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Species Identification and Genetic Diversity of Invasive
Pomacea spp. in Nanjing City

Hu Mengzhen',Wang Congcong',Zhang Chiying*,Huang Ying',
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(1.School of Life Sciences,Nanjing Normal University, Nanjing 210023, China)
(2.College of Life Sciences,Nanjing Forestry University , Nanjing 210037, China)

Abstract : The genus Pomacea includes multiple species,with Pomacea canaliculata and P. maculata being morphologically
similar and highly invasive. To identify Pomacea species and assess their genetic diversity in Nanjing City, the study
analyzed 114 adult snails and 34 egg mass samples collected from rivers and park waters across 9 districts based on
mitochondrial cytochrome ¢ oxidase subunit 1( COT) gene sequences and nuclear EF1a genotyping. All samples collected in
Nanjing were identified as either P. canaliculata or P.maculata,with P. canaliculata being the predominant species. No
occurrence of P. occulata was detected. Nuclear gene EF1a genotyping revealed hybrid individuals between P. canaliculata
and P. maculata in Nanjing, which constituted 24.56% of the total sampled individuals. These findings provide essential
baseline data for risk assessment and targeted management strategies against Pomacea invasions in Nanjing.

Key words : biological invasion, Pomacea ,mtDNA COl gene ,hybridization, genetic diversity
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By P4 BRI S B AR .

1 AR5k

1.1 #EfRE EE A DNA 2E PCR ¥ &0 F
2023—2025 4F  fERI AU 10 N XOT AR AFIRREACR AL TAE. 2025 4F 12 A 7E R 5t b E S AL BE bl 55 A
WU B BN, N BB AN HER BEWSCER 5 7 SR 2 Bel = L) 22 Bel B JCAEL S 7K 2R T A 77 IR
GRER. REACSR AR B R BT 9 XY 16 ASRAE AL, 2RAT 114 HARAFIR IR K 34 BB (WAL 1).
x1 BEREFBHAREFEERENE COIERAEDR
Table 1 The collection and corresponding COI haplotypes of Pomacea spp.

o N 1 AR IR - N LRk col
KX KA A, ZH 55 e N KA A
LR 32°04'N 118°47'E  MIIA 9 - 2024.09 NJ-Pc2(9)
ZiIX Z ki 32°04'N 118°47'E ¥ 1 1 2025.11 NJ-Pc2(2)
LA FZE AR 32°02'N 118°52'E B 3 2 2023.10 NJ-Pcl(3) ,NJ-Pc2(2)
ZEIEm 32°01'N 118°47'E ¥k 2 2024.10 NJ-Pcl(2) ,NJ-Pc2(2)
ZRE 32°01'N 118°47'E i 7 - 2025.12 NJ-Pc2(7)
ZUEX KT 32°01'N 118°51'E ¥l 6 - 2025.04 NJ-Pc3(6)
A 32°01'N 118°51'E i 10 - 2025.12 NJ-Pc3(10)
HA# 32°02'N 118°49'E I3 - - 2025.11 -
AU LK el 32°02'N 118°45'E  #11 - - 2025.12 -
A 5 b T N ] 32°01'N 118°42'E  #If - - 2025.12 -
BHEIX BB IE] 37 3k ] 32°04'N 118°44'E i 10 - 2025.05 NJ-Pel (1) ,NJ-Pc2(9)
(EUNIa0) 32°08'N 118°43'E il 6 2023.10 NJ-Pc3(12)
WX ANk 32°08'N 118°43’E [ - 4 2025.12 NJ-Pc3(4)
S INTAL /N T 32°10'N 118°45'E  #HIiA 1 4 2025.12 NJ-Pc3(3) ,NJ-Pc2(2)
RHRKRE 32°07'N 118°51'E Wi 3 1 2024.11 NJ-Pc2(4)
WHEEIX KK 32°07'N 118°51'E i 11 - 2025.12 NJ-Pc2(11)
L AN 32°07'N 118°56'E ¥l 2 4 2025.11 NJ-Pc1(1) ,NJ-Pc2(5)
WIERX B ZE L X X 31°55'N 118°45'E i 8 - 2025.11 NJ-Pc1(8)
TR TR AR} 457 £ 2 el 32°01'N 118°53'E  Ji¥f 10 - 2025.11 NJ-Pc2( 10)
ML B LI A 1A 32°01'N 118°54'E i - 3 2025.11 NJ-Pc2(3)
E R TA N 31°37'N 119°01'E  #1iA - 3 2025.12 NJ-Pc1(3)
BRI NI UNT 31°44'N 118°58'E A - - 2025.12 -
ToAHSF K 31°35'N 119°00'E  JaIi - - 2025.12 -
ZiERSSRIERNY 4 31°23'N 118°52'E  {HiE 10 - 2025.12 NJ-Pm1(9) ,NJ-Pm2( 1)
REX UL P 31°20'N 118°52'E ¥l 5 4 2025.12 NJ-Pcl(1),NJ-Pm1(8)
T 9t 2] Y 2 el 31°19'N 118°52'E b 10 - 2025.12 NJ-Pc1(8) ,NJ-Pm1(2)

