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Entomopathogenic nematodes (a.k.a. EPN) represent a group of soil-inhabiting nematodes that parasitize a wide range of insects. These
nematodes belong to two families: Steinernematidae and Heterorhabditidae. Until now, more than 70 species have been described

in the Steinernematidae and there are about 20 species in the Heterorhabditidae. The nematodes have a mutualistic partnership with
Enterobacteriaceae bacteria and together they act as a potent insecticidal complex that kills a wide range of insect species.

Herein, we focus on the most common techniques considered for collecting EPN from soil. The second part of this presentation focuses on the
insect-baiting technique, a widely used approach for the isolation of EPN from soil samples, and the modified White trap technique which is
used for the recovery of these nematodes from infected insects. These methods and techniques are key steps for the successful establishment
of EPN cultures in the laboratory and also form the basis for other bioassays that consider these nematodes as model organisms for research
in other biological disciplines. The techniques shown in this presentation correspond to those performed and/or designed by members of S. P.
Stock laboratory as well as those described by various authors.

Video Link

The video component of this article can be found at https://www.jove.com/video/52083/

Introduction

Many nematodes are associated with insects, and their host interactions range from beneficial to detrimental. Herein, we focus on a group of
nematodes that are pathogens of insects, also known as entomopathogenic nematodes (or EPN). Two nematode families belong to this group
of nematodes: Steinernematidae and Heterorhabditidae'"'®. Their pathogenic effect is in fact conferred by their interaction with facultative
anaerobic enteric bacteria (Xenorhabdus bacteria associate with steinernematids and Photorhabdus bacteria associate with heterorhabditids)z.
The bacteria are vectored from one insect host to another by the only free living nematode stage, the third-stage infective juvenile (also known
as dauer juvenile, infective juvenile or IJ), which lives in the soil. Once inside the insect, the nematodes release the bacteria into the insect’s
hemolymph, which kill the insect host by massive septicemia. The bacteria also degrade the insect’s tissues and become the nematodes’ food
source, allowing them to mature and multiply. Usually, one or two generations of adult nematodes are produced within the insect cadaver.

The progeny of the last adult generation reassociates with a few bacterial cells in a more specialize manner than their previous nutritional
relationship, and nurture these cells in their intestines as they move out from the insect carcass into the soil where they will await another insect
to parasitizee’”'14 (Figure 1).

Since their discovery in 1927, EPN have been considered valuable alternatives to chemical pesticides as they can parasitize a wide range of
insects that are agricultural pests3’4’5. However, over the past two decades, these nematodes and their symbiotic bacteria have been recognized
as a malleable model system for studying biological, ecological and evolutionary aspects of host-microbe interactions ™.

The goal of this presentation is to show the methods and techniques most commonly used for soil sampling and isolation of EPN. A variety of
tools is available and can be used for collecting soil samples including: soil corers, trowels, post-hole diggers, augers, sampling tubes, hand
shovels, among others (Figure 2).

Depending on the purpose of the study, two sampling strategies can be considered: a) stratified, b) random sampling (Figure 3). The stratified
sampling is usually used as part of an intensive study in a specific or demarked area over a given period of time. In general, a transect is
demarked and soil samples are taken at stipulated intervals in the transect over a period of time (Figure 3A)15. The random sampling is
generally employed when focusing on an extensive area. This sampling strategy has been used for studying the diversity of EPN from a large
geographic area or region (Figure 33)12. A number of factors can be considered depending on the focus of the study including a diverse range
of elevations, soil textures and habitats (e.g., cultivated fields, forests, pastures, parks, seashores, riparian areas, etc.).
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We show the insect-baiting technique, which was originally described by Bedding and Akhurst' and represents a simple and selective alternative
for recovering EPN from soil samples. This is a selective procedure that is based on the premise that the nematodes (IJ stage) will be attracted
to an insect host and parasitize it. This technique can also be considered for isolation of other insect pathogens such as fungi, and bacteria®'®.

We also demonstrate the modified White trap technique which is used for retrieving nematode progeny from infected insect hosts

714 This is an

effortless method that offers the advantage of retrieving a ‘clean’ nematode progeny free of debris from the degrading insect cadavers.

Finally, the techniques described and shown in this article correspond to those conceived and/or performed in our laboratory as well as those
described by various colleagues and collaborators.

