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Multiplex PCR detection of alien invasive apple snails introduced to China
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Abstract: To develop fast and accurate PCR-based diagnostic methods for three apple snail species, i.e.
Pomacea canaliculata, P. maculata and a newly discovered species Pomacea sp., which are damaging
crops seriously in China, the species-specific primers for the three species based on the divergent se-
quences of their whole mitochondrial genomes were designed and screened, and a multiplex PCR was
established and the specificity and sensitivity of the primers were assessed. The results showed that the
primers were of high specificity, which were able to amplify 1 238, 901, and 571 bp fragments from P.
canaliculata, P. maculata, and Pomacea sp., respectively. No amplicon was observed from the negative
control. The detective limitation was 1 ng genomic DNA of any of P. canaliculata, P. maculata, and
Pomacea sp. in the PCR assay at 60°C annealing temperature for 32 cycles. This multiplex PCR with
species-specific primers could be applied to detecting tissue fragments and samples of both sexes at var-
ious developmental stages for assisting species detection of apple snails in plant protection, plant quar-
antine and food security.

Key words: apple snail; species-specific primer; molecular diagnosis; mitochondrial gene; multiplex
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b, R S 3 o B 5l (R 1) o b [ PeF Al
PcR 737 T eyth Ml nad4 3£ A I, B F Al LA/
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Table 1 The information of specific primers for the multiplex PCR assay
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SR gy AL Bt (5737 KIE g ge THTBOV
. . . Length PCR product
Target species Primer . Nucleotide sequence (5'-3") temperature (%) .
location (bp) (°C) size (bp)

INEREFFIR PcF eytb CCTTGTTGTGTCTGTATTGG 20 544 450 1238
P, canaliculata PcR nad4 ~ GGATGGAGGAGCATGAAATAG 21 557 476
BE R A 1R PmF COI  CTGATTGTTACCGCCTTCTT 20 579 450 901
P. maculata PmR COI  CCCACTTAGAAGTGGAAATCAGTAG 25 56.0  44.0
BRI AZAEFFIE NDF nadl ~ TACTTGCGTAGCAGAAACC 19 539 474 571
Newly discovered NDR nad6  GCCTGCCAATAAGCATATC 19 53.8 47.4

Pomacea sp.
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PCR AN A 28 257 AT A/ INGE A A 88 B A A3 BRI
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56°C K LT il B B A T e AR R R S 4 Bt
1B KR BE R 58~60°CHYT, 51915 B I Fh SR S5 45
By R H AN . MR 2 E PCRIK
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Fig. 1 Amplification results of the multiplex PCR for apple snails in different annealing temperatures
M: DL2000 marker; 1~4: B B 56°C 5 5~8: 1B KRN 58°C; 9~12: IR KIRE N 60°C; 1.5.9: /INERAFIR; 2.6,
10: BESAEFWE; 3,711 B K AR FD Pomacea sp.; 4 .8.12: ddH,O, M: DL2000 marker; 1—4: annealing temperature
56°C; 5-8: annealing temperature 58°C ; 9—12: annealing temperature 60°C; 1, 5, 9: P. canaliculata; 2, 6, 10: P. maculata; 3,
7, 11: Pomacea sp.; 4, 8, 12: ddHO.
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100| CDJJ5 (KP310492)
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99

0.02

72

CDJI7 (KP310494)
SCSN8 (KP310487)
SCSN9 (KP310488)
CQHC6a (KR021036)
Pomacea sp. (KR350466)
ZJYY3 (KT852781)
CSQY2 (KP310454)
GXNN3 (KP310467)
GDGZ5 (KP310470)
GDGZ8 (KT852769)

Clade P
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Pomacea canaliculata (KJ739609)
JXSR3 (KP310304)
GZGY3 (KP310283)
JXGZ9 (KP310443)
JSWZ4 (KP310367)
100 HZXH7 (KT852719)
YNDL4 (KP310430)
FJFZ5 (KP310369)

HNHKG6 (KT852765)

L FIXMS (KP310451)

Clade C

Pomacea diffusa (MF462138)
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Fig. 2 A neighbor joining phylogenetic tree based on COI barcoding sequences of three invasive Pomacea species

Z # PCR Kz I 45 R R WY, LL/INGE AR F5 IR R B
JSWZ4 HZXH7.JXGZ9 .JXSR3.GZGY3 .YNDL4,
FIFZS5 i 1) DNA AR B, 4738t — 2% 1 238 bp
() 25t 5 LABE 15 4 75 SR Fh F HZACA3 \HZACA13,
CDJJ5., CDJJ7. SCSN8, SCSN9, CQHC6a F£ it ¥
DNA R BRI, P34t — 25 901 bp i 55445 5 L &
BNARF Pomacea sp. FFEZIYY3.CSQY2 . FIXMS,
GXNN3 . GDGZ5,GDGZ8 . HNHKG6 ££ & [) DNA
REMRISE, 338 — 45 571 bp B9 5571 (K13) . BT ke
i BB AR S 1, PR RECR S B E Y
S o FRIIZOT A RO AR S R 1 L e
% DX A ) M AR 1 3 T A2

