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ABSTRACT

Aims: Apple snails (Pomacea spp.) distribute widely in the Chinese provinces south of the Yangtze River, which are
spreading to the northern regions every year. We aimed to determine the identities and distributions of Pomacea species
in the lower reaches of the Yangtze River.

Methods: In this study, we collected apple snail samples from 11 populations in Shanghai and Jiangsu Province at the
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lower reaches of the Yangtze River. From these samples, we sequenced 270 mitochondrial COI sequences. We retrieved
the published Pomacea sequences of other Chinese populations (in the China’s mainland and Hong Kong), Japanese
populations, and the native populations in Argentina and Brazil to form a COI dataset of 972 sequences from GenBank.
We first identified species based on genetic distance and phylogenetic analysis of haplotypes and then analyzed the
population genetic structures based on the parsimony network under 95% parsimony limit using the COI dataset. To
compare the genetic diversity of the populations from this study and other Chinese populations, we calculated the
haplotype diversity (Hd), nucleotide diversity (xr), and average number of nucleotide difference (k) for the populations
of P. canaliculata and P. maculata. We conducted the hierarchical analysis of molecular variance (AMOVA) of the
populations from the south and north of the Yangtze River for P. canaliculata, due to only this species distributed in
both banks. Finally, we determined the introgression patterns by genotyping the nuclear EF I« using the primer-specific-
multiplex polymerase chain reaction (PCR).

Results: We generated 10 haplotypes (Hap1-10) from the COI dataset, and identified Hap1-9 as P. canaliculata, and
Hapl10 as P. maculata. Pomacea canaliculata was found in all the surveyed populations, while P. maculata was only
found in the Jiangsu populations north of the Yangtze River. The parsimony network of the populations of P.
canaliculata split into three sub-networks, and each shared the haplotypes from Argentina. Notably, the sub-network
containing Hap5 and Hap7 was firstly discovered in China. Both the parsimony network and the distribution
frequencies of the haplotypes revealed that the population structures in this region were similar to the Japanese
populations. Hap10 of P. maculata was identical with the dominant haplotype in other regions of China, which was
shared with the haplotype from Brazil. The population diversity of P. canaliculata found in this study was the highest
compared to other studies (Hd = 0.627), whereas the population diversity of P. maculata from the highest (Hd = 0.356)
in Hong Kong. The populations of P. canaliculata across the Yangtze River were divided into three groups by AMOVA
analysis, with the major source of molecular variance contributed from the groups. Genotyping the nuclear EFlo gene
of the apple snails from this study revealed 52.6% hybrids, which was higher than that of the native populations.
Conclusion: The P. canaliculata populations in the lower reaches of the Yangtze River likely result from multiple
introductions from Argentina, and provide a new history of introduction of P. canaliculata in Shanghai and Jiangsu
Province. Pomacea maculata may be introduced from other existing populations in China mainly in Sichuan Basin and
Zhejiang Province, which are derived originally from Brazil. The high proportion of hybrids suggest continuous
introgressive hybridization during the invasion process. Our results provide important information for the monitoring
and effective control of invasive apple snails.

Key words: biological invasion; molecular identification; population diversity; mitochondrial COI; introgressive
hybridization; spread
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(Cowie et al, 2006), 477 .9 B &M, LM,

BRI ORI B30 A X AL X (Brito & Joshi,
2016). 7EIRE, EGFBREFUTHAERNIARE
EIRGE, BEJR IR AR, JE7E201H 24080
FEARI R A B 7R 4 B IE Y B (iR EE, 2010;
Yang et al, 2018). HHT-4& AR5 M (R 26
(Angiostrongylus cantonensis) %5 % i i XU N & 3
BArEl, FEULEEAETNE, HREFRFE
-k 1% 55 #h (Hayes et al, 2008). 1244 A8 CL7E
KREMFLIINEX TR R . /. 5T
P @, L. PO ERR. WARS. Wb, e
WL, o5, B, B 838) 29, AR
iR A AR PR N AR I 8™ B B (Yang et al,
2018, 2022; Hy/IMFEE, 2020; X1 L%, 2020). Ak,

HESH) S RAR LR S5 R KK A BRI SR 7K AR
YIRS . 2 FEE R R BH, e E K
HEETZE.

JEE NATR T 46 5 R AR fa 55 O BR Z
AR, AR FEAR A I [ AR A 75 3 R b 288 B 43 AT I
ANERE . ARV 2RISR, o,
PR R 5 5 L 25 S R I AR A A 1 4 1) B 2 (Hayes et
al, 2012). -1 PN AN A 9 NARARFF IR LA
/N A 77 12 (Pomacea canaliculata) (Hayes et al,
2015), Ak, FIH B REAE SRR R, 8T
FFAHEABELLRT . RGEKE R R JTFHIRHES
P (x5 A%, 2018), AT LASEBlAE B Ig Rk
HIA R 2 (B 165, 2016), M AR 7R 432K
AL T S50 BN, Yang5(2019) 3 T 2ok A 4H
it € K c AL BV £ 1 (cytochrome ¢ oxidase subunit |,
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COI) % [X 7 51 I DNA 2% TR 53 A A FR 1] 43~ A7 1 4
T WEFhOEE SO N AR AR B AR A7 R
(Pomacea maculata), &ML FELERN; 3 —B 45
HIRTE . HARMRRIRE . P R AIBTE A SN RS
FU, FIX — B2 AF Fh i 44 8BS Bk 48 77 12 (Pomacea
occulta) (Yang & Yu, 2019). 471 £ B /N 4R 77 18
ERE MR, LT &8 mIA M, B
R AR A7 I8 O B 1344 1, B ASAR A5 8 23 A 304 )1
FHh. Wi, VL9575 (Yang et al, 2018, 2022; %
T4, 2021).

