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Abstract
Bleach synchronization is the traditional method to obtain staged embryos from Caenorhabditis nematodes. A previously
published size filtration protocol optimized for Caenorhabditis elegans reduced bleach exposure and yielded more
synchronized embryos than bleach synchronization. Here, we show that this protocol can be adapted to collect embryos
from other Caenorhabditis species. For Caenorhabditis briggsae, we used non-ionic detergent to obtain high yields of
embryos, which, unlike C. elegans, stick to the filter mesh. No modification was required to collect embryos for
Caenorhabditis tropicalis. Our results demonstrate that the size filtration protocol can be adapted for embryo collection in
additional Caenorhabditis species.
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Figure 1. Effects of Tween 20 on embryo yield per 6 cm plate (C. briggsae and C. tropicalis) and larval development
(C. briggsae):
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(A, C) Box plots show embryonic yield per 6 cm plate obtained using a wash buffer with or without 0.05% Tween 20 for
(A) C. briggsae and (C) C. tropicalis. The median is represented by the solid horizontal line, with the 25th and 75th

quartiles on the bottom and top of the box, respectively. Whiskers extend from the box to the maximum and minimum
values that fall within 1.5 times the interquartile range below and above the 25th and 75th quartiles, respectively. Two
experimentalists (represented by two colored points) independently collected six biological replicates. (B) The box plots
show the length of C. briggsae L4 larval animals that developed from embryos collected with or without 0.05% Tween 20
in the wash buffer. Each point represents the summarized median animal length of an individual well containing between
five and 75 animals. Two experimentalists (represented by two colored points) independently collected a minimum of four
biological replicates. The results of the Wilcoxon rank-sum test are shown in the facet for each strain. Asterisks indicate
which results are statistically significant (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001). 

Description
Experiments using Caenorhabditis elegans, Caenorhabditis briggsae, and Caenorhabditis tropicalis require populations
synchronized at the same developmental stage. High-throughput assays such as genome-wide association studies, drug
screens, proteomics, and behavioral assays require many animals at a specific developmental stage. One way to
synchronize nematodes is to isolate embryos and grow them to their desired developmental stage. The most common way
to obtain embryos is to dissolve the hypodermis of gravid adults using a hypochlorite (bleach) solution (Porta-de-la-Riva
et al., 2012). Parameters such as bleaching time and temperature can affect embryo survival (Porta-de-la-Riva et al.,
2012). Additionally, exposure to bleach can modify the different eggshell layers (Krenger et al., 2020). To reduce
exposure to the harsh conditions, we previously published a protocol that uses mesh filters to isolate synchronized
embryos from C. elegans (Jhaveri et al., 2025; Jhaveri et al., 2024). Our method exposed C. elegans animals to a lower
bleach concentration for a shorter period of time and yielded more embryos than traditional bleach synchronization. To
expand the application of our size filtration protocol to other nematodes, we applied the protocol to two other selfing
Caenorhabditis species, C. briggsae and C. tropicalis. We hypothesized that the embryo dimensions of C. briggsae and C.
tropicalis (Baia et al., 2026; Riddle et al., 1997) would be similar to that of C. elegans, and the size filtration protocol
could be used on both species. 

First, we selected six genetically diverse C. briggsae strains and used the previously published size filtration protocol
(Jhaveri et al., 2025; Jhaveri et al., 2024). However, embryo recovery was lower with size filtration than with traditional
bleach synchronization (CGC2: 838 vs. 1,554; ECA2666: 806 vs. 1,508; ED3102: 628 vs. 2,277; JU3237: 656 vs. 938;
NIC1667: 1,4890 vs. 2,649; VX34: 204 vs. 1,147 embryos per 6 cm plate for size filtration and bleach synchronization,
respectively). C. briggsae embryos adhered to the 20 µm mesh filters and formed a mat that reduced embryo recovery. We
hypothesized that the addition of a surfactant could lower the surface tension and increase C. briggsae embryo recovery
from the mesh filters. To increase embryo recovery, we supplemented the wash buffer (3% polyethylene glycol (PEG) in
M9 buffer) with 0.05% Tween 20. We recovered more embryos with the modified wash buffer (3% PEG with 0.05%
Tween 20) than using 3% PEG alone (Figure 1A). Embryo yield increased by 48 to 100% for the six C. briggsae strains
with the modified wash buffer. To determine if Tween 20 affected nematode development, we performed a high-
throughput larval developmental assay (Crombie at al., 2026; Shaver & Andersen, 2026; Shaver et al., 2023). We
quantified development using animal length because nematodes increase in length as they progress through development.
If Tween 20 is toxic, exposure could slow development and result in animals with shorter lengths. Animal length at the L4
larval stage did not differ significantly between embryos collected using a wash buffer with or without 0.05% Tween 20,
except for ECA2666, JU3237, and NIC1667 strains where the length is actually longer indicating that Tween 20 has no
effect on growth (Figure 1B). These results demonstrated that the use of 0.05% Tween 20 increased the embryo yield
without affecting larval development. 

