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We isolated 15 and 18 highly polymorphic genomic microsatellite
markers from two subterranean termites, Reticulitermes aculabialis

and R. labralis, respectively. A total of 53 alleles were detected in 15
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labralis, respectively. Seven loci were highly polymorphic (PIC>0.5)
in R. aculabialis, and 15 loci were highly polymorphic (PIC>0.5) in
R. labralis. All loci showed Hardy—Weinberg equilibrium. These
polymorphic markers provide useful tools for population genetic
and breeding system studies of subterranean termites.
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Subterranean termites are the most common and
economically important species (Nobre et al., 2006;
Pinzon et al., 2009). Many termite species have become
successfully established outside their native ranges, and cause
environmental and economic damages to the invaded areas
(Perderecau et al., 2011). Reticulitermes aculabialis and R.
labralis are two important subterranean termites, particularly
in the middle and eastern China, where they are considered
invasive (Su et al., 2016; Wang et al., 2016). Although the
population status and the breeding structure of several termite
species have been analyzed by microsatellite loci (Vargo
& Carlson, 2006; Vargo et al., 2013; Huang et al., 2013;
Perdereau et al., 2015), highly polymorphic microsatellite
markers used for analysis of Reficulitermes termites are
still insufficient. To facilitate the research of termite genetic
diversity and population structure, we have screened 147

microsatellites and identified 15 and 18 highly polymorphic
loci for R. aculabialis and R. labralis, respectively.

The samples of R. aculabialis and R. labralis were
both collected from eight locations of Xi’an, China. For each
location, two worker samples were randomly selected to
detect the polymorphism. In order to exclude the intestinal
microbes in the termite abdomen, we extracted DNA from
the head of the termite. The genomic sequence library and
microsatellite library were designed and set up according to
the DNA of R. aculabialis. The constructed library obtained a
number of 100 bp short sequence fragments by [llumina Hiseq
2000 sequencing. We used default parameter settings of CLC
Genomics Workbench V7.5 software to trim the fragments
with excellent quality and de novo assemble them. Only the
consensus sequences were used for microsatellite scanning. By
scanning the microsatellite loci of above consensus sequences
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with SciRoKo V3.4 software (Kofler et al., 2007), a total of 594
microsatellite loci were found, distributed on 571 consensus
sequences. 147 consensus sequences were randomly selected
among the above 571 sequences and designed by P, .. V3.0
(Rozen & Skaletsky, 2000). The primers were synthesized by
Genedigger (Xi’an) Technology Co., Ltd.

DNA was extracted using TIANamp Genomic DNA
Kit, and the extracted DNA were amplified with a thermocycler
(Mastercycler nexus gradient) in 5 pL reactions containing
2xTaq PCR Mix 2.5 uL, ddH,O 1.1 pL,0.2 pL of each primer
and 1 pL. DNA. The amplification program consisted of an
initial denaturation at 94°C for 5 min followed by 30 cycles
at 94°C for 30 sec, annealing temperature (7a in Tableland
Table 2) for 30 sec and 72°C for 30 sec, final extension at
72°C for 10 min. Amplification products were analyzed
with polyacrylamide gel electrophoresis and genotyped using
Quantity Quantity One software. The number of alleles (k),
observed heterozygosity (H,), expected heterozygosity ()
and Hardy-Weinberg equilibrium (HWE) test were performed

by G, A, . V6.501, and polymorphism information content
(PIC) were estimated by C_,,,,s V3.0 (Kalinowsk etal., 2007).

All loci met with Hardy—Weinberg equilibrium. The
147 loci were screened both in R. aculabialis and R. labralis,
with an isolation of 22 pairs and 21 pairs microsatellite
primers in these two species, respectively. All these primers
yielded stable and effective amplification bands. Then, 15
highly polymorphic microsatellite loci in R. aculabialis and
18 highly polymorphic microsatellite loci in R. labralis were
identified. For the 15 polymorphic loci of R. aculabialis, 8
are moderately polymorphic (0.25<PIC<0.5), 7 are highly
polymorphic (PIC>0.5) (Tablel). For the 18 polymorphic loci
of R. labralis, 3 are moderately polymorphic (0.25<PIC<0.5),
15 are highly polymorphic (PIC>0.5) (Table2). We calculated
the genetic diversity per locus, i.e number of alleles (k),
observed heterozygosity (/,), expected heterozygosity (/1))
and PIC. Number of alleles (k) for each locus ranged between
2 and 6 in R. aculabialis. The mean alleles were 3.533+1.302
(mean+SD). Whereas the observed and expected heterozygosity

Table 1. Highly polymorphic microsatellite primers in Reticulitermes aculabialis.

