microPublication
BIOLOGY

7/31/2024 - Open Access

Increased expression of metabolism and lysosome-associated genes in a C.
elegans dpy-7 cuticle furrow mutant

Aiden Fongl, Michael Rodriguezl, Keith Patrick Choe?3

lBiology, University of Florida, Gainesville, Florida, United States

2Department of Biology and Genetics Institute, University of Florida, Gainesville, FL. USA
$To whom correspondence should be addressed: kchoe@ufl.edu

Abstract

The collagen-based epidermal ‘cuticle' of Caenorhabditis elegans functions as an extracellular sensor for damage that
regulates genes promoting osmotic balance, innate immunity, and detoxification. Prior studies demonstrate that SKN-1, an
ortholog of the mammalian Nrf transcription factors, activates core detoxification genes downstream from cuticle damage.
Prior RNAseq data suggested that expression of five genes with functions in redox balance, ATP homeostasis, and lysosome
function (gst-15, gst-24, cyts-1, argk-1, and mfsd-8.4) were increased in a cuticle collagen mutant; this study employed RT-
gPCR to verify this observation and to test the role of SKN-1. Activation of all five genes was verified in dpy-7 mutants, but
none were reduced by skn-1(RNAi) suggesting parallel or distinct regulatory mechanisms.
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Figure 1. Expression data in wild type and dpy-7(e88) mutant worms with and without skn-1(RNAi):
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Relative mRINA expression levels of genes in wild type vs dpy-7(e88) mutant worms (A) and the effects of skn-1 RNAI in
wild type (B) and dpy-7 worms (C). *P < 0.05 or ***P < 0.001, normalized by rpl-2 and compared to expression levels in
controls. N =5 or 10 replicate cDNA samples from 10 L4 larval worms each.

Description

Animal cells rely on conserved signaling mechanisms to sense adverse environmental conditions and modulate expression of
cytoprotective genes. Intracellular sensing and signaling pathways that regulate cytoprotective genes are well-studied (Choe et
al. 2009, Blackwell et al. 2015, Dietrich et al. 2017, Urso and Lamitina 2021, Pujol and Ewbank 2022), but mechanisms
outside of cells in the tissues that interact directly with the environment are poorly understood.

Collagenous extracellular matrices (ECMs) are ubiquitous in animal organs and serve as barriers to the environment in
epidermal tissues. Although originally hypothesized to be inert physical scaffolds, ECMs are now understood to be dynamic
structures that regulate organogenesis and tissue remodeling (Maquart et al. 2004, Rozario and DeSimone 2010, Clause and
Barker 2013). In mammalian lungs, peptide fragments of digested collagen and other ECM components are sensed by cell
receptors and regulate immune responses, wound repair, and cell proliferation (Gaggar and Weathington 2016, Patel and
Snelgrove 2018).

Nematodes are enclosed in a collagen-rich exoskeleton called the ‘cuticle’ (Chisholm and Hsiao 2012). We and others have
identified the cuticle as a putative extracellular sensor for damage that regulates three stress responses (Lamitina et al. 2006,
Wheeler and Thomas 2006, Pujol et al. 2008, Dodd et al. 2018, Wimberly and Choe 2022). This ECM damage response is
induced by disruption of circumferential bands of collagen in the cuticle known as annular furrows; silencing or mutation of
any one of six collagens required for furrow formation activates the responses (Dodd et al. 2018). Understanding this ECM
damage response will help define a novel mode of stress-response signaling and relevant homeostasis mechanisms. The
mechanism for sensing cuticle damage is not known, but recent studies provide insights. Full activation of stress responses
requires atypical membrane-associated kinase DRL-1 (Wimberly and Choe 2022). Plasma membrane folds named
‘meisosomes' were recently identified and shown to be associated with furrows in epidermal cells and could be involved in
signaling (Aggad et al. 2023).

