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Dynamic changes of WSSV carried by Microcystis aeruginosa and
Chlorella pyrenoidosa and their effects on WSSV in water
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Abstract: To investigate the dynamic changes of WSSV (white spot syndrome virus) carried by Microcystis aeruginosa and Chlorella
pyrenoidosa and their effects on WSSV amount in water, we added the same WSSV amount to high-density groups, low-density groups
with those two microalgae and compared them with the control group without microalgae, then determined the WSSV amount in super-
natant and precipitate algae by TaqMan real-time PCR at 2™ hour, 24" hour, 72" hour and 120" hour. Results show that both
M. aeruginosa and C. pyrenoidosa carried WSSV but the amount decreased with time. The WSSV amount carried by M. aeruginosa was
significantly positively correlated with the density of algae cells (P <0.05), while there was no significant correlation between the
WSSV amount carried by C. pyrenoidosa and the numbers of algae cells (P >0.05). Both the two microalgae reduced WSSV amount in

water, and the reduction effect of C. pyrenoidosa was better than that of M. aeruginosa, which is beneficial to the ecological prevention
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and control of WSS (white spot syndrome).
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T MR 5 BE4E -5 0E (white spot syndrome, WSS)
H 4R & LIRS 2R MR SR AL & B T B R &
Pk, PRSI AE R B BELE A 0 % B (white spot
syndrome virus, WSSV) Z{ii 4 BR 75 78 X} #F F= £ K
R o AR, WSSV {3 R Y M X
URFRPEAE P EBWRIRZ —, BIRRY WSS ik
A G IR K. RdEgcE . R X
Ak, DGRBS 1R iR b
ESRGEWEZEHRI S, Btk @Kk RAHE
BHEE, WECEEMABANEIORE, &k
BB KRR o SR 2 B A T
5. MERSFEMERT, RERBEWIEANR, &5 A5
KETE S 37, T R BEAH WA X AR E, MR R
AU TR A 2 T AR WA 5 A
SIE A S 19 ¥ (Microcystis sp. ). IR %
(Anabaena sp. ) FIEi 3 ( Oscillatoria sp. ) %553 W
BHHERA S AR REET, XTIFRHE
o1 B e K 0 R O P B R BT S B 5R BE X A Kk
e FRAIEE RSN T, R
R A S Al 5 X R R N WSSV & /R K
MBsh ' . A% KB XT IR R WSSV 37
FEOK P RS WSSV H e E A E o
T - IS B Y M A R R AR R 4 X
RPN B SR BE ST K 2 HUR T X i e 4
WSSV 17 MR, R Mg )2 T 2 BT 7808 2
T SRR (AR R AN ) 5 R B LA &
AR . WATEFSRAE R R A | W%
WL RERE M L WAk S AT
MBS R T AE BR, BEZ/NK
#: ( Chlorella pyrenoidosa ) R4 43 #E B (M. aerug-
inosa) K % UL A0 S4B F o X R 7% BB B4 K AR B
WEEEH R 10° 40 ffg- mL B T 10° 40 - mL 7,
JE I 2 B RE S A ) 107 ~ 10° 48 - mL ™o A
I, 253 T B O B R e o A R B R Y R
HZ/NREE R FE X 5, i FSE 2806 & & PCR
FEARNT 3K Bk R g WSSV 2 B A7 BR A T,
S Hh i R 3 SR it 1R 5 WSSV &R AH G,
DA T % 2 FhiSCEE 45 WSSV ¥t B ) 37 85 vh
e rg WSSV SRS, F7 FE XoF M 1th 3% 8 AH 4 452
SRR, BRASPE WSS HHEM.

1 #e5I5E

L1 K584

i 2o 1 2 e T T b [ R 2 B B AR AR ) R
PE——IRKEERN I, B A/ INEREE R DK =R
W5 BE mE Mg K = BT B SR 8, 2 Fh i A
BG11 ¥igpidsss, BRI RKEEA TS,

970 B HEL B VR ) 428 D s S B A WSSV BH
) FLARYEE X5} MR ( Litopenaeus vannamei) 2047 1 g, fil
A PBS i, F4 CHIEE)S 6300 g B0 10 min,
£0.22 pm JEEES RS ARE, KU WSSV £ D14,
1.2 REHE

