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Table 1. Subterranean termite collection sites within
Lancaster Co. (Lincoln,NE) and Madison Co. (Norfolk,
NE)

Site#  Site Name Location

1 AAF1 Lincoln, Lancaster County, Nebraska
2 AAH2 Lincoln, Lancaster County, Nebraska
3 AAH3 Lincoln, Lancaster County, Nebraska
4 AAJ3 Lincoln, Lancaster County, Nebraska
b AAK2 Lincoln, Lancaster County, Nebraska
6 AACI Norfolk, Madison County, Nebraska
7 AAC2 Norfolk, Madison County, Nebraska
8 ABF1 Norfolk, Madison County, Nebraska
9 ABF3 Norfolk, Madison County, Nebraska
10 ABH1 Norfolk, Madison County, Nebraska

Lincoln, NE and five collection sites from Norfolk, NE for genotypic finger-
printinganalysis. For the genotypic analysis, a sample site was used when five
or more worker termites were collected to allow for replication. The termite
samplinglocationswere mapped withaMagellan Sport Trak Map GPS receiver
(Thales Navigation, Santa Clara, CA), and the collection coordinates were
recorded into Arc View 9.0 GIS software (ESRI, Redlands, CA) to construct
collection locality maps (Fig. 1). In this study, soldier specimens (n = 3-15)
from two samplessitesin each collection locality (Lincoln (AAFland AAH3)
and Norfolk (ABF1 and ABH1) were micro-morphologically assigned to
species using the keys of Weesner (1965), Nutting (1990), and Hostettler
(1995) based upon the gular plate ratio (maximal width/minimal width).
Micro-morphological measurementsfor species assignment followed methods
of Husen ¢t al. (2006). All termites morphologically analyzed for this study
were determined to be the castern subterranean termite, R. flavipes.

Molecular Characterization

DNA was extracted from individual whole alcohol-preserved worker ter-
mites that were freeze-dried in a Ultra Dry Lyophilizer (Freezedry Specialties
Inc., Princeton, MN) using the DNeasy Tissue Kit (Qiagen, Valencia, CA).
The DNA extraction protocol was modified in that 90 pL of elution buffer
was used instead of 180 pL. DNA samples were stored in the Qiagen elution
buffer at 4°C until subjected to PCR. The eight PCR oligonucleotide prim-
ersused in the genotyping experiment were those developed by Vargo (2000)
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Fig. 2. Microsatellite genotypic data of Reticulitermes flavipes from Lancaster Co. samples AAH2a-c
(Lanes 2-4), AAH3f-h (Lanes 5-7), AAJ3a-c (Lanes 8-10) & AAK2a-c (Lanes 11-13) usingthe PCR
oligonucleotide primer Rf5-10. Characteristicalleles are labeled (A,B,C, & D). PCR products were
electrophoresed on a 12% native polyacrylamide gel and stained with ethidium bromide. Alleles sized
against 50 bp DNA ladder (Lanes 1-10).
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Fig.3. Microsatellite genotypic data of Reticulitermes flavipes from Lancaster Co. samples AAH2a-c
(Lanes 2-4), AAH3f-h (Lanes 5-7), AAJ3a-c (Lanes 8-10) & AAK2a-c (Lanes 11-13) using the PCR
oligonucleotide primer Rf5-10. Characteristicalleles are labeled (A,B,C, & D). PCR products were
electrophoresed on a 12% native polyacrylamide gel and stained with ethidium bromide. Alleles sized
against 50 bp DNA ladder (Lanes 1-10).
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who designated the corresponding PCR products for cach locusas: 1) Rf1-3,
2) RF3-1,3)RE5-10,4) RE6-1,5) RE 11-1,6) RF11-2,7) RE15-2, and 8) Rf
24-2. PCR reaction conditions and thermal cycling parameters were those
of Husen ez al. (2006). PCR products were resolved on 12% non-denaturing
polyacrylamide gels (29% acrylamide/bis, 250 pL 30% ammonium persulfate,
and 75 uL TEMED) (BioRad Inc., Hercules, CA) by electrophoresing at
75 volts for 24-26 hr in 1X TBE buffer (40 mM Tris-Borate, 1 mM EDTA)
at 4°C. The polyacrylamide gels were stained with ethidium bromide (50
ng/L)and visualized and photographed directly ona BioRad GelDoc System
(Hercules, CA). The PCR products (alleles) were sized in comparison to 50
base pair (bp) Gene Ruler DNA Ladder Plus (Fermentas, Hanover, MD),
and genotypic data was recorded at each of the eight microsatellite loci for
all termite collection sites. Alleles at each locus for all populations sampled
in each locality were indicated by alphanumeric lettering from the smallest
to the largest alleles for classification and analysis (Figs. 2 & 3).

