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s FEFR R, 25 KL T 2R55 DNA £ 8 PCR AR M0 K3 AR W 51 M T & 5 56 1E 969

R R XU o PRI , G 7 i PR 2H 7K - T 1
o S S bR I BT Sl L i R e R S
FIME A A K AR ) eDNA KGN J7 k2 ik 155
iR ) O B ] el

BExt BRI, ABETEREAT T Rt B
e E—ELTHTRMARMEY KEN L H
PCRAFSFVETI W G, SR R AL IR A T
ARSI o B F R AL - (1) 255 k-mer 2[4
YR AE 23 M1 5 I 2R 4 BE DA A1 LU X 2R AT 5 1 i
T () PRAE 25 51 W) Je LA & e A R RE il (2181
BE FRFEKAE L SRR ) T S8R s (3) 46
W75 3% 0 REUE S ek o BEFEAS Al D R
(701 i I P (HE AR S I A Rk A AR A
) e DNA PRE G 77 3 1 57 4 it S e 4]

LR i

1.1 5|t 5%
FE T k-mer 43 AT 5K W R G A 42 O R 4 L
XF, BT IO e 4 S A DU K Y PCR B ).
2 A NCBI /A 2500 1% (https : //www.nebi.nlm.nih.
gov/) RGLRTEIT T KT B2 - 1 4 Bt
B2 P 91, HE 3015 19 25 56 % )7 91, 42 48 Pistia
(NC_048522.1) (MN_885890.1)
colocasiifolia ~ (NC_051952.1)
Colocasia esculenta (LC _851499.1) , Spirodela
polyrhiza(NC_015891.1) , Sauromatum giganteum
(NC_050648.1)
(MT447084.1) ,  Typhonium
(MT447084.1) , Zantedeschia aethiopica (NC_
035499.1) , Typhonium blumei (NC_051872.1) ,
Pinellia pedatisecta (NC_058756.1) , Arisaema
heterophyllum (NC_063965.1) , Wolffia australiana
(NC 015899.1)
(MT884860.1) , Sauromatum giganteum (NC
050648.1) , Amorphophallus (NC_
067990.1) , Caladium bicolor (NC_060474.1) ,
Philodendron (NC _064988.1)
Landoltia punctata(KY993959.1) . RHAY11E S
)5 k-mer FRGVEAE A, BAARAR K4
TR H )] A 18 bp 1 FE 1) k-mer A B2, K Hffic
KA k-mer fEA TP AP R EE B . LLHRY)
Tt R i A L R A 1 8 1 kemer (K1) 4 2 1R
N 3E I A LR Bk 4R BT A RT RE A A 4B k-

stratiotes

Steudnera

Colocasia esculenta

trilobatum

Typhonium roxburghii

albus

hederaceum

mer(K2) , PEAC SR 2R K15 17 DM S K2
FHT 17 A0 38 58 42—, I axX — A b X2t
T AT A 2 — B0 p 9 X ), O P4
SR H I A7 B A B B, L R e i 7 H
A7/ oe 3PS s Rt RN B 7/ DU o S o N 7 o
LITRBU A RERF AP B EKERT
90 bp [l 47 51 X [H] 2, A BLAST T 25
T A W AR R 20 AT EE X B E o R FH AR Ak
BT Primer 3 A HEAT S Wil , 58 B RS 1Y
i e S H 41 W B Sy 90~300 bp, 51 WK
 18~22 bp, iR ki JE K 57~63 °C, GC % &
45%~55% , AR SHRFERF AR B . S 2
ARG UE , S 20 % H 4 X/ (E = RE S 1R
DL G 9, 43l f 44 R PS_7 2 PS_10, T4 )T
GIVFFIE RIS EOL R 10 ARWFSE R I 58 BT
Py rRE Sk 5 | R R R © 28 Bl R AR AL
(2024SR0998189) .,
1.2 HmRES eDNARE

AHEFE R 2 R RIFEA AT 51 W e 2 M 50
UE, FEAE AL FE H AR b R A ZUREAS I 4%
Wy Fh 253 (Spirodela polyrhiza) HREAR N T.3%
B AKARREAR DA Je B SR K R REAS . Iy, Ky 4 41
FEA Y 5256 28 AR R 5 R AR , B AR AR A S T Y
LA KRR SR A i B T AR AT AR M AL R A
TR RS L R lE & F R KSR iE 17 2%
B, BN SRE R AR 2 L/KRE , e 337 57 Bt A
0.45 pm FLAE TR & £F 48 = I (PALL , USA) i#£ 47
FLAS SR AL H T R ] 4E 30 min N SE AL .
WSS U, DR IR R A B8 28 T JE 2 AT CTAB 24
WA M 1: D2 mL THE L&D, 5T
—20 °CAIRIR PR EE PR A7 5 2 DNA 421