TE: “NJ-Pe NJ-Pm” 0 R/ NE AR A7 IR BE AR A IREORLAA COT i PR BB Y 355 PN 1R 28057 3R b o7 B R A A PR B, = O oR
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1.2 YFEETE AR B I AE 53 47

fdi ] Chromas 2.6.6 B AFSEIUSARIN PP 45 23, , 25 5 W I AT N TACIE ARG e X P91 BET NCBI AR AL
P PEXTIRAF I LRLAR COT FE R 2P 5 4T Blast LUXT JFFIARIE 5087, P45 & SOk COT 5 P A Al
HWHHREEE LR, IS T R . R MEGA 11.0 8 F™ DL Clustal W BRI\ S 0028 4 1
CO1 FER P A4 T Z2 8 91 Hoxof , RBR M TUAR T, 43 i3 H55 748 5 67 s 8 (variable sites ) | f6] 2945 B 067 2
%( parsimony-information sites ). FIH DnaSP 5.10 #2380 148 MEARIZ AR col LR 5] B A
PARERIZFEVE (haplotype diversity ,h) R ZAE: (nucleotide diversity 7).

1.3 REEHFXRER

M GenBank $54# 43 31 F 0 0 & 3R A/ INE AR AR IR | BE AU R R A AR LA R Y 40 SRZRiIR
COV JER AL R P (DL 2) . G G ARSI I Y Bl R4S 1Y 5 ZRZhifhk COT PR BRAE AU e 4] | Ay e ki 14
COT SR FFVEHRLE. 12 MEGA 11.0 2K H 1) ClustalW X247 (4 COT 3 K P 51 BUE 52 017 2 517571 Lt
X, R ERPISICARFS, FH DnaSP 5.10 BRI COT IR 75 Y BAG AL, el SRR B Y —
%1 7 %1 3 3 PhyloSuite v1.2.3 # 4 H ) ModelFinder, #& F 75 i {5 &, & i W] ( akaike information
criterion , AIC ) 12! Ve 053 A R A 0 . 2ok AR COT J5 DR B B0 () B AL B L B 44 18 ) GTR+F+1+G4,
Bifi J5 #4) 7 D1 -3 4% ( bayesian inference , BL). DI -7 J5 56 4% % ( bayesian posterior probabilities ) K F o 55 T
0.90 i, XA fFERI 2 M RS R T L ERP. L P paludosa ( GenBank J¥ %)% EU528477) . P. scalaris
(GenBank JF511°5 EU528506) kiR CO1 LRI AN M ZRiMA Col 22N R gL R T . (] iTOL 4k

PR S DL IS B 4 N2 A
%2 M GenBank THHEFEEDFNEIE COl EFAFIER

Table 2 The information of mtDNA COI haplotypes sequences of P. canaliculata ,P. maculata and close related Pomacea species

L/ LRI COT F 5 5] B A P31
PcH3~4,PcH7 [6]
JINGE A 7 R Hap7~11,Hap13~17,Hap19,Hap20, Hap22 , Hap23 [25]
P. canaliculata MZ396678 ,MZ396793 [18]
AB728574~76,AB433775,AB728586~ 88, AB433757 [4]
PmH2 (6]
Bt 15 He A7 0 AB433777, AB728579 [26]
P. maculata EU528481 [19]
Hap24 [25]
Wbk 1 77 R Hapl~5 [25]
P. occulata KT852790 [27]
P. paludosa EU528477 [19]
P. scalaris EU528506 [19]