The presence of more than two alleles at any locus could be explained by
pooling of multiple individuals (Husen ez a/. 2006). However, in this current
study DNA from individual termites was subjected to microsatellite genotyp-
ing and, thus, a maximum of two different alleles should be observed. The
nature of microsatellite repeats and Tag DNA polymerase used in PCR can
result in “stuttering”, which is generally masked on low resolution agarose gel
electrophoresis. High resolution polyacrylamide gel electrophoresis used in
this study revealed minor PCR products which further complicated allele
assignment. Therefore, in cases where allele “stuttering” or more than two
alleles were detected, PCR products were either subcloned and sequenced to
determine the precise allele or only interpretable PCR products were used in
the analysis for a population and the subsequent allele differentiation from
other R. flavipes populations.

DNA Sequencing

PCR products were purified using a QiaQuick PCR purification column
(Qiagen, Valencia, CA) following factory protocol except that final purified
products were eluted in 30 pL deionized water and stored at -20°C. Puri-
fied PCR products were then ligated into the pGEMTeasy plasmid vector
(Promega, Madison, W1I) in 15 L reaction mixtures for 21 hour at room
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temperature. Ligation products were then transformed into chemically
competent DHSa Escherichia coli cells and incubated overnight at 37 °C
on Luria-Bertani (LB) agar (1.2%) plates supplemented with ampicillin (50
ng/L) and 50 pL of 2% X-gal (5-bromo-4-chloro-3-indolyl--D galactopy-
ranoside) to facilitate blue/white screening of transformants. E. coli colonies
containinginsertwere then grown inliquid LB supplemented with ampicillin
overnight at 37 °C. Plasmid DNA was extracted and subjected to restriction
enzyme digestion with EcoRI (Invitrogen, Carlsbad, CA). Restriction digest
products were then visualized by 1.5% Metaphor agarose gel electrophoresis
to ensure desired PCR product insert was present. DNA sequencing qual-
ity plasmid DNA was extracted using the GenElute Plasmid MiniPrep Kit
(Sigma-Aldrich, St. Louis, MO) and stored at -20°C. DNA samples were
then sent to the University of Nebraska Core Facility for DNA sequencing
using a Beckman-Coulter CEQ8007 dye terminator DNA sequencer with
T7 promoter oligonucleotide primers (Invitrogen, Carlsbad, CA). DNA
sequence alignments were made using the Clustal method with weighted
residue weight table in DNAStar software (Madison, WT).

RESULTS AND DISCUSSION

Molecular Characterization

When examining intra-species genotypic variation in R. flavipes workers
from the five collection localities in Lancaster Co. (Lincoln, NE) (Fig. 1b),
five of the eight microsatellite loci provided informative genotypic variability
to allow for colony distinction. These loci were: Rf 1-3, Rf 3-1, Rf 5-10, Rf
6-1, and Rf 24-2 (Table 2a). These loci, with the exception of Rf 1-3, were
also found to be informative forinter-species distinctions when analyzed with
lower resolution agarose gels (Husen ez al. 2006). Loci Rf 11-1, Rf 11-2, and
Rf 15-2 did not resolve differences among the five colonies sampled. Dif-
ferences could not be resolved at these markers likely due to a lack of allelic
diversity within these populations.

