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PHHATR R Bk XSBZ03 71 XSBZ14 W E PCR &3l 75 AR L
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3T VE YR IR A T E R S S, W MR 570228

FE. [ B9 ) g WS R Ak XSBZ03 F1 XSBZ14 FYME PCR #7:. [ 74 ] DL XSBZ03 i
XSBZ14 W FHFS TG, FFIRS i FNE PCR A 7L R EE, JH6 5 1% W PCR kK
FESeME . USE JenT g [ 4525 ] il ik vl R IR B B Ak XSBZ03 Al XSBZ14, X XSBZ03 Fi
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2, I H 2T Bk 0 560 A i A I 1 Ak Y
Je I, XSBZ03 Fl XSBZ14 X} i A0 M 00 B0
e oAb 53 B T AR IS LA 11T R IR
R FE DR 2 S A R, R R P
T IRE N TAS R R EEWBAAYFIZ —,
LTSI AH DA D T 5 B0 i A A T
FLER A R A, T SE 20D R A T Wi 1 12
Wt A5 MR PRI S TR A 4k ERT 201 ) 37 v 43 i)
B 18 B 1) — B e Sk m R A, R R S
WA ERAE1 4, U8 7 o] [R G XSBZ03 Al
XSBZ14 HAH PCR i, hF s 3w
PR IS KT )y 1% 548 FE it

1 Ak
1.1 LTk

IR A B (V. alginolyticus) XSBZ03 F1
XSBZ14; HEEINE ATCC17749, RV i 5k & (V
Parahaemolyticus) ATCC17802 , BIINE (V. vulnificus)
ATCC27562, 4NNV, natriegens) ATCC33788,
TR (V, fluvialis) ATCC33810 34 [ 35 [ i il
PR AR 37 BRI HEINAT, 15 RRIGZE RO
(V. harveyi), 2 PREIFSIMLINGE , 1 PREEHINE (V.
rotiferianus), “FEH BIREK  FRFEEK . FRTZIK
AR R, FHE T 16S IRNA A E LA
T AT AR, B A SR = A (R 1),

x 1. #HiAER
Table 1. Bacterial strains tested
No. Strains No. Strains
1 V. alginolyticus XSBZ03 32 V. alginolyticus HN07010
2 V. alginolyticus XSBZ14 33 V. alginolyticus HN13001
3 V. alginolyticus HNO7011 34 V. alginolyticus PBVAY40119
4 V. alginolyticus HN08809 35 V. alginolyticus HN08202
5 V. alginolyticus HN08304 36 V. alginolyticus PBVAY41120
6 V. alginolyticus HN08307 37 V. alginolyticus PBVAY38117
7 V. alginolyticus HN0O8805 38 V. alginolyticus PBVAY39118
8 V. alginolyticus HNO7005 39 V. alginolyticus PBVAY 12023
9 V. alginolyticus XSE381 40 V. alginolyticus PBVAY42121
10 V. alginolyticus HN0O8803 41 V. harveyi NS131241
11 V. alginolyticus HN08801 42 V. harveyi NS131751
12 V. alginolyticus HN08201 43 V. harveyi NS131651
13 V. alginolyticus PBVAY30031 44 V. harveyi NS131451
14 V. alginolyticus HN08203 45 V. harveyi NS131632
15 V. alginolyticus HNO7006 46 V. harveyi NS131631
16 V. alginolyticus HN0O8811 47 V. harveyi WC13D121
17 V. alginolyticus HNO8155 48 V. harveyi HNH11011
18 V. alginolyticus HN07002 49 V. harveyi HNH11001
19 V. alginolyticus TG06003 50 V. harveyi WC13DH21
20 V. alginolyticus HN08306 51 V. harveyi WC13H252
21 V. alginolyticus HN07009 52 V. harveyi HNH11009
22 V. alginolyticus HN0O8813 53 V. harveyi HNH11013
23 V. alginolyticus E001 54 V. harveyi WC13DH52
24 V. alginolyticus HN08335 55 V. harveyi PBVH78461
25 V. alginolyticus HN08303 56 V. Parahaemolyticus PBVPY07150
26 V. alginolyticus HN07014 57 V. Parahaemolyticus PBVPY 06106
27 V. alginolyticus HN08806 58 V. Parahaemolyticus ATCC 17802
28 V. alginolyticus E167 59 V. rotiferianus HNO76
29 V. alginolyticus HN08305 60 V. vulnificus ATCC 27562
30 V. alginolyticus HN08156 61 V. natriegens ATCC 33788
31 V. alginolyticus ATCC17749 62 V. fluvialis ATCC 33810
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12 EEEFFES