24 BSEPCRIFEZHIREE

FE 3 Tl A2 BR R0 P, B 5 VA B (R R AR 3 7
14 LYK ST 0 IR R S s P e 3 . S AR P 1R A
1 32 MG, /N AR FF U2 B 5 A A5 IBURE & BR
AR Fh Pomacea sp. i DNA #4153 51 7 0.01 .
0.1 F1 1 ng B, BynT 473 th e SR 0y B 9 2570, 2470
ERAFIR B S AR AR & AR Pomacea sp.
() DNA AR 7 &t 3 5 B $) 0.01.,0.1 Fl 1 ng AR
HE H B2 B 4) o BEITZT A A [l 2k
(AR AF IR R AL T IK 1 ng 9 DNA .
2.5 %EPCRWIENIH
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AL AST I 25 R R Z O UM INE R FFIEAE 19550, BTV R4 JeaR R vk 3 (&15) . 3R W
il I DNA 34t — 2% 1 238 bp IUA%HT , NBEsSifi ARG T s i RE S PR 5 |9 2 3 PCR 7 A AN A2 A
FFIZAE L DNA Hy 15 11 901 bp BT FISRAT BT & B BOFI IR BR 1, v F T A [l o 2H 2 e
KIMAIZF Pomacea sp. ¥ DNA H 4 441 571 bp F BRE S

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

E3 ZEPCRENAEHIEFER 3 FEF BRI
Fig. 3 Specificity test of the multiplex PCR for the detection of various geographical populations of the three Pomacea species
1~7: /INERRFFIR; 8~14. BEAARFIZ,; 15~21: Hr K BAIRFN Pomacea sp.. 1-7: P. canaliculata; 8-14: P. maculata; 15—
21: Pomacea sp. M: DL2000 marker; 1: JSWZ4; 2: HZXH7; 3: JXGZ9; 4: JXSR3; 5: GZGY3; 6: YNDL4; 7: FJFZ5; 8.
HZACA3; 9: HZACA13; 10: CDJJ5; 11: CDJJ7; 12: SCSN8; 13: SCSN9; 14: CQHC6a; 15: ZJYY3; 16: CSQY2; 17:
FIXMS; 18: GXNN3; 19: GDGZS; 20: GDGZ8; 21: HNHK6; 22: ddH-O.
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Fig. 4 Sensitivity test of the multiplex PCR for the three invasive Pomacea species
M: DL2000 marker; 1~5: /NEARFFIZ; 6~10: BEAMHFIR; 11~15: & AIZF Pomacea sp.; 1~5.6~10,11~15: DNA
M AR IR 4 10.1.,0.1,0.01.,0.001 ng; 16: ddH,O. M: DL2000 marker; 1-5: P, canaliculata; 6-10: P. maculata; 11-15: Poma-
cea sp.; 1-5, 6-10, 11-15: DNA template amounts of 10, 1, 0.1, 0.01, 0.001 ng, respectively; 16: ddH,O.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

E5 AR MNAR AEEHNRAEDLEMENESFEERNZEPCRIGN
Fig. 5 Detection of the tissues from different sections, different sexes and different developmental stages of
Pomacea species by using the multiplex PCR method
M: DL2000 marker; 1~6: /NEMFIR(E); 7~12: BEEMEFIR(Q); 13~18: Hr A AANRFF Pomacea sp.(&); 1.7.13: &
JE;2.8.14: SMEMEE; 3.9.15: filiff; 4.16: BIZEHE; 10: BRECHE; 5.11.17: 4L 1 dI4IR; 6.12.18: FURLDE; 19: ddH.O.
M: DL2000 marker; 1-6: P. canaliculata (8) ; 7-12: P. macualata (?); 13-18: Pomacea sp.(8) ; 1,7, 13: foot; 2, 8, 14: mantle;
3,9, 15: tentacle; 4,16: penis sheath; 10: vitelline gland; 5, 11, 17: one-day-old hatching; 6, 12, 18: single egg; 19: ddH,O.
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AR gt T [ S AR 1)/ NS A R R a5 A R B
B AAZ T Pomacea sp., 3% 3 B IR 0] DL i 37 14
el KUV A DX 3, o 5 AR (24> g
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(F6) o s B R 4E 571 PCR =2 e, e
G X 45 SRR B, R R Y 2% 5 GenBank P 2
8 1) /N AR IR B SR A IR AU A AR R
Pomacea sp. XTI X 8] [F]JEPE 7R 99% L) L, =W
AHHGE i 7 1 22 8 PCRAK ZR AT T 3 Fes A48 1Y)
[ s PRGN