Next, we applied the size filtration protocol to C. tropicalis, where bleach synchronization has proven challenging and
yielded low embryo populations. We collected embryos using bleach synchronization and the previously published size
filtration protocol (Jhaveri et al., 2025) and recovered a higher yield with size filtration (CGC3: 1,761 vs 3,849; NIC1588:
3,250 vs 506; QG1004: 2,372 vs 1,262; QG2724: 3,233 vs 773; QG2896: 3,161 vs 1,236; QG3829: 3,566 vs 578 embryos
per 6 cm plate by size filtration and bleach synchronization, respectively). We then tested whether embryo recovery
increased with the addition of Tween 20, as observed for C. briggsae. By contrast, the two wash methods yielded similar
embryo counts in C. tropicalis (Figure 1C). Because the addition of Tween 20 did not increase embryo yield, we did not
test the larval developmental growth in the presence of Tween 20 for C. tropicalis. These results suggest that the size
filtration protocol can be used for C. tropicalis without modification of the wash buffer, as described for C. elegans. 

 We show that the size filtration protocol can be used and modified to collect high embryo yields from two additional
Caenorhabditis species. The size filtration protocol provides an alternative to bleach synchronization to collect nematode
embryos at higher yields and reduce exposure to bleach. By optimizing the size filtration protocol for each species, we
could overcome differences in species-specific embryo adhesion properties (Fukushige & Futai, 1985) to ensure high
embryo yields for downstream assays . C. briggsae embryos could have surface properties that increase their adhesion to
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mesh filters compared with embryos of C. elegans and C. tropicalis. These results demonstrate that the filtration protocol
can be optimized across Caenorhabditis species by a modification to the wash buffers. 

Methods
Nematode maintenance

All strains came from the Caenorhabditis Natural Diversity Resource (CaeNDR) (Crombie et al., 2024). C. briggsae
strains used in the study were CGC2 (O'Connor et al., 2026), ECA2666, ED3102, JU3237, NIC1667, and VX34. C.
tropicalis strains used in the study were CGC3 (NIC58), NIC1588, QG1004, QG2724, QG2896, and QG3829. C.
briggsae and C. tropicalis strains were maintained at 20°C and 25°C, respectively, for three generations before embryo
collection by filtration or bleach. Strains were grown on 6 cm plates of modified nematode growth medium (NGMA)
(Andersen et al., 2024). The Escherichia coli strain OP50 was used as the food source.

 