ZEAERA . BT RLER RN, AR A URTE A
BRIY B H 2. Lei%s (2017)HHE4Fh o A
FLAY (SDMs) 73 BT, & T PR 1l /N9 48 2 MR AE A Bk
B B o SRR TR A A R,
WIAE 4> J5 504 PN /)N A 75 18K A 7 P A0 36 58 9 1)
Jb WP 1) 2R — A L, A Rk AR XK 3
3.3%-10.3%. R %3 LA PR T o BLAl, £
AR IR A AL A B AT R T RYIH 5T
LvAE(2011) 1 IR DA I 8 5 /)N A 7 W A 2
B FE 55 GISZ &, Tl 20204 /)N A 73 B 7E 3K
[ e AL 20 A7 T B AT TABL N #7375 45(2018) A,
TN B K B SR N S s e R 1, TOOAR 5 R LE TR
[ 1 3& 4 X B S o835 °N; Yin%5(2022) B Ft K, #x
Wiz 2% JEE 11 I K AR B 72 3 A0 118 e vy iR R /N A

FFIEAERRE Ak EEAE ], BEE SRR AR AR

INERRFFIRA RN 2 — 2D IR E L X L
R, MRFAFMRIETT TN & Bl X ORI &4, 18
RHEGEKEET RGP NEE, 582 RE
(Yang et al, 2019). A1 & B, 2019445 75 12 5
i e A 2118 32.43° N FIVL I3 48 28 00 7T (HR /N 1 25
2020).

B AL, A T R (BTSSR RIS R
HUHIAIF 9T 3 5 . MatsukuraZs (2013) & k) FH PR
HIE A V) B ApaL I X % EF 1 a2k R BB D) 3 %2 251k
BAT b, RILEA. BhE. FEHER. BN
A MR RN BE s A A MR R A T P [RI A4 A8 W5 . Yang S5
(2020) 4 2 T A AR A MR A X B S 51 2
PCRIJ7V%, Rl 7 R4 H F E 1248 0 4R 518, 4
BRI A/ NERRFFIR . I A/ NE AR FFIE
FBE fUAE 75 8 AR G AL 20 A2 PRE IR B AT i) 32,
FHHER T AP I IRTEAS, WIgpE R NGk B A2

TGP R IE 2 (8] HEAh, 755 = Hi AR 42 |
(Wi NETE as e o el ESI AN =g iaed S I e e pad o
FF A] 15 44 32 (Yoshida et al, 2014; Glasheen et al,
2020). i3 SEe E ARG, A T NVER IR
B AR AR B T IR R 7T, T = AR5
PRI K T T BN Gl Fh 2 (8], X 5 H A H 8]
W ZE IR — 5, RIS PhE AR AE A 500 (1 26 B
T T PR AM 8], HEMETE A B T3 3
SRR FF IR IR SE M, R R G e G IR Hh XA
(Matsukura et al, 2013, 2016).
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1.1 #HEXRE

20204F10 H £ 20214E10 A RAE KL F 11 h
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A8V, R TH 5L X PR (SHBS) A A
TN T SR X (WZLZ. WZMIB). B 1L A 8
(KSZZ)F1H 36T i 5 (CSSH) 4ANRIEE, DL IGIL
K VT R R R BTy B (CSGL) Al ik X s T
(ZIGFH. ZIGXSC)Ffft; VL T AL AL HE 47 H i
JTBRIX(ISYZ)\ 28I 17 D40 T (ISTZ) il i 1l 30 it
HISSQ) 3 FEE(ERL, K1), HA, fEiEimgt s
(118.25°E, 33.47°N) N LI RAE s RIEFEE L
KLU AAG SRR 32 SR FRTIE,  IST ZBRE ]
TE AN O HEEE H, ISSQFHHER: HHIvH, ZIGFHFP
KEVEE, HAFRER AREEEUK AT EH .

HH AR AERE AR, S 548 F5 08 8 A 76 TE S RHE
(Hayes et al, 2012) J 3% [E FH [a1 ¥R 7K 0 - Fp B 1R 2
I EAFAE (P 45, 2018)BE4T %508, Wb 4 5E iR 4
(FIREA AR 5 08 R (P37 1)

B AR A,k s T RUEVEE (ZIGFH) Al 15 3L
Tt £ (ISSQ)FF s 3 i L & 134N FH 104N B B,
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Table 1 Sampling information of the apple snails collected from the lower reaches of the Yangtze River

