FHYF-P 244 TJournal of Plant Protection, 2025, 52(3): 545-556 DOI: 10.13802/j.cnki.zwbhxb.2025.2025028

K l'E HINE DNA M AR
REXTHRIIAS RE

j]J %1,2 X]Jﬁ[&’l’/«l2 AH—j]ﬂ 1,2 % j;/\l,2*

(1L 35 B A R AR BRI A U S Gl TR TS oLy, 77 5% 2661095
2. IR EMNR G AR L2 OS2, 5 266109)

2. 2135 DNA (environmental DNA,eDNA )& KA R 5 40 AEFAESF R R AR L E & 15
AR AEA T AMMBEERS N, BAl,eDNARREARALZZRA(BEKARHAALZ
G P IRENT R OB R E AR L ERZA(REEDRRE TR EE L3RR
BAEy £ M B 5 ) F AR AL AR AR 212 . X RATRAERFRM, AT KA AY
H5RLE X eDNAFF R EFI R HRAEE Y FTREFHEEMRTHFR., RLE X
eDNA B AR R JE I R 3F 69 0 R 3 == A2 AR B KRS @G $ FH8, LA A AR K R ALTE 6
T EBREARMABKNMAREZNAREATES T ERE TR, ZXATRLEET BN EFRE LK,
A I A RARATEACIRAE AL KK eDNAR R 5% L0 F B R & AAERX,, AR R I | 45
Ry 4k R R B 7y AR R R, B A IEF e DNAR K ER L F £ Bl 4asa) ot 2 5
LR RS

KR L E & FRIFEDNA; A7£4; Bl

Current status and prospects of standardizing eDNA-based monitoring
for agricultural pests

Liu Ying"> Liu Yage'” Gan Liyue'” Chu Dong"*

(1. Shandong Engineering Research Center for Environment-friendly Agricultural Pest Management, College of
Plant Health and Medicine, Qingdao Agricultural University, Qingdao 266109, Shandong Province, China;
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Abstract: Environmental DNA (eDNA) technology, known for its high sensitivity and non-invasive
sampling, shows great promise for monitoring agricultural pests. While notable progress has been made
in standardizing eDNA applications within natural ecosystems (including aquatic and terrestrial ecosys-
tems), standardization within agricultural ecosystems remains comparatively limited. This review
focuses on pest monitoring in agricultural settings, comparing practices across key stages such as field
sampling, sample processing, and molecular analysis between aquatic organisms and agricultural pests.
Despite its potential, eDNA-based pest monitoring faces challenges in areas such as protocol develop-
ment, laboratory workflow optimization, and quality control. In response, this article outlines future
directions including: (1) establishing comprehensive, standardized operating procedures; (2) promoting

synergistic use of eDNA with conventional pest surveillance methods, and (3) enhancing the integration
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of monitoring results into pest control decision-making. These recommendations aim to promote the

standardized adoption of eDNA technology and support sustainable pest control strategies in agricul-

tural systems.

Key words: agricultural pest; environmental DNA (eDNA); standardization; monitoring

AR, Z BRI B AR 5 S As Ak  EBR R 5
B LA e 285 A R A A R 52 i, R0 3 R ik
PEFEIAYE H 23 59 5, X0 E 22 4 R A A8 PR 1) Jal
fifr 55 H 4B (Skendzi¢ et al., 2021) . K I A3 &5 A4 e
I 1 7 2 B 9 AR M R R BRI O S I 4
(Zhang et al., 2018; Yang et al., 2024) , X} 5F § 5 5
WEL S EBEEMATTE e R R RIS R
M AT RRSE e e B H R (B IRAE,2023) . AR
M, ARGl HUE I 5 ik F= B N T s s
55 FIT , ARG HER PR 25 %5 5 (Kudoh et al.,
2020) . Pl AYIFART) R  PGE 43 AN v 4
N T AT L2 S W (L et all.,
2017;Blackman et al.,2020) , {HEA 43 TRl AR,
TR B, B e AR RE ) (B I REE,2023)
i AT 5K |, 35 3% DNA (environmental DNA, eDNA ) 3%
AR TEA R AR AR S BT
Ay FE B, SRy e b AR TR AL TR B R B
1% (Allen et al., 2021 ; McPherson et al.,2022) .

