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Abstract 27 

CFP-1 (CXXC finger binding protein 1) is an evolutionarily conserved protein that binds to 28 

non-methylated CpG-rich promoters in humans and C. elegans. This conserved epigenetic 29 

regulator is a part of the COMPASS complex that contains the H3K4me3 methyltransferase 30 

SET1 in mammals and SET-2 in C. elegans. Previous studies have indicated the importance of 31 

cfp-1 in embryonic stem cell differentiation and cell fate specification. However, neither the 32 

function nor the mechanism of action of cfp-1 is well understood at the organismal level. Here 33 

we have used cfp-1(tm6369) and set-2(bn129) C. elegans mutants to investigate the function 34 

of CFP-1 in gene induction and development. We have characterised C. elegans COMPASS 35 

mutants cfp-1(tm6369) and set-2(bn129) and found that both cfp-1 and set-2 play an important 36 

role in the regulation of fertility and development of the organism. Furthermore, we found that 37 

both cfp-1 and set-2 are required for H3K4 trimethylation and play a repressive role in the 38 

expression of heat shock and salt-inducible genes. Interestingly, we found that cfp-1 but not 39 

set-2 genetically interacts with Histone Deacetylase (HDAC1/2) complexes to regulate 40 

fertility, suggesting a function of CFP-1 outside of the COMPASS complex. Additionally, we 41 

found that cfp-1 and set-2 independently regulate fertility and development of the organism. 42 

Our results suggest that CFP-1 genetically interacts with HDAC1/2 complexes to regulate 43 

fertility, independent of its function within the COMPASS complex. We propose that CFP-1 44 

could cooperate with the COMPASS complex and/or HDAC1/2 in a context-dependent 45 

manner.  46 

 47 

Keywords: H3K4me3, cfp-1, set-2, Set1/COMPASS complex and HDACs  48 

 49 

 50 



 

 

3 
 

 51 

Introduction 52 

 53 

Chromatin regulation shapes gene activity, which underlies many biological processes 54 

including development. Histone modifications are a major form of chromatin modification that 55 

play a central role in controlling gene expression [1]. The perturbation of these modifications 56 

has been associated with developmental defects and diseases including cancer [2-4]. However, 57 

the mechanism by which histone modifications contribute to these events is yet to be fully 58 

determined. 59 

 60 

The interplay between the highly dynamic histone modifications can determine chromatin 61 

regulation and gene function [5]. At enhancer and promoter regions histones are subjected to 62 

high turn-over of acetylation or methylation modifications which results in either activation or 63 

repression of gene expression [6-8]. Acetylation of histones by conserved histone 64 

acetyltransferases (HATs) such as Gcn5, p300/CBP, sRC/p160 and MYST is related to gene 65 

expression. Whereas deacetylation of histone by evolutionarily conserved histone deacetylases 66 

(HDACs) is often associated with gene repression [7, 9, 10]. HDACs form multiprotein 67 

complexes such as SIN3, NuRD, and CoREST complexes to regulate gene expression [7]. 68 

 69 

One of the most studied chromatin modifications is histone 3 lysine 4 trimethylation 70 

(H3K4me3). H3K4me3 is found at 5ƍ sites of active genes and is often regarded as an active 71 

promoter mark [11, 12]. Previous studies have shown that the level of H3K4me3 is strongly 72 

correlated with gene expression of a subset of genes. These studies have suggested that 73 

H3K4me3 could contribute to gene expression by acting as a binding site for chromatin 74 

modifiers and transcriptional machinery to facilitate the transcription process [13-16]. Contrary 75 
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to the role of H3K4me3 in gene expression, growing evidence has suggested that H3K4me3 76 

could play a repressive role in gene expression [17-19]. All these findings generated from 77 

different organisms suggest that H3K4me3 could play a role in both gene expression and 78 

repression in a context-dependent manner. Nevertheless, how H3K4me3 contributes to gene 79 

expression and repression needs to be explored further.  80 

 81 

H3K4me3 is deposited by a Complex Proteins Associated with Set1 (COMPASS) complex 82 

[2]. The COMPASS complex is evolutionarily conserved from yeast to mammals. In yeast, 83 

there is only one complex which is responsible for all forms of H3K4 methylation (H3K4me1, 84 

H3K4me2, and H3K4me3), whereas in humans there are six COMPASS complexes: SET1A, 85 

SET1B and Mixed Lineage Leukemia (MLL) 1, 2, 3 and 4. SET1A and SET1B are responsible 86 

for the majority of H3K4me3 mark deposition, MLL 1 and 2 are responsible for H3K4me3 87 

deposition in a subset of genes, and MLL 3 and MLL 4 are responsible for H3K4me1 [2]. In 88 

