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Abstract: Pomacea canaliculata and P. maculata have similar morphological characteristics. They are the
two most common and highly invasive apple snail species, which seriously damage crops and aquatic
ecosystem in China. The present study identified the species and analyzed the genetic diversity of 40 samples
of Pomacea spp. from five sampling sites in Suzhou city, Jiangsu Province, based on their mitochondrial
cytochrome I oxidase subunit (COI) and nuclear gene (EF1a) sequences. Some genetic diversity parameters
were analyzed by DnaSP 5.0, and the base composition, the number of nucleic site replacement were analyzed
by MEGA 7.0. A Bayesian phylogenetic tree was constructed using PhyloSuite. The results showed that a
total of 40 mitochondrial COI gene sequences with a length of 605 bp were obtained in 40 samples, and a total
of 74 variable sites and 4 haplotypes were detected among all sequences (Table 1). The 34 samples in Suzhou
were P. canaliculata, and the other 6 samples were P. maculata. Among them, three haplotypes (PcaH1 -
PcaH3) were found in P. canaliculata and one haplotype (PmaH1) was found in P. maculata (Table 1). The
haplotype diversity (%) and nucleotide diversity (7) of P. canaliculata were 0.399 and 0.017, respectively.
Only one haplotype was found in P. maculata. Compared with other invasive areas of China, the genetic
diversity of P. canaliculata and P. maculata from Suzhou city were low. Based on the phylogenetic
relationship of mitochondrial COI gene, it was suggested that P. canaliculata probably traced back to
Argentina, while P. maculata in Suzhou city were probably originated from Brazil. In addition, Zhoushi town
in Kunshan city was a newly discovered sympatric distribution area of these two species. Based on nuclear
gene (EF1la) sequences, 28 nuclear gene (EF1la) sequences with a length of 430 bp were obtained in 9
samples selected from Suzhou City and Kunshan City after cycle sequencing. A total of 40 variable sites and 9
haplotypes (EFHAP1 - EFHAP9) were detected among all sequences (Table 1). Eight haplotypes (EFHAP1 -
EFHAPS, EFHAP7 - EFHAP9) were found in P. canaliculata and two haplotypes (EFHAP5 and EFHAPG6)
were found in P. maculata (Table 1). Phylogenetic tree analysis based on mitochondrial COI gene and nuclear
EFla gene suggested that there was genetic exchange between P. canaliculata and P. maculata (Fig. 1 and
Fig. 2), indicating that hybridization between P. canaliculata and P. maculata exists.
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S AR, 7B S T KRS A H A K AR R
2003 A J5 B Z B8ORS R R /N AR AR IR B
A THEMNRFER 16 Foh R NIRRT .
2012 4, JFUR VARG H BB — it B 5
HAMSRNAZR YRl . ITAERAT TR, N E
Rt 1 [X PR A 75 W8 5 /) A 7 M R IR A 77 MR
PLAL, & A B R B AE BB Ceryptic
groups) (Lv etal. 2013), T HIA 7L E 1 H %
Fa 7 Fh 2 N2 b B AR 78 (P occulta
nov. sp.) (Yangetal. 2019a). /NEHEFHFIRLEF
VT A R4 H X 32 40 A, 0 B R4 7
W2 H AT AE R DY) BA S TR IE A 7341,
It BLAE X B [X /N AR 77 R 5 B R A 7 R[] 4
5345 (Yang etal. 2018). CVAMFFLE 2 T4k
& COI #£[H (the cytochrome ¢ oxidase subunit I
gene, COl) Fi%FE K EFla (the nuclear
elongation factor la, EFla) FFFI5HT, RIL/N
BRI IR S D AR A WAE S b ) = AT L
AN H A, B SRR RS2 NERK
FAAEIRAE . BN IRACSEIR R, X PyAHE 7
e Ta) m DL AT RSB IE R AR T F R AR
(Matsukura et al. 2013, 2016, Glasheen et al.
20200, bAk, /INEAE AR S BE SRR AR IR I 2 A
MEEA ZFIL . (hybrid vigour), XJ
I EA RN 2, AR T 2 RN
1ZJEl (Matsukura et al. 2016). AW FLRHA,
T /NG AR TR R AN BE SRR IR E S 2E (Yang
etal. 2019b),
2004 5, PINLIRA T3 M T FRIE AR 77 15 2K
W, FEREMRFZEHKRY HEE, E5 9
Tl XS BHVE TSR] 838 R AR 75 W8 43 A
(A5 2018). 2017 4 8 AJRAE ST,
ATTEAIR AR AT 2 103.1 hm?, Hop,
A H R AN 921.24 hi?, 35 BROK A A4
IR, WILTRA VNN IR R (
%5 2018). PUsAER PRI RA
TR I PR IR R A oK, ORI
AR LN DERTE; BN, HZ2EAIF
RN AN Y R R E P

