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Abstract 

The highly conserved Dp, Rb, E2F, and MuvB (DREAM) complex is 

responsible for the transcriptional repression of cell cycle genes. The DREAM 

complex has been extensively studied in somatic (non-reproductive) cells, but 

there is a gap in knowledge regarding how the DREAM complex may function in 

germ (reproductive) cells. To demonstrate loss-of-function of DREAM in the 

germline, we used the auxin-inducible degron (AID) system to establish 

degradation of LIN-54, a subunit of DREAM’s MuvB subcomplex, and the 

Retinoblastoma-like pocket protein LIN-35 in C. elegans. Using transgenic lines 

that express the Arabidopsis thaliana TIR1 E3 ubiquitin ligase ubiquitously 

through all C. elegans tissues or specifically only in somatic tissue, we evaluated 

the effects following treatment of auxin that triggers TIR1-mediated rapid 

degradation of degron-tagged LIN-54 or degron-tagged LIN-35. In our LIN-54 

evaluation, brood size counting experiments showed a difference in fertility 

between worms exposed to auxin and the control group in both TIR1 transgenic 

lines, suggesting either that LIN-54’s somatic activity is important for fertility or 

the somatic-expressed TIR1 transgene had some activity in the germline. 

Subsequent fluorescence microscopy revealed decreased expression of LIN-54 

or LIN-35 in the germline in each TIR1-expressing transgenic worm background 

when exposed to auxin, as compared to the control group, indicating that the 

somatically-expressed TIR1 transgene does have activity in the germline. These 

results suggest that DREAM disruption in the germline negatively affects germ 

cell production and fertility. Our results underscore that new TIR1-expressing 
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transgenic lines will have to be generated to confirm that DREAM’s somatic 

activity does not contribute to fertility in some form.
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1 Introduction 

Gene knockout experiments have proven to be useful in studying cell cycle 

regulation. Cell cycle regulation is established by a complex protein network and 

many signaling pathways that determine when a cell will or won’t divide, but 

fundamentally the pathways center on transcriptional control of genes essential 

for division [1]. Moreover, the multiple cell types and tissues in multi-cellular 

eukaryotes each regulate the cell cycle differentially to maintain homeostasis. No 

two cell types are as distinct as those that make up an organism’s body, called 

somatic cells, and those that make up an organism’s reproductive system, called 

germ cells. Even though the two systems have widely different requirements for 

the cell cycle, little is known about how cell cycle regulation differs between 

somatic cells and germ cells. We are interested in evaluating how regulation of 

cell cycle quiescence, or exit from the cell cycle, differs between somatic cells 

and germ cells, by evaluating how the highly conserved transcriptional repressor 

complex called DREAM functions between the two tissue types [2]. To do so, we 

used tissue-specific gene knockout experiments in the model organism  

Caenorhabditis elegans to determine the tissue-specific activity of the DREAM 

complex in the soma and in the germline.  

1.1 The Eukaryotic Cell Cycle 

The eukaryotic cell cycle consists of four main stages that cells progress 

through for division: the G1 growth stage in which the cell prepares for DNA 

replication, S-phase in which the cell’s DNA is replicated, the pre-mitotic G2 

growth stage in which molecules required for mitotic division are synthesized, 
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and the M-phase mitotic stage that ends with cytokinesis. The result of the cell 

cycle is two identical cells that can undergo the cycle again to continue to 

multiply. An additional phase called the G0 stage, also known as the quiescent 

stage, is an alternative cell cycle state in which cells enter a reversible dormant 

state outside the cell cycle [3]. Quiescence is important because not all cells 

require ongoing division. For example, if cells were to multiply repeatedly without 

the ability to enter quiescence, there would be an abundance of cells which 

would ultimately form a tumor [4,5]. The quiescent stage prevents cells from 

multiplying when new cells are not needed [3]. 

 The outcome of the cell cycle differs between somatic cells, or cells that 

make up an organism’s body, and germ cells, or cells that make up an 

organism’s gamete producing reproductive system. Somatic cells undergo 

mitosis for division resulting in two identical cells. Germ cells undergo both 

mitosis and meiosis to produce four non-identical haploid gametes. Meiosis 

involves two stages known as meiosis I and meiosis II. The end result of meiosis 

I is two daughter cells, similar to the result of mitotic division. In meiosis II, the 

daughter cells do not multiply their DNA before dividing once more, resulting in a 

total of four haploid cells. Understanding the differences between mitosis and 

meiosis in somatic cells and germ cells, respectively, highlights the ability of cell 

cycle dependent genes to be expressed in a tissue-specific manner [6]. 

