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Abstract

Bean leaf beetle, Cerotoma trifurcata (Forster) (Coleoptera: Chrysomelidae), is a common pest

of soybean in the Midwest United States. However, there are currently no reports on the genetic
variability of C. trifurcata. This study examined 15-30 individuals from 25 sample locations to
estimate genetic variability and gene flow within and among C. trifurcata from across the Mid-
west. Amplified fragment length polymorphism generated 175 markers for analyses. Results from
analysis of molecular variance (AMOVA) indicated that the majority of genetic variation was
from within samples; only a small amount of the total variation was attributed to the variation
among the samples. The Ggr for the entire C. trifurcata population indicated that the majority of
genetic variation was found within the samples, further supporting the AMOVA results. The es-
timated average gene flow among the C. trifurcata samples was 1.83. The Mantel test revealed
no indication of correlation between geographical and genetic distance for all the C. trifurcata
samples. These findings show that C. trifurcata in the Midwest are genetically heterogeneous and

part of a large, interbreeding population.

( Abbreviations: AFLP, amplified fragment length polymorphism; AMOVA, analysis of molecular variance; BLB, bean leaf beetle
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Introduction

Bean leaf beetle, Cerotoma trifurcata (For-
ster) (Coleoptera: Chrysomelidae), is a pest of
leguminous crops, especially soybean, in the
United States. Cerotoma trifurcata adults di-
rectly damage the soybeans by feeding on the
leaves, stems, and pods (Smelser and Pedigo
1992), while the larvae feed on the plant root
system (Lundgren and Riedell 2008). It also
causes indirect damage by transmitting soy-
bean diseases such as bean pod mottle virus
(Hopkins and Muller 1984), soybean mosaic
virus, yellow cowpea mosaic virus (Jansen
and Staples 1971), cowpea chlorotic mottle
virus (Walters and Dodds 1969), and southern
bean mosaic virus (Walters 1964). These vi-
ruses, especially bean pod mottle virus, reduce
soybean yield (Horn et al. 1973) and grain
quality (Hill et al. 2007). Cerotoma trifurcata
overwinter as adults under leaf litter in wood-
en areas; the following spring, these
overwintering individuals then attack the soy-
beans as they emerge.

Understanding the genetic background of in-
sect pests can aid in understanding their
evolution in changing environments, hence
aiding in effecting their management in an
agricultural ecosystem. Genetic fragmentation
affects gene flow within several insect species
(Liebherr 1988; Crouau-Roy 1989). Some-
times distance alone can function as a barrier
to genetic exchange among samples (Gonza-
lez-Rodriguez et al. 2000; Ruggiero et al.
2004). Isolation caused by geographic barri-
ers, habitat suitability, or distance is capable
of restricting gene flow within the C. trifurca-
ta population and could result in population
fragmentations and genetic differentiation. It
is important to characterize the genetic varia-
bility, gene flow, and ecological features of
pest target populations prior to a large invest-
ment in large-scale efforts aimed at
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controlling insect pests (Sluss and Graham
1979; Martinelli et al. 2007). The inability to
detect or improper detection of differences
between samples can lead to drastic and costly
consequences in pest management. There are
currently no studies on the genetic variability
of C. trifurcata.

The advent of molecular genetic tools allowed
extensive descriptions and analyses of insects
(Reineke et al. 1998), including C. trifurcata.
Amplified fragment length polymorphism
(AFLP) is a widely used, powerful technique
for DNA profiling mostly used in assessing
diversity within and among organisms that
have varying genomic structures. Although
AFLP produces dominant markers, it can be
used to detect molecular genetic variations in
DNA of any source or complexity without
prior sequence knowledge (Vos et al. 1995).
The capability of generating a large number of
polymorphic loci genome-wide, the high level
of reproducibility, the quick start-up time, and
the relatively low cost make it a very useful
tool that overcomes the issue of dominant
markers (Savelkoul et al. 1999; Gerber et al.
2000). This study was of the genetic variabil-
ity and gene flow of C. trifurcata specimens
from the Midwest United States using AFLP.

