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Abstract: Molecular gut-content analysis has revolutionized the study of predator-prey interactions and allowed the accu-
rate description of food webs in the field. In this study, we identified and characterized cytochrome ¢ oxidase subunit 1
(CO1) from the aphid Megoura japonica (Homoptera: Aphididae) and characterized its utility for molecular gut-content
research. Coccinella septempunctata (Coleoptera: Coccinellidae) were selected as a representative predator of two insects,
M. japonica and Aphis craccivora (Homoptera: Aphididae), for analysis of predator-prey interactions using prey-specific
PCR and reverse-transcription quantitative PCR (RT-qPCR). The results of prey-specific PCR showed that with increasing
M. japonica consumption, the MjCOI PCR band was brightened and subsequently decreased with extended digestion time.
RT-qPCR using Tagman-MGB fluorescence probe was also utilized to quantify predator-prey interaction between C. sep-
tempunctata and M. japonica. The MjCOI copy number in C. septempunctata increased with greater consumption of M.
Jjaponica. Moreover, MjCO1 copy number in C. septempunctata decreased with increasing digestion time. Furthermore,
analysis of CO! copy numbers in the gut of C. septempunctata showed no feeding preference between M. japonica and A.
craccivora. Our results demonstrate the utility of molecular gut-content analysis in understanding trophic relationships
between these ladybirds and aphids. In addition, RT-qPCR is shown to be an effective and accurate method that should be
considered for wider application in predation studies in field settings.
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1 Introduction

In biological control, predator-prey relationships are charac-
terized by prey choice and the selection of optimal predators.
Several methods have been used to study predator-prey inter-
actions, including direct observation, natural enemy manip-
ulation, life table analysis and gut content analysis (e.g.,
Pfannenstiel, 2008; Harwood & Obrycki, 2005; Harwood
etal., 2007; Weber & Lundgren, 2009; Moser et al., 2011;
Thomine et al., 2020). The application of molecular analysis
to reveal gut contents has revolutionized predator-prey rela-
tionship analysis in agro-ecosystems (e.g., Schmidt et al.,
2014; Welch et al., 2014; King et al., 2015). The advantage
of this approach is that it can reveal a broad range of tro-
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phic relationships with minimal disruption of natural feeding
behavior and has a multitude of implications in conserva-
tion biology and management (Symondson, 2002; Sheppard
& Harwood, 2005; Clare, 2014; Lundgren & Fergen, 2014).
With the development of molecular gut content analysis,
it has been possible to detect predation on a diverse array
of pests including mosquito vectors (Zaidi et al., 1999),
moths (Hoogendoorn & Heimpel, 2001; Peterson et al.,
2018), whiteflies (Agusti et al., 2000; Zhang et al, 2007),
aphids (Chen et al., 2000; Harwood et al., 2007) and psyllids
(Agusti et al., 2003).

Polymerase chain reaction (PCR) with prey specific prim-
ers has been used to detect prey relationships and analyze
trophic linkages in many organisms (Sheppard & Harwood,
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2005; Macias-Hernandez et al., 2018). This method has
proven to be highly effective and versatile in laboratory trials
(Symondson, 2002) and in the field (Albertini et al., 2018;
Jaramillo et al., 2010; Monz¢ et al., 2011). However, opti-
mization of the system is critical because PCR can provide
false positive trophic connections which decrease the accu-
racy of reliably characterizing predator-prey interactions.
Additionally, RT-qPCR can be more sensitive and accurate
than general PCR and with reduced costs, it is now effective
for application in predator-prey relationship studies in the
field (Weber & Lundgren, 2009; Zhang et al., 2007).

In molecular gut content analysis, multi-copy genes are
recommended as targets to increase detection probability
(Gariepy etal. 2007; Symondson, 2002). Mitochondrial
DNA (mtDNA) is present in hundreds or thousands of cop-
ies in every insect cell (Hoy, 1994; Caterino et al., 2000)
and thus mitochondrial genes have been used in arthropod
predator — prey research for a considerable time (Chen et al.
2000; Sheppard et al., 2004). Cytochrome ¢ oxidasel and II
in mitochondria are considered ideal target genes and have
been used as DNA barcodes for species-specific sequences
and prey interaction analysis (Agusti et al., 2003; Simon
et al., 1994; Jaramillo et al. 2010; Greenstone et al., 2014).
Furthermore, both the length of prey DNA fragments and
primer sensitivities have been shown to influence molecular
gut analysis (Waldner et al., 2013). It is therefore important
to determine target genes of prey and primer sensitivities
before applying this approach to field-based studies.