I35 DNA $2 HUCR FH 2 R CTAB WL #4727,
R S R B IR R B T CTAB 24 h kAT
S A3, 7E 60 °CHE IR K VA 4514 T /i 8 h, HifH]
FERRT VL e il . 2R UG A SRR
1A - S I BER A W (AR L 241 1), SR )
JETE 7 000 r/min 5544 T 25,0 15 min, /NCUEL |
JZKAR, A IS & 5 N BE AT 5 mol/L NaCl # 17
DNA VLVE . VIUES BEAE-20 CCHABE 1 ##E 1 h
J&i , R H 12 000 r/min {5533 2.0 15 min Y4 DNA
DUVE . Bl 70% S B A UTTE 2 K, iR A
T J5 ¥ DNA ¥ f# T 50 puL TE 28 /i , f5cJ5 PR A7
T-20 °COKFEFR o B HUT PR AR i1 L B
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970 SR C S N S SO 34 4%

BErh AT, 5 B BT IR DA HEBR I AR V5 . 4
D5 ¥EAE DR UE DNA $2 T 5 (1 [/ 1], 5B A% A 250 25
B ISR A g DA, R 5 22 PCR T 1 4 it
1 TR AR o
1.3 4R

T AL TR 0 53 A A S SR 5 P )
FPRE S, SEHCH HE N RS C R ERIE YA 2
— BRI A . SCB SR T Y
SRR E R 1 21 2 DNA i#£47 PCR Y31 43
Bro PCR N S5 223k RGN - W) iR 95 °CHA
JA 815 min i & DNA 58 2748 M 5 JF 22 40 MG 1Y
P HEFRF I E O 95 °C7E 1 30 5,56 °CiR K 90 s .
72 °CHEAfH 30 s fig i 68 °C X ZE {1 10 min {43IF
PR R . SEE TR T P AR A R N A TR
B 25 6 R, T W4 AT B A 78 1 75 G sl R 5
PEYHE . PRI R 1.5% BB RE I H Tk 43
B9 38 S AP AR R G AR RN AT L UK AR A
FHIE

o3k LR R B () A A% 5 W AL A D el it
NS 6 R R IR S PR B B AE A IR B B, 1
PRAG I AR 22 0 T SR v RN vEm v . A S e A
HEQNT « (1) 23R B AR Fh R E 2020 H B B L 5
— HAF4 HFR K (100~200 bp) (9418 454875 (2)
AT %) 58 R A R ARG T BT AT 3 = 4
(3) 25 (AR RS AR BAPE o ATAT7EE B AR Fl
PR IR SR 1 5 | P R A AE S SUR N,
B IKZE Y
14 ZEPCREMERS&ZHEMRL

N T 2 PCRAG A R | 38 2 W] B feft FH o
TE LSRR SR S 1, 3R T TR T R R O
RO SR TE B A PRI AR A A R . S T R ER
BEREA g LAY PCRAMRI RN , 52 A 2 A 1)
IO Y 2E M35 118 7 (BSA)AE Sl PCR B8 35 57127
2t RE AL, Fe i 1) 22 5 PCR WA AR
i H 5 uL 2xMultiplex PCR Master mix [ifiA # , il
A 0.5 uL BSA VA ,3 uL DNA AT, LL K 4 %5 5
¥7(20 pmol/L) 4% 0.1 uL, i J5 H JC B Jo i 7K #h 2
F 10 pL B ARFR . AR P 2ead R iife i
5695 °CTASME 5 min B PR AR 58 4= 55 5 B a2
1T 40 MBI Y HE RN, B R ALFE 95 °CAE
P£30 5,56 °CiB & 90 5,72 °CHEAH 30 s; ¢ )7 68 °C
ZLIEA 10 min DABR AR 7= W) 58 860k . 97387 ) 5%
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MR AR EAL B DK TR < 7E 1.5% B BR e fise - LA
110 V 8 J& HL Yk 40 min, 58 585 38 15 % ol B %
15 2 GE WAL FIE S 4571 40 AT
1.5 MFEFETESS

