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Introduction 

C. elegans  

 Caenorhabditis elegans is a small nematode, generally growing up to a single millimeter 

in length. It is found in temperate soils, primarily in Europe and the Americas, and it is a 

microbivore, meaning that its diet primarily consists of microbes, especially bacteria (Frézal & 

Félix 2015). Correspondingly, in the wild, C. elegans is thus abundant in environments 

associated with decaying vegetation, and the species was first found and collected in compost 

heaps and gardens, and in purely natural environments, it is consistently found in the stems of 

rotting plants. C. elegans mostly acts as a generalist, surviving in a wide range of habitats 

(Schulenburg & Félix 2017). In the lab, it thrives on agar plates with a lawn of the bacteria 

Escherichia coli. The species has two sexes, male and hermaphrodite, the latter of which is 

technically a self-fertile female, and is sexually dimorphic. C. elegans possesses five autosomes, 

I through V, and a single sex chromosome, X, and WormBase currently lists 19,735 genes in its 

genome. 

 C. elegans is a deeply simple organism. However, despite that simplicity, it also has 

distinct tissue types. The worm’s body plan is the basic tube-within-tube structure found in most 

members of the nematode family (Kiontke & Fitch 2013). The outermost layer is the epidermis, 

a rough analogue to human skin. Immediately beneath the epidermis are the body-wall muscles, 

which are innervated by a small but complex nervous system made up of 302 nerve cells in 

hermaphrodites. The innermost tube is its digestive system, made up of a small, bilobed pharynx 

that grinds up consumed microbes and passes them to the intestine, which makes up the rest of 

the system (Altun and Hall 2009). Finally, there is the gonad, which is housed in the center of the 

worm alongside the intestine and is made up of two U-shaped lobes in hermaphrodites and a 

single one in males (Corsi et al 2015). The gonad can be divided into the germline and the 



somatic gonad, the former of which undergoes meiosis to produce sex cells, and the latter of 

which regulate the growth and development of the latter (Pepper et al 2003).  

The worm begins as an embryo. After the worm exits its embryo stage, it becomes a 

larva, a life stage that lasts three days at room temperature. That portion is divided into four 

portions, L1 through L4, each connected by a molt of its epidermis. If an L1 larva is placed 

under significant stress, such as overpopulation, high temperatures, or famine, it will undergo a 

life cycle and enter a dauer stage, where it is much hardier and requires little nutrition. While the 

undisturbed C. elegans lifespan lasts around three weeks at room temperature, a dauer can 

survive for up to four months. Once the period of stress ends, the worm exits dauer and proceeds 

to the L4 stage. 

The L4 stage of C. elegans is characterized by the development of the gonad. By the L4 

stage, the gonad’s development is complete, and spermatogenesis begins in its the proximal arms 

in both sexes. In hermaphrodites, the L4 stage is easily identifiable by the appearance of the 

vulva as a clear semicircle with a black dot in its center, signaling that the worm will soon begin 

to release embryos into the environment (Altun and Hall 2009), but that the hermaphrodite is not 

yet able to mate or reproduce. 

Sydney Brenner and C. elegans 

 The roundworm’s combination of simplicity with its distinct tissues brought it to the 

attention of Dr. Sydney Brenner. Brenner was one of the founding fathers of the emergent field 

of molecular biology in the 1950s; he was in the crowd of people first shown Watson and Crick’s 

model of DNA structure. Brenner went on to work with Crick for several years after the 

discovery of DNA’s structure, and together they made several contributions, including the 

discovery of messenger RNA and with it the processes of central dogma (Brenner et al 1961). 



Brenner noted that a major unsolved question in biology is the role of genetics in the 

development of complex, multicellular structures, pointing to the interconnectivity of the 

nervous system as particularly enigmatic. The prokaryotes used to model biological and 

biochemical processes throughout much of his research were ill-suited to this purpose, as they 

are unicellular, and the complex interrelations of the nervous cells in particular are deeply 

relevant to their function as well as the genes themselves. Studying a single cell in isolation 

would be unhelpful for this purpose. Brenner pointed to Seymour Benzer and his work utilizing 

the fruit fly Drosophila melanogaster as a model organism as a solution to this issue. However, 

Brenner intended to fully model the interconnectivity of a model organism’s nervous system, and 

he argued that the nervous system of the fruit fly was much too complex to reasonably study, 

with 100,000 nerve cells in a single animal, making Benzer’s flies ill-suited to his purposes. A 

much simpler animal with far fewer cells would be more ideal (Brenner 1974). He briefly 

considered utilizing Caenorhabditis briggsae, but it did not weather lab conditions well enough 

for his purposes, and Brenner’s gaze eventually settled on its cousin, C. elegans, with its mere 

302 nerve cells and a much heartier disposition. For his work on selecting C. elegans for a model 

on the genetic role in the development of organs and nerves, Brenner was awarded a Nobel Prize 

in 2002, and C. elegans became the preeminent model organism for mapping out and modeling 

the nervous system and organogenesis. 

C. elegans as a Model Organism 

 C. elegans is an ideal model organism on multiple levels, even beyond its simple tissues 

and few neurons. C. elegans thrives on a simple agar plate in an E. coli lawn, and it has a 

lifecycle of three or four weeks at room temperature. The basic strain used for laboratory work is 

called N2 (Frézal & Félix). The worms can survive and reproduce in temperatures ranging from 



12 to 25 degrees Celsius, with the rate of development doubling between 10 and 22 degrees 

(Corsi et al, loc sit), so that the duration of each life stage can be extended or shortened to serve a 

researcher’s needs. A single wildtype hermaphrodite will always self-produce around 300 

offspring in its life, meaning that homozygous populations can be maintained with minimal 

effort, and each individual progeny will be functionally interchangeable. The worms are easily 

lysed for sequencing. The worms are mostly transparent when viewed through a simple 

microscope, making differentiating between different tissues and thus life stages comparatively 

simple. Furthermore, as the nematode is a member of Domain Eukarya, insights gleaned from 

testing on C. elegans regarding can often be generalized to more complex eukaryotes, such as 

humans, making their study of particular value and importance. 

 Beyond these basic traits of any model organism, it was the first multicellular organism 

to have its genome fully sequenced, and it is to date one of only a handful of organisms to have 

its entire connectome, a comprehensive map of neural connections, mapped (Corsi et al, loc sit). 