The seven-spot ladybird beetle, Coccinella septempunc-
tata Linnaeus 1758 (Coleoptera: Coccinellidae), has long
been reported as a beneficial predator that is used as a biolog-
ical control agent of aphids worldwide (Lu et al. 2012; Xiao
etal., 2016; Hewlett et al. 2019; Pan et al. 2020; Rondoni
et al. 2020). Both larvae and adults are voracious predators
of aphids on variety of plants but the relationship and effi-
ciency of C. septempunctata to aphids has been character-
ized in a limited and largely qualitative way. In this study, we
establish a detection system for evaluating the relationship
between the predator C. septempunctata and two important
pest prey, M. japonica (Matsumura) and Aphis craccivora
(Koch), using prey-specific PCR and RT-qPCR under labo-
ratory conditions. We sought to characterize this detection
system and document if it can be adapted as a valuable tool
for quantitatively and qualitatively analyzing prey function
of C. septempunctata in the field.

2 Materials and methods

2.1 Insects

Adult C. septempunctata were collected into 3.5 ml cen-
trifuge tube from experimental wheat fields of the Beijing
Academy of Agriculture and Forestry Sciences (BAAFS),
Beijing, China, during May 2016. The colonies of lady-

beetles were maintained under laboratory conditions and
reared on the soybean aphids, Aphis glycines (Hemiotera:
Aphididae), at the Laboratory of Natural Enemies Research,
Institute of Plant and Environment Protection, BAAFS. The
ambient conditions were as follows: temperature 25°C, rela-
tive humidity 65% and a 15:9 light: dark cycle (regulated
by an automatic device, L-100 Suntech, Beijing, China). C.
septempunctata were maintained in custom-built culturing
cages (50 cm x 50 cm x 50 cm; 45 mesh plastic fabric on
aluminum frames) at a density of 40 pairs per cage and fed
daily with 4. glycines grown on fresh seedlings of soybean.

The laboratory colony of M. japonica and A. craccivora
were established from apterous individuals collected from
broad bean fields since May 2012 (Yunnan province, China).
The mixed colony was maintained with a continuous sup-
ply of broad bean seedlings grown on vermiculite in cli-
matic chambers at 25 +2°C, 60 £ 10 % RH, 13:11 L:D. New
broad bean seedlings were provided weekly to the colony
and aphids were transferred by placing infested leaves on
uninfected plants.

2.2 Subcloning and sequencing of
Megoura japonica

The universal primer ((F) LCO1490: 5’>-GGTCAACAAATC
ATAAAGATATTGG-3’; (R) HC02198: 5’-TAAACTTCAG
GGTGACCAAAAAATCA-3")) (Table 1) was used to clone
the cytochrome ¢ oxidase subunit I of M. japonica (Simon
et al., 1994; Folmer et al., 1994). The PCR products of the
reactions were subjected to 1% agarose gel electrophoresis
containing GoldenView (Coolaber, Beijing, China). The PCR
bands were excised and purified using QIAEX Il Agarose
Gel Extraction Kit (Qiagen, Valencia, California, USA) and
the purified fragment was subcloned into a pGEM — T Easy
Vector (Promega, Madison, Wisconsin, USA) according to
the manufacturer’s instructions. The ligation DNA mixtures
were used to transform bacterial cells using Z — Competent
E. coli Transformation Kit and Buffer Set™ (Zymo Research
Corporation, Irvine, California, USA). Plasmids were iso-
lated from the bacterial cells and used for MjCO! sequenc-
ing (Invitrogen, Shanghai, China).

2.3 Feeding trials of Coccinella septempunctata
consuming Megoura japonica

For the trials examining prey quantity consumed, third instar
larvae of C. septempunctata were removed from colonies,
transferred individually into petri dishes and starved for 24h.
After starvation, larvae were transferred into a clean petri
dish containing moistened filter paper (diameter: 60 mm)
and allowed to feed on M. japonica. To examine the effect of
prey quantity on detection, numbers of second instar nymphs
of M. japonica (n =5, 10, 15 and 20) were provided to C.
septempunctata. DNA extracted from M. japonica were used
as a positive control and dissected guts from starved third
instar larvae were used as a negative control.
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Table 1. Sequences and relevant parameters of the PCR primer used for molecular gut analysis.