Materials and Methods

Insect collection

Collection sites were divided into five regions
(Central, South, West, East, and North) along
two transects in the Midwest United States
(Figure 1). A total of 25 samples were taken.
All samples were collected from soybean
fields by using sweep nets (Table 1). Two
perpendicular transects were designed running
from Minnesota/South Dakota to Mis-
souri/Kansas, and from Nebraska to
Illinois/Ohio. lowa was regarded as the central
area for the two transects. The samples were
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Figure 1. Sampling sites of Midwest (USA) Cerotoma trifurcata subpopulations used in this study. *|-Brookings, 2-Becker, 3-
Lamberton, 4-Sutherland, 5-Ames, 6-Lewis, 7-Chariton, 8-Concord, 9-Ithaca (Mead), 10-Lincoln, | I-Clay Center, |12-Manhattan, 13-
Columbia, 14-Pemiscot, |5-Savoy, 16-Logan, |17-Waverly, |8-Richland, |9-Hancock, 20-Hoytville, 21-Pemberville. High quality figures

are available online. )
(Table I. Code, collection site, collector, and date of collection of adult samples of Cerotoma trifurcata.
Sample ID | Collection site |Collector and No. collected | GPS Coordinates | Date Collected
Northern Sample Sites
LAMB | Lamberton,MN B. Potter (40) N44°24.370”; W95°31.992” Jun-10
BECK Becker, MN K. Koch (40) N45° 23°33.83”; W93°52°59.24” Jun-10
SD Brookings, SD D. Ram (45) - Jun-10
Southern Sample Sites
MAN Manbhattan, KS B. Tiroesele (50) N39°12.845™; W96°35.605" Aug-10
PEMI Pemiscot, MO K. Tindall (50) N36°23"46.98"; W89°36’48.74™ Aug-10
COL Columbia, MO B. Tiroesele (60) N38°53’57.07"; W92°12°34.21" Aug-10
Western Sample Sites
LINC Lincoln, NE B. Tiroesele (100) N40°51°85.05”; W96°36°04.10” Aug-08/Jul-10
MEAD Mead, NE B. Tiroesele (150) N41°11°10.21”; W96°27°63.06” Aug-08/Jul-10
CONC Concord, NE B. Tiroesele (60) N42°22°14.98”; W96°55°52.97” Aug-08/10
CLC Clay Center, NE B. Tiroesele (150) N40°29°52.94”; W98°01°32.51" Aug-08/10
Central Sample Sites
LEW Lewis, [A B. Tiroesele (70) N41°19°02.01; W95°10°12.64 Aug-10
CHA Chariton, IA B. Tiroesele (15) N40°58°29.94; W93°25°41.95 Aug-10
SUTH Sutherland, IA B. Tiroesele (20) N42°55°26.34; W95°32°23.96 Aug-10
AM Ames, A M. McCarville (40) N42°03°13.55; W94°01°45.12 Jul-10
Eastern Sample Sites
SAV Savoy, IL A. Morehouse (40) N40°02°16.82; W88°13’55.34 Jul-10
WAV Waverly, OH P. Srinivas (30) - Jul-03
PEM | Pemberville, OH P. Srinivas (22) - Jul-03
HOYT Hoytville, OH P. Srinivas (15) - Jul-03
HAN Hancock, OH R.B. Hammond (40) N41.03293, W83.78947 Aug-10
RICH Richland, OH R.B. Hammond (40) N40.77177, W82.66700 Aug-10
LOG Logan, OH R.B. Hammond (30) N40.37701, W83.69393 Aug-10
L J

collected from an area spanning about 960
miles (west to east: 1545 km) by about 790
miles (north to south: 1,271 km). The Missis-
sippi River separated East samples from the
others, the Missouri River separated the Cen-
ter from West samples, and North from South
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samples were quite distant. The West samples
were collected from Lincoln, Mead, Concord,
and Clay Center areas of Nebraska in 2008
and 2010 (Table 1). The East samples were
collected in 2003 (Waverly, Pemberville, and
Hoytville in Ohio) and 2010 (Savoy, IL, and
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Logan, Richland, and Hancock in Ohio) (Ta-
ble 1). All other samples were collected in
2010 (Table 1). The number of insects col-
lected and used per location (sample) varied
between 15 to more than 30. The collected C.
trifurcata adults were stored in 95% alcohol
until the samples reached the laboratory. The
alcohol was then changed twice to avoid alco-
hol dilution by fluids from sampled adults,
which can lead to DNA degradation, and then
kept in the freezer at -80°C until processing
for DNA isolation.