Y ST B 4E A P SR

Code Locality Code Longitude Latitude Habitat No. of
(E) (N) sequences

1 T E X =K Sanxing Village, Baoshan District, Shanghai SHBS  121.36° 31.31° Ji[i4 River 20

2 RPN S X B4R Luzhi Town, Wuzhong District, Suzhou City WZLZ  120.48° 31.14° KL Aquatic 30

3 TR TR X 5K ueAT Majiabang Village, Wuzhong District, Suzhou

City

vegetable field
WZMJIB 120.46° 31.14° KAEESEH Aquatic 30
vegetable field

4 1l H48 Zhouzhuang Town, Kunshan City KSzz 120.56° 31.21° F4H Paddy field 30
5 H AT MIM4E Shanghu Town, Changshu City CSSH  12042° 31.36° #%H Paddyfield 30
6 AT B4 Guli Town, Changshu City CSGL  120.85° 31.65° #%H Paddyfield 15
7 ik R T XEAE R 1 Fenghuang Town, Zhangjiagang City ZIGFH 120.62° 31.76° J4IE Ditch 17
8 Bk RUEEA TR Xingshi Village, Fenghuang Town, Zhangjiagang ZJGXSC 120.68°  31.78°  f%H Paddy field 28
9 a(‘:;))l/l i) B IX 73k Shatou Town, Guangling District, Yangzhou City ~ JSYZ 119.50°  32.34° JiiE River 30
10 BT KA 4 Guma Village, Dazou Town, Xinghua City, JSTZ 119.92°  33.15° jiiE. #H River, 30
Taizhou City crab field
11 f5iEmHyEE Sihong County, Sugian City JSSQ 118.25°  33.47°  JH Lake 10
118°E 120°E 122°E

33°N

32°N

31°N

[ 4
155Q ) seveny
Hung-tse Lake

50 100 km

- - ——

Ell AMRBEFERELIRETAMOVARR S SE. SHORERTRER, B—&XBERRE—AHE, BEPHESS XL

e

Fig. 1 Sampling locations of the apple snails and grouping based on AMOVA hierarchical analysis. Solid circles represent sampling
points, the frames in same linetype indicates a population group, the meaning of the abbreviation in the figure is shown in Table 1.

1.2 DNAIZEX. PCR¥ &M

HUZJ10 mg i i 2 B kL G 42 HURE R ZHDNA,
5 B8 2 2 (LY 20 Ff 4 27 05 [R] 4 DNAA B Bt 771 4
(TIANGEN, Fig)ui 4. & i3RI DNAKE
100 pb ddH 0 H1, {3 FH 1 & 45 4 53 ot e B AX
(NanoDrop, ND-2000)f Il # f& &% 46 ¢ )5, & T

—20°CIRAF o

A% 38 FH 51 0% LCO1490/HCO2198 (Folmer et
al, 1994)F £ ki /K COIFE A F BL . PCRE R 45
12.5 piLffjTaKaRa Premix Tag, 9.5 pLfddH.0,
TGP0 pM) L pLbL KL Pl ZERIZHDNA.
PCRJ N2k 11 94°C T 143 min; 94°C7AZ 1430 s,
50°CiE k30 s, 72°CHEfH1 min, JL34MEFR; 72°CHE
110 min, 4°CZ& 1k Mo A F 1% 0 B g b e e Xof
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PCR™HHEAT HLUKAS I, A4 3845 (1) FH L3 3G 7= )58
B A TAEY) TR A PR 2 = 2By .
Geneious v11.1.5 (Kearse et al, 2012) 844X} R 46 7
VAT N TR BB I W s 5| 9 5 SRR & P 8
1.3 COIiEE

BTAFREL 7 kb 2R R E L A EA AL
S BAS TS VG R R AR S MR ) 4 A7 SR COIL 4711702
%, SARWFATII270%% 7 51 L 2 97255 17 4
B AR . Hodr, A B REFR R QL HE3195/NE R 7
BRSP . 305K PE AR A7 18T 41 (Yang et al, 2018), LA
J% 682 Bafib R 77 W8 7 5] (Yang et al, 2019); FFisFh
FEAr M ELFE/ANERRFF IR B 5 AR 75 DN S b4 75 1
311394 1041134k (Yang et al, 2022); H AR
T IR 19 2% /N A8 75 W8 T 271 R 29 2% B R A 75 08 )
(Matsukura et al, 2008); Bu[4R Rl 13255 NE AR
T35 R T HI F13 2% B ri 48 75 W8 7 41 (Rawlings et al,
2007; Hayes et al, 2008, 2009); = JGFdH: (1K BE 2545
F R ¥ 511304k (Hayes et al, 2008; Glasheen et al,
2020) (P%2). Horb, E. PEFHED H A
TP 5 A M ERRREE P 51, 17 B AR S 0 B P A A 1
75 3B R A RTF 5
14 FIEIMESRELESHT

H4 #H5 4 48 F Geneious v11.1.5 (Kearse et al,

2012)#t 47 4= R Lb Xt J5, {8 FIDnaSP v5.1 (Rozas et al,

2017) 4 B L5 7, fifi FH] Geneious v11.1.51 5 B %
R 2 E) HK2P I A 1 5

DL A4 7712 (Pomacea diffusa) (EF515067)fF
NANEE, F T RHARE R (neighbor-joining, NJ)A I
-1 (Bayesian inference, B)/E RA K EW . ff
FIMEGA X# 4 (Kagawa & Takimoto, 2018)3E T
K2P H 2 f s NIA, B 15 1 B 91,0000 1
jModeltest v2.1.107 BICTH 5 H e (EAZ H IR & AR
PR HKY + G, Jf ff F MrBayes v3.2.5 # 4
(Ronquist & Huelsenbeck, 2003)4ZEBIM, [Fi iz
ITAN Ty R A K (MCMC), 1% 545,000,0001%,
1,00048 i 77 — KB, FH burnin 304 37 11 25% Ji5
AR
1.5 FhEHRfEEMMELRIE SN O

1% 5E AR A5 BRI K L il |, X COIEESE4E
FS IR 7N AR A R B AR A MR 5% B R AT P gt
45K 53 BT o # FHTCS v1.21 (Clement et al, 2000) %}

AR SMAT AT R I8 0, 8 B ST £
TE 32 FLBR (parsimony limit) i3 & S495%.