 The cell cycle is a highly regulated process, and disruption of cell cycle 

regulation leads to the over-proliferation of cells. Understanding the complex 

regulation of the cell cycle and cell division is important due to the fact that 
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deregulation may lead to a variety of diseases. Over-proliferation of somatic cells 

leads to tumorigenesis and can result in aggressive and metastatic cancers. On 

the other hand, under-proliferation of somatic cells may lead to inadequate 

wound healing [7]. In germ cells, disruption of cell cycle regulation leads to 

fertility issues [8]. Therefore, establishing a deeper understanding of cell cycle 

regulation and how it differs between somatic and germ cells may lead to more 

effective treatments for people affected by conditions such as cancers, 

inadequate wound healing, and infertility. 

1.1.1 DREAM Complex 

The DREAM complex (Dimerization partner, RB-like protein, E2F, and 

Multi-vulval class B) (Figure 1) is a highly conserved 8-subunit transcriptional 

repressor complex responsible for establishing the quiescent stage of the cell 

cycle [9]. The DREAM subcomplex Multi-vulval class B (MuvB) (Figure 2) is 

composed of five proteins (LIN-54, LIN-37, LIN-52, LIN-9, and RBBP4) [9]. MuvB 

is bound to DNA through the LIN-54 subunit at the cell cycle genes homology 

region (CHR) [10]. MuvB is unique in its ability to act as both a transcriptional 

activator and repressor in mammalian cells. In mammalian cells, the DREAM 

complex represses cell cycle genes in the G0 and G1 stages when the Rb-like 

pocket proteins called p107 or p130 and the MuvB subcomplex associate with a 

E2F-DP transcription factor heterodimer [11]. The repression of cell-cycle 

dependent genes causes cells to enter and maintain quiescence until the 

required genes are activated once more.   
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MuvB also acts as a transcriptional activator in stages S, G2, and M after 

the DREAM complex is inactivated as cells enter the cell cycle [12]. Once 

dissociated from the DREAM complex, MuvB associates with BMYB to form the 

MMB complex in mammalian organisms [12]. MMB is responsible for activating 

gene transcription in the S phase of the cell cycle [12]. While MMB is necessary 

for continuation through the cell cycle, overactivation of the MMB complex is 

linked to cellular over-proliferation and cancer [12].  

Caenorhabditis elegans is a model organism often chosen for studying the 

DREAM complex and regulatory roles of the MuvB subcomplex. The DREAM 

complex is less complex in C. elegans than in mammals, making C. elegans an 

ideal candidate for studying basic DREAM function [13,14]. C. elegans has a 

clear body, allowing for visualization of the clearly differentiated germline and 

soma [15]. The DREAM complex is ubiquitously expressed [16]. However, 

previous studies focused on studying DREAM in the soma, but not the germline. 

Current knowledge of DREAM function in C. elegans does not consider potential 

differences in requirements for regulating the cell cycle inherent in germline 

cellular biology.  

A primary difference between MuvB function in C. elegans compared to 

mammalian cells is that MuvB acts solely as a transcriptional repressor in C. 

elegans, and has no known activity as a transcriptional activator. This is likely 

due to C. elegans not having a homolog of BMYB, a required protein for the 

transcription-activating MMB complex [17]. The understanding that MuvB acts as 
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a transcriptional repressor in C. elegans enables focused studies into how the 

subcomplex contributes to DREAM transcriptional repression.  

1.1.2 Tissue-Specific Activity of DREAM 

A study on C. elegans performed by Kudron et al suggests that the 

DREAM complex components bind to chromatin in a tissue-specific manner. By 

focusing on EFL-1, DPL-1, and LIN-35 chromatin binding activity in somatic, 

germline, and intestinal tissues in vivo, Kudron et al revealed that the DREAM 

components bind to different genomic sites in somatic and germline tissues [14]. 

While it’s believed that the DREAM complex regulates gene expression and cell 

fate determination, how DREAM acts differently in somatic versus germline 

tissues with regards to gene regulation has not yet been elucidated  

Interestingly, DREAM components were first identified as Synmuv class B 

genes, which are a group of regulatory genes that are responsible for cell 

differentiation in somatic tissues, including the vulva. The Synmuv B pathway 

functions to prevent germline gene expression in the soma, also called soma-to-

germline transformation [18]. Characteristics of germline fate include RNAi 

sensitivity, ectopic expression of germline genes, and increased transgene 

silencing [19]. In C. elegans, soma-to-germline transformation is known to result 

in a high-temperature larval arrest phenotype (HTA) [18,20]. Another study 

showed that mutation of lin-35 causes reduced fertility of C. elegans [21].  

The DREAM complex functions to repress germline gene expression in 

the soma [18], but not much is known regarding DREAM function in the germline. 