C. elegans there are two COMPASS complexes: SET-2/COMPASS, a direct descendent of 89 

yeast Set1, and SET-16/COMPASS which is the MLL 3/4 ortholog [20, 21]. Although Set1 is 90 

the key subunit of COMPASS, its associated subunits are also important for assembly and 91 

regulation of H3K4 methylation [2, 22]. 92 

One of the major subunits of the COMPASS complex is CFP1 which is essential for H3K4me3 93 

modifications [23-25]. CFP1 binds to unmethylated CpG-rich DNA sequences known as CpG 94 

islands (CGIs) and helps in the recruitment of the SET1/COMPASS complex at the promoter 95 

region of active genes [26-30]. Previous studies have reported that CFP1 plays an important 96 

role in cell fate specification and cell differentiation [24, 25, 31]. However, the exact 97 

mechanism by which CFP1 contributes to gene regulation and development is not clear. To 98 

understand the role of cfp1 in gene regulation and development, we have used cfp-1(tm6369) 99 

and set-2(bn129) C. elegans mutants. We discovered that deletion of cfp-1 or set-2 results in 100 
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drastic reduction of H3K4me3 levels and stronger expression of heat shock and salt-inducible 101 

genes. Surprisingly, we found that despite both genes being essential for H3K4me3 deposition 102 

and gene induction, only CFP-1, but not SET-2 genetically interacts with HDAC1/2 in C. 103 

elegans development. This study suggests that in addition to the canonical function of CFP-1 104 

in the H3K4me3 deposition, CFP-1 also cooperates with HDAC 1/2 complexes during C. 105 

elegans development. 106 

 107 

Results 108 

 109 

CFP-1 is required for fertility and normal growth rate  110 

In yeast and mammals, COMPASS/Set1 is responsible for the majority of H3K4me3. Loss of 111 

SET1 or CFP1 results in drastic reduction of H3K4me3 levels at 5ƍ sites of active genes [23, 112 

24, 32-34]. Similar to mammals and yeast, the function of set-2 (homolog of SET1) and cfp-1 113 

(homolog of CFP1) in H3K4me3 deposition is also conserved in C. elegans [20, 21, 35]. To 114 

further investigate the role of cfp-1 in development, cfp-1(tm6369) mutant was used in this 115 

study. cfp-1(tm6369) is a deletion allele, which has 254bp deletion encompassing exon 5 of 116 

F52B11.1a.1 and part of the intron upstream and downstream (Fig. 1A). Exon 5 is conserved 117 

in all transcripts of the cfp-1 gene, therefore deletion on exon 5 region of F52B11.1a.1 results 118 

in truncation in all the transcripts of the cfp-1 gene. To confirm that cfp-1(tm6369) is a loss of 119 

function allele we measured the global level of H3K4me3 in both the cfp-1(tm6369) and the 120 

set-2(bn129) loss of function mutants by western blot analysis. We observed that the levels of 121 

H3K4me3 in cfp-1(tm6369) mutant is significantly reduced and was similar to that reported for 122 

the set-2(bn129) allele (Figure 1B) suggesting that the cfp-1(tm6369) mutant is a loss of 123 

function allele.  124 
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 125 

To explore the functional consequences of loss of cfp-1 in C. elegans we pursued the 126 

phenotypic characterisation of the cfp-1(tm6369) mutant by conducting a fertility assay and 127 

measured the growth rate. For the fertility assay, we measured the brood size of cfp-1(tm6369) 128 

and set-2(bn129) mutants at 20 °C and 25 °C. 20 °C is an optimum temperature for C. elegans, 129 

we observed that at 20 °C both mutants had a significant reduction in brood size compared to 130 

wild type (Figure 1C). 25 °C is known as a non-permissive temperature for C. elegans growth. 131 

We observed that at 25 °C fertility was severely affected in both cfp-1(tm6369) and set-132 

2(bn129) mutants compared to wild-type (Figure 1D). In a previous study, it was reported that 133 

set-2(bn129) mutant display a mortal germline phenotype indicative of a progressive loss of 134 

brood size over generations leading to sterility, at 25 °C [35]. We also investigated the mortal 135 

germline phenotype of the cfp-1(tm6369) mutant at 25 °C. L4 larvae (P0) maintained at 20 °C, 136 

were transferred to 25 °C and the average brood size of F1, F2, F3 and F4 generation at 25 °C 137 

was measured. Surprisingly, the F2 generation of the cfp-1(tm6369) mutant at 25 °C was 138 

completely sterile (Figure 1E). Taken together, these findings suggest that both cfp-1 and set-139 

2 play an important role in maintaining fertility. 140 

 141 

We measured the growth rate of set-2(bn129) and cfp-1(tm6369) mutants and compared them 142 

to wild-type. C. elegans embryos pass through four larval stages (L1, L2, L3 and L4) to reach 143 

adulthood. We measured the growth of freshly laid embryos of wild-type, cfp-1(tm6369) and 144 

set-2(bn129) mutants at 60 h. Both cfp-1(tm6369) and set-2(bn129) mutants show delays in 145 

development from embryo to adult (Figure 1F). After 60 h, ~84% of wildtype embryos reached 146 

the adult stage, whereas most of the cfp-1(tm6369) and set-2(bn129) mutants were still in the 147 

L4 stage (Figure 1F). These results further evidence that both cfp-1 and set-2 are required for 148 

the proper development of an organism.  149 

150 
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CFP-1 and SET-2 attenuate gene induction 151 

We next investigated the role of cfp-1 and set-2 in gene expression by using salt-inducible 152 

reporter strain VP198 (kbIs5 [gpdh-1p::GFP + rol-6(su1006)]). The VP198 contains green 153 

fluorescent protein (GFP) reporter gene downstream of the gpdh-1 gene promoter and is 154 

expressed  in a higher salt environment (Figure 2A) [36]. We crossed this strain with cfp-155 