0T AR T BT 2 B KV VL R AN i e
B CRR B ERFE A S A U P NE AR A
BRI fAR AR MR AT B 18 A% 22 I LB i o A
FDnaSP v5.1 (Rozas et al, 2017) 15 /N # A 48A1
DE U 75 03 (1) B 1% B 2 #F 1 (haplotype  diversity,
Hd), #% 18R £ 1% (nucleotide diversity, =) FI1F-1511%
TR 7 7+ % (average number of nucleotide difference,
KSR Z RS ST A il X KT
Jb/NE R TF IR TR AT T R 2 R PR LR AT,
D5 7~ 12 Hb X VT R b A 75 W8 b 15 % 22 PR )

T B R VL 5 A L b X AT R b AR 75 R
FEHIK &, I FISAMOVA v2.0% 4 (Excoffier et al,
1992) % 114> Hiy 3 A 71 1) /) 7 4 73 IR 2E 1T AMOVA
EURGNT, WBE A N2-TH, SRR B
Tamura & Neit&i Bl 171,0234 B kb 46, 5114
by PR 1R 23 2H LR 5 PR AR S R IR AR S R
1.6 FZEESH

187 F Yang“%(2020) & & {5 ¢ 51 ) £ EEPCR U7
%, FIFH 5149 41 EF3Fc/EF3RC/EF1FM/EF3Rm 2 47
IR EF a7y B3 Hr . AEH3.5% (Wiv) B I AL
HELUKAS I3 L3 34 724

R R R AR COIZER(C. MIBN)FIAZIE R EF 1o
(C+ M. BENOIL[FEHAIWRE A MR R Fe 5 8. Hod,
RARCONRE R 58 N/ NERRFFIRN, %I EF Lo
5w N NEHE TR R CCRY; BRI EFla%
RBE FARFFIR ) CM AL, B IE R EF 1o %8 58 /NE
FEFF IR A B p AR AT IR S I 2 CBAY . [, 2K
i AR CONJEE: BRI 45 e B A4 A B, AR AN [ 1) 4%
R EF 105y 0] 43 AMCHL. MMAFIMB 7 374 2%
T

n

21 RBHEBMMEE

AHIE TS 7 FRAF AT R U UL 5 A g A
8 73 W8 1 270 % COI J¥ 41 (GenBank J¥ %I =
MZ396656-MZ396815, ON054061-ON054170). Fr
MERESHE, PEERLEA, ERFRTR
TEAE UL 97245 COLF HIBLIR 55, &7 5%
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L EEIYIN579 bpi)—BUHE 5, FEAE RT3
A5 R (Hapl-73, Fif=%3). Frill T NigvronAn b
WG PR AR A BRCO T F1) 43 A T 845 B Hap1-10.

W 7 FUARABUE 23 BT 734 B 7R 5 25 34 (.
2). Hrr, —4 35304 A, Hapl-9f/ N
16 75 02 (% Hap11-31, 2H P 38 4% B B N 94.0%—
99.8%, #H A58 1% B 25 489.0%-92.8%; & —4HAHE
38N, HaplOFNBE rii 4 77 W B A5 1Y Hap32-68,
21 PN A B B OA 94.8%-99.8%, 4 1) gt A% H B A
89.0%94.3%; 5 = 4H A7 Ba b 48 75 0 11 B A% AY
Hap69-73, 2H PN 15t % #H 55 24 99.1%-99.8%, 4H 1] st
A 115 55 °4189.6%—94.3%.

Pt INIFNBI R G2 K B 4 IR 40 4 45 0 — 3
BIRA B BASE SR (KI3) . NERRAFIR .
BE p A8 A7 0B RN B A AR A5 R ) RO — 3, BB
MARFFIR L AR IR B EUE M RA K E R R
/N AR T 1L Hapl-9 Al Hapl1-31; B 55 4 77 42
£ % Hapl0#1Hap32-68; Kbt 75 1% 45 Hap69—73
(E13).

7 AR AL A 2R G2 R B R &R 4 R IL R R,
AR RE I 4 e B AP AR 77 12, Hapl-9 8 /NE
WAFIR, A 23ANFEAR, (SRS E186.67%;
Hapl0 & B & 48 7 4%, B & 36 FE M, &k
13.33%.

F??'H‘E fel Bz Sequence similarity

P. canaliculata
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;nn NO iﬂ Nv
55%53&533 L
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NNN O O 300

ﬂ< ﬂ:g-ﬂuﬂqﬂq

1°°”°=Lﬁ W.—AZ'E‘:_,_
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[ P. occulta

O\GOM Rl ot =Ton)
vw'ww‘:

ERRLERE G S
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,ﬁﬂ‘ﬂ—.—.—'———.-..ﬂ—.h_ﬂ—:.q——u:—hﬁﬂnﬁ-—l-_m
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L

E2 ETKoPEMGEZEMNEAGSEFTIFEINERE. P canaliculata: /)

FHZ.

ERHIZ; P maculata: DTS AEFIE; P occulta: BRFL4E

Fig. 2 Heatmap of the sequence similarities based on K2P genetic distance of the haplotypes
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Fig. 3 The phylogenetic tree constructed by the haplotypes of
apple snails from the lower reaches of the Yangtze River. The
branch nodes of phylogenetic trees denote neighbor-joining/
Bayesian inference bootstrap supports. Only the values > 60%
are displayed; Hapl-10 shown in bold are haplotypes
generated from COI sequences from this study.

