
PLOS One | https://doi.org/10.1371/journal.pone.0331200  September 15, 2025 1 / 10

 

 OPEN ACCESS

Citation: Madrigal-Brenes R, Barrantes G, 
Sandoval L, Fuchs EJ (2025) Microsatellite 
development for Theridion evexum (Araneae: 
Theridiidae) using low-coverage genome 
sequencing and the MiMi script. PLoS One 
20(9): e0331200. https://doi.org/10.1371/
journal.pone.0331200

Editor: Pankaj Bhardwaj, Central University of 
Punjab, INDIA

Received: January 2, 2025

Accepted: August 13, 2025

Published: September 15, 2025

Copyright: © 2025 Madrigal-Brenes et al. This 
is an open access article distributed under the 
terms of the Creative Commons Attribution 
License, which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author and source are 
credited.

Data availability statement: All relevant data 
are within the manuscript and its Supporting 
information files.

Funding: The research was partially funded by 
the Vicerrectoría de Investigación (C3-116), 

RESEARCH ARTICLE

Microsatellite development for Theridion evexum 
(Araneae: Theridiidae) using low-coverage 
genome sequencing and the MiMi script

Ruth Madrigal-Brenes 1,2,3*, Gilbert Barrantes1,2, Luis Sandoval1,4, Eric J. Fuchs1,2,3*

1  Centro de Investigación en Biodiversidad y Ecología Tropical, Universidad de Costa Rica, San José, 
Costa Rica, 2  Escuela de Biología, Universidad de Costa Rica, San José, Costa Rica, 3  Laboratorio 
Binacional de Análisis y Síntesis Ecológica, UNAM-UCR, México, Costa Rica, 4  Laboratorio de Ecología 
Urbana y Comunicación Animal, Escuela de Biología, Universidad de Costa Rica, San José, Costa Rica 

* ruth.madrigalbrenes@ucr.ac.cr (RM); e.j.fuchs@gmail.com (EJF)

Abstract 

Habitat fragmentation and unplanned urban expansion increasingly threatens bio-

diversity, yet the genetic impacts on arthropods, and particularly spiders, remains 

understudied due to the lack of suitable molecular makers. Here, we used low-

coverage genome sequencing and a bioinformatics pipeline to develop polymorphic 

microsatellite markers for Theridion evexum, a tropical spider with urban and natural 

populations. To increase the yield of DNA extracted from small spiders like T. evexum, 

we also optimized a Cetyltrimethylammonium bromide (CTAB) DNA extraction proto-

col. We sequenced eight individuals at 4X using paired-end sequencing on an Illumina 

Novaseq 6000. Reads were cleaned and processed using the Multi-individual Micro-

satellite Identification (MiMi) python pipeline. MiMi produced a total of 3999 putative 

microsatellites. After filtering for polymorphic loci with an allelic richness greater than 

three and present in at least 5 of the 8 sequenced individuals, 34 final markers were 

identified. An experimental validation of 13 of these 34 markers showed that 10 loci 

were polymorphic with at least three detectable alleles, one locus was monomorphic, 

and two loci did not produce PCR products. These markers will allow a better assess-

ment of the effects of urban fragmentation and isolation across populations of this 

spider species. Furthermore, developing markers using low-coverage next-generation 

sequencing (NGS) and bioinformatic protocols provide a valuable approach for 

uncovering microsatellite markers at a reduced cost for other tropical species, thereby 

broadening the scope of molecular ecology research in the tropics.

Introduction

The effects of urban expansion and land-use changes on natural habitat fragmenta-
tion and loss have been primarily studied in vertebrates and plants, with a focus on 
genetic structure and gene flow [1–3]. Arthropods, such as spiders, have received 
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limited attention, and the majority of studies prioritize species diversity over genetic 
diversity [4,5]. The lack of specific genetic markers for tropical species limits the study 
of the impacts of fragmentation and habitat degradation on genetic diversity and 
gene flow among isolated habitats. Understanding the underlying processes of urban 
expansion on the genetics of tropical spiders is critical for assessing their resilience 
and adaptability, particularly in increasingly fragmented settings.