Kudron et al showed that germline LIN-35 was unable to rescue the HTA 
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phenotype in somatic lin-35 mutants. However, germline LIN-35 was able to 

rescue the reduced fertility phenotype of germline lin-35 mutants [14]. These 

results suggest that DREAM function may differ between somatic cells and germ 

cells. 

1.1.3 Auxin-Inducible Degron System 

Gene knockdown is an effective method for studying gene function. RNA 

interference (RNAi) is commonly used for observing the effects of gene 

knockdown in vivo [22,23]. However, there are drawbacks to RNAi such as 

unintended off-target effects [23,24]. In RNAi experiments, there may be target 

protein still present due to the RNAi attacking mRNA, leaving any previously 

translated protein to remain functional [25]. 

Developed in 2009, the auxin-inducible degron system (AID) is a powerful 

tool for the fast and reversible depletion of protein [26]. The ability of the AID 

system to deplete a targeted protein within a few hours allows for phenotypic 

observations to be made before secondary effects may manifest [26].  

The components of the AID system (Figure 3) include the SCF E3 

ubiquitin ligase and the auxin family of phytohormones [26]. The SCF complex is 

composed of Skp1, Cullin 1, and F-box proteins [23,27]. TIR1 is an F-box protein 

and auxin receptor [28]. Derived from Arabidopsis thaliana, transgenic AtTIR1 

contains mutations D170E and M473L, which were introduced to increase auxin 

affinity, allowing for more reliable protein degradation [29]. Because the other 

components of the SCF complex are highly conserved, driving transgenic TIR1 

using different promoters enables tissue-specific targeting of the AID system. For 
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example, in C. elegans, the eft-3 promoter drives TIR1 expression solely in 

somatic cells while the rps-28 promoter drives TIR1 expression ubiquitously in 

both somatic and germ cells [30]. The ability to target specific cell types makes 

the AID system useful for studying the tissue-specific activity of the DREAM 

complex.  

Use of the AID system in C. elegans requires the fusing of a 44 amino 

acid degron sequence to a protein of interest along with a reporter such as GFP 

for visualization of protein depletion under a fluorescence microscope [31]. TIR1 

recognizes and binds to the degron sequence in the presence of auxin. The 

target protein is then marked by E3 ubiquitin ligase for proteasomal degradation 

[26,32]. 

 Drawbacks to using the AID system include leaky degradation, where 

target protein degradation occurs in the absence of auxin [33,34,35,36] and the 

need for high doses of auxin which can increase the lifespan of C. elegans [37], 

changing a fundamental characteristic of the organism. These drawbacks make it 

more difficult to observe the effects of gene knockout in vivo. 

The drawbacks of the AID system have been addressed with the 

development of the auxin-inducible degron 2 (AID2) system [36,38]. The AID2 

system differs from the AID system in that AtTIR1 is mutated to contain the F79G 

mutation observed in OsTIR1, a TIR1 protein derived from Oryza sativa [36,38]. 

Negishi et al tested AID2 in C. elegans by inserting an AtTIR1(F79G) transgene 

into the genome, and observed the occurrence of leaky degradation in the 
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original AID system was mitigated in the AID2 system. The study found that the 

AID2 system provided a remedy for the drawbacks of using the AID system [36]. 

1.1.4 Study Hypothesis 

The purpose of this project is to observe the consequences of gene 

knockdown in the C. elegans DREAM complex on germline function. As 

previously mentioned, a study investigating the tissue-specificity of DREAM has 

shown that there are different binding profiles of DREAM among various tissue 

types [14]. While this study observed a lack of LIN-35 binding in the C. elegans 

germline, the researchers did not investigate MuvB function in the C. elegans 

germline.   

 This project aims to expand upon the current knowledge of DREAM 

activity in the germline by knocking down LIN-54 or LIN-35 in the C. elegans 

germline. To accomplish this, the auxin-inducible degron 2 (AID2) system was 

used to rapidly deplete the protein of interest in both somatic and germ cells. The 

consequences of gene knockdown were observed in C. elegans exposed to 

auxin, as compared to vehicle control. It was expected that the F1 generation of 

C. elegans exposed to auxin in the ubiquitously-expressed TIR1 strain would be 

sterile due to lacking LIN-54 in the germline [39], or have reduced fertility due to 

LIN-35 germline degradation [21]. However, we observed loss of fertility in both 

TIR1-expressing strains. Using fluorescence microscopy, we observed that the 

somatically-expressed TIR1 strain experienced degradation of LIN-54 or LIN-35 

in the germline. The current AID2 system in our C. elegans model does not 

appear to be successful in achieving complete tissue-specificity for protein 
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depletion. However, the partial protein depletion that was qualitatively observed 

in the germline has still provided insight into MuvB function in the C. elegans 

germline. 
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Figure 1 DREAM complex in C. elegans 