1.4 FZEES

FIHZ 4 EF3Fe \[EF3Re \EF1Fm A EF3Rm WA T RAE ) 114 AR FIRBIEAE i i T EFla
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Fig.1 Bayesian inferences( BI) tree of Pomacea spp. based on mitochondrial COI gene haplotypes sequences
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2.3 ZZEEHS

FETHIEN EFla BYEESEY BE S5 J  ARBF7 I 21 3 FhoAS ] (A% SE PR 1Y . BN BA— 11 125 bp &7
BI/INE R FFIR C B 151 bp S FUBE A AR 7702 MBI LK W] ELAT 125 bp AT 151 bp PIAY ™ H8 2515 1 /N
TE I -BE S AR AR B B (K 2). FETAORiA COT B B2 R L N B EF1a S04, 75 /N AR 518 e
Phatifp AN e Bk 32 FAe 5] 85 HAMA | 5 1t 87.63% ; 2252 MA CB I3k 12 B 51K 12.37%. S5/MVE
R AFIRANR] B AR A7 SRR AS h 2 S AR L i e s b, MB BT MC AU RN 21 8 L, i Lk 47.06% ,
ACHE R XA 2] 1 Al BE AR AR (MM 2D | 7 b 5.88%.

M12 3456 78 9 1011121314151617 1819 20 2122 23

2000
1 000
750
500 B

250 B9 cHl : B

M7

Sy Fit/bp

M 4 100 bp DNA ladder, 1~23 3R H 5% 9 A~ DA A7 5 BR AR 43I P R Ak TR 43 L.
B2 HEREEFEHAE EFla EE£E PCR 84 R
Fig. 2 Multiplex PCR amplification results for the EF1a gene from Pomacea spp. in Nanjing
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AAFFREE R R, AR FE 50 b DX A A3 8 5 /NS A A 08 5 B S A A 08 L rh /N AR R 8 LS
G317 T WA VS SRR BT 9 AN DX 5 B AR A MRS e Y DR, LG DX A 7 PR Rl A 4 R (] J A 1 3
43X SR R X B S AR IR T RAE . BAE T NJ-Pe2 (PcH2) 7E 9 AN SRAFF w5 Hks: Hh 4018 B i, 1% B
#1553k [ BT AT ( GenBank JF 415 AB728585) . H A ( GenBank JF 415 AB433757) 420 k) /N 4t 75 HE £
A COT FEPF BAAE R 5¢ 4 — 30, H e 3 E AR B A mhamf ' Rk E 50 ER, NJ-P2
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£ 74 ( GenBank JT 315 MZ396678 ) 544 il 5 R HE. 45 & HLAE 3R B 7R 3 — B RV V8 32 20 AR I RRAE 0 g
USRI IR S BT AR AR AN SR G O R ), (EM 7 d A T BB A AR, S T RE R T B AE X R Ry
. PR BE 5 A A IR A R NJ-Pm1(PmH1) /5 ik 95% , AR AAR R 2 A5 R AE E P DU 1] Wiy
S IRATIRIE . AR ST A A RO TR VR X, T A X R A . A A R R AR R R
Hb DX B 5 A A7 R ] BE VR T [ P B X IR s 5 AL FE TR CoT N P 9 F LK EFla (157
5RO AR/ NVE AR A 18 5 B AR IR 22 S AR (1 24.56% ) fBARK T CM 2 5c 8. A B
ST, CM 2838 RS T30 320 B 5 Wi X, AR E 0 6 FhZesg vy HL skt e,

PSR L ZREME SR PPAG IR AR T 7 BRBE3E I 55T A7 6 77 A B BARAE . 7E TR A B R A X 3,
Wrh EFRE (h=0.441,7=0.017) " VLI (h=0.40,7=0.017) 2 AN PGB K885 (h = 0.488 , 7 =
0.023) 'V B/ INEF AR R IR Z PRV IR AR, SR, LR 24 TR X R, Bl AER X E 2 A
iy DX/ N R R SR AT T 2 R AT B LR MK 8RR (h=0.705, 7= 0.043 ) , 5 75 B9 b X /N A
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(h=0.620,7=0.026) , X " HE5 2R GIAF A K2 AUCRAEE 5 22 M3 S0k 38k, 7 2 el 5 0 15
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P TV DO 28 A KA P R I R & ik A N R T Bl SR RDINR T AR R IR AR 58



PSR 4R (AR R 55 49 F55 2 W1(2026 4F)

