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Abstract. Gupta YM, Tanasarnpaiboon S, Buddhachat K, Peyachoknagul S, Inthim P, Homchan S. 2020. Development of microsatellite
markers for the house cricket, Acheta domesticus (Orthoptera: Gryllidae). Biodiversitas 21: 4094-4099. The house cricket, Acheta
domesticus, is one of the species of crickets commonly found in Thailand. Insect breeders in Thailand prefer to breed house cricket as
food due to its better taste and popularity among local people. Moreover, largescale breeding industries also breed house cricket to
produce cricket-based edible products. Insect breeding industry is growing rapidly and requires primary precaution for sustainable
production. To facilitate breeding system to maintain genetic variation in the captive population, we have sequenced the whole genome
of A. domesticus to search for simple sequence repeats (SSRs) in order to develop polymorphic microsatellite markers for preliminary
population genetic analysis. A total of 112,157 SSRs with primer pairs were identified in our analysis. Of these, 91 were randomly
selected to check for amplification of microsatellite polymorphisms. From these, nine microsatellites were used to check genetic
variation in forty-five individuals of A. domesticus from the Phitsanulok population (Thailand). These microsatellite markers also
showed cross-amplification with other three species of edible crickets, specifically Gryllus bimaculatus, Gryllus testaceus, and
Brachytrupes portentosus. The microsatellite markers presented herein will facilitate future population genetic analysis of A. domesticus
populations. Moreover, the transferability of these makers would also enable researchers to conduct genetic studies for other closely

related species.
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INTRODUCTION

Understanding the genetic makeup of insects is not
straightforward without prior information about each
species and its genome (Pereira et al. 2008; Li et al. 2019).
Moreover, the analysis of the genetic structure of insect
populations requires surveying a large number of samples
of each designated species (Hanboonsong et al. 2013).
However, obtaining adequate sample collections from the
wild can be problematic for several reasons, including the
fact that limited numbers of morphological characters are
available for distinguishing specific target species from
other closely related species in same genus (Gibb et al.
2006; Xia et al. 2018). This study focuses on Acheta
domesticus (Otte 1994), a common field cricket also known
as the house cricket, a species that is widely used as food
for human consumption and feeds for pets throughout
many countries around Asia (Hutchison et al. 2013).

The commercial uses have created continually rising
demand for these insects and increasing numbers of
breeders attempting to satisfy requirements. However,
these breeders often face the problem of inbreeding
depression and bottleneck effects that reduce the genetic
diversity of their reared populations. This in turn results in
the loss of vitality in the adults and viability of their
offspring (Aguiar et al. 2018). In an attempt to avoid these
inbreeding problems, house cricket breeders in Thailand

often exchange healthy parents from different farms, but
they do so without any knowledge of the genetic diversity
within or between the different populations. Furthermore,
these simple exchanges of healthy parents do not seem to
be solving the problem as continual reductions in progeny
production continue to be observed (personally
communicate with farmers).

One of the challenges here is that despite the popularity
of the house cricket in the commercial world, genetic
information about these insects is still very limited.
However, these crickets are abundant in the environment
and very common in Thailand, and so this study was
undertaken to understand the genetic structure of house
cricket populations. For comprehensive understanding of
the genetic structure of such populations, microsatellites
are one of the markers most commonly used for population
genetic studies (Piotrowska et al. 2016; Hilmarsson et al.
2017). Fortunately, the affordability and accessibility of
next-generation sequencing technology have provided a
fast-track platform for the identification and development
of microsatellite markers in several new species (Yu et al.
2011; Kang et al. 2016; Wang et al. 2016; Liu et al. 2017).
The use of this technology for whole-genome sequencing
can potentially provide thousands of DNA sequences
carrying suitable microsatellite loci along with flanking
regions to design primers for amplification of specific
microsatellite loci using the polymerase chain reaction
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(PCR) (Taheri et al. 2018; Ma et al. 2019). This has
allowed researchers to develop genetic markers efficiently
and rapidly compared to traditional methods like biotin
labelled probes (McKeown et al. 2018). Microsatellites are
the most widely used genetic marker because they can be
easily genotyped and reproduced for the comparative
genetic  diversity analysis  (Abdul-Muneer  2014).
Microsatellite markers provide information that can be
used for conserving genetic diversity in the population by
marker-assisted selection for the favorable genotype (Seki
et al. 2016).

Several studies have previously demonstrated the
effective use of microsatellite markers developed from
transcriptome and genome for population genetic analysis
and to compare genetic variation among and within wild
and farmed populations of species (Zheng et al. 2013;
Colburn et al. 2017). The studies have shown that farmed
populations tend to have less genetic variation compared to
wild populations (Wang et al. 2012). However, the genetic
structure of farmed and wild house cricket populations is
still largely unknown. For this study, we sequenced the
whole genome of A. domesticus to produce a sequence
library to develop microsatellite markers. The identified
microsatellite markers were selected and checked for DNA
amplification, and amplified loci were selected for
population analyses. The use of these microsatellite loci as
genetic markers for genetic evaluation of house cricket
populations will be beneficial for strategic breeding
programs and to maintain the genetic diversity within
farmed populations of the house cricket.