Candidate genes activated by furrow disruption have been identified with microarrays and RNAseq; they are highly enriched
for functions in canonical osmotic, detoxification, and innate immune responses and largely exclude other core stress
responses (Pujol et al. 2008, Rohlfing et al. 2010, Dodd et al. 2018, Scolaro et al. 2019). DPY-7 is a collagen localized to
furrows and is required for periodic organization of the cuticle and epidermal cortical cytoskeleton and attachment of cuticle to
the epidermal plasma membrane (Cox et al. 1980, McMahon et al. 2003, Thein et al. 2003, Dodd et al. 2018, Chandler and
Choe 2022, Aggad et al. 2023). In the current study, we used RT-qPCR to independently verify activation of genes predicted to
function in detoxification, redox balance, and energy metabolism in dpy-7(e88) mutant worms; we also used RNAI to test the
requirement of transcription factor SKN-1, a master regulator of detoxification that we previously showed to mediate
activation of gst-4 and gst-10 in the same strain (Dodd et al. 2018). Sequencing of the skn-1 ORFeome clone that we used
confirmed that it covers exons 1-4 of skn-1c, which overlaps at least 227 bases of all predicted transcript variants (i.e., skn-1aq,
b, ¢, and d).

As shown in Figure 1A, gst-15, gst-24, cyts-1, argk-1, and mfsd-8.4 were all verified to be induced in dpy-7 worms; direct
SKN-1 target gene gst-4 was previously studied and is included here as a positive control (Dodd et al. 2018). ¢yts-1 is
predicted to encode a cysteine synthase and was induced 61.2-fold; cysteine is a precursor for glutathione, a major cellular
redox buffer (Lapenna 2023). gst-15 and gst-24 are predicted to encode glutathione S-transferase enzymes and they were
induced 1.8-2.5-fold; glutathione S-transferases conjugate glutathione to small molecules reducing toxicity and increasing
solubility (Salinas and Wong 1999). Activation of these detoxification and redox homeostasis genes is expected to help
compensate for a compromised barrier ECM that is permeable to xenobiotics (Dodd et al. 2018). Surprisingly, only expression
of positive control gene gst-4 was reduced by skn-1 RNAI in wild type and dpy-7 worms (Figures 1B-C).

argk-1 is predicted to encode a creatine kinase and was induced 8.3-fold in dpy-7 worms (Figure 1A); creatine kinases
function to buffer and transport energy and are enriched in muscle and neurons (Sumien et al. 2018). In human cells and
aquaculture turtles, infection has been linked to upregulation of creatine kinase expression, potentially functioning to buffer
ATP demands in tissues mounting immune-responses (Li et al. 2020). Single cell expression data suggest that argk-1 is
expressed in the hypodermis and intestine (Paker 2019). Worms with disrupted furrows synthesize high levels of the
energetically expensive osmolyte glycerol in these same tissues (Lamitina et al. 2006, Possik et al. 2015, Dodd et al. 2018);
activation of argk-1 could function to buffer ATP levels under these conditions. Basal expression of argk-1 was reduced by
skn-1 RNAI, but not in dpy-7 worms (Figures 1B-C).
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mfsd-8.4 encodes a homolog of lysosomal chloride ion membrane transporter MFSD8 (Wang et al. 2021) and was induced
35.1-fold in dpy-7 worms. MFSD8 function and regulation are poorly understood; MFSD8 mutations are associated with
neuronal ceroid lipofuscinoses disease in humans and with defects in protein secretion and lysosomal function in amoeba
(Kirola et al. 2022, Yap et al. 2022). Single cell expression data suggest that mfsd-8.4 is expressed in interneurons under basal
conditions (Paker 2019). Lysosomes are remodeled during molting and impairing lysosome function causes molting defects
(Miao et al. 2020). If mfsd-8.4 is expressed in epidermal cells of dpy-7 worms, it could function to promote digestion of
damaged cell components or secretion of proteins involved in regulation of cuticle remodeling. Expression of mfsd-8.4 was not
reduced by skn-1 RNAi (Figures 1B-C).

Our results expand the diversity of genes activated by the cuticle damage response to include cysteine synthesis, energy
metabolism, and lysosomal function. Unlike gst-4 and some other detoxification genes (Dodd et al. 2018), none of these newly
verified responses to dpy-7 mutation were dependent on skn-1. There could be redundant or distinct mechanisms of activation;
future studies could test the role of transcription factors ELT-3 and STA-2 that we and others previously showed to mediate
parts of the response to dpy-7 mutation (Zugasti et al. 2014, Dodd et al. 2018). Creatine kinases and MFSD8 play important
roles in human physiology and pathophysiology. Strong activation in dpy-7 worms provides a model for understanding
regulation and function in the context of stress response.

Methods

Worms were maintained on OP50 E. coli on NGM agar at 20°C with standard conditions. For experiments, worm eggs were
released with bleach and raised on dsRNA-expressing E. coli (HT115 (DE3)); clone pPD129.36 (LH4440) encoding a 202-bp
dsRNA not homologous to C. elegans genes was used as a control and the skn-1 dsRNA clone was derived from the ORFeome
library (Open Biosystems, Huntsville, AL) as we have described previously (Choe et al. 2009, Tang and Choe 2015).