eDNA JE 8 I 148 e fi AR KA S
S5 2R Wy B BT P o) B %5 E 1 B9 DNA (Barnes &
Turner,2016) o % AR T 20 20 80 A, e 4]
TR Y Z 4% (Rondon et al.,2000) . Bl
PCR 5553 F AW HR 0 & e , eDNA AR (1) H
T FEN T e, 2283 R A 40 W 0 1) i 2B (Yan
etal.,2024) . I T/KIRRE M RAEMSE, HAYRK
() DNA BEFE/K H1415) 434, e DNA FEARFEK AR A2
ARG 2] 1z N (Bell et al., 2024 ; Espi-
nosa et al.,2024) . WH TMAEKELEERGE R E
YIZREME (FRIGEEE, 2021) PPk AU R A= A it Bt
(Senapati et al.,2019; Xiong et al., 2024 ) LI K Wil 7k
He AR R4 (Mahon et al.,2014) . B 7 eDNA £
AR5 TN 5E35 , W FH S Wi e, 20T DA
IRAAE S R G B il A= S R G, FFAEA Y I
EI . H AT, eDNA £ A B R TR Y% L F
(Tordoni et al., 2021 ; Young et al.,2021) . & &k
F (Gamage et al.,2020) . + 354 4 (Sternhagen et
al.,2020) FfLFyAE Y1 Wil (Evans & Kitson, 2020) 55
ZATT . o Feoll 5 AUy T A N T
A 5 R ME DL S B e B BRE A W W Lycorma delicatula
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156 N BE VS W Liriomyza sativae 55 Bl P 3 8L, i
eDNA FiAR HF5 R4 41 Al 3R 0 A5 PRI A 5 B
ALK 2 E B DNA R B, ml A & B0 U IR BOR
N7 577 4 it A IR I R R R I R T L R
(Valentin et al.,2018;Pirtle et al., 2021) o X F Wi
J7 A B T A M T AW ) o P R AR
(Kestel et al., 2022) , [A] B K MEREASL T A7 4 1 0
A TE] A, 3T 1T 35 RV HR Y 28 5 4L 25 (Mauvisseau
etal.,2022),

T, eDNA FARM ST IEAL THRifEfL & B Bt .
SEHE Y eDNA A5 it R 38 0 46 BF AP RAE A i Ak
FRAN >R I0 AE B B, T a5 RAE T R AR AT AL 3
FESARAE T 1 38 DL S P 3 Al A 2 A 301 . 5K
PRI LE AT BRI A AT B T4 s M 45 SR e
FTA]SEVE | (2 SEAS [R5 18] (%) B e =2 5 5% L 4B
(Jackman et al.,2021). HTij, eDNA £ AR AR AE LA
FREBEDT ARERRG, LIRSk,
MEAR ZR S8 AH SRR D o PR, AR S
DK A AE W) eDNA H AR I S IR, RE T
Ak F L eDNA BORTEEF SR RAE FE S AR FR A5+
I 25 PR 10 S [\ A0l 3 L eDNA AR BRI
ACTATIG PR AR, AT R #E 5 e DNA FORTEAR L 35
WE TR SE 5 AR RS

1 EFopREERHEL

FE b2 52 M eDNA FAR WE A5 Ry 2 &R,
X T RSN PR K 3R 28 SR, FHIN EoRAE 2R A
Gy, 15 eDNA FAR WM A5 R A m] 842 1 e
W PE LSSV S 2 250, R, BT SR AR
{ETE eDNA Wi i i 72 v 473 3 25 AN A Bk ) £ £
(Poyntz-Wright et al.,2024) . il , 55— & R Af
AR RS TE] b AR AR BE AR S SR, T LR B PR R AR 2%
100 25 5 F B LY Rl 1Y) e DNA B B R AR BICR AR
AN, T 52 e X 49 e 3 A1 0 A B 1Y) 1 Wi (A v 2
45 2023)
1.1 RAEERTE

TE/K A2 %) eDNA (1% W I v | SRAE IR ] (1) e 45
B 7% 1 B9 0 5 1) e Tl R A B A A
A A B (Biggs et al., 2015; Carvalho et al.,
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2024) . TAEALO EE HUR) eDNA Wi, 358675 =K K
H i B 4208 R FERT[E] o N, Rasmussen et al.
(2021) BEHEAE AL S5 A T RAE, IR T
X2 B SRGE T A Y BB S, A AT
LTI R A7 4 PR o) o SR el A 2 R G 2 A B S
Zenker et al.(2020) 2 4= 1 PFAk B VG U A b X R L
FEZA YRR B 2R R H 8GR R
FE I (8] 22 HE 7508 2= A1 52 2% ; Crisol-Martinez et al.
(2016) FE DAt ) S i S el [] ik 5 S R B ik 35
I 55 B, o SR s ] 5 R . = 2 R R 3 o e
Bt i 22 I X N 38 8 43 B S 2 28 fi rp | e
e AGHETTAL S E AR .
1.2 RESR

TEIK A=Y eDNA 1 W v, SRR S HE 7
BLLRE T IENTTE H W IKAIRZERY KA AR o AR S
LM E (Xu et al.,2018; Rehill et al.,2024) . &
b E B eDNA SRAE SR T R FE TG 228 55 oY
Hy B g A F I F 2/ E . 6,
Todd et al.(2020) 7E W) +-HETEH AR S R GEHT , ik
A FrE b R el 5 8 AR R AR A TR
bel 500 m* )7 FEl T REMLR A2 29 1 L b3, 3 Al 2
BEAILRAE SRR REE T B — R A s i SR BR T , ST
35 W AR ] A 3 A R G EARRFAE . 1T Crisol-
Martinez et al.(2016 ) 7E 43 b I A P 15 2R SR el 2%
TS Sl A B st A e R el s ) A ey A
TG, B HTE 2R A 6 1% M, i@ ik
AL B T S M H AR AR
B T eDNAF i S8 sk SR E
1.3 HmERIEE