MATERIALS AND METHODS

Sample collection, microsatellite mining, and primer
design

Known specimens of female A. domesticus were
collected from farm located at Nakhon Ratchasima,
Thailand (14°42'19.6"N  102°27'08.1"E). Legs were
dissected from adults to extract DNA using the DNeasy
Blood and Tissue Kit (Qiagen, Germany) (Cat No./ID:
69504) for de novo whole-genome sequencing. Genome
sequencing was performed by Macrogen, Korea using
Illumina based HiSeq x sequencing system. Microsatellite
detection was performed using the MiIcroSAtellite
identification tool (MISA) with parameters of six minimum
repeats for dinucleotides and four for tri-, tetra-, penta-, and
hexanucleotides. The regions flanking each microsatellite
were used to design primers using the Primer3 tool
(Untergasser et al. 2012). The parameters used in the
Primer3 tool were set as follows: (1) PCR fragment size
ranged from 200 to 400 base-pairs (bp), (2) Primer optimal
size was 20 bp, (3) Annealing temperature ranged from
54°C to 60 °C, (4) Optimum primer GC concentration was
set to 50%.

Sample collection and microsatellite screening

Forty-five specimens were collected from Phitsanulok
province, Thailand and morphological identification was
used to confirm their assignment as A. domesticus. DNA
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was extracted from leg tissue of individuals using a
modified DNA extraction based on a typical phenol-
chloroform extraction protocol (Nishiguchi et al. 2002).

The  preliminary  screening for  microsatellite
polymorphisms was conducted using 91 primer pairs on
five randomly selected DNA samples out of the forty-five
specimens of A. domesticus. The PCRs were conducted
using 20 pl reaction mixtures as follows: 1 X Taq buffer,
0.2 ul Tag DNA polymerase, 0.2 mM dNTPs, 1.5 mM
MgCl; (Thermo Fisher Scientific), 1 uM of each primer,
0.1 pg/ul Bovine serum albumin (BSA), and 1 pl of DNA
template followed by nuclease-free water to make up
volume to 20 pl in reaction tube. All PCR was conducted
using Biometra TOne Thermal Cyclers by Analytik Jena,
Germany with optimized condition for each primer pairs as
follows: a cycle of initial denaturation at 94°C for 3
minutes followed by 30 cycles of denaturation, annealing,
and extension at 94°C for 30 seconds, range from 55°C to
58°C for 30 seconds, 72°C for 40 seconds, respectively
with a final extension at 72°C for 4 minutes. The primers
with positive amplification of A. domesticus DNA were
also used to check cross-amplification of DNA from
Gryllus bimaculatus, Gryllus testaceus, and Brachytrupes
portentosus.

All PCR products were analyzed using 1.5 % agarose
gel electrophoresis, and only primers with expected PCR
product sizes were selected for synthesis (Macrogen Korea)
with a 5 forward primer labelled with one of the
fluorescent dyes from FAM, HEX, TAMRA. Each
fluorescent dye was designated to specific primer
according to expected size range of each PCR product to
combine DNA products prior to fragment analysis for
genotyping of all individuals. The DNA fragment analysis
with capillary electrophoresis was done by 1st BASE
Fragment Analysis Services, Malaysia. Only polymorphic
alleles were analyzed for preliminary population genetic
analysis using POPGENE version 1.32 (Yeh and Boyle
1997). MICROCHECKER (Van Oosterhout et al. 2004)
was used for checking data to spot any stuttering error. The
allele frequency, observed number of alleles, observed and
expected heterozygosity, and fixation index was calculated.
All loci were tested for linkage disequilibrium.

RESULTS AND DISCUSSION

The whole-genome de novo sequencing of Acheta
domesticus generated 485,490,502 raw DNA reads that
were assembled into contigs to search for simple sequence
repeats (SSRs). The assembly produced 709,397 contigs
(The total number of bases in the contigs, 929,180,478) of
nucleotide sequences of A. domesticus. This whole-
genome data have been deposited at NCBI under the
accession number: JAAVVF000000000 (BioProject:
PRINA612585, BioSample: SAMN14377430, Organism:
Acheta domesticus YG1991). The MISA identification tool
predicted 179,594 sequences containing total 232,179
SSRs. Different SSRs were sorted according to the unit size
with a minimum number of repeats.