22 BERSH

N AR FFURAE BT R R I LA M B Rh B R 2
JrAfi(Hapl-9), LRt (SHBS) X AT /NE AR 77
1, & HaplfiHap7, H A Hap7{U B 515751,
B s 77 1R (Hap10) X 73 A ZE VL 75 b X VL AL 3
AN HLERFPEE, BRI MR EEOSYZ). RN FIEEISTZ)
FTE PP EEISSQ); A M LABE 254 77 18 4
PPl (1576.67%), FAhFHHEESS LL/NE 48 7 08 R 3
Fh(#2).

Hapl2/NEHE AR LA A, 51265
JF A, 5 BT B S B 46.67%, 4y A T BT
(SHBS). 73N T (WZLZ. WZMIB). E11111(KSZZ).
W T (CSSH) . 2= N T (ISTZ) Al 45 3 117 (ISSQ) 5 7
MMPRE(ER2). Hap2-67r AL 155k 215k 287k
22% 18%k /741, Hrf, Hap2 AHap3 %2 A5 -2/  Fil
#¥, Hap4H1Hap6 737 {X 7E 7k ZX #5117 (ZIGXSC) #1147
PN T (SYZ) 7 Aii, Hap57E 75 M T 52 i X (WZLZ
WZMJIB) % # #4117 (CSSH) K I (#2) . i iENCBI%k
P ZEIBLASTN LU XS R B, Hap8-9 1w A 7 FH A dh [X.
38, AT AR B R SRS, A A
T AP (CSSH) FI Tk KB I (ZIGFH) (22).
2.3 NERFENMEHEEAEN

AHIE TS BT AA) 22 1) CONVERL £ L A0 75 /N AR 77 1
304 B % B (Hap1-9 Al Hap11-31, ff 5£3). H b,
Hapl/2 s K Eas Y, L& 370567 41, HiFiR
EFEES SN RHPEEIE R, Hapl@ i B KL Rif
TLIA R (126 2%) B FIEE(994%) LK H A
FREE(726) AR A A5 1Y, 2 LR R M b KR P
[R5 — K B Y (1294%) - Hap2—4 e o [ A Al H A
FREFILEE: Hap2/2 O R 2 10 o L KRt b 10 f K B
fEHY(15945), e F P28 — K 1Y (325%),
{ELAE Fp VT I3 Fh A R AR Foh o 2 o) A 0 381 15 2%
FLZ& 7 51; Hap37E H VL 75 R A H AR 73
5 2 5, ARAELE 156 TR SR IR Hh [ KRt A
#5741 (GenBank 5 KP310290); HapAd7e sk 5 ik fh it
(ZIGXSC)~ TR R H [ KTl Bl A H AR AL
&2 %A, BAEE 1 E W R 5 (M 3£3).
Hap5 1 1 [E /) 75 0 17 %= o X Fh B (WZLZ .
WZMJIB). B FRE(CSSH), LU H AR EE =
Hap6 (YL 75 3 MR R R 3 Hf [ KR A e (v
IO H AR EESE 52 Hap7J2 b i A e A0 B 4R 5
FREFM L Z B R (K3, #2).

B B 2% 4r BT 2R BH, E95% I 17 £ 7% 422 R
NNERE TR R B R AL S A TN % A-D, A
W 5E BT AR 2 A T B L 25 A-C, N 4% DAY L
Aok E BT HLEE AR (O Hap22 (1K14). Hirf, M4%A-B
B3] R N T VR i 2 S N S Aede N ES N T3
FMEE AUSPPEE, DLAL H AT A0 AR S
T P 265 CAN. R ASAFF FEU 7 P H AP e AT i A2
FIEFIL (). AT AN RAER, DiHaplh
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R2 AHIREHIEMEMNCOIAZE S H., HamSIEL
Table 2 Distribution of COI haplotypes of the populations from

this study. Location code see Table 1.

LR ir] FF A= SHBS WzZLZ WZMJB KSZZ CSS
Haplotype No. of
sequences (%)

H CSGL ZJGFH ZJGXSC JSYzZ JSTZ

JSSQ W

Species

Hapl 126 (46.67) 19 23 16 30 27

Hap2 15 (5.56)

Hap3 21 (7.78)

Hap4 28 (10.37)

Hap5 22 (8.15)
Hap6 18 (6.67)
Hap7 1(0.37)
Hap8 2(0.74)
Hap9 1(0.37)

Hap10 36 (13.33)

INEHR AT IR
Pomacea
canaliculata
INERRIFIE
P. canaliculata
INEHRFFIR
P. canaliculata
INE AT IE
P. canaliculata
INERRIFIE
P. canaliculata
INERRIFIE
P. canaliculata
INERRAFIR
P. canaliculata
AN AR
P. canaliculata
NEPRR AR
P. canaliculata
B 5 AR A7 U5,
P. maculata

15

23

© D)
Hap22 “

Hap21

Hapl4

Haplé6

Hap17

(B)

el
Number of sequences

AR

This study

opE R B R

Published by China’s mainland
AP it

Hong Kong, China

H#&

Japan

B R AE

Argentina

E4 BETTCSRAERIMNERFIBRMERME. 95%EAEERRTTEANTFWEA-D); BHXNSFIIEMIEL,

TRIERKETEIMEFE, BEERRRRABER.