The Dimerization partner, E2F, Rb-like, and MuvB complex is responsible for 

repression of cell cycle-dependent genes. Created with BioRender.com 
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Figure 2 MuvB Subcomplex in C. elegans 

The MuvB subcomplex in C. elegans is composed of five subunits: LIN-54, LIN-

37, LIN-52, LIN-9, and LIN-53. Created with BioRender.com   
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Figure 3 The Auxin-Inducible Degron System 

The auxin-inducible degron (AID) system requires an SCF complex, auxin, and a 

tagged protein of interest. The SCF complex is made up of Cul1, Rbx1, Skp1, 

and TIR1. When auxin is introduced, Skp1 binds to TIR1 and the tagged protein 

of interest. Upon binding of auxin, an E3-Ubiquitin complex is recruited to Rbx1 

resulting in polyubiquitination of the protein of interest. Proteasomal degradation 

of the protein of interest follows. 
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1.2 Materials and Methods 

 

1.2.1 Worm Strains 

LIN-54 tagged strains: 

1. cshIs140 [rps-28p::TIR1(F79G)::T2A::mCherry::his-11 + Cbr-unc-119(+)] 

II; lin-54::GFP-AID-3xFLAG IV 

2. osIs158 [eft-3p::ccvTIR-1(F79G)::mRuby] II; lin-54::GFP-AID-3xFLAG IV 

LIN-35 tagged strains: 

1. cshIs140 [rps-28p::TIR1(F79G)::T2A::mCherry::his-11 + Cbr-unc-119(+)] 

II; lin-35(kea7[lin-35p::degron::GFP::lin-35]) I 

2. osIs158 [eft-3p::ccvTIR-1(F79G)::mRuby] II; lin-35(kea7[lin-

35p::degron::GFP::lin-35]) I 

1.2.2 Worm Maintenance 

Worms were fed Escherichia coli strain, OP50, on agar plates. Every four 

days, three worms at the L4 or young adult stage were transferred to a new agar 

plate containing OP50, and then incubated at 20℃. 

1.2.3 Brood Counting Experiments 

To establish the parent (P0) generation, three worms at the L4 stage were 

transferred to either a vehicle (control) agar plate containing OP50, or an 

experimental plate containing OP50 and 1µM 5-phenyl-indole-3-acetic acid (5-

Ph-IAA, referred to as auxin). After approximately two days, the parent 

generation produced progeny. The newly hatched worms were designated as the 

F1 generation. One worm from the F1 generation that was hatched on the auxin 
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P0 plate was then moved to a new auxin plate. One worm from the F1 generation 

that was hatched on the vehicle P0 plate was then moved to a new vehicle plate. 

All F1 worms were transferred to the new plates at the L4 larval stage. This 

process was repeated a total of 8 times. For strains that experienced a high 

frequency of premature worm death, the number of worm plates were increased 

to validate the results.  

Each day following the worm transfer, the progeny observed on each plate 

were counted. The progeny of the F1 generation were designated as the F2 

generation. Each F2 generation worm was flamed after being counted to avoid 

counting the same worm twice. This process was repeated until the F1 

generation worm stopped laying embryos, and the laid embryos finished 

hatching. The worm counts for each counting session were recorded at the end 

of each session, and were totaled at the conclusion of the final session. In the 

instance of the F1 generation worm unexpectedly dying, any progeny from the F1 

generation worm was counted, and the death of the F1 generation worm was 

recorded. 

1.2.4 Dissection of C. elegans 

The day before dissection, the worms were prepared by transferring 20 

old L3/young L4 worms of each strain to vehicle (control) and auxin (treatment) 

plates, respectively. These plates were incubated overnight at 20℃. 

To perform the dissection, 20mM of levamisole was placed onto a glass 

slide. For each worm strain, 3 worms at the L4/young adult stages were picked 

off the plate and placed into the levamisole. Once worm movement ceased, a 
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needle attached to a syringe was used to slice the posterior end of the worm 

open. Due to the internal pressure in the worm, the germline was pushed out of 

the worm upon the removal of the posterior end. As soon as the posterior end of 

each worm had been removed, a coverslip with 3µL of S basal buffer was placed 

on top of the glass slide to keep the dissected worms in place. Immediately 

following dissection, the worms were imaged to avoid swelling occurring as time 

passed since worm death. Further dissections were performed following the 

imaging of the previous set of 3 worms. This process was repeated for both the 

auxin-treated and vehicle worms from each strain. 

