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712 (Apostichopus japonicus)je-Fk [ 55 (1)K 75
BEANIS, 2022 AF ARSI AN 25.04 7 hm?,
FRAEIAE] 24.85 T3t (R AT i Ml i B I R A,
2023), BEAE RIS RGBSR, e R H
g N o A AR A 2 I DA R R
AW A RMECEEY, H A0 1 ™
ME AR ) e FE BRI ER A AR MR R 3 TR R G A
XD (EEIBESE, 2014; BMARSE, 2021), SR,
RS ENRITRFEAE LR, DEEREHR
(Boveria labialis) > J5t (4 2f AE PR J5 11 B & A2 2 AE
90%LA I, J R S MR R S B SR I E 2R E 2 —.

R J5 1 R4 KM 0 & €3 1]
(Ciliophora) . Z£{44(Oligohymenophorea) . J& £F .44
(Scuticociliatia) . W fi H (Thigmotrichida) . i€ 4t F}
(Hemispeiridae) . J5 [ HJ& (Boveria), C.4RiBE )5 0
BAH 3 Fp. WARIE G O H (Boveria subcylindrica)
(Stevens, 1901), JEIEJG M H (Ikeda et al, 1918)F0
Boveria teredinidi (Nelson, 1923). JEIE 5 [ HL kS 1
R 0 47 A2 43 AT 1% HUTE SR GE R 48 TP 4 A RS R R
RO, BHT, XF TR 225 A A n 2R I ik
gk, RIS, BUR PRI SIE KR R
RGBT BB TIRIE S O R g AL
Zhan 5 (2018)ff HI 90 I A 4252 1 J7 sk A6 il Js T
Jo F A A A AN SO SR A A A I 5k R DI
WG AT 4 i, (R TC IR T T . D3 b,
IKHFE | U RE RN P55 SR B AR R h R TR IS 11 1
i LLE T BERS 2 BHL, BR I, iR A S — R Ak PR
S R IN J7 o ARG 3T I RIS IS TE 5 H
SRR RPN TR T 1, Sz 3 A )
SYBR Green I Zekeil Jrik, HH3EF izt RoHr T
J Ak W IE . AR 4 RS 3 B IR AR R 3R
ARG RIEJE 1 U 0, AHOCHE SR 45 v
JETE T 0 S R SRS 1000 R A2 45 3 22 ik Ay S 35 97 4
R’HES%

1 #RSE

11 EREBAH, HtFER SR S DNA B
& 5IRE

T BORAE B JEE J5 10 HORE i 88 1 L AR
T LT IR 5 (2023 4F 4 HOREE A &R,
KA 16~18 C) RIS PR o F ORI 2 0 v -
FoAs o R IE e 1 U R, e URIE R H R R
R IR AR L U AR SR o B P Y L SBT3
Ao 08 BRI K BB 37 0L A I BT W BB B J 11 1L, i

WEABEWELE DR FHRESLE,
2 000xg B0 B AR HUpAR, 2 HUpR % R R T 100 H/mL,
I PES N4 DNA 4R BUR ] & (KR AR LR
BABR T, Lm0 P ERE B ik DNA, T4 54k
K6 36 14 15 7 2 22 B (Uronema marinum) . #4110 d
(Chaenea vorax) . 15 J& i (Colpoda cucullus) 12
/N ¥ B8 R (Paramecium  multi-micronuleatum) £
DNA 3k [ H [V RS AR ) 2R S Y
BT AR R 21 2 S 00 =, I SRBERL A T o B B TE
Ji O HA 2, Al Molluse DNA Kit (Omega
Bio-Tek, 3[4 BURE i FE K 240 DNA,

