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Abstract
New, and previously reported microsatellites, were characterized for a group of four cryptic sibling
species in California (USA) in the subterranean termite genus Reticulitermes with the goal of finding
loci appropriate for population and species level studies. Three new microsatellites were identified
originating from R. hesperus, and 19 loci previously characterized in R. flavipes and R. santonensis
were examined. Of the three loci specifically developed for R. hesperus, none amplify with the other
species. Variation appropriate for population level studies was found in 4–13 loci depending on the
species. Fifteen loci appeared to be appropriate for use at the species level. Unique or monomorphic
alleles are found among the four species, indicating these loci will be taxonomically informative for this
group.
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Introduction
Reticulitermes is a genus of economically
important termite species found in temperate
climates of the Holarctic (Weesner 1970). A recent
phylogenetic analysis using mtDNA sequence data
(Copren et al. 2005) supported the identification
of cryptic sibling species proposed based on
chemotaxonomic data (Haverty and Nelson 1997).
Correct characterization of the population
structure and taxonomy of these species is
required for proper control and to better
understand their evolutionary history. Due to
their cryptic behavior, basic biological
information regarding colony and population
structure has been difficult to obtain in the genus
Reticulitermes. Genetic studies have been helpful
in understanding population and species-level
structure. Notably, genetic studies using
mitochondrial DNA on the eastern North
American R. flavipes and European R.
santonensis support the synonomy of these two
species (Jenkins et al. 2001; Austin et al. 2005).
Studies using microsatellites developed for these
species have been particularly helpful in
understanding population and colony genetic
structure and breeding systems as well (Vargo

2003; Dronnet et al. 2005). However, no similar
studies using microsatellites have been performed
on western North American species, which have
been further confounded due to the presence of
cryptic species.

In the state of California, R. hesperus is the most
common subterranean termite. It is found
sympatrically in northern California with four
putative, yet unnamed, sister species: R. sp. CA-B,
R. sp. CA-C, R. sp. CA-D. R. sp. CA-B and R. sp.
CA-C are rare compared to R. hesperus and R. sp.
CA-D. In this paper three new microsatellites are
described for R. hesperus, and the use of primers
previously developed for R. flavipes and R.
santonensis with all four putative California
species are examined with the goal of finding loci
informative for both population and species level
studies.

Materials and Methods
Microsatellites were developed using methods
from Toonen (1997). Approximately 2 μg of DNA
was extracted using phenol-chloroform methods
by pooling DNA from 10 worker termites from the
same colony, and digested using Sau3AI. 15ng of

Table 1. Characteristics of 22 microsatellite loci and cross-amplification results for four western North American Reticulitermes species.

Locus Primer Sequence (5′– 3′) Repeat Motif
GenBank

Accession No.
Ta (°C) Product length ranges bp (number of observed alleles)

Multiplex
partners

R. hesperus
R. sp.
CA-B

R. sp
. CA-C

R. sp.
CA-D

n=72 n=14 n=8 n=12

Rh 5-1
F:TCGTGAGGATGGTAGGACTTC
R:GAAAACCCACTAAGCCTTGC

(TGG)9 AY640104 60 199–229 (11) - - -

Rh 10-2
F:GTTGTCAAGACTTTTTCTAAGG

R:ATAACATCAGTTTATATGACACC
(AC)28 AY640105 56 250–306 (22) - - *

Rh 16-1
F:GCGTCAGGGTGATGATTTATG

R:TTCGGGAACTTTTGGGTTG
(TA)7(CA)2(TA)3 AY640103 48 220–274 (11) - - -

Rf1-3ª a (ATT)10(ATATT)3 AF195930 56 193 (1) - - 193 (1)
Rf3-1ª a (ATA)9 AF195931 55 - - - -
Rf 5-10 a (CTT)2AATGTCT(CTT)10 AF195932 56 131–155 (9) 134 (1) 131–134 (2) 128–140 (4)
Rf 6-1 a (GTT)5(GAT)8 AF195933 60 139–160 (8) 136–151 (5) 136–142 (2) 127–154 (5)
Rf 11-1 a (TGA)7TAA(TGA)2 AF195934 52 222–234 (5) 219–231 (4) 213–237 (7) 219–228 (4)
Rf11-2 a TCATAA(TCA)5 AF195935 55 267 (1) 264 (1) - 261–267 (3) Rf15-2
Rf 15-2 a (ATC)6GTT(ATC)3 AF195936 58 218–224 (3) 212–221 (4) 218–221 (2) 218–221 (2) Rf11-2
Rf 21-1 a (CTA)21 AF195937 61 198–384 (28) 183–189 (3) 183–189(3) *