Locus Primer sequence (5°-3°) k Size Motif Ta H, H, PIC

Ra014 ;?g{,?g{_gg?gg : &%?T%rg é 4 259-284 (AATTC), 51.8 1.000  0.711 0.658
Ra022 Eﬁ%ﬁggﬁ?égﬁggfgggg%gc 3 213-235 (AGGO), 55.6 0.938 0.607 0.539
Ra024 Eég??gfﬁ:ggggfgggggﬁg 2 180-184 (AGTT),, 55.6 0.500 0492  0.371
Ra050 Egi%iigz(;%ccé%Tg CC quAGCTIi}iA 4 107-119 (ATGT),, 50.3 0.438  0.525  0.486
Ra070 iiﬁiACGCﬁ%giTATACTAGTSGG ((}jﬁ((}jgc 3 150-156 (CTA),, 58.2 0.500  0.607  0.530
Ra079 FRT\[?\CT%?\TCC&TTC;%?&?SES?TCTT 3 200-208 (GAAT), 55.6 0.250  0.508  0.428
Ra095 ECAT\C(}}C:? CCEFGC%%?S\I:AG%G&/?\CGC G 3 160-163 (TAA), 59.1 0.375  0.389  0.334
Ra096 E];}%(:;?Fégéil:c(?fﬁ(?gf&%qf];}% 3 212-232 (TAAQ),, 59.1 0.250 0.406 0.371
Ra098 Eégégigﬁfc?; AC CGTCCTT%%; CC CA 2 233-237 (TAAC), 59.1 0313  0.451 0.349
Ral03 ;nggzi¥zz?rig¥géﬂégﬁég 2 241-245 (TACA),, 50.3 0.438 0498  0.374
Rallé6 iiii%i%%%i%c$§:gg§gg¥T 6 201-219 (TCT), HCCT),  59.1 0.500  0.766  0.727
Ral28 Eiigi%ggg?éégggi&%i%% 4 105-114 (TTA),, 51.8 0.438  0.443  0.402
Ral30 ;éi? g,? Cﬁ%ﬁ?}%ﬁ%ﬁ?éggﬁgc} 5 225-246 (TTA),, 56.9 0313  0.717  0.676
Ral32 ;iﬁ?gfgﬁggfggggggggg 3 201-213 (TTA),, 58.2 0.375 0.602 0.516
Ral44 FCAAATAGAGCTCCGTGTTICG 6 146-186 (TTAG), 56.9 0.813  0.736  0.698

R:CCATAGAAACCTCCGAAAGG

Ta the annealing temperature, Size approximately product size, k number of alleles, HO observed heterozygosity, HE expected heterozygosity,

PIC polymorphism information content.
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ranged between 0.250 to 1.000 and 0.389 to 0.766, respectively.
The mean observed and expected heterozygosity were
0.496+0.236 and 0.564£0.125, respectively. The PIC varied
from 0.334 to 0.727 with a mean of 0.497+0.137. In addition,
number of alleles (k) ranged from 3 to 9 in R. labralis. The
mean alleles were 6.389+1.754. Whereas the observed and
expected heterozygosity ranged between 0.063 to 1.000
and 0.447 to 0.859, respectively. The mean observed and
expected heterozygosity were 0.368+0.263 and 0.702+0.115,
respectively. The PIC ranged from 0.371 to 0.843 with a mean
of 0.663+0.127.

These results showed that the genetic variation of R.
aculabialis and R. labralis were very high, suggesting that these
microsatellite markers are essential for estimating the genetic
diversity and population genetic of Reticulitermes termites.
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Table 2. Highly polymorphic microsatellite primers in Reticulitermes labralis.

Locus Primer sequence (5°-3") k Size Motif Ta H, H, PIC

Ra014 Egg??g;gg??g AA (?I%T(?TCGT(S;} éA 7 260-290 (AATTC);, 51.8 0.438  0.635 0.603
Ra022 Ei%‘;?éigéi? (? CGTC ({? ({]\ GG CGTCCTTC 6 212-244 (AGGC), 55.6 0.500 0.590  0.548
Ra024 Eég??gfﬁ:ggggfgggggﬁg 6 156-184 (AGTT),, 55.6 0313 0.721 0.677
Ra050 ilg}?[CCiGATGETCCCACCC;FIT CC CCEFAGCT?“(;A 9 160-232 (ATGT),, 50.3 0.500  0.859 0.843
Ra070 ;1&%@%@%21?:%55 C?AA(C}SC 7 144-174 (CTA),, 58.2 0313 0.723 0.695
Ra071 Eﬁggé{fiffcfé‘; CC,EGACG/SCCZ 8 252-285 (CTA), 59.1 0313  0.760  0.728
Ra079 giﬁi%i%%gﬁg?gggggg?g; 6 184-212 (GAAT), 55.6 0.063  0.666 0.635
Ra091 EééiiiggZE&G(?ggccT%CCTAcT 9 233-261 (TAA), 56.9 0.188  0.846 0.828
Ra095 Ei&%?é g%%%iii%i%%fg G 4 153-162 (TAA), 59.1 0313  0.580  0.493
Ra096 Eg%?};%%éﬂiicﬁ AG ﬁ GC gf&c(}cjl%c}c 5 196-232 (TAAC),, 59.1 0.250  0.500  0.474
Ra097 E%é?;ggé:gégggéié? g,? (]; c 4 252-264 (TAAC), 59.7 0375 0.729 0.677
Ral03 Elgggliizzgigifr}ggéﬁég 5 232-252 (TACA),, 50.3 0.125  0.729 0.682
Rall6 giii%iﬁ%%izcg (? :‘CA((}}AC((}:(T;T 8 177-219 (TCT),,#(CCT), 59.1 1.000  0.752 0.721
Ral26 EiTGGT%%C(i}TAT(? CG CT g};{g??giié 3 216-224 (TGTO), 59.1 0.063  0.447 0.371
Ral28 Eiig;%gé%?géﬁ?gi&%i%% 6 115-139 (TTA),, 51.8 0.125  0.695 0.644
Ral30 E‘éﬁ? g&i%%%%%é‘:?éﬁg:gG 8 216-249 (TTA),, 56.9 0.563  0.789 0.759
Raat FCACAITIGAGGTICGCAAGA ¢ 1oy () S6o 020 0813 078s
Ral44 FCAAATAGAGCTCCGTGTTTCG 8 148-184 (TTAG), 56.9 0.938  0.805 0.779