AREFFUIEEAE (EEAESE 2015). ARHFFUSE
TEkifE COl LR ML IR EF 1o J7HI1ER DT I3
P X NARAEFFRR AN . I3 A1 LA S s A% 2
PE, ST HNR SR, DA MR AR FF IR B
SV g S

1 #MRETS%

11 FEACRE

BT AR AFIRAE AT 2015 4F & 2020 4
RETILHEIFMTT RPX ., REX. Bl
T, THTERE T L 5 AREE S, St
40 MREA (3R 1), 27 Hayes 55 (2012) X[
Pl G IR SE T A SRR, WD R R
EIREA AR FF IR B YR . BYEUT A AR 73 IR
KNG RNT EHEEAE T, BT -20 Cik
FEHIRAE
1.2 Z:[HZ DNA $#REUK PCR ¥ $A10 5

FIFH sh W 245 R 20 DNA $2BGR & (Fg
S MER AR A G BR AR SRR A I
FEAFERZH DNA, 4% B850 G i B F 0 B AT
BefE, BRI Z4 DNA @it 1.5%35 fg it
B2 HL K AR

fii F13E A 514 LCO1490 (5-GGT CAA
CAA ATC ATA AAG ATA TTG G-3') Al
HCO2198 (5-TAA ACT TCA GGG TGA CCA
AAA AAT CA-3') (Hayes et al. 2008) #"1 40
RAMEI LRk COT JER . 7E 2020 RN
FEAR T AEASREEHLE S 1 ~ 3 JWAMA, fHH 5
Y F7 (5-TGT GAA TAA GAT GGA CAG
CA-3")H15R(5-TAA ACT TCA GGG TGA CCA
AAA AAT CA-3") (Hayes et al. 2009) L1 9
RAMRIIZIE R EFla 75

H (IR B B PCR 3 e N4 24 40 s
f13% 2 x Rapid Tag Master Mix (Fg 5t i MERE A
VIR B R AFD20 ul, L FIFESI% 1 ul

(10 umol/L), F#EXZH DNA100 ~ 200 ng, HI

B EE FKAMERE 40 pl. PCR B MSR
Hayes 5§ (2009). H PCR =14 1.5%5 /i
PREEIR F kA I G 4% J5 B SRAS I8 38 = 11k
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F1 BHEEXFSEE. FA%HE. BER
Tablel Thelocalities, numbersand haplotypes of Pomacea spp.

ZHE FEAE (ind) REMTE (FE-HD  Col R Hf5H

o . BR] B3 7R
SRAFfEHE T Locality Longitude and Sample Collection date Haplotypes of Ifa Fllgt %i{gﬁ‘a
latitude number (Year-month) mtDNA COI gene plotyp
I RAPX 31°28'N 11 2015-05 PcaHl1 (11) -
Wuzhong District, Suzhou 120°88'E
PR EIX 31°37'N 5 2020-07 PcaH1 (5) EFHAP1
Hugiu District, Suzhou 120°45'E
ISR 31°34'N 5 2020-07 PcaH1 (5) EFHAP2. EFHAP3.
Yushan Town, Kunshan 120°95'E EFHAP4. EFHAP5
Bl 4T 4 31°25'N 2 2020-07 PcaH1 (2) EFHAP2. EFHAP3.
Qiandeng Town, Kunshan 120°99'E EFHAP4
Bl B T 31°46'N 17 2020-07 PcaH1 (3). PcaH2 (4). EFHAP5.EFHAP6.EFHAP7.
Zhoushi Town, Kunshan 120°95'E PcaH3 (4). PmaH1 (6) EFHAPS. EFHAP9