Worms were collected and processed for RT-qPCR at the L4 stage (to avoid embryos) as we have described previously
(Scolaro et al. 2019, Piloto et al. 2022) with slight modifications. After lysis, gDNA was degraded using DNase (Thermo
Fisher ENO07). Primers were designed using Primer-BLAST (U.S. National Library of Medicine) and span intron splice
junctions. mRNA levels were normalized to rpl-2 and to controls using the delta-delta Ct method. Statistical significance was
analyzed with Students t-tests and P-values and were corrected for multiple comparisons with Benjamini-Hochberg
adjustments.

Reagents
Strains:

C. elegans strains used were wild-type N2 Bristol and CB88 dpy-7(e88), which are both available at the Caenorhabditis
Genetics Center.

Primers:

rpl-2 - CTTTCCGCGACCCATACAA and CACGATGTTTCCGATTTGGAT

gst-4 - TCCGTCAATTCACTTCTTCCG and AAGAAATCATCACGGGCTGG

gst-24 - GGAGCGTTGAAGCCAAAAAC and TTGGGGGATTTCGAAGCCAT

gst-15 — AGAAAATGAGAGACAAAACCCCA and AGATTGGGGGATGTCGAAGC
cyts-1 - TTCGCCGTAGTTTCTGAGGA and CGGAGAGCAGTTGGTACCTTTAT
argk-1 — CTGCGATAAGCTTGACCTCCA and TCCGAGACGAGCCCTGTTA
mfsd-8.4 — CCAGACAAGACAGGAAGCAGT and AGAATCGTGGCAATGAATCCAG
RNA:i:

HT115 E. coli with empty plasmid pPD129.36 (LH4440) or with the ORFeome skn-1 clone that covers skn-1c exons 1-4 and
overlaps with all predicted transcript variants (i.e., skn-1a-d)

Acknowledgements:

We thank A M Gihan K Athapaththu for technical support and sequencing of the skn-1 dsRNA plasmid. Strains were provided
by the Caenorhabditis Genetics Center, which is funded by NIH Office of Research Infrastructure Programs (P40 OD010440).
Gene and protein information were obtained from WormBase WS292 (Sternberg et al. 2024).


https://wormbase.org/species/c_elegans/gene/WBGene00010182
http://www.wormbase.org/db/get?name=WBGene00001069;class=Gene
https://wormbase.org/species/c_elegans/gene/WBGene00010182
https://wormbase.org/species/c_elegans/gene/WBGene00010182
http://www.wormbase.org/db/get?name=WBGene00001069;class=Gene
https://wormbase.org/species/c_elegans/gene/WBGene00010182
http://www.wormbase.org/db/get?name=WBGene00004804;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001752;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001069;class=Gene
http://www.wormbase.org/db/get?name=WBGene00004804;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001251;class=Gene
http://www.wormbase.org/db/get?name=WBGene00010251;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001069;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001069;class=Gene
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00041079;class=Strain
http://www.wormbase.org/db/get?name=WBGene00004804;class=Gene
http://www.wormbase.org/db/get?name=WBGene00004413;class=Gene
http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
http://www.wormbase.org/db/get?name=WBStrain00004095;class=Strain
http://www.wormbase.org/db/get?name=WBGene00001069;class=Gene
http://www.wormbase.org/db/get?name=WBVar00142953;class=Variation
http://www.wormbase.org/db/get?name=WBGene00004413;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001752;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001772;class=Gene
http://www.wormbase.org/db/get?name=WBGene00001763;class=Gene
https://wormbase.org/species/c_elegans/gene/WBGene00008490
http://www.wormbase.org/db/get?name=WBGene00009706;class=Gene
https://wormbase.org/species/c_elegans/gene/WBGene00010182
http://www.wormbase.org/db/get?name=WBStrain00041079;class=Strain
http://www.wormbase.org/db/get?name=WBGene00004804;class=Gene
http://www.wormbase.org/db/get?name=WBGene00004804;class=Gene
http://www.wormbase.org/db/get?name=WBGene00004804;class=Gene

microPublication
BIOLOGY

7/31/2024 - Open Access
References

Aggad D., Brouilly N., Omi S., Essmann C. L., Dehapiot B., Savage-Dunn C., et al., Pujol N.. 2023. Meisosomes, folded
membrane microdomains between the apical extracellular matrix and epidermis. Elife. 12 7. PubMed ID: 36913486

