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Evaluation of biological control in food webs based on gut inclusions
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Abstract The misuse of chemical pesticides and large-scale planting of monocultures have significantly reduced biodiversity
in agricultural ecosystems. Strengthening the management of non-crop habitats can effectively increase the number and variety
of natural enemies of insect pests, promote the establishment and stability of food webs, and thereby fully utilize the pest
control functions of natural enemies within the food web. Therefore, understanding the predatory relationships and control
capabilities of predatory natural enemies in the food web is a prerequisite for fully utilizing their pest control function. This
paper systematically reviews progress in research methods based on DNA molecular detection technology, with a focus on
evaluating the pest control capabilities of natural enemies in the food web through the analysis of their gut contents. It
highlights the similarities and differences between traditional methods of detecting gut contents, and molecular detection
technologies (such as PCR and DNA barcoding) in terms of sensitivity, accuracy, and operability. Furthermore, in combination
with high-throughput sequencing technology, the potential of constructing food web relationships based on the cytochrome c
oxidase I gene in mitochondrial DNA is discussed, noting existing limitations in terms of applicability. In the future,
combining quantitative predation assessments with food web construction will further reveal the potential application of DNA
molecular detection technologies in biological pest control, and their innovative significance in pest ecological regulation. This
will promote the deep integration of genomics and ecology, provide important scientific evidence for optimizing the pest

control functions of predatory species and promote sustainable pest management in agricultural ecosystems.
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Al 5 2y Ak ik 2 4 = 1 AR R A s A
R, (HA A Tk A 25 i ok B 4R AR — i
P K EAESFAE ( Da Silva and Willows-Munro,
2016 ), fh g 25 AN G 3T FH 2551 R 35 B2l
P4 ( Resistance ). 2 i B ( Resurgence )
VI e qe 245%% B ( Residue ) % — Z 41] [a] 81 ( Desneux
etal., 2007 ), F H A= S A H R e bR XERE Y
o —Ti R, TR AR S AE S R R E
Wy -5 - R R Y I B L T i PR AR LR
R, G RHAY ZAEAA AT,
FHA S SO TR GEAL A AP A S5 AR, A ]
FAR R E SR (b Bt ( Jeiig, 2020) . WK, i
B A H o0 £ 4 ) e R i 55 3 o i A A A 5 ¢
R, KRR FE DGR, BB AL Da
Silva and Willows-Munro, 2016 ) ., Tfii B #fi K &4
BH AR | B ST Rl Ee S, )
SR AR AR TH SOUL £ ) I Je 3 o A A A G
Ht—3 (Zhang et al., 2022 ).

PP A 12 1 DR e ) 42 35 A FH o B B K
PYIERE ORI . S B An F R py A e SO, 2%
AV E/EI R/ (Aebi et al., 2011),
T EH Rl 5 R A T R R E (R 1A=
BRGEHMRE-FHRIEHK ) (Rondoni et al.,
2014 ), FMHLLZT, EYRSHTINHEDY R 22 Xk
BAESRGEM, B K NIRRT
fraFR-HE T 20ERT RIS
REMY S

B RGUREAEAR KRR B AR T H 38
BYMBZ5H (Maureaud et al., 2020), K,
FER AT B ) X g 55 A % HL e (1] 3 25 AR Ak X6 T B A
ARG TIRE B N AE IR S AL B ) H X Ak S5
Tt p 3 EEE (X pK ARG 2R, 2022 ), &
Wy 2548 1) st A 7 2 SRy e PRI E SR
FEVEEYIMN FZOCED R BB LR
MHF A, A SR BARE
HEREUE S e, SOA B X RAAE
(Marshall, 2005 ), FHILZ T, B9 AR

I RO S () SE PRI B, R ] AH B
YER B FIRE . WAR, BTy Mt “ KL
WETHRELR ., g T2 e WERE-
) R RO R A A A A A —
Ko REGEF M TEYMTH L2, ek
A A F UM R A R ] R g (Xieo et al.,
2021 ). R, A H S0 R EY S AR RS AR
B L, DA ZEN A2 5, SR E
SN R EC AT M LN, A& Z ]
REAETESE R B R OC R, PP FR ] AT fig
ORI BB Wy W 470 B Fop 3 D ae 2 4k, i
LR R O 3 R F RO (Stouffer etal,
2012), DML, Ayl o BEAR B — ORI
FEI DA [ R R IE (] A3 52 4, A0 A
INAS 5] K B b B 38 PN 5 oK 5 B PPAS B AT T
R EEHCRFRE S, dEmita g — A AT
SERE B RE-E B (F15R45, 2024 ),