“PcaH” F “PmaH” 73 HRE /N EARAGIRRPE ARG IR LKL COL £ K A58, BALRE COl £ K A AR RSN
HErRon d TiZ B A A% . “EFHAP” [REBARAHIRAILIER EF1o A5,
“PcaH” and “PmaH” represent the mitochondrial COI gene of haplotypes for P. canaliculata and P. maculata, respectively. The

numbers in parentheses after each mitochondrial COI gene haplotype are the number of apple snails in each haplotype. “EFHAP”

represents the EF1a gene haplotypes of the apple snails.

2 e TAY TRER DA RA ST .
HEK EFla 11 9 4> PCR § 3874 5
ANFEAR EH20 7 AR fe Al D, 275 SCHR Matsukura
&5 (2013), XX 5 AMEAEEAT w BN . KA
PCR At al5fl & (F s AR R R AR
FRATD ¥ PCR F=¥4ith, &EH:% pMDI19-T
#H A& (TaKaRa A7), HAKHITEHE DH Sa j&
AU, LR PCR € 5, Kdktr v el
FH) 5 MREABRE 6 ~ 9 MIHMETERE, %% L
WA TAY) TR AR A PR A B 3T I
1.3 WhpsEse LA R P BUREIE 73 Hr
ARHIE FE 30 I A A R 5 T A AR 0 4

#7712 . 83 Chromas Chttp://www.technelysium.

com.au/chromas.html) F A HGI 74558,
g5 50 B 3 R0 SR AF I 2R R AR COT 2 (R 41 1
I EFla FPoiEAT N RO . 3@id NCBI
IR 2 XT3RS I R4k COTEE R 7 41 Rl A%
H[H EFla J7 5153 53647 Blast Lot 047 o 3 —
Pl ik NCBI W _E ) Nucleotide Blast 5
GenBank (1) [R5 /7 1 #E 4T & Ridk COT LA 7
HIABALRE L, Pl it 2 kiR CON Jk PR L fis 1Y

MR RGER B RER, B WERAFIRE .

F|H PhyloSuite #ff (Zhang et al. 2020)
H1ff) MAFFT 7.313 (Katoh et al. 2002) 43 %}
PRAFMILRLR COL Sk K]y S A% L] EF Lo 7
ST Z EFFAILEXT, RIH] MEGA 7.0 %A

(Kumar et al. 2016) ZFRM I TLRITH, 5390
THEARSF AL S (conserved sites) AF A7 4
#( (variable sites) . [ £115 &7 514 (parsimony-
information sites) H.— AR fi4L (singleton
sites) AT HIHHIELH K .

BT AHIE FUIRAF I LR COT B2 X751,
FIF DnaSP 5.0 #%ft} (Rozas et al. 2003) 115
40 MEARM AR, BAERZ M (haplotype
diversity , 7)) M M £ F£ % (nucleotide
diversity, 7).

14 RARBERRER

M GenBank b33 T #C KRN NERE
FFUR B RURE AR ANAE T R A A R B B kr
i Ccol R R BAE LR 41 (36 SO ML EF1a
BAERITA (29 56 (R 2), SiGARSLINATR
RFH, 53 IR A RAR COT K 7 51 445
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#*2 M GenBank TEMIEFIRBMM LRI COl ERFFIMZER EFla FIHER
Table2 Theinformation of mtDNA COIl haplotypes sequences and EF1a haplotypes sequences of

Pomacea canaliculata, P. maculata and close related Pomacea species

NIk COT ZE A 741 f i 7

WILR EFlo A5 54

0k Species Haplotypes of mtDNA COI gene Haplotypes of EFla KR Source
INERRTF IR Hap6 ~ Hap 23, KP310264, AB629956, AB629958 ~ AB629960, AB629964 ~AB629966, Lv etal. 2013,