DNA extraction and quantification

DNA was extracted from the thorax of C. #ri-
furcata adults using a
hexadecyltrimethylammoniumbromide
(CTAB; Sigma-Aldrich,
www.sigmaaldrich.com) extraction protocol
as modified by Clark (2005). The frozen
adults were first soaked and washed in a
beaker of double distilled autoclaved water for
10 min. The adults were then prepared for
DNA extraction by removing the gut, abdo-
men, and head, leaving only the thorax to use
in the study. The thorax was homogenized in
500 pL of CTAB extraction buffer (100 mM
Tris-HCL, 1.4 M NaCl, 0.02 M EDTA, 2%
CTAB, and 0.2% B -mercapto ethanol) (Sig-
ma-Aldrich). 10 pL  Proteinase K
(concentration of 200 pg/mL extraction buff-
er; Sigma-Aldrich) was added to the
homogenate in each tube and then incubated
for 1.5 hr at 65°C. RNase A (15 pL; 500
pg/mL  concentration; Sigma-Aldrich) was
added to the homogenates, and this was incu-
bated for 2 hr at 37°C. After RNA and protein
were removed from each sample, the homog-
enate was centrifuged at 14,000 rpm for 5 min
at room temperature. The supernatant was
then removed and placed in clean, 1.5-uL au-
toclaved  micro-centrifuge  tubes.  This
supernatant was further extracted with 500 pL.
of chloroform:isoamyl alcohol (24:1) (Sigma-
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Aldrich) by centrifugation at 14,000 rpm for
20 min to separate the phases. The top, aque-
ous phase was transferred into a clean,
autoclaved, 1.5-mL micro-centrifuge tube, and
the chloroform:isoamyl step was repeated.
The aqueous phase was once again collected
into another clean, autoclaved, 1.5-mL micro-
centrifuge tube. DNA was then precipitated by
adding 400 pL chilled (-20°C) isopropanol to
the aqueous phase and incubated at 4°C for at
least 8 hr. After incubation, the precipitate
was centrifuged at 12,000 rpm at 4°C for 30
min. The isopropanol was decanted; the DNA
pellet was then rinsed with 500 pL 100%
chilled ethanol (ETOH) and centrifuged at
12,000 rpm at 4°C for 5 min. The supernatant
was poured off, the pellet was rinsed with 500
puL of 70% cold ETOH, and this was centri-
fuged for 5 min. The ETOH was decanted,
and the pellet was then air dried at room tem-
perature (24°C) for 50 min under the hood.
After drying, the pellet, 80 pL of 1X TE buff-
er (10 mM Tris-HCL pH 8.0, 0.1 mM EDTA)
was added into the micro-centrifuge tube with
the DNA pellet and stored at 4°C for at least 8
hr; this was then transferred and kept at -20°C.

Each DNA sample was quantified by using
both a 1% agarose gel and Nanodrop spectro-
photometer (ND 1000 V3.5.1) (Thermo
Scientific, www.thermoscientific.com). The
Nanodrop spectrophotometer provides both
the quality and quantity measurements based
on the 280/260 ratio readings. However, this
does not show fully the DNA quality, that is,
if it 1s degraded or not. So, a 1% agarose gel
with a A DNA marker (22.2 ng/uL) was run at
60 volts for 20 min to further quantify the
DNA. The agarose gels were visualized under
the UV light using Genomic Solution software
(Genomic Solutions, Harvard Bioscience,
www.harvardbioscience.com). After quantifi-
cation, the DNA samples were diluted to 23
ng/uL concentration by adding 1 X TE buffer.
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Table 2. The sequences of oligonucleotide adapters, and primers used for AFLP analysis of Cerotoma trifurcata.

Primer ID Primer Type Sequence (5°-3") AFLP STEP
EcoRI-F Forward adapter CTCGTAGACTGCGTACC | Adapter Ligation
EcoRI-R Reverse adapter | AATTGGTACGCAGTCTAC | Adapter Ligation

Msel-F Forward adapter GACGATGAGTCCTGAG |Adapter Ligation
Msel-R Reverse adapter TACTCAGGACTCAT Adapter Ligation
E(N+0) |EcoRI Preamp primer | GACTGCGTACCAATTC | Preamplification
M(N+1) | Msel Preamp primer | GATGAGTCCTGAGTAAC | Preamplification

ma trifurcata study.