Blackwell T. Keith, Steinbaugh Michael J., Hourihan John M., Ewald Collin Y., Isik Meltem. 2015. SKN-1/Nrf, stress
responses, and aging in Caenorhabditis elegans. Free Radic Biol Med. 88: 290-301. 1. 4. PubMed ID: 26232625

Chandler L. M., Choe K. P.. 2022. Extracellular matrix regulation of stress response genes during larval development in
Caenorhabditis elegans. G3 (Bethesda). 12 36. PubMed ID: 36000892

Chisholm A. D., Hsiao T. I.. 2012. The Caenorhabditis elegans epidermis as a model skin. I: development, patterning, and
growth. Wiley Interdiscip Rev Dev Biol. 1: 861-78. 19. PubMed ID: 23539299

Choe K. P, Przybysz A. J., Strange K.. 2009. The WD40 repeat protein WDR-23 functions with the CUL4/DDB1 ubiquitin
ligase to regulate nuclear abundance and activity of SKN-1 in Caenorhabditis elegans. Mol Cell Biol. 29: 2704-15. 3. PubMed
ID: 19273594

Clause K. C., Barker T. H.. 2013. Extracellular matrix signaling in morphogenesis and repair. Curr Opin Biotechnol. 24: 830-
3. 28. PubMed ID: 23726156

Cox George N., Laufer John S., Kusch Meredith, Edgar Robert S.. 1980. Genetic and phenotypic characterization of roller
mutants of Caenorhabditis elegans. Genetics. 95: 317-339. 17. PubMed ID: 17249038

Dietrich N., Schneider D. L., Kornfeld K.. 2017. A pathway for low zinc homeostasis that is conserved in animals and acts in
parallel to the pathway for high zinc homeostasis. Nucleic Acids Res. 45: 11658-11672. 6. PubMed ID: 28977437

Dodd W., Tang L., Lone J. C., Wimberly K., Wu C. W., Consalvo C,, et al., Choe K. P.. 2018. A Damage Sensor Associated
with the Cuticle Coordinates Three Core Environmental Stress Responses in Caenorhabditis elegans. Genetics. 208: 1467-
1482. 11. PubMed ID: 29487136

Gaggar A., Weathington N.. 2016. Bioactive extracellular matrix fragments in lung health and disease. J Clin Invest. 126:
3176-84. 8. PubMed ID: 27584731

Kirola L., Mukherjee A., Mutsuddi M.. 2022. Recent Updates on the Genetics of Amyotrophic Lateral Sclerosis and
Frontotemporal Dementia. Mol Neurobiol. 59: 5673-5694. 25. PubMed ID: 35768750

Lamitina Todd, Huang Chunyi George, Strange Kevin. 2006. Genome-wide RNAi screening identifies protein damage as a
regulator of osmoprotective gene expression. Proceedings of the National Academy of Sciences of the United States of
America. 103: 12173-12178. 14. PubMed ID: 16880390

Lapenna D.. 2023. Glutathione and glutathione-dependent enzymes: From biochemistry to gerontology and successful aging.
Ageing Res Rev. 92: 102066. 21. PubMed ID: 37683986

Li C., Wang W., Lee J., Zeng L., Yang Y., Yin S. J,, Park Y. D., Qian G. Y.. 2020. Comparative studies of the expression of
creatine kinase isoforms under immune stress in Pelodiscus sinensis. Int J Biol Macromol. 162: 11-23. 34. PubMed ID:
32531365

Magquart F. X., Pasco S., Ramont L., Hornebeck W., Monboisse J. C.. 2004. An introduction to matrikines: extracellular
matrix-derived peptides which regulate cell activity. Implication in tumor invasion. Crit Rev Oncol Hematol. 49: 199-202. 10.
PubMed ID: 15036260

McMahon L., Muriel J. M., Roberts B., Quinn M., Johnstone I. L.. 2003. Two sets of interacting collagens form functionally
distinct substructures within a Caenorhabditis elegans extracellular matrix. Mol Biol Cell. 14: 1366-78. 18. PubMed ID:
12686594

Miao R, Li M, Zhang Q, Yang C, Wang X. 2020. An ECM-to-Nucleus Signaling Pathway Activates Lysosomes for C. elegans
Larval Development. Dev Cell 52(1): 21-37.e5. PubMed ID: 31735670