Size filtration to obtain embryos

We collected C. briggsae and C. tropicalis embryos using the previously published filtration protocol (Jhaveri et al.,
2024), with modification to the 3% PEG wash buffer (3% PEG wash buffer with 0.05% Tween 20). Five L4 larval
hermaphrodites were transferred to 6 cm OP50-seeded NGMA plates and incubated at 21.5°C for C. briggsae or at 25°C
for C. tropicalis for four days. On the fourth day, the adults were washed from the plates with 2 mL of M9 buffer (3 g of
KH2PO4, 6 g of Na2HPO4, and 5 g of NaCl in 1 L Milli-Q water). The wash step was repeated once. The embryos
retained on the OP50 bacterial lawn were collected by adding 2 mL M9 buffer and gently scraping off the embryos using a
rubber policeman. The M9 buffer containing the embryos was collected in a 15 mL conical tube and passed through the
filtration apparatus (Jhaveri et al., 2024). The connector ring was opened and connected to a vacuum to let the embryo
solution pass through the filters. Once all the solution had passed, the filtration apparatus was disassembled. The 20 µm
mesh filter, containing most of the embryos and a few L1 larval animals, was inverted and placed on top of a clean 50 mL
conical tube. A 4 mL solution of 25% bleach solution (1 mL of bleach solution (2 mL of NaOCl and 0.2 g of NaOH in 10 
mL Milli-Q water) + 3 mL of M9 buffer) was added to the reversed side of the 20 µm mesh filter and incubated for 30
seconds to kill the few larvae that were retained on the 20 µm mesh filter. After 30 seconds, 6 mL of 3% PEG in M9
buffer (3 g of PEG in 100 mL of M9 buffer) or 6 mL of 3% PEG with 0.05% Tween 20 (100 mL of 3% PEG + 0.05 mL of
Tween 20) was added to the filter. After the solution passed through the filter, the contents of the 50 mL conical tube were
transferred to a clean 15 mL conical tube and centrifuged at 3197 g for one minute. The supernatant was discarded, and
approximately 10 mL of 3% PEG in M9 buffer or 3% PEG with 0.05% Tween 20 in M9 buffer was added. The 15 mL
conical tube was centrifuged at 3197 g for one minute, and the supernatant was discarded. The wash step was repeated
once. After the final wash, the embryos were resuspended in 3 mL of K medium (51mM NaCl, 32mM KCl, 3 mM CaCl2,
and 3mM MgSO4 in 500 mL Milli-Q water. Filter sterilize using a 0.2 μm filtration unit and add 1.25 μg/mL of unfiltered
cholesterol). Embryo titer was determined by counting embryos in five 3 µL aliquots. The assay was carried out in six
biological replicates by two experimentalists.

 

Bleach synchronization to obtain embryos 

Five L4 larval C. tropicalis and C. briggsae hermaphrodites were transferred to 6 cm OP50-seeded NGMA plates and
incubated at 25°C for four days. On day four, the adults were collected in a 15 mL conical tube by washing with an M9
buffer. The supernatant was discarded, and 6 mL bleach solution was added. The 15 mL conical tubes were vigorously
shaken. As soon as broken bodies were observed under the microscope, the tubes were centrifuged at 254 g for 30
seconds. The bleach solution was discarded and 10 mL of M9 buffer was added to wash the embryos. A total of three M9
washes were performed. After the final K medium wash, the embryos were resuspended in 3 mL of K medium. The
embryo titer was determined by counting embryos in five 3 µL aliquots. The assay was performed in three biological
replicates.

 

High-throughput larval developmental assay (HTLDA) in C. briggsae

The HTLDA was performed as previously described (Shaver et al., 2023). The C. briggsae embryos collected by filtration
were diluted to a final concentration of 0.6 embryos per μL in K medium. A total of 50 μL of the embryo solution
(approximately 30 embryos) was added to each well of a 96-well plate. To obtain synchronized L1-staged animals,
embryos were incubated in K medium overnight at 20°C with shaking at 170 rpm. The next day, the E. coli strain HB101
was prepared at an OD600 30 from a OD600 100 stock using K medium. HB101 at a concentration of OD600 100 was
prepared as previously described (Widmayer et al., 2022). Kanamycin was added at a concentration of 150 μM to prevent
bacterial growth and contamination. Animals grew in the presence of HB101 for 48 hours at 20°C with shaking at 170
rpm. After 48 hours, 50 mM sodium azide was added to each well to straighten and paralyze the animals. Each 96-well
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plate was imaged after a 10-minute incubation in sodium azide using a 2X objective in a Molecular Devices ImageXpress
Nano microscope (Molecular Devices, San Jose, CA) (Shaver et al., 2023). For developmental analysis, 16 wells
(technical replicates) were prepared for embryos obtained by each wash buffer (3% PEG in M9 buffer or 3% PEG with
0.05% Tween 20 in M9 buffer). The assay was carried out in at-least four biological replicates by each experimentalist.