Spiders are a highly diverse group of arthropods that play a significant role as 
predators in various ecosystems, including those in urban areas. The limited disper-
sal ability and specialized microhabitats of some tropical spiders make them highly 
susceptible to the drastic landscape transformations caused by urbanization [6–8]. In 
urban environments, isolated vegetation patches can increase genetic structure and 
genetic drift in various organisms, likely affecting their adaptability and individual fit-
ness. Although similar information for tropical spiders is lacking, genetic isolation may 
have severe effects, particularly for specialized species [6,9–11], whose populations 
tend to decline more rapidly as urbanization intensifies.

Molecular markers have been used in spiders to elucidate evolutionary relation-
ships (phylogenetic relationships) among different taxa [12–14]. Despite their poten-
tial, microsatellite markers have been developed for only a very limited number of 
tropical species, limiting studies of genetic diversity and gene flow [15–17]. The effec-
tiveness and transferability of these markers to other species is still unknown, which 
limits their potential applications in genetic structure and diversity studies.

Microsatellites, also known as simple sequence repeats (SSRs), are short tan-
demly repetitive DNA sequences, exhibiting a high degree of polymorphism in the 
number of repeats. SSRs are distributed throughout the genomes of both prokary-
otes and eukaryotes [18,19]. Given their high diversity, Mendelian inheritance, and 
repeatability, SSRs have been widely used to study the genetic diversity of multiple 
species [20,21]. However, one of the major problems associated with SSRs is their 
high degree of specificity, as their location in the genome varies significantly between 
species. Therefore, traditional molecular techniques to identify SSR and develop 
PCR primers for these loci across different species are often complex and expensive 
[22,23]. The recent development of next-generation sequencing (NGS) and the possi-
bility to sequence low-coverage genomes have prompted the creation of bioinformat-
ics protocols to discover SSRs from genomic data [24–26]. These protocols allow the 
discovery of SSR markers in unstudied species without incurring the high costs and 
technical difficulties of previous protocols, which rely on enriched libraries of repeated 
sequences and hybridization protocols, frequently exceeding the US$ 10,000 mark 
[23]. However, many of these protocols rely on single individuals or pooled, untagged 
reads from multiple individuals [24,27,28], which may limit the ability to select mark-
ers with reliable levels of polymorphism because it becomes difficult to assess if 
different alleles are present in different individuals.

This study aims to detect microsatellite markers and design suitable PCR primers 
to amplify these markers for the tropical spider Theridion evexum (Theridiidae) using 
low-coverage whole genome sequencing (lcWGS) and the MiMi Python script [25]. 
We will also experimentally test a subset of these primers on individuals from natural 
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populations to assess their polymorphism and their potential to provide informative estimates of genetic diversity and 
structure in populations of this species. This study will evaluate the potential of low-coverage whole genome sequencing 
and the MiMi script as a cost-effective and efficient method for developing microsatellite markers, particularly for under-
studied species in low- and middle-income countries. This research has broader applications for studying the impacts of 
urbanization on biodiversity and developing molecular tools for conservation and management.

Materials and methods

Study species

Theridion evexum is a spider native to the American tropics. In Costa Rica it is found from 200 to 1700 m asl with the 
highest abundance between 1200 and 1500 m. Its distribution is associated with permanent streams (approximately 25 m 
from the stream margin). This spider builds shelters by folding a leaf into a cone shape and spinning a capture web that 
consists of sticky threads running downward to adjacent leaves [29]. In Costa Rica, they build their webs in the understory 
of humid forests.

Sample collection and DNA extraction for SSR identification

We collected a total of 16 individuals of T. evexum, with four individuals sampled from each of four distinct populations: 
University of Costa Rica (UCR) (9°56′ N, 84°03′ W), Lankester Botanical Garden (JBL) (9°50′ N, 83°53′ W), Parque 
del Este (PE) (9°56′ N, 84°00′ W), and Cascajal de Coronado (CC)(10°03′ N, 83°56′ W). Individuals were preserved in 
95% alcohol and processed at the Laboratorio de Ecología Molecular (LEM) at Universidad de Costa Rica. We photo-
graphed and deposited one voucher specimen from each population at the Museo de Zoología, Universidad de Costa 
Rica.

