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SUMMARY

Arthropoda make up the largest phylum in the animal
kingdom. A common assumption is that many of these
arthropods that people encounter in their homes are
harmful, such as insects and spiders, and people
react with the use of pesticides as a result. This
means that many people are exposed to pesticides
at home. Are arthropods our enemies who deserve
to be exterminated at any cost? Our hypothesis
was that all arthropods found at home are harmful
to human health. We collected arthropods, whole
or partial, found inside one residential house over
12 months. We used both morphological characters
(field guide) and DNA barcoding to identify them. We
checked identified species to see if it was on the pest
lists provided by US government, but unexpectedly,
none were. Therefore, we concluded that it is a
misconception that arthropods found at home are
harmful to humans. Furthermore, we suggest that
DNA barcoding technology, if made readily available,
would be an accurate method for citizens to identify
arthropods at the species level, which may help
people to avoid overusing pesticides and to reduce
pollution. If our experimental strategy were employed
at a larger scale, the data generated could help
scientists to better understand the evolution of the
largest group of animals on Earth and aid in mapping
the ecosystem we live in.

INTRODUCTION

Arthropods are invertebrate animals with jointed legs and
a skeleton outside of the body. Insects and arachnids are very
common arthropods living among humans (1). Many people
assume that arthropods found at home can hurt us and
subsequently use pesticides to exterminate them. According to
arecent report by the United States Environmental Protection
Agency, 75% of American households used at least one
pesticide indoors in 2020 (2). Most often, the pesticides used
are for the purpose of killing arthropods. Numerous people
have been exposed to up to 12 different pesticides in the
air inside their homes, which could potentially be harmful to
their health (2). In 1990, the American Association of Poison
Control Centers (AAPC) reported that about 79,000 children
were involved in common household pesticide poisonings or
exposures (3). In 2008, pesticide poison was the 9th most
common substance reported to poison control; 45% of

poisoning cases involved children (4). In 2019, there were
still 77,707 exposures recorded by AAPC; pesticide exposure
was the 3rd most common reported poison associated with
pregnancy (5).

We wanted to assess if arthropods found at home are
harmful and should therefore warrant pesticide use by
conducting a scientific investigation. We hypothesized that
arthropods found at home are harmful to human health.
We collected arthropods, whole or partial, found inside one
residential house during a 12-month period. We used both
traditional taxonomies, which requires the whole animal to
exam the morphologic characters to identify the samples at
the species level, and deoxyribonucleic acid (DNA) barcoding,
a molecular method which requires only a small piece of
tissue to identify the samples at the species level, to identify
collected samples (6—11). We conducted literature research
on each species identified to decide whether that species was
a foe, which means it is harmful to human health, or a friend,
which means it is not harmful to humans (12—14). An overview
of the workflow is shown in Figure 1. To our surprise, our
data does not support the hypothesis. Therefore, pesticide
use is not necessary in most instances of arthropod sightings
in homes.
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Figure 1: The experiment workflow. Schematic representation
to illustrate the experiment workflow for sample collection and
identification.
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Condition Name Identification

Partial, dead Lady bug Coleoptera Hippodamia convergens
Partial, dry Woodlouse Crustaceans Porcellio scaber

Partial, dry Woodlouse Crustaceans Porcellio scaber

Whole, dead Bug Artheneidae Chilacis tyhae

Partial, dead Spider Araneae Pholcus manueli

Partial, dead Beetle Coleoptera Anthrenus verbasci

Whole, dead Stink bug Pentatomidae Halyomorpha halys

Partial, dry Click beetle Elateridae Melanotus communis (Gyllenhal, 1817)
Partial, dead Cricket Orthopteran Velarifictorus micado
Partial, dry Stink bug Pentatomidae Halyomorpha halys

Whole, dead Spider Araneida Steatoda triangulosa
Whole, dead Spider Araneida Steatoda triangulosa
Whole, dead Moth Lepidoptera Amphipyra pyramidoides
Partial, shell Millipede Diplopoda Oxidus gracilis

Whole, dead Mayfly Ephemeroptera Cloeon dipterum

Whole, dead Beetle Coleoptera Xylopinus saperdioides
Whole, dead Carpenter Ant  Camponotus Camponotus pennsylvanicus
Partial, dead Spider Araneida Pholcus manueli

Whole, dead Click beetle Elateridae Hemicrepidius memnonius
Whole, dead Spider Araneida Trochosa ruricola

Table 1: Identification of 20 arthropod corpses using both
taxonomy and DNA barcoding techniques. Table showing
samples identified with their condition and common names. Books
and field guides from lowa State University were used to identify
samples with the morphologic characteristics for taxa identification.
For DNA barcoding identification: high quality COl DNA sequences
generated from samples were matched with GenBank database
provided by the National Institute of Science to identify species via
DNA Subway system developed by DNALC.