Table 3. Selective AFLP primer combinations, number of markers, and fragment size for the primer pair combinations for Ceroto-

Primer Combination | Number of Markers | Fragment Size Range (bp) | % Mismatch
M-CAA x E-ACA 74 50-400 6.17
M-CAG x E-AAC 47 50-400 55
M-CAG x E-ACA 54 50-370 5.89

Total AFLP Markers 175

Average 5.85

These diluted DNA samples were then kept at
-20°C until they were used, after which the
samples were kept at -80°C as vouchers.

AFLP process

A modified AFLP protocol (Vos et al. 1995)
was used to assess the genetic variability with-
in and among C. trifurcata samples. DNA
extracted from individual samples of C. trifur-
cata was used. The AFLP procedure consists
of three basic steps: 1) DNA template prepara-
tion; 2) DNA template pre-amplification; and
3) selective amplification of the pre-amplified
product. The DNA extracts were digested with
EcoR1 and Msel restriction enzymes and li-
gated with specific adapters (Table 2). The
ligation product was diluted 1:10 with 1X TE
buffer. This was then used as a template for
the preamplification and selective amplifica-
tion. Three combinations of two IRD-labeled
ECOR1 primers (ACA and AAC) and two
unlabelled MSel primers (CAA and CAG)
(LI-COR, www.licor.com) were used in this
study to determine the genetic variability
within and between the C. trifurcata samples
(Table 3). A control (all the AFLP reagents
except DNA) was also run with the insect
samples. AFLP products were separated in
6.5% denaturing polyacrilamide gels (LI-
COR) and visualized in a Li-COR Gene Read
IR 4200 DNA sequencer (LI-COR) for 2.5 hr
at 45°C and 1500 volts. First and last lanes of

the gel were loaded with 1 pL of IRD-labeled
50-700 base pair size standard marker (LI-
COR).

AFLP gel scoring

The AFLP bands were scored, using IRD-700
labeled 50-700 bp marker as a size reference
with the SAGA Generation 2 software, ver-
sion 3.2 (LI-COR). The visibility, sharpness,
and repeatability of the bands were guiding
criteria in marker selection for scoring. Pro-
files from multiple individuals were aligned
and scored based on the presence (1) or ab-
sence (0) of a band on the AFLP gel,
producing a binary data matrix.

DBOOD (Coelho 2001) was used to evaluate
the correlation between the coefficient of var-
iation and the number of molecular markers
observed, thus providing an estimate of the
robustness of the data (Hoelzel 1995). The
binary data matrix was then used to estimate
genetic similarity using the Jaccard index
through the SIMQUAL procedure using
NTSYSpc (Rohlf 2000). Dendrograms were
constructed to illustrate genetic similarity, fol-
lowing the methodology described by Sneath
and Sokal (1973). Bootstrap analysis was used
(10,000 resamples), using BOOD-P software
version 3.1 (Coelho 2001) as a way of testing
the reliability of the dataset for further analy-
sis. The software package Arlequin version
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3.1 (Excoffier et al. 2005) was used to con-
duct the analysis of molecular variance
(AMOVA). The AMOVA tests for genetic
structure and genetic variability among
groups, within groups, and within locations
(Schneider et al. 2000). ARLEQUIN (version
3.1) was also used for pair-wise comparisons
to test genetic divergence (Fsr - Wright’s in-
breeding coefficient; Slatkin 1995). Genetic
isolation was tested, comparing geographic
distance and genetic dissimilarity, using the
Mantel test (Mantel 1967; Smouse et al. 1986)
with 1000 permutations using ARLEQUIN
version 3.1. POPGENE version 1.32 (Yeh and
Boyle 1997) was used to determine the degree
of polymorphisms both within and between
samples of C. trifurcata. Genetic differentia-
tion between samples was assessed using
Nei’s gene diversity index (Ggr) in
POPGENE; gene flow was estimated from
Gsr, expressed as (Np) = 0.5 (1- Gsr)/Gsr
(McDermott and McDonald 1993, Bonin et al.
2007, Ryman and Leimar 2009). West (Ne-
braska) samples from 2008 and 2010 and East
(Illinois/Ohio) samples from 2003 and 2010
were used to test for temporal genetic varia-
tion of C. trifurcata using total genetic
diversity (Hr), the Mantel test, and gene flow.
Fall armyworm larvae, Spodoptera frugiperda
(J.E. Smith) (Lepidoptera: Noctuidae) were
used as the outlier group to test the robustness
of the analytical tool in the POPGENE analy-
sis.