Furthermore, C. elegans is also eutelic, meaning that they have a fixed number, 959 in 

hermaphrodites and 1,033 in males, of somatic cells upon maturity. Upon maturity, any 

subsequent is purely the result of individual cells increasing in size, not further cell division. C. 

elegans also has incredibly strict cell lineages; unlike in Benzer’s Drosophila, each cell’s fate is 

fixed in a wildtype worm (Sulston & Horvits 1977). Every stage of cell division from the 

monocellular zygote to the mature worm of both sexes has been described. Because of how well 

characterized C. elegans is, in any mutation study, any deviation in development caused by the 

mutation of any particular gene can be noted and described quantitatively, making C. elegans an 

ideal candidate for any genetic study regarding organogenesis. 



Notch Receptors 

 Notch receptors were first described in Drosophila melanogaster in the early twentieth 

century (Metz and Bridges 1917), so-called because females with the gene had visible “notches” 

on their wings. Notch was considered to be noteworthy because it is sex-linked and seemingly 

fatal to males. Later research determined that this was because it was on the X chromosome. The 

notches on the wings were the result of heterozygosity, an active Notch gene and a null mutation. 

When a fly is homozygous for the null mutation, or if it is a male that only has a single X 

chromosome and thus only a single, null allele for the Notch gene, it is fatal, and individuals fail 

to survive past the embryonic stage (Salazar & Yamato 2018). Later research revealed the 

mechanism: Notch regulates neurogenesis, the process by which epithelial tissue, which includes 

the lining of organs, skin, and glands, is converted into neurons during embryonic development. 

Without Notch to signal how far along the development of nerve cells had proceeded and when 

no further neurogenesis was needed, all epithelial cells convert into neurons, resulting in 

lethality. Notch homologues have been found in several species, including humans and C. 

elegans. 

 Notch receptors are transmembrane receptors on the plasma membrane that link one 

cell’s fate to another (Guruharsha et al 2012). The ligands that trigger its pathway are bound to 

the membrane of neighboring cells, meaning that it is mediated by cell-to-cell contact. Thus, they 

are heavily related to differentiation, proliferation, and cell death. 

 The basic Notch receptor is expressed as a single polypeptide. It is then cleaved and 

glycosylated while processed in the endoplasmic reticulum and Golgi apparatus, so that by the 

time it is embedded in the plasma membrane, it is a heterodimer (Kopan 2012). Notch can be 

divided into three portions: the extracellular domain (NECD), which is noncovalently bound to a 



single-pass transmembrane portion, which in turn is covalently bound to the intracellular domain 

(NICD).  The NECD is made up of several, repeated epidermal growth factor-like domains, the 

exact number of which vary from species to species. The NICD features a tag that signals for it 

to be transferred to the nucleus (Zhou et al 2022). 

 In the Notch signaling pathway, the complementary ligand is first expressed in and 

embedded on the surface of the neighboring cell sending the signal. The ligand binds to NECD, 

triggering the enzyme ADAM to cleave the transmembrane portion from NICD. NICD abandons 

the NECD-TM complex to be ubiquitinated and destroyed, and it proceeds alone into the 

nucleus, where it associates with transcription factors to alter gene expression. What 

transcription factors it binds to varies both from species to species and tissue type to tissue type. 

Recent research has also indicated that intermediates in the Notch signaling pathway do not 

merely follow a linear path as it is classically described to do, but they also interact with other 

transduction pathways (Guruharsha et al loc sit). 

 As its role in differentiation and embryogenesis would imply, Notch and its pathways and 

genes are of keen human interest. Mutations in the four Notch receptors found in humans have 

been implicated in a variety of human diseases, particularly those involving cancers and 

congenital deformities, both of which are associated with pathologic developments of various 

tissues. Notch has been shown to be involved in neurogenesis, organ repair, cell lineage, and the 

development of hearts, skeletons, vascularization during embryonic developments, the 

gastrointestinal tract. Due to its role in cancer and normal organ development, drugs utilizing the 

Notch signaling pathway have been in development, though none have been approved, 

presumably due to how poorly understood the cascade effects of the signaling pathway are at this 



time (Zhou et al loc sit). Further characterization and study of Notch is important due to its vital 

role in organogenesis and the lethal effects its dysfunction can cause. 

 Due to the nature of its role in development and how lethal mutations to it can be, Notch 

is highly conserved. Because of this, most Notch genes observed in various animal species are 

orthologues, meaning that they are homologues that evolved in a common ancestor and continue 

to serve similar or identical roles in descendants even after speciation. This makes them ideal 

candidates for studying via animal models. 

 As referenced above, C. elegans is uniquely qualified as a model organism with regards 

to studies involving the genetic role in organogenesis and cell lineage, both heavily influenced 

by Notch. C. elegans also possesses a gene that codes for a Notch receptor, glp-1, which is an 

orthologue for NOTCH1, one of four Notch receptors in humans. 

Overview on glp-1 

 The gene glp-1, “GermLine Proliferation,” is found on chromosome three in C. elegans. 

It has a transcript of 4,326 nucleotides, 3,888 of which are coding. Its resulting protein, GLP-1, 

contains 1,296 amino acids long, and it is expressed in several tissues, including both the somatic 

gonad and the germline. Its complementary ligand is LAG-2, which is membrane-bound, like all 

Notch receptor ligands. As its name implies, glp-1 is involved in proliferating the germline, the 

portion of the gonad that undergoes meiosis to produce gametes. 

The hermaphrodite’s gonad descends from the stem cells Z1, Z2, Z3, and Z4. The former 

pair becomes the left gonad, and the latter becomes the right. Z1 and Z4 eventually differentiate 

into the somatic gonad, including, among other things, the distal tip cells (DTCs) on each gonad, 

and Z2 and Z3 differentiate into the germline. During L3, the most proximal, or closest to the 

vulva precursor cells, portion of the Z2 and Z3 descendants begins to enter meiosis, becoming 



sex cells. The cells distal to the proximal arms remain somatic and continue to undergo mitosis 

to continually provide more cells to undergo meiosis (Hubbard 2007). The germline must 

continue to proliferate; if meiosis triggers too soon and cause all of them undergo meiosis too 

soon, then there are fewer total cells available to become gametes, severely limiting the number 

of eggs and thus offspring the hermaphrodite can produce in its lifespan, harshly damaging the 

worm’s fitness. 

LAG-2 is expressed at high concentrations on the DTCs, and GLP-1 is found throughout the 

gonad, implying that the Notch signaling pathway is being utilized in the distal ends of the 

germline, where mitosis is continuing to occur. When researchers silenced glp-1 in the germline, 

the meiosis-mitosis decision is disturbed, and the germline triggers meiosis almost immediately. 

In the germline, glp-1 suppresses meiosis in the distal cells until the germline has completed 

proliferation (Pepper et al loc sit). 