1(tm6369) and set-2(bn129) mutants to generate cfp-1(tm6369);kbIs5 and set-2(bn129);kbIs5 156 

double mutant strains and exposed them to a higher salt concentration (150 mM NaCl). C. 157 

elegans is normally grown on a salt concentration of 52 mM. Thus 52 mM was used as a control 158 

throughout this study. 159 

When exposed to hypertonic stress, we observed that higher percentage of both cfp-160 

1(tm6369);kbIs5 and set-2(bn129);kbIs5 mutants displayed hyper-induction of the reporter 161 

gene compared to wild-type worms (Figure 2B). The intensity of expression was also higher 162 

in both the mutants compared to wild-type. We also measured the endogenous transcript level 163 

of gpdh-1 gene at control and at higher salt concentrations in wild-type, cfp-1(tm6369) and set-164 

2(bn129) mutants. We found that at higher salt concentration, the level of the gpdh-1 transcript 165 

was highly induced in cfp-1(tm6369) and set-2(bn129) mutants compared to wild-type (Figure 166 

2C). 167 

  168 

To further investigate the role of cfp-1 and set-2 in gene induction regulation, we used the heat 169 

shock reporter strain AM722 [rmIs288(hsp70p::mCherry IV)]. AM722 contains mCherry 170 

downstream of heat shock promoter hsp-70, which is expressed during heat stress (Figure 2D) 171 

[37]. We crossed this strain with cfp-1(tm6369) and set-2(bn129) to generate cfp-172 

1(tm6369);rmIs288 and set-2(bn129);rmIs288 strains. We found that after heat shock, 173 

mCherry expression was significantly higher in cfp-1(tm6369);rmIs288 and set-174 

2(bn129);rmIs288 strains compared to rmIs288 in a wild-type background (Figure 2D and E). 175 
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We also measured the endogenous expression of heat-inducible genes, C12C8.1, F44E5.4 and 176 

hsp-16.2 in the cfp-1(tm6369) and set-2(bn129) mutant backgrounds. C12C8.1, F44E5.4 and 177 

hsp-16.2 are heat inducible chaperones downstream of the heat shock factor -1 (hsf-1) gene 178 

and are expressed during heat stress [38-40]. After heat shock at 33 °C for one hour, the 179 

expression of C12C8.1, F44E5.4 and hsp-16.2 were significantly upregulated in both cfp-180 

1(tm6369) and set-2(bn129) mutants compared to wild-type (Figure 2F). Higher induction of 181 

heat and salt-inducible genes in both cfp-1(tm6369) and set-2(bn129) mutants with a negligible 182 

level of H3K4me3 suggests that H3K4me3 can indeed play a repressive role in gene induction.  183 

 184 

CFP-1 cooperates with class I HDACs to regulate fertility 185 

We conducted a mini fertility screen to find the candidate genes that could either enhance or 186 

suppress the observed poor fertility phenotype of the cfp-1(tm6369) mutant. Previous studies 187 

have illustrated that crosstalk between COMPASS and histone acetylation plays an important 188 

role in ensuring proper gene regulation [41-43]. Thus, for the screen, we selected histone 189 

acetyltransferases (cbp-1, mys-4 and hat-1) and histone deacetylases (hda-1, hda-2 and hda-3). 190 

We either knocked down cbp-1 or hat-1 by RNAi on cfp-1(tm6369) and set-2(bn129) or 191 

crossed mys-4(tm3161) mutant with cfp-1(tm6369) or set-2(bn129) mutants and measured the 192 

effect on fertility. In the fertility screen, we did not observe any significant change in brood 193 

size of cfp-1;mys-4 and set-2;mys-4 double mutants, and during RNAi knockdown of hat-1 in 194 

cfp-1(tm6369) and set-2(bn129) mutants (Figure 3A and 3B). cbp-1 RNAi resulted in a larval 195 

arrest in wild-type, cfp-1(tm6369) and set-2(bn129) mutants so brood size could not be 196 

determined. However, we did not observe significant changes in fertility of the cbp-1(ku258) 197 

gain of function mutant during cfp-1 or set-2 RNAi (Figure 3C) [44]. 198 

In contrast to HATs, RNAi knockdown of hda-1 or hda-2 or hda-3 in cfp-1(tm6369) mutant 199 



 

 

9 
 

significantly reduced the brood size, suggesting a synergistic genetic interaction between these 200 

histone deacetylases and cfp-1 (Figure 3D and 3E). Interestingly, we found that unlike cfp-201 

1(tm6369), set-2(bn129) brood size did not significantly reduce in RNAi of hda-1 or hda-2 or 202 

hda-3 (Figure 3D and 3E).  203 

We demonstrated that set-2 and cfp-1 play a similar role in fertility and development of C. 204 

elegans. However, we observed that RNAi knockdown of hda-1 or hda-2 or hda-3 only 205 

enhances the low brood phenotype of cfp-1(tm6369) mutant. Different responses of the cfp-206 