Patel D. F., Snelgrove R. J.. 2018. The multifaceted roles of the matrikine Pro-Gly-Pro in pulmonary health and disease. Eur
Respir Rev. 27 9. PubMed ID: 29950303

Piloto J. H., Rodriguez M., Choe K. P.. 2022. Sexual dimorphism in Caenorhabditis elegans stress resistance. PLoS One. 17:
e0272452. 32. PubMed ID: 35951614

Possik E., Ajisebutu A., Manteghi S., Gingras M. C., Vijayaraghavan T., Flamand M., et al., Pause A.. 2015. FLCN and
AMPK Confer Resistance to Hyperosmotic Stress via Remodeling of Glycogen Stores. PLoS Genet. 11: 1005520. 23.


https://www.ncbi.nlm.nih.gov/pubmed/36913486
https://www.ncbi.nlm.nih.gov/pubmed/26232625
https://www.ncbi.nlm.nih.gov/pubmed/36000892
https://www.ncbi.nlm.nih.gov/pubmed/23539299
https://www.ncbi.nlm.nih.gov/pubmed/19273594
https://www.ncbi.nlm.nih.gov/pubmed/23726156
https://www.ncbi.nlm.nih.gov/pubmed/17249038
https://www.ncbi.nlm.nih.gov/pubmed/28977437
https://www.ncbi.nlm.nih.gov/pubmed/29487136
https://www.ncbi.nlm.nih.gov/pubmed/27584731
https://www.ncbi.nlm.nih.gov/pubmed/35768750
https://www.ncbi.nlm.nih.gov/pubmed/16880390
https://www.ncbi.nlm.nih.gov/pubmed/37683986
https://www.ncbi.nlm.nih.gov/pubmed/32531365
https://www.ncbi.nlm.nih.gov/pubmed/15036260
https://www.ncbi.nlm.nih.gov/pubmed/12686594
https://www.ncbi.nlm.nih.gov/pubmed/31735670
https://www.ncbi.nlm.nih.gov/pubmed/29950303
https://www.ncbi.nlm.nih.gov/pubmed/35951614

microPublication
BIOLOGY

7/31/2024 - Open Access
PubMed ID: 26439621

Pujol Nathalie, Cypowyj Sophie, Ziegler Katja, Millet Anne, Astrain Aline, Goncharov Alexandr, et al., Ewbank Jonathan J.
2008. Distinct innate immune responses to infection and wounding in the C. elegans epidermis. Curr Biol. 18: 481-9. 13. DOI:
10.1016/j.cub.2008.02.079.

Pujol N., Ewbank J. J.. 2022. C. elegans: out on an evolutionary limb. Immunogenetics. 74: 63-73. 5. PubMed ID: 34761293

Pujol N., Zugasti O., Wong D., Couillault C., Kurz C. L., Schulenburg H., Ewbank J. J.. 2008. Anti-fungal innate immunity in
C. elegans is enhanced by evolutionary diversification of antimicrobial peptides. PLoS Pathog. 4: e1000105. 35. PubMed ID:
18636113

Rohlfing A. K., Miteva Y., Hannenhalli S., Lamitina T.. 2010. Genetic and physiological activation of osmosensitive gene
expression mimics transcriptional signatures of pathogen infection in C. elegans. PLoS One. 5: €9010. 26. PubMed ID:
20126308

Rozario T., DeSimone D. W.. 2010. The extracellular matrix in development and morphogenesis: a dynamic view. Dev Biol.
341: 126-40. 27. PubMed ID: 19854168

Salinas A. E., Wong M. G.. 1999. Glutathione S-transferases--a review. Curr Med Chem. 6: 279-309. 20. PubMed ID:
10101214

Scolaro Gabrielle, Bridges Kelsey, Curry Shayla, Jacobson Stephanie, LoPresti Marissa, Pappas Katina, et al., Choe Keith.
2019. Increased expression of pgph-1, T23F2.4, and cyp-14A5 in C. elegans dpy-7 mutants and by high salt. MicroPubl Bio:
10.17912. 15. PubMed ID: 32550434

Sternberg PW, Van Auken K, Wang Q, Wright A, Yook K, Zarowiecki M, et al., Stein L. 2024. WormBase 2024: status and
transitioning to Alliance infrastructure. Genetics 227(1). PubMed ID: 38573366