 

Data processing and analysis

Raw images were processed using the NemaSize v1 pipeline (Li et al., 2026). In brief, the pipeline uses two YOLO26
models to identify and segment animals (Sapkota et al., 2025). The first model is a low-magnification model (YOLO26-
WF) used to identify the animals. The second model is a high-magnification model (YOLO26-WS) used to accurately
segment the animals and measure the body lengths. The output generated by NemaSize was cleaned and further processed
using the custom R package easyXpress v3 (Nyaanga et al., 2021; Shaver et al., 2023). RStudio (v4.2.1) was used to
perform all statistical analyses and figure generation. For development analysis, median animal lengths were calculated
for each well. 

 
Scripts and raw data are available as Extended Data.
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Extended Data
Description: Data and code associated with the microPublication, "Preparation of staged Caenorhabditis briggsae and
Caenorhabditis tropicalis embryos using size filtration." The repository contains the scripts and associated data used in the
study, along with a README file and a CC BY 4.0 license. Version 1.0.0 (November 6, 2026).. Resource Type: Software.
File: Micropublication_2026-1.0.0.zip. DOI: 10.22002/dt797-nsy79

References
Andersen EC, Bloom JS, Gerke JP, Kruglyak L. 2014. A Variant in the Neuropeptide Receptor npr-1 is a Major
Determinant of Caenorhabditis elegans Growth and Physiology. PLoS Genetics 10: e1004156. DOI:
10.1371/journal.pgen.1004156

Baia E, Lund Amado Ll, Venekey Vg. 2026. The life cycle of the free-living nematode Caenorhabditis tropicalis and its
implications for future experimental studies. Invertebrate Reproduction & Development 70: 37-45. DOI:
10.1080/07924259.2026.2625741

Crombie TA, McKeown R, Moya ND, Evans KS, Widmayer SJ, LaGrassa V, et al., Andersen EC. 2023. CaeNDR, the
Caenorhabditis Natural Diversity Resource. Nucleic Acids Research 52: D850-D858. DOI: 10.1093/nar/gkad887

Crombie TA, McKeown R, Widmayer SJ, Shaver AO, Moya ND, Collins JB, et al., Andersen EC. 2025. Natural variation
suggests candidate genes underlying Caenorhabditis elegans susceptibility to diverse toxicants. :
10.1101/2025.11.30.691394. DOI: 10.1101/2025.11.30.691394

Fukushige H, Futai F. 1985. Characteristics of egg shells and the morphology of female tail-tips of Bursaphelenchus
Xylophilus, B. mucronatus and some strains of related species from France. Journal of Nematology, 15, 49-54 :
10.14855/jjn1972.15.49

Jhaveri NS, Mastronardo MK, Collins JB, Andersen EC. 2024. Embryo filtration for preparation of staged populations of
Caenorhabditis elegans embryos v1. : 10.17504/protocols.io.e6nvwbb29vmk/v1 DOI:
10.17504/protocols.io.e6nvwbb29vmk/v1

Jhaveri NS, Mastronardo MK, Collins JB, Andersen EC. 2025. Development of a size-separation technique to isolate
Caenorhabditis elegans embryos using mesh filters. PLOS One 20: e0318143. DOI: 10.1371/journal.pone.0318143

Krenger R, Burri JT, Lehnert T, Nelson BJ, Gijs MAM. 2020. Force microscopy of the Caenorhabditis elegans embryonic
eggshell. Microsystems & Nanoengineering 6: 10.1038/s41378-020-0137-3. DOI: 10.1038/s41378-020-0137-3

Li ZJ, Shaver AO, Sauria MEG, Weinstein J, Mastronardo MK, Jhaveri NS, et al., Andersen EC. 2026. Multiscale
learning and topological analysis across complex postures enable robust nematode size quantification in pharmacological
assays. : 10.64898/2026.07.12.738008 DOI: 10.64898/2026.07.12.738008

Nyaanga J, Crombie TA, Widmayer SJ, Andersen EC. 2021. easyXpress: An R package to analyze and visualize high-
throughput C. elegans microscopy data generated using CellProfiler. PLOS ONE 16: e0252000. DOI:
10.1371/journal.pone.0252000

 