TEK A AE ) eDNA Y W00 i, i 5 LA A7 20
52 B KA s IR O RR A A5 24 AR WA & (Mahon
et al.,2013; Lim et al., 2016; Kusanke et al., 2020) .
TEAR 3 H eDNA (19 Wi v, D075 AR 40 B AR 4 Fh )
AT SRR REBE 2 FE AR AR T, N R S |
3 ER A AR A R T KR AE Y R B P
(van der Heyde et al.,2020) . 40, ) H K (E
eDNA Kl 81| 1 253# 4% Halyomorpha halys(Maslo et
al., 2017) ; M\ £ HE eDNA Hr 46 I 21 T Bl AR 4E Y
Linepithema humile ( Yasashimoto et al., 2021) ; iz
74 eDNA HhASIN R T 45 38 K & Trogoderma gra-
narium (Trujillo-Gonzalez et al., 2022) ; 7E i 7% -
5% B4 1 e DNA Ff B IS i 2] A {2 RS H 3% it 1 o i
Phthorimaea absoluta(Butterwort et al.,2022) .
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14 HRREE

TEIKAE A=) eDNA B b I FE SR AR 1 22 5
KAABFTE RN 21, i eDNA FARWEIE a2y Fb
ZHEMEN  TEROKAES REFE T RN
15 mL £] 10 L A%, DL 1~2 L (9 R FE 45 o0 3 L
(Rees et al.,2014) , N R BIREREZ N2 LR
BRI, 2016) o FERFAR SRR CRAFE R,
eDNA BEAR M4 #4cH 5 (How et al.,2024) . K7,
BRI R SN T AR, L 8 Al R
i, SRFE I 3257 HARY)FI %% FE (Diaz-Ferguson
et al.,2014) W) Ff eDNA B 70 A LA (Biggs et
al.,2015) /KK ¥ 3 (Mauvisseau et al., 2022) i &
(Lamb et al., 2022) Dk J % B & (Poyntz-Wright et
al.,2024) AR R AYFE IR

Al B eDNAFEA [ REE T IR A Gi—hnifE
HAH AR o] — 2R B o 1 R i 25 R 3
Ko FEHIRRG T R HL e DNA FEAR 1) R AR F Al
WA Gt BN, RIAEER R AE - 580 i rh oS I
eDNA, Kl By AR A= i A 3% SRR R4 T K925 ¢
f) 1 32 AE 5 (Yasashimoto et al., 2021) , 1 A ] 5 el
Y ICHEHEA YRR EE 7291 L -3 (Todd et al.,
2020), XM ZESR ELZHN T34, —=H
B ) A= 58 73 A R G0 BT R S C7E 1 8 v 1 £
FOREYE T 25 g MEARIYA M R BB AT
o, QAR A A RS h 1 L - RIAT 3 35 500 m?
TN TCE HEAE Y 2R = RAEAR AL B S 1)
265, INFEEAEAS TR i i 2 24 PR HE (Crisol-Martinez
et al.,2016) 5 X154 (Montauban et al.,2021) , ~
i fR e DNA FIFEBHCR , WG R A sl 20K
1.5 #mEEAR

FEIKAE A=) eDNA [ Wi v <85 foff 17 B0 T
B AR 7 B A K RE (Everett & Park, 2018) .
BEH eDNA Wi INE AR N HI R , 4T K& 1 4%l
IKEEUC RS (Lu et al., 2024) . ITAE, Jo AMLAH
W5 22 R A0 L S M, X AR SR KR B
B I R Pt T A B 77 9 & J'é J5 ] (Shelare et
al.,2021) . 4l E dt eDNA KES IR E T X EEAH
DUF 302 — 2 HER YA B 3R)2 - 5855Ik
BT Z 4N (Milla et al., 2022) ; — 2 FI] F 5 55 i gk
2 W TR 5 1% (Valentin et al., 2020) AU F ik
(Lynggaard et al., 2023 ) 5547 £ X P M SR AR A i, (8]
FEWCEEAE YA L 5% B3 1) e DNA ; =2l TC AWML,
2R LA S BN TORAE , B 4n A FH JE AL
SKAER T | ) eDNA L 5 (Aucone et al., 2023) , {ii
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FHH SGIHEHAFTE R — b X gl A= B R AR AE
BE b DA B B BT 0% 2L 5 1 b R AT AR A
(Zenker et al., 2020) , i 1] 25 < 24 1.1 m/h Al
3.5 m'/h ) 2 LR AR 2 RS, LI I 2l 4y el
PR A B R 2 #EM: (Lynggaard et al., 2024 ) 5% .
1.6 HmESH