Fig. 4 Haplotype network of Pomacea canaliculata based on TCS model. The haplotypes network of P. canaliculata splits into four

sub-networks (A—D) under 95% parsimony limit. The size of the

circles represents the number of sequences. Pattern types represent

different geographical populations, with the white circles indicating missing haplotypes.
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Huty, oAt B RS2 DL 1220 W PR B 4 A T DU R B
Hap8H1Hap134t, x5 Jy B AR 2 e 1) H2 £ 7Y
(Kl4). M#EBEL &8/ A5, (Y Hap20k B fif i &
BB, O8O B R R Y S L B A B (Hap2 .
Hap3-4. Hap6. Hap9. Hapll-12)i%4%(1%4). ¥
HCHH E ML B, LA H AR R &
Fh e () B RS 52 B HapS AlTHap7 4k, 4% s fs
Rk AR E (K2, El4).
24 MEEFIZNTEHE LS

COIEHE B P A8 1 ) B A 3 v 40,5 38 IR ki A
T 2 B % R (Hap10F1Hap32-68, [ff5%3). 7E95%K]
A LER TR T, B AU 75 2 T A5 Y I 2 73 J 7
MNFME(A-G); H, BRMZEAS AL A 5
B P A ) B TR (1515) o RS AT LA 523 B (TR
Hap10/2& i K A B sS4 77 R s A5 28y o [ 9 5
FhEE. CRERMEREEFEE. TR, DLEH
MBI ML, RN RET B,
Hap32 24 & & 2 1) i R R AP A58, S5 Hap10
RPN R B BT Hap33 A kA i s A Y,
T I 1A B 2R LA R 5 T A S B 5 2R Hap35 3 42 ;

(A) (B)

Hap55

Hap34 t H A4 5 A @ Fie 2 (f %3, [&15).
25 ThERERfE AN

AHIF T /N AR T A YT DA g B (1 P B st A
Z RS, Hd. oATK{E 7 51°50.627 . 0.02546 71
14.744, HRBZAKIL LRI, DE AR A7 R Ao o,
FUSPh RIS AL Z R, VLR ML 2 R It A
fIR(F3) o YLIRAN bt X /)N A 5 MR ) VL L g
FE(SHBS. WZLZ. WZMJIB. KSZZ. CSSH. CSGL.
ZIGFH. ZJGXSC)5KITLAILF#EISYZ. JSTZ.
JSSQ) A AHIT (R M 18 A% 22 FE %, Hd )] 240.627
F10.611, 741°40.025467410.02541, k435 M14.744
A114.713 (#3).

AMOVAJZ R #T 4y 85 R, AR E
N2-THEE, YT AN L X /N AR AR B KT
PAALFRHE 5 KT DA R MR AL B R AR, 0 9 T 2R
A /A FREU(FCT) ik M0.78503 (Fff5%4) . TEFCT =
0.7737T4AR ¥4 FIr K AR 1) /INE AR A W P 73 I3 2H A
55— B AL HE g B R (SHBS) KW VR R M
(WZLZ. WZMIB. KSZZ. CSSH)LL J 15 if Fi it
(ISSQ); B A BFEL B IL RS R 5K K HE(ZIGFH)

©
Hap48

Hap52 Hap51

ol

Number of sequences

ABFIT
This study

] hEKER R
-{ Published by China’s mainland
R
Hong Kong, China
HA
Japan
PR EE
Argentina

m:
Brazil

E5 ETTCSRAEEIUMMCEFBABREME. 5% EHAEZEFRT AR FMEA-G);, BHXNSFIIEMIEL,

T RERARARFMIEME, BEERTREBEFE,

Fig. 5 Haplotype network of Pomacea maculata based on TCS model. The haplotypes network of P. maculata splits into seven
sub-networks (A—G) under 95% parsimony limit. The size of the circles represents the number of sequences. Pattern types represent
different geographical populations, with the white circles indicating missing haplotypes.
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R3 AHRME. EARNDERMEEE BN/ ERFENRLEFIRNEE SN

Table 3 Distribution of population genetic diversity of Pomacea canaliculata and P. maculata from this study, published by China’s

mainland and Hong Kong, and this study

Wk bR Fe31% LR v REMZRY:  RHRZ A R 172 7 4L
Species Region No. of No. of Haplotype Nucleotide Average number of
sequences haplotypes diversity (Hd) diversity (z) nucleotide difference (k)
NEWEFFIE KITLAF South of the 200 8 0.627 0.02546 14.744
Pomacea Yangtze River
canaliculata
KILLAE North of the 34 3 0.611 0.02541 14.713
Yangtze River
T EKRE 2 &% Published by319 7 0.587 0.02543 14.722
China’s mainland
7% Hong Kong 139 5 0.441 0.01956 11.324
B sARAFNE VL5 Jiangsu 36 1 0.000 0.00000 0.000
P. maculata
W E KRG 2 &% Published by30 2 0.067 0.00035 0.200
China’s mainland
it Hong Kong 10 2 0.356 0.00430 2.489
R4 KITHEABXNERBFEMHCOINFERFED

Table 4 Variance analysis of COI molecular variation among populations of Pomacea canaliculata in the lower reaches of the

Yangtze River

AR AR H il T Z= M5 AR

Source of variation Degree of freedom Sum of squares  Variance components  Percentage of variation (%)
ZHEE1H] Among groups 2 122.265 9.56034 7.37

ZH B AL Among populations within groups 8 165.622 0.89486 7.24

FhEEPN MR E] Among individuals within populations 223 423.865 1.90074 15.38

J2 AR5 Total variation 233 1,811.752 12.35594 100.00

W BL(CSGL) LA K ZRMISTZ) R, 26 =41t
F5 9K X H#E (ZIGXSC) M4z M ASYZ) Fh BE (&1, [ =%
4), BB SRR, ABEA . GIREAN R R DL
S A AR B A 7 0 ) o AR SR 1R 7.37 % 7.24%
H115.38%, R AHIBEAR S 32 SRR T4 B (24)
2.6 TE)ZAZENES