1.2 3|¥igit5iFiE

W S 2 W AR AR TR R S 1 H 2k A
H41F515 NCBI H H A LR B 2 AR R 51 F X s
PR FLAh2F & B BE 7 51 [R) R 22 5% K8 nad10 3
K985 DNA X Bk it a9, a4 TAY TR (-
AR AT AN, 2RIEE G O H . R
2L STEA O RENE T H R 2 R L
DNA Al ddH,O (55 X IE) isid, 1B KGR & & h
50~70 C, MRS E N 2 C, 5 k5| Yitiri
i PCR il , AR HREE I F Dk 2l 0 4R S 1 AR 5 BE A
ERTE G 1 B51 % & PCR AYIE KR E (T

1.3 EARMRERNAEEERE

DL R R R I 5 11 Bt DNA SRR, FH A vk
My MENARFE, BRERY ™YL
SteadyPure DNA #¢ i PN & CCRHm A9 TREA
BT, )ik )5 5 pMD™ 19-T 8844k (5 H EE L)
HAAGWRAA, ta)iER, 2 KXKBITFHE
(Escherichia coli) DH5a /852 2540 il (5 H A8 R
FHIRAF, dUa), WEEAFR ., W IR T
W B E, PP SR IR Y R R, T
SteadyPure [Fifi DNA $EHURA| & CLRH 49 TREA
FRONTE], e ) BREECAE W P B SOk, JFKE 4 PCR %558
Sk BE: B F4H TR 2% A T AR TR () BE AT FR A
A, B 43016 BETH(NanoDrop 1000, 36
FEDR I I 10 S BURIR FE , B4 Asgo/Aoso TE 1.8~2.0 Z
[i) % 20 R AE b e S, AR R AL B DL
(copies/uL)=[6.02x10% x i ki ¢ & (ng/uL)x 10 °]/[DNA
K (bp)x660], 155 5 21 Bk AR o (14 F5 DLEL

14 EEWERER PCR UGS RMET

JEH G 0 S92t E i PCR (RT-qPCR) M 5
218 Tag Pro Universal SYBR qPCR Master Mix a5
EOAMEEITTRHCA R AR, B R0 Ul B
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20 pL S0 M & , Ho AL £ 2% Tag Pro Universal SYBR
qPCR Master Mix, 5I#ZueERE 3 mI e 0.1,
0.2, 0.4, 0.6, 0.8 1 1.0 pmol/L, 4.05x10” copies/uL
14 E 20 JFORLAR R A AR . ffE ] QuantStudio™ 3 52
WPOLE E PCR REEATY Y, BT A HUEIER B
95 °C 30s, AR HEL 95 C 10s. 62 °C 30s ik
AT 40 WAEER o XA [R5 1 0 e B2 9 S 0O EA T X 1
R F QuantStudio™ Design and Analysis Software
Version 1.5.1 751 2k JE .
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10 f5RRERRE, LISKISAYZIRIE N 4.05%10°~4.05%
10° copies/uL [ 10 AU BEBERE ASEHT, B4 B0 B 15
B3 AT, HRBRALE R RON R R ET RT-gPCR
P, dilbrdEih g, bt HIREE NS C1E
A 28 O 2R TR A 1 482 110 A S
16 RBPEZXR

TR B I A ORI RS 10 56 3 AR R 1 Uk ¥
9 4.05%x10°~4.05%10° copies/pL A 10 /> &6 B
PUVHOM L, #E4F RT-qPCR #&:1l, LA 4.05x10'~
4.05x10° copies/uL 1) 8 ™V FERABE Ryt , AT
i PCR K, a2 %0y i R I R AR o i i Hh R
PR ZE A PCR B FL UK AR 25 SRR X EE 2 ks )
T3 X TR AR 7 i 8 R AT HR FR o

17 HREEN

SrLAETER 22 . SRR O R M AL
Z /N ) DNA | FORLER I i (B IR | il 2
ARE JL PR 2H DNA (B XS B FT ddH,0(%5 % HR) S s
B, FIUHABIFEE ST RT-qPCR J5 B dE 7460,
AR 3 AER, BIRIZT IR R
18 EEEMXW