RIS, ASBIEZEAE /NG I P 30T | 2 THE TR 25 7K Sl A 00 381 7 /N A A R B R O e X 28 X B A7 A
ZRBTAA. MR B R R IR X K R A R A2 2k LA A VT ) T BT O, 29 T AT RE IO A A IR T
Ty B SR . — EAR A3 IR 12K AR e e B, WA ] REBE IR S s 15 sl — 22 AR IRIT T,
XTI A Py A A TR . A, S R DX B R 2 2 e A A 7 R A, {ELAE 2025 4F 12 AR
AR A IR IR B B e, 5 SRR 5T T A4S A BREE DNA (eDNA) A, X 48 75 92 4 43 A s 245 FF S R4k
U A T B A N DX I P A AR SR K S DX TR T A e R DX M 3 o R R 3
o vy B B RS, BELDBT G B T SRR EA% , B bRl it — 2R T B Pk

4 58

AT P AT A ARAR A7 SR b S 2 BB s 1% 2 Rk I 2 R W, R i T AR AR AR IR AL 4 /N A 77 IR
FNBE i A 7R IR, Ho / INE AR A7 IR AR R A I, 0 A3 )32 EList A% 2 PR PR | BRE AT A 77 2 R AUAE
PV DRI 1 AR A T AR A 2 DA I 2. B TR COT SN P S HIZEE N EFLa 23 B2 A, 1
SUTT AR/ INE AR A7 BRI IR AR A IR A 28 3R

[ &% 30K ]

[1] Cowie R H,Hayes K A, Thiengo S C. Global advances in ecology and management of golden apple snails[ M ]. Science City of
Mufioz, Nueva Ecija: Philippine Rice Research Institute,2006.

[2] BT AR AL, 5. N AREFIRSEZREPET]. g% 5 ,2021,56(6) :929-938.

[3] Brito F C,Joshi R C. The golden apple snail Pomacea canaliculata:a review on invasion,dispersion and control[ J]. Outlooks
on Pest Management,2016,27(4) ; 157-163.

[4] Matsukura K,Okuda M, Cazzaniga N J, et al. Genetic exchange between two freshwater apple snails, and invading East and
Southeast Asia[J]. Biological Invasions,2013,15(9) :2039-2043.

[5] Wei R,Chang Y W,Xie H F,et al. Population genetic structure of Pomacea canaliculata in China based on the COI and ITS1
genes[ J]. Scientific Reports,2024,14(1) :12045.

[6] Yang Q Q,Liu S W,He C,et al. Distribution and the origin of invasive apple snails, Pomacea canaliculata and P. maculata
( Gastropoda ; Ampullariidae ) in China[ J]. Scientific Reports,2018,8(1) ;1185.

[7] Lowe S,Browne M, Boudjelas S, et al. 100 of the world’s worst invasive alien species: a selection from the global invasive
species database[ M]. Auckland :Invasive Species Specialist Group,2000.

[8] BRIK, SRKARBHILDY 55 ARIEA F WA AFIRTEVL IR R KBS 20T [ J ] MR (ROl S5 4 B2 i) | 2021,
42(6) :119-124 ,137.

[9] Karraker N E, Dudgeon D. Invasive apple snails ( Pomacea canaliculata) are predators of amphibians in South Chinal[J].
Biological Invasions,2014,16(9) :1785-1789.

[10] skAAE iR IR ARG B = ROR 52 FI LT ] 7005401, 2025(7) :99-101.

[11] Sin T S. Evaluation of different species of fish for hiological control of golden apple snail Pomacea canaliculata( Lamarck ) in
rice[ J]. Crop Protection,2006,25(9) :1004-1012.

[12] Liu M Y,Sui C R,Zhao W Y et al. Dynamic response of gut microbiota mediates the adaptation of Cipangopaludina chinensis
to Pomacea canaliculata invasion[ J]. Microbiome,2025,13(1) ;171.

[13] Kwong K L, Dudgeon D, Wong P K, et al. Secondary production and diet of an invasive snail in freshwater wetlands:
implications for resource utilization and competition[ J]. Biological Invasions,2010,12(5) ;1153-1164.

[14] Hayes K A, Cowie R H, Thiengo S C, et al. Comparing apples with apples: clarifying the identities of two highly invasive
Neotropical Ampullariidae( Caenogastropoda) [ J]. Zoological Journal of the Linnean Society,2012,166(4) :723-753.