TE/K AR A= 1) eDNA I 0 vp 45 i B A2 50 22 i
BRI YE . SRR M 3 N HE W H
SR AE s IR IR 3N H AT TV SRAE L DG
% 41 H 5 (Goldberg et al., 2013 ; How et al.,2024) .
KT AP HL eDNA Wi vkt i B 52 B B H A
TR E 0 AR AEAS R AA AR R, A H
PSR BRINREE F HUR S AEER, AT sk
B, 1A A BV A i SR o L g A ) ] —
B SRS R IR VR , LA R S IR s S i 1 AP A
75 B A] (Valentin et al.,2018) . 1 24K H %) 25 Ay
A X P A P b 3 A 0 LA A
RIS, PR S R el s TEARRN 22 2y 28, A
A BOW TS RMESE . 40, Pirtle et al.(2021) 7EAJF
9% & YN BE T W 7 45 48 K3 5 Macroptilium atropur-
pureum F SR AR I B HD SR BE T 15 N E AR
A TEJGSLF AT TV FI, e Z R 5351
RAESAHEREA,

2 HEmibIEH

FE S AL FR H ) — M2 W A L eDNA %
i, RIS O LR A TR, E T4 e DNA IR
(Coble et al.,2019) . FEFE &AL FRFY B, ARk 5 H
eDNA A AETE L Tl 2 SR AT He B i A A
BRI AR AERL I 22 57 55 5 7K 2E 4= ) e DNA A i A 3
Hr— f (14 1] A5 (Shu et al., 2020; 17 ¥ 2R 25, 2023;
Thamke et al.,2024) .

FE AL BRI B d 15 SR T AL B S A i R AT
2T o KA W) e DNA RE Sl Rl A BT 5 FH 1)
PR AT UE , (AR AR BT AL AR 23 52 e Ab 345
(Capo et al., 2020; Mauvisseau et al., 2022) , H:
0.45 pm PEREH N H I (ZRELI845,2022) o /KA
H AR A A BRI AN B R, 75 000 5 7 A AR B
454 (Kawato et al.,2021) . 4l 3 s W 00 DU PRI A A
KA Z R R H eDNA F2E PEBR , 280G 0L T JC
T HEATRE A AT AL BT, — RO T 58 DURRY) ([
REY IR SRS H 2% B YRR AT (Deiner
et al., 2017) o X THE & R A7, JCiR K A A= W)
eDNA WA S Al 5 i eDNA Wil , eDNA {55 1)
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R 25032 B[R] A2 WD aR TR B RAE A T 52 4h
2k B RN pH 451 £ N EK 19 52 I (Nagler et al.,
2022) , P9 YR A SR AF B AL . KA
eDNA i A7 7 X T2 IR A (Hinlo et al.,
2017; Weldon et al.,2020) Filfk 2= FE A7 (Hinlo et
al.,2017) ; 734, RFLEEEL AL TS B BE L g AR
A7 = R A P S R T MR e HH T
FE 2% eDNA 1Y [% f#% (Thamke et al., 2024) ; DNeasy
Power Water Kit 55 75 Ml b 24 fi% 22 vh Wi 38 L F
eDNA fRFF . X TR F H e DNA RS IR AE B T
IR R T DR A RS 384T Whatman”
FTA R R TR YA B O A 7 =X 7 W v i
JeE dit , WOAR B ORI I R S A RO R A
£ 100% £ 55 Whatman® FTA + 5 _F, 3% 2 Fh oy vk
HEUE S N & B AR AR (Pirtle et al.,2021) . IE
AR WFST & R i A a] DUAS I 21 R L eDNA, 1X %
WA P R AT A S —F Bt eDNA R A7 7
. (Krehenwinkel et al.,2022) .

3 srFils

FEATTAE S AR T LA TR HEAL 1) eDNA 42 -7
W3 -25 K 0 M . BT eDNA BRHUTNE S
BARHAEFE P \PCR Y3 148 R FE FIE FR AL
WF-6 DL PR AR 3 Hrim A BRSO 4R
23 %) B A BT 1 25 2R 7 A R 2 52 (Shi et al.,
2024) . L, WA S8 — bR iEAL Y eDNA $2 -5 4)
PH-ZERRTY A Re i AR 25 R B A B e
A] b4 (Zhang et al.,2020)

3.1 eDNAZEX

TE7K A W) eDNA 2 MU B2 v, eDNA FE i o
FAI Y BT AN R BT L S alife i R 2 &
A HEXT eDNA 1Y 4 B3R 5 i B 7™ A 52 1)
(Pawlowski et al.,2022) . 4%\l Hi eDNA B2 HUHT
BEFERE LT 3 — 2 AR AR i S A PR
H ORIV 1 a0 7E $EH 4 SR 5 eDNA B
YT MK A= BURR B 45 B e DNA 19 J5 7 (Yasashi-
moto et al.,2021) ; 7E$2 BURE ) A4 BHEE i e DNA B
i FH T 2 R A9 Chelex $2HUJ5 7 |, #10R 78 43 BF 5 A
i, LA IE Y DNA 2255 1 (Pirtle et al., 2021) 5
TR A I S 5% v RN B 1 K A T
i, IF I HRBRAE b TR A 520 ( Thomsen &
Sigsgaard,2019) ; =24 W EAE L[ AR DNA ¥
JEREA IR R 1 SE R R 1T eDNA $2HL, I 7
FEAR 5 TR T, BRI B IR AR S5 5 .
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3.2 ¥ES|MEE