TEHUHE E 4 4.05%10° 14.05%10°.4.05%107 copies/pL
1) S 20 JoORE A R A AR, 43 I XF BT 7 SYBR
Green | RT-qPCR il 7 kb A7 2 508, i & it
PUFIALIR] S2 46 , ik N A RS DL AR 3 AR [l B
AR UESL AR, 7[R — K S8 4T SYBR Green
I RT-qPCR F il ; i [1] = 42 M 52 50 F1) FH R Y 3 4
YE G REAR EAT 3 YK SYBR Green | RT-qPCR &1l
g 7 d #EAT W TR AL C A A
FRUEZE R 7R 55 B $ (coefficient of variation, CV), TFE
TR

19 EFEOH RT-qgPCR BMlAxERSHFHEER
et vh g Bz A

RAEMIEIRIE . T g . MARFRE . MBS
B 4 PR RGP B IAEE | RS RIS AN, B
AEECREE 3 APATHEAR R IE 5 T AL SR AR
FOREEMEIK | IS FRDRHEE i, A FRIE 5 I8R5
RECR WK | BEE PR &, BT 25D
FE S A5 B LR 1o RIS SR S A A T o5, 9 5 40 2
HIVEREIR AR K B, Tt 2 i BE (Nikon E800, H
AY TR, 78 BB 40 £5 B2y
A A, HARRY IR - H A 0PI R ZH 2K R
R, BEABEVLITEC 10 DRIEF, BRA5 5 HLEF PN Y
PR, RIS =, B 1~200 N RAREE,
ety BRYE 200~500 AR RE, IRy R
500 SRLEOHERE, TR

A7) S A AR A ) b 5V 7K A >R 2 5 57 Bt
U8, JRFERLUE 500 mL UK E] 0.22 pm JERE, AT
il BT -20 CWRIRIAAE . FIH HHEEE 4] DNA 25
B & (RIRARHH AR AR, JEa)P O [F 5758
X FEIH R G4 FEA DNA. i C#S7) SYBR
Green | RT-qPCR J5 kX% 5258 R G b b r A I . AR
WO RIRN C EITHHAE WAL, #F— Pt R I ARAEA
H R D8, AR KRR B s 2
K+ U1 54 (copies/L)=[#% Il ¥ (copies/uL)xFE K 4] DNA
IRARVREAS T DRAR AR FLA AR A i 7 25 1R 8 DL 4
(copies/g)=[#5 Ul % (copies/uL)xF& K 4] DNA {ARFH]/#E
AR E & FH Excel #4241 4 MEEE, B8R
AFFRFBAT REFA T IEIE G H 2 DNA i3
ffi i SPSS Statistics 25 K4 X0 [] ol 5 G A 2 A7 11
R[] B 7 A R AS 1 AT B R ER 5 25 43 AT (one-way
ANOVA), >RH] LSD #l Duncan /T £ H L, K
B HOR R AFAE W e 25 5, A DGR 40 B SR RS £
Person Kz (# P<0.05 W RRZRA G ITE L) B
W RGA T RIE G O R 5 R 2 A R B
J& A AR S S R J5 1 U AR K i 12

