - PCR

method for each samp le ( see Table 3 ) , thus the

RFQ - PCR method for T. rotula was reliable.

Table 2. 　The comparison of data by LM and RFQ - PCR

Sample
Cell number by RFQ - PCR

method

Cell number

counted by LM

1 (1. 55 ±0. 20) ×10
6 (1. 97 ±0. 11) ×10

6

2 (3. 77 ±0. 78) ×10
5 (3. 13 ±0. 20) ×10

5

3 (1. 59 ±0. 08) ×10
5 (1. 42 ±0. 04) ×10

5

4 (4. 94 ±0. 85) ×10
3 (3. 07 ±0. 38) ×10

3
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4　D iscussion

Marine phytop lankton is very important in ma2
rine ecosystem, and the ecological dynam ics of the

marine phytop lankton has been widely researched

(Chen et al. , 2005; Huang et al. , 2006; Sun et

al. , 2000). However, the traditional identification

methods such as LM and scanning election m icrosco2
py ( SEM ) based on morphology have obvious disad2
vantages, such as time consum ing, laborious and

furthermore, they are subjective and erroneous in

some cases. Recently, analyzing by consensus DNA

sequence and develop ing rap id and quantitative mo2
nitoring methods have been the focus in the field of

environmental m icrobe research. The rDNA genes

p rovide the candidate sequences to develop various

molecular assays for their highly conserved charac2
teristics (Medina et al. , 2001; Medlin et al. ,

1988). D ifferent rDNA blocks have been selected as

targets of PCR amp lification. These regions include

the small subunit, the large subunit, the 5. 8S region

and two internal transcribed spacers ( ITS1 and

ITS2). The choice of a particular region as the tar2
get was based mostly on the level of variability of

each region within a particular species of interest and

the requirement of assay specificity and sensitivity

(Connell, 2002; Giacobbe et al. , 2000; Marin et

al. , 2001). In addition, the copy number of ribo2
some gene in chromosome is stationary, so the num2
ber of DNA gene in chromosome is linearly correla2
tive with the cell number of samp les. Naturally, it is

valuable to delim itate the species much sim ilar in

morphology or vary largely in shape during the lifecy2
cle. A molecular method has become an indispensa2
ble supp lement to the traditional morphological clas2
sification (Bowers et al. , 2000).

RFQ - PCR includes relatively and absolutely

quantitative analysis. The relatively quantitative

method is usually used in analyzing the gene exp res2

sion, while the absolutely quantitative method could

be used to quantify the individual amount of organ2
ism s. W hen the absolutely quantitative method was

used, a standard is necessary, that is, we should

compare the RFQ - PCR method with the traditional

quantitative method, so that the reliability of the

RFQ - PCR method can be ensured; furthermore, a

standard curve for quantitative detection can be es2
tablished. In this study, the sequence of 18S rDNA

of T. rotula was used as target region, and a RFQ -

PCR method for rap id detection of T. rotu la was de2
veloped. The linearity of the standard curve is

01998, so the standard curve can be used in the

quantitative analysis. Besides, when the absolutely

quantitative analysis was carried out, the reliability

and the quality of the nucleic acid extraction was

very important, while it was difficult to directly ana2
lyze the extraction reliability and the nucleic acid

quality. In this study, we set up several samp les,

and the cell number in samp leswas repeatedly calcu2
lated through using both LM counting method and

RFQ - PCR method. The results showed that there

was no significant difference between the two meth2
ods [ see Table 2: analysis of variance for RFQ -

PCR and LM: t = 1. 15～4. 13, the critical is 4. 30

( P = 0. 05, n = 3) ] , so the RFQ - PCR method for

T. rotula indirectly p roved reliable.

Besides the specificity of the designed PQR -

PCR p rimers, the p robe sequence was blasted with

the Genbank sequences, the result showed that the

most sim ilar sequence with it ( not include the spe2
cies blonging to the same genus as T. rotula ) was

Leptocy lindrus dan icus (CCMP469) , and their sim i2
larity was only 70% , so the p robe could satisfy dis2
tinguishing the T. rotula from the other algae, at

least the Thalassiosira genus from the other algae.

Here we did not study the specificity for the species

which belonged to the same genus, and this p roblem

should be noticed in the further study.

W hen T. rotula form s a red tide, the normal
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cell density of T. rotu la is 104 ～106 cm - 3. This

RFQ - PCR method was able to detect 102 ～106 cells

equivalent of algal lysate ( temp late copy number be2
ing greater than or equal to 102 ) , it is available for

detecting T. rotula species. For the samp les of low

density ( < 100 cm - 3 ) , imp rovements should be

made to increase assay sensitivity: such as amending

the means of DNA extraction, and reducing the loss

of DNA during extraction, which includes the reduc2
tion of extraction p rocess, and the increase of the

level of cell sp litting. Previous research found that

the RFQ - PCR results with DNA temp late extracted

according to different extraction p rotocols were large2
ly different ( Foulds et al. , 2001) , the PCR inhibi2
tion factors should be removed as far as possible;

The PCR reaction system should be op tim ized, typ i2
cally by modifying the sequences of p rimers and Taq2
man p robe, and the thermal cycles p rogram.

Quantitatively and qualitatively, the RFQ -

PCR method can rap idly detect the T. rotula at the

molecular level. The whole p rocess from samp le col2
lection to target cell data acquirement could be fin2
ished within 4 h, which makes it possible to make

high output treatment. The new RFQ - PCR detec2
tion method will p rove to be a simp le and useful ap2
p roach for the long2term monitoring and investigation

on the red tide alga along the sea coast.
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