KP310290, KP310375,
KR021020, KP310443,
KP310439, KT852757

P. canaliculata

DE R4 AR

P. maculata

KA fil
Cryptic group
TH b A A IR
P. paludosa

Hap1 ~ Hap5, KT852790
EU528477
P. lineata FJ710310

THARAR A 02 -
P. dolioides

FJ710338
FJ710341

AB629968, AB629969, AB620074,AB620075, AB629977, Matsukura et al.
AB629979, AB629982, AB629983, AB629985 ~ AB629987, 2013, Yang et al.
AB757866, AB757869 2018

Hap24, KT852782, KT852786 AB629989 ~ AB629992, AB629994, AB757872, AB757873 Lv etal. 2013,

Matsukura et al.
2013, Yang et al.
2018

- Lvetal. 2013,
Yang et al. 2019b

- Hayes et al. 2008

Hayes et al. 2009
Hayes et al. 2009

SERNZIER EFlo 755 4R
{4 | PhyloSuite #ff (Zhang et al. 2020)

F1ff) MAFFT 7.313 (Katoh et al. 2002) 43 5%}
LR COL 3k Ky S A SR A% B Y] EF 1o
G HR B AT 2 H P A Xt . R MEGA 7.0
B (Kumar et al. 2016) LBRW IR TUA T4,
F|H DnaSP 5.0 #ff (Rozas et al. 2003) 437
THRZRE COl ZE P HIAZ I EFla 751
PERAE Y, R BB A AL — MR A7 51
K H MrBayes 3.7 #f} (Huelsenbeck et al.
2001 ) #4 3 DUt Hr R 48k & #  ( Bayesian
Inference, BD. 4 NI /530HE% (Bayesian
posterior probabilities) KT 85T 0.95 i, 3£
FRAE AL A R A K B KRR (Busschau et al.
2020, Lietal 2021). 35 Modeltest 3.7 %1

(Posada et al. 1998) 73 Al X 2 ki ik COY F K .
FERINIZEE N EF1o B0 R EAT S5 R 5 46
BRI B, MR R E B & HEN Cakaike
information criterion, AIC) (Posada et al. 2004 )
R CON FE N FAS RUFIZFE R EF1a 53
5 Y P e R B B A A 2 HKY . B P
lineata (GenBank Y1574 FJ710310) i
#7518 (P paludosa, GenBank [T %15 N

EUS528477) #ekifk COl FERENAMNEE, I
btk col ERNARGEKEM. UL P lineata
(GenBank [7%1%5 4 FI710338) FUfIRARE 7 42
(P, dolioides, GenBank /3415 A FI710341)
ME EFla JPHE RSN, MEZIER EFla
RGEREW. ] iTOL (Letunic et al. 2019)
BA S 7 DL b R H 25 1 1

2 SR

21 FFFRHE DA K AR B S

BT IRV HIW BT RN 40 MR
FRIRFEAR L AR IR, (H T AR A 08 E P i a)
IRFETEAS UL, AU IS A 2 W8 HE LA R 45
5E J& AP .

ZZHEIXN ., WY ERARBKEN
605 bp fIZkifk COl FEHFFI 40 5. FFI5M
40 FLR R COT R T 5151 & 4 A58, 43
A5 PcaH1. PcaH2. PcaH3 A1 PmaH1. HHv,
PcaH1 L5 26 %741, B lbilh 65%, 1
5 AKHE S99 4947 s PcaH2. PcaH3 Al PmaH1
AR ATES G (R D HMRFX.
X Bl KL, T80 PcaHl 35
RS, Bl B 4 A PmaH1 9 E 5 RI (R D,
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2t NCBI #%REHE L X, PcaHl. PcaH2.
PcaH3 1% 2% /N AR 77 18 7 51 I A AL EE 35 R
100%; PmaH1 52 25 BE fUAE 75 087 51 1 FH AR
FEXIN 100%, i € AHIE TR A I A8 7505 9 /)
EREFFIEMPL AR IR, BT o8 R LA
DU BRAS S AL 05 74 1, 2908 BAL AT 74 4,
T —AR AT . 2RIk COT R FEHIH A,
G.T.C FHEEN AN 24.0%- 19.4%-40.3%.
16.4%. A + T (64.3%) S&EHEKFTC+ G
(35.8%) &, fAEWIRE A/T BlFEwA),
P& bR L BRI - FE T2 RiAE Cot 3L 7
B, NERRFFIRI AR Z N () 25 0.399,
BHRLZEEE (1) 5 0.017. TSR AR
A 1R,