2 #R

21 ERARNMMESEELR

T B Jid HL UK 45 L 5T O R S R A B 2R A
Wr, fZuE$E H8-1F I H8-1R (38 2)fE N T#
SYBR Green | RT-qPCR # il 5 L1514, 62 C AR
KR BE . FIFH HS8-1F Al H8-1R X # 4H ki k47
RT-qPCR ¥ 14, 2850 1%BEHEMEE I FeL UK B U7 4
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Tab.1 Samples information table for B. labialis detection
- = et ~
B e i wome SR RN AR O BE K
Culture Number Location Culture stage Sea cucumber  Time for Sample type
pattern g weight/g sampling pie typ
LI Pl IWARAESTRIEKX  F£E Grow-out 30~80 2023-10  JKF¥E. JekE
Pond P2 LTS FR Grow-out 30~116 2023-11  KBE. YekE. FCA Tk
P3  IWARAHFLTESX IR Grow-out 6~21 2023-12  JKEE. PRt
T) Mk I IREFESTELEX  BH 0.1~1.5 2023-10  JKIEAK., ZERIFAAEIK ., G5
Factory Seed production . TR AT A R
2 IRHEEFGHHEREX  FHE 0.1~2.0 2023-12 JKyEAK . ZERFHLIK ., G
Seed production U . BT A )
B INFRAMWETIME I Grow-out 40~70 2023-12 JKHE. Yokt BoARRL, $EME
A T3 i) e A
R4S NI IIREWHETZRIX SRR Grow-out 25~50 2023-12 KFE. RIARKEED
Net cage N2 IREEIET MK FEA Grow-out 50~80 2023-12 sKAE. PIKHMEED . BCA R
mE Cl Ry TEmEmE  F#M Grow-out 50~80 2024-01 \ - S T
Cage B R KEE. mIEREY . R R
C2 R THETEWE R Grow-out 50~80 2024-01 . S
B D KEE. MEMEY . W R
C3 A TETEME A Grow-out 50~80 2024-01  JKHE. MEMED . W EEL.
T TR VLI TRA KR

%2 FATEEEOHR RT-qPCR &N F 5
Tab.2 Primers for detection of B. labialis using RT-qPCR detection

5|#) 4 FX Primer name

J¥%1 Primer sequence (5'~3")

H (1) 5 K K /)N Target gene size/bp

HS8-1F
H8-1R

5'-GGTGGGCAACCTGGTACATA-3’
5'-GGGAAGTTGTGCTAATGGAGGA-3'

105

HELZ) R 100 bp W55 (B 1), SHOHART . SR
o 253 I FE Ji5 465 50 e 6 TE A, UE R R R T TR bR
WEdh o R DNA $ HGR F G 45 BT 55 41 ok 26
HEAPEOGEETHINAS BT ER S 90.71 ng/ul, HRAEA
AT E A Tk 42 D80k 4.05%10'° copies/uL .

2.2 RT-qPCR Kk &By#E I

T8 A0 AN [ 5 | 4 BT R R AR A 4G 25 ]
DIEH, 76 62 CIRAIREET, 514 H8-1F Al H8-1R
TE S AR Z P A B AR VR A 0.2 pmol/L, LR JE T 1)
44 CAl /M 2)o 20 pL RT-qPCR & Hh 4 2
Taqg Pro Universal SYBR qPCR Master Mix 10 uL, %
el 4 0.2 umol/L Y H8-1F Fl H8-1R 4% 0.4 pL, Ji
FitsiMr 1.0 pL, ddH,0 8.2 uL. #iE SYBR Green |
RT-qPCR ¥ #F2/% . 95 CHiZEM: 30s; 95°C 105,
62 C 30s, 40 MEH,

2.3 FRAEHZIVEST

DA 4.05%10°~4.05%10° copies/pL 10 /e B 6 B2 )
A ORBRE S AR, MRS O EE T Y I A R S i
FERC B 56 3#4F RT-qPCR §7314, I LU AR o ¥
DUEC X B B A b, DL CfE N A b, 4
SYBR Green I RT-qPCR A3 #iE i £k . N M
QuantStudio™ Design and Analysis Software Version
151 A A sl i, ARAFAR L 192 0E 1 b o 46
R fif M 28 (P 3), UKL b o BE AR FE 4.05%10'~
4.05x10° copies/pL Ul NA B 419, brifk dh 22
LR RN y= -3.272x+36.152, HIXAH R =
0.997, RKWIHEMHFTRE NEHXEES CHEZMER
UFRYZRPEIC AR, 9 AR LB 2 ) H 4 ORI it ) T
fE¥Ih 76.9 CLity, Iafpih &k A —Ig, RUITC
1) RS ALY
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62°C 64 °C
2 3 45

70 C
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K1 JBEE H R PCR R KRB L4

Fig.1 Optimization results of annealing temperature for PCR detection of B. labialis

M: DNA XI5 FEbrifE; BC: a5 FAXTIR; 1: 4.05%107 copies/uL FALFRIbRIES; 2. WEPERZ M
3: FELMM; 4. BIEEIEL; 5. Z/MERER,
M: DL2000; BC: Blank control; 1: 4.05x10” copies/uL recombinant plasmid standard; 2: Uronema sp.;
3: Chaenea sp.; 4: Colpoda sp.; 5: Paramecium sp..