The abdomen of the spider was removed and discarded, leaving the cephalothorax and legs, which were placed on a 
paper towel for 5 minutes to allow excess alcohol to evaporate. The cephalothorax was then transferred to a pre-chilled 
1.5 mL microcentrifuge tube (cooled in liquid nitrogen for 15 seconds), and approximately 1 mL of liquid nitrogen was 
added to freeze the sample completely. The tissue was ground into small pieces (< 1 mm) or a fine powder using a plastic 
pestle. Subsequently, 500 µL of cetyltrimethylammonium bromide (CTAB) buffer (2% CTAB – 100 mM Tris-HCl, 1.4 M 
NaCl, 20 mM EDTA, 2% (m/v) CTAB, 2% (v/v) PVP) and 20 µL of proteinase K were added. The samples were incubated 
overnight at 55°C with continuous shaking at 800 rpm.

After incubation, the samples were centrifuged. Approximately 400 µL of the supernatant were carefully transferred to 
a labeled 2.0 mL tube. To this, 400 µL of Chloroform-Octanol (24:1) was added, and the tubes were mixed by inverting 
them for 2 minutes. The mixture was then centrifuged. From the supernatant, the maximum volume without disturbing 
the organic phase was transferred (~300 µL) to a labeled 1.5 mL tube, followed by the addition of 300 µL of isopropanol 
cooled to −20°C, mixed by inverting for 2 minutes, and subsequently refrigerated at −20°C for one hour. The tubes were 
centrifuged, and the supernatant was carefully discarded, without disturbing the pellet. Subsequently, 500 µL of 70% eth-
anol was added, mixed by vortex for five seconds and followed by centrifugation and decantation. This ethanol wash was 
performed twice, and the tubes were then left upside down on a napkin to remove excess ethanol. Once the pellet was 
completely dry, it was eluted in 50 µL of TE. All the centrifugation steps were performed at 14,000 rpm for 5 minutes.

DNA concentration and quality were measured using the Quantus fluorometer (Promega) and NanoDrop 2000 spectro-
photometer (Thermo Scientific), respectively. We considered DNA to be of high quality (quality criteria) if concentrations 
were close to or above 20 ng/mL in the fluorometer and absorbance ratios in the spectrophotometer of 260/280 were close 
to 1.8–2.0 and 260/230 were between 2.0 and 2.2. We have uploaded this optimized DNA extraction protocol to protocols.
io: https://dx.doi.org/10.17504/protocols.io.kxygxwp2kv8j/v1 and it is included as a supplemental file S1 File. This optimi-
zation step was necessary because T. evexum is a small-bodied spider, which may limit the amount and quality of DNA 
extracted for NGS.

https://dx.doi.org/10.17504/protocols.io.kxygxwp2kv8j/v1
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Next-generation sequencing

From the 16 extracted individuals, we selected DNA from eight samples (two from each population) that had the highest 
values in our previously defined quality criteria. We sequenced these samples to an approximate coverage of 4 Gb per 
individual at Novogene in South Korea. Although information on genome size for T. evexum is unavailable, reports from 
other species in the Theridiidae family indicate that genomes range from 1.3 to 2.1 Gb [30]. We performed paired-end 
sequencing on a NovaSeq 6000 using the Illumina platform, following Novogene’s corporate standards.

Bioinformatic analysis and SSR discovery

To detect microsatellite markers for T. evexum, we used the Python script “Multi-individual Microsatellite Identification 
(MiMi)” [25] (https://github.com/graemefox/mimi). MiMi enables comparing microsatellites from multiple individuals simul-
taneously, improving the identification of loci with a higher probability of amplification. It also provides observed polymor-
phism estimates, allowing for a more accurate selection of SSRs.

Quality control.  We initially performed quality control using Trimmomatic version 0.38.1 as implemented in the Galaxy 
platform [26,31] to eliminate low-quality reads. We removed low-quality bases and Illumina adapter contamination using 
Trimmomatic with the following parameters: a sliding window of 4 bases requiring a minimum average quality score of 
30 (SLIDINGWINDOW:4:30), removal of low-quality bases from the start and end of reads with a quality threshold of 
3 (LEADING:3; TRAILING:3), and discarding reads shorter than 50 bp after trimming (MINLEN:50). Illumina adapter 
sequences were identified and removed with a minimum match length of 8 bases to ensure specificity while minimizing 
false positives.