R:CCATAGAAACCTCCGAAAGG

Abbreviations as in table 1.



Sociobiology 64(3): 352-355 (September, 2017)

355

References

Huang, Q.Y., Li, G.H., Claudia, H. & Lei, C.L. (2013).
Genetic analysis of population structure and reproductive
mode of the termite Reticulitermes chinensis snyder. PLoS
One, 8:¢69070. doi:10.1371/journal.pone.0069070

Kalinowsk, S.T., Taper, M.L. & Marshall, T.C. (2007).
Revising how the computer program cervus accommodates
genotyping error increases success in paternity assignment.
Molecular Ecology, 16: 1099-1106. doi: 10.1111/.1365-
294X.2007.03089.x

Kofler, R., Schldtterer, C. & Lelley, T. (2007). SciRoKo:
a new tool for whole genome microsatellite search and
investigation. Bioinformatics, 23: 1683-1685. doi: 10.1093/
bioinformatics/btm157

Nobre, T., Nunes, L., Eggleton, P. & Bignell, D.E. (2000).
Distribution and genetic variation of Reticulitermes (Isoptera,
Rhinotermitidae) in Portugal. Heredity, 96: 403-409. doi: 10.
1038/sj.hdy.6800820

Pinzon, O.P. & Houseman, R.M. (2009). Species diversity
and intraspecific genetic variation of Reticulitermes (Isoptera:
Rhinotermitidae) subterranean termites in woodland and urban
environments of Missouri. Annals of Entomological Society
of America, 102: 868-880. doi: 10.1603/008.102.0513

Perdereau, E., Dedeine, F., Christidés, J.P., Dupont, S &
Bagneres, A.G. (2011). Competition between invasive and
indigenous species: an insular case study of subterranean
termites. Biological Invasions, 13: 1457-1470. doi: 10.1007/
$10530-010-9906-5

Perdereau, E., Bagnéres, A.G., Vargo, E.L., Baudouin, Xu, G.Y.,
Labadie, P., Dupont, S. & Dedeine, F. (2015). Relationship
between invasion success and colony breeding structure in a

subterranean termite. Molecular Ecology, 9: 2125-2142. doi:
10.1111/mec.13094

Rozen, S. & Skaletsky, H. (2000). Primer 3 on the www for
general users and for biologist programmers. Methods on
Molecular Biology, 132: 365-386

Su, X.H., Zhao, S., Wang, K. & Xing, L.X. (2016).
Complete mitochondrial genome of the “floppy-wing”morph
reproductive termite, Reticulitermes labralis (Isoptera:
Rhinotermitidae). Mitochondrial DNA Part A: DNA Mapping,
Sequencing and Analysis, 5: 3547-3548. doi: 10.3109/1940
1736.2015.1074211

Vargo, E.L. & Carlson, J.C. (2006). Comparative study
of breeding systems of sympatric subterranean termites
(Reticulitermes flavipes and R. hageni) in central North Carolina
using two classes of molecular genetic markers. Environmental

Entomology, 35:173-187. doi: 10.1603/0046-225X-35.1.173

Vargo, E.L., Leniaud, L., Swoboda, L.E., Diamond, S.E.,
Weiser, M.D., Miller, D.M. & Bagnéres, A.G. (2013). Clinal
variation in colony breeding structure and level of inbreeding
in the subterranean termites Reticulitermes flavipes and R.
Grassei. Molecular Ecology, 22: 1447-1462. doi: 10.1111/
mec.12166

Wang,K.,Guo, X.H.,Du,C.H.,Xing,L.X.,Tan,J.L. & Su, X.H.
(2016). Complete mitochondrial genome of a parthenogenetic
subterranean termite, Reticulitermes aculabialis Tsai et Hwang
(Isoptera: Rhinotermitidae). Mitochondrial DNA Part A: DNA
Mapping, Sequencing and Analysis, 5: 3133-3134. doi:
10.3109/19401736.2015.1007299

- -
SITIENTIBUS