AR DNA WE 5 /0 B it 865 |9, A ko
DA 3 SR S AP R ), 1 18 FH P s S 1
19, G X 2R R AR Sy 1SR A
b1 DNA 1) 72 25 38 FH5 14 (Saceo et al., 2022) 5[]
I, % T P55 DNA FFEEFEAR , 2 T eDNA B 514
Wt Z 5%/ B, DL N PCR 334 22K (Jo &
Minamoto,2021),

FERTIN B — 1) REE ARl 3 B HFRET , eDNA
1A A RSB AR e v 5 |, ok R R Sk
7| 4 W) - 35 v Y B RS A T 231 ] (Yasashimoto
etal.,2021) Wi l§ Pipistrellus pygmaeus 358 Hh 1 F8
K% W Lissorhoptrus oryzophilus (Montauban et al.,
2021) st AT LIRS I sh Pk ek 5 | KA e
Pl , 368 o e e I P A TR T L i e Z2 R0 s
W AEAE (Madden et al.,2016) .

3.3 ¥iE-FE-EES

FEY G, i TR B iR | R AN ],
RIS 2% 1 RN S BT KR I 92 A S PR 5 SR 1R o
o, A E5E R AR E YA A TC AT 3k F R SR |
¥ (Valentin et al., 2020; Rourke et al.,2023) ; & 5 1F
ST RIS AR 5 R 38 FH 5 19 (Madden et al.,
2016;Sato et al.,2021) . % F 51 ¥¢ 5 M Rk e
M2 55 , e B AT AR AR A O, %R JGHR
JE JEAREE ST G w50, R, i
WPLAR Yy B R T HLY) B R ) DNA
XS IR AL G Y T BE B PCR, THE5 19 31
(Lance & Guan,2020) , A 8 i i B sl i b A o, 76
R AV 0 i) 2080 SR g [) s L S A 0 2R A0 (Gooldberg et
al.,2015),

FEM PR, — ML T PCR )W Z R
WA B SE RN o X TR Py o, 2
e 20 2o Wy AR S S AT PCROE PRI, P
& SLHF 2% ¢ %E = PCR (real-time quantitative PCR,
qPCR) 5% 3% =X 8% 7 € & PCR (droplet digital PCR,
ddPCR) i AR #4793 Hr, RI AT 3R M H AR E B, L5 )5
A 2Ny F 8 3 A S T BRI FE (Larson et al.,
2020) , %R WA R E AL T AR AR S TR
L&

TERAE T 3T, I G A s 1 e B s A% 1)
Fr s PP T T A T 0, e BR
B 740 s o 2k U s i P A A TP T AR S A
BRI RIS L AR 4y, R B AR, DA T 5]
o5 O 0T R 5 CRIE AN )5, 2016) o LAk, 47
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14 ¥ 91 28 /K (amplicon sequence variant, ASV ) [%
M BT DR HC A 44 1 7 80 % S5 RN A A 2 T 1) A1
B GRE AT S 5 1) (Rt AR A, 2023) .
3.4 FHIEERER

TEZ WP S IN BT, 519935 2 J5 e S kA 7 Lot
TR, T 2 T W I A A i b 28 S5 800, 7R I B
TR AR IU N AN SR B AR TR
D, R 2R 0T AN S HE A . MEA TS Bh &t
TR BT R A A 1 2 25 B I T A YR, A e
FEYR 2 B3 2 SIS T SRIE A5 LA e eDNA Wi i)
F R HE (Lim et al., 2016) . /K444 eDNA Wil
B A L TR 7 (Giroux et al., 2023) , HATA& L
& 1 eDNA ¥ A F4 £ Wl % 1 9 5418 /7 (Burian et
al.,2021),

4 FEMEBE SR

25 T, Ol F L eDNA £ AR bRl S5 K A4
=) e DNA BEARFREAIE L LE R AR 25 57 (BR 1) 6
57K A A1) e DNA AR, £l 3 1 eDNA R
TR Z G — bR AN EIRFFE S M DL b, X s
Mo A BARTEAROM W B o ARl A
FEIREERR 2%, N6 KRR SR 0 | 39828 5 Fie
YEY) AP AE  RAEFE MR &, SREEFE M 288 |
DNA $& U 148 W B AT Z2 A, ik S8 R 3R AR 2 X
eDNA FI A 114 Wi 45 S 52 e , A 7y H0 B B e
i BA P 25 ) R, S 3445 2R 1 B0 22 (Hassan et al.,
2024; Poyntz-Wright et al.,2024) . Kl , 76 B 4 %
FE R AR R DL K 43— 56 B B i AR 347
T A5 o