Amplification plot
20.1w02m04 m0.6m0.8 m1.0

AR,
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Cycle

K2 8IS HURS I RT-qPCR 51953k BE A AL 45 2R
Fig.2 Optimization results of primer concentration for
RT-qPCR detection of B. labialis

24 REELRE

L) 4.05%10°~4.05x10° copies/pL 10 /> £ 4 i iy
OOk AR ME S M B, 4T SYBR Green |
RT-qPCR #1, DL 4.05%x10'~4.05x10® copies/uL 8
R FEE A B AL SOREBR U S AR AR EA T 38 PCR G

W, 25 R 8w, ARWFIEH#SL Y SYBR Green I RT-qPCR
S o (AT A B3| WSS e N5 D VA iR T 2 L Q)
40.5 copies/uL (&l 4), 8 PCR AL T A 21 A9 bR 1
wi TR FE DLECN 4.05%10% copies/uL( 5), AHFFEH
e R AR K Tl PCR Y 1000 4%

25 4R

FIHE #3728 SYBR Green I RT-gPCR 75, 4%
SV PR R 22 . DTEL Ol GRS A 2/
HE Y DNA | JBIEJE 1 B OROAR T & (B PR X IR |
IS IRBERL 4] DNAPATEXT A ddH,0 (45 FIXTHR)
SRR AR I 7 iR R . SR BN (B 6),
SR 7 i (B A X6 B ) A T 225 SR Ry BH P, W7 RS 2
RO A, MBIEE AR, 2/ E Y DNA .,
S BE KL K 20 DNA(BHPE X B8 ) FIT ddH,O (25 % 1R
IR WA S 1 | eI B d T A ik R S R

26 ESHIW
S RIEECHR BE R 4.05%10%, 4.05%10°, 4.05x
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A Standard curve B Melt curve plot
34+
3t = Target 1 ~ 490000
g8 o
26t < 390 000 |
Bl 5
&) L 290 000 -
o :
16+ 5 2 L
ler 2 190000
12+ E
10+ 3 90000 -
1 10|0 10(|)00 1906000 1000(|)0000 IOOOOIOOOOOO 65 70 75 v glo 85 90 9I5
Quantity Temperature/"C
K3 JEIEJE OB SYBR Green I RT-qPCR #51fE H1 28 (A) 5 B it 28 (B)
Fig.3 Standard curve (A) and melting curve (B) of SYBR Green I RT-qPCR detection of B. labialis
Amplification plot Amplification plot
4751 ® Blank control
2500 - 4501 = Boveria labialis /
22501 IR 2 Chameavorae
= .00 = Colpoda cucullus
2000+ b // - 1 [ = Neé;tive control "J/"/
1750 AR A s gg [ = Paramecium multi-micronuleatum i
1500+ / %9(5) I~ Uronema marinum /:,:,f
Wils If
S 1250 52501 If
1000 1 2/ 3/a) 5/ 6/ 1/ 8 9 S 223t )
/ / il |
500( ; 15t )
250 647705 el e 10 %%(5) /
L e S S T A M M 0:730.501 168 /
24 6 810121416182022242628303234363840 38 [ 7
025F
Cycle e IEEs

K4 JRIEE O HUR I 920 E i PCR RS S50 45
Fig.4 Sensitivity test results of RT-qPCR
detection of B. labialis

1~10: 4.05%x10°~4.05%10° copies/pL.

bp M BC 1 2 3 4 5 6 7 8

2000
1000
750
500
250
100

K5 R H A il PCR 72 AR 52 4 45 1
Fig.5 Sensitivity test results of PCR
detection of B. labialis

M: DNA HHXI7rFibriE; BC: =5 HX I

1~8: 4.05x10'~4.05x10°® copies/uL.
M: DL2000; BC: Blank control; 1~8: 4.05x10'~4.05x10® copies/uL.