BT 45 7 51 W% EPCRIK I V4 X /% EF 1ok
R B, 59 S8 = AL 7125 bp i Fr B U0y
INEREFFIRAY(CHY), AL Er151 bpl Fr Bl iy
RPE FARFFIR A (MAY), [RI A7 125 bp #1151 bp
(R 2 i B ) W S /)N 7 A 7 W RH B A A W
4 7(BAY) (E16) (Yang et al, 2020). £5&4kifACOI
B FIZEEREF Lo g Hr, SLATIBI6F 8 2. 7E
/NG AR T W R SRS I B 126 4 4l Bp(CCAY), 5 L
53.85%; CBZYFICMAL 37 (535.90%7F110.26%. F
W, H G BLURPRE(CSGL) MG IE A EE(ISSQ) /N
FEFFURYS AP, AAE B FHE(SHBS). KV
Rl B (WZLZ . WZMJIB . CSSH) Al ik 5% i Fh Bt

(ZIGXSC) ANFRHRIMBICMAL . 5/NERFFIEA
A, P& AR AR e Lb i = . Hodr, MBAY
FIMCHL 43 51146 21114 (30.56%) F123>(63.89%),

g

= 3
MR &= v BR CH CR CEl BA)
g% . Mitype B type C type C type C type B type
5

gi g
[=]

p=

E6 EFZEFIoEE%ZEPCRY EMKII T aEFIRS
TATS BN . M50 bp DNAKSH:; 1-6 91T FiiEHIZ
&, 2AAME, BRI, CH, CH!, CH, B,

Fig. 6 Introgressive hybridization of the apple snails in the
lower reaches of the Yangtze River based on EFla gene
multiplex PCR method. M, 50 bp DNA ladder; 1-6 represent
for M type, B type, C type, C type, C type, and B type of
samples of apple snails collected in the lower reaches of the
Yangtze River.
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50 0 11 0 B (IS Z) 0 5 24 2 B 44 5 0
(MMZY), 5 EE5.56%.

A WRRE 4 ) A& IRIR X 85 K &BK)TiZ
FRVE o AW TR KL T Ui R A 23 A5 X R PR AT,
RIEAZIR AL Oy B g BTt &, SRR
BRAEVL IR G b X B IE A M. KT AT 75t
XA /NEARFFURFIBE m AR AR IR P N Fh, ERTT LA
FA VT PR AR g P SO W 1) /N 3 A R R K
Ao BT BRI E B A AR R = R AELE DY )1
FH L WL YA HEHLIX (Yang et al, 2018, 2022;
BT #4556, 2021); HA, BT 4% Q021)NAEKIT
DARG BVL 75 T3 M R BB RiAR A3 08, TASHE 78 K0 1
KATPAALTE I3 o X B AR AR R 1 o A, i — 209K
T RATZ A A IR SR BRI
EERE A0 KA (Yang et al, 2018), HEATA
TEARYT Ui XA I 2K — Pk NE AR TR A R
O LS A Horp R B2 Re A 1) A% 2 (Hap8-9);
D RURE 3 BRSO I 2 1S s B o 5 T b T A S
A PG AE T MR R A LL, 1200 X R A S T
B, RPNBMBEED] T BIEH N, R T
/b Al S B R (Nei et al, 1975).

CHRIERY, NERFEZTIMTZ N2 H
HIAE H4Fh (Hayes et al, 2008; Yang et al, 2018). 7%
W T R AR Bt s 38 /NE AR TR IR A, (HAEKTT
DAL 1 X 1) 2 1 T Foh e vh B A 75 0 R A S b
(576.67%), M T AP EL AT 5 i 1 BE AR 7 0
EE151(60%) . X 5 B 7 1 (%) B4 s A 7 MG IR Y 52 77
&+ LA IEY B 1% (Matsukura et al, 2016) . 11
i1, MatsukuraZ (2013)4&F X H A 43 A i 4 75 240
WKERMY, BE AR AR X, RS
AR AL /NEHE MR 30 o AW FL R A
N, KT AR I3t XA 77 08 32 B AR RT3 S
TS RK A, TERE H A iR KR AR D kA o aX AT
RE A2 T A ZR IR KRB S i e A AT e DR 38 s = 1)
T FE(Wang et al, 2019), X4 A3 85 1) 4735 A2 21 R 7
YERAE G, WAk, Z8 MApfE & S B8 1 J 30, AR7F
LB o V1P QN S X (a4 ik ST NYS | AN 8
EH T B A A 7 0 5 /)N A 2 0 B A AUk B £
T, (HBE S AR AR R B A m AR K R, e
Z . R IR RS, AR TR

b B 572 Bk (Morrison & Hay, 2011; Hayes et al,
2012).

B B ZH RS LR B £ e A SR R R B, KT
N UL TR i [X () /)N A R ok A 1 A A A
HEREC KRR EEMIREBORZE R, 1M
5 HEAMEEEALL, Mg R Y], KL
VLT RH b i 1 X ) /N6 A 25 0 T e MBI AR 3E 22 TR
MNIZ, FERI—AH B AL R 2% (K]4C), K Bi%
H X BA ML NAZ AT . 2 IR AT DL G 7 4l
(LR HRAS HE 2 R R A, AR T N AR AP I3
&2 FEIE R B R K 22 — (Eyer et al, 2021). iX 7] R
T BT T 25 A g 53 A DX 1R /N 4 77 1R
Bl LR ot Attty R R . i PR AE S B B s
FhEEEUE Z PR e B N . PP AL 2 AR T
AR ET A B S IE NV G H L P
AL 22 FF 18R =Bk ) T4 i (VanWallendael et al,
2021) 0 ZIRNARZ S T S B B R B 15 4% 22 FF
A ST A i MR AE A YT Y VL 75 A g X R T T
RLPE A AR oK H A SRR .