At locus Rf 1-3, a total of four distinct genotypes were present in the five
populations sampled. Allelic differences present within individuals allowed
for the separation of the AAH3 population as a distinct colony, while there
was not enough variability to distinguish populations AAF1, AAH2, AAJ3,
and AAK2. Atlocus Rf 3-1, a total of four distinct genotypes were present.
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Table 2a. Microsatellite genotypes of Reticulitermes
flavipes workers from Lincoln, NE collection sites

Locus  Population N # of Alleles Genotype! Locus  Population N #of Alleles Genotype'
Rf1-3 AAF1 9 2 AA*,AB*,BB* Rf11-1 AAF1 10 2 AA‘Y, AB®
AAH2 4 1 BB* AAH2 S 2 AA*, AB®
AAH3 7 2 AA*,AC AAH3 8 1 AA®
AAJ3 3 1 BB® AAJ3 4 1 AA"
AAK2 3 1 AA? AAK2 4 1 AA"
Total = 3 Total =2
Rf3-1 AAFI 9 2 AB7, BB? Rf11-2 AAF1 10 2 AA%, AB?
AAH2 4 2 BB',BC? AAH2 4 2 AB'
AAH3 8 2 AA’, AB° AAH3 6 1 AA®
AAJ3 31 BB? AAJ3 301 AA}
AAK2 3 2 AB’ AAK2 3 1 AA?
Total = 3 Total =2
Rf5-10 AAF1 8 1 AA? Rf15-2 AAF1 10 1 AAY
AAH2 3 2 BD? AAH2 4 1 AA"
AAH3 6 2 AA' AC AAH3 7 1 AA”
AAJZ 3 2 AC AAJ3 3001 AA’
AAK2 3 2 AC? AAK2 3 1 AA’
Total = 4 Total = 1
Rf6-1 AAFI 8 2 BB, BD? Rf24-2 AAFI 7 2 AA*,AB}
AAH2 3 2 AA% AC! AAH2 4 2 AB*
AAH3 6 2 BB*, BD* AAH3 S 2 CcD?
AAJ3 4 2 BD* AAJ3 3 2 CD?,DD!
AAK2 4 2 BB!',BD? AAK2 3 2 CcD?
Total = 4 Total = 4

N = Total of individual termite worker-replicates N = Total of individual termite worker-replicates
used for genotypic analysis used for genotypic analysis

'Letters representing genotypes are superscripted 'Letters representing genotypes are superscripted
by a number indicating its frequency within total by a number indicating its frequency within total
samples samples

Individuals from two samples, AAH2 and AAH3, possessed informative
genotypes and thus were distinct colonies. A total of three alleles were pres-
ent in all of the samples with population AAH2 possessing a unique allele.
However, there was not enough variability at this locus to distinguish popula-
tions AAF1, AAJ3,and AAK2. Atlocus Rf'5-10 a total of 3 genotypes were
presentinall populationsand only provided enough variability to distinguish
samples AAF1 and AAH2 tobeindependentcolonies (Fig. 2). A total of four
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alleles were present in all of the samples with population AAH2 possessing a
unique allele. Atlocus Rf6-1, a total of 4 distinct genotypes were present in
all populations. However, there was only enough allelic variability to deter-
mine colony distinction for population AAH2. Locus Rf 24-2 was a highly
variable marker which clearly separated all populationsinto distinct colonies.
Moreover, populations AAH3 and AAK2 were found to shareaheterozygous
informative genotype from all other populations sampled (Fig. 3).

