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Abstract: [Objective] To develop a new and rapid fluorescent recombinase-aided amplification
(RAA) method for the detection of Enterocytozoon hepatopenaei (EHP), one of the major
pathogens restricting the development of the prawn farming industry. [Methods] Multiple pairs of
RAA primers were designed based on the highly conserved 18S rRNA gene of EHP, and the
primers with the highest amplification efficiency were screened by basic RAA and fluorescent
RAA. The reaction system and conditions of fluorescent RAA were then optimized. The
optimization results showed that the developed method achieved detection at 37 °C within 20 min.
Finally, the sensitivity, specificity, precision, stability, and actual sample application of the
developed fluorescent RAA method were evaluated. [Results] The fluorescent RAA method had
high specificity and was only sensitive to EHP, and it had no response to other pathogens causing
mixed infection or secondary infection. Moreover, it had high sensitivity and high precision, with
the limit of detection being 5 copies/pL and the coefficient of variation less than 5% for repeat test
results. The lyophilized premix of primers and probe demonstrated good stability. It can be stably
transported, used, and stored for 10 d at room temperature (25 °C) and 5 d at the high temperature
(37 °C) in summer, with the shelf life longer than one year at —20 °C. Additionally, the detection
results of ninety clinical samples of prawn by the developed method were consistent with those
obtained by the fluorescence quantitative PCR method recommended by fishery industry standard
Code of Diagnosis for Enterocytozoon hepatopenaei Disease (SC/T 7232—2020), with the result
coincidence rate of 97.78% (88/90). In addition, the fluorescent RAA method showed the
sensitivity of 100.00% (30/30) and the specificity of 96.67% (58/60). [Conclusion] The established
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fluorescent RAA method has the characteristics of rapid detection, simple operation, high
sensitivity, high specificity, high precision, and good stability, providing a technical reference for
the field rapid detection of EHP. It has a wide market application prospect in the accurate and rapid

detection of aquatic diseases.

Keywords: Enterocytozoon hepatopenaei; nucleic acid testing; fluorescent RAA
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®1 SRR FIER

Table 1 Sequence of primers and probes

Sequences name Sequences (5—3")

ATGGTGGATGCTGCAGTTAAAGGGTCCG[FAM-dT]A[THF][BHQ-dT]CGTAGATGCAATTA

EHP-RAA-P

EHP-RAA-F1 GAAACGTGAGTAGAAGGGTCGAGTGTAAA
EHP-RAA-F2 CAGTTATGAAACGTGAGTAGAAGGGTCG
EHP-RAA-F3 AGCAGCCGCGGTAATTCCAACTCCAAGAGT
EHP-RAA-F4 TCCACTCTTTTGGGAGGAGACAGTTATG
EHP-RAA-R1 GTCTTGAGATTTCATTCTTTGCCCACCTATAC
EHP-RAA-R2 CAAACTCAATGGCTTTTAACACCACCTT
EHP-RAA-R3 GATTTCATTCTTTGCCCACCTATACCAT
EHP-RAA-R4 CGCTACTCTCAACAAACTCAATGGCTTT
EHP-F157* AGTAAACTATGCCGACAA

EHP-R157* AATTAAGCAGCACAATCC

TapMan probe FAM-TCCTGGTAGTGTCCTTCCGT-TAMRA

*. PENERPCRINEFZTT

*: Reference sequences for fluorescence quantitative PCR.
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Figure 1

PCR identification results of recombinant plasmid. A: PCR identification results of EHP 18S rRNA

fragment (Lane M: DL2000 DNA marker; Lane 1: Amplification product of EHP 18S rRNA gene fragment; Lane
2: Negative control); B: Identification results of recombinant plasmid pUC57-18S rRNA (Lane M: DL15000
DNA marker; Lane 1: Recombinant plasmid pUC57-18S rRNA; Lane 2: Negative control); C: PCR identification

results of positive clonal strain (Lane M: DL2000 DNA marker; Lane 1: Positive clonal strain; Lane 2: Negative

control).
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Figure 2  Screening results of different combinations of RAA primers. A: Screening results of basic RAA

(Marker: Standard control; NC: Negative control); B: Screening results of fluorescent RAA.
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Figure 3  Optimization results for reaction system and reaction conditions of fluorescent RAA. A: Optimization

results of probe usage; B: Optimization results of primer usage; C: Optimization results of reaction temperature;

D: Optimization results of reaction time.
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Figure 4 Performance evaluation results of the present method. A: Evaluation results for sensitivity; B:

Evaluation results for specificity; C—E: Evaluation results for stability of 25, 37 and —20 °C, respectively.
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ot 7 vy UL 95 JEUR i B MR AE 40 SR ER
W TCE R, e M. X R
ATy vk LRI B bR I AR i L, X
S A SR o R PR AL R B M, R
PR
2.6 REEITMG

R T VR ST TR B E M, AR TR
10 A7 I R v B2 1) FH A% J5RE (50 copies/pL) # 5
Kl 20 YR KRG REAGINZE AN 2 PR, IRk
PRS2 Ok 20 IKE R DA 5 H IR ] 225
BN, HNZRRECH 4.7%, W RNk %
FEZER(CVSS%), RAAINEELZ R
2.7 REMITEMH

T SRR IR B AR e M, SR S )
PREF 1 R 12500 43 1) T AN [) it B8 A 5 (- 20,
25, 37 °C)PRAE, Al F K ok B PH M = 2% kL
(50 copies/uL) & HA M 3 o £ M PFAl 45 SR an
& 4C—4E fiis, ‘BT 25 °CE&IFFRAE 304, iR
FITE 10 d W B PERE IR FFAR U, 15 d BRI

RER I R, 25 d AP RRIR I M BE C 58 &2 00
CREE ). BT 37 CA&MFRAE 1, dETm
WL, WGNTE 5 d NORFE R PRI BE, 26
6 KEHEY HEMEREF MG I i N R . B T-20 °C4
FF R 1A A e, 2R A
VAR AR AR RS E . I, EIEW AT
i FHAZ SRS, #IE 10 d A SERR] ;1
HH SRS, #E 5 d WSS B
TF-20 °CEHAMF T AT RAE 1 4F,
2.8 SEFRAEARE

AT FRK =T bRE SC/T 7232—2020 HE
FERIDENE fiE PCR J5 i [mIBS X5 90 47 % I RA:
A AEATAREIN, SPAT IS SRR 3 iR . Pk
FEH PCR 5 EAG 30 BIREA Ry BHAE, 60 4
FEA R BIPE 5 A D7 oAl th 32 3] BR M A A
S8 BB MEREA . PRI AR 5 vk R I A5 5 2R
97.78% (88/90), RHHJE Jy 100.00% (30/30), *F
SEE R 96.67% (58/60), FWIASJ5 18 F T 3L bR
FEA ARG

*2 EYMIHEER
Table 2 Reproducibility evaluation results
FEdh e L 20 MEAS G CV1H
Sample concentration C; values of twenty samples CV values (%)
50 copies/uL 11.8 10.9 11.9 11.6 12.8 4.7
11.0 12.1 11.3 11.6 11.4
11.5 11.6 12.5 12.3 11.2
11.7 12.2 12.1 11.0 12.6
®”3 EFRMARRALER
Table 3  Application results of actual samples
Tk FRPEREA  BIPEREAS  BHPESR e RE Feset
Method B B Positive Compliance Sensitivity ~ Specificity
Number of Number of rate (%) rate (%) (%) (%)
positive negative
samples/ samples/
case case
PG it PCR )7 i 30 60 33.33 97.78 100.00 96.67
Fluorescence quantitative PCR method (88/90) (30/30) (58/60)
WHRAA F Tk 32 58 35.55

Fluorescent RAA detection method
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AR, FREXTERFREM IS T W ke,
B R A SRR R A 7 R S K . SR, %R
TN FRIARE TR T DA RO 3 B iR N )40 45
W&, MHEHem 7M. T REXER
FEAV G & 20 EHP J2 XK = SR mE b sl
PR I —Fp A AR U, LA AR T AR AR
HAR /NG L R it rh o 0 R R K
SRS J5 X IR TE I I R AR IR, BRI S A2 5
M, 33 RCHE N T 355 Aok A w300 0 51 87 1 e
JE o ARG IR BUONTE R R T8RS,
RS SAERER, BT, T
bR TR A S JEPEDS) H AT o e X EHP B AY
Feszily, E2GEA . R RS A B A
FER PRI XS . R, 78 EHP JEye 30 ik
A7 DRG0 I SR IR %o 1 B e e, X PR B
FRFE M 1) il & FE AN e i LA R

HHr, EHP Al ik = 2 4E rh 7R 41 20
PR o SI B  SA U 2 s N L (b g KA R
R BRI ARG LG 1, 7E62F e
AT LSRR B T R AR AL AU ) ZHL EHP AL A
MU SR, IR IE W B — 0 R+
RERNE T, FEAALHS R 2%, FERTECK,
TCHL G LB PG I ) T RO R, F A
PO | R BRAE ARy X T EHP
WENPIAEAREER L., TEY LW
AR E R e A e RS, W TR
], B2 T EHP ARE 2T