HAl, REEEEMOIR FEE P TE
Y- R - 2 T) 8 R O R e R EONT B AL
PFEEHLE (Athey etal., 2016 ), B IRIXLLHT5T RE
S PRI HT 3 IS KR I S A E R,
HNEYM A E BT KRB E LR 5
FERIR A LAY O 1 J2 T AT AE7E SR BR A o
AR, BEE 4> T AE WA Pad & e E T PCR
A . mDNA CO T JRHFFI: ( Yang et al.,
2013) LI K i iE T 55 DNA - FARE A
R VAL R BOH SR S By R AL T
FEHE, I DNA PRI A, 434 M ]
RKEFEARWGIEN Y, 7 REFFETRES H R
Z B EFREAERZR (Wang et al., 2017 ), #Efi
EIZEARAE KBS E AR = BT E
AR 24N N . BRI R L
K 1R

1 EFHERENORBHAS
RS
TR B i NS ) E R AR Yk
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Ecological pest control functions of natural enemies

A
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Methods for quantitatively evaluating the pest control role of
predatory natural enemies
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Traditional methods
E BN KB REM
Quantifying natural
enemy predation
PCR HA
PCR technology

1855k
Traditional methods
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Construction of food
webs
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DNA barcoding

technology
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Revealing the value of molecular detection techniques in natural enemy control, crop yield enhancement and
pest ecological regulation development

A
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Establishing an “economic, simple and effective” ecological technology system to realize sustainable agricultural development
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Fig. 1 Technical roadmap for quantitative assessment of natural enemy control
based on intestinal contents of natural enemies
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XL BT RES R A G E AT AR AL
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REIAEN Y, v e I RE B 1E
FH AT LA SEORS i b A e 4 il T b R o i)
SRR, IRk G SR 5 Ity oF 1Y) S 0 25

11 BHRERFENESS*

H s i & - ik m s AR S e R
2L HAIER RS . 2T EPUR R . AT
HLVKTE . EINTIRER NI | gk | HH (] B
Wk | R Rl 2k (3305, 2016 ), 4 (Rb)
JG bR iC L s BE B S e T (S A,
2020 ), Hrp, @ w iR R ECE B/ 2
K R 1 9 A5 ) DNA 8RR EAn &y (n
Bioc R | FEREEAT . IRIRSE ) Skstal (5K
P[4, 2021 ), 4N, Ouyang % (2014) it
e AECERIN ZHA, BiiBEER L RGE AL

B Propylea japonica [R5 93k I . BUES Fu i K
BRI, A RO B PRIt T = b T R
PWICE AL R B R T R HOR
R AR R I TR, U A YR
I RS MRS, RR S & AR 5 Rl K SoA
g, NIMEA 1T RS E . ZrkR
AEAERI R FRUE ML MR S S 25k
P45 (2019 ) F FHENOC R bRid s 63 HL Harmonia
axyridis, B HAE SR 5 i R B fCR H
WEAEH LB RO, B IESFS (2023)
HE— 20 B UE T80 2 AR 10 AE H R A ROIR R
BOT R AT, REE T FRic A W 7E 2 S5 3R
Hippodamia variegate Ji 4t iz 38 P 03 B8 HH . it
Gb, BT REHUAT AR Ry ey b i) —Fh
BB, W T KRB R BB

AL ORI R PR L, R
ELISA %5 Bl KB P2 & AR 2E A R BT,
DI A L A R . B, Wheeler 55
(12003 ) fdff FH 2R 5 B TR LB 1 SR X oK
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Igf Rhopal osiphum maidis 447 Jy, HH W H
ZIRTFHURTF & pliA R . RIS E . 251,
SR ACIEE S N 21, S BUR A= BN - DN
B B AR EL], iAo B AR i W S AR il
AW e R I KRR N BT B AR B, SR AT
Ry S AR 2 R TEA X A kY TE R
iR S R