TS A TR S AR RAAF RS
BHEZ R 3O B FE AT A0 F L eDNA W
A A L R AR B T R, A ] A A 2 AT A
SRR SR T EAN . I, 7R B AR RAE )
o7 B A OCTE AT 445 T — 2 T AR A8 W 5 4w (an
FELEVERUE PR S 58 ) SOAEE S ot (an 28
A AVEY A R 55 ) 1 2 il T 80, R B RR IR A R
ARB A TEE R R A HE R R
TGS R B AT AW iee 5] CanJr4E ] i
FRIIEE) W 5 Can Z2RE DAL 74 T ) 1
SRAFRF ] =2 e B AL R AE (8378
FESF) S Ar (R R AR R 5 ) R R
FE R, AR FH S A AT f e 23 R UM 5 DU e 28
T AR S RS , R % 398 2% SR
FRISTURE SR RAE T 7 o
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Table 1 Comparison of eDNA research across key phases between agricultural pests and aquatic organisms

WHEB BLS AT

Research phase and step

KAAY)

Aquatic organism

Aol

Agricultural pest insect

HFAPRAE
B
Field
sampling
stage

SRR [H]
Sampling
time

REE R
Sampling
point

FEmZEAL
Sample
type

Rl

RIER
Sample
amount

FEAhRAE
Jik
Sampling
method

KA AE ) eDNA W I B SR AR ][] PR )
2 ST H I SRR 25 PR A i AN [+
(Rishan et al.,2023) ; #Z=5 (Carvalho et al.,
2024) ] (Biggs et al., 2015) 456 2 %
R TE]

The sampling time in aquatic organism eDNA
monitoring varies depending on factors such as
the research subject, research objectives, and
aquatic environmental conditions (Rishan et
al., 2023). It is determined based on seasonal
variations (Carvalho et al., 2024), specific bio-
logical periods (Biggs et al., 2015), or other
temporal frameworks relevant to the study

W LR 5 BT H By ORI KA )
AR AEZ R (Xu et al., 2018)

It requires a holistic consideration of multiple
factors including research objectives, water-
body types, and distribution characteristics of
aquatic organisms (Xu et al., 2018)

FAREE L — KR (Lu et al., 2024) T
(Kusanke et al.,2020)%¢

Types remain relatively limited, such as water
bodies (Lu et al, 2024) and sediments
(Kusanke et al., 2020) etc.

KA B SRAE B 22 S BORAH A T S e 41
JEMEI 15 mL 2] 10 LAGE, Horb, 1~2 LR
RN ) (Rees et al.,2014)

Sampling volumes of water samples vary sig-
nificantly with relatively comprehensive studies,
ranging from 15 mL to 10 L, with 1-2 L being
most commonly applied (Rees et al., 2014)

FLEEBURE (KIR) (Evans et al., 2017) i BLfY
TR B 25 oK WA e 4l e 4 (Mahon
et al., 2013) , H A AL A 56 B oK 4 (Shelare et
al.,2021;Lu et al.,2024)

Direct sampling (water bodies) (Evans et al.,
2017), simple tools or various water collection
devices for extraction and enrichment (Mahon
et al., 2013), and other mechanical-assisted
sampling ( Shelare et al., 2021; Lu et al., 2024)

R it R A I 18] 2 ARG 75K S H s E . 7EITAE
W3R (Rasmussen et al., 2016) 2 52 3% (Zenker et
al., 2020) L Jz 3 i B % # (Crisol-Martinez et al.,
2016)RHE

The sampling timing is predominantly determined by
experimental requirements and objectives. Sampling is
typically conducted during critical biological phases
such as flowering and harvest periods (Rasmussen et
al., 2016), wet and dry seasons (Zenker et al., 2020), as
well as pest outbreak intervals (Crisol-Martinez et al.,
2016)

HAEATR IWFFE H A BIFFEN G M PR 251 A D 3R 45
47 5 (Crisol-Martinez et al., 2016 ; Todd et al.,2020)
A comprehensive analytical framework should be estab-
lished through the holistic integration of multiple deter-
minants, including research objectives, target organ-
isms, and environmental parameters (Crisol-Martinez et
al., 2016; Todd et al., 2020)

KAy 5, /KR (Valentin et al., 2020) | + 3
(Yasashimoto et al., 2021) . &7 F #i ¥ (Pirtle et al.,
2021) . 5 fifi #% (Butterwort et al., 2022) .
(Lynggaard et al.,2024) . #£47 (Thomsen & Sigsgaard,
2019) . JK 2 (Madden et al.,2016) 4ifi £ % 2% fif (Mon-
tauban et al.,2021) . Wk M (Xu et al., 2015) J& 58 5
(Bittleston et al., 2016) . 4% 1 (Krehenwinkel et al.,
2022)%

Types are highly diverse, including water (Valentin et
al., 2020), soil (Yasashimoto et al., 2021), host plants
(Pirtle et al., 2021), traps (Butterwort et al., 2022), air
(Lynggaard et al., 2024), pollen (Thomsen & Sigsgaard,
2019), dust (Madden et al., 2016), predator feces (Mon-
tauban et al., 2021), spider webs (Xu et al., 2015),
pitcher plants (Bittleston et al., 2016), and tea bags (Kre-
henwinkeletal.,2022) etc.