1.2.5 Fluorescent Imaging of the C. elegans germline 

 Fluorescent imaging was performed using a Zeiss Axioskop 2 with a 

SOLA FISH LED Light Engine and Panda 4.2 Monochrome sCMOS Camera. 

Images were acquired using µManager software [40]. The exposure was set to 

500 ms to allow for more visibility when using the 40x objective to view the 

germline. Images were taken with the brightfield light on without the fluorescence 

to show the normal view of the germline, followed by images with the LED 

excitation on without the brightfield light to visualize the fluorescence. 

 

1.3 Results 

1.3.1 LIN-54 degradation in all cell types causes decreased 
brood size 

We first evaluated the effects following degradation of LIN-54, a subunit of 

the DREAM’s MuvB subcomplex. Ubiquitous expression of TIR1 in the rps-28p-



16 

TIR1 transgenic strain with degron-tagged LIN-54 showed a decreased brood 

size in the auxin-treated experimental group. This strain, when exposed to auxin, 

was expected to induce degradation of LIN-54 in both the soma and the 

germline. On average, the brood size of the auxin-exposed experimental group 

was 138 progeny. On average, the brood size of the control group was 302 

progeny (Table 1,Figure 4). Table 1 depicts the raw data collected from the 

brood counting experiments. Data designated with an asterisk signifies 

premature worm death, and we excluded these progeny counts from our 

statistical analysis. Because the worm’s death was not replicated, we did not 

further investigate the potential cause.  

The null hypothesis states there was no significant difference between the 

progeny counts of auxin-treated and vehicle C. elegans of this strain. The 

alternative hypothesis states there was a significant difference between the 

progeny counts of auxin-exposed and non-exposed C. elegans of this strain. A 

two-tailed unpaired T-test resulted in a p-value of 3.2 x 10-5. At a 99% confidence 

interval (p<0.01), this p-value is low enough to reject the null hypothesis in favor 

of the alternative. Our results suggest that LIN-54 protein in the soma and/or the 

germline is important to maintain C. elegans fertility.  

 Fluorescent imaging of the germline revealed that LIN-54 is not completely 

knocked out in the germline. Germlines from the auxin rps-28p-TIR1 transgenic 

strain with degron-tagged LIN-54 showed fluorescence indicating the presence of 

LIN-54 despite auxin treatment (Figure 5,Figure 6,Figure 7). The fluorescence 

of the treated worms visually appears to be less intense than that of the non-
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treated worms (Figure 5,Figure 6,Figure 7). The difference in fluorescence 

intensity suggests that although there is LIN-54 expression in the germline of the 

treated worms, there is less expression than normal.  

1.3.2 High lethality after auxin exposure in eft-3p-TIR1 
transgenic strain with degron-tagged LIN-54 

We next evaluated LIN-54 degradation in the eft-3p-TIR1 transgenic strain 

with degron-tagged LIN-54 which drives TIR-1 expression in somatic cells only. 

This strain showed an unexpectedly high number of premature worm deaths in 

the auxin-exposed experimental group. To verify that the worm deaths were not 

independent of experimental condition, the number of plates observed were 

increased from the base 8 to 13 auxin-treated plates, and 12 vehicle plates as 

the control. In the auxin-exposed experimental group, 10 out of 13 worms 

exposed to auxin prematurely died before a complete brood could be laid, 

rendering the data from these worms unusable. Of the 10 deceased worms, 5 

experienced bagging. Bagging is a phenomenon in which the C. elegans die 

before laying embryos, allowing the embryos to hatch inside the deceased worm. 

Of the three auxin-treated worms that survived to adulthood, the brood sizes 

were 58, 191, and 209, respectively (Table 2). On average, the brood size of the 

control group was 283 progeny (Table 2,Figure 8).   

Fluorescent imaging of the eft-3p-TIR1 transgenic strain with degron-

tagged LIN-54 showed diverse effects of auxin treatment on the germline. Due to 

the eft-3 promoter only expected to drive TIR1 expression in somatic cells, it was 

unexpected to observe LIN-54 degradation in the germline. Observing a lack of 
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fluorescence in the germlines of these worms suggests that germ cells are also 

being affected by the AID2 system in this strain and also indicates that the eft-3p 

expressed TIR1 at some level in the germline (Figure 10). Figure 10 depicts a 

germline showing lower fluorescence in the germ cells suggesting partial LIN-54 

depletion, but high fluorescence in the oocytes. This is consistent with previous 

findings suggesting that some forms of auxin are not able to permeate the 

eggshell [36]. The bagging phenomenon may also be explained by the inability of 

auxin to permeate the eggshell. It is possible that the F1 worm was no longer 

able to survive due to LIN-54 depletion, but its embryos remained unaffected, 

leading to hatching within the deceased worm. 