DRI, 33k S8 7 X R O B 2 VA 45 4
RIS, FIH PCR HAMHHEH 555
YIZ R EFRRR, BB K EH i ) E 2
KR

12 PCREAREMHBREERANTZE

Hl, PCREARL) 2R TR ek 5
PR 2% 35 43 B 13t 4% A8 S 4 I 46 458 ( Lakshmi
etal., 2024), W ASFESFEHR T EE T
H, I ia SRR & E A P o X4
Y SR A:: I WS K E A ALY/ PON SR AR/ EE Bri  i0
D, AR D5 B AN RS B R B X AR
AT 52 B0 ] — s o7 F B 3% 22 A4~y e 1 A D0
YE . N Foltan %5 (2005) fii ] PCR % ARG
B M R E I8 A I A A, DL AT
Tds, (RTCE XA B A48 478 . Kamenova
45 (2018) LA PN oM IR 4, it 2 &
PCR A sz 2%y . 2508 | ASAKFE S 5 )
DNA FBt, ERIGZE AT AR 5%
GEVTAL 7 A L B A SR BIR 0T . F5 4 4
(2024) 254 HIE]JEA A PCR RIIHE A, Wi
T EERER W/ NEYS Orius sauteri 5 164 157
Aphis craccivora IR EESNZS , FFE T AR IW/NME
W E NS RTH AR I Ah, PCREOR
BN TR A R A TN, W
Wang % (2018 ) T PCR 143 AN 7, #
W1 ¢ 5 W% Apolygus lucorum /4 P4 (£ 4] DNA,
o T HAVE R S E M Zm MR, LR
I, W IE AP0 43 F o AT REAE A AR T L Y B
ST, AR VIR R R
WER B 2 FE, RN AR RS R TR
/N ( Greenstone et al., 2014 ),

R RN TE P B AR I A S ) R O AR ]

DT T AN [l i B AR X S e, 3 e fef T AT
I 5 SRR A T I 53T, DA SR )
WEEH#— P RIE W Ju %5 (2019) @1 PCR
FRGF B vPAL T S 60 B HUR L BB U 3 N AR
A UF DNA BRI 52 151, ghmi A i & &
SEEMAUE , IR RGBSR AT IR, AT
T SRy A A R AT AN [] DR RO 6 £ B A A 1 1
Do R, s FHH AL A R S5t K BEAH X E
HIEM KRB EER] . 458 PCR HR HigE 1
SIMTEVEIE Y, JOTRE WA E KB B0,
HRBERAR, 52BN KEIEAERR R, 52
¢t & PCR ( Red time fluorescent quantitative
polymerase chain reaction, FQ-PCR) J&—Fh1Ef%
4t PCR S:Ailt I JRe i A 1) v o R B R o it
Ko H5&4 PCR ML, B ARANGEE TR
REEHEE . rTHne IR ( Shakeel etal.,
2018 ), i fHEA RIR A 5L g T By R ( Foltan
etal., 2005 ), Jf B A UE S8 . X Se Ll
HER ARG | Rk . B Ryieytkur
50, BAURREAESS | B RUREY (BRHT4E,
2023 ) F1EE He Gl AR A 5 S 0TS 21 1Tz
(Ruizetal., 2023 ), FE4F% , SLHTPOLE 7 PCR
TEE 7B N S i b g i T T 2.
Wang % (2013) HJ& T X175 KEl Sogatella
furcifera, #) K&\ Nilaparvata lugens Fl/K Kl
Laodel phax striatellus = 5 32 2¢ ' 2 & PCR 6
WA Z , FTAE5E 3 Fhifi £ P Wik 1) £ W s il A
. Rondoni %5 (2014 ) i1 ¢ i PCR Kk
T AR S5 o SR A b B A O A
o BFRERN, 7E7Em REE . FERrAE &
SIHTEIEOL T, SN TOLE B PCR A& H LTk
( Kamenovaet al., 2018 ). It4h, T HEZH
T W U BlURE A 1 - T E AR BLAVE ST
4G 2 PCR Al B AL 4%
1.3 mtDNA CO | EEF KR H

MtDNA CO [ 3 [H J5 51| J&t — Fi 2 T 2o {4
DNA rhéiffitas c %A fLig I ( Cytochrome c

oxidase subunit [ , CO1 ) JLHFEH) ( F A5,
2013) . TP AN RIH AN O A TR A H HL
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PCR EARY 1% CO T FEH e Xk, xF R 4
EY =Pkt DNA T, IR 3RA5 B 5L )7
G5 HE e v B 2 R SN AT LE X, DT SE A
Fids s (Antil etal., 2023), 14 CO T FEH H %k
sebric, iR c EALms I ( Cytochrome c
oxidase subunitIl , COIIl ) FEA [FEIEEL 72 N
TFHRHEFFIK M ( Galinskaya et al., 2020 ).,
CO I B RIH g B2 A Sk . B g FH 5 | 091
HIF 5 bl Blad ARIE S, Bk DNA 4508
MR E RN, IFEEY Mt R E
BAEH