Rf24-2 a (GTA)23 AF195938 55 - - - 94–97 (2)
n=4 n=2 n=2 n=12

Rs10 b (TAG)3TAA(TAG)9 AY423583 55 160–166 (3) 169 (1) 154–166 (2) 145–154 (4) Rs15
Rs13 b (GT)10 AY423584 55 219–223(2) - - 291–293 (2)
Rs15 b (TAG)6 AY423585 55 247(1) 265(1) 256(1) 247–271 (5) Rs10
Rs16 b (GA)2GC(GA)8 AY423586 55 * * * *

Rs33 b (TTCA)5 AY423587 55 255–259(3) 259(1) 263(1) 255–259 (2) Rs76
Rs43 b (CAGA)6 AY423588 55 211 219 219 219
Rs62 b (GTTT)5 AY423590 55 - - - -
Rs68 b (CTAA)5 AY423591 55 - - - 161–165 (2)
Rs76 b (AGTT)8 AY423592 55 159–163 (2) 163 (1) 163–175 (2) 167–171 (2) Rs33
Rs78 b (AGTT)7 AY423593 55 c. 166–182 (3) c. 166–182 (1) c. 166–182 (2) 166–182 (5)

aVargo 2000,
b Dronnet et al 2004
n, Number of individuals examined (two individuals per colony)
Ta, annealing temperature
bp, size range
-, no amplification,
*indicates non-specific amplification
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Table 2. Genetic diversity of selected loci in four western North American Reticulitermes species

R. hesperus R. sp. CA-B R. sp. CA-C R. sp. CA-D
Locus n f (bp) H O H E n f (bp) H O H E n f (bp) H O H E n f (bp) H O H E
Rh 5-1 72 0.31 (217) 0.72 0.815 14 - 8 - 12 -

Rh 10-2 72 0.31 (264) 0.81 0.875 14 - 8 - 12 -
Rh 16-1 72 0.41 (236) 0.56 0.716 14 - 8 - 12 -
Rf1-3 72 1.0 (193) 0 0 14 - 8 - 12 1.0 (193) 0 0

Rf 5-10 72 0.29 (143) 0.67 0.821 14 1.0 (134) 0 0 8 0.75 (134) 0.25 0.4 12 0.42 (129) 0.75 0.69
Rf 6-1 72 0.22 (148) 0.83 0.827 14 0.46 (142) 0.857 0.72 8 0.63 (136) 0.75 0.5 12 0.29 (145) 0.5 0.68
Rf 11-1 72 0.62 (231) 0.51 0.559 14 0.89 (219) 0.214 0.204 8 0.19 (228) 0.75 0.87 12 0.67 (225) 0.67 0.53
Rf11-2 72 1.0 (267) 0 0 14 1.0 (264) 0 0 8 - 12 0.46 (262,264) 0.33 0.6
Rf21-1 72 0.10 (264) 0.27 0.956 14 0.18 (189) 0.429 0.415 8 0.88 (183) 0.25 0.23 12 - - -

n, number of individuals examined (two individuals per colony)
f, frequency and size (bp) of most common allele
HO, HE, observed and expected heterozygosity
-, the locus did not amplify

350–850 bp DNA was ligated into pBluescript
KS+ vector (Stratagene, www.stratagene.com),
and transformed into XL2 Epicurian Coli Ultra
competent cells (Stratagene). Approximately
3,000 recombinant clones were lifted onto nylon
membranes and were screened by hybridization
with two sets of DIG-3′ end-labeled probes [55°C:
(AAC)8, (AAG)8, (AAT)8, (ATC)8, (ACT)8, 65°C:
(AC)12,(AG)12] (Boehringer- Mannheim,
www.roche.com). Plasmids from 22 positive
clones were purified using a miniprep kit
(Quiagen, www.qiagen.com) and sequenced on an
ABI-377XL automated sequencer through the
Division of Biological Sciences Core Sequencing
Facility at the University of California, Davis.
From the 22 positive clone sequences, seven sets
of primers were designed using Primer 3 Software
(Rozen and Skaletsky 1996), three of which were
polymorphic and deemed acceptable for
population genetic studies. These three primer
pairs (Rh5-1, Rh10-2, Rh16-1) plus nine sets of
primers (Rf) from Vargo (2000) and ten (Rs)
from Dronnet et al. 2004 were screened for
variability.

Each locus was screened by genotyping two
individuals per colony. Screening of colonies was
focused on R. hesperus and R. sp. CA-D as these
two species have the largest distribution in
California and are the most common taxa found.
R. sp. CA-B and R. sp. CA-C have been reported
from a small area and colonies can be difficult to
find (Copren et al. 2005). More colonies were
screened for Rh and Rf loci than Rs loci because
of the likelihood of finding more variation with
2–3bp repeats than the 4bp repeats found in the
majority of Rs loci (Dronnet et al. 2004).
Thirty-six colonies of R. hesperus were examined,
as well as four to seven colonies from the other
species for the Rh and Rf primers. One to six
colonies were screened of each taxon for the Rs
primers (Table 1). All available colonies were used
for screening, but where few colonies were
available, estimates of polymorphism were
limited to only those loci with sufficient samples.