1. Soil Sample Collection
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Consider covering a minimum area of 2 - 4 m?for each sampling site.

Collect soil samples at a depth of at least 15 cm (Figure 4).

Take at least 5 random samples within this area.

Take 3 subsamples per sample. Depending on the objective of the study, either combine the subsamples or keep them separate.

Place each sample in a plastic bag. Consider double-bagging to avoid leaking of samples (Figure 4).

Label samples with a waterproof marker. Include the following information from each sampling site: Site information (including locality/area/
site name and GPS coordinate information), date, habitat, associated vegetation, temperature, elevation, etc.

NOTE: If applicable, collect and/or record the presence of insects or other invertebrates collected with the sample for subsequent
identification. They may represent potential natural EPN hosts.

Clean collecting tools between samples by thoroughly washing with water and/or disinfecting them with 70% ethanol or 0.5% bleach solution.
Keep samples in a cooler (8 - 15 °C) during transport to the laboratory.

Take a portion of the soil sample for analysis to obtain information on soil composition, texture, moisture, electrical conductivity or other
desired soil parameters.

2. Nematode Isolation from Soil Samples: Insect-baiting Technique

9

Remove any debris (i.e., rocks, pieces of wood or bark, leaves, etc.) collected with your samples to avoid contamination with saprobic
microorganisms.

Add water to moisten the soil and facilitate the movement of nematodes.

NOTE: Use a spray bottle to slowly increase the moisture level of the soil.

Place approximately 200 to 250 ml of moist soil in a clean plastic container with a lid.

Add insect baits. Consider 5 to 10 insects to the soil surface of each sample (Figure 5).

Cover the container with a lid and turn containers upside down.

Maintain containers in the dark and at RT (usually 22 - 25 °C).

Check containers every 2 - 3 days and remove dead insects.

NOTE: add additional healthy insects to each container for further baiting of the soil sample.

Remove dead insects from the containers. NOTE: Cadavers with a brown or ochre coloration are usually parasitized by steinernematids,
whereas brick red to dark purple cadavers are parasitized by heterorhabditids.

Rinse cadavers in sterile water.

10. Place cadavers in a modified White trap for recovery of nematode progeny (see procedure below).

3. Nematode Recovery from Infected Cadavers: Modified White Trap
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10.
. Rinse nematodes by adding more water and allowing nematodes to decant. This step can be repeated 2 - 3 times until water is clean.
12.
13.

Place the top of a 50 (or 60) mm diam. Petri dish inside a larger dish (100 mm).

Set one single circular filter paper (Whatman #1) inside the smaller dish.

Place cadavers on the filter paper of the smaller dish making sure cadavers do not touch each other to avoid any contamination.

Fill the outer (larger) Petri dish with ca. 20 ml of sterile distilled water. Do not add water in the dish that holds the cadavers.

Cover the large Petri dish and its contents with the lid (Figure 6).

Label dishes accordingly. Add the following information: Nematode name (species/isolate), infection date (date infection was set) and trap
date (this is the date the trap is set up).

Keep trap at RT until emergence of infective juvenile stages (IJs) occurs. This process can take between 10 - 25 days depending on the
nematode species and/or strain considered.

Harvest water with 1Js by removing the larger dish of the trap and pouring water with nematodes into a beaker.

Allow nematodes to decant to the bottom of the beaker. This process may take a few minutes.

Pour water carefully, making sure nematodes remain in the bottom of the beaker.

Place nematode suspension in a tissue culture flask (250 ml). Keep concentration of the suspension to 1,000 - 3,000 nematodes/ml.

Store flask with nematode suspension in a cold room or in incubator between 10 - 20 °C.

NOTE: check stored flasks periodically as shelf life of EPN is variable. Usually steinernematids can be stored for 6 - 12 months without the
need of subculturing, whereas heterorhabditids may require more periodic check-ups.
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Representative Results

Soil Sample Collection

Third-stage infective juveniles of EPN are the only free living stages in these nematodes’ life cycle which reside in the soil (Figure 1). Therefore,
collecting soil samples is a very efficient method to recover of these nematodes. Figure 4 shows a soil profile indicating the depth at which
samples should be taken. Preserving the moisture of a sample is a key factor for survival of the nematodes. Consequently, it is important to keep
soil samples in plastic bags and maintain them at cool temperatures during transit to the laboratory (Figure 4).