55— B Bt PCR 381519 PCR =“WI7ESE —
Bt PCR(PCR2) A7 4 4 , LA« 4 Tllumina 4%
SLAT 8 bp MR G ATEA HF MY . HAKM S,
fifi FH#5 E Tllumina P5 F P7 K551 99 1 4 L
B4~ PCR1 729 o B IRA Y 10 uL 2x £
PCR Master Mix i} (QIAGEN, ##[& ) .4 uL DNA
FEMR .1 uL P5/P7 514 (10 pmol/L) , A K A% R
fiff 7K 2 Fe BARFH 20 ulo I 25 A4 95 *CHIER AR
£ 5 min, 285 15 DGR, 95 °CAEE 155,53 °C
Bk 155,72 °CHEAH 15 s, B ) 72 °CAEAH 5 min.
fiiFH 1.5% B BEMEEE S F UK o B 35 7 0, 5%
AT A D B SR B REAS AR A 5 R BOR R i
A BRZ2 ) (b st , A =) £l 1] Tlumina NovaSeq
6000 V- 5 JF 47 = 8 5 Y o B AT )T EoHE AE
Linux 55 #% F#EATAE01E Bt . s b 9R
A3 1 fastp X JRAA reads PEA T iR B, 25
R & A k5 g G R B BT R A 8, B R e 22
A3 A I AT FEVE SR FH FLASH B2 15 85 8% 9 reads
(R1.R2) AT HFEE A5 B 588 1Y 38 7 )7 51 5 X Df
R A, 8 B 405 1) Python IR HE1T51 4
U 5 I A MR 40 15 2 43 0l e 1 H B4 5 W DR TE 19
reads FE 2 DR AN FEA K 5| 4 VEE reads it
B DUZEEAR B reads B, T8 H AR 384 EL ], 5
FH GraphPad Prism i — 24811500 525 .
1.6 REETM

RV 455 1% KV R B DNA B G 52 ¢
FE, 53R B 51 4 S 206 5 1 AR 22 04 A il R
(Limit of detection, LOD) M EB o 1 S {di H
Nanodrop 2000 ( Thermo Fisher Scientific) 4 i il
FE R ZUDNA (9] 5 B (4.30 ng/ul) |, Bl 5
HEAT 5 A% B BE 3% SRR ORE 9 Uk, LA 10 A B EE
(4.30.0.86.1.72x10",3.43x10,6.88x107, 1.38x
107, 2.75x107, 5.5x107%, 1.1x107%, 2.2x10°ng/
ul). PCRWARZR 5948 &40 m]) 1.3 795 CRES 1
KRR ) o R IBR (LOD) 5 M BHYEKS H 3R 1k
51 95% M R IR AR MR B2 . T LU RS BRG | H S5 4
AWk B, 438 22 5 PCR ORI R R 1)
PETHRCR



5 FEFR R, 25 KL T 2R55 DNA £ 8 PCR AR M0 K3 AR W 51 M T & 5 56 1E 971

1.7 SI¥AEIERMRIE

A T PPAG 22 51 5 1 A4 &R 0 S5 P, e 3
BB AT . KL LI DNAFEA A
TR ARARFEAR RN [ SR KR IR S DNAFEAS . 4§
Gk DU S E 2 W e C A G TE ot AN i
J7ZR R EE T EE DRI A5 S b ) 1) SR K AR BE AR
AR DB UE o 38 5 F AN R R R AR A [ 3
SRl R B, WL TTA IR I Tk XA [R] R AR
R A PES . BT AT PCR & 48 S 56 34 3% 8 45 1 4
HRC, P HE B S 40 0k 2 b Rl BB AEAE 0975 2 T .
X — REWIEA R U T2 Es WA H
TE 5 e SRR A rh B AR P R AT R

2 4

2.1 S|¥gitER

K AR YT B2y 1R 6 K K HT b
(SRR BE R A AT T R G850Hr . 83 k-mer L1
XFHEA , BT 57 H 2 4 i B R e P R R 4 DX
TS DX 5 fE K HLA ARE R T SRR . BT
X BERRAE P X8k, RS 0 T T 4 X 2 8 PCR 5|4
(P7.P8.P9.P10,3K 1), A 5IMRIMINILH
B R - 51 W B I 7E 18~22 bp, iR KR
JE B RE E 57~63 °C, ¥ #8 7= W) K i 45 — 7E 100~
150 bp, XN RSF R RE IS G P45 DNA FEAS
w LA 7 B ik DNA B . 5198 GC & &R R
FE 40%~60% (1) FEALE Bl , 0 O/ 47 38 200% FEE 5
PE2Z 18] 1) Fe AP A
2.2 HRMEIIE