TESE T/ INER B 4 0 I T o B 4 (H-f
B, HoNeREE) . R (L 2 s, L/hekig)
MR A (CRnEgE), A 3 M1, Hi,
AW R 5 x 10° 41 - mL”, {95 4H
RN T x 10° 4 - mL ' R IR2H 40 B B4 5
¥ 200 mL 3£F 350 mL BB IR, *TERAH
B{ 200 mL BG11 £55:%2 A 350 mL ELj4 5B
RO, ¥ WSSV AR, 5 RETH
WSSV ¥k BE ik F] 4. 32 x 10°# Jl-mL ™' . 4408 F 25
~30 C, YLHEBREF 4 000 ~8 000 Ix, YEMEH, 12 h
$12 h KT R

FIRB IG5 2. 565 24, 55 72 F5E 120 /)
B EORE 5 2H A R B R 20 mL, 6 300 g B0
10 min, HX EVEW 500 pL fEks; 438 L1 )5 M
UUUEFH 1 mL PBS F&, HU500 L G X HRZHEL
Ke #2500 pL FG . [FIATER 1 mL #%, LA Olym-
pus CX41RF S 3058 71 1M 40 B T+ 500Mk 155 8 40 2%
B
1.3 #5 WSSV gy# il

Il OMEGA Tissue DNA Kit D3396 2 B 3§ 1A Uit
TEFNEE L IERE S DNA, DISERT 9% %E & PCR-
TaqMan #R4F 1 A X PCR A U FE & A1 (1) WSSV,
Real-time PCR 3 if %% DURAND #1 LIGHTNER !
#T H SEB P it PCR A4 WSSV, B H B
KB 69 bp, F|¥FEREH Invitrogen 23 7] & A
(#1), ¥EH20 pL PCR RifAZ, 10 wL2 x Tag-
Man Universal PCR Master Mix ( TAKARA A& H &,
5 DRR390A) , L TFHF5I44 0.5 nWL(Z&WEH
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®10%

10 p,mol-L_l), BEF 0.5 pL(AWENS pumol
L"), BH DNA 2 uL, #h3E7KE 20 uL, PCR &
WZERH95 C30s; 95CS5s, 55C 15s, 72 C
30 s, 40 MER, BIMEMEL 4K, Bt

B2 O BRI BR T BR 25 O BB R K T R 2K AR
B, FHPEXT BRI E 0 WSSV A & AR 42 BU% DNA
VR B IS YERE R, [ W 7E Bio-Rad Mini Opticon
Real-Time PCR System #£47 .
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Tab.1 Sequences of white spot syndrome virus (WSSV) primers and TagMan probes

5|4 primer WSSV %! sequence

3% forward WSS1011F 5'-TGGTCCCGTCCTCATCTCAG-3’

T I reverse WSS1079R 5'-GCTGCCTTGCCGGAAATTA-3’

41 probe TagMan 5'-AGCCATGAAGAATGCCGTCTATCACACA-3’

y=-3.3169x +39.647
R>=0.9997
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Fig. 1 Standard curve of positive plasmid copy
and threshold cycle (C;)

R 0 A FOBR A IR O RE ST . PRI ORI
Y 0 45 R PR A SNIEL 0 R 18 ) A
BEME BB DNA, oWk BEH 4.95 x 10° ¥ 0-pL ",
FA 10 A5 RR FEAE JFORL 35 8 VB JEF A AR I X L
79 8%, bR L LA 1, R =0.99, E =
100. 4% |

Hi7 PCR, X4 7% 9 & it PCR &l WSSV C,
{8 TF 35 (¥ 0L %0 B, A S3% PCR K3l LA
INEEEL 754 WSSV, 2 BRIE HUR% 517 PCR
Kl WSSV #9771k, B14r Invitrogen /A 4 M.
L4 HESH

BARGH4M7R F SPSS 17. 0 #fE 4T, Bode
SERDIFIME + 47 (X £SD) Fk, FRIAHZ
1] 9 22 5% JFF B4 7R 2% 7 2 437 ( One-Way ANOVA)
HEAT. 3R [ B 1) A B0 8 Pk WSSV R L i
WSSV 4, H 40 BcHe: 2 B0 S IR S 40T 6 4
HEECOR I IR UM e, P <0. 05 W25 B4R B