Nine individuals from three colonies were gutted
and tested on all Rh loci. Amplification of the loci
was tested on individuals with the mid- and

Table 3. Loci appropriate for taxonomic studies. The table identifies non-overlapping alleles unique to one or two
taxa per locus and amplification differences.

Species
Locus R. hesperus R. sp. CA-B R. sp. CA-C R. sp. CA-D
Rh 5-1 + - - -

Rh 10-2 + - - -
Rh 16-1 + - - -
Rf 1-3 193 (1.0) - - 193 (1.0)
Rf 6-1 157, 160 136 136 127, 130, 133

Rf 5-10 >140 134 (1.0) 131 128
Rf 11-1 213, 216, 237
Rf 11-2 267 (1.0) 264 (1.0) - 261
Rf 15-2 224 212
Rf 21-1 >198 183, 186, 189 183, 186, 189 -
Rf 24-2 - - - +
Rs 10 169 154, 157 145, 148, 151
Rs 13 219, 221 - - >223
Rs 43 211
Rs 68 - - - 161, 165

+ indicates the locus amplifies on that taxon
- indicates the locus does not amplify
(1.0) indicates the locus is monomorphic with a frequency of 1.0 and is only used for Rh and Rf alleles with
sufficient sample sizes.
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hindguts removed. The loci amplified successfully
indicating that contamination of gut microbes was
not a problem. Therefore, whole bodies were then
extracted using a standard phenol-chloroform
protocol for further analyses. Rh and Rf primers
were analyzed using manual sequencing
techniques for fragment analysis (Gibco BRL,
www.lifetech.com). PCR reactions were set up in
25 μl reaction volumes containing 5 μg of DNA,
1.5mM MgCl2, PCR buffer (50 mM KCL, 10mM
tris, 0.1% gelatin, 0.1% Triton-X), 0.2 mM each
dNTP, 0.5U Taq polymerase, and 0.5 mM forward
and reverse primers. PCR was performed on a
PTC-200 thermal cycler (MJ Research,
www.mjr.com) using the following program:
initial denaturation step 94ºC (2 min), 30 cycles
at 94ºC (30 sec), primer Tm (Table 1, 30 sec),
72ºC (30 sec), followed by a final extension step
of 7 min at 72ºC. PCR products were resolved on a
6% denaturing polyacrylamide gel and visualized
using silver. Sizing of alleles at each locus was
done manually by comparison to a sequenced
pGEM -3Zf(+) plasmid vector (Promega,
www.promega.com) and previously scored alleles.

Rs primers were screened using automated
sequencing techniques for fragment analysis and
primers were end-labeled with a 5′IRD800
fluorescent modification (MWG-Biotech,
www.mwgdna.com). PCR amplifications were
performed as described in Dronnet et al. (2004).
PCR products were separated by electrophoresis
on 6% polyacrylamide gels and run on a Li-Cor
(www.licor.com) 4000 L DNA sequencer. Alleles
were scored using Geneprofiler 4.0.3 software
(Scanalytics, www.scanalytics.com).

Results and Discussion
The loci studied in this paper show variability
appropriate for both population and species level
studies. The three loci specifically developed for
R. hesperus did not amplify in any of the other
species. Of the 19 remaining loci, 14 gave
scoreable products for R. hesperus, 12 for R. sp.
CA-B, 11 for R. sp. CA-C, and 15 for R. sp. CA-D
(Table 1). Of all loci, 13 were polymorphic in R.
hesperus, 4 in R. sp. CA-B, 8 in R. sp. CA-C, 13 in
R. sp., CA-D indicating these loci would have
variation appropriate for population level studies
(Table 1). Levels of heterozygosity of Rh and Rf
loci reported in Table 2 range from a low of 0.21
for locus Rf 11-2 in R. sp. CA-B to a high of 0.96
for locus Rf 21-1 in R. hesperus, further
supporting their utility in population studies.

If all four putative species were synonymous, then
patterns of microsatellite amplification would be
similar. However, results from 15 loci showed
alleles or amplification patterns unique to a
minimum of one or two species and should be
useful for taxonomic studies among the 4 species
(Table 3). Four loci only amplify in one species
(Rh 5-1, Rh 10-2, Rh 16-1 in R. hesperus; Rf 24-2
and Rs 68 in R. sp. CA-D). Loci Rf 5-10 and Rf
11-2 have alleles unique to each of the four
species. R. sp. CA-B is monomorphic at Rf5-10,
and R. sp. CA-C has unique alleles at Rf11-1.
Specifically, finding fixed genetic differences
among cryptic species that result in reciprocal
monophyly, particularly among sympatric species,
will provide information useful for taxonomic
studies.
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