Microsatellite identification.  As a second step, we used the software pal_finder [32] version 0.02.04 deployed on 
the Galaxy server (https://palfinder.ls.manchester.ac.uk) to identify microsatellite loci on each individual separately. For 
pal_finder, we maintained all default options as suggested by Griffiths et al. [26], except for the minimum Phred quality of 
the sequences used to detect microsatellites, which we increased from 20 to 30 to improve the reliability of microsatellite 
detection [33]. The SSR sequences generated by pal_finder were transferred to the KABRE High Performance Computer 
(HPC) at the Centro Nacional de Alta Tecnología (CeNAT) in Costa Rica. In the KABRE HPC, we ran the MiMi Python 
script version 1.1 on the SSR sequences generated by pal_finder using the default settings for MiMi.

Microsatellite filtering.  The MiMi results include an estimate of the observed number of alleles per marker and 
individual. MiMi calculates the number of alleles based on the number of tandem repeats identified [25] and considers 
each unique tandem repeat length as a distinct allele. We used these estimates to filter the initial set of microsatellites 
discovered by MiMi, choosing those markers with more than three alleles and requiring their presence in a minimum of 
six of the eight sequenced individuals (S1 Table). We uploaded this bioinformatics protocol to protocols.io: https://dx.doi.
org/10.17504/protocols.io.dm6gp9bo8vzp/v1, and we included it as supplemental file S2 File.

Experimental test of SSR

The MiMi pipeline successfully identified 34 candidate microsatellite markers through in silico analysis. To determine 
whether the designed primers could reliably amplify across different individuals, we chose the 13 most polymorphic loci 
(i.e., more than three alleles) that were present in at least 75% of the samples (6 out of 8 sequenced individuals) for 
experimental testing on field-collected samples (S1 Table). Primers were labeled with the fluorescent dyes 5’-FAM and 
5’-HEX for genotyping (Table 1). For the experimental test, we collected and extracted DNA from 15 new individuals per 
population from both CC and UCR for a total of 30 individuals. DNA extraction was conducted using the CTAB protocol 
described above.

We initially checked PCR amplification for these markers in simplex reactions using 2X GoTaq® G2 Hot Start Master 
Mix (Promega), with 0.2 μM primers in a total reaction volume of 12.5 μL, incorporating 10 ng of DNA template. The PCR 
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profile included a denaturation step at 95°C for 60 seconds, followed by annealing at 53°C for 60 seconds and extension 
at 72°C for 60 seconds, repeated for a total of 30 cycles, with a final extension at 72°C for 5 minutes, performed on a Bio-
Rad T100 Thermal Cycler.

Two markers, Thev03 and Thev05, failed to yield PCR products, while the remaining eleven markers amplified suc-
cessfully, with ten polymorphic loci (Thev02 was monomorphic). We then created three multiplex mixes to genotype the 
30 individuals for an initial assessment of genetic diversity: Mix-1 included Thev01, Thev04, and Thev06; Mix-2 included 
Thev07, Thev09, and Thev10; and Mix-3 contained Thev08, Thev11, and Thev12. We analyzed Thev13 in a simplex reac-
tion because when we included it in Mix 1 its electropherograms were unclear and difficult to genotype. Both multiplex and 
simplex reactions were performed using the same PCR conditions.

For fragment analysis, we used an Applied Biosystems ABI 3500 automated sequencer. We manually scored alleles 
using GeneMarker Software version 2.6.4 (SoftGenetics). We assessed the probability of null alleles and allelic dropout 
with the software Micro-Checker 2.2.3 [34] using default settings. To estimate genetic diversity, we used the poppr and 
adegenet libraries in the R statistical environment [35]. We calculated an observed allelic richness (Ar), effective number 
of alleles (Ae), observed (Ho) and expected heterozygosites (He), and the inbreeding coefficient (F). Significance values 
for inbreeding coefficients were calculated using FSTAT version 2.9.3.2.

Ethics statement

All samples collected in this study received approval from the Biodiversity Commission of the Universidad de Costa Rica, 
under collecting permit number N° 127600002134.