TL75 A _F i b XA T e S A0 AL ) /N 4 A
WRRR I AL Z A PEARL, RKICDA s ), K
VL RAAG MR [R] 25 A BAT B S st A% o4k 280, &K
VLR L 75 R0 i 3 X ) /DN i 2 W8 b A T B
KA A3/ A, HLALRE A5 A% A8 S 22
I PRI X g5 R, TR B X K
YL LLAG I /N84 75 0 mT B8 bl KV DA e A9 B0
Ko FHE DY ZH . HVCANCTT DARG VL 75 b X Y B
RO IR Y T G, T e [ A A A B B A
75 W T SR YR T B P RN BT AR % (Matsukura et al,
2008; Yang et al, 2018, 2022; % 7#5%%, 2021). Fhft
WAL G R W, BT DAV 75 Hb X (R B8 A
A7 R 5 VU 1| G AN VLR A AR A7 R — A, Bk
BT O, wEAFRE EY R A R, FEEdsl
FhEE NG 3047 1 B 2 4 1 (Cowie et al, 2006) .
AHIEFEHPE AR AR IR RO L B B, X
H ] K i Atk 43 A X0 B A 7 0 = SR A A —
B, FRATHENHC YT LG BB s A A 08 ] R ] A H
b 53 A X N ZE S BT oK . /N AR ZF MRS B A
A BRI MR SL R R 7R 7 ARV DA B YL T X ) 48
TR R Z o N RIE

AL ST N L 1) B B IR ) R R (Kagawa &
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Takimoto, 2018). JEKHTHE &IRFA PRI L ZFEVE
[ B ELHL | 2 — (Freeland & Boag, 1999). #&# W& Fh
R 4795 24 20 78 U= Mgl L S Bl R ) 2B B RS, 2k
Wi 2438 (Glasheen et al, 2020), Ff4 B st F HiAh
HIX o o, 1 =R R E G R 24 R B 451 249 4 30%
(Glasheen et al, 2020). %423 K 5 B o 1 45
AHIE 5 H /N A T WERD B s A A M R 11 24 5
Fe ) i T B e, R BAMNS A E R I FE P E
SR, ATREERHENRY b R IEREE/EH . Bt
A, Yang % (2020) % H 304N T 1) /1N A 75 W A
B i AR AR AT RIS AT, R I AR AR
W2 (CCRY) EL 151 A26.86% - £RHar 1A R BT psi A 75 W 17 A%
S/ NEREFFIEHIMCHS (5 1635.29%. 54 EH
fiby b X 48 75 02 Bl BEAH L, A BF 7T RPRE A CC AL
(53.85%) FIMCZ (63.89%) Lb. 51| 34745 iy o 3% W] B A2 FH
F/NE AR RN S I i TR AR IR, B AR
IR 5 NE RSB IR T T AR IR
7KF(Matsukura et al, 2013, 2016). MAb, 4RT{NAE
BRI T LA BT R AR AR, 1 7E B KR H
A R TR 2% 3 [X i R & B (Matsukura et al, 2016;
Yang et al, 2020, 2022) . A FE VL. 7548 M T F
Kl 2L 45 R BT AR FIEAEA, XRS5 EiRiR
AR 358 15 B CR A 4 F BT 8 2 28 3o A 5 MR UL
&R s L A G, A AR AT

Zr ERTIR, ABEFARM T KL RO R
Hh DX (A A AR FP R S A A, B T X KT RS
HEFF IR PR AL 450, o T KI5 i X
IARA IR B Z TGN RIE, I E IR T INE
AR E P — M RINE T R F . 2R
Vs P EIES 58 S R 3 R TR T A5 5 i A
FE R Z AR, o) ARSI 58 K sk P
PO TR IR . A ERARAREE LA R SE )
Kiz. HEME. 5IFPZE NKIG3h, ARG ERrsL AL
PEERHE TARIZM . S TEFERA D m R E
677 BRI AR, A 0 BEPEAR A . ISR I, PR
NI B A4 5 BRI T Yk N ZENLRIT 7T, [RIR 5
HEWERT S KA. RO, KR A @
SEZERIIYIE, KRR B B AN R AR R R
1T Az

Buofl: 2t P EHZIRFHFe, REZ, X,

By TR AR AL S5 40 LR, B BT HLAR AL 5
BT, T AR T RSP o 4R
FEAEAE S AR P T 00 S R B
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Appendix 1 Shell morphology of apple snails collected from this study

https://www.biodiversity-science.net/fileup/PDF/2022346-1.pdf
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Appendix 2 The COI sequences of apple snails retrieved from GenBank and their references

https://www.biodiversity-science.net/fileup/PDF/2022346-2.pdf
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Appendix 3 The COI haplotype distribution and sequence information of apple snails from this study and the populations published

by China’s mainland, Hong Kong, and Japan, Argentina, Brazil
https://www.biodiversity-science.net/fileup/PDF/2022346-3.pdf
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Appendix 4 Grouping of the Pomacea canaliculata populations from this study based on AMOVA hierarchical analysis

https://www.biodiversity-science.net/fileup/PDF/2022346-4.pdf
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