W RGNER) PCRY 1S SLIR I E , T A7 4 X

V514 (PS_7 2= PS_10) M FFH AL T AW R s
Sk TE HAR YRR E 42 DNA BEACH 455
R YR 18 AN BT E 7 B 3 I S VA
SIS S W) A i BRI 2 DNA A
o TR BN AR KN BT AT 38 ) X — 45 2R
FEATUER T 51 R . SR E A
Xf BEZH (JC DNA B ) [RIRECRFFBAPESE 5L HERR T
SIS RG] B AFAE TS Y aCI R R S P
(B 1) o 3K —ZRH0 K8 (50 E SE IR S, AFFE 3
TS 46 B S5 I KT A R S A, Sy I
SLSEE A TR PR T T S O
23 ZBEPCRIERMLEWL

ST BP0 R A-ERE i T
4% (PS_7 & PS_10) 19 £ # PCR & I 4
FRo G RGN AL B2 56 °C R i
FER SR R 55 B 45 5| W Re -5
W R BGUF AR R RIS I R R T 3 2
RUREAR B ARG « 5256 28 K5 77 () KR AL 2UREAR LN
TFRFEKARBEA DL Bk WL G RE AR R EE
T R R 5 5 AN [i) e B X B 1 AR K AR
AR S EE A W R T A FEAR S T B R AR AT I
ARG H AR 2 (B 2 FIE ), Horp g 8URE A
T DNA SEB A P R R, Ji 55 &
5 5 PR B K AR REAS BUOR 45T 5 B A T el 55, (K
RIAFFRRE AR R I BB ) . X —&5 2RI A
F 5% 8 57 (1) Z2 F PCR 1A & BE A% 38 N AN [F] A BE A
AR TE R UEAG U AR 5 1 1 () 3 4 o T R R
A5 DNA B K H R 7, o BP0 K T 1 Bl S Ao
DU PR AL T R AR F B

R1 KERFESEPCRIIMER

Tab.1 Information of specific multiplex PCR primers for Pistia stratiotes

BlL/E RS

Primer name

S1WFA1(5-3")

Primer sequence (5'-3")

FER A TE DR 21 1
Location on chlorophyll genome
of Pistia stratiotes

bR
Amplicon length/bp

CCCAGGTCAGTTTGTAGTCTAA

PS.7 TCCAGGGCATATGATAGTTCG
PS 8 TGTCGCCTCCCAAAAAGGTT
- AGACCACGACTGATCCTGAA
PS 9 TGTCGCCTCCCAAAAAGGTT
- AAGACCACGACTGATCCTGA
PS 10 TTGTCGCCTCCCAAAAAGGT
- AGACCACGACTGATCCTGAA

36157-36275 119
4073-4209 137
4073-4210 138
4072-4209 138

http://www.shhydxxb.com



972 SR C S N S SO 34 %

M P7 P8

P9 P10 S7 S8 S9 SI10 N
2000

1 000
750

500

250

100

M. #5#E DNA Marker 2 000; P7-P10. 5[4 PS_7-PS_10 9" 14 K i
IZUFE DNA 197475 S7-810. 514 PS_7-PS_10 4" 1 45 M 41 Sk,
DNA 115N, 25 I I

M. Standard DNA Marker 2 000; P7-P10. Primers PS_7-PS_10,
PCR amplification products of DNA from large duckweed tissue
samples; S7-S10. Primers PS_7-PS 10, PCR amplification
products of DNA from duckweed tissue samples; N. Blank
control.

E1 4F3 RN SR

Fig.1 Specificity test results of four primer sets

M P7 P8 P9 P10 ZDl1 HDI

bp
2 000

1 000
750

500

250

100

M. F5#fE DNA Marker 2 000; P7-P10. 514 PS_7-PS_10 " 3 K75
ZUHE DNA (19779 ZD1. 51 4LE &3 49U DNA 1™
Y1 HD1, 51 G IR BHKFE DNA

M. Standard DNA Marker 2 000; P7-P10. Primers PS_7-PS_10,
PCR amplification products of DNA from large-leafed plant tissue
samples; ZDI1. Primer combination, PCR amplification products
of DNA from large-leafed plant tissue samples; HD1. Primer
combination, PCR amplification products of DNA from
aquaculture water samples.