H 2003 442 Dok, 5T CO T A Akl
HARCHIEH ZEHR RNV ARG T RS HF
B EEHXRYANT B Z— (Krishna
Krishnamurthy and Francis, 2012 )., -5 HAtl 7 i2: 4
b, CO I )T BeE A 5 IX 53T S AL 5L %)
HUB BoE LS iRl JnsR ot A (2008 )
i R G EF Aphisglycines CO 1 JLHF51, %31 T
2 MRS, EUIE T 14 M E TR EL
X R GWF BT A 1, A A B R
i AR AR AL T R . FAE4( 2013)
FEXTAEAb R AR S R G 5 PP e i, it T
FeREg | It T PCR ¥, LRl | YR
AR R S, T IR RSO I U
A FH B R o R O AN [ e A B Rl o
XU R, FE PCR HORY HE I BAR ,
MtDNA CO T JER T HIAN L RE W 1T P Fh 45
54325 (Chenetal., 2000 ) FilisifG R EAY,
WAL F A S TR SR S SR TR AR

2 ETHhERNSWE R Y MER
ik

1 558 1 B Wy A A 1 S A R BT A
WREE | T AT At A 2 N A T R R 45 LA
i 2 1 I v R ERORT 3 A A 1 AR H DG &R e
71 (Maureaud et al., 2020). B TA¥ 4%
RIGAWIR I, LHZOEE PCR . Mgk
itk . BiENEY) PCR RMEZ A & e 5E
(BKBTT4E, 2021) . XEEET REMGENEY
() TR v LA v R U RN AR S, RS

R E YRS (Kresset al., 2015 ), 4K
i, X s B O R B KB A HE Y, AT
TERE 3 SE R N 7 TIATAE— 22 SRR o

2.1 ET DNA £REHARNEHMN ST

DNA FIE 54 AR & — i i 2 DNA J7 571 ik
TR E M E L . B ARFH mtDNA
CO I JE A 1 FEE bt X I AE A,
HAnZER 1) DNA JF51, SCELRh BRS fE 55 8
(Wang et al., 2017 ), #F5EKB], DNA KIS
SINTTIEEAE R TSI 2L L FIE2 . RS
KRB B AR DL R R B S 2 Ry
1 (Adilbayeva et al., 2024 ) ., XS EILES
o IS 5 FES B 2 WF 9 1 kAl . Hebert
(2003 ) 1 K4 H AR AR AR i e 2 ¢ AL 1
W3 (CO1 ) 7EN DNA ZIEM O BB, X
200 Z Ak B B gk T T REhiRgl. 25,
CO I B Fawe) iz H Tt H (Hogg and
Hebert, 2004 ), -3 H ( Ferri etal., 2009 ), ZH#
H (BB ATKIRIE, 2019) . ACGHH (JER%
4,2009) | ¥ H (Hajibabaei et al., 2006 ) .
74 H( Ball et al., 2005 ), ¥i§##8 H ( 5K %, 2011)
IS H (JE 5 PA S, 2013) SE 2 YRR 432
g Je ] 56 2 F%E (Hajibabaei et al., 2007 )
1l Garcia-Robledo %5 ( 2012 ) L 4 FhaF FAEYIAY
244 rbel . trnH-psbA JER AL 1TS2 2
[FIF4 LTS 2, B T A B R R S A 2 1]
MELE SC &R . Wirta % (2015) FIFH DNA 4265
HOR, FHWE TSI, Wbk, FAEERH—=F
SRz Rt E ) gYM, 52 525% (2023) i
b % A A M R B 2 = R R R 2R ORI
% Campylomma diversicornis HEA #1743k
M, 454 W E D Thrips tabaci il 4E #i
Frankliniella intonsa %8545 #6417 PCR ¥~
SR e R R C N T eh o L /I CBS
R, 1K — B0 R ) A P R By v 8 s A H il
LRt T E R KR