Primer Name Sequence (5°-3%) Temp (°C) Product size (bp)
LCO1490 - F: GGTCAACAAATCATAAAGATATTGG; 554

HC02198 — R: TAAACTTCAGGGTGACCAAAAAATCA 57.3 638
MjCOI - F TGGTACAGGAACAGGATGAACTAT 57.6 3
MjCOI-R GATCTCCTCCTCCTGCTGG 58.7

MjCOI (Q)-F CATTACATTTAGCAGGAATTTCATCAA 58.6 16
MjCOI (Q)-R TGATCATGGAAAAAGTGGAATTTG 58.9

MjCOI (Q) — Probe TTTAGGAGCAATTAAC 67.0 16
AcCOI (Q)—F CCCTTGATCAATCCTAATTACAGCTAT 583 126
AcCOI(Q)—-R CCTCCTCCTGCTGGGTCAA 59.8

AcCOI (Q) — Probe ATTTTATCATTACCAGTCTTAGC 68.0 23

Examination of digestion/detection time trials, third
instar larvae of C. septempunctata were also used, removed
from colonies as above and starved for 24h. Fifteen nymphs
(2nd instar) of M. japonica were provided in each petri dish.
Individuals that did not consume prey within 2h were dis-
carded from the experiment and C. septempunctata were
removed at 1, 2, 4, 6, 8 and 10h after feeding. The guts of C.
septempunctata were removed by dissection with sterilized
instruments and subsequently stored at — 80°C until analysis.
Each experiment was repeated with three biological repli-
cates, each biological replicate with ten technical replicates.
Positive and negative controls were as described above.

2.4 Trials of Coccinella septempunctata feeding
on Megoura japonica and Aphis craccivora

To examine food preference of C. septempunctata, M.
japonica and A. craccivora were provided concurrently.
Third-instar larvae, female adults and male adults of C. sep-
tempunctata were isolated and starved for 24 hours. Starved
predators were then transferred into a small cage containing
M. japonica and A. craccivora and predators were collected
at 2, 4, 6 and 8 days after feeding freely on aphids. The guts
of C. septempunctata were dissected and DNA extracted for
use in subsequent quantitative experiments. DNA samples of
M. japonica and A. craccivora were extracted and used as
respective positive controls. DNA samples of the dissected
gut from third instar, female and male adult coccinellids that
were starved for 24h were used as negative controls. Each
experiment was repeated with three biological replicates,
each biological replicate having ten technical replicates.

2.5 DNA extraction and prey-specific

PCR analysis
Total DNA was extracted from predator guts using DNeasy®
Blood &Tissue Kits (QIAGEN Inc., Chatsworth, California,
USA) following the manufacturer’s instructions. Primer set
MjCOI was used in prey-specific PCR to amplify a 323 bp
fragment of MjCOI (Table 1). The 20pL reaction system

consisted of 1x Takara buffer, 0.2 mmol/L of each dNTP,
0.2 umol/L of forward and reverse primers, 1.25U Takara
Ex Tag™ and 2 pL of template DNA. PCR reactions were
performed in a Bio-Rad PTC —100 thermal cycler (Bio-Rad
Laboratories Inc., Hercules, California, USA). The PCR
cycling protocol for the MjCOI primer pair was 94°C for
5 min (initial denaturation), 32 cycles at 94°C for 30s (dena-
turation), 56°C for 30s (annealing), 72°C for 30s (elonga-
tion) and a final cycle at 72°C for 10 min. The PCR products
of each reaction were subjected to electrophoresis on 1%
agarose gel containing GoldenView dye (Coolaber, Beijing,
China).

2.6 Specific primer for reverse-transcription
quantitative PCR (RT-qPCR) and standard
plasmid curve construction

The specific primers and fluorescence probe for MjCOI

and AcCOI were designed and synthesized by Shanghai

GeneCore Biotechnologies Company Limited (Shanghai,

China) (Table 1). The standard curve of MjCOI plasmids

were constructed before quantitative testing. Total DNA

of M. japonica and A. craccivora was extracted using

DNeasy® Blood & Tissue Kits following the manufacturer’s

instructions. Primer set MjCOI (forward and reverse) was

used to amplify a 323 bp fragment of COI of M. japonica
that included 116 bp of detected fragment and 16 bp of
fluorescent probe (TTTAGGAGCAATTAAC). Primer