[15] Yang Q Q,He C,Liu G F,et al. Introgressive hybridization between two non-native apple snails in China; widespread
hybridization and homogenization in egg morphology[ J]. Pest Management Science,2020,76(12) :4231-4239.

[16] Z=inpg, XER, RS, FOWKEANEAE YRR 75 R Fh 2 4 e A s G ZAE TSR [ 0], KA A 9744k, 2022, 46
(3) :355-363.

[17] Matsukura K,Izumi Y, Yoshida K, et al. Cold tolerance of invasive freshwater snails, Pomacea canaliculata ,P. maculata ,and

their hybrids helps explain their different distributions [ J]. Freshwater Biology,2016,61(1) :80-87.
— 7 —



ISR A5 L T AR AR A IR I R S 5 3t A% Z e A HT

W, PR W, 55 RIDN IR A IR AR IR A AP S AR AL 25 M [ T ). AR 2R, 2023,31(3) : 117-130.
Hayes K A, Joshi R C, Thiengo S C,et al. Out of South America: multiple origins of non-native apple snails in Asia[J].
Diversity and Distributions,2008,14(4) .701-712.

Tamura K,Stecher G, Kumar S. MEGA 11 ; molecular evolutionary genetics analysis version 11[ J]. Molecular Biology and
Evolution,2021,38(7) :3022-3027.

Rozas ] S, Sdnchez-DelBarrio J C, Messeguer X, et al. DnaSP, DNA polymorphism analyses by the coalescent and other
methods[ J|. Bioinformatics,2003,19( 18) :2496—2497.

Posada D,Buckley T R. Model selection and model averaging in phylogenetics ; advantages of akaike information criterion and
bayesian approaches over likelihood ratio tests[ J]. Systematic Biology,2004,53(5) :793-808.

Busschau T, Conradie W, Daniels S R. One species hides many; Molecular and morphological evidence for cryptic speciation
in a thread snake ( Leptotyphlopidae : Leptotyphlops sylvicolus Broadley & Wallach,1997) [ J]. Journal of Zoological Systematics
and Evolutionary Research,2021,59(1) :195-221.

Letunic I, Bork P. Interactive Tree Of Life (iTOL) v4:recent updates and new developments[ J]. Nucleic Acids Research,
2019,47(W1) : W256-W259.

Lv S,Zhang Y, Liu H X, et al. Phylogenetic evidence for multiple and secondary introductions of invasive snails: Pomacea
species in the People’s Republic of China[ J]. Diversity and Distributions,2013,19(1) ; 147-156.

Matsukura K,Okuda M, Kubota K, et al. Genetic divergence of the genus Pomacea ( Gastropoda ; Ampullariidae ) distributed in
Japan,and a simple molecular method to distinguish P. canaliculata and P. insularum[]J]. Applied Entomology and Zoology,
2008,43(4) :535-540.

Yang Q Q,Liu S W, He C,et al. Invisible apple snail invasions:importance of continued vigilance and rigorous taxonomic
assessments [ J]. Pest Management Science,2019,75 (5) :1277-1286.

Frankham R,Ballou J D,Briscoe D A. Introduction to conservation genetics| M ]. UK :Cambridge University Press,2002.
Yang Q Q,Ip J C H,Zhao X X, et al. Molecular analyses revealed three morphologically similar species of non-native apple
snails and their patterns of distribution in freshwater wetlands of Hong Kong[ J]. Diversity and Distributions,2022,28( 1) :
97-111.

B, A, KRN, 4. o R i A A IR A s A 2 AT [ ] o R RS B TR A%, 2011,23(2) 1 178-182.
FIIC, VR, PV A IR R BUR AR AR [T ], I SR B IA 2475, 2022, 34 (4) :407-411.

VNI, EAe. LRUE R AR AR BUR 3 BOB S BHa X T [ J]. RARH =528, 2025,12:166-168.

Eyer P A ,Blumenfeld A J,Johnson L N L, et al. Extensive human-mediated jump dispersal within and across the native and
introduced ranges of the invasive termite Reticulitermes flavipes[ J]. Molecular Ecology,2021,30(16) :3948-3964.

Jerde C L,Mahon A R,Chadderton W L, et al. " Sight-unseen" detection of rare aquatic species using environmental DNA

[J]. Conservation Letters,2011,4(2) :150-157.

[ZEHE. " 8]