The effectiveness of AFLP markers

Each primer combination was used with 24
randomly selected individuals from the sam-
ples for assessing the genotyping error. Each
primer combination was replicated three
times, with these same 24 individuals, and the
AFLP processes as initially done for the main
experiment. The individual loci were then ex-
amined for mismatches among the three
replicates. The error rate was calculated as the
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ratio of the total number of mismatches (pres-
ence or absence of a band) at a particular
locus to the number of the replicated individu-
als (Pompanon et al. 2005; Bonin et al. 2007).
Loci with an error rate greater than 0.1 were
rejected and not used in the study.

Results

The polymorphism and robustness of
AFLP primers analyzed

A total of 175 loci ranging in size from 50 to
400 bp were observed using the three primer
combinations (Table 3). About 96.5% of the
genetic variability was accounted for, indicat-
ing that there was sufficient number of
markers for further robust analysis (Coelho
2001).

The number of loci that were polymorphic for
all the samples examined ranged between 124
and 168, with an average of 143 loci. The av-
erage loci polymorphism was 82% and ranged
from 70.86% to 96% for Ames (Iowa) and
Concord (Nebraska), respectively (Table 4).

Temporal variation of C. trifurcata for Ne-
braska and Ohio samples

The total genetic diversity (Hrt), when com-
paring the 2008 and 2010 Nebraska samples,
was 0.400, 0.410, 0.440, and 0.296 for Lin-
coln, Mead, Concord, and Clay Center,
respectively. The proportion of total diversity
among these samples (Ggst) was 0.136, 0.124,
0.089, and 0.032 for Lincoln, Mead, Concord,
and Clay Center, respectively. Gene flow (Np,)
for Lincoln, Mead, Concord, and Clay Center
were 3.189, 3.527, 5.109, and 5.250, respec-
tively, which indicates a high gene flow
between the 2008 and 2010 samples. The total
genetic diversity of the East samples taken in
2003 and 2010 was 0.385. The proportion of
total diversity among samples was 0.175, and
gene flow was found to be 2.362 for East
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-
Table 4. Genetic diversity estimates for all Cerotoma trifurcata subpopulations : number of polymorphic loci, percent loci poly-
morphism, heterozygosity (genetic variation) for a subpopulation (Hs), heterozygosity for all C. trifurcata subpopulations (Ht), gene
flow among all subpopulations (Nm) and genetic variation between subpopulations (Gst).

Subpopulations | # of Polymorphic Loci | % Polymorphism| Hg H, Gst Nm
AM 124 70.86 0.294
SUTH 141 80.57 0.333
CHA 145 82.86 0.344
LEW 129 73.71 0.229
LINCA 131 74.86 0.278
LINCB 161 92 0.414

MEADA 145 82.86 0.352
MEADB 148 84.57 0.365
CLCA 139 79.43 0.28
CLCB 122 69.71 0.293
CONCA 149 85.14 0.371
CONCB 168 96 0.425
SD 154 88 0.301
LAMB 135 77.14 0.32
BECK 127 72.57 0.311
COL 164 93.71 0.412
MAN 162 92.57 0.413
PEMIS 140 80 0.406
LOG 132 75.43 0.312
RICH 147 84 0.266
HANC 145 82.86 0.315
PEM 139 79.43 0.318
WAV 137 78.29 0.324
HOYT 153 87.43 0.346
SAV 138 78.86 0.343
Average 143 81.71 0.335 | 0.4261 | 0.2149 | 1.8268

-

(Table 5. Analysis of molecular variance (AMOVA) for 25 subpopulations of Cerotoma trifurcata collected from five different re-
gions of the Midwestern USA (North, South, East, West, and Central).