1(tm6369) and set-2(bn129) mutants to the same RNAi conditions could be due to differential 207 

sensitivity to RNAi. To investigate this, we carried out an RNAi sensitivity assay. We 208 

measured the RNAi sensitivity of cfp-1(tm6369) and set-2(bn129) mutants using hmr-1, dpy-209 

10 and unc-15 genes with well-defined phenotypes. We found that both cfp-1(tm6369) and set-210 

2(bn129) mutants responded similarly to the tested RNAi (Table 1). This suggests that the 211 

different response of cfp-1(tm6369) and set-2(bn129) mutants in hda-1 or hda-2 or hda-3 RNAi 212 

background is not due to the different sensitivity to RNAi.   213 

 214 

Table 1. RNAi sensitivity assay: Sensitivity of wild-type, set-2(bn129) and cfp-1(tm6369) on 215 

RNAi was measured using dpy-10, unc-15 and hmr-1 RNAi. dpy-10 was scored based on the 216 

severity of dumpy (shorter and fatter body morphology) phenotype. More + means stronger 217 

phenotype. unc-15 was scored based on the severity of uncoordinated phenotype (paralysis). 218 

More + means stronger phenotype. hmr-1 was scored based on the percentage of dead eggs out 219 

of total brood. <6% means that there was less than 6% embryonic lethality in wild-type, set-220 

2(bn129) and cfp-1(tm6369) on hmr-1 RNAi. This experiment has been repeated 2 times, and 221 

similar results were observed.  222 

 223 



 

 

10 
 

 224 

 225 

 226 

RNAi Wild-type cfp-1(tm6369) set-2(bn129) 

EV (Control) - - - 

hmr-1 <6% <6% <6% 

dpy10 +++++ +++++ ++++ 

unc-15 +++++ ++++ +++++ 

 227 

CFP-1 interacts genetically with SIN-3, CHD-3 and SPR-1 complexes 228 

hda-1, hda-2 and hda-3 are the orthologs of mammalian class I HDACs (HDAC1/2) [45]. 229 

HDAC1/2 are found in multiprotein complexes such as Sin3, NuRD and CoREST which 230 

contain Sin3, Mi2-Į/ȕ and CoREST as a major subunit, respectively [46-49]. Sin3 acts as a 231 

scaffold for the assembly of Sin3/HDAC1/2 complex [50]. CoREST of CoREST/HDAC1/2 232 

complex helps in recognition of nucleosome substrate and stimulates the nucleosome 233 

modifying activities of HDAC1/2 [51]. NuRD complex contain either Chromodomain-234 

helicase-DNA-binding proteins, CHD3 (Mi2-Į) or CHD4 (Mi2-ȕ) as major subunits. Mi2-Į/ȕ 235 

are ATPases which use ATP to unwind the nucleosomes [52, 53]. Sin3, CoREST and Mi2-Į/ȕ 236 

are relatively specific to Sin3, CoREST and NuRD complex respectively and are thought to be 237 

defining components of these complexes [50-53].  238 

To test which of these complexes interact with cfp-1, we carried out RNAi knockdown of C. 239 

elegans orthologs of SIN3, Mi-2 and CoREST in cfp-1(tm6369) mutant. Interestingly, RNAi 240 

knockdown of SIN3 ortholog, sin-3, dramatically reduced the average brood size of cfp-241 

1(tm6369) mutant (Figure 4A). This suggests cfp-1 interacts with sin-3 to regulate fertility. To 242 



 

 

11 
 

further confirm the RNAi results, we crossed sin-3(tm1276) mutant with cfp-1(tm6369) mutant 243 

and generated the cfp-1(tm6369);sin-3(tm1276) double mutants. We found that all of the cfp-244 

1(tm6369);sin-3(tm1276) double mutants were completely sterile (Figure 4B). Similar to sin-245 

3 RNAi, RNAi mediated knockdown of CoREST ortholog, spr-1, on cfp-1(tm6369) mutant 246 

significantly reduced the average brood size (Figure 4A). We also crossed the cfp-1(tm6369) 247 

mutant to spr-1(ok2144) and measured the fertility. We observed the stronger reduction in the 248 

average brood size of cfp-1(tm6369);spr-1(ok2144) double mutant compared to single mutants. 249 

(Figure 4C).  250 

C. elegans has two homologs of Mi-2, LET-418 and CHD-3 [54].  Loss of function allele of 251 

let-418 has a strong fertility defect and sterility [54-59]. Since we used fertility to study the 252 

genetic interaction between genes, it would be difficult to distinguish whether the further 253 

reduction (if any) on the brood of cfp-1(tm6369) mutant on let-418 RNAi is due to additive or 254 

synergistic effect. Thus, we used chd-3 to study the genetic interaction between NuRD complex 255 

and CFP-1. We observed that the average brood size of cfp-1(tm6369) mutant treated on CHD-256 