The germline depicted in Figure 9 shows higher fluorescence than Figures 

10 and 11 despite all images being taken under the same conditions (Figure 

9,Figure 10,Figure 11). This result suggests that the amount of LIN-54 

degradation in the germline may vary in the eft-3p-TIR1 transgenic strain with 

degron-tagged LIN-54. 

1.3.3 LIN-35 Degradation in all cell types causes decreased 
brood size 

Brood counting experiments of the rps-28p-TIR1 transgenic strain with 

degron-tagged LIN-35 resulted in an average brood size of 335 and 284 worms 

for auxin-treated and vehicle groups, respectively, rounded up to the nearest 

whole number (Table 3). Statistical analysis revealed there was no statistically 

significant difference in brood size in auxin-treated and vehicle groups (p=0.013, 



19 

p<0.01) in the rps-28p-TIR1 transgenic strain with degron-tagged LIN-35 (Figure 

12).  

  Brood counting experiments of the eft-3p-TIR1 transgenic strain with 

degron-tagged LIN-35 resulted in an average brood size of 254 and 320 for 

auxin-treated and vehicle groups, respectively, rounded up to the nearest whole 

number (Table 4). Statistical analysis revealed there was a statistically significant 

difference in brood size in auxin-treated and vehicle groups in the eft-3p-TIR1 

transgenic strain with degron-tagged LIN-35 (p=0.002, p<0.01) (Figure 16). 

Fluorescent imaging showed that there was some decreased expression 

of LIN-35 in the auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged 

LIN-35 (Figure 13,Figure 14,Figure 15) compared to the vehicle group (Figure 

13,Figure 14,Figure 15). Of the germlines imaged for the auxin-treated rps-28p-

TIR1 transgenic strain with degron-tagged LIN-35, Figure 13 shows the least 

intense fluorescence, observed qualitatively (Figure 13). Interestingly, 

fluorescent imaging showed that there was degradation of LIN-35 in the auxin-

treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 (Figure 

17,Figure 18,Figure 19) compared to the vehicle group (Figure 17,Figure 

18,Figure 19). The vehicle groups showed approximately the same level of 

expression, observed qualitatively. 

Fluorescence microscopy revealed that LIN-35 was degraded more 

extensively in the germline of the auxin-treated eft-3p-TIR1 transgenic strain with 

degron-tagged LIN-35 (Figure 17,Figure 18,Figure 19) compared to the auxin-

treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-35 (Figure 



20 

13,Figure 14,Figure 15), suggesting that germline degradation causes 

decreased brood size. 
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Plate # Auxin-Treated Vehicle 

1 172 261 

2 193 235 

3 211 314 

4 66 339 

5 137 300 

6 40 325 

7 137 14* 

8 146 339 

Average 137.75 301.86 

Standard Deviation 58.99 39.99 

Table 1  Brood sizes of rps-28p-TIR1 transgenic strain with degron-tagged 
LIN-54 

 Table showing the brood sizes of rps-28p-TIR1 transgenic strain with 

degron-tagged LIN-54.  

*=Data excluded from the average, standard deviation, and statistical testing due 

to worm death. 
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Figure 4 rps-28p-TIR1 transgenic strain with degron-tagged LIN-54 brood 

counting experiment 

 Box-and-whisker chart comparing the effect of auxin treatment vs vehicle 

on brood size in the rps-28p-TIR1 transgenic strain with degron-tagged LIN-54. 

The average is designated by “X”. Significance testing was performed with a two-

tailed unpaired T-test. The p-value associated with this data is 3.2 x 10-5. A 99% 

confidence interval was used with p<0.01 as the requirement to reject the null 

hypothesis. 
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a)            b) 

 

c)          d) 

 

Figure 5 rps-28p-TIR1 transgenic strain with degron-tagged LIN-54 
Fluorescent Imaging 1 

Images of auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-

54 under normal light (a) and fluorescence (b). Images of vehicle rps-28p-TIR1 

transgenic strain with degron-tagged LIN-54 under normal light (c) and 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

 

Figure 6 rps-28p-TIR1 transgenic strain with degron-tagged LIN-54 
Fluorescent Imaging 2 

Images of auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-

54 under normal light (a) and fluorescence (b). Images of vehicle rps-28p-TIR1 

transgenic strain with degron-tagged LIN-54 under normal light (c) and 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

 

Figure 7 rps-28p-TIR1 transgenic strain with degron-tagged LIN-54 
Fluorescent Imaging 3 

Images of auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-

54 under normal light (a) and fluorescence (b). Images of vehicle rps-28p-TIR1 

transgenic strain with degron-tagged LIN-54 under normal light (c) and 

fluorescence (d). Germline is indicated by an arrow. 
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Plate # Auxin-treated Vehicle 