11/13/2026 - Open Access

https://portal.micropublication.org/uploads/6c2fee97266f81502d0f12d5846c6184.zip
https://doi.org/10.22002/dt797-nsy79
https://doi.org/10.1371/journal.pgen.1004156
https://doi.org/10.1080/07924259.2026.2625741
https://doi.org/%2010.1093/nar/gkad887
https://doi.org/%2010.1101/2025.11.30.691394
https://doi.org/10.17504/protocols.io.e6nvwbb29vmk/v1
https://doi.org/10.1371/journal.pone.0318143
https://doi.org/10.1038/s41378-020-0137-3
https://doi.org/10.64898/2026.07.12.738008
https://doi.org/10.1371/journal.pone.0252000


O’Connor LM, Moya ND, Jhaveri NS, Tanny RE, Khorshidian A, Lyu H, et al., Andersen EC. 2026. A gap-free, telomere-
to-telomere genome assembly for the Caenorhabditis briggsae reference strain AF16. G3: Genes, Genomes, Genetics 16:
10.1093/g3journal/jkag158. DOI: 10.1093/g3journal/jkag158

Porta-de-la-Riva M, Fontrodona L, Villanueva A, Cerón J. 2012. Basic Caenorhabditis elegans methods: synchronization
and observation. J Vis Exp(64): e4019. PubMed ID: 22710399

Riddle DL, Blumenthal T, Meyer BJ, Priess JR. 1997. Cold Spring Harbor Laboratory Press. PubMed ID: 21413221

Sapkota R, Cheppally RH, Sharda A, Karkee M. 2025. YOLO26: Key architectural enhancements and performance
benchmarking for real-time object detection. In arXiv [cs.CV]. arXiv : 10.48550/arXiv.2509.25164

Shaver A, Andersen E. 2026. High-throughput Larval Development Assay (HTLDA) v1. :
10.17504/protocols.io.5qpvoejydl4o/v1. DOI: 10.17504/protocols.io.5qpvoejydl4o/v1

Shaver AO, Wit J, Dilks CM, Crombie TA, Li H, Aroian RV, Andersen EC. 2023. Variation in anthelmintic responses are
driven by genetic differences among diverse C. elegans wild strains. PLOS Pathogens 19: e1011285. DOI:
10.1371/journal.ppat.1011285

Widmayer SJ, Crombie TA, Nyaanga JN, Evans KS, Andersen EC. 2022. C. elegans toxicant responses vary among
genetically diverse individuals. Toxicology 479: 153292. DOI: 10.1016/j.tox.2022.153292

Funding: The work was supported by the National Science Foundation, EDGE CMT grant (2524223) awarded to Erik C.
Andersen. Amanda O. Shaver was funded by the National Institutes of Health grant F32AI181342

 
Conflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Nikita S. Jhaveri: data curation, writing - original draft, investigation, conceptualization,
validation, formal analysis, methodology, writing - review editing. Maya M. Jones: formal analysis, validation, writing -
review editing, conceptualization, investigation, methodology. Amanda O. Shaver: conceptualization, formal analysis,
investigation, validation, writing - review editing, methodology. Erik C. Andersen: conceptualization, funding acquisition,
investigation, writing - review editing, supervision, methodology.

Reviewed By: Anonymous

WormBase Paper ID: WBPaper00070297

History: Received September 17, 2026 Revision Received November 3, 2026 Accepted November 12, 2026 Published
Online November 13, 2026 Indexed November 27, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Jhaveri NS, Jones MM, Shaver AO, Andersen EC. 2026. Preparation of staged Caenorhabditis briggsae and
Caenorhabditis tropicalis embryos using size filtration. microPublication Biology. 10.17912/micropub.biology.002424

 

11/13/2026 - Open Access

https://doi.org/10.1093/g3journal/jkag158
https://www.ncbi.nlm.nih.gov/pubmed/22710399
https://www.ncbi.nlm.nih.gov/pubmed/21413221
https://doi.org/10.17504/protocols.io.5qpvoejydl4o/v1
https://doi.org/10.1371/journal.ppat.1011285
https://doi.org/%2010.1016/j.tox.2022.153292
https://doi.org/10.17912/micropub.biology.002424