3 RNAi was significantly reduced compared to control RNAi (Figure 4A). These findings 257 

support that cfp-1 interacts with SIN3, NuRD and CoREST complexes. 258 

On the other hand, we did not observe the synergistic reduction in the average brood size of 259 

set-2(bn129) mutant on sin-3 or chd-3 or spr-1 RNAi (Figure 4A). Additionally, the average 260 

brood size of   set-2(bn129);spr-1(ok2144) and set-2(bn129);sin-3(tm1276) double mutants 261 

was similar to single mutants (Figure 4B and 4C). These results suggest that set-2 does not 262 

interact with SIN3, NuRD and CoREST complexes. It is possible that SET-2 and HDAC 263 

complex act on the same pathway to regulate fertility. Collectively, these findings support that 264 

cfp-1 interacts with HDAC1/2 complexes and the interaction is independent of SET-2. 265 

We sought to investigate the functional link between cfp-1 and HDAC1/2 complexes. One of 266 
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the main functions of HDAC1/2 complexes is histone deacetylation, so we asked if the 267 

inhibition of HDAC1/2 deacetylase enhances the low brood phenotype of cfp-1(tm6369) and 268 

set-2(bn129) mutant or not. We treated the cfp-1(tm6369) worms with Trichostatin A (TSA). 269 

TSA is a chemical that inhibits class I/II histone deacetylase and TSA treated cells have a 270 

significant gain in histone acetylation [60]. TSA is a toxic chemical, thus we used 4 uM which 271 

is an established non-toxic dose for C. elegans [61]. We found that the average brood size of 272 

wild-type and set-2(bn129) mutant were not affected. In contrast, the brood size of cfp-273 

1(tm6369) mutant was slightly but significantly reduced (Figure 4D). This further confirms the 274 

genetic interaction between cfp-1 and HDAC1/2 and provide the functional link between cfp-275 

1 and HDACs.  276 

 277 

cfp-1 and set-2 independently regulate fertility and growth 278 

 279 
We did not observe any genetic interaction between set-2 and tested HDACs, but we found a 280 

clear genetic interaction between cfp-1 and HDAC1/2 complexes. This finding suggested that 281 

cfp-1 and set-2 might act in separate pathways to regulate fertility. To investigate this, we 282 

generated cfp-1(tm6369);set-2(bn129) double mutant and measured the brood size. If both cfp-283 

1 and set-2 act in a similar pathway, then the average brood size of double mutants should be 284 

similar to single mutants. Interestingly, we found that the average brood size of cfp-285 

1(tm6369);set-2(bn129) double mutant was significantly lower than the average brood size of 286 

cfp-1(tm6369) and set-2(bn129) single mutants (Figure 5A). This clearly suggests that cfp-1 287 

and set-2 act in separate pathways or even in separate molecular complexes to regulate fertility.  288 

We also carried out growth kinetics of cfp-1(tm6369);set-2(bn129) double mutant and 289 

compared to cfp-1(tm6369) and set-2(bn129) single mutants. We found that the double mutant 290 

grows slower compared to single mutants (Figure 5B). Taken together, these findings suggest 291 
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that even though cfp-1 and set-2 are key subunits of COMPASS complex, they act in separate 292 

pathways or in separate molecular complexes in C. elegans development.  293 

 294 

  295 
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Discussion 296 

 297 

Over the past decade, various research groups have emphasized the importance of CFP-1 in 298 

cell fate specification and cell differentiation. However, the contribution of CFP1 to gene 299 

regulation is not fully understood. In this study, we set out to elucidate the impact of the loss 300 

of CFP-1 on gene induction and development by using cfp-1(tm6369) and set-2(bn129) C. 301 

elegans mutants. Phenotypic characterisation of cfp-1(tm6369) and set-2(bn129) mutants 302 

suggests that CFP-1 and SET-2 play an important role in fertility and development of C. 303 

elegans. We found that in cfp-1(tm6369) and set-2(bn129) mutants, the induction of heat and 304 

salt-inducible genes were significantly higher than the wild-type. The similar function of CFP-305 

1 and SET-2 in fertility and in gene induction supports that CFP-1 function in a COMPASS 306 

complex. However, we also found that CFP-1 and SET-2 act in separate pathways or possibly 307 

on separate molecular complexes to regulate fertility. Furthermore, we found that CFP-1 but 308 

not SET-2 genetically interacts with HDAC1/2 complexes to regulate fertility. These findings 309 

suggest a function of CFP-1 outside of the Set1/COMPASS complex. We propose that CFP-1 310 

could interact with the COMPASS complex and the HDAC1/2 complexes in a context-311 

dependent manner (Figure 6).  312 

CFP-1 and SET-2 are major subunits of the COMPASS complex responsible for bulk 313 

H3K4me3 [20, 21, 35]. Here, we observed that loss of function of CFP-1 or SET-2 results in a 314 

dramatic reduction of the H3K4me3 level. We also observed the hyper-induction of salt and 315 

heat-inducible genes following the loss of function of CFP-1 or SET-2. The observed hyper- 316 

induction could be due to an increase in chromatin accessibility in the loss of H3K4me3. This 317 

could be supported by the fact that in yeast H3K4me2/3 repress GAL1 gene induction by 318 

recruiting histone deacetylase complex called RPD3S [17]. Recruited RPD3S could promote 319 
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chromatin compaction by deacetylation of nearby histones. Similarly, another study suggests 320 

that H3K4me3 acts as a memory to repress the GAL1 reactivation by recruiting Isw1 ATPase 321 

which limits the RNA polymerase II activity [62]. In this study, it was observed that CFP-1 322 

genetically interacts with HDAC1/2 complexes in C. elegans development. In addition to DNA 323 

binding domain, mammalian CFP-1 also contains a PHD domain that binds to H3K4me3 [31, 324 