KA AT G — i HAHSCHIS TR TRl — 2R
FRAE I 22 S B IR R 25 gt 1 L
(Todd et al.,2020; Yasashimoto et al.,2021)

Sampling volumes lack unified standards and the same
type of sample may vary greatly. For example, soil
samples may range from 25 g to 1 L (Todd et al., 2020;
Yasashimoto et al., 2021)

BHRIBORE (PR A 3 H 3% SR AR (Pirtle et al.
2021) FI AR AR 28 3R AR KR bRk
W45 (Valentin et al.,2020; Jackman et al.,2021) LA & F
SR W 45 19 T 7K (Ladin et al., 2021) 5 4 4 0F J
(Lynggaard et al.,2023) . HAth ML 4l B % 42 (Zenker
etal.,2020)%%

Direct sampling of materials with pest activity traces
(Pirtle et al., 2021), tools for air, enriched water, leach-
ing solutions (Valentin et al., 2020; Jackman et al.,
2021), rainwater collection (Ladin et al., 2021), leaf
wiping (Lynggaard et al., 2023), and mechanical-
assisted sampling (Zenker et al., 2020)

2o =
=R

Hh | %N

https://www.cnki.net



34 X 2RAE Al T R DNA W HAR A bR AT 7 BUIR 5 e 2 551
431 Continued
W B S RS IKEEAY) b
Research phase and step Aquatic organism Agricultural pest insect
G SERG R RT3 AN A, RN IR R ot A Bk AR I A AR SRS [ A AR [
HIE RIS AR I ORAE AN, SRR R T R A AR H S HCR 14> (Valentin
Replication Af ¥ % A i #3184 4~ 5 & (Goldberg et al., etal.,2018) ; J&4F— 2 X duk Py o Fh 3 1 AG b 2 2 v
2013;How et al.,2024) Pl L e 330 R RE il B 52 200 15 4> (Pirtle et al.,
Laboratory quadrats typically use three repli- 2021)
cates; field monitoring requires adjustment Replication varies: one replicate for species presence
based on environmental variations; estuarine detection (Valentin et al., 2018); 15 replicates for distri-
sampling recommends three, marine sampling bution or host range studies (Pirtle et al., 2021)
recommends four (Goldberg et al., 2013; How
et al., 2024)
FEm AL 14 JE (Hendricks et al., 2022) , {H 8B A 44 5T R0 i i 38 DUARW) L EMARTR 53 ) RSB AF TE
BBt 55 ALAR R /INEY 23 %8 45 358 B W (Capo et A ATAL 2 (Bell et al., 2024) . —80 “CHI-20 CIRIT
Sample al.,2020) . ARIEAE KB E-20 CIAFF BT IR AT (Bell et al., 2024) | THARAF (Kre-
processing (Bizzozzero et al.,2024) henwinkel et al.,2022)
stage Filtration (Hendricks et al., 2022); membrane Most samples (e.g., solid mixtures) require no pretreat-
material and pore size affect results (Capo et ment (Bell et al., 2024). Storage at -80 °C, =20 °C, dry
al., 2020). Storage via low temperature, ice ice bath (Bell et al., 2024), or desiccation (Krehenwin-
bath, or at =20 °C (Bizzozzero et al., 2024) kel et al., 2022)
7r7is  eDNA  DNA $2HUH K (KR & i) DNA 42 USR] & DNA B2 HCAT K iR 08 | 3 2 S O U A
B B eI (Deiner et al.,2017) i A9 DNA #2 B3R 577 & (Leempoel et al., 2020;
Molecular eDNA Using kits for water sample extraction (Deiner Villacorta-Rath et al.,2023)
experiment extraction et al., 2017) Kits available for water, feces, soil, air, and trace tissue
stage samples (Leempoel et al., 2020; Villacorta-Rath et al.,
2023)
P59 DNAZZIB (Sato et al.,2021) WIFiEF4E DNA Z 2% (Madden et al., 2016) HIFEa 454
TEPE 541 (Rourke et al.,2022) (Valentin et al.,2020)
Primer DNA metabarcoding (Sato et al, 2021), DNA metabarcoding (Madden et al., 2016), species-
selection  species-specific primers (Rourke et al., 2022)  specific primers (Valentin et al., 2020)
- ¥ PCR,gPCR . ddPCR % 45 ¢ PCR Kl 43 PCR qPCR . ddPCR %452 PCRAGIJ5 1A IR 24
UNSES TR LR e B IR PRAFA i e 1A LA
axis PCR, gPCR, and ddPCR are the most fre- Same: PCR, gPCR, and ddPCR are widely used
Amplifi-  quently applied methods
cation- g pCR SsR WSS R ARV EA E POR G467 4058 Rl A e R 24 7
SeqUenCINg= )\ wHEA T T TRy o BN iz P AR S 5 | W) 0T i PCRE Pk
analysis PCR products are generally submitted to com- il L & qPCR 5%# ddPCR & =43 M vl , Jo75 EA T
mercial biotech companies for sequencing ¥ (Larson et al.,2020)
Similar practice. Alternatively, species-specific primers
for qualitative PCR or qPCR/ddPCR for quantification
without sequencing (Larson et al., 2020)
ZBRERES RS AR H AT OTU B INF 5 20 ey S /K AR AR I WF R — 20, (B 75 By
POIHTAF CRIGAN B, 2016) s ASV FERR AT M JCR 391 2047 (Kestel et al., 2022)
B RAS e (i AR 45, 2023) Samr analysis steps apply; but quantitative analysis may
OTU clustering and (Song and Huang, 2016) not require sequencing (Kestel et al., 2022)
and ASV denoising (Yang et al., 2023) after
error removal
JEHIXEE BB Unite 80 % Silva 86 & 1T @S0 H ATl %A £ 1 T4l F B8 % (Jackman et al.,
TR PRI W R | Silva B Greengene Bt /% 2021)
Sequence  (Jackman et al.,2021) No dedicated database for agricultural pests (Jackman et
comparison Unite, Silva, and plankton-specific databases al., 2021)
and (Jackman et al., 2021)
annotation