TCBS £53% % (Solarbio) , £ T & K 2 42 Bt 5]
%5 (TaKaRa), DNA Marker (TaKaRa), 2xAceTaq
Master Mix (Vazyme), Multiplex PCR Kit (Vazyme),
pMD-19-T # A& 57 &(TaKaRa), PCR {{(Applied
Biosystems), DYY-6D FHL KX (bms—), & H
BhEEIR % 2 45 (Tanon 3500R).,
1.3 319t

A Hcluster-sg. Muscle 4%} XSBZ03 #l
XSBZ14 £HEHAFHI(E: XSBZ03 KL HA ¥
S ELTE NCBI $0di 22 A i, XSBZ14 4 5L 4 751
RN TR K TreeFam BRI, 45
TR PIRR B LN AL 3497 4. FIA perl BiA Xt
VAR AT 1 B DL 3 PR R 110 35 D) P 910 08 7 0 s L
TR S1Yiiit, Hrbh XSBZ03 4 DA
J¥5 145 2%, XSBZ14 H¥E DL T4 131 %, SRk
J& A F NCBI ) BLAST HJREXTREA5F i T4 5%
Py, S50 R XSBZ03 FF41] S1 (GenBank 741
5: CP019959.1; {3 & : 796711-797418)F1 XSBZ14
J¥41 S2 (GenBank J¥415: MH702378)HA4 4k
Sk, 5 HA B AR S A 351 R 96%F1 95%.
SR BT R IX 257 41 43 ST RE S5 1 Y (3R 2).
1.4 ZARHESR KRR ZH DNA 25

i f TCBS RiFRHx & rkkalifbis s, HRHL
FBATORET 2216E AR FREEH 30 °C. 180 r/min

2. WE PCR&MS|4

Table 2. Primers used for the duplex PCR

E:;;esr Primer sequences (5'—3) :lrz(:?tj;
Z03F1 TGTCGGCGTTAAGCTCGAAT

Z03R1 TCAACAAAGGCATTGCCACG 123
Z14F1 CTGAGCAGACGCTAGGACT

Z14R1 TGCGTATTCTCACGAACGAGG 2

Hig% 18 ho MU 1.5 mL W T 2 mL E.0EH, K
FAANPA R 4] DNA $EEBGAF Gt I B kA7 2 [
2] DNA fHHL,
1.5 Sl¥ReRHERIE

Hd PCR RIAKFR N 50 pL: 2xAceTaq
Master Mix 25 uL, b TFIE5I94% 2 uL, ##A4liK
19 pL, Btk 2 uL, W FRF N : 94 °C 5 min; 94 °C
30s,58°C30s,72°C60s, 30 MEHK; fitJ5 72 °C
FEM S ming 7Y HLUKRS NS ZEBERS RS R 5 H AR
W, {5149 XSBZ03 Fl XSBZ14 5P 1442
EK, X PCR P2 2.5%B e EE AL (5 J1 43 =2
— goldview) LUK HFATAI , HLIKIHE 2 30 min,
HLE 120 Vo
1.6 W PCR &AL

Z: 25 FUE PCR UV A5, FIFHIEAS S50 %) 52
Wi PCR S FERERIREE . TEEREL. 51
PEATIRAR (R 3)-
1.7 XE PCR FHARm

DABEIR R 0L [ 2] DNA SR, #H 2 4
SEH U PCR FOWAR FR , A X PCR S0y 14
(R SE . TR XSBZ03 F1 XSBZ14 JE4 DNA
SRR, HFATACE PCR AN, 574 i Yok )5 7

£ 3. WEPCR KMEHMMWL

Table 3. The optimization of duplex PCR condition
Final concentration of Final concentration of

T/°C Cycle Z03F1/Z03R1/ Z14F2/Z14R2/
(umol/L) (umol/L)

56 30 0.16/0.16 0.16/0.16

58 32 0.20/0.20 0.20/0.20

60 34 0.24/0.24 0.24/0.24

62 36 0.28/0.28 0.28/0.28

64 38 0.32/0.32 0.32/0.32

66 40 0.36/0.36 0.36/0.36
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BER R 24 AR P m, aifh)E ke i
Ei7 s /N S B 1| K <ty e 5 B 5
1.8 WE PCR SRR

i il NanoDrop 2000 # k43 36 56 B 110
XSBZ03 il XSBZ14 [N 4] DNA #kJE, f#ifi8
ali AKX e T 10 558, 3B 3 pL fE A
MeiE4 7 A E PCR, # il X E PCR 5 DNA
1.9 Mg KRR SR

K B ] 5% G BT P R N WK . K TR bR
XSBZ03 1 XSBZ14 4l 4580 2 2216E Wik 5+
FEh IR, TR AR I N L KON B B
XSBZ03 il XSBZ14 #E47 AN [RIHR BE i B« (1)
T B I O A BRI 100 pL 43314 T TCBS
ol BT ITEG (2) R A R 53 0]
B 3 uL 1 X PCR A BEHEAR