34]. The PHD finger could also be conserved in C. elegans CFP-1, and CFP-1 may bind to 325 

H3K4me3via its PHD domain and helps in the recruitment of the HDAC complex at the 326 

promoter region. HDACs recruited to H3K4me3 sites could deacetylate the nearby histone to 327 

establish the repressive chromatin state. Thus, restricting the binding of transcription factors 328 

such as HSF-1.    329 

Alternatively, CFP-1 and SET-2 may play an important role in maintaining the structure of 330 

chromatin and in the loss of CFP-1 or SET-2 results in increase in chromatin accessibility. 331 

Therefore, in the loss of function of CFP-1 or SET-2, rate of recruitment of HSF-1 or other TFs 332 

could increase. It is also possible that CFP-1 and SET-2 may play a role in the activation of 333 

stress-inducible genes such as HSF-1 genes. For example, during heat stress, HSF-1 is activated 334 

and translocated into the nucleus. CFP-1 and SET-2 might restrict the nuclear localisation of 335 

HSF-1. Thus, in the loss of function of CFP-1 or SET-2, the rate of nuclear translocation of 336 

HSF-1 could have increased, leading to increased gene expression. Another plausible 337 

explanation for the observed hyper induction in the mutants is that CFP-1 and SET-2 could 338 

contribute to gene induction by altering the regulation of RNA polymerase II (Pol II) pausing. 339 

Paused Pol II is found in the promoter of hsp genes, and are primed for transcription activation 340 

in response to a stimulus [63]. CFP-1 and SET-2 could act as regulators to maintain paused Pol 341 

II in the promoter regions and prevent the burst of transcription.  342 

 343 
In previous studies, it has been suggested that CFP-1 and SET-2 helps in the maintenance of 344 
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germ cell integrity and loss of function of CFP-1 or SET-2 results in increased expression of 345 

somatic genes in the germ cells [19, 35, 64]. Furthermore, loss of function of SET-2 or CFP-1 346 

results in a downregulation of genes involved in reproduction and embryonic development 347 

[65]. Here we observed significant reduction in the average brood size of the cfp-1(tm6369) 348 

and the set-2(bn129) mutants. The observed reduction in the brood size of both the mutants 349 

could be due to the downregulation of genes that are required for fertility and reproduction.  350 

Reduced fertility and slow growth phenotype of cfp-1(tm6369) and set-2(bn129) mutants 351 

suggest that CFP-1 and SET-2 could act in same pathway to regulate the fertility and 352 

development in C. elegans. Surprisingly, we observed that the brood size of the cfp-353 

1(tm6369);set-2(bn129) double mutant was significantly lower than single mutants suggesting 354 

that CFP-1 and SET-2 might act in different pathways or in molecular complexes to regulate 355 

fertility and development. Additionally, we observed that loss of key subunits of HDAC1/2 356 

complexes resulted in a synergistic reduction of average brood size of the cfp-1(tm6369) 357 

mutant but not of set-2(bn129) mutant. Observed synergistic reduction in the brood size of cfp-358 

1(tm6369) mutant upon RNAi of key subunits of HDAC1/2 complexes could be due to 359 

misregulation of genes involved in fertility. It is possible that CFP-1 together with SET-2, 360 

regulate the expression of some set of genes involved in fertility and development, and CFP-1 361 

together with HDAC1/2 complexes, regulate the other set of genes involved in fertility. 362 

Recently, it has been observed that loss of function of  SET-2, SIN-3 and CFP-1 results in a 363 

downregulation of genes involved in reproduction and embryonic development. Also, some 364 

sets of genes are mis-regulated only in cfp-1 and set-2 mutants, and some are only in cfp-1 and 365 

sin-3 mutants [65].  366 

In previous studies it has been observed that CFP-1, but not SET-2, can suppress the synthetic 367 

multivulva phenotype in C. elegans [21, 64, unpublised data]. Similary, in yeast, it has been 368 



 

 

17 
 

observed that Spp1 (yeast ortholog of cfp-1) exist in the Mer2-Spp1 complex [66]. This 369 

suggests that CFP-1 can also exist in other molecular complexes and function independent of 370 

SET-2/COMPASS complex. Here we observed that CFP-1 but not SET-2 interacts genetically 371 

with HDAC1/2 complexes to regulate fertility. Recently, it has been suggested that CFP-1 is 372 

present in Sin-3/HDAC complexes in C. elegans [65]. It is possible that CFP-1 is also present 373 

in other HDAC1/2 complexes (CHD-3 and SPR-1).  374 

Similar function of CFP-1 and SET-2 in gene induction and H3K4me3 modification suggest 375 

that CFP-1 function within SET-2/COMPASS complex. The observed SET-2 independent 376 

interaction of CFP-1 with HDAC1/2 complexes suggests that CFP-1 can exist in HDAC1/2 377 

complexes. Based on these finding, we propose that CFP-1 could interact with Set1/COMPASS 378 

and/or HDACs complexes in a context-dependent manner (Figure 6). 379 

 380 

Materials and methods 381 

Strains and their Maintenance 382 

 383 

The following strains were used for experimental purpose. N2(wild-type), set-2(bn129), cfp-384 