When examining intra-species genotypic variation in R. ﬂavipes workers
from the five Madison Co. (Norfolk, NE) samples (Fig. 1c), five of the cight
microsatellite loci provided informative genotypic variability to provide
colony distinction. These loci were: Rf 3-1, Rf 5-10, Rf 6-1, Rf 11-1, and Rf
24-2. Loci Rf 1-3, Rf 11-2, and Rf 15-2 did not resolve differences among
the five colonies sampled (Table 2b). Atlocus Rf 3-1, a total of three distinct
genotypes were present in all samples, but only population AACI was deter-
mined to be a distinct colony due to the presence of a unique homozygous
genotype present in individuals of that population. However, there was no
additionalallelic diversityat thislocus to complement the genotypic findings.
Atlocus Rf 5-10, a total of three distinct genotypes were present from all five
samples with samples AAC2 and ABH1 clearly possessingdistinct genotypes
from the other three sample sites. At locus Rf 6-1, three unique genotypes
were observed in all populations. This marker, however, only distinguished
population ABH1 to be a distinct colony by the presence of an informative
heterozygous genotype containing a distinct allele in two individuals of
the population. At locus Rf 11-1, a total of 3 genotypes were present in all
populations sampled. The presence of multiple unique heterozygous geno-
types containing unique allele forms allowed the distinction of population
AACI to its own colony while also distinguishing populations AAC2 and
ABHLI to be distinct from populations ABF1 and ABF3. Locus Rf 24-2 was
the most variable of all loci used to genotype these populations with a total
of five distinct genotypes noted in Madison Co. populations sampled. This
marker provided enough allelic variability to distinguish three of the five
populations to be independent colonies (AAC1, AAC2,and ABH1) as well
as to reveal similarities between the genotypes of the other two remaining
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Table 2b. Microsatellite genotypes of Reticulitermes
flavipes workers from Norfolk, NE collection sites

Locus  Population N #of Alleles Alleles Present' Locus  Population N #of Alleles Alleles Present!

Rf1-3  AACI 8 2 AN’ AB® Rf11-1 AACI 9 2 AB?, BB’
AAC2 5 2 AA! ,AB* AAC2 5 2 BB! JBC?
ABF3 7 2 AA®, AB? ABF3 7 1 BB’
Tortal =2 Total =3
Rf3-l AACI 9 2 AAZ, AB“, BB* Rf11-2 AACI1 7 1 AA7
AAC2 4 2 AB?, BB! AAC2 5 1 AAS
ABF1 5 1 BB® ABF1 6 2 AA!, AB’
ABF3 7 2 AB?,BB® ABF3 7 2 AB’
ABH1 5 2 AB’, BB! ABH1 4 2 AA’, AB!
Tortal =2 Total =2
RfS-lO AAC1 8 1 AA“ Rfls_z AACI1 6 1 AA(‘
AAC2 5 2 AB’ AAC2 5 2 AAY, AB?
ABF1 6 1 AAS ABF1 6 2 AAY, AB
ABF3 7 2 AA*, AB? ABF3 7 1 AA7
ABHI1 4 2 AA', AB', BB* ABHI1 5 2 AA?, AB?
Tortal = 2 Total =2
Rf6-1 AACI 6 2 AB*, BB? Rf24-2 AACI 8 1 BB
AAC2 5 2 AB', BB* AAC2 5 2 AA', AC?, CC?
ABF1 2 1 BB’ ABF1 6 2 AB*, BB’
ABF3 3 2 AB?, BB! ABF3 5 2 AB', BB
ABHI1 3 2 BB',BC? ABH1 4 2 AC?, CC?
Toral =3 Total =3

N = Total of Individual termite worker-replicates N = Toral of Individual termite worker-replicates used for
used for genotypic analysis. genotypic analysis.

'Letter representing genotypes are superscripted 'Letter representinggenotypesare superscripted by a number
by a number indicating its frequency within total indicatingits frequency

samples. within total samples.

populations (Table 2b).
DNA Sequencing

High resolution polyacrylamide gel electrophoresis used in this study
revealed many minor PCR products which complicated allele assignment.
Polyacrylamide gel electrophoresis at Rf 5-10 and Rf 24-2 resulted in allele
“stuttering” or more than two alleles were detected (Figs. 2 & 3). Therefore,
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Fig. 4. Microsatellite DNA sequences of alleles from a) AAC2a and AAH2a at locus Rf 5-10 and b)
AAC2a, AAH3e, and AAK2a at locus Rf 24-2.