Results

We obtained a mean of 46.3 ng/μL ± 19.6 (mean ± SD) of DNA of high quality and purity from the eight individuals sent 
for next-generation sequencing. The recovered DNA had a mean absorbance of 2.0 (range: 2.0–2.1) at 260/280 and 2.1 
(range: 2.0–2.3) at 260/230. Novogene generated a total of 35.9 Gb of raw data with a mean coverage of 1.3 Gb (± 0.18 
Gb). Sequence effectiveness was on average 97.91% (± 1.21%), with an error rate of 0.03% for all samples. The percent-
age of sequences that had phred scores ≥ 30 was 90.46% (±0.74%), and the average GC content of all sequences was 
30.91% (±0.27%).

Table 1.  Experimentally evaluated primers in a sample of 30 individuals from two T. evexum populations in Costa Rica.

Locus ID Repeat motif Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’) 5’ Dye Size range (bp)

Thev01 AT TGTTAATGCTGAAAGACGCC TTGCTGAAGGGTATCTTAACGC FAM 197-205

Thev02 ATT ACATTTCAGTGCTTCCAGTAACC AGCAAATGCTGTGTTCTGCC HEX 208

Thev03 TC TGCACCAATAAAAGGGGTCC TCAGGATCAGACCATTTCAGG FAM *

Thev04 AGT TTTCCGTATTCAACTACTTAGCCG CGGAATTTGTTTTGGTTCGG HEX 231-247

Thev05 ATT CTTGACCGTATTGCGCAGC GTCTTGTGCATTGCATTCCC FAM *

Thev06 AC TTGCGACCCTTGTAAAGACC TATGTAGGATGTTCCCTTTTGC HEX 141-175

Thev07 AC TCTGAGTTTCTCAAATCAACCCC CCAGGGCTCATATCTTATTCTTGC FAM 288-310

Thev08 AT CGAGATGTTTAGCTCCTTCTGC GAATATCGTTTTCTCCGCCC HEX 274-300

Thev09 TC CCCTTAGGCCAACTAACCTCG TGCATTGGAGAAAACTTTCGG FAM 230-270

Thev10 TC CTTATGCAATGGGAAAGGGC ATTTATTCCCGGTTCCTCCC HEX 214-236

Thev11 AT CTCGTGCAACGAAAATGAGG GGTTACGATCCAACCCTGC FAM 220-230

Thev12 TC TGCAGTTGCTACGCTACAGG GAGTTATTTTCGTGGAAGCCG HEX 118-146

Thev13 AT TTAAGTTTGGAGAACGGGGC TGCATTAGGACCGGCATAGC FAM 227-243

*Thev03 and Thev05 did not amplify and thus have no size range.

https://doi.org/10.1371/journal.pone.0331200.t001

https://doi.org/10.1371/journal.pone.0331200.t001
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SSR discovery

MiMi discovered 3999 possible microsatellites. Of these 3999 SSRs, 555 were polymorphic with more than one allele 
by MiMi’s standard (i.e., set of tandem repeats, see Methods). Testing 555 SRR markers is economically unfeasible, so 
we selected the most polymorphic loci and those most likely to amplify (markers present in 62.5% of the samples, num-
ber of alleles > 3), resulting in 34 microsatellites (dinucleotides: 25, trinucleotides: 5, tetranucleotides: 4). The number of 
microsatellite markers and their repeat motif in each filtering step is shown in S1 Table. Primer sequences (forward and 
reverse), in silico number of alleles, and allele repeat motif for the selected 34 microsatellite loci are shown in S2 Table.

Genetic diversity results of experimental validation

The number of alleles per polymorphic locus varied from 2 (Thev01) to 9 (Thev07), with a grand mean of 4.65 ± 0.386 
(SD) across both populations. Only Thev02 was monomorphic. The observed heterozygosity ranged from 0.133 to 0.846, 
with a mean across populations of Ho = 0.478 ± 0.137. Expected heterozygosity had a similar range from 0.250 to 0.881, 
with a mean of He = 0.604 ± 0.152. Diversity estimates for each locus and population are shown in Table 2. After correct-
ing for multiple comparisons, only locus Thev11 at UCR was not in Hardy-Weinberg equilibrium, indicating a significant 
heterozygote deficit. Similarly, MICROCHECKER only found evidence of null alleles in locus Thev09 in the same popula-
tion. Across loci, both populations showed significant inbreeding coefficients (Table 2), and the overall estimate for pooled 
populations (may include Wahlund effect, Nei’s G

ST
 = 0.08, p < 0.01) was F = 0.226 ± 0.303, suggesting a general deficit of 

heterozygotes.