2 Sum of Variance | Percentage
SANEC Dt ariation: | g Squares |Components | of Variation
Among groups 4 | 748.774 | 0.93569 Va 5.6
Among subpopulations | », | 1398 308 | 210997 Vb |  12.63
within groups
Within subpopulations [637 | 8702.694 | 13.66200 Vc 81.77
Total 661 | 10839.78 | 16.70767
Fixation Index F. | 0.18229

samples. Mantel tests revealed no correlation
between genetic and geographic distance for
the western Midwest (Nebraska) region sam-
ples (r = 0.217; P = 0.181); the regression
supported this finding (F; 26 = 3.07; P = 0.079;
R” =0.003). Similarly, results from the eastern
Midwest (Illinois/Ohio) also showed no sig-
nificant dependency of genetic distance on
geographic distance (F; 26 = 2.86; P = 0.103;
R? = 0.099). Therefore, these samples (2003
and 2008) were used as part of the overall
analyses.
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Genetic diversity, Gsy values, and gene flow
The average heterozygosity (Hs) for individu-
al samples was 0.335; the highest Hs (0.425)
was recorded at Concord, NE, and the lowest
(0.229) was recorded at Lewis, IA (Table 4).
The average total heterozygosity (Hr) for all
the C. trifurcata samples (0.426) was high.
This indicates that the overall heterozygosity
of the C. trifurcata population is higher than
that seen in individual samples. Analysis of
multiple locations in POPGENE (Nei 1973;
McDermott and McDonald 1993) for genetic
diversity estimate (Gsr) for all the samples
revealed a moderate level of differentiation
(Gst = 0.215) (Table 4). The average gene




Journal of Insect Science: Vol. 14 | Article 62

0.35

030 - e . ® 3%
~ o * s o
'E- 0.25 - ., : ..: :. ] ‘0 ‘..
E 0% o :. . ‘. Seo &,
g 020 H 8 ofe® e o° oo :‘0‘ ° o
g Y R (ORI A7 R I
v s J " ‘. .. .a
g 0.1 o , & L) *° o e” o®
E ° 4 B e® o 2.7 L
Z 010 o o836 % gs, o°C
o o ‘e0® .'." . [ 2] . ¢ " °
2 P
£ 005 ¢ ? ¢ e t e *.
< PY b ’.0

0004 ®

0 200 400 600 800 1000 1200 1400 1600 1800

Geographic Distance (KM)
Figure 2. Genetic (dissimilarity) and geographic distance correla-
tion among the Cerotoma trifurcata subpopulations sampled from
western-Midwest USA (Nebraska), southern-Midwest USA (Mis-
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Dakota), central-Midwest USA (lowa), and eastern-Midwest USA
(Ohio and lllinois). High quality figures are available online.
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Figure 3. Dendogram illustrating the relationships among all the
25 Cerotoma trifurcata subpopulations collected from the Midwest
USA, and an out group population of fall armyworm (FAW) col-
lected from lowa. Bootstrap values, when > 50%, are given at each
of the forks (1000 replicates). High quality figures are available
online.
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flow (Ny) among the C. trifurcata samples
was >1 (1.83) (Table 4).
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Comparing genetic distance and geograph-
ical distance

The results of the Mantel test for the entire
data set revealed no significant correlation
between geographic and genetic distance (r =
0.077, P = 0.180) in the C. trifurcata samples.
This implied that there was no structure in the
genetic variation among the samples in rela-
tion to either an increase or decrease in
geographical distance. The majority of the
dissimilarity matrixes had values between 0.1
and 0.25 (Figure 2). In addition, the analysis
of dissimilarity by geographic distance scatter
plots revealed random dispersion of the matri-
ces for all C. trifurcata samples (Figure 2).

Analysis of molecular variance

Results from the AMOVA revealed the high-
est percentage of the variation (81.8%) from
the total variation was from within C. trifurca-
ta sample locations; 12.6% of the total genetic
variation was from among samples within
groups; and the variability among the groups
accounted for 5.60% of the total C. trifurcata
samples’ variation (Table 5). The genetic di-
vergence (0.182), which was measured by the
fixation index (Fst) as calculated by Arlequin
(Excoffier et al. 1992), showed a moderate
degree of genetic differentiation among C.
trifurcata samples. The dendrogram clustering
for the entire C. trifurcata samples of all loca-
tions did not show any distinctly defined
groups or clustering that could separate the
samples of C. trifurcata into geographic loca-
tions as defined for the Midwest USA in this
study (Figure 3). Moreover, the S. frugiperda
larvae samples used as the outlier group to test
the robustness of the analytical tool clearly
separated from the C. trifurcata samples, indi-
cating the reliability of the cluster analysis
(Figure 3).
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The AFLP markers reproducibility