RESULTS

A total of 34 samples were collected from one home
located on Long Island, New York, over 12 months. All
of the samples collected were corpses of arthropods
and demonstrated various levels of decomposition. If the
sample body was complete, we labeled it as “whole”. Many
of the samples were not complete animals, and we labeled
them as “partial”. Depending on the condition, some of the
samples were identified to the order level, and some of the
samples were identified to the family level by checking the
morphological characters only (Table 1). We then moved on
to using a DNA barcoding strategy to identify all the samples.
We chose the mitochondrial cytochrome ¢ oxidase subunit
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M 501 502 503 504 505 506 507

M 5H 5l

1 (COl) region for barcoding. We successfully amplified the
COlI region in 27 of the 34 samples by polymerase chain
reaction (PCR), which was shown by a single clear band
sized between 600bp-700bp (Figure 2). Of these, we were
able to identify 20 samples to the species level by using high-
quality sequences of the PCR products and the Basic Local
Alignment Search Tool (BLAST) in DNA Subway (Table 1).

Of the DNA sequences we generated, 18 sequences
between 468bp and 652bp were published in GenBank, which
is part of the International Nucleotide Sequence Database
Collaboration, and also available through the DNA DataBank
of Japan (DDBJ) and the European Nucleotide Archive (ENA).
Among the 18 published DNA COI sequences, 3 of them were
new entries to the GenBank sequence data base at the time
they were submitted. The Xylopinus saperdioides sequence
generated from our sample (sample ID: 5D) had a total of 8bp
of mismatch across the COI sequence when compared with
the same species sequences already existing in the GenBank
nucleotide database. Similarly, the Melanotus communis
sequence generated from our sample (sample ID: 502) had a
total of 3bp of mismatch, and the Hemicrepidius memnonius
sequence from our sample (sample ID: 5J) had a total of 6bp
of mismatch when submitted (Table 2).

The most commonly identified class of arthropods were
arachnids (spiders). Of the five spider samples collected,
we identified three species: Trochosa ruricola, Pholcus
manueli, and Steatoda triangulosa. We also identified four
beetle species found inside the house: Melanotus communis,
Hemicrepidius memnonius, Xylopinus saperdioides, and
Hippodamia convergens. We also identified one ant species
(Camponotus pennsylvanicus), one moth species (Amphipyra
pyramidoides), one mayfly species (Cloeon dipterum), one
cricket species (Velarifictorus micado), one species of stink
bug (Halyomorpha halys) and one species of woodlouse
(Porcellio scaber) (Table 2). None of the species we identified
were on lists of pests with significant public health and/or
clinical importance (12-14). In summary, none of the species
we observed were identified in any of the primary references
of clinically important insect pests.
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Figure 2: DNA amplification results. Panel A, B, C showing gel electrophoresis results from total 34 samples studied. Sample ID is on the
top of each line. “M” is for 100bp DNA marker. The arrow points to the 600bp DNA fragment.
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sample ID Species Name Identified by Published GenBank Sequence
DNA Barcoding Accession No. Length (bp)
1 Hippodamia convergens MK580639.1 473
3 Porcellio scaber MK585618.1 626
5 Porcellio scaber MN190299.1 577
7 Pholcus manueli MN190301.1 514
11 Halyomorpha halys MK585620.1 631
Melanotus communis
502 (Gyllenhal, 1817) MN610009.1 468
504 Velarifictorus micado MN597064.1 501
505 Halyomorpha halys MN597065.1 508
507 Trochosa ruricola MN319605.1 652
509 Steatoda triangulosa MN610011.1 371
511 Amphipyra pyramidoides MN597066.1 649
5L Oxidus gracilis MN319604.1 648
5A Cloeon dipterum MN319599.1 637
5D Xylopinus saperdioides MN319600.1 646
SF Camponotus pennsylvanicus MN319601.1 583
5H Pholcus manueli MN319602.1 583
5J Hemicrepidius memnonius MN319603.1 580
5P Trochosa ruricola MN610010.1 516

Table 2: Research-quality DNA sequences published in
GenBank. Table showing the COI sequences published in GenBank
nucleotide database with their sample ID, GenBank accession
number, and length.