2 468 1I0 1|2 1I4 1I6 1%2;(:)2?2;1562'83'03'23'43'63'84'0
ycle
K6 JEE)E DA SYBR Green I SZH} 56 &
PCR R 5 A6 I
Fig.6 Specific detection of SYBR Green [
RT-qPCR detection of B. labialis
107 copies/uL ) 55 21 JFORLARHE A AR, SR AT 5¢
ST Y 7 VR HEATHE A RN ) A R L S T
PRI C BT 24MH | ARif2E FI7E 5 R El (coefficient
of variation, CV)PEA HIEE R M. 45 R E/RGEE 3),
BWERHN C Y —MEEm, HLNSEE: CV EHh
0.32%~0.82%, LS5 CV {E K 0.40%~0.88%, CV
EYHAR, RWIZTERBA R EENE, 7EMRIER
A5 R AERA RIS T, AT T A 2 A R A

e AR 5 a4 iU

R B 2 AN [w] 5 58 IX AN [ SR FEASE X 979 &R
BiA M FEREAT RT-qPCR AN, SRAE (I S 4 i ik
frife, diRangk 4. 187 s, IRt 3 4

2.7

*3 EBFEEOHKNA SYBR Green [ RT-gPCR AR R A B E £ 1447

Tab.3 Inter-batch and intra-batch repeatability of SYBR Green I RT-qPCR detection of B. labialis
20 ORI T 1 PY A RS2 ER (C {H) 7] L PE S50 (C ()
Recombinant plasmid standard Intra-assay reproducibility Inter-assay reproducibility
(copies/pL) X+SD CV/% X +£SD CV/%
4.05x10’ 13.845+0.103 0.74 13.785+0.121 0.88
4.05x10° 19.650+0.161 0.82 19.576+0.153 0.78
3 4.05x10° 25.645+0.082 0.32 25.972+0.104 0.40
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Tab.4 Results of microscopic examination and RT-qPCR detection of B. labialis in different culture patterns

50 ) i WENEFEE IKFE TeRE/BE ) Fi e
Culture '“.‘ S AENE NGy Sea water sample/ Soil sample/ Feed sample/
pattern Number Location Degree of infection (copies/L) Attachment (copies/g) (copies/g)

iy P1 254875 1 B H 372.48+23.21 416.88+3.48

Pond X ++ 331.71+22.94 277.60+13.60 —

N 377.75+12.24 503.25+13.96
P2 TN ++ 334.66+6.02 341.59+15.25 0.00-0.00
e + 304.65+8.03 153.78+29.13 (BB Ak
+ 296.50+8.62 50.68+16.24
P3 75875 1 T % H 544.35+58.93 320.83+19.38
5% N 726.01+18.44 426.81+6.80 —
N 809.84+9.33 730.32+3.08
TS e I AT Bl - 0.00+:0.00 0.000.00 465.11+8.35
Factory BX (B H %) (TR
- 0.00+0.00 0.00+0.00
- 0.00+0.00 0.00+0.00
101.66+15.35 504.62+16.67
OKIEIKFR) ()
2 257875 T - 0.00-+0.00 0.00+0.00 471.45+7.19
5 DX (B 21 - 0.00+0.00 0.00+0.00 (T
- 0.00+0.00 0.00+0.00
117.53+12.69 498.33+24.62
OKIEIKFR) ()
I3 IZRB S T3 + 186.94+14.01 157.1549.15 0.00+0.00
P (G BZE TR ) 117.69+7.66 56.5142.20 (P
370.42+20.90
+ 273.47+1.54 381.97+17.70 (TR
45 N1 IR E TS - 408.44+7.16 0.00£0.00
Net cage =X - 282.80+10.16 0.00+0.00 —
+ 412.31+8.50 0.00+0.00
N2 LR NN 406.16+2.67 434.7142.13 0.00+0.00
RIX - 392.25+5.88 535.214+2.38 (BeA Ak
- 422.25+13.15 642.30+16.88
5% Cl  fwada Tt N 446.53+5.15 645.65+4.29 0.00+0.00
Cage BV R 2 e - 453.85+11.45 662.73+18.00 (tegitaya))
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8 i 393.46+2.01 613.51£17.31 (7?32%28%?;%3* “
" RARFERNZAL S S R Ry -7, BRI 1~200 AR, doh “+75 BRI 200~500 N
RE, TSR s R 500 NLLECHEERE, TN CreTs SR ORI M RSRE RIS .
Note: “—” indicates that A. japonicus was not being fed feed at the time of sampling; infection intensity is categorized as:

“~” for no infection, “+” for light infection (1~200 parasites), “++” for moderate infection (200~500 parasites), and “+++” for
severe infection (>500 parasites); the blank cell indicates that no sample was collected at the site.
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Fig.7 RT-qPCR detection results of environmental samples collected from different culture pattern
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SYBR Green I Real-Time Fluorescence Quantitative PCR for Parasitic Boveria

labialis Identification from the Sea Cucumber Apostichopus japonicus

HAO Wenyuel’?, WANG Jinjin>’, GE Jianlong™’, LI Bin®’, WANG Yingeng™, LIAO Meijie*”,
RONG Xiaojun®*”, ZHAO Hongjing’, IANG Mingi’, ZHAO Wenguang’, NIU Licheng?, PAN Jiao®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao Marine Science and Technology Center, Qingdao 266237, China;
4. Ingtitute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao 266003, China)

Abstract Boveria disease affects the aquaculture efficiency of sea cucumbers. Boveria labialis causes
Boveria disease in Apostichopus japonicus. Owing to the lack of rapid and accurate detection methods,
analyzing the transmission route of the pathogen remains complicated. Based on the partial mitochondrial
genome sequence of B. labialis obtained using sequencing, primers were designed to amplify nad10 and a
SYBR Green I real-time fluorescent quantitative PCR detection method was established. The
concentration of B. labialis in different culture areas and different culture modes of A. japonicus was
detected and analyzed. The standard curve established by the designed primers had a good linear
relationship in the range of the plasmid standard of 4.05x10'-4.05x10° copies/uL, with a reliability (R?)
of 0.997. The melting curve showed a single peak, without primer dimers or nonspecific amplification.
The minimum detection limit of sensitivity test was 40.5 copies/uL. The designed primers showed
specific amplification for B. labialis only and exhibited no cross reaction to Uronema sp., chaenea sp.,
Colpoda sp. and Paramecium sp. In the repeatability test, the homogeneity of C; values in the intra-assay
and inter-assay of each concentration was high, the CV values of intra- and inter-assay tests were
0.32%—0.82% and 0.40%—0.88%, respectively, indicating good stability. This method was used to detect
environmental samples and feeds in different culture areas of four kinds of A. japonicus culture modes.
Combined with the comparative analysis of microscopic examination results, there was a moderate
positive correlation (R=0.563) between the DNA load of B. labialis in sea water and the infection degree
of B. labialis in A. japonicus. A high positive correlation (R=0.931) was found between the DNA load of
B. labialis in sediment and attachment samples and the infection degree of B. labialis in A. japonicus.
Fresh sea mud was an important carrier for B. labialis transmission. The relevant research results provide
reference for the rapid detection, transmission route analysis, and B. labialis prevention and control.

Key words Apostichopus japonicus; Parasitic disease; Boveria labialis; Real-time fluorescent
quantitative PCR detection; Transmission route
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