While certain details regarding the exact mechanism remain unclear, the namesake function 

and effect of glp-1 on the hermaphroditic germline and the mitosis-meiosis decision is well-

documented and as well understood. However, glp-1 is also expressed the male somatic gonad, 

and there is a noticeable dearth of research on its role there. In fact, glp-1 is more upregulated in 

males; during mRNA profiling of gonadal precursor cells of the gonads of both sexes, the male 

gonad was 15.35 times more enriched with glp-1 than that of the hermaphrodite, and it was 9.85 

times more expressed in the gonad than in the male animal as a whole (Kroetz & Zarkower 

2015), which is a strong indicator that it plays a specific role in the development of the male 

gonad in particular. This thesis intends to begin to close that gap. 



Male Gonad 

 In wildtype males, the gonad’s initial development begins very similarly to that of 

hermaphrodites: beginning with the four stem cells, Z1, Z2, Z3, and Z4, with Z1 and Z4 forming 

the somatic portion while Z2 and Z3 dividing into the germline. Proliferation begins in the L1 

life stage, and by L2, Z1 and Z4 have become 10 cells: a pair of DTCs, three vas deferens and 

four seminal vesicle (SV) precursors, and a single linker cell (LC). In hermaphrodites, the DTCs 

are responsible for guiding the movement of the gonads as they grow. In contrast, that role is 

taken by the LC in males, which migrates towards the cloaca throughout L3 and L4, pulling the 

rest of the gonad along with it, giving the male gonad its distinct hooked shape. By the midpoint 

of L4, cloacal cells subsume the LC, connecting the gonad and the cloaca and allowing passage 

of sperm out of the adult worm. 

 The SV is a tube made up of 20 epithelial cells and is responsible for storing the 

spermatids, sperm precursors, prior to release from the worm. Upon ejaculation, spermatids 

move from the SV to the vas deferens, which secrete various fluids and transport the 

reproductive slurry to the cloaca to be released (Lints and Hall 2009). 

 The DTCs are, as the name implies, located at the distal end of the gonads, sealed over 

six-to-ten germ cells. Based upon the hermaphrodite DTCs, glp-1 is expected to be expressed 

throughout the male germline, and the ligand expressed in the DTC helps regulate the meiosis-

mitosis decision. However, due to the lack of study on the male gonad, that has yet to be 

conclusively proven. 



Degron and Localized Silencing 

 Because of how well-characterized C. elegans anatomy is, the obvious start to any 

investigation on the effect of a single gene on its physiology is to perform a knockout study by 

removing the gene from the genome outright, then observing the resulting changes. 

 Unfortunately, this is not feasible when studying glp-1. Recall how Notch receptors were 

initially discovered in the early twentieth century: null homozygotes died as an embryo due to a 

lethal lack of regulation in organogenesis, long before the somatic gonad we aim to study would 

develop. Without a living, mature worm with the mutation, the knockout study is not worthwhile. 

Furthermore, even if a total silencing of glp-1 could result in a living animal, in the interest of 

controlling confounding factors, it is still preferable that its suppression be limited to the gonad, 

as the loss of Notch would most likely fundamentally alter several other tissues, which could in 

turn affect the somatic gonad. 

 So, for the purposes of this experiment, glp-1 must be silenced only in the gonad. In order 

to do this, rather than removing glp-1 from the genome or interfering with its transcription or 

translation, we intend to directly target GLP-1 on a tissue-specific level using the protein 

degradation system described by Wang et al (2017). ZIF-1 is a suppressor of cytokine signaling 

(SOCS)-box, which targets proteins tagged with ZIF-1 for ubiquitination and degradation. In this 

system, a GFP-targeting nanobody is fused to ZIF-1, and the GFP nanobody::ZIF-1 fusion is 

then translocated under a tissue-specific promoter. GFP itself is then fused to a target gene such 

as glp-1. The target gene is expressed as normal throughout the worm alongside its GFP tag, 

which does not interrupt normal function. Since the GFP nanobody::ZIF-1 fusion is located on a 

tissue-specific promoter, in this case, the somatic gonad, GLP-1 is only degraded and silenced in 



that tissue, allowing us to circumvent the issue of a lethal homozygous null mutation and of 

confounding factors and perform a tissue-specific gene regulation study. 

CRISPR 

The fusion of GFP to glp-1 is done via CRISPR (clustered regularly interspaced short 

palindromic repeats) technology. Prior to this stage of the project, CRISPR was used to tag glp-1 

with green fluorescent protein (GFP) so that it will be expressed fused to GLP-1 in one strain, so 

that it can be targeted by the degron system and silenced in the somatic gonad. CRISPR was 

additionally used to fuse the degron system to a promoter unique to the gonad. The latter strain is 

identified as MBK20, after Dr. Mary Kroetz, its creator, and will be crossed into the glp-1::GFP 

strain via a male and hermaphrodite interbreeding. 

 CRISPR gene editing functions by usage of a modified protein with nuclease functions 

called Cas9, originally taken from the bacterium Streptococcus pyogenes. Cas9 includes a 

segment of RNA called sgRNA, (single guide RNA), which is complementary to the gene of 

interest. After finding a section of complementary DNA that is adjacent to the protospacer 

adjacent motif, NGG, Cas9 blunt cleaves the DNA. From there, the cell’s natural repair 

mechanisms can be allowed to ligate the DNA back together, which has a high risk of causing an 

insertion or deletion (indel) mutation, disabling the gene for knockout studies, or a homologous 

piece of DNA can be inserted alongside Cas9 and be used as a template for the repair. In doing 

so, any desired alteration can be included, allowing us to effectively alter the DNA however the 

researcher wishes (Dickinson and Goldstein 2016). The latter technique was used to add the GFP 

tag as well as a Cre-Lox cassette immediately between the coding sequence and the stop codon. 



Cre-Lox System 

 The Cre-Lox system is a site-specific recombination technique used to modify a 

preexisting genetic sequence by using environmental controls. Immediately after the GFP tag, a 

self-excising cassette (SEC) consisting of, in order, a LoxP site, let-858’s termination sequence, 

sqt-1, a gene called Cre fused to a heat shock promoter, hygR, unc-54’s termination sequence, 

and a second LoxP site. 

 CRISPR has a high failure rate, due to the cell’s natural defenses against genetic 

mutations. Thus, to determine which worms successfully took up the mutation, sqt-1 and hygR 

were added alongside the GFP tag to serve as selectable markers. The former gene creates a 

distinct, visually obvious phenotype in worms who were successfully mutated, causing carriers 

to become “rollers,” so-called because of the distinct circle pattern in which they travel. The 

latter gene codes for resistance to hygromycin, a chemical toxic to wildtype worms. After a plate 

of rollers has been identified, they can be bathed in hygromycin to select for the desired mutation 

(Dickinson and Goldstein loc sit). 