1 58 301 

2 32* 318 

3 191 320 

4 29* 277 

5 35** 238 

6 1** 264 

7 20** 312 

8 209 246 

9 104* 204 

10 27* 286 

11 0** 304 

12 95** 316 

13 0*  

Average 152.67 282.17 

Standard Deviation 82.48 37.32 

 

Table 2  Brood sizes of eft-3p-TIR1 transgenic strain with degron-tagged 
LIN-54 

 Table depicting progeny counts of the eft-3p-TIR1 transgenic strain with 

degron-tagged LIN-54. Data from the auxin-treated group that represents a 

complete brood is highlighted. The remaining data in the auxin-treated group is 

unusable, but is provided to show progeny the prematurely deceased worm. 

*=Data excluded from the average, standard deviation, and statistical testing due 

to a worm death. 

**=Bagging observed in deceased worms. 
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Figure 8 eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 brood 
counting experiment 

 Box-and-whisker chart comparing the effect of auxin treatment vs vehicle 

on brood size in the eft-3p-TIR1 transgenic strain with degron-tagged LIN-54. 

The average is designated by “X”. Accurate statistical testing cannot be 

conducted due to high lethality in the auxin-treated group. Statistical testing will 

show a significant difference in brood size, but will not consider the inability of 

deceased worms to have a complete brood. 

 

 

 

 

 

 



28 

 

a)            b) 

 

c)          d) 

Figure 9 eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 
Fluorescent Imaging 1 

Images of auxin-treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 

under normal light (a) and fluorescence (b). Images of vehicle eft-3p-TIR1 

transgenic strain with degron-tagged LIN-54 under normal light (c) and under 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

 

Figure 10 eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 
Fluorescent Imaging 2 

Images of auxin-treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 

under normal light (a) and fluorescence (b). Images of vehicle eft-3p-TIR1 

transgenic strain with degron-tagged LIN-54 under normal light (c) and under 

fluorescence (d). Germline is indicated by an arrow. Oocyte indicated by a circle. 
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a)            b) 

 

c)          d) 

 

Figure 11 eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 
Fluorescent Imaging 3 

Images of auxin-treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 

under normal light (a) and fluorescence (b). Images of vehicle eft-3p-TIR1 

transgenic strain with degron-tagged LIN-54 under normal light (c) and under 

fluorescence (d). Germline is indicated by an arrow. 
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Plate # Auxin-treated Vehicle 

1 260 257 

2 5* 251 

3 173 292 

4 283 334 

5 231 314 

6 211 234 

7 247 303 

8 237 322 

Average 234.57 288.38 

Standard Deviation 35.38 36.71 

 

Table 3 Brood sizes of rps-28p-TIR1 transgenic strain with degron-tagged 
LIN-35 

 Table depicting progeny counts of the rps-28p-TIR1 transgenic strain with 

degron-tagged LIN-35.  

*=Data excluded from the average, standard deviation, and statistical testing due 

to worm death independent of experimental condition. 
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Figure 12 rps-28p-TIR1 transgenic strain with degron-tagged LIN-35 brood 
counting experiment 

 Box-and-whisker chart comparing the effect of auxin treatment vs vehicle 

on brood size in the rps-28p-TIR1 transgenic strain with degron-tagged LIN-35. 

The average is designated by “X”. Significance testing was performed with a two-

tailed unpaired T-test. The p-value associated with this data 0.013. A 99% 

confidence interval was used with p<0.01 as the requirement to reject the null 

hypothesis.  
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a)            b) 

 

c)          d) 

 

Figure 13 rps-28p-TIR1 transgenic strain with degron-tagged LIN-35 
Fluorescent Imaging 1 

Images of auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-

35 under normal light (a) and fluorescence (b). Images of vehicle rps-28p-TIR1 

transgenic strain with degron-tagged LIN-35 under normal light (c) ad 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

Figure 14 rps-28p-TIR1 transgenic strain with degron-tagged LIN-35 
Fluorescent Imaging 2 

Images of auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-

35 under normal light (a) and fluorescence (b). Images of vehicle rps-28p-TIR1 

transgenic strain with degron-tagged LIN-35 under normal light (c) ad 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

 

Figure 15 rps-28p-TIR1 transgenic strain with degron-tagged LIN-35 
Fluorescent Imaging 3 

Images of auxin-treated rps-28p-TIR1 transgenic strain with degron-tagged LIN-

35 under normal light (a) and fluorescence (b). Images of vehicle rps-28p-TIR1 

transgenic strain with degron-tagged LIN-35 under normal light (c) ad 

fluorescence (d). Germline is indicated by an arrow. 
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Plate # Auxin-treated Vehicle 