set AcCOI (forward and reverse) was used to amplify a

271bp fragment of COI of A. craccivora that included

a 126 bp detected fragment and 23 bp fluorescent probe

(ATTTTATCATTACCAGTCTTAGC) (Table 1). The PCR

products of reactions were subjected to electrophoresis on

1% agarose gel containing GoldenView. The PCR bands

were excised and purified using QIAEX II Agarose Gel

Extraction Kit (Qiagen, Valencia, California, USA). The

purified fragment was subcloned into a pGEM-T Easy

Vector (Promega) according to the manufacturer’s instruc-

tions. The ligation DNA mixtures were used to transform
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bacterial cells by using Z-Competent E. coli Transformation
Kit and Buffer Set™ (Zymo Research Corporation, Irvine,
California, USA). Plasmids were isolated from the bacterial
cells using Zyppy plasmid Miniprep Kit (Zymo Research
Corporation, Irvine, California, USA) following protocols
of the manufacturer. The concentration of plasmid was mea-
sured using NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, Waltham, Massachusetts, USA). The con-
centration of 150 ng/uL plasmid was selected as initial stan-
dard samples and diluted to six concentrations. The standard
curve of these plasmids was determined by reverse transcrip-
tion quantitative PCR (RT-qPCR) using Tagman — MGB
fluorescence probe using a PCR detection system (Applied
Biosystems QuantStudio 7 Flex, Thermo Fisher Scientific,
Waltham, MA). The DNA copy number was transformed
from plasmids based on the following equation: DNA (copy)
=6.02 x 10% (copy/mol) x DNA amount (g)/ DNA length
(dp) x 660 (g/mol/dp) (Lee et al., 2006; Whelan et al., 2003).
The regression equation between Ct value and DNA copy
number was obtained through linear regression analysis.

2.7 RT-gPCR analysis

The samples were amplified by RT-qPCR using Tagman —
MGB probe and the ABI PCR detection system (Applied
Biosystems QuantStudio 7 Flex) in 20 uL reaction mixtures
containing 10 pL Probe qPCR Premix Ex Taq, 0.4 puL primer
sets (forward and reverse), 0.8 uL probe and 2.0 ug DNA
template. The optimized quantitative PCR program con-
sisted of an initial denaturation at 95°C for Smin, 40 cycles at
95°C for 15s (denaturation), 61.4°C for 30s (annealing) and
70°C for 30s (elongation). Both positive and negative con-
trols were run with each batch of RT-qPCRs. For negative
controls 2 pL sterile MilliQ® H,O was used as template and
for positive controls 2.0 pg template DNA from M. japonica
and A. craccivora were used to confirm reaction success.

2.8 Statistical analysis

The DNA copy number of MjCO1 were subjected to ANOVA
followed by Tukey’s honestly significant difference (HSD)
for multiple comparisons, to separate the means among the
amount of prey and digestion time, by using ProStat soft-
ware (Poly Software International, Pearl River, New York,
USA). The DNA copy number of MjCO!I and AcCOI were
subjected to testing followed by t-test to separate the means
in each detected time, using ProStat software.

3 Results

3.1  Cloning the COI gene of Megoura japonica

The universal primer successfully amplified COIl in M.
Japonica and the ~700 bp specific PCR band showed clearly
on the agarose gel (Fig. 1). The PCR product of MjCOI was
purified and sequenced, then we obtained the full-length of
MjCOI at 709 bp. This sequence showed 87.71% identity

aligned with ApCOI (Acyrthosiphon pisum, KP034391),
86.74% with SaCOI (Sitobion avenae, FN868603), 85.33%
with MpCOI (Myzus persicae, DQ499045) and 84.43% with
RmCOI (Rhopalosiphum maidis, DQ499048).

3.2 Detection of Megoura japonica DNA using
prey-specific PCR

The specific primers (Table 1) were used in prey-specific
PCR to detect MjCOI in C. semptemunctata. The results
shown on the agarose gel revealed that with increasing num-
ber of M. japonica consumed, the brightness of the MjCOI
band also increased (Fig. 2). With increasing time after con-
sumption of prey, the agarose gel showed that the brightness
of the MjCOI band decreased (Fig. 3).