DISCUSSION

Identifying the arthropods living in our homes is important
for us in order to find the proper way to handle them. At the
species level, the identification information will help us to
decide which arthropods are harmful and which arthropods
are harmless. However, taxa identification could be difficult
for untrained eyes. Additionally, sometimes we may only find
decomposed parts of the animal, which could make it more
difficult to do taxonomic identification at the species level (6,7).
At home, we may see part of an arthropod, such as a head
or leg lying in the dust and wonder: what kind of arthropods
do these parts belong to? Should we call exterminators or
buy heavy duty pesticide chemicals to clean up the house in
order to protect our family? For ordinary people not trained
as entomologists, it could be hard to answer these questions.

Recent research shows that DNA barcoding can be used
to identify species using very small amounts of the sample
tissue (8—11). As an independent citizen-science project, we
identified arthropods at the species level using DNA barcoding
so that we could distinguish if they were friends or foes.
Surprisingly, all 17 of the species we identified are considered
harmless to human health, and no foes were detected (12—
14). Therefore, it is not necessary to use pesticide spray
inside the house that we studied. Our findings suggest that,
if we make DNA barcoding technology available to ordinary
people, it could be an accurate way to identify arthropods at
the species level and to avoid overusing pesticides, thereby
reducing chemical pollution. A service using DNA barcoding
method to help identify pests may be developed as a business
to help communities without access to such technology.

Some species we identified may look intimidating, but

actually are our friends and could be used to benefit humans.
For example, Porcellio scaber, was first found in Britain, but
now is widespread in Europe, Asia, North America, South
Africa, and Australia. Because of its worldwide distribution
and its high metal accumulation capacity, a previous study
proposed that Porcellio scaber could be used as a suitable
bioindicator for metal contaminated soils (15). Some of the
arthropods we identified could even protect us. For example,
Steatoda triangulosa can prey on ticks and several other
spiders believed to be harmful to humans (16). Some of
the arthropods we identified could be model organisms for
science research. For example, research showed that Cloeon
dipterum could be established as a new model system to
investigate insect evolution (17). Some of the insects we
identified could be our allies. For example, Hippodamia
convergens is commonly known as the ladybug and are used
for the biological control of some pests (18).

Although some of the species we identified are not harmful
to human health, they are considered pests in other settings.
For example, Halyomorpha halys could be harmful to certain
plant crops and may need pest control on farms (14). If
Camponotus pennsylvanicus nests are found in buildings,
they could be very harmful to wooden structures. However, if
there are no nests in the building, it may not be necessary to
use chemical pesticide in the house (19).

Because our findings were limited to one household, our
study is preliminary. Scaling up the study in multiple locations
for in the future may allow us to draw more solid conclusions.
It has been shown that our indoor communities of arthropods
are more strongly influenced by the environment outside the
house than by how tidily we live inside the house (20). If we
can expand the collection of samples to sites all over the
country, future research results might help us to understand
the arthropods in North American residential areas. Such
data could also help in mapping the ecosystem we live in.
Popularizing citizen-science projects like ours will also help to
educate people about not being afraid of arthropods, thereby
avoiding overuse of pesticides. Thus, we could reduce
chemical pollution, promote biodiversity, and protect our
ecosystem and human well-being.

MATERIALS AND METHODS
Sample Collection

Insect samples were collected from one residential house
(Long Island, NY) where we have the full accessibility over
a one-year period. The samples were placed in individual
1.5-ml microcentrifuge tubes labeled with the sample ID
and stored at a -20°C freezer until DNA extraction. Photos
of the samples with the collection time, condition, location,
and other information such as latitude, longitude, and altitude
were saved.

Taxonomy ldentification
Photos of each sample were taken with rulers next to it
using a dissecting microscope. Books and internet guidance
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were used for taxonomy identification (6,7).