 However, these genes serve as potential confounding factors, as they separate the gene of 

interest from its regulatory 3` untranslated region (UTR), which could alter expression outside of 

what is entailed in the experimental treatment. Thus, they must be removed prior to study. This is 

the purpose of Cre recombinase, an enzyme found in P1 bacteriophage (Van Duyne 2015). When 

expressed, it targets genetic sequences called Lox sites, cleaving them and recombining the cut 

strand, removing one Lox site and everything between the original two, leaving behind a single 

Lox site as a scar. Because Cre is fused to a heat shock promoter, applying a heat shock causes it 

to be expressed and cleave the SEC out of the genome once its purpose has been served, 

preserving experimental controls. 



 Finally, the termination sequences serve a regulatory function. Due to the SEC’s 

inclusion between the stop codon and coding sequence, a novel stop codon must be included in 

its beginning to prevent RNA polymerase from transcribing glp-1, GFP, and the SEC all at once. 

The let-858 termination sequence provides this stop codon and provides a generic 3` UTR to 

help modulate expression prior to excision. 

 Interestingly, during the creation of the glp-1::GFP fusion, it would appear that the let-

858 termination sequence did not work in its intended function: worms that were homozygous 

for the tag, meaning both of their copies of glp-1 were utilizing the let-858 3` UTR, were sterile 

and unable to produce embryos, implying that glp-1’s 3` UTR is uniquely required to regulate 

glp-1 specifically. 

This is consistent with previous research, which identified several glp-1 repressor 

elements (GREs) and glp-1 derepressor elements (GDEs), regions in glp-1’s 3` UTR of the 

mRNA transcript that are sites for posttranscriptional regulation (Farley & Ryder 2012). Trans-

acting elements such as the RNA-binding proteins (RBPs) GLD-1 and POS-1 bind to GREs and 

cause a decline of translation. Other, less understood RBPs bind to GDEs and promote its 

expression. By severing glp-1 expression from its unique 3` UTR with the let-858 3` UTR, 

posttranscriptional control was lost, and as a result, glp-1 expression changed, such that the 

worms were sterile, requiring excision of the SEC so that glp-1 can access its 3` UTR and 

function normally. 

CB1489 

 An immediate issue confronting any study of the male gonad of C. elegans is the issue of 

the wildtype sex ratio. Unlike in humans, where the presence or lack thereof the Y chromosome 

and its associated genes determine an individual’s sex, C. elegans lack a Y chromosome. Instead, 



sex-determination in this species is controlled by the ratio of autosomes to X chromosomes, 

where an A:X ratio of one results in a hermaphrodite, and an A:X ratio of two results in a male. 

This is due to dosage compensation between the two sexes (Strome et al 2014). Since C. elegans 

is diploid, this effectively means that hermaphrodites have two X chromosomes, and males have 

only one. When a hermaphrodite, whose sex cells almost always possess a single X chromosome 

due to meiosis, is fertilized by a male, half of whose sex cells possess a single X chromosome 

and half of which possess none, the resulting progeny has a sex ratio of 1:1 males and 

hermaphrodites. 

 However, when a wildtype hermaphrodite self-fertilizes, its progeny will be uniformly 

hermaphrodite, as its healthy sex cells will each have a single X chromosome and combine to 

form a diploid embryo. Thus, males can only occur in the event of nondisjunction, where the X 

chromosomes fail to separate during meiosis. Nondisjunction is sharply regulated against; as a 

result, only one out of every 300 progenies produced by hermaphroditic self-fertilization will be 

male. Since the majority of worms are stored as self-sustaining colonies produced by self-

fertilization, this poses an immediate problem when attempting to study uniquely male anatomy, 

which logically requires a consistent source of male C. elegans to dissect and observe. 

 The solution to this is to utilize a strain called CB1489, which is characterized by a 

mutation in a gene called him-8. In a wildtype worm, him-8 encodes a zinc finger that attaches to 

the meiotic pairing center of the X chromosome. During meiosis, HIM-8 mediates separation of 

the X chromosomes (Phillips et al 2005). In CB1489, him-8 is mutated so that it fails in its role 

in a third of all sex cells, resulting in progeny that is 37% XO, and thus male, and 6% XXX, 

which is lethal in the embryonic stage (CB1489, WormBase). This strain can be utilized to 

consistently produce males for study. 



Goal 

 The goal of this project is to perform a tissue-specific study of glp-1 in the male gonad. In 

order to do this, three strains were utilized: a glp-1::GFP fusion generated by CRISPR, a degron 

fused to a ckb-3 promoter, and CB1498. By crossbreeding these three, three new strains were 

created. The first are worms homozygous for glp-1::GFP, ckb-1::degron, and CB1489, which 

contained males without glp-1 in the gonads and served as an experimental group. The second 

are worms homozygous for glp-1::GFP and CB1489, which contain males with a tagged glp-1 

and can serve the dual purposes of being a control group and of allowing us to characterize 

where glp-1 is expressed in the male gonad using GFP’s fluorescence. Third, we generated a 

strain of CB1489 worms with the ckb-3::degron fusion, called MBK40, which can be utilized not 

only in this study of this specific gene, but also can be crossed with worms with a GFP tag on 

any given essential gene so that those genes’ role in male gonadal development can be 

characterized as well in future studies using similar methodology. 

  



Methods 

CRISPR 

 This section of the methodology was performed by Bellarmine University’s Spring 2022 

Genetics class. 

 Plasmids were created that contained gRNAs to cut DNA, and homology arms to repair 

the cut and add GFP and the SEC. These plasmids were injected alongside Cas9 into syncytial 

gonads, meaning the cells have joined their cytoplasm together. This allows for the plasmids and 

Cas9 to flow through them all from a single injection. There, Cas9 and the gRNA found and cut 

DNA between glp-1’s coding region and stop codon, and HDR took place, inserting GFP and the 

SEC. The homology arm also included a single silent mutation that would alter the cutting site so 

that it could not be targeted by gRNA again, preventing repeat cuts. The worms were then 

allowed to reproduce, and their progeny were watched until rollers emerged, signaling that they 

had taken up the mutation. 

 Once rollers had been identified, they were treated with hygromycin to select for only 

CRISPR-altered worms. Once only the surviving mutants possessing the SEC and thus hygR 

were left, each hermaphroditic individual was separately replated and given time to produce its 

progeny. The gene that causes rolling, sqt-1, is dominant, meaning that rollers are either 

homozygous or heterozygous for the CRISPR-induced mutation. The zygosity of the parent was 

determined by the ratios of the offspring that were rollers as well: if all were rolling, then 

CRISPR successfully altered both copies of chromosome three. If 75% were rolling, then 

CRISPR altered only a single copy. 