Sumien N., Shetty R. A., Gonzales E. B.. 2018. Creatine, Creatine Kinase, and Aging. Subcell Biochem. 90: 145-168. 22.
PubMed ID: 30779009

Tang L., Choe K. P.. 2015. Characterization of skn-1/wdr-23 phenotypes in Caenorhabditis elegans; pleiotrophy, aging,
glutathione, and interactions with other longevity pathways. Mech Ageing Dev. 149: 88-98. 30. PubMed ID: 26056713

Thein M. C., McCormack G., Winter A. D., Johnstone I. L., Shoemaker C. B., Page A. P.. 2003. Caenorhabditis elegans
exoskeleton collagen COL-19: an adult-specific marker for collagen modification and assembly, and the analysis of
organismal morphology. Dev Dyn. 226: 523-39. 29. PubMed ID: 12619137

Urso Sarel J, Lamitina Todd. 2021. The C. elegans Hypertonic Stress Response: Big Insights from Shrinking Worms. Cell
Physiol Biochem. 55: 89-105. 2. PubMed ID: 33626269

Wang Y., Zeng W., Lin B,, Yao Y., Li C., Hu W,, et al,, Cang C.. 2021. CLN7 is an organellar chloride channel regulating
lysosomal function. Sci Adv. 7: eabj9608. 33. PubMed ID: 34910516

Wheeler JM, Thomas JH. 2006. Identification of a Novel Gene Family Involved in Osmotic Stress Response in
Caenorhabditis elegans. Genetics 174: 1327-1336. DOI: 10.1534/genetics.106.059089

Wimberly Keon, Choe Keith. 2022. An extracellular matrix damage sensor signals through membrane-associated kinase DRL-
1 to mediate cytoprotective responses in Caenorhabditis elegans. Genetics. 220 12. PubMed ID: 34849856

Yap S. Q., Kim W. D., Huber R. J.. 2022. Mfsd8 Modulates Growth and the Early Stages of Multicellular Development in
Dictyostelium discoideum. Front Cell Dev Biol. 10: 930235. 24. PubMed ID: 35756993

Funding:

This study was supported by National Science Foundation grant 10S-1452948 to KPC and a University of Florida CLAS
Scholarship to AF.

Author Contributions: Aiden Fong: formal analysis, investigation, writing - original draft, writing - review editing, funding
acquisition. Michael Rodriguez: formal analysis, investigation, writing - review editing. Keith Patrick Choe:
conceptualization, data curation, formal analysis, methodology, project administration, resources, supervision, visualization,
writing - original draft, writing - review editing, funding acquisition.

Reviewed By: Nathalie Pujol

Nomenclature Validated By: Anonymous


https://www.ncbi.nlm.nih.gov/pubmed/26439621
https://doi.org/10.1016/j.cub.2008.02.079.
https://www.ncbi.nlm.nih.gov/pubmed/34761293
https://www.ncbi.nlm.nih.gov/pubmed/18636113
https://www.ncbi.nlm.nih.gov/pubmed/20126308
https://www.ncbi.nlm.nih.gov/pubmed/19854168
https://www.ncbi.nlm.nih.gov/pubmed/10101214
https://www.ncbi.nlm.nih.gov/pubmed/32550434
https://www.ncbi.nlm.nih.gov/pubmed/38573366
https://www.ncbi.nlm.nih.gov/pubmed/30779009
https://www.ncbi.nlm.nih.gov/pubmed/26056713
https://www.ncbi.nlm.nih.gov/pubmed/12619137
https://www.ncbi.nlm.nih.gov/pubmed/33626269
https://www.ncbi.nlm.nih.gov/pubmed/34910516
https://doi.org/10.1534/genetics.106.059089
https://www.ncbi.nlm.nih.gov/pubmed/34849856
https://www.ncbi.nlm.nih.gov/pubmed/35756993

microPublication
BIOLOGY

7/31/2024 - Open Access
WormBase Paper ID: WBPaper00067103

History: Received May 31, 2024 Revision Received July 3, 2024 Accepted July 29, 2024 Published Online July 31, 2024
Indexed August 14, 2024

Copyright: © 2024 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: Fong, A; Rodriguez, M; Choe, KP (2024). Increased expression of metabolism and lysosome-associated genes in a
C. elegans dpy-7 cuticle furrow mutant. microPublication Biology. 10.17912/micropub.biology.001241



https://doi.org/10.17912/micropub.biology.001241