B2 BANSME540SIMEET EER
Fig. 2 Amplification results of single primer and
combination of 4 primers
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bp
2000

1000
750

500

250

Be-L.I~E R

100

M. 45 DNA Marker 2 0005 1-6. #iVL W17 7 7% (A B2 |
PR VLI XK Y 2 PCR Y HE ™4

M. Standard DNA Marker 2 000; 1-6. Multiple PCR amplification
products from water samples collected in Zhejiang, Hunan,
Guangdong, Dongting Lake, Chongqing, and Jiangsu regions.

3 ZEIMAEYEBRKEER
Fig.3 Amplification results of multiplex primer sets
for natural water samples

24 MFELER

FIFAG BT 5 2 G R AE PR AEA
(HBFEAR KR Th A 18 R IR 3 A R, X L
T G A v R S AT TR B A FR
WY B A BIREAR DL S 2 G| WA Y S L ZUR
A (ZD1) FIZKAE(HDL) o &5 109754 74 AR X
2 B 2 (5] 4 VT IC Reads 30/ )5 &4 Reads %% ) x
100% HEATIHE IEH T F X2 R 5 i (F1 4 fn
K5). mT5I4PS 8 .PS 9.PS 104 14 X fuf
&, IR S 51 EA TG IR

Kl 4 Ry B 5| W REAS 47 15 K 4 2R (Y R AR
], A s H AR SR FEAS b (5 I 7 Reads 1Y
At ZR BN BRI HEAR D HiRF
Gy 5 (PS_7 249 5 ¥ Reads 1) 94.50%;
PS 8 # (i M| J¥* Reads A% 93.99%; PS_9 # /5 il |5
Reads ) 92.88%; PS 10 £y 5 Jll /¥ Reads F¥
91.90% ) , & WIHA5 [ 4 B4 IF 5 A5 ™ s i
I AR S P R A o 9% PR 4 SRR B BT iR T A PR |
PITEAS AAEAS A LA s 14 S 203



s FEFR R, 25 KL T 2R55 DNA £ 8 PCR AR M0 K3 AR W 51 M T & 5 56 1E 973

100 ¢

80

60

40

ReadsPLHL 43 L
Reads match percentage/%

20

75514 8551 9551 105514
PS_7 PS_8 PS9  PS_10

5| ¥) 4 Fx Primer name
BEAHE T RRTE RGP 1 450 T B AR 7 90 7R A op I
reads MY 43 b -

Each bar represents the percentage of sequencing reads accounted

for by the target sequence in the sample under single-primer
amplification conditions.
B4 B5|¥EEY PCRAPKURLR
Fig. 4 Performance of single-primer sets in
singleplex PCR

5 s 1 PRI AE A B (ZH U A ZD1 Al
JKFEHD) fEAM R 2 5 PCR 5544 F 45 1441 (PS_
7.PS_8/PS_9/PS_10) ¥ IR L #E ., SLIn 4
RN TR ZIREA ZD1 H, PS_8/PS 9/PS_1075]
Y20 2R I H AR A 3 (24 56.84% ) , i #E K
FEHD A0 5% 21 1 25 1 3 38 DR 475 - PS_7 514
o7 4l 26 % #5 (89.32%) , i PS_8/PS_9/PS 10 5|
YWY MR RPN R 7.7% . X FAEAR
DT 1 A L R | KRR Th PR 8% DNA 1 8
PECI AR B o B R Befk) T B 5805 | W H) i) 5
Grpky a2 . FRRIMESER A, PS_THY
FE A1 AR AT B S AR AR T A AL A A S |
YIRS 5 o S Fax sk 3, A E PR BT KA
K 157 FH e, 4 22 i PCR AR R 047 LA R Ak -
JA 25 5 Wy e B T L 5 DR AR JORLEE 5 5 IR
PCR #5057 , LA 238 22 o7 a5 ARG 00) f1 25 28 o % A
R . XA R A B T4 R KRR IR
FEE HERIF AR R
25 REPEEM

I o) ZR G R R R S 6 % 15 | e ) R
FEAT T PG, S5 R UL 6. HG YA R,
PS_7 FIPS_10 fAaim R 5% 42 55, 95% LOD #F 4
0.69 x107 ng/uL; PS_8 1 PS 9 fi¥ 7 £ B A X 4%
fi% ,95% LOD 435l & 0.34x 10" ng/uL 1 0.17 ng/
pL.