 Out of the rollers, two-thirds produced progeny consistent with that of a heterozygote, as 

expected. However, the remaining third, rather than producing all rollers, did not reproduce at 

all. More rollers were replated with identical results, and it was determined that homozygotes for 



glp-1::GFP::SEC were infertile, presumably due to the distance between the 3` UTR and the stop 

codon caused by the insertion of the SEC, , as the alternative 3` UTR provided by the SEC was 

apparently an inadequate substation. 

 In the planned protocol, heat shock and the subsequent SEC excision would only be 

applied after homozygotes were identified. However, due to the failure to produce progeny, the 

heat shock was applied to the suspected heterozygotes. Sixty worms were then no longer rollers 

and were genotyped for the presence of the GFP. allowing for the isolation of a small percentage 

of worms that were homozygous for the GFP tag and fertile. Their offspring were found and 

confirmed to be fertile and homozygous for GFP. 

 Of the homozygous, heat shocked worms, three strains were generated, each believed to 

be homozygous for the mutation: 40, 42, and 47. In order to confirm, glp-1 was sequenced to 

ensure only the desired mutation and no other genetic damage had occurred. 

Lysis and Sequencing 

 DNA was extracted from the worms by lysis (Table 1). A single, adult worm was placed 

in a 2.5 μL of lysis buffer in the presence of proteinase K, which digests most proteins in the 

worms. The solution was heated until rupturing the cells of the worm entirely and freeing its 

genome so that the targeted genes could be amplified. 

Table 1. Lysis Buffer Preparation and Protocol. 2.5 μL per adult worm. 

 

temperature duration 

56.0° C 60 min 

95.0° C 15 min 

4.0.0° C indefinitely 

lysis buffer 8 μL 

diH20 16 μL 

proteinase K 0.5 μL 

total volume 24.5 μL 



PCR Amplification of glp-1::GFP 

 The targeted genes, namely glp-1::GFP and ckb-3::degron, were amplified by polymerase 

chain reaction (PCR) (Table 2). 

Table 2. PCR Cycle. 

step temperature duration 

1 95.0° C 15.5 min 

2 55.0° C 0.5 min 

3 72.0° C 1 min 

4 repeat 1-3  29 times  

5 72.0° C 5 min 

6 10.0° C indefinitely 

 

 For glp-1::GFP, due to the combined size of glp-1, the GFP, and the 3’ UTR, the gene 

was amplified in two parts, the 5` and 3` regions. Two sets of primers were used. 

Table 3. glp-1::GFP 5` Primers, 1039 bp. 

primer sequence gDNA complement 

BU 97 tccgatgttcaaggtgatttc glp-1 

USA 22 cgctcttggacgtatccctcg GFP sequence 

 

Table 4. glp-1::GFP 3` primers, 

Primer sequence gDNA complement 

BU 6 ggaaacagctatgaccatgttatcgatttctccatctacttggacaatttggtc homologous arm of glp-1/altered glp-1 

USA 31 cacatggtcctcctcgagtt GFP sequence 

 

 Once PCR products were generated (Table 5), they were isolated using gel 

electrophoresis. 25 μL of the PCR products were pipetted into the wells of 1.2% TAE agarose 

gel and then subjected to an electrical current. When the resulting bands emerged and were the 

expected size, they were excised, and the DNA was extracted from the gel using Zymo Pure 

DNA gel extraction nanodrop purification. Once ultrapure DNA was obtained, they were labeled 

and sent to Eurofins Genomics for sequencing, which was done via the Sanger method. The 

sequences of the glp-1::GFP strains were compared using multiple sequence alignment - 



CLUSTALW (genome.jp/tools-bin/clustalw). The one with the fewest deviations from the N2 

glp-1 was used in the second cross. 

Table 5. glp-1::GFP PCR Preparation. 

Apex master mix 12.5 μL 

diH2O 8.5 μL 

primer 1 1.25 μL 

primer 2 1.25 μL 

gDNA 1.5 μL 

total 25 μL 

 

PCR Amplification of ckb-1::degron 

 The ckb-3::degron fusion did not require sequencing, as the worms carrying it were 

created prior to this project and had already been sequenced, and the gene was introduced into 

the new strains via breeding. Instead, the issue is after the crosses: since unlike CB1489, ckb-

3::degron does not visibly alter the phenotype or progeny of the worms, at least prior to its 

introduction to a strain with a GFP tag. Thus, in order to ensure that crosses were successful, 

worms positive for ckb-3::degron were identified by genotype, utilizing PCR followed by gel 

electrophoresis. Once a worm was determined to be homozygous for CB1489’s him-8 mutation 

by the sex ratio of its progeny, it was lysed and underwent PCR. For these worms, three primers 

were utilized: one that would only bind to MBK20’s DNA, one that would only bind to N2 

DNA, and one that would bind to both (Table 6). The result is that during electrophoresis, those 

positive for the fusion give a band at 420 bp, and those that are negative will give one at 568 bp. 

In addition to the worms from the cross, an additional CB1489 and N2 worm underwent 

treatment (Table 7) as negative controls, as well as an MBK20 worm to serve as a positive 

control.  

Table 6. MBK20 Primers. 

primer sequence gDNA complement 

https://www.genome.jp/tools-bin/clustalw


USA 124 acatgcttcgtgcaaaacag binds to both N2 & degron  

USA 125 ttgggtcaatttgagcatga binds only to degron 

USA 126 tgggtttttgctaattagaggtg binds only to N2 

 

Table 7. MBK20 PCR Protocol. 

Apex master mix 12.5 μL 

diH2O 1.25 μL 

primer 1 1.25 μL 

primer 2 1.25 μL 

primer 3 1.25 μL 

gDNA 1.5 μL 

total 25 μL 

 

Crosses 

In order to combine the genes of the three strains, worms were combined in the old-

fashioned way: by crossing males of one strain with hermaphrodites of another. Two were 

completed. After each stage of each cross, worms were stored in a 20° C incubator for three days 

to allow progeny to grow to the L4 stage, when their sex could be determined and could be 

replated for the next stage. Since a MBK20 x CB1489 strain had potential to be used outside of 

the scope of this study, it was the first to be performed. 

First Cross: MBK20 x CB1489 

 The MBK20 x CB1489 cross was performed in conjunction with Jack Bozik. A single 

cross entailed a solitary, L4 MBK20 hermaphrodite being placed on a plate. It was “purged,” or 

allowed to produce its 300 progenies on its own before being replated again, to avoid the risk of 

its self-fertilized progeny being mistaken for the products of the cross. Once it had produced its 

approximately 300 offspring, it would not be able to produce more progeny unless mated. Once 

on its new plate, the hermaphrodite, by now an adult, was joined by eight L4 males. These nine 

worms served as the parent (P) generation. Eight separate crosses between MBK20 and CB1489 

took place, each on their own plate, in order to generate as many offspring as possible. 