1 242 310 

2 294 367 

3 291 295 

4 190 306 

5 229 320 

6 233 306 

7 286 269 

8 250 318 

Average 251.75 311.38 

Standard Deviation 36.24 33.3 

 
Table 4  Brood Sizes of eft-3p-TIR1 transgenic strain with degron-tagged 
LIN-35 

 Table depicting progeny counts of the eft-3p-TIR1 transgenic strain with 

degron-tagged LIN-35. 
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Figure 16 eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 brood 
counting experiment 

Box-and-whisker chart comparing the effect of auxin-treatment vs vehicle on 

progeny count in the eft-3p-TIR1 transgenic strain with degron-tagged LIN-35. 

Significance testing was performed with a two-tailed unpaired T-test. The p-value 

associated with this data 0.002. A 99% confidence interval was used with p<0.01 

as the requirement to reject the null hypothesis.  
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a)            b) 

 

c)          d) 

 

Figure 17 eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 
Fluorescent Imaging 1 

Images of auxin-treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 

under normal light (a) and fluorescence (b). Images of vehicle eft-3p-TIR1 

transgenic strain with degron-tagged LIN-35 under normal light (c) and 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

 

Figure 18 eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 
Fluorescent Imaging 2 

Images of auxin-treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 

under normal light (a) and fluorescence (b). Images of vehicle eft-3p-TIR1 

transgenic strain with degron-tagged LIN-35 under normal light (c) and 

fluorescence (d). Germline is indicated by an arrow. 
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a)            b) 

 

c)          d) 

 

Figure 19 eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 
Fluorescent Imaging 3 

Images of auxin-treated eft-3p-TIR1 transgenic strain with degron-tagged LIN-35 

under normal light (a) and fluorescence (b). Images of vehicle eft-3p-TIR1 

transgenic strain with degron-tagged LIN-35 under normal light (c) and 

fluorescence (d). Germline is indicated by an arrow. 



41 

1.4 Discussion 

The DREAM complex is known to function as a transcriptional repressor of 

cell-cycle dependent genes. Properly functioning DREAM prevents somatic cells 

from adopting a germline fate [18]. Disruption of DREAM function leads to 

ectopic expression of germline genes [19], larval high-temperature arrest [20], 

and reduced fertility [21]. The knowledge of DREAM functioning to suppress 

expression of germline genes leads us to wonder the function of DREAM in the 

germline. This study aimed to fill the gap in knowledge of DREAM function in the 

germline by evaluating the effects following degradation of LIN-54 or LIN-35 in 

the germline. LIN-54 is responsible for binding DREAM’s MuvB subcomplex to 

DNA [10,41]. LIN-35 is a pocket protein required for DREAM formation 

[13,16,42]. Previous studies noted disruption of DREAM in lin-54 [43] and lin-35 

[16,21] mutant models. A LIN-35 genetic null shows a reduced fertility phenotype 

[21], while a LIN-54 genetic null is sterile [39]   

 Our findings suggest that germline degradation of LIN-54 occurred in the 

presence of auxin. The reduced fertility phenotype observed in the rps-28p-TIR1 

transgenic strain with degron-tagged LIN-54 supports a previous study that 

showed LIN-54 is needed to promote germline gene expression in germ cells 

[43]. Fluorescent imaging showed that there was decreased expression of LIN-54 

in both the rps-28p-TIR1 transgenic strain with degron-tagged LIN-54 and eft-3p-

TIR1 transgenic strain with degron-tagged LIN-54. However, the brood sizes of 

the eft-3p-TIR1 transgenic strain with degron-tagged LIN-54 could not be 

accurately studied due to a high proportion of unexpected worm deaths in the 
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auxin-treated group. As a result, the cause of the high death-rate in the eft-3p-

TIR1 transgenic strain with degron-tagged LIN-54 needs to be investigated.  

Our LIN-35 findings showed a statistically significant difference in brood size 

between the auxin-treated and vehicle groups in the eft-3p-TIR1 transgenic strain 

with degron-tagged LIN-35, but not in the rps-28p-TIR1 transgenic strain with 

degron-tagged LIN-35. This suggests that either somatic LIN-35 contributes to 

fertility, or that somatically-expressed TIR1 was active in the germline. The 

results of the fluorescent microscopy supports the notion that somatically-

expressed TIR1 was active in the germline due to the extensive LIN-35 

degradation observed in the germline. Similarly, there was notable degradation of 

germline LIN-54 in the eft-3p-TIR1 transgenic strain with degron-tagged LIN54. 

However, new TIR1 transgenic strains must be generated to confirm that somatic 

LIN-54 or LIN-35 does not contribute to fertility.  
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