Discussion

In this study, we successfully identified primers for microsatellite loci in the tropical spider Theridion evexum using 
low-coverage genome sequencing and the MiMi Python script. This is a cost-effective and simple approach for microsat-
ellite discovery, which is suitable for understudied taxa such as tropical spiders. Traditional techniques that require library 
enrichment of repeated sequences are costly and time-consuming, often resulting in highly specific SSR primers. In con-
trast, our study demonstrates that microsatellite loci can be identified directly from low-coverage genome sequence data. 
Given the rapid advancements in next-generation sequencing technologies and the decreasing costs of data generation, 

Table 2.  Genetic diversity estimates for each locus in the two populations of T. evexum in Costa Rica.

Pop CC UCR

Locus A Ae Ho He F A Ae Ho He F

Thev01 2 1.867 0.200 0.491 0.592* 3 1.587 0.154 0.394 0.610*

Thev04 3 2.273 0.600 0.579 −0.037 NS 5 1.798 0.308 0.468 0.343 NS

Thev06 5 3.462 0.667 0.738 0.097 NS 5 2.153 0.615 0.555 −0.110 NS

Thev07 5 2.695 0.667 0.650 −0.026 NS 9 6.500 0.846 0.881 0.040 NS

Thev09 6 3.462 0.200 0.755 0.735*** 3 2.181 0.154 0.580 0.735***

Thev10 7 3.947 0.800 0.771 −0.037 NS 6 2.914 0.692 0.683 −0.014 NS

Thev08 3 1.312 0.133 0.250 0.467 NS 6 3.485 0.539 0.750 0.282 NS

Thev11 3 2.528 0.533 0.629 0.152 NS 3 2.889 0.231 0.699 0.670 NS

Thev12 5 2.813 0.667 0.667 0.000 NS 6 2.380 0.615 0.603 −0.021 NS

Thev13 4 1.636 0.333 0.405 0.177 NS 4 2.099 0.615 0.542 −0.136 NS

Mean 4.3 2.599 0.480 0.593 0.212** 5.0 2.799 0.477 0.615 0.240**

Ar: allele number, Ae: effective number of alleles, Ho: observed heterozygosity, He: expected heterozygosity, F: inbreeding coefficient. *: p < 0.05; **: 
p < 0.01; ***: p < 0.001; NS: F is not significantly different from zero.

https://doi.org/10.1371/journal.pone.0331200.t002

https://doi.org/10.1371/journal.pone.0331200.t002
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we believe that this approach will become a useful tool for microsatellite development, especially in resource-limited coun-
tries where SNP-based studies continue to be expensive. These primers also have the potential to cross-amplify in related 
species, increasing the potential benefits of using the technique presented in this study.

Our findings reveal that the modified CTAB protocol we used produced sufficient amounts of DNA. T. evexum is a 
relatively small species, characterized by slender legs and small cephalothoraxes; therefore, the amount of DNA obtained 
is rather low. High-quality DNA is necessary for NGS sequencing, which could be a problem when working with small 
individuals like T. evexum. This problem is exacerbated by the limited number of adults present at any time in natural pop-
ulations, requiring the use of juveniles that are even smaller. This restriction becomes a challenge when considering that 
optimizing microsatellites (SSRs) frequently requires multiple DNA samples, which is limited by the amount that can be 
extracted from each sample. Although the DNA quality of our samples exceeded expectations, we did get a lower number 
of reads from Novogene than originally expected. This should be considered by future researchers when defining the mini-
mum coverage of their lcWGS.