. B WSSV ik I iE WSSV 5 ifk WSSV #2
M,

2 iR

2.1 EAMEETE

ol s A/ NBR U R 2 B4 120 h N 4T Y
YERFTE 10° 1k mL ', BREA(E2) . KEE
L /INERE 40 i 2 B2 5E 72 /e ) AR E 10 4 e
mL ™", (KRR E K
2.2 fEEIAKE WSSV ETWL

55 2 /NETET R . RS B AL AR WSSV & 435 R
1.28 x10* # Jl-mL " f1 4. 11 x10° # Jl-mL™", %
WSSV #4354 3. 44 x 10° $ Jl-mL " 1 3. 20 x 10°
PEDl-mL ™", BEiK WSSV 5 & WSSV £/ 3.59%
M1L27% (B 2). 55 24 /]NE B AR 2% B 20 3 K
WSSV KT 6.8% , PEKEAEZE(P>0.05);
REEHER, BEEHLE. KEFHALEY
WSSV &4 RIFEAR T 90.1% . 97.9% . 87.6% , F&
REH B E (P <0.05), 5 72 /NoJ B 2% 4 AF 5
WSSV HETEZEZEFZ(P>0.05), R 72 /NG
R B SN, AR [A] &2 g WSSV &3 F
WK, THEEEEAR WSSV B 5 AERE R EIE
R (P <0.05),
2.3 IEREEIRTIS /A WSSV 2354k

55 2 /NETE R L IR BE A AR WSSV #4151k
1.16 x 10* ¥ Jl-mL ™" 1 6.77 x 10° # l-mL™", &
& WSSV #12.33% F1 1.60% (& 3) . 4 24 /Nt
AR B 4 B 1k WSSV [T 38.4% , {HPE(RE
ABEP>0.05); HmEEHARK, SHEEHL
. (KB EA LS WSSV B4 RIMEET 88.9% .
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Tab.2 Density of M. aeruginosa and C. pyrenoidosa ZHEE-mL ™"
H-f e L s H-/NR L-/hekEE
high density- low density- high density- low density-
M. aeruginosa M. aeruginosa C. pyrenoidosa C. pyrenoidosa
55 0 /vt 5.0x10° 7.0 x10° 5.0x10° 7.0 x10°
552 /it 5.0x10° 7.0 x10° 5.0x10° 7.0x10°
55 24 /et 4.3x10° <10* 6.5 x10° <10*
55 72 /N 2.4x10° <10* 6.7 x10’° 3.3 x10*
55 120 /it 1.9 x10° <10* 2.6 x10° 2.7 x10*

W BOEE LT 100 41 mL T B, JORE LM AR B T BRI, B < 10 4ifemL !

B2, iChEMEE.

TAER 2 /NI B 0 9 0 O 2 BE 5 e

Note: The value of microalgae density was inaccurate using hemacytometer when it was less than 10* cells-mL ~! (expressed as < 10* cells-mL"!).

The microalgae density at 2™ hour was considered to be the same with the inoculation density, and expressed as inoculation density.

98.9% . 94.1% , [FREHEBZE(P<0.05), 424
JINERFEE 4% £H S AR B SE ) WSSV BB G B E 2 R
(P>0.05), BREE 72 /NBHIK 2 BE A A, Fo A B[R]
MELL I L IE WSSV B TR A /IR i A
WSSV s 41 B AR 3 (P >0.05)
2.4 WSSV EITY

&40 WSSV R ta Yk fE R 4.32 x 10° # Jl-mL ™",
55 2 /NETEE WSSV BAS (L ARIA S . X HRZAZE 24 /)N
AT WSSV % 2.01 x 10° # 0l-mL~", MG
MR T 53.4% ; 45 72 /B EF WSSV &% 1. 65 x
10* ¥ 0l-mL ™", FRAKT 96.2% , T MIREH B E

10°

WSSV DL - mL™*
=)

(P<0.05); %5 120 /NBFBE WSSV &% 7. 66 x 10°
PEOlemL ™', FRIKT 98.2% . MM E. MEEL
BWSSV R TR, 5B 24 /NEFE 45 R
1.05 x 10* # Jl-mL "1 5.73 x 10* $# Jl-mL~",
HELRET FEAR T 97.6% F1 86.7% , FEIEEE (P <
0.05), 24 h D)5 & WSSV &L A B (P >
0.05), HAHE WSSV &3 E M FXF A (P <
0.05) . /NEREER . K% A B WSSV |2 T [%i&
P 8524 NETET AR R 5.99 x 10° £ Dl-mL ™" I
2.98 x10* $£ Ul-mL~", R IAAT MR T 98.8% FiI
93.0% , FEIREE(P <0.05), 24 h LIJ5 & WSSV
t/h