PCR products of multiple Lancaster and Madison Co. populations were sub-
cloned and sequenced to determine the precise allele present in each sample.
Atlocus Rf5-10, PCR products from samples AAC2aand AAH2aeach were
sequenced (Fig. 4a). The lengths of each allele differed by only eight bp with
AAH2a being a fragment exactly 139 bp while AAC2a is exactly 131 bp in
length. Thetwoalleles represented at thislocusdifferin that the AAC2aallele
is missing three repeats of the CTT consensus sequence. Other differences
observed between the twoalleles were in the presence of two single nucleotide

polymorphisms (SNP) that flanked the consensus sequence repeats. Atlocus
Rf24-2,PCR productsfrom samples AAC2a, AAH3e,and AAK2aeach were
sequenced (Fig. 4b). The lengths of each of these three alleles diftered with
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AAC2a being the largest (151 bp), followed by AAH3e (106 bp), and then
AAK2a(88bp). Thealleles present atlocus Rf24-2 in samples from AAH3e
and AAK?2a also differed in that there was a SNP detected outside of the
consensus repeat region. These results indicated that AAH3 and AAK2 were
in fact distinct colonies due to the presence of SNPs at this locus. Moreover,
these SNPs detected in this study might be useful for further distinctions of
subterranean termite colonies in this region.

Termite colony foragingareaboundaries may be related to climate, soil type,
and geography. Limited mark-release-recapture studies have estimated the
foraging area of R. flavipes colonies to be 70 — 80 linear meters (Grace 1989,
Grace 1990, Su et al. 1993). Forschler and Townsend (1996) estimated Re-
ticulitermes colonies in Georgiato occupy average foragingareas of 20 meters?.
In the context of this study, only two possible collection sites within each
locality were found within this estimated foraging range, samples AAH2 and
AAH3 in Lancaster Co. and AAC2 and ABH1 in Madison Co. However,
in Lancaster Co., sample AAH2 and AAH3 genotypically appeared to be
separate colonies based on results at all five informative microsatellite loci
while AAH3 and AAK2 appeared to be genotypically similar (at Rf 24-2)
even though the collection sites are well beyond the estimated average forag-
ing range of an individual colony. However, DNA sequencing of individual
alleles showed that these alleles were actually distinct due to the presence of
SNPs. In Madison Co., populations AAC2 and ABH1 appeared to be geno-
typically similar and genotypically distinct from all other collection sites in
Norfolk. These sites possessed distinct genotypes from each other at loci Rf
6-1and Rf24-2, however theyalso possessed shared, unique genotypesatloci
Rf5-10and Rf 11-1. The presence of shared, distinctive alleles is an example
of complex family structure of subterranean termites possibly due to worker
foraging strategies in that workers from different colonies could forage at the
same locations, share the same tunnel system, or mature colonies may have
fused (DeHeer 2004). The cause of the genotypic similarities and differences
depicted in this study, although consistent with one of these mechanisms,
cannot distinguish between these possibilities at this time. Further sampling,
if termites re-invade the property, along with DNA sequencing to determine
if the same colonies are re-entering the structure, would bring this experiment
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to its full level of both economic and scientific significance.
CONCLUSIONS

This study provided baseline data on genotypic variability for R. flavipes
populations from two Nebraska counties. Microsatellite genotyping utiliz-
ing high resolution, non-denaturing polyacrylamide gel electrophoresis was a
qualitative method of evaluating allelic and genotypic diversity to determine
colony distinction in subterranean termites. In the termite populations from
Lancaster Co., five of eight microsatellite loci provided allelic variability. Loci
Rf1-3,Rf 3-1, Rf 5-10, Rf 6-1, and Rf 24-2 along with DNA sequencing of
alleles at locus Rf 24-2 allowed for the distinction of the three proximally
collected samples, AAH2, AAH3, and AAK2. Genotypic fingerprints also
resolved differences between these samples and the other two sample popula-
tions. In the termite populationsfrom Madison Co., five of eight microsatellite
loci provided allelic diversity to distinguish the two most closely collected
populations, AAC2and ABH1. LociRf3-1,Rf5-10,Rf6-1,Rf 11-1,and Rf
24-2 also resolved differences amongst these samples and those of the other
sample populations tested.
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