8 9 10 11 12

6 MERTHASTRERFEBHRNESEPCRENLER
Fig. 6 Detection of the apple snail samples collected from Huayan Temple of Chongqing by using multiplex PCR
M: DL2000 marker; 1~2: 4% ; 3~11: §URi5F; 12: ddH,O. M: DL2000 marker; 1-2: adult snail; 3—11: single egg; 12:

ddH.O.
3 Wit

i AR B Fh T 2 M R , AN A ]
KB BB SR R BRI 1 EL 4 Lk i a3
K g R AR 15 (Cowie et al., 2006; Hayes et al.,
2012) . AR ST U HOR PN H B4R A IR R
Y50 T AR O MR RD TR A8 5 H Bk e, B
By PR AN AZ AR S B B BRI S A (M S A
2014) . AR FUE R F RO R T
P HERT I 5307 2 RIETrid . Hd TR 91508
MEEE T, BN TE I T IR Lk {4 COlL .,
128 rDNA ., 16S rDNA . atp6 %5 ¥ 51| 431 (Rawlings et
al.,2007; Hayes et al.,2012;Li et al.,2015) . 4552
X COLATE R T8 MBS , AN A/ INE 4 75 1R
Hh S HH B A R I D\ EE A AR R AR P bridgesii
s I R AR 5 IR P diffusa (Rawlings et al.,
2007;Hayes et al.,2012), FREAIAE 3 Fh Atz PE
8 A7 IR, 2 R I T COL &K1 7 51 43 Mt Fr 6 7
(Yang et al.,2018) o A FE B i FH A9 AN [F) b B oFf
TR FFIRFEAS 2 1 S5 F H COT SB35 7 #r iff
JERNE TR A b T30 Uk 22 5 PCR WP 45 [ )4t
MERE M. TR S FEERARTE
PCRY" 3 W5 T 5 0 B S i, — M5 22 3~4 d
A AT REAS B2 R A 58 b e e e s [ 2
H PCRECA, Rl H vk B33 R AT B 4240 501 3 Fh A4
PEARFFIR AR im0 HL 2y 1 0 e 19
A6 3% JUHGE TR EAEA A P I

FE SRS [ PCR AN 4% AR AE A A7 8 A0 2 25
RS T P & . Thaewnon-ngiw et al. (2004 ) &
T16S IDNA BEiHRERES 19, SEB T M\ 4 R iR e
Pila W% E A L 38 rho PR sl 25 )NV R SR, 28
PCR 753518 PCR (i 5ER T DLSGHE , 6 22 x4 e
S E] 14 PCR N AR R, o] DL X 24~
DNA AR 1 24~ H B9 F Bealb AT 4735, oA 4 B
(] | B IAS | 42 i AR AL A5 (Chamberlain et all,
1988) . Matsukura et al.(2008) 5 F-ZkifAk COI 5%
WIX BT T 2 400 IS 19, 5 1 45 H T i
51k PCRAK R, T/ NE AR 77 38 RN B o5 A
T SR B P o S 5, T R S 5 [ 4 PCR Y
AT DU B HASFRRE Y 2 PP 7718 5 2 2
TEVF 2 A0 75 18 AH e 5% 48 W (Andree & Lopez,
2013; Hu et al., 2014; Yoshida et al., 2014) ., Cooke
et al. (2012) ¥E Matsukura et al. (2008) il #4 @t — &
PCR A Z A L 38— 255 X) 8 4 4 A MR A
SEE B 1 RO TR RN R IR B SR A IR
ME AN =8 PCRIK R . A S i 7
G| e A0 50 1iE 26 B , Matsukura et al. (2008) frisk
TH 0 48 S PR 51 W0 I S e A7 5048 0l B A A W2 R
Pomacea sp., 4iX 2 P IR R NAEAER 2 45
Gy 8 AP SR o R T BE A A 77 2 F Pomacea
sp. [ COLJT F #HALL B2 458 /57 (Yang et al., 2018) , 3T
COI S X AL S A5 EARMESZ i 138 T3 2 Firfid
TR T R M X B . SRR — SR, ARG
P KT LU P SIE R, T/ NVE R AR B A
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FFURFN Pomacea sp. R 43 L R 4 Hrixeit T
— 2RSS 1Y%l 28 PCR Y 7 550 1 X
3T AARYERFF IR A PO S o A RSB T
Hr & AR Fh AR 7542 Pomacea sp. 5 3T 2 Fh A R
Y5, % T B 6 Pomacea sp. 16 530 Bl 4341 B AH
I [ G M XX 2R 288 1) L T B S S
X L AN [ A A 7 A o ()RS T 35 SR 3R
AWFFEAG ) Z2 H PCR %0 ik AR Z
PRAPFEIS M 5 2 0 a5 Ik B |, % 2 # PCR
PO AW T VR AE 32 DGR R AR AT I8 1 ng # 75
BRIE K ZH DNA, IX 75 AR 77 SR X 41 DNA S P
oS ZEARE T &' BB AN RE
SN [RIFRAS 2 2R3 i 7 AR ot R ARG D, X6 A
A6 52 TS I M A A MR A ™ R R | S e BT A
R I G B By P it B A S S I Ah,
AR SR —SE R K AR AR B 78 R 1 1 00 S pi it
T8, PRI AR 58 4 A8 A A 3 B T B | M A4 (R 4k
WGk WA R 2 s i SR B A il . X2
PCR %5 7 A 2 38 T 4 77 W2 T 228 AR A IR 2 Al
HNEEELH LRI, Al T i T T T
KA AR AR R P ERR S
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