Table 1. Locus name, primer sequences with selected dye, Genbank accession number, allele sizes in base pairs (range), primer annealing temperature (Ta), SSR motif, number of alleles (Na),
observed heterozygosity (Ho), and expected heterozygosity (He) values, fixation index (F), and Hardy-Weinberg Equilibrium P values (HWEP) obtained from screening of

Acheta domesticus samples from the Phitsanulok population as reported.

Locus Primer sequence GenBank Allele size Ta SSR Na Ho He F HWE
range (bp) (°C) P

Adome-Penta-2 F(HEX)-ACAGCATGTGATGTTTGTGGC MT311706 270-330 57 (TTTTC)4 8 0.5366 0.7338  0.260 0.000
R-TGAAAGTCTTTGGCTGAGATCCT

Adome-Tri-1 F(FAM)-AACGACAAATGCAGCAACCC MT311707 259-289 57 (TTG)8 7 0.4444 0.6547  0.314 0.440
R-TAGCTTCCAGGCTGTTCAGG

Adome-Tri-6 F(HEX)-ACCCCATGAACCCAATTCTGA MT311708 329-362 56 (TGC)8 5 0.7333 0.6564 -0.130 0.012
R-AATTGCGGCAAGTGGAACTG

Adome-Tetra-10 F(FAM)-TCTTCCTGAAATCGTGACTGCA MT311709 317-397 56 (TTAT)6 9 0.6222 0.5046  -0.247 1.000
R-GGTAGCACCTGCAAAGCATC

Adome-Tri-15 F(FAM)-GTGAAGGTGTTGATGGCAGC MT311710 309-405 57 (TGG)8 11 0.6667 0.7538  0.106 0.911
R-TGCAATGAAACGCAAGGCAA

Adome-Di-6 F(HEX)-GCAAAGCGATCGTCGTACAC MT311711 341-423 57 (GA)9 14 0.4091 0.8809  0.531 0.000
R-CATCTCTGCTCCACGGTCTC

Adome-Tetra-22 F(TAMARA)-GAAGAAAGCCCCCGGAGAAA MT311712 262-342 57 (TGAT)6 15 0.7556 0.9039  0.155 0.000
R-TTACTTTGGTTGTTGCGCCG

Adome-Tetra-15 F(FAM)-TTCGGCGGGAATCCATTCAT MT311713 318-366 57 (TTCT)6 10 0.5111 0.4417  -0.170  1.000
R-TTCAAGGTCTGCACAGGCTT

Adome-Tri-18 F(FAM)-TTCACTTAGCCAACGTCGCT MT311714 351-420 57 (TCT)7 15 0.6279 0.8668  0.267 0.001

R-AAATCACGAACGGGAAGCCT
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The SSRs containing nucleotide sequences were used to
generate primers for each SSR sequence using defined
parameters of the Primer3 tool. These were filtered to
generate a primer library of 112,157 SSR primer pairs.
From these, 91 randomly selected SSR primer pairs were
used to amplify five DNA samples of A. domesticus from
the Phitsanulok population. This yielded fourteen out of 91
SSR primer pairs that successfully amplified DNAs of the
expected size with clear separate bands for each of the SSR
loci. Other 77 SSR primer pairs were discarded from
analysis due to poor PCR amplification. Primers for these
SSRs were able to cross-amplify microsatellite DNAs from
three other species of crickets (G. bimaculatus, G.
testaceus, and B. portentosus). The fourteen SSR sequences
were submitted to GenBank (Accession number:
MT311706- MT311719).

For population screening, fourteen SSR primer pairs
were employed to check for genetic variation and usability
of the SSR markers for population genetic studies. The
result showed that there were nine potential SSR loci
producing alleles with repeats ranging from 5 to 15 in
number. The genetic variation for all nine loci is
summarized in Table 1. The observed heterozygosity
ranging from 0.4091 to 0.7556 and expected heterozygosity
ranging from 0.4417 to 0.9039. The observed and expected
heterozygosity values were computed using Levene (1949)
and values were similar to Nei’s (1973) expected
heterozygosity values. There was no significant linkage
disequilibrium found between any pair of loci.

Microsatellite markers are commonly used as DNA
markers to understand the genetic structure and diversity of
plant and animal populations (Nguluma et al. 2018; Ju et al.
2019).

Acheta domesticus is a highly abundant cricket species
in Thailand, and an insect breeding industry is rearing A.
domesticus to satisfy the commercial need as feed and food
(Hanboonsong et al. 2013). However, despite of the
popularity of this insect in breeding programs, genetic
information on populations of this species is limited. In
addition, the breeding programs all suffer from inbreeding
related phenomena and reductions in productivity and
fitness (Kardos et al. 2016; Bozzuto et al. 2019). These
breeding problems cannot be solved only by redesigning
the breeding system for the intended species. It is also
crucial to have information on the genetic makeup of
individuals in this species and the genetic structure of
populations. This includes analysis of the genetic variation
among and between wild and farmed populations of species
like A. domesticus.