The reproducibility of the results by the three
primer pairs, tested on 24 samples randomly
selected from various samples, indicated that
the AFLP approach was accurate and reliable.
The average error rate found in this study was
5.85% (Table 3). The maximum error rate ac-
ceptable varies with the scope of the study,
but in most cases it should never exceed 10%
(Bonin et al. 2007). This implies that the error
rate for this study was within the acceptable
range; hence, the findings have at least 90%
repeatability. Pompanon et al. (2005) empha-
sized that estimation of error rate should be a
priority in AFLP studies. This study has re-
vealed that AFLP is reproducible with an error
rate of 5.85%. It is difficult to eradicate the
genotyping errors because molecular assays
and sample handling manually are not 100%
(Bonin et al. 2004).

Discussion

The movement and dispersal of most organ-
isms in the field, including C. trifurcata, is
difficult to directly observe. The introduction
of and advances in molecular biology provide
a platform to explore this area by using genet-
ic markers to provide the information needed
to infer gene flow and migration tendencies of
individuals among different sample locations.
Analysis of C. trifurcata genetic structure is a
key aspect to understand its population dy-
namics in agricultural scenarios. The
development of effective pest management
strategies relies on a multidisciplinary ap-
proach, and one component of this is
knowledge of the population genetic structure
of this pest. The formulation of pest manage-
ment strategies depends on information such
as population size, the factors affecting it, and
even on the level of interaction among indi-
viduals from different locations, which all can
influence the scale at which control practices
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should be implemented. This latter aspect can
be addressed by an analysis and understanding
of population genetic structure. The presence
of geographic races or biotypes between or
within geographic samples may indicate that
different control approaches will be required
(De Leon et al. 2004).

The temporal variation results revealed rela-
tively low genetic differentiation with good
gene flow for C. trifurcata samples from both
the West (Nebraska) and East (Illinois/Ohio)
relative to year of sampling. There was also
high gene flow (Nn) between the 2008 and
2010 samples for Nebraska as well as for the
2003 and 2010 Illinois/Ohio C. trifurcata
samples. This relatively low Gsr and high Ny,
strongly supports that the majority of genetic
variation is found within C. trifurcata samples
rather than between years, prompting our de-
cision to analyze all data together. Temporal
population variation analyses provide a way
of measuring real-time migration regardless of
population history and identifying individuals
in a sample as probable immigrants (Paetkau
et al. 2004). They also provide the most robust
estimates possible of effective population size
and migration rate (Wang and Whitlock
2003).

The majority of the variation observed in this
study was from within samples, followed by
the variation among samples within the five
regions , that is, southern Midwest, northern
Midwest, western Midwest, eastern Midwest,
and central Midwest, USA. The implication is
that there is an adequate level of interbreeding
between sample locations; hence, genetic var-
iation has not led to a high level of
differentiation among sample locations.
Krumm (2005), Clark (2005), and Kondidie
(2010) also showed similar observations of
high within-population variation (as defined
by AMOVA) in European corn borer and fall
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armyworm, respectively. The AMOVA results
also indicated a low amount of genetic varia-
tion among groups, indicating that samples
have not differentiated into separate genetic
pools; this is further supported by the catego-
rization of samples into the dendrogram.
Neither between nor within the regions are
isolated by any obvious geographic barriers
that could lead to genetic fragmentation.

Ggr 1s the relative measure of genetic differen-
tiation between samples. It is another indicator
as to whether the majority of the variation is
within or between the samples of interest.
When Ggr is < 0.5, the implication is that the
majority of variation is found within samples
(Clark 2005; Krumm et al. 2007), that is, indi-
viduals within samples are likely to be
genetically different, but each sample contains
the same complement of alleles in similar fre-
quencies (Clark et al. 2007). However, Gsr
values > 0.5, approaching 1, indicate that the
majority of genetic variability is between
samples. The Ggr for this study, 0.215, shows
some genetic differentiation, but supports the
notion that the majority of genetic variation
was within the C. trifurcata samples, which
further supports the AMOVA results.