o & W ¥ 2 R ( High-throughput
sequencing ) X FRARFBFATINT , fE—KXF L
BT E ET I % DNA 43545007 ( Slatko
etal., 2018) . T mil TR DNA KIEH
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AR PR = 20 43 B 5 1 AR R A AT, 12
WoR AN TAE S 0 TR AR TC A TR A AR
/& (Gomez - Poloet al., 2015 ) ., 1£%: DNA %I
B AT B OB R R R X3k (4nCO T
rbcL Al matK ) FEATHFhAE e, T e A Y 4
RBENS [R] B X 2P Fh () DNA ZRIEASHEA T =554
Wy, JEPE R AR S5 B, XA
D75 o AT T RN A IR L TR S
DNA I A H A LSS 2 ok i A AR () P
fe il B P AE O R A e R BB , REf
PUNKRMBGH R, B 2B ENEY LR,
i Cuff (2021) ffi HPIZLHT AL PCR 5145 Lk
FHzE N AP R DNA SEATP38, A = il
FEH AR 195 1Y DNA HEATI T 43 B i
RS, I, X —F AR A XS
SEREE YN T HOR S,y , e Y TR
R 5T B

22 TEEENHMEYMPRBIEEIEAN DNA
ST AR

BT REE N & YN HAEEY W i
= EVE A B DNA 43 F R B A E 5 a5 A~
BR. moe, MWHIBERER KEAIE T HEH DNA,
FFRFH R B SR 5 | 4y 95k PR 20 AN 7 Jo ot
VEPR T S AT ) SE PR AN, AT 5 S i TN
TR AR RE COT 514,
i PCR ¥ B RG B A0 3 L A 472 DNA J751 . i
G FHYERE 22, AT LA RECEAS [A]
AF A 1) ) e B A B B LR A
YER .. Hk, 7EFEHEKEAIE DNA Jal L,
FIFH DNA S0B3R40 mtDNA CO T 5[4 )
G EE TR AR, WHERE-EYEY W
(Grayetal., 2015) . [Ali}, SREEHEIETESREY)
FEAL, $EBCH: DNA Jfifad PCR ¥ Bt &5 ¥4
PSR, B M R SRy . X R T
CO 1 ZIERS &9 W 43 B 7 i Re S kG i R ) 1
YIRS R o AR AP e 2R R
. FRICHEE AR S Bk s R CO T 25
AN BRI SR, v RETE E R R AL A (i
rRNA JE[K 16S F1 1TS X34 ) #h7esrtr. 7E5]
Wit S EE AR, N AR B AR H AR R L

KRSz i e, (R i i s AR 5
PEY I

3 RE

1 W) I 45 460 1 it B R R B B D RE I o =
PEAL, JEE AR —4 . DNA 43 F
00 A 38 2ok 4 7 R U T PN ) R TR A
ik, IR A FE R AP 2Rt | A7 X
HR O F g A S FE e gt T HE T A
HT mtDNA CO I HE(H 7 Bty DNA J3FFa il
A, ¥ &0 KEH e S RE-F
TS &, ST T IE 4124 5 4 2 TR
JERI4 (Wangetal., 2020) ., iE4EE, ZHARE
B )IZAE B AR AR RS B X RN
AT L, IR B ARl 5 A P O Sk v B 2
W5 (Gurretal., 2017 ) o 1745 T 75 8 G
JF 1% DNA SIS E A & W I A R A5 £ 1t
TR AT T R M A B LA ( Pandey and
Rajagopal, 2016 ), i3l T &9y W25 ¥4 FHS i
M 0 TR AH E AR A W DL A ) 2 A PE 5
B, RS AW . ARl ] RRs e 54
SR ER py N T ) (Adilbayeva et al.,
2024 ),

T A8 AR, HETE RSB NS Y3t
JiTH, DNA FAEINE AR M3 T P s b A
R, TERRSET HS WA R, H PCR AN R
TR FIORS B T Rz BIRR . s, ST E bR
G, DNA o TR AR EE R 4% . &
AT HAa e 2 (Parolin et al., 2012), &
R DEEE B PCR AR 2 U8 FOKS 4
B 3, (HHARAS 15 G R A e DG
TRAEAE—E SR BRI, TRl T3 s i A = | AU RS
WA o, BRI T H A FE U G Iz R .
DNA ZIEMEARLE COT FFEFEHTHA
Yk . XA RIZEHEAEY) PCR Y14
BN 25 U A5 38 M i mT 5 T AF e il
( Frézal and Leblois, 2008; Ferri et al., 2009 ), X
WM, ZRR DAL S A . SRR . MER
IO 1R A o e B S R T B
EANTZ B AR BRI 1 frk .
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