The present study provides the first set of nine
polymorphic microsatellite markers for A. domesticus.
These nine loci showed no linkage disequilibrium
(P<0.007). The total number of alleles ranged from 5 to 15
across the nine loci, and that there was considerable
variation among collected individuals from the area of
Phitsanulok, Thailand. In a previous study of microsatellite
development for field cricket species, 27 polymorphic SSR
markers were characterized for G. bimaculatus displayed 3
to 12 alleles (Bretman et al. 2008). In contrast, the
developed nine SSR markers in present study showed
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overall high allelic variability (Table 1). The average
effective number of alleles (4.580) was lesser than the
average observed number of alleles (10.444), which is due
to fewer number alleles that have contributed to the allelic
frequency at a specific locus.

Forty-five isolates were used in SSR development and
initial population assessment. One isolate for Adome-Di-6,
two for Adome-Tri-18, and four for Adome-Pen-2, in
which no PCR product was detected due to allelic dropout.
There was no evidence for SSR scoring error due to
stuttering for all nine loci.

Wright's (1978) fixation index (F) was calculated to
measure of heterozygote deficiency or excess for each
locus. Locus Adome-Tetra-10, Adome-Tetra-15, and
Adome-Tri-6 showed negative values for fixation index
that indicates the heterozygotes excess for these three loci,
and other six loci showed heterozygote deficiency. The
average value of the fixation index for all nine loci is
0.121, which indicates heterozygote deficiency in the
Phitsanulok population of house cricket. Three out of nine
loci showed high significant deviation (P<0.001) from
Hardy-Weinberg Equilibrium, and these three loci also
showed homozygote excess that could be due to the
presence of null alleles (Van Oosterhout et al. 2004; Rico
et al. 2017; Heidinger et al. 2018). The probability of
presence of null alleles was predicted using
MICROCHECKER (Van Oosterhout et al. 2004), and
result suggested that null alleles may be present at specific
locus due to the general excess of homozygotes for most
allele size classes as no evidence stuttering or large allele
dropout was found. Moreover, the deviation from HWE
and heterozygote deficiency could be due to population
subdivision in the wild (Garnier-Géré & Chikhi. 2001;
Halligan et al. 2010). In our study, house crickets were
captured from wild habitat and presumed to be unrelated,
and no matching multilocus genotype was found in isolates
from Phitsanulok population.

Extended studies with more wild and farmed
populations are required for better understanding of genetic
structure of these populations. Moreover, this will
undoubtedly help in designing strategies to resolve some of
the issues seen in the farmed population suffering from
inbreeding depression (Gao et al. 2015; Santos et al. 2016).
Many of these problems are known to be caused by low
levels of genetic variability in populations (Parra et al.
2018). Future studies might reveal the genetic structure in
the farmed A. domesticus population compared to the wild
population.

Microsatellite markers that amplify in one species are
also sometimes shown to cross-amplify in related species
(lorgu et al. 2013; Leite et al. 2016). The novel SSR
markers we identified in A. domesticus demonstrated the
transferability to the three other Orthopteran species; G.
bimaculatus, G. testaceus, and B. portentosus. This
suggests that it will be possible to use these SSR markers to
conduct population genetic studies for these species as
well. The transferability would open the possibility to use
developed SSR markers for other related species from the
family Gryllidae (crickets) (Bretman et al. 2008;
Tantrawatpan et al. 2011) since these genetic markers are
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robustly used for evaluating genetic diversity (Zhou et al.
2016) and understanding the genetic structure (Hutchison
et al. 2016) and status of different populations. In a
previous study, 45 polymorphic microsatellite markers
were developed for wood cricket, Nemobius sylvestris
(Orthoptera: Gryllidae) to assist future studies, only 2 out
of 34 microsatellite markers showed cross-amplification
with field cricket G. bimaculatus (Orthoptera: Gryllidae)
(Vanhala et al. 2008). In present report, all 9 microsatellite
markers showed positive cross-amplification with G.
bimaculatus. These indicate the high potential of developed
SSR markers for phylogenetic analysis. This could be also
transferable with N. sylvestris and other related cricket’
species that fall into the classification between A.
domesticus and N. sylvestris. For the case of the house
cricket, A. domesticus, these novel SSRs might also unable
to answer questions regarding the genetic status of
cultivated house cricket in breeding centers and their
genetic kinship to wild populations. This information
should be useful in designing strategies for our outcrossing
to introduce new genetic material into captive breeding
populations to reduce inbreeding effects.

The present study provides nine SSR markers which
will assist marker-based selection for healthy parents for
breeding purposes. SSR markers will also facilitate and
improve the breeding system of A. domesticus and other
related species, specifically G. bimaculatus, G. testaceus,
and B. portentosus. These markers will assist future
population genetic studies for this species to provide more
definitive information.
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