02

H24
[72

103 =

o . . . )
H- 8% hE  H-R R L% b L B s de
supernatant of algae of supernamant of algae of low
high density- high density- low density - density-

M.aeruginosa M.aeruginosa

M.aeruginosa M.aeruginosa

2 TS BV ROER R R A R R
P e [m) o ) 525 2 A B R IR) B4R/ N B F R FR R Z A BEVEZE R (P <0.05) , [HRK 2 45 B 18] £ Y
BARAR LA REF RS2 AA BEEE S (P <0.05), FEFL
Fig.2 WSSV amount in supernatant and algae of M. aeruginosa

Data with different lowercase letters at the same time in each group are significantly different from one another (P <0.05),

and data with different uppercase letters at different time in the same group are significantly

different from one another (P <0.05). The same case in the following figure.
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. |
4 10
102 1 1 1 N
H—/NRPE 7% H—/NREHE L—/NERPE bV L—/NERETE i
supernatant of algae of high supernatant algae of low
high density- density- of low density- density-
C.pyrenoidosa C.pyrenoidosa C.pyrenoidosa C.pyrenoidosa

B3 /NEREE LI MR B BELR SRR R R R
Fig.3 WSSV amount in supernatant and algae of C. pyrenoidosa

L —e— H -

high density M.aeruginosa

—=— H - /HRE

low density M.aeruginosa
4| ——L-mEEH
10°F high density C.pyrenoidosa
—X— L -/

low density C.pyrenoidosa
—e— 3 fig 4] control
L

WSSV/# Il -mL"

0 2 24 72
t/h

B4 B AT B2 A BRI T i
Fig.4 Total WSSV amount in each group

BREAYE(P>0.05), HALE WSSV E&E
FIRTXIIRA (P <0.05) o {3 e R/ INBkge s 2
R R R 4) o
2.5 HAPCRAEGMER

26 120 /i I 32t % B PCR G I & 6 2L A
A WSSV 5 DR, il FH 58K PCR #ATIM. %
R BV NERE ) 75 S AR DNA A5 — 7

Pity R WSSV FHIE(E 5) .
3 g

BroE B, HLeFh2Rm R RE g #E4F WSSV,
ELHEHE WSSV B Ses /e BR LR A R i 1T 4 S 3
WSSV BN e S e E AN S R T
RESEHIPE T WSSV BT, T TRk A SR A
TRBATARCEE, o TR REFENE K AP B ) S
RYIETERIBR S, 4SRRI WSSV 258 —7E
I ok TR B S E R E £, MIZEROX —E e
MEE ESET, R DNA RAEME, AR KT

P N 1 2 3 4 5 6 7 8 M
bp bp

2000
1000
750

258 250

100

K5 2 120 /b5 PCR A _E 5 &
WA E PR IR TR
M. marker; P. PHHESTHR; N. FAPEXTHE; 1 ~4. H-f3%
BEEVE. LS g, H/hBR¥E B L/NR¥EE B
5~8. H-fydisik, Lasisik,
Ho/NERBEHER . LRtk
Fig.5 Detection of WSSV by nested-PCR at 120" hour
M. marker; P. positive control; N. negative control; 1 ~4. WSSV
detection results for the supernatant of high density-M. aeruginosa,
low density-M. aeruginosa, high density-C. pyrenoidosa
and low density-C. pyrenoidosa, respectively; 5 ~8. WSSV
detection results for the algae of high density-M. aeruginosa ,
low density-M. aeruginosa, high density-C. pyrenoidosa
and low density-C. pyrenoidosa, respectively