Currently, several pipelines are available for identifying SSR markers from NGS data, including MISA [27], GMATA [28], 
and Micro-Primers [24]. For example, Micro-Primers is designed to generate primers from multiplexed libraries that con-
tain pooled individuals. The authors suggest that pooling samples in this way can significantly reduce the cost of devel-
oping microsatellites for non-model species. While we agree that this approach can be more cost-effective, we selected 
the MiMi pipeline because it processes each individual separately during SSR detection. This strategy allows researchers 
to identify loci that are not only polymorphic but also consistently present across multiple individuals, which increases the 
likelihood that the markers will amplify successfully in downstream applications. Additionally, programs such as MISA [27] 
and GMATA [28] are not optimized for handling paired-end NGS data, as previously discussed by Alves et al. [24]. These 
tools require conversion of reads into FASTA format, which results in the loss of important pairing information critical 
for accurate SSR detection. Given these limitations, we chose the MiMi pipeline, and our experimental testing on field-
collected individuals confirms that this method produces SSR markers that are reliable and usable—unlike other pipelines 
which did not test their developed markers on field-collected samples. However, our experimental test showed that some 
markers had less than three alleles and some markers failed to amplify in our samples. These factors should be consid-
ered when using this pipeline.

Our experimental test of the primers on two natural populations of T. evexum showed that most loci had low genetic 
diversity (average Ho = 0.478) and a deficit of heterozygotes (F = 0.226). Few studies have evaluated genetic diversity in 
tropical spiders, and most available research is limited to marker development with basic diversity estimates. Studies on 
Paratrechalea galianoae and P. ornata (Araneae: Trechaleidae) from South American populations reported higher levels 
of genetic diversity than those we found in T. evexum [15–17]. The only comparable estimate was reported by Macrini 
et al. [15] for Aglaoctenus lagotis (Araneae: Lycosidae) in Brazil, but the authors attributed the reduced diversity to a 
high incidence of null alleles, while in our case only one locus showed signs of null alleles. These previous studies sam-
pled spiders across broader spatial ranges and likely from larger populations. T. evexum has small populations that are 
restricted to mature and old secondary forests nearby water sources such as streams and permanent small ponds within 
a narrow elevational range [29]. This species appears to have low juvenile dispersal, as juvenile abundance is higher in 
areas where females from the previous generation reproduced. Their populations have further been reduced and their 
isolation increased by urbanization and habitat loss. Limited gene flow and increased inbreeding in spiders appear to be 
widespread consequences of both natural and anthropogenic habitat fragmentation. For instance, the wolf spider Rabi-
dosa rabida showed a significant increase in population homozygosity as populations became isolated due to land-use 
changes [36]. Additionally, studies of spiders inhabiting more natural environments revealed that population divergence, 
based on the mitochondrial cytochrome oxidase c subunit I, varied greatly among species [37]. The synergetic effect of 
these factors may explain the lower levels of genetic diversity and high levels of inbreeding we detected in T. evexum 
natural populations, possibly because of increasing consanguineous matings and genetic drift. However, given that we 
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analyzed only 15 individuals across two populations, limited sample sizes may also influence our results. We are currently 
conducting an additional study with larger sample sizes to better understand how fragmentation and expansion of the 
urbanscape affect genetic diversity and gene flow patterns in this species.

We consider that MiMi script is a good alternative to develop primers for SSR markers for species without any previous 
information. The script is user-friendly and processes information from multiple individuals simultaneously, which allows 
for the identification of polymorphic markers. Using this protocol, we were able to recover 32 putative loci, with an approx-
imate cost of US$2000 (laboratory costs only). Compared to previous methods [38], where costs exceeded US$10000. 
There are yet a few aspects that can be improved to make the MiMi script more user-friendly, which have been previously 
recognized by other authors [24]. The initial pal_finder steps that are performed on the free Galaxy server require a long 
time to run and are limited by hard disk space (50 GB). For our samples, we had to create three different accounts to be 
able to process the sequences from eight individuals. The MiMi script was run on an HPC computer; therefore, including 
the pal_finder analysis as part of the MiMi script would be more efficient, as it would not be constrained by the restrictions 
of the Galaxy platform. Finally, the MiMi manual should provide an estimate of the disk space required to complete the 
analysis. In our case, MiMi required more than 100 GB of space, which may be more than what HPC users typically get 
allotted. Knowing how much hard drive space is needed for the analysis avoids potential delays due to storage shortages. 
Our experimental test of the 13 most polymorphic loci on sampled individuals revealed that about 10% of the primers did 
not amplify, so researchers should anticipate that a small percentage (approx. 10%) of the loci identified by MiMi may fail 
in experimental tests. Nonetheless, this remains a cost-effective method for developing SSR markers on understudied 
tropical species.
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