1(tm6369), mys-4(tm3161), set-2(bn129);mys-4(tm3161), cfp-1(tm6369);mys-4(tm3161), cbp-385 

1(ku258), rmIs288, cfp-1(tm6369);rmIs288, set-2(bn129);rmIs288, kbIs5[gpdh-1p::GFP+rol-386 

6(su1006)], cfp-1(tm6369);kbIs5, cfp-1(tm6369);kbIs5,  spr-1(ok2144), set-2(bn129);spr-387 

1(ok2144), cfp-1(tm6369);spr-1(ok2144), sin-3(tm1276), set-2(bn129);sin-3(tm1276), and 388 

cfp-1(tm6369);sin-3(tm1276). Worms were maintained at 20 °C unless stated at standard 389 

growth condition. They were grown on Escherichia coli OP50 seeded Nematode Growth 390 

Medium (NGM) petri plates.  391 

 392 
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Western Blot 393 

Embryos obtained from bleached adult worms were transferred in 15 ml Falcon tubes 394 

containing 10 ml of M9 buffer. Tubes were left on a shaker overnight at 20 °C to obtain starved 395 

L1 worms. Starved L1 (3.2-3.5 x103) worms were pelleted in M9 buffer and snap-frozen at 396 

−80 °C. Pellets were recovered in lysis buffer (50 mM Tris-Cl (pH 8), 300 mM NaCl, 1 mM 397 

PMSF, 1 mM EDTA, 0.5% Triton X-100 and protease inhibitor cocktail (Xiao et al., 2011). 398 

These worms were sonicated at 20% amplitude for 5-10 seconds, this step was repeated two 399 

times. Lysed samples were centrifuged at 12,000 rpm for 15 minutes at 4 °C, and supernatants 400 

were collected. Protein concentration in the supernatant was measured by the Bradford method. 401 

These samples were resolved on SDS-PAGE where 50 µg of total protein was loaded in each 402 

well. The protein was transferred to the nitrocellulose membrane using BioRed western blot 403 

system at 25V, 1 A for 1 h. The membrane was cut into two parts based on the molecular 404 

weight of tubulin ~50 kDa, and Histone3 ~15 kDa. Membranes were incubated with 5% non-405 

fat milk in TBST (Tris-buffered saline, 0.1% Tween 20) for 1 h and subsequently incubated 406 

overnight at 4 °C with 1:5,000; anti-H3K4me3, 1:5,000; anti-H3 or 1:5,000; anti-tubulin 407 

antibodies. The membrane was washed twice with TBST and incubated with 1:5,000 dilutions 408 

of HRP-linked secondary antibodies. After incubation with the secondary antibody, the 409 

membrane was washed thrice with TBST for 10 min. After the wash step, the membrane was 410 

developed by super signal west pico plus chemiluminescent substrate (Thermo Scientific) and 411 

imaged using Alliance Q9 advanced gel imager (Uvitec, Cambridge). Since H3 and H3K4me3 412 

were of similar molecular weight, we loaded the same samples (same amount) in two different 413 

wells of the same gel. We used one set of samples for H3 detection and another for H3K4me3 414 

detection. H3 and tubulin were used as loading controls. The following antibodies were used 415 

for western blot analyses: mouse monoclonal anti H3K4me3 (Wako chemicals), polyclonal 416 

rabbit anti-total H3 (Abcam) and mouse monoclonal anti-tubulin (Sigma). 417 



 

 

19 
 

 418 

Brood size assay 419 

For brood size at 20 °C, either ten L4 worms were picked and transferred to an individual plate, 420 

or 3-5 L4 larvae per plate were picked onto two to three plates. Worms were transferred onto 421 

new plates every day or every other day until laying ceased. Old plates were counted for a total 422 

number of eggs and were stored at 20 °C for ~24-48 h and subsequently scored for the number 423 

of live progeny. Animals that crawl out of the plates and lost were not included (Xiao et al., 424 

2011).  425 

For Brood size at 25 °C, twenty L4 worms were picked from 20 °C and transferred to new 426 

OP50 seeded plates. They were allowed to lay eggs for overnight at 25 °C. Next day, all mother 427 

worms were picked and transferred to new plates and left for 5-6 h. Mothers from new plates 428 

were removed, and eggs were allowed to reach L4 at 25 °C. From the new plate, ten L4 worms 429 

were picked and transferred to an individual plate. Worms were transferred into new plates 430 

every day or every other day until they stop laying. Old plates were counted for a total number 431 

of eggs on plates and were stored at 25 °C for ~24-48 h and subsequently scored for the number 432 

of live progeny. For the Mrt assay, brood size of subsequent generation at 25 °C was assayed. 433 

Animals that crawled out of the plates and lost were not included.  434 

 435 

Student T-tests were performed to investigate the potential interaction between the two genes. 436 