P WSSV MR IR, X A5 H A0
FHAMEA X2, R A KN IFS E 3%
B B LA A o £, WSSV AT RE 2 PR ok B e o
hEMEFHAPERE, HETEYHE
B0 REE S Pk E & PCR $dE & 8258 PCR
BMLER, EH U HMBESEF/NERBEETE 120 h Y
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Rt /DB WSSV, i H¥Efk WSSV B7E5E 2 /Nt
A2, UiHH WSSV 7S 27K 145 BB g duE R, B 21
AL, Bk WSSV fimin /KT LiE, 52 /et
BT R B S R/ NER B B R WSSV AN K
1K A5 WSSV 19 3.59% . 1.27% F12.33% . 1.60% ,
WSSV ] BB 2R Bt FE A FE T8 78 N A K AR 45 Fih B 77
ok b LIU 260 B 53000 K [R) i b WSSV
A RB IR, AH b % (Dunaliella salina) . i}
B 253 ( Skeletonema costatum ) . BREEHE 4% (Isoch-
rysis galbana) , /NER¥EEAG 550 A WSSV #5747 BB
F1o BTG AAF 1] ORI ) B4 o 308 s A /N
Rk WSSV BB 25 (P >0.05), {Hif%E5E K
WSSV B 5 A HE 2 B FIEMHK (P <0.05),
/NEREE AR WSSV 12 1 35 400 i 5 B AR SR R R B 2
(P>0.05) , JHJF PR AT RE 4 4% 28 v 40 i 1R 3%
FEHB/NRER, MEREBBE K, 5 WSSV #
Sl A RE R G T BB A, T B 9 4T B S A S
W, WATREMEH S WSSV MR E H ' B%, RO
B, HIERVLHITE— M s ek
ottt WSSV HBESIAHML, (B i ol 1= 25 B A e (ks
WHRTEREE, MO WSSV #8115 F A% iR
e WSSV UK WSS & A B i A FERF 5%

EHEMREREAR, 24 h IXTEBZ WSSV %
KT 53.4% , WMBEBRE. (KFEFHE WSSV &fF
KT 97.6% . 86.7% , /NBR¥E . 1K % & 4 &
WSSV B&(E T 98.6% . 93.1% , FEHIsK{k WSSV
TERAR AR TR, SRR/ RS ) T2 i
IR WSSV [ TH U, R B B A IS 2 4 R B
B FEMBEFERARIE TR E WSSV fs b £k
A7E 24 h N, KRR K AR T 725 WSSV RG B #E
HAbM i ErvTeE, 2ok 7EIRE L BB iR ag
B, WSSV 1% 3 45 X HF g JXURS K B 7. /v BR e 4
WSSV i F R IR B K Tl a4, X Al RB S5l
ST B AR HIVE R, T /NBR S A X hE
FAESRA 5, /INBREE Ho i B8 o8 A A TR K ik
TS WSSV it T

FESTERFRAE A A, AR S Bz e 3 b
ST URHEST S AR, R B T X R RE
FOBRSS o TEH AN LLGRIE . RE W OB R G e
WoKFRARE, FRED, WK, S
Tk 26 2L AT P B Mg 2 O BL 9 M A 45 e AR Y
TENDENCIA 21y WSSV &SR 3 Fhik L6
IR (FR5H B HE B K A, B /N BRI A K Ak

ISIPEE KA ), 45 78 B2 Fp /N BR B I K 4k
WSSV 30 ARG R 5 o FR A i 0 g o A
2R S MR PR R, AT WERN
BB RRRIE NS EE K E, MBREERAAD
EHITIEE:, C80A R U AL ShiE Y X
NSRRI IFEEI5 YL . CHEN Ml XIE™ B & 7EX)
PRGN T B RER, SHSAMEES
RIXTERE X N F=AfEE, BRI, Mk
TR R 5 A R ARIR AL R st PR B R I
M, RIS A R s R e,
PETT SBORFI AR AR, I REMEE N B S
FrERE I, XURFRAE IS R KRR
RRAR™ o ST, 253 TN 76 X 0F 5% 78 Y 3 o 33
B LUEAZ/NRESE RSN ERF R, 245
Bl WSS A3 FEL

gE b TR, fHCREVERI/INER BE XY AT A 0 &
WSSV, o B B i 1] ) 228 K T R i o o
PR WSSV ¥y i 54 AR B IEA R, /D
PREEHEIR WSSV #i 5 41 B R AR B3
2 PRSI REAR HE K AR B WSSV U T Ik, /)
B A A T 35 5 X R B0 fR R A KA WSS [ AR 7S
B4
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