2 ERFAH

2.1 HE PCR 5|¥HR e

fli A b B F PCR J N & R 56 i
Z03F1/Z03R1, Z14F2/Z14R2 E’de—ir P, XSBZ03
5% Z03F1/Z03R1 Fi AR uE 4 R Al 1, AU
XSBZ03 "1 T 123 bp WITHL ). XSBZ14
¥ Z14F2/Z14R2 F AR uEA R AN 2, AU
XSBZ14 §"# 1 T 244 bp =4
2.2 XE PCR FERIEESL

BN A BB JOREE . S TEFRIKER,
Xf XU PCR SO S TO0AL 25625 A I I
B JERESEAAAT G Y R AR . R, &
1L, SNV AR - 2 x Multiplex Buffer 25 pL;
Multiplex DNA Polymerase 1 pL; Z03F1/Z03R1
1 uL (10 pmol /L); Z14F1/Z14R1 1.6 uL (10 pmol/L);
Bt 3 pL; ddH,O W% 50 pL. fefd S

bp M1 23456738 91011121314151617181920212223242526272829303132

M 1 333435363738394041424344454647484950515253545556575859606162063

1. 5|4 Z03F1/Z03R1 $§5
Specificity of PCR with specific primers Z03F1/Z03R1 for detection of coral pathogenic strain XSBZ03.

Figure 1.

PRI EE R

M: Marker DL500; lane 1-62: the strains of 1 to 62 can be known in Table 1; lane 63: Negative control.
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bp M 213456789 10111213141516171819 20212223242526272829303132

bp M 2 33343536373839404142434445464748495051525354555657585960616263

2. 5|4 Z14FU/Z14R1 55
Specificity of PCR with specific primers Z14F1/Z14R1 for detection of coral pathogenic strain XSBZ14.

Figure 2.

e AlELES

M: Marker DL500; lane 1-62: the strains of 1 to 62 can be known in Table 1; lane 63: Negative control.

JF: 94°C 5 min; 94°C30s, 60°C30s, 72°C
60 s, 36 NMEF; 72 °C 5 min, F ALK
H PCR KR XS H AR MR HEA T3 o) 5 5 P 3
HE B, B S EUY SN R Bk — 3K
(&l 3).

3. WE PCR 75EMEL

Figure 3. Development of duplex PCR assay. M:

Marker DL500; lane 1: Products of duplex PCR; lane 2:

XSBZ03; lane 3: XSBZ14; lane 4: Negative control.

actamicro@im.ac.cn

2.3 E PCR B S8

gk L g 7R PR Bk XSBZ03 Fl XSBZ14 1
PrHG R H AR, EREA RN PR R
AN B ARE A . T M B R R YT B
FBL(E 4), REIXWE PCR 5k B AT B4
S
2.4 BE PCR BURHEA I

3 A AR B BAPE AR BE K 2 DNA Atk

7R PCR 734G, 45 R WoRiZJ7 % XSBZ03
FLIKNZH DNA AR A 1.7 pg/ul, *F XSBZ14 3
K20 DNA Kl FR A 2.0 pg/uL (F 5).

2.5 ¥KAR SR

VKRR R TR BRI XSBZ03 il XSBZ14
A ﬁ?ﬂ%ﬁiwﬁ& o 28, XSBZ03 Fll XSBZ14
%ﬂﬁﬁ?ﬁfﬁéﬁﬂﬁ 6x10° CFU/mL, 8x10® CFU/mL,
SRJG o3 M HEAT 10 FEARE BERR R, H5 LAAS [m] 7 B 2
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VE R 64T X E PCR. I L ik 45 1
TERSADIEE ACKE il P 15 1% XSBZ03 Al FR

6x10° CFU/mL, %} XSBZ14 ¥:iFE 4 8<10° CFU/mL
(K 6).

bp M1 234567 891011121314151617181920212223242526272829303132

200
100

bp M 1 2 33343536373839404142434445464748 49505152 535455565758 5960 61 62

500
200
100

4. WEPCR¥EFRM

Figure 4.
in Table 1.

bp M1 23 4 5 6 7 8

5. WE PCR HUXMIXE

Figure 5. Sensitivity of duplex PCR assay. M: Marker
DL500; lane 1-8: 1 to 8 represent the mixed genomic
DNA concentration of XSBZ03 and XSBZ14 (The
order of XSBZ03 genomic DNA is 1.7 ng/uL, 170 pg/uL,
17 pg/uL, 1.7 pg/ul, 170 fg/ul, 17 fg/uL, 1.7 fg/uL,
170 ag/uL. The order of XSBZ14 genomic DNA
concentration is 2 ng/uL, 200 pg/uL, 20 pg/uL, 2 pg/uL,
200 fg/uL, 2 fg/ul, 2 fg/ul, 200 ag/uL); lane 9:
Negative control.