 The initial cross’ success was judged to be a success by its progenies’ sex ratio; if the F1 

was half male and half hermaphrodites, then a cross had occurred, and F1 were presumably 

heterozygous for both cbk-3::degron and him-8 (Table 8). From these plates, a single 

hermaphrodite was taken from each plate and allowed to self-fertilize in order to generate F2. 

Table 8. MBK20 x CB1489. F1 expected genotypes. M = no degron, m = degron. H = WT 

him-8, h = mutant him-8. 

⚥/♂ mH 

Mh MmHh 

 

 Since F2 was the result of a worm heterozygous for two genes self-fertilizing, and 

because the him-8 mutation is a recessive maternal effect gene, all offspring were expected to be 

hermaphrodites. If any males were present, it was assumed that the cross occurred between two 

CB1489 worms as the result of contamination, and the cross was restarted from the beginning. If 

there were no males present, then the cross was assumed to have worked, meaning there were 

eight potential genotypes in F2 (Table 9). Only one was desired, and there was merely one-

sixteenth chance of any given worm carrying it. In order to adjust for the increased rarity, six F3, 

L4 hermaphrodites were pulled from each F2 plate for a total of 48. An expected three plates 

would have the desired genotypes. If not, heterozygotes would be able to produce the desired 

genotype. 

Table 9. MBK20 x CB1489. F2 expected progeny. M = no degron, m = degron. H = WT 

him-8, h = mutant him-8. Desired genotype bolded. 

⚥ MH Mh mH mh 

MH MMHH MMHh MmHH MmHh 

Mh MMHh MMhh MmHh Mmhh 

mH MmHH MmHh mmHH mmHh 

mh MmHh Mmhh mmHh mmhh 

 



 Once the F3 hermaphrodites produced their progeny, they were examined for their sex 

ratio. If it was identical to that of CB1489, they were determined to be homozygous for him-8. 

The “mothers” of those plates were then lysed and underwent PCR to check for degron. If a 

single band emerged at 420 bp, confirming it to be homozygous for ckb-3::degron as well, then 

four of its L4, F4 progeny underwent the same treatment to ensure that no contamination had 

resulted in multiple genotypes on the F3 plate. If the F4 plate also produced males and a single 

band at 420 bp, they were determined to be successfully crossed, and were thus utilized in the 

next cross. 

Second Cross: glp-1::GFP x MBK20 x CB1489 

 The second cross was mostly identical to the first, merely substituting the initial MBK20 

hermaphrodites with glp-1::GFP hermaphrodites and the CB1489 males with the MBK20 x 

CB1489 males created in the previous cross. The identical sex ratios were used to check the 

success of each generation. Due to increased researcher confidence, only four P generation plates 

were set up (Table 10). Due to the increased number of genes and thus decreased likelihood of 

the desired genotype occurring, more individual plates were needed in each successive 

generation so that there was a higher chance of a worm with one of the desired genotypes being 

selected. Thus, three F2, L4 hermaphrodites were taken from each P plate, for a total of 12. 

Table 10. glp-1::GFP x MBK20 x CB1489. F1 expected progeny. M = no degron, m = 

degron. H = WT him-8, h = mutant him-8. G = no GFP, g = glp-1::GFP. 

⚥/♂ MHg 

mhG MmHhGg 

 

 If there are no males on the F2 plates, it was again assumed to have successfully avoided 

contamination. Because three genes were being crossed together, and the self-fertilization was 

done by a heterozygote, there were 27 possible genotypes (Table 11); compare the nine in the 



previous cross as the same stage. Only two were desired, homozygous glp-1::GFP with mutant 

him-8 and ckb-3::degron (mmhhgg), and glp-1::GFP with mutant him-8 and without ckb-

3::degron (MMhhgg), with only one-64th chance of either occurring. To cope with the increasing 

unlikelihood of the desired genotype occurring, five F3, L4 hermaphrodites were taken from 

each plate, for a total of 60. 

Table 11. glp-1::GFP x MBK20 x CB1489. F2 expected progeny. M = no degron, m = 

degron. H = WT him-8, h = mutant him-8. G = no GFP, g = glp-1::GFP. Desired genotypes 

bolded. 

 

 Much like in the first cross, worms with a three-to-ten ratio of males to hermaphrodites 

were determined to be homozygous for him-8. These worms were lysed, this time undergoing 

PCR using primers USA 124, 125, and 126 (Table 6), which will show if degron is present or 

absent depending on if a band is at 420 or 568 bp, as in the first cross. In a separate PCR 

reaction, primers BU 94 and 95 were used, which binds to either side of the GFP insert. In 

worms without the insert, it will give a 493 bp band. In worms homozygous for glp-1::GFP, it 

will give a band of 1 kbp. 

Of those that only gave bands at 420 bp in the first reaction and 1 kbp in the second, 

those are homozygous for all three genes and are the experimental group, and of those that only 

gave bands at 568 bp in the first reaction and 1 kbp in the second, they have the GFP tag and 

him-8, but not the degron complex, making them the control group. Any worms that gave 

⚥ MHG MHg MhG Mhg mHG mHg mhG mhg 

MHG MMHHGG MMHHGg MMHhGG MMHhGg MmHHGG MmHHGg MmHhGG MmHhGg 

MHg MMHHGg MMHHgg MMHhGg MMHhgg MmHhgg MmHHgg MmHhGG MmHhgg 

MhG MMHhGG MMHhGg MMhhGG MMhhGg MmHhGG MmHhGg MmhhGG MmhhGg 

Mhg MMHhGg MMHhgg MMhhGg MMhhgg MmHhGg MmHhgg MmhhGg Mmhhgg 

mHG MmHHGG MmHhgg MmHhGG MmHhGg mmHHGG mmHHGg mmHhGG mmHhGg 

mHg MmHHGg MmHHgg MmHhGg MmHhgg mmHHGg mmHHgg mmHgGg mmHhgg 

mhG MmHhGG MmHhGG MmhhGG MmhhGg mmHhGG mmHgGg mmhhGG mmhhGg 

mhg MmHhGg MmHhgg MmhhGg Mmhhgg mmHhGg mmHhgg mmhhGg mmhhgg 



multiple bands in either treatment were heterozygotes and thus could be used to produce 

homozygotes if none had been picked in that generation. 