S BN Y EREREGKEN 430
bp MAZEE EFlo 751 28 % B 53 i e 51
A 40 MEERA FALS, 1A 705,
39 METLME BAL A . B E LS BN
A(28.8%). G (23.7%)+ C(22.7%). T (24.9%),
A+ T EEN53.7%, FHISEEASA B 51
AJT (it o 3RA5 1 28 2675150 )& 9 Fn s Y
(EFHAP1 ~ EFHAP9) (% 1),
22 RGNS

KR FIRIF LR COl F R 741 PL
GenBank [ N E ARk COl K 7 ¥4 £ &
Eext. BIPIJE, L3RS 76 4% 503 bp Lk
COL L FEF, 738 31 NEfsAL, Lkifk col
IR B A 20 A1) R R 1 DL BT R e kA
7, PcaHl. PcaH2. PcaH3 5/NE R A 42 ) 5
R FH B —37, PmaH1 55 AR AR 2
ERFH RN (- 1D, #E—5FWTIN T
FAEWFPAE 702, Hod, PcaHl ~ PcaH3 A7)
RGN, PmaHl N SAEFIE,

AW FE AT A5 EFHAPL ~ EFHAPS
H1 EFHAP7 ~ EFHAP9 3k H/NEWRAIZ, #4%
% EFHAP5 M EFHAP6 3k [ BT i 45 75 12,
EFHAPS & A 5 H /N E AR 75 W8 AN BE A4 77 0
L A AR TR SRAF LA EFla J7
51 GenBank I F# K EFla JFH4 %

LN BYIE, JL3R1G 57 2% 396 bp A%k
Kl EFla JP 3, 57 )& 32 M EEK EFlo B,
BT AR EFlo AR TIIMBERIRAKE
WRER, AT R B NERR A IR 5 A
A (EFHAP1 ~ EFHAPS) 7415 CRIE /Mg
WEFFIEZIEN EFla P HIRN—3, TR
¥if%R (EFHAP7 ~ EFHAP9) #1 55 S 4512
PIR%EER EFla A5 TR N —3 . ARt E
H BT 5 AR A IE 5 (EFHAPS fil EFHAPG)
JPHI 5 /NERE IR IE R EFla S5 RLT
FIZER—3C (E 2.
3 Wik

KWL RFH, NRIFM PIRAIREA /N
RIS BE AR R W A, N AR R
FEF N R FH B e X Rl B, T
YTHE FTEA A6, BERA IR Rl A
WA . CAFEEE T 2kiik Col %A
FF- 51 43 A H R K ok b XN A8 4 75 083 1) 43 A7 S
il RIAEE RYDIFIUX . R P& )1
X, VOB 285 DA R TI T INE AR 5 08
FIPE Rt AF IR A3 704 (Lv et al. 2013, Yang
etal. 2019b). B FiRHLIX Ak, AHF 7T HGE I R
LT ) B T P R B B AR BN 1R
X, F HAEZHL X /INE A IR AN A 77 0 [
By

L 2 FEE BENS S B R I AR D7,
SRR A o R P oG PR AR A ) — o
M (Frankham et al. 2002). AWFF LI, FEH
TS ASREE s, AR LA TS /NEE
FFUE 3 AR, TEHR 4 NRAE IR B
INEREFFIE 1 AL, BRI, SR TN
ERRTFIRI A ZREE (h = 0.399) HLHAd
KW (h=0511) AREMHEP (A
=0.722) /NEREFFIRMC, DNEWR IR R
ZFME (= 0.017) 5REIEANRHX (7 =
0.016) AFEF=HIEPE (7=0.018) L (Hayes
et al. 2008), AL R EREmE. W]
M~ ] R ISR TNE R ARIR N A T 2
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1.00