Specificity of duplex PCR assay. M: Marker DL500; lane 1-62: the strains of 1 to 62 can be known

6 78 9

bp M 12 3 45

6. WE PCR X787k B4R R

Figure 6. The detection limit of duplex PCR assay
from sea water. M: Marker DL500; lane 1-8: 1 to 8
represent the mixed bacterial concentration of XSBZ03
and XSBZ14 (The order of XSBZ03 bacterial
concentration is 6x107, 6x10°, 6x10°, 6x10%, 6x10°,
6x10%, 6x10', 6x10° CFU/mL. The order of XSBZ14
bacterial concentration is 8><107, 8><106, 8x10° s 8><104,
8x10°, 8x10% 8x10', 8x10° CFU/mL);
Negative control.

lane O:
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3 WMk

I B8 1A %ok 4 TR B A R 1 i R 7 A T R
Wy, FEESEN T IR A S R G Ho,
AR R 5 | & B9 6255 E (White Syndrome,
WT)EF 50 I K TEFR A T 2 ok = B Bk
TRy B N 2 20 R BN XSBZ03
XSBZ14 187 & S0 SR It , L Js e fy 1 329
IS o o R 1 TR s N S s 2 S T ES 2 4
A7 3K TR AR A A DRGSR 2
0T LA K% T 977 S8 1 Ak B S S

f5E 1Y PCR KGN Jy 2 He 5 | W i #E e 4 2
e A RV RE S P A R R BEU O % R
FH Rl st % BURS e Rl . A SR A E 2
FIAS R 52 A5 70, S ()35t 1 PR s e oI o P e ] 2 ) 22
S K202 Bk XSBZ03 I XSBZ14 ] f i A% 15
R 1Ak A BE 7 e A TG 2 R R TR g gt

AWFFFIFHAEYE B =R RS E NCBIL $ds
JEEXT I I B iR XSBZ03 Fl XSBZ14 143 H 4
FPNBEAT LU T, 4% e Hh— B B R )
R ERRChE WA IS o S fraa e s L7/ O]
BT B YA T i — 25 B 4 20 4 DL F 1 X0
H PCR, M 12 757 T [ B A0 R 46 2 S35
JR R XSBZ03 Fl XSBZ14 . % J5 ¥k FE U R ik
XSBZ03 il XSBZ14, %} XSBZ03 Fl XSBZ14 KL
DNA AR R 43514 1.7 pg/uL #1 2.0 pg/uL. 7¢
TR KRR S BRI 7 A XS XSBZ03 Al
XSBZ14 (4 I #% BR 4351 &y 6x10° CFU/mL #0
8x10° CFU/mL.

AWFFEEE L B R PCR 5 325 A AR 00 781 ok
XSBZ03 1 XSBZ14, FIX 408 WA R, H
APGETTE . R . USRS SR, AT
F XSBZ03 Fl XSBZ14 F 5 Mtk i Kz Hoor
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Duplex PCR assay for detection of coral pathogenic strains
XSBZ03 and XSBZ14

Siyue Yang'”, Yanan Fu'”, Hao Long’, Xiang Zhang'?, Zhenyu Xie"*""

! College of Marine Science, Hainan University, Haikou 570228, Hainan Province, China
* Key Laboratory of Tropical Aquatic Biotechnology of Hainan Province, Haikou 570228, Hainan Province, China
? State Key Laboratory of Marine Resource Utilization in South China Sea, Haikou 570228, Hainan Province, China

Abstract: [Objective] To establish a duplex PCR assay for detection of the strains XSBZ03 and XSBZ14.
[Methods] Strain-specific primers were designed according to the target sequence of XSBZ03 and XSBZ14.
Subsequently, duplex PCR assay based on the primers was successfully established. [Results] The duplex PCR
assay could detect accurately strains XSBZ03 and XSBZ14. The detection limit for XSBZ03 and XSBZ14 genomic
DNA concentration was 1.7 pg/pL and 2.0 pg/uL. In artificial seawater samples, the detection limit for XSBZ03 and
XSBZ14 strain concentration was 6x10° CFU/mL and 8x10° CFU/mL, respectively. [Conclusion] This assay
provides a reliable method for the rapid diagnosis of Porites andrewsi White Syndrome (PAWS) and the Specific
Pathogen Free (SPF) coral transplantation caused by these two pathogens.

Keywords: coral pathogen, duplex PCR, diagnosis
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