3 75519 PS_7

100 ¢
B 8. 9. 1054 PS_8/9/10
S 80t
(5]
2
f=|
S8 eof
2 &
2 40
]
<
g 20t
0 . B
AU ZD1 JKFE HDI1
FEA 4 FK Sample name

iR — £/ PCR A4 T, HHZURE (ZD1) Sk (HD 1) th 455
Y)(PS_7 - PS_10) 5 7 reads 191143 o A8 43 Ho i
BT T IRR Z AR T 455 AR G F2 i 22 5

Compare the percentage of each primer (PS_7 - PS_10) in the
total sequencing reads between tissue samples (ZD1) and water
samples (HD1) under the same multiplex PCR conditions. The
column height represents the percentage value. The figure is used
to illustrate the differences in relative amplification abundance

among primers in the multiplex system.
B 5 ZEPCRHUANESIMAELRSKERHY IGELH
PA
Fig.5 Comparison of read ratios amplified with
different primer sets in multiplex PCR between tissue
and water samples

1.0

0.8 F 95%=LOD

—=— 7559 PS_7

—o— 85754 PS_8

- 955 PS_9

—~— 105514 PS_10

— 7-10%559 PS_7-PS_10

-6 -5 -4 -3 -2 -1 0 1
DNA¥ ¥ log),
DNA concentration log,/(ng/uL)

AN[A DNA ¥R B (ng/uL) F 54~5 [ 4H (PS_7 .PS_8.PS_9.PS_10)
FIS1 P25 (PS_7-PS_10) AU o % K 7R 1 95% Ha il [
(LOD) LA AR R e B R AN i) — 34t . PS_7-PS_10 46 iy
AXFII A G .

Detection rates of individual primer sets (PS 7, PS 8, PS 9, PS
10) and primer combinations (PS_7-PS_10) at different DNA
concentrations (ng/uL). This figure shows the 95% limit of

04

K2 Detection rate

02

detection (LOD) and the consistency of detection at low template
concentrations. PS 7-PS 10 refers to the combination of all four
primer pairs.
Eo BANSIMURASSIMREENXER
Fig. 6 Sensitivity test results for single primers and
primer combination
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Development and validation of primers for monitoring the invasion of water
lettuce (Pistia stratiotes L.) using environmental DNA based multiplex PCR
technology

CHEN Yuxuan"? , LU Liang'*, FANG Minyao'?, LI Chenhong'”

(1. Engineering Research Center of Environmental DNA and Ecological Water Health Assessment, Shanghai Ocean
University , Shanghai 201306, China; 2. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution,
Shanghai Ocean University, Shanghai 201306, China;3. Marine Biomedical Science and Technology Innovation Platform of
Lin-gang Special Area, Shanghai 201306, China)

Abstract: Pistia stratiotes L. (water lettuce) , as a highly detrimental invasive plant species in China's
freshwater ecosystems, has posed significant threats to aquatic ecological security through its rapid
proliferation. To enable early monitoring and control of this species, this study developed a highly sensitive
and specific detection system based on environmental DNA (eDNA) technology. By integrating k-mer
indexing strategies with chloroplast genome alignment analysis, we designed four sets of species-specific
multiplex PCR primers (PS 7, PS 8, PS 9, PS 10). Experimental validation demonstrated that: (1) All
individual primers and their combinations effectively amplified target DNA from tissue samples, aquaculture
water, and natural water samples; (2) The detection limits reached 0.69x1072 ng/uL for individual primers
PS 7and PS 10, 0.34x107" ng/uL for PS 8, and 0.17 ng/uL for PS_9. The multiplex PCR system achieved a
detection limit of 1.1x10~° ng/uL, representing approximately a 625-fold improvement in sensitivity
compared to the best single primer (P<0.01); (3) Specificity tests confirmed no cross-reactivity with closely
related species such as Spirodela polyrhiza. The entire detection process can be completed within 3 hours.
This established detection system provides reliable technical support for early warning and monitoring of
Pistia stratiotes invasions, while serving as a practical model for developing rapid eDNA-based detection
methods for aquatic invasive plants.

Key words: Pistia stratiotes; invasive species; environmental DNA (eDNA) ; multiplex PCR; primer

design
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