Table 12. glp-1::GFP check primers. 

primer sequence gDNA complement 

BU 94 gagcaggatctcgaaaaacg binds to glp-1 upstream of stop codon 

BU 95 aaactctgtggggaccagtg binds to glp-1 downstream of stop codon 

 

Microscopy 

 Once the control and experimental strains were generated, two agarose pads were created 

on two separate microscope slides. Five μL of 10 mM levamisole, a paralytic, were placed on top 

of each pad. Forty worms of varying ages and of both sexes as well as several embryos were 

placed in the levamisole pool. Once the worms stilled, both the experimental and control groups 

were placed under a microscope and exposed to EPS fluorescent light, causing the GFP-tagged 

GLP-1 to fluoresce, allowing us to identify the location of their expression. The gonads of the 

two groups were examined, photographed at 400x magnification, and compared for phenotypical 

differences. 

  



Results 

glp-1::GFP Sequence Results 

 The sequencing results of strains 40, 42, and 47 of glp-1::GFP were almost exactly as 

expected. The only variations between the N2 glp-1 sequence and the GFP-tagged versions were 

the GFP tag itself and the silent mutation induced to prevent repeat cuts by Cas9. However, 

towards the ends of the strands, where accuracy decreases, strain 40 consistently matched the N2 

sequence even when 42 and 47 began to become more uncertain. Because of the increased 

confidence, 40 was selected for use in the second cross. 

Figure 1. 5` sequence comparison of glp-1::GFP strains 40, 42, and 47 to N2 glp-1.  

 

“540,” “542,” and “547” refer to the 5` sequences of strains 40, 42, and 47, respectively. Variations from N2 

sequence are circled in red. Large altered region at end is the part of the insert encodes the spacer, a region of 

amino acids that connect the GLP-1 protein proper to the GFP, and is expected and desired. 

Figure 2. 3` sequence comparison of glp-1::GFP strains 40, 42, and 47 to N2 glp-1.  



 

“340,” “342,” and “347” refer to the 3` sequences of strains 40, 42, and 47, respectively. Variations from N2 

sequence are circled in red. All recorded were the intentional result of preventing repeat cuts from Cas9. 

Crosses 

First Cross: MBK20 x CB1489 

The first cross between MBK20 and CB1489 went as described. Of the F3 generation 

plates, which were all confirmed to be homozygous for the mutant him-8 by the increased 

incidents of male progeny from them, five plates were determined to be homozygous for degron 

and thus be made up of the new strain. The new strain was named MBK40, as it was generated in 

Dr. Kroetz’s lab under her supervision and direction. A plate of these worms was frozen for 

future research. 

Figure 1. PCR check of first cross using primers USA 124, 125, and 126 to test for cbk-

3::degron.  



 

Lane 1: 1 kbp DNA ladder. Lanes 2-5: F3 “mother” worms, each already confirmed to be homozygous for 

mutant him-8. Lane 5: Positive control, MBK20 worm. Lane 7: Negative control, N2 worm. Lane 8: Negative 

control, CB1489 worm. 

Second Cross: glp-1::GFP x MBK20 x CB1489 

 The new MBK40 worms were then crossed with the glp-1::GFP worms, specifically 

strain 40, as described in the methodology. Twelve plates were determined to be homozygous for 

glp-1::GFP and mutant him-8. Three of them were homozygous for ckb-3::degron, and nine did 

not have degron. A single plate of each of the two genotypes taken from each for microscopic 

examination. 

Figure 2. PCR check of second cross using primers USA 124, 125, and 126 to test for cbk-

3::degron. 



  

Lane 1: DNA ladder. Lanes 2-30: F3 “mother” worms, each already confirmed to be homozygous for mutant 

him-8. Lane 31: DNA ladder. Lane 51: Negative control, glp-1::GFP 40 worm. 

Figure 3. PCR check of second cross using primers BU 94 and 95 to test for glp-1::GFP.  

 



 

Lane 1: DNA ladder. Lanes 2-49: F3 “mother” worms, each already confirmed to be homozygous for mutant 

him-8. Lane 50: Negative control, N2 worm. Lane 51: Positive control, glp-1::GFP 40 worm. 

Uncoordinated Worms. On five separate F3 plates, the uncoordinated phenotype, or 

“unc” worms, were found. On two, all progeny were also uncs. On three, progeny were a mixture 

of uncs and normal worms, and after a few generations, all uncs vanished. None of them 

possessed the GFP tag, and all were either heterozygous for or lacked the degron fusion. 

 This was a legacy effect due to MBK20’s creation, which was followed using the 

protocol described in Wang et al (2017). When the degron system was inserted, it was done into 

uncoordinated worms, whose condition was caused by having a mutation in unc-119(ed3), on 

chromosome III. The degron insert is on chromosome II and includes an unc-resistor gene, cb-

unc-119(+), a wildtype C. briggsae version of unc-119 that can rescue the unc-119 mutant, as a 

reporter, so that the creator could determine whether or not the mutation had been successfully 

uptaken. 

Microscopy 

Control Group: Without Degron  

 The control group, which was homozygous for glp-1::GFP and the mutant him-8 and 

lacked degron, looked almost exactly as expected. Under blue light, the worm’s gut granules 

fluoresced, as they do in N2 worms (Coburn & Gems 2013).  However, the gonads in the 



younger, larval stages visibly fluoresce as well (Figures 4 & 5), indicating the presence of GFP 

and thus GLP-1. The expression lines up seemingly perfectly with the expected expression 

pattern, with more intense fluorescence in the gonad than in the rest of the worm, and with the 

males having more intensity than hermaphrodites. 

Figure 4. glp-1::GFP L2 hermaphrodite under white and blue light. 

 

L2 worms cannot be sexed with the current equipment. However, by comparing the relative intensity of the 

fluorescence against the glp-1 gonadal enrichment by sex, the ones with the more intense fluorescence can be 

assumed to be male. Photograph by Dr. Mary Kroetz. 

Figure 5. glp-1::GFP L2 worm under white and blue light. 

 

Observe the clear semicircle on the left image, which is the gonad and the site of the developing gonad. On the 

right, it is visibly glowing, matching the expected expression of glp-1. Photograph by Dr. Mary Kroetz. 



 In adults, the fluorescence is absent in the gonad, as GLP-1::GFP is no longer expressed 

at that life stage, as development has ended. However, the gonad is still very visible (Figures 6 & 

7), as GLP-1 is also found in the sex cells due to its role in the meiosis-mitosis decision. As a 

result, the sex cells are clearly visible under the blue light. All anatomy across both sexes and all 

life stages was visibly normal. 

Figure 6. glp-1::GFP L3 male under white and blue light. 