3.3 Detection of Megoura japonica DNA using
RT - gPCR

RT-gPCR was undertaken to detect the DNA copy number
of MjCOI in C. septempunctata. The standard plasmids of
MjCOI were constructed and used as template in RT-qPCR
detection. Following this, a standard curve (Y = -3.191X
+ 53.028; R? = 0.993) of the MjCOI copy number and Ct
value were fitted. Based on the plasmid standard curve of
MjCOI copy number and Ct value, the regression equation
(Y =0.622X + 6.874; R?> = 0.7548) of MjCO1 copy number
in the gut of C. septempunctata and M. japonica consumed,
was fitted. Results indicated that with increasing number of
M. japonica consumed, the detected MjCOI copy number
in the gut of C. septempunctata increased (Fig. 4). We also
documented that MjCOI copy number in C. septempunctata
consuming 20 M. japonica was significantly higher than
when other numbers of prey were consumed. Furthermore,

Fig. 1. Agarose gel of PCR products of COIl gene
using universal primer. Lane 1, 1000bp ladder;
Lane 2, PCR product of MjCOI.
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Fig. 2. Agarose gel of PCR products using M. japonica primer (Table 1) to determine prey
number following consumption by Coccinella septempunctata. Lane 1, positive control
Megoura japonica; lane 2, C. septempunctata fed 0 M. japonica; lane 3, C. septempunc-
tata fed 5 M. japonica; lane 4, C. septempunctata fed 10 M. japonica; lane 5, C. septem-
punctata fed 15 M. japonica; lane 6, C. septempunctata fed 20 M. japonica.

Mijcol

MjCOI

Mjcol

[y
N
w
=Y
(%))
[+)]
~
[+-]

N.C. P.C. 1h 2h 4h 6h 8h 10h

Fig. 3. Agarose gel of PCR products using Megoura japonica primer (Table 1) to
determine digestion time following consumption by Coccinella septempunctata.
Lane 1, negative control; lane 2, positive control; lane 3, digestion time 2h; lane 4,
digestion time 4h; lane 5, digestion time 6h; lane 6, digestion time 8h; lane 7, diges-
tion time 10h.

the regression equation (Y=-0.6296X + 10.85; R2=10.9069)  preference of C. septempunctata towards M. japonica or
of MjCO1 copy number in the gut of C. septempunctata and  A. craccivora, we conducted RT-qPCR analysis as above.
digestion time was fitted and with increasing digestion time,  Firstly, the standard curve (Y = -3.164X + 52.953; R? =

the MjCOI copy number decreased (Fig. 5). 0.998) of AcCOI copy number and Ct value were fitted. The
results for third instar larvae showed that MjCOI and AcCOI

3.4 Detection of Megoura japonica and copy number in the gut of C. septempunctata were approxi-
Aphis craccivora DNA using RT - qPCR mately equal (Fig. 6). Furthermore, MjCOI and AcCOI copy

The above results showed that both qualitative PCR and  number in the gut of C. septempunctata were also equal
RT-qPCR are effective methods for studying the relation- ~ Wwhen female and male adults consumed these two aphids
ship between C. septempunctata and its prey. To detect the  (Fig. 7).
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Fig. 4. The MjCO1 copy number was determined by RT qPCR
after Coccinella septempunctata consumed different numbers of
Megoura japonica. DNA copy number was calculated according
to the standard plasmid curve. Letters on bars indicate statisti-
cally significant difference based on ANOVA followed by Tukey’s
HSD multiple comparison test (P<0.05).
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Fig. 6. The DNA copy number of MjCO71 and AcCOT were deter-
mined by reverse-transcription quantitative PCR (RT-qPCR)
after larval Coccinella septempunctata consumed Megoura
Jjaponica and Aphis craccivora with differing digestion times. The
DNA copy number of MjCO1 and AcCO1 were calculated accord-
ing to the standard plasmid curve. NS on the bars indicate no
statistically significant difference based on Testing followed by
t-test (P<0.05).

4 Discussion

Molecular gut-content analysis provides valuable and accu-
rate information on prey consumption by predators and
detects the presence of minute amounts of prey DNA in
the digestive tract of predators. Such information greatly

161 C——1 M. japonica

14 - a mmmm C. septempunctata
12 4 b
10 1
8 4
6 -
4 -

2 4

DNA copy number (log1g)

PC. 2h 4h 6h 8h  10h
Digestion time

Fig. 5. The MjCO1 copy number was determined by reverse-
transcription quantitative PCR after Coccinella septempunctata
consumed Megoura japonica with differing digestion time. The
DNA copy number was calculated according to the standard
plasmid curve. Letters on the bars indicate statistically significant
difference based on ANOVA followed by Tukey’s HSD multiple
comparison test (P<0.05).

increases resolution in analysis of trophic relationships
(Sheppard & Harwood 2005; Weber & Lundgren 2009) in
the field. In the present study, we identified COI homologs
from M. japonica to characterize the interactions between C.
septempunctata and its prey, M. japonica and A. craccivora,
using prey-specific PCR and RT-qPCR.