AT EHP PB4 W HR A
AI%L» ﬂ-[ PCR[11,27-28] . % :—[:t PCR[1,13,29] . % 7\16 /"\HE %
PCRI" LAMPP'2 RAA/RPAP!'! RAA #
AR HARIRAAE(37-42 °C)., P (2040 min)
5 RAUE (IR ZE 10 copies/uL) ., w45t fH 1
PE TS R GE T2 REEARZE ). R
I B AE (VT 5 2R 7 vk 456 LA ) ek
SRR RO W R AN . SRifT,  EEEr
X} EHP ) RAA/RPA Fiilll47 KR %5¢/)>. Kanitchinda

SE2UTF % T —Fh RPA-CRISPR/Cas12a 46l )7
37 °CJz i 60 min, KPR A 25 copies/uL. JR4
CRISPR-Cas12a L AR 425 T A R EE, HE
ZR P BAERR 1 T AR B A i . Wang
LERGE LT —Fh RPA-IRACSAI 53, 37 °CI
M 35 min, FMFR & 5-10 copies/uL., Ma %
TF& T —F RPA-%EHE, 39 °CRUV 20 min, £
TR A 13 copies/ul. i 4% 45 Fll 9¢ 72 B4 iy
M ORE . AIAE, & AT B .
SR, A MR AR A Mo ek R AL, H
R EE S BB EZE R . Kk, A0F
GERENT T —FRFT O ER] RAA PUsks £ A
/N B AR RNA (small subunit ribosomal
RNA, SSU-rRNA)E[H & 4% 72 T PCR #a il
H A5 2 YR 45 FUs IR AR 2 W . AN R bz 18]
) SSU-TRNA J3 513l # 25 8K, 1 [a]— 4y Fh
DAY SSU-rRNA 410 BRI, Mk, 5%
B X% EHP 194> T2 Wi H R J& 5L T EHP 11 18S
rRNA ZERGEATHEAY . #140, Tang 21 Hou
AT 18S rRNA JEP S, T %31 PCR Jy
oo AWFFEHLLL 18S TRNA FEH F41 kb A o5,
Wit T 2% RAA 519 il FEaTE RAA A2t
A RAA XRETE, #f@E TRE51941E, U
IR IA B B AR IRY AR . Ah, AL
XF5 1 A E BT T O0Ak, DL s k)
RAELEE . RAA FI A0l 3 RIS o] B 52 ) 7 ik
(A5 T M A DU 0% . ASBIFY L3 T 90k
RAA TF 25-50 °Ci [l N 9 3 300%, 45 R
TE 37 °CAMF T, 700t RAA KB EAEY HERR,
HERAER DR E T, 00k T 1B,
2 2 20 min %) 2 7 B ] AT S B B A B 1 Ak
R, RIS 37 °CF IR 20 min B o] 5¢ RS
W, TR A 2% 0 PG R R e v T AR 4
BN DU N RR R ST R, A Y
EHP ﬁfm PCR[11’27_28]\ %iﬁ PCR[1’13’29]\ %j\lﬁﬁg
i PCRI | LAMPE 21 Sy f (e ALk
Wit — R A5 RAA RNV Z 1AL,
AHFFE FE T ) BHP P i+ AR A 5 R,
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K 0 BR A %2 5 copies/ul, 1T A 09 K £ %
EHP A% FRAG I 73, f0 4% B PCRI281 0
;T:t PCR[1,13,29] R %j\lﬁﬁi PCR[14,30] R LAMP[31-32]
A RAA/RPAP! 5 ek ki, {00 H A
Joa i EHP 280 = AU, v HAth 7 A
SR L TC R0, EIME A0 & 18S rRNA. il
XTURIE R B TERE A S . EE MRS R
N, ARRBUNT 5%, FWHIZITEA S
JE o KRR e e R A, FE-20 °CAMF N R IR
W 1 4R, R ZERQS °C)ME H &k
(37 °C) %A FLRESE R £ H BFa 5 12 i Al .
R &5 ST 5, N T SEBRAEAAG I, ATy
PRI 2 R 5K ATl bR ifE SC/T 7232—2020
WPt PCR fik—%. 28 Rk, A
WFFE ST ) EHP 285G RAA Ky 9% BoA B |
PRUERAE . mARUE . mRESE . RIREtE
Mg BTSN, BTSN, 76 EHP
(I R W b BAT )12 B i s A=

1E# Tk = A

M Rl EREL R, Bl mat
HOWSCRE; AR BdRBCEMLRE; &
SR DPEY R A R SC IR AR M. P
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