HR AR L eDNA FE S SRR A 25 T
T XA [ A W) SR FIRE S BT Joe 2 T 4 DR AT
73O Heia: , i Sr RN A A T A 1 R 5 TRA

F ] %1
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ISR, 3 a0, B T 2 % A Ml 3 o W AR AR
ML IR T, R BREk A 1 458 ZE0E AR AR SRR
fn TP T4 e DNA SR HUGHCR I 5 4 58

P, AR B B eDNA B S HLA ZHE0E, i &
R IR RS | L TR 2 E AL eDNA Y
PERE AT E AR IEAE R R AR AL, BT ik 5
i AR AW i B (Ruppert et al., 2019) , i FAS [7] 19
DNA 25U 1 AR 1G5 14 KA [a] 4G I 5 B
AR AT BE 2 77 A A ) B9 e 45 2R (Bell et al., 2024) .
PR, 7R R0 5 B eDNA WU 43 F- 1056 7, eDNA
PEION YRR A R DT I P2 O 7, LAk
GV ERI R AME DNA 975 4%, i i By AR PR 45
B9 774 (Xiong et al.,2024) . HAE % FAAEZL
PR S AL IR AR DA , ] ANt X 2845 | 1458
SERE b AT LA DNA $2 000 £ 55, 10 LE AR A% ikt £
— L83 (Hermans et al., 2018) ; 5 4b , 38 [ #4 ##5]
Wi V-5, A [] B e 5 A w3 25504 S b s )
eDNA S
5 RE

A BT A W 5 B AR KT PR R AR
WA= 4 T NZ DT TR T, AT Ak AA T
fE. AT, A3 i eDNA KPR B = | P H i 20
220 i WD R A, B I A3 bk T RE AN A
FHFAMEE R & 28 ds . B UGEUN RHIFLAS A
AHRAV R Bl , A GE AN TT , 257 4 T ER 150
P AP S LA sl S i A B A B AR RS
Al o W ES A 1) 43 BT SRR R A, R AR
WO HIR WA A Az 8 R AN 35 L) eDNA 08 5
[T, A Al = A G oE R R, R 2 D BS
TR, L5 5 55 4% e Wi 8] A 235 SR 4 sk ] | Bl
PN 3 ezl ol T B A 2/ R o L 5 NI
(Evans et al.,2017; Allen et al., 2021) ; If-45 & 52k
WIS K, 1T 0 55 DA AR AR 2 45 5 430ty 42 I
PP R E LR (BT 2R 55, 2023) o 534, iR i
eDNA $7 A 5 HoAlb W0 F= B Can g5 Wil 2h da &k A=
WEIN e REMEIN AE ) 45 A kA LA I W DA R
(Zenker et al., 2020) , 7] L BE 4 T Hb 3 42 Al 3
1 AR ARG 2T M LAy B A Aol 3 B
B B 4 D SR SR B o RIS, e vy Wil & SR 5 B 4
PSR PR S A ML AR A 0 Al A s 7] 35 o 45
M (Bell et al., 2024) ; JUHZANGR X BT A 58 K e
W R AR AR B ST, $EHT i #5 AH ¢ eDNA i
DUFE AW 7258, S X RE T o
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