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Abstract Quantitative establishment of predator-prey food web is the foundation of effective pest management. Common
methods of establishing food webs include usingmonoclonal antibodies, PCR-based gut content analysis and real-time,
fluorescent, quantitative PCR. These methods are highly sensitive and species-specific, but can only qualitatively, or
quantitatively, detect known prey or host species. DNA barcoding is a system of species identification using short,
species-specific DNA sequences that rapidly identify species and that was first used in insect taxonomy. With the development
of high-throughput sequencing technology, DNA metabarcoding based on high-throughput sequencing has a wider range of
PCR amplification for prey. Unlike conventional molecular methods, this method is not limited to detecting known prey (or
host) species, but can rapidly identify both known, and unknown, prey (or host) species, thereby allowing the construction of
relatively complete food webs. This paper summarizes the technological roadmap of using the DNA barcode technique to
establish a predator-prey food web. It also introduces the selection principles for barcode genes, design and verification
methods of universal primers, as well as the basic flow of high-throughput sequencing and data analysis. The application of the
method is illustrated with an example. Finally, we describe the advantages of DNA barcoding and summarize the current

controversy over the use of this method. The aim of this paper is to provide theoretical guidance and support for research on
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the ecological regulation and management of pests based on the protection and utilization of their natural enemies, thereby

enhancing the stability of food webs.

Key words DNA barcoding; high-throughput sequencing; food webs; predators; predation
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Hemiptera (Sternorrhyncha: Aphididae: Acyrthosiphon pisum) AF487715
Hemiptera (Heteroptera: Miridae: Cyrtorhinus lividipennis) KU289737
Thysanoptera (Thripidae: Thrips major) KM877309

Mantodea (Mantidae: Mantis religiosa) AY859585

G Phasmatodea (Phasmatidae: Acanthoxyla prasina) AY943647

Diptera (Drosophilidae: Drosophila simulans) 228413

Neuroptera (Mallada: Mallada bonensis) EF650643

Orthoptera (Tettigoniidae: Tylopsis liliflia) AM888956

Plecoptera (Capniidae: Capnia bifrons) KF671110

Odonata (Coenagrionidae: Paracercion hieroglyphicum) AJ488551

Trichoptera (Stenopsychidae: Stenopsyche marmorata) LC094265

Lepidoptera (Gelechiidae: Tuta absoluta) HQ880002

Collembola (Entomobryomorpha: Tomoceridae: Tomocerus kinoshitai) F1411421
Collembola (Poduromorpha: Hypogastruridae: Ceratophysella biclavata) FJ411424
G Collembola (Symphypleona: Bourletiellidae: Bourletiella hortensis) FJ411426
Araneae (Theraphosidae: Aphonopelma hentzi) AY210803
Araneae (Lycosidae: Pardosa albomaculata) JF791457
Araneae (Thomisidae: Diaea sp.) KF669329

Araneae (Theridiidae: Enoplognatha ovata) AF084942
Araneae (Anyphaenidae: Amaurobioides sp.) DQ356597
Araneae (Antrodiaetidae: Antrodiaetus pacificus) JF791627

L7 Sj]
Araneae

B 2 5.8SrRNAXIGHIERESI#AE (i%E 5] 8 Toju and Baba, 2018 )
Fig. 2 Forward primer position within 5.8S rRNA region ( This figure is quoted from Toju and Baba, 2018)
7E 5.8S rRNA XIBHIRRN/ERA AL A MHE, ZREBFFIER TESEEMGRT BB RNPRRETH TN/
BRERALRIFTT T N BRI AR 5| 40 LUK SR T A RS 45 R BRET S 49 o
Around the insertion/deletion site within the 5.8S rRNA region, nucleotide sequences are well conserved within Hexapoda
except for Lepidoptera and Sternorrhyncha. Hexapoda, and Araneae primers and Araneae-specific blocking primers were
developed around the insertion/deletion site.
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Fig. 3 Taxonomic composition of obtained Hexapoda reads and OTUs
(This figure is quoted from Toju and Baba, 2018)

A NS ETE 4 PCRKZR Y reads $; B. /NESHN T4 HTE 44 PCRIAZ 1 OTU %,
A. Taxonomic composition of Hexapoda sequencing reads in the four PCR settings;
B. Taxonomic composition of Hexapoda OTUs in the four PCR settings.
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X42_ Cynipoidea HYM [l Thysanoptera

Araneus tsurusakii X29_Macropsinae HEMI |:| Lepidoptera
X12_Brachycera_DIP |:| Hymenoptera
X1_Entomobryomorpha COLL |.I Hemlptera

Phintella abnormis X19_Chironomidae_DIP |:| Diptera
X16_Orthocladiina_DIP [ ] Coleoptera
X39_Chalcidoidea HYM
X43_Cotesia HYM . Collembola

X3 _Entomobryomorpha COLL
X10_Brachycera_DIP

Oxytate striatipes X15_Cricotopus_DIP

X36_Chalcidoidea HYM
X17_Chironomidae DIP
Cyeol X28 Sciaroidea_DIP
ycolsa sp. X11_Brachycera_DIP

X8 Chrysomyinae_DIP
X40_Andricus_ HYM

Philodromus subaureolus X32_Tetrastichinac HYM
X21_Chironomidae_DIP
X26_Simulium_DIP
X50 Glossata LEP
X51_Thrips THY
X52 Thrips THY
X38_Chalcidoidea HYM
o ) X23_Simulium_DIP
Platnickina sterninotata X25_Simulium_DIP
X4_Collembola_COLL
X22_Simulium_DIP
X X24_Simulium_DIP
Diaea subdola X48_Ichneumonidae HYM
X20_Chironomidae_DIP

Thomisus labefactus

Y iell X33 _Tetrastichinae
raniella sp.
X41_Cynipinae HYM

X34 _Pteromalidae HYM
Leucauge sp. X31_Aprostocetus_ HYM
X37_Chalcidoidea HYM

Takayus sp. _\: X35_Chalcidoidea_HYM
X14_Ceratopogonidae_DIP
Myrmarachne sp. 1 T I 1 X30_Encyrtinae HYM

B4 SYMEN
Fig. 4 Food-web structure

W FP 2 (ZE) 5N AR OTUAN) ZIIIELE SE R, fi X 4 F PCR R R M85 S ik o 45 I ik 5 A 45 190 o
FHAR IR R 7 o 32 2 R0 28 70 RIF 5 B A I I 17 T A P 3 12 DG R I (e T LA A R o B A Wi A 740
TUGE R AR SESEHCN OTU, R4 HAK %S o FIR M I/NRREAR %, COLL, i#EH; COLEO,
F#E; DIP, XU H; HEMI, #H; LEPI, 888 H; THY, Z8#H (%51 A Toju and Baba; 2018 ).
Spider species (left) are linked to the Hexapoda OTUs (right) detected. The results of all the four PCR settings are combined.
Web-weaving and non-web-weaving spiders are indicated by color. The thickness of the link represents the number of spider
samples from which a focal spider- Hexapoda association was observed. The lowest taxonomic rank indicated by the
automatic molecular identification is shown for each prey OTU, followed by the abbreviation of order-level taxonomy. Box
size represents the number of samples. COLL, Collembola; COLEO, Coleoptera; DIP, Diptera; HEMI, Hemiptera; HYM,
Hymenoptera; LEPI, Lepidoptera; THY, Thysanoptera (This figure is quoted from Toju and Baba, 2018).
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