The distribution of genetic variation within
species is strongly linked to life-history traits,
particularly dispersal and reproductive mode
(Hamrick and Godt 1990). This study revealed
an overall N, value among the C. trifurcata
samples to be 1.826, indicating that there is
reasonable gene flow among samples loca-
tions. Nm > 1 indicates the presence of
sufficient gene flow between locations to
counter actions leading to genetic differentia-
tion and future genetic isolation (McDermott
and McDonald 1993). The level of gene flow
observed in this study may be due to the fact
that samples were in close proximity within
the Midwest (yet there was over 1600 km east
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to west and 950 km north to south) with ab-
sence or limited impacts of spatial isolation.
There is also a lack of geographic barriers that
can hinder the C. trifurcata movement and
dispersal. The average genetic diversity indi-
cated a lack of genetic homozygosity. This
implies more heterozygosity between individ-
uals within samples and further supports the
AMOVA results of high variation within a
sample.

The Mantel test revealed no correlation of ge-
ographic and genetic distance for all the C.
trifurcata samples. It is important to note that
the relationship between genetic and geo-
graphic distances enables estimation of some
demographic parameters such as effective
population density and/or dispersal distance in
the species of interest (Rousset 2000). The
insect population genetic structure depends on
the capacity of a sufficient number of individ-
uals crossing spatial and/or temporal barriers
so that gene flow among the insects is not se-
verely restricted. An UPGMA dendrogram
from the cluster analysis constructed from the
genetic distance matrix did not reveal distinct,
conclusive separation of C. trifurcata samples
into groups based on their geographic areas in
relation to regions as defined in this study.
Therefore, the samples are not genetically dif-
ferentiated among the regions. The results
further support that separate lineages of this
pest have not emerged in the regions of this
study.

The understanding of molecular data and the
genetic principles can enhance the knowledge
about insect origin, their diversity, and deter-
mination of their capabilities to reproduce in
particular environments and communities. The
study of insect genetic composition can also
define a species in terms of their distinctive-
ness, their relatedness, and their phylogenetic
position. The lack of genetic differentiation
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observed in this study can, at least in part, be
due to the expansion of soybean acreage,
which provides continuous habitat and food
resources for C. trifurcata. This ultimately
leads to high possibilities of gene flow, result-
ing in the lowering of genetic differentiation.
The movement of C. trifurcata has been asso-
ciated with host (soybean) quality and
availability (Krell et al. 2003). The beetles
tend to move to later planted soybeans, which
will still be green later into the season, when
early-planted soybeans begin to senesce
(Pedigo and Zeiss 1996); this is likely to spark
the movement and spread of the beetles
throughout the Midwest. Newsom and Herzog
(1977) found that there is no or little move-
ment by the overwintering C. trifurcata from
an early-planted soybean area until the first
generation was produced. Therefore, the ma-
jority of migration by these beetles is likely to
occur after the first generation. A proportion
of the population is capable of having season-
al migratory flights that spread the population
when their original location gets negatively
affected by adverse environmental conditions
(Coats et al. 1986). By so doing, the popula-
tion gene pool will also be spread out and
gene flow occurs. Insects’ capacity for move-
ment, such as through flight, is in part
affecting gene flow; hence, understanding the
genetic relatedness of individuals is helpful
for understanding their potential contribution
to gene flow through natural movements.

There have been reports of C. trifurcata hav-
ing short duration, unsustainable flights that
only cover short distances (Krell et al. 2003).
However, this study indicates that these trivial
movements may contribute to distributing the
insect. It is of great interest to see how the in-
crease in the soybean acreage and production,
which leads to increases in food for these bee-
tles, will shape the dynamics of C. trifurcata
samples, especially their genetic structure. It
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is possible that this increase in food source
may lead to the reduction in natural move-
ments of C. trifurcata searching for soybean
host plants, hence the increase in the residen-
cy time in a location and thus creating a
possibility of higher genetic differentiation.

This is one of the first studies on the C. trifur-
cata molecular genetics. Based on these
findings, it is concluded that there is no sub-
stantial genetic difference among the C.
trifurcata sample locations in the Midwest,
US. The findings of genetic variability of C.
trifurcata support the conclusion that in the
Midwest, this insect is genetically heteroge-
neous and part of a large, interbreeding
population. Future research should extend the
geographic range of samples to include other
states outside the Midwest and even include
samples from Canada. This will create a better
understanding of this insect, which is growing
in importance as an agricultural pest.
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