Nematode Recovery

In nature, chances of finding insects naturally parasitized by EPN are less than 3%, unless there is an epidemic and a larger sample of insects
with EPN infestation is found. Therefore, baiting of soil samples with insects is a convenient approach to enhance the recovery of EPN from their
natural habitat. Figure 5 depicts the soil baiting technique. In this case, a 250 ml plastic container with a screw top was used. Approximately
250 g of soil were placed in the container and 5 - 10 G. mellonella larvae were added on the surface of the soil (Figure 5 right). After 5 days, the
container was opened to retrieve dead insects with signs of EPN infection. Notice nematode-infected larvae with red coloration (Figure 5 left).

Figure 6A shows a schematic representation of the modified White trap. Figure 6B demonstrates the set-up of the trap. Notice that EPN infected
cadavers do not touch each other and that filter paper in the small petri dish remains dry. Figure 6C shows IJs emerging from cadavers. Note the
‘trails’ of nematodes (lJs) that are formed on the Petri dish as they move towards the water. The time for IJ emergence from cadavers is variable
depending on nematode species and also dependent on the temperature and moisture at which the White trap is kept. Figure 6D shows IJs
already in the water of the larger dish of this trap. Observe that the nematodes in the water look clean and free of insect tissues.
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Figure 1. Life cycle of entomopathogenic nematodes.
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Figure 2. Shovels and other devices used for collecting soil samples. (A) Classic point-shovel. (B) hand shovel. (C) From left to right:
Viehmeyer tube, trowel, oakfield tubes, soil corers.
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Figure 4. Schematic representation of the soil sampling strategy. Image on the left shows a soil profile indicating desired depth at which
samples should be taken. Image of the right shows a soil sample in a plastic bag with appropriate labeling.

EPN-infected — | Healthy insect
larvae e larvae

Containeris turned
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Figure 5. Bating of soil samples with insect larvae. Image on the right shows healthy larvae, whereas image on the left shows dead larvae
after a 5 day baiting period.
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Figure 6. Schematic representation (A) and photographs (-D) of a modified White trap. (B) Trap set up; (C) close up of infected cadaver
showing IJ emergence; (D) close-up showing massive emergence of IJs from cadavers into the water.

This demonstration is the first of two presentations that describe a number of techniques that are commonly used for studying EPN and their
symbiotic bacteria. These techniques represent key steps for the successful establishment of EPN cultures in the laboratory and also form the
basis for other bioassays that employ EPN as model organisms for research.

Various soil surveys of EPN have shown that their abundance and distribution can vary across seasons, habitats and geographic regions4’ 5915

Factors such as soil texture, moisture content, and temperature as well as host availability may play a key role in their distribution. Therefore,

it is critical that a preliminary data on the survey. Once samples are taken, it is important they are processed as soon as possible. However, if
this is not a possibility, they should be stored in a cold room or other appropriate temperature controlled unit. Different temperatures may be
considered for storing insect baiting containers depending on the origin of the samples. Usually, cooler temperatures (e.g., 15 °C) are considered
for temperate samples and for samples from tropical regions, warmer temperatures (e.g., 30 °C) are for contemplated.

The insect baiting technique is the most commonly used method for recovery of EPN from soil samples. It is a convenient strategy that allows
the retrieval of EPN in the lab. Last instar larvae of the greater wax moth, Galleria mellonella (Lepidoptera: Pyralidae) are usually considered;
however, other insect hosts (i.e., crickets, mealworms, beetle larvae, etc.) and/or suitable stages can be considered and are recommended to
use. A few studies have shown that a single extraction cycle of the Galleria-bait method is often insufficient for determining presence of EPN in a
particular sample or for extracting all of the EPN from soil samples15. Usually, recovery rates vary between 20 - 40% ">,

An alternative to the baiting of soil samples in the laboratory is the consideration of baiting in situ. This is the placement of insect baits in the
sampling site. In this case, the insects are placed in cages (usually made of a metal or plastic mesh) and are left in demarked sites in the study
area for a given period of time. The cages with the insects are then retrieved and examined for EPN infection. However, this approach is labor
intensive and time consuming15.

The nematode trapping technique was originally designed by White'® and later modified by Kaya and Stock®. The technique utilizes the attraction
of nematodes to water (i.e., positive hygrotropism) and successfully recovers infective stages of EPN free of insect tissues and/or debris.
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