DNA Extraction

Sterilized razor blades and tweezers were used to remove
animal tissue. Soft tissues of approximately 10 mg, or - to
Ya-inch diameter from the leg or neck were used for DNA
extraction to avoid massive damage to the sample while
yielding the best results for DNA extraction. Each sample
was placed in a clean 1.5 mL microcentrifuge tube labeled
with an identification number. Lysis buffer (6M Guanidine
Hydrochloride [GuHCI], 300 pl) was added into the tube. After
twisting a clean plastic pestle (VWR, Pennsylvania, USA,
catalog number: 47750-354) against the inner surface of the
1.5 mL tube to forcefully grind the tissue for 2 minutes, the
tubes were placed in a water bath at 65°C for 10 minutes.
The tubes were then placed in a centrifuge to spin for one
minute at 12,100 X g to pellet the cellular debris. The clear
supernatant (150 pl) was transferred to a fresh tube labeled
with the sample ID. Silica resin (Sigma-Aldrich, Missouri, USA,
catalog number: S5631-100G) (3 pl) was added to the tube,
then mixed well, and the tube was incubated for 5 minutes
in a water bath at 57°C. The tube was centrifuged for 30
seconds, and the supernatant removed. Ice-cold wash buffer
(0.05M NaCl, 0.02M Tris, 0.001M EDTA, 50% EtOH) (500 pl)
was added to the pellet, and then the solution was mixed well
by pipetting up and down, spun down for 30 seconds, and
the supernatant removed. The silica pellet was washed with
the ice-cold wash buffer again and the supernatant removed.
Distilled water (100 ul) was added to the silica resin and mixed
well by vortexing or by pipetting up and down. The mixture
was incubated at 57°C for 5 minutes, then spun down for
30 seconds, after which 50 pl of the supernatant, containing
DNA, was transferred into a new tube.

DNA Amplification

The COI primers mix (0.26uM primers: LCO1490:5TGT
AAAACGACGGCCAGTGGTCAACAAATCATAAAGATATT
GG-3’, HC02198:5-CAGGAAACAGCTATGACTAAACTTCA
GGGTGACCAAAAAATCA-3’, with 40% Cresol Red loading
dye) (23 pl) was added to each ready-to-go PCR tube (VWR,
Pennsylvania, USA, catalog number:89497-136), and then
the beads were allowed to dissolve for 1 minute at ambient
temperature. DNA solution (2 pl) was then added into the
PCR tube, and the tube was placed into a thermocycler to
run the following program for PCR. Initial step was at 94°C for
1 minute, then followed by 35 cycles of the following profile:
95°C for 30 seconds, 50°C for 30 seconds and 72° C for
45 seconds. One final step was used to preserve the sample:
4°C for infinitum.

DNA Sequencing

PCR product (5 pl) was loaded and run on a 2% agarose
gel with Gel Red. 100bp DNA ladder (New England Biolabs,
Massachusetts, USA, catalog number:B7025) was used
as the reference on each gel. If a visible clean DNA band

between 600-700bp was detected under the UV light, the rest
of the PCR product was sent to GENEWIZ (now under the
new company name as Azenta) for Sanger DNA sequencing.

DNA Sequence Analysis

The sequence results were analyzed in the DNA Subway
Blue Line. The DNA trace files were analyzed by Phred
software. Nucleotides were only called if the Phred scores met
or exceeded the quality cutoff (Phred score of 20, or greater
than 99% accuracy). The sequences were trimmed to remove
the “Ns” on the 5’ and 3’ prime ends. Consensus sequences
were built using Merger at DNA Subway. After all the cleaning
steps, the sequences were identified with a BLAST search
on the GenBank website: If the highest percent identity score
was >=95%, the sample was labeled as “identified”; high
quality sequences of >=95% identity were submitted directly
to GenBank for invertebrate distribution information (9,11).

Evaluation of Arthropod Impact on Human Health

Species names were used to check if there was a match
on the pest lists provided by US government publications
and reports. We used the “list of pests of significant public
health importance” posted by the United State Environmental
Protection Agency (12). The list of “disease vectors and pests”
(Chapter 4, Healthy Housing Reference Manual) published
by the U.S Department of Health and Human Services (13).
The book “Harmful Non-indigenous Species in the United
States” published by U.S. Congress, Office of Technology
Assessment (14). If the species was not on any of the lists to
harm human health, we considered it not a foe.
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