Previous research has demonstrated that several factors
influence the results molecular gut content analysis includ-
ing the selection of target genes, sensitivity and selectivity
of the primer to prey, predator digestion time and tempera-
ture (e.g., Chen et al. 2000; Sint et al., 2012; Waldner et al.,
2013; Weber & Lundgren, 2009). Thus, it is imperative to
clarity the effects of prey quantity and digestion time prior
to molecular gut content analysis in the field. In our study,
a steady number of prey (M. japonica) were supplied to
the predator (C. septempunctata) and general PCR results
showed that the brightness of the MjCOI band increased with
greater number of M. japonica consumed (Fig. 2). For diges-
tion time, the general PCR results showed that the bright-
ness of the MjCOI band decreased with increasing time
after prey consumption (Fig. 3). Our results demonstrate that
prey-specific PCR is well reflective of the predation relation-
ship under controlled laboratory conditions. However, gen-
eral PCR has some limiting factors in molecular gut content
analysis; for example, if few prey are present in the predator
gut this can result in low abundance of the target gene in the
PCR template, resulting in ambiguity of the PCR bands in
the agarose gel.

With reduced costs of RT-qPCR, this technique is more
frequently being used for molecular gut content analysis.
RT-gqPCR contrasts to qualitative PCR in that is relies on
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Fig. 7. The DNA copy number of MjCO1 and AcCO1 were determined by RT-qPCR after adult Coccinella septempunctata
consumed Megoura japonica and Aphis craccivora with differing digestion times (A: Female; B: Male). The DNA copy number
of MjCO1 and AcCO1 were calculated according to the standard plasmid curve. NS on the bars indicate no statistically signifi-

cant difference based on Testing followed by t-test (P<0.05).

flourometric quantitation rather than visual band detection
on an agarose gel, thus reducing analysis time and the sub-
jectivity of the results (Weber & Lundgren, 2009). Previous
studies demonstrated the utility of this technique in analysis
of the relationship between predators and their prey (King
et al., 2008; Redd et al., 2014; Zhang et al., 2007). In our
study, RT-qPCR with Tagman-MGB probes were used to
analyse the predatory relationship between C. septempunc-
tata and M. japonica. The standard curve of the MjCOI
plasmid and Ct value was fitted and DNA copy number of
MjCOI transformed based on a general equation. Our results
showed that with an increasing number of M. japonica con-
sumed, the DNA copy number of MjCOI also increased in
the gut of C. septempunctata (Fig. 4). The results of diges-
tion time analysis showed that with an increase in digestion
time of C. septempunctata there was a decrease in DNA copy
number of MjCOI (Fig. 5). Compared with general PCR, the
advantage of RT-qPCR in molecular content analysis is that
DNA copy number can be subjected to statistical analysis
(Lundgren & Fergen, 2014; Redd et al., 2014) and can there-
fore evaluate the predation relationship more accurately than
prey-specific PCR. For example, the brightness of the PCR
band in prey-specific PCR in which C. septempunctata con-
sumed 15 or 20 M. japonica were similar (Fig. 2) whereas
the consumption of 20 M. japonica provided a significantly
higher DNA copy number of MjCOI in the gut compared 15
M. japonica consumed (Fig. 4).

DNA-based gut-content analysis can allow rapid screen-
ing of multiple prey for a given predator (Juen & Traugoot,
2007), enabling the assessment of prey preference. In our
study, A. craccivora was selected as the second prey option
in food preference tests because this aphid co-infests broad
beans with M. japonica in the field. Third instar larvae,
female adults and male adults of C. septempunctata were

selected to test these food preferences. Our results dem-
onstrated that both larvae and adults of C. septempunctata
routinely preyed upon M. japonica and A. craccivora at the
same time. Additionally, there were no significant differ-
ences in DNA copy number between MjCOI and AcCOI in
the gut of C. septempunctata (Figs. 5, 6). Thus, we can con-
clude that C. septempunctata had no food preference in the
laboratory but field-based variation could be observed and
needs careful examination.

In summary, our results have provided clear evidence that
RT-qPCR is sufficiently accurate and sensitive for its subse-
quent application in studying trophic interactions in the field.
A remaining challenge for molecular gut-content analysis is
to transform qualitative assay results into quantitative data
that can be used to infer the impact of predation on prey pop-
ulation dynamics. Thus, further research on how to quantify
prey number using a probe method would help to strengthen
predator-prey studies in the future.
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