 

Observe the globular structures along the somatic gonad. These are sex cells, which express GLP-1 as a result 

of its role in mediating meiosis-mitosis. Notably, the fluorescence outlines the cells, showing GLP-1’s position 

as a transmembrane protein. Photograph by Dr. Mary Kroetz. 

Figure 7. glp-1::GFP adult male with larval hermaphrodite under white and blue light. 

 

Photograph by Dr. Mary Kroetz, editing by author. 



With the control established, the experimental group can be examined and compared. 

Experimental Group: With Degron 

 There was no significant, visible difference between the anatomy of the experimental and 

control groups. The somatic gonad of all four larval stages and the adult stage were not visibly 

different in structure or size. 

 Interestingly, while fluorescence decreased somewhat, it is not completely gone (Figure 

8), implying that some GFP and thus GLP-1 is still in the gonads. Fluorescence was not 

measured, so the degree of loss of intensity cannot be described quantitatively. 

Figure 8. glp-1::GFP x ckb-3::degron L2 male and embryo in white and blue light. 

 

Notice that the gonad still is glowing, albeit more faintly than that of the control group, implying that some 

GLP-1::GFP has escaped ubiquination and the proteosome. Photograph by Dr. Mary Kroetz. 

 In the adults, the sex cells are well-lit, as expected by prior research, and ckb-3 is not 

active in that life stage (Pepper et al 2003), so GLP-1 should still be expressed and fluorescing. 

No disruption to the germline itself is visible; the sex cells are well-distributed and coat the 

somatic gonad, although that makes it difficult to observe the relative fluorescence of the somatic 

gonad (Figure 9). 

Figure 9. glp-1::GFP x ckb-3::degron adult male under white and blue light. 



 

Note the well-distributed, well-lit germline and how it obscures the somatic gonad. Photograph by Dr. Mary 

Kroetz, editing by author. 

Figure 10. glp-1::GFP x ckb-3::degron linker cell (LC). 

 



Observe how the light of gonad is heavily dimmed compared to the control group, but a single cell is still 

fluorescing. The single fluorescent cell is the linker cell (LC), which does not have high expression of ckb-3 

and thus did not have its GLP-1 reduced. 

  



Discussion 

 With the multiple checks, sequencing, PCR, and gel electrophoreses, it is unlikely that 

human error prevented a distinct phenotype from emerging from the tissue-specific targeting of 

glp-1. 

 The first, most obvious explanation for the unaltered phenotype is that glp-1 does not 

play a significant role in the development of the male somatic gonad, as without it, the worms 

develop as normal. The hermaphrodites, at least, are capable of reproducing and self-fertilizing 

quite well without it. However, this still begs the question of why, then, is glp-1 so enriched and 

expressed at such a higher rate in the male somatic gonad during development if not to play a 

role. GLP-1 is quite large; synthesizing, splitting it into its two subunits, and transporting it to the 

cell membrane is metabolically costly. If it has no effect, then it is uncertain why and unlikely 

that the worms would have evolved to give such a massive expenditure of resources in the midst 

of growth and development towards its adult stages. 

 Thus, the next possibility is that glp-1 does play a role in male gonadogenesis, but that 

the methodology was in some way flawed or inadequate. The degron’s efficacy is the most likely 

culprit: Wang et al, from whom the degron system utilized was borrowed, observes that in its 

original implementation, genes tagged with GFP and then targeted with degron showed variable 

degrees of loss of intensity, with some losing as much as 98% while others lost a mere 58%. 

Some proteins are simply more vulnerable to ubiquination and lysis using this method than 

others. The loss of signal intensity was not measured outright in this thesis, but it was not total or 

complete, and the presence of the well-lit sex cells covering the somatic gonad obfuscates it 

further, leaving the chance that when degron depleted GLP-1, enough protein survived to still 

cause the necessary developments to occur. At the time of writing, glp-1 is the first gene to 

undergo male gonad-specific regulation using this degron system; while a successful case in the 



hermaphrodite gonad was done using the gene tra-1, none have been attempted in the male 

gonad to the author’s knowledge. At the same time, this still begs the question of why, if GLP-1 

is not required at the high expression rate the N2 worms naturally have, the worms still 

overinvest precious energy and resources in creating an unnecessarily high concentration of this 

protein. 

 Another possibility is that glp-1 expression was depleted, and another redundant gene 

was upregulated to compensate for the loss. There is in fact a second gene encoding for a Notch 

receptor in C. elegans, lin-12. While lin-12 is distinct from glp-1 in terms of sequence and prior 

research did not find it to be enriched in the male gonad, its product is structurally and 

functionally similar to glp-1’s, and the cascade pathways caused by the two show significant 

overlap (Kimble & Simpson 1997). Gene duplication is often evolutionarily favorable for this 

very purpose, where one copy loses function and the other continues in its place. It is possible 

that that is what these results show. 

 Finally, there is a chance that there are alterations to the male gonad’s physiology that are 

not visible under a microscope. For instance, due to time constraints, it was not tested to see if 

males with depleted GLP-1 gonads were capable of crossing with a hermaphrodite due to time 

constraints preventing a third, experimental cross. While it seems doubtful, as the sex cells 

seemed unchanged, it is possible that the male gonad could be altered in terms of function, of 

being capable of producing viable sex cells. Thoroughness demands that be completed before 

glp-1 and its role in male gonadogenesis is written off completely. 

 In terms of future research, attempting to see if males with depleted glp-1 in their gonads 

are capable of fertilizing a hermaphrodite is the first, most obvious next step, and would have 

been done so in this thesis if not for time limits. Additionally, tagging lin-12 with GFP so that it 



could be silenced in the gonad alongside glp-1 could answer the question of if it is acting 

redundantly to cover up the other Notch receptor. If possible, in vitro checks on degron’s 

clearance rates on GLP-1 could answer if the degron was simply not effective enough to fully 

silence it, although the prospect of generating the required in vitro proteosomes would be 

difficult and impractical. 

 In the more macroscopic perspective, glp-1 is one gene among dozens that have been 

indicated to be enriched in the male somatic gonad. Each of those other genes could be tagged 

and cross with the MBK40 strain generated in the early stages of this project, and in fact multiple 

of such genes have already been tagged with GFP by Dr. Kroetz’s lab. Even if glp-1 is merely 

crossed off of that list, the fruits of this project can be used going forward to study other potential 

candidates. 

 While this thesis failed to elucidate glp-1’s role, if any, in the development of the male 

somatic gonad of C. elegans, it nevertheless was the first attempt at tissue-specific gene 

regulation in the male gonad, and it still successfully generated three new strains of C. elegans, 

one of which, MBK40, is of significant value to future research going forward on this subject. In 

terms of glp-1 itself, there are multiple avenues forward for further study, and I fervently hope 

that they are taken.  
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