P. lineata FJ710310

INETEFIR P. canaliculata KP310443
%/J\%‘;?Eﬁﬁg P. canaliculata Hap20
INERFFIR P. canaliculata Hap19
— /INEFEFHIZ P. canaliculata Hap22
H/INE R AR P. canaliculata KP310439
L /NEAREFFIR P. canaliculata KR021020
INETEFFIR P. canaliculata Hap17
INEREFFIZ P. canaliculata Hap16
AE 6{;%‘?&%@% P. canaliculata Hap14

INEEFFIZ P. canaliculata Hap13

— /INERR IR P. canaliculata Hap15

— /NEAE IR P. canaliculata Hap23

— /INEEFFIR P. canaliculata KT852757
L/NEREFFIZ P. canaliculata PcaH3
INERRFFIR P. canaliculata PcaH2

INEFEFFIZ P. canaliculata Hap11
INETRFFIR P. canaliculata Hap10
INERRFFIR P. canaliculata Hap8
INERFFIR P. canaliculata PeaH1
INERRFFIR P. canaliculata Hap9
INEFEFFIR P. canaliculata Hap7

—BaAFRh Cryptic group Hap4
£ Cryptic group KT852790
1.00 [ M7 Cryptic group Hap5
FafERp Cryptic group Hap3
K FEFh Cryptic group Hap2

1.00 PSR HIZ P. maculata Hap24
' [ﬁ’f,&?@ﬁﬂ?‘ P. maculata PmaH1
B AR P. maculata KT852786

B HIAEFFIZ P. paludosa EU528477

B 1 ETHRFRBRELRE COl B H R NS
Fig. 1 Bayesian inferences (Bl) tree of Pomacea spp. based on Mitochondrial COl gene haplotypes sequences

B LA “PeaH” FRoR/NERAIRI ARG, MK “PmaH” RFARAFRH BAA, HEHMHSNARAMEHNRT . TR

HIBUE Y DU SRR (= 0.95).

The haplotypes in bold represent the haplotypes detected in this study. “PcaH” denotes Haplotype of P. canaliculata in this study,

“PmaH” denotes Haplotype of P. maculata in this study, subsequent number means haplotype code. Numbers above branches specify

posterior probabilities from Bayesian inference (BI). The posterior probability = 0.95 is shown.

FEPERIA (Yang et al. 2018) . [H]_EIRHFFAHLE,
TRIN T INERE TF IR B L Z R MK ER. B
H 5 E IE 2 RAA D-loop X B 5T ELPH FE 5 4
MNR KO BT (Micropterus salmoides)
EL ZRE1E, RIS B A8 (founder
effect) ()5 M 2 A KK (R 84% 22 FE % (Frehse
etal. 2020). Bondareva 5 (2017) F&TZkifk

COT F:PE 0 LG 2 A1 17 178 R DL R 2107 4 30
(Leningrad Oblast) 3 7 ANSRAF Hh 193E iy 2
(Arianta arbustorum) P, 25 FREKPY) T

BN AR HE IR A P B AR R AR L 2

FEVE, TTRE A2 H Mk £ 245 (bridge-head effect)

TR o HED T3 IH T /NE AR A IR EA B KT

FREAL 2 FEVEPT RE 2 O MRS T 1 i
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AB757869
— AB629958
096 | —EFHAPG6 A
- EFHAP5® A
— AB629965
AB629959
AB629960
0.97 AB629969
AB629968
AB629966
AB629987
AB629986
AB629979
— AB629985
AB629983
L AB629982
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Fig. 2 Phylogenetic trees constructed from the haplotypes of EFla genein apple snailsderived by Bayesian method
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The haplotypes in bold represent the haplotypes detected in this study. Numbers above branches specify posterior probabilities from

Bayesian inference (BI). The posterior probability = 0.95 is shown. “Circle” represents P. canaliculata, “triangle” represents P.

maculata, as identified by the mtDNA COI gene sequences.
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2021, Lawson etal. 2021). ZRRIAARIER Fr 51K
I S A% LR 4 B B A (] 1) R Gt A =
MERAZIEA — MR (cytonuclear
discordance) (Hunter et al. 2018, Lee-Yaw et al.
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