Under null hypothesis, where no genetic interaction between two genes is assumed, the 437 

expected brood size of the double mutants (or RNAi knockdown of a gene in a single mutant) 438 

is the product of the brood size of the single mutants (or single mutant and the RNAi 439 

knockdown of the gene in a wild-type) divided by the average brood size of wildtype. A one-440 
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sided T-test is done to compare the expected (under null-hypothesis) brood size with the 441 

observed brood size of double mutants (or RNAi knockdown of a gene in a single mutant). 442 

 443 

 444 

 445 

Growth Kinetics assay 446 

Twenty-forty synchronised L4 worms were picked from 20 °C and transferred to new OP50 447 

seeded plates. They were allowed to lay eggs for overnight at 20 °C. Next day, all mother 448 

worms were picked and transferred to new plates to lay eggs and left for 5-6 h. Mothers from 449 

the new plates were removed, and eggs were left to grow for 60 or 68 h. After the respective 450 

time, worms were transferred to the tubes, washed twice with M9 buffer, frozen in methanol 451 

for 1 h at -20 °C. After 1 h, worms were washed twice with M9 buffer and stained with 1 ng/mL 452 

DAPI for 10 min. After staining, worms were washed three times with M9 and transferred in 453 

to microscope slides. Worms were visualized by fluorescence microscopy. We scored the 454 

development stage of the worms using gonad structure. 455 

 456 

Heat shock experiment 457 
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For reporter assay, synchronized first-day young adult worms grown at 20 °C were heat 458 

shocked at 35 °C for 1 h and left to recover for 4 h. Worms were observed using an RFP filter 459 

on a Leica MZ10 F fluorescence microscope for the expression of mCherry. For qPCR, 460 

synchronized first-day young adult worms (n=130-150) grown at 20 °C were heat shocked at 461 

33 °C for 1 h. After heat shock worms were collected, washed three times with M9 and snap 462 

frozen at -80 °C.  463 

 464 

Salt induction experiment 465 

 466 

For reporter assay, starved L1-stage worms were placed on NGM plates containing 52 mM and 467 

150 mM NaCl. After 72 h worms were observed under a fluorescence microscope for the 468 

expression of GFP. For qPCR, starved L1-stage worms (n=130-150) were placed on NGM 469 

plates containing 52 mM and 150 mM NaCl. After 72 h worms were collected, washed three 470 

with M9 and snap frozen at -80 °C.  471 

 472 

RNAi Screening 473 

 474 

Indicated RNAi clones were streaked on plates containing ampicillin (100 ȝg/mL) and 475 

tetracycline (100 ȝg/mL) and incubated overnight at 37 °C. The overnight culture was 476 

inoculated in a 2ml LB with ampicillin (100 ȝg/mL) and incubated for 6-8 h at 37 °C in a 477 

shaking incubator. The grown bacterial culture was seeded on a dried NGM plate containing 478 

1mM IPTG and 100 ȝg/mL ampicillin. Seeded plates were dried at room temperature then 479 

incubated for 24 h at 37 °C. To all RNAi experiment except for hda-1, L1 worms were spotted 480 
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on RNAi plates, and their progeny(F1) were used for the experiments. For hda-1 RNAi, spotted 481 

L1 (P0) were used for all the experiments.   482 

 483 

RNAi sensitivity assay 484 

Three L3/L4 (P0) worms are transferred from OP50 seeded plates to EV, dpy-10, unc-15 and 485 

hmr-1 RNAi plates. Worms are left to grow for 48 hours before being transferred to fresh RNAi 486 

plates. After 24 hours the worms are transferred again to a fresh RNAi plate. Brood size is 487 

counted for each plate, and the sum is divided by three to give average brood size of the worm 488 

as a control. The severity of phenotype in dpy-10 RNAi was assessed by comparing the body 489 

length of mutant worms (F1) with wild-type (F1) in dpy-10 RNAi. For unc-15, a number of 490 

adult worms (F1) that are able to move their body are counted. For hmr-1, the percentage of 491 

dead eggs was measured. 492 

 493 

Fertility assay of TSA treated worms 494 

 495 

NGM plates containing 4 µM Trichostatin A (TSA) or Dimethyl sulfoxide (DMSO) were 496 

prepared. OP50 containing 4 µM TSA or DMSO was spotted on respective plates. L1(P0) 497 

worms were transferred into TSA or DMSO plates and incubated at 20 °C. Either ten L4 worms 498 

were picked and transferred to an individual plate, or 3 L4 worms per plate were picked in 499 

three TSA or DMSO plates. Fertility was assayed at 20 °C.   500 

 501 

 502 

RNA extraction and qPCR 503 
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RNA was extracted using Direct-zol RNA miniprep. Extracted RNA was reverse transcribed 504 

to obtain cDNA using iScript cDNA synthesis kit (Bio-Rad). qPCR was performed with 505 

SYBR® Green (Biorad). Fold change in (C12C8.1, F44E5.4 and hsp-16.2) heat shock genes 506 

and gpdh-1(salt inducible gene) was measured using 2−ǻǻCt formula. tba-1 and pmp-3 were 507 

used as a reference gene to calculate the fold change. Fold change was calculated by 508 

normalizing the heat shocked or salt treated worms to control untreated worms. Fold change of 509 

mutants relative to wild-type were presented on the graph. qRT-PCR was performed on three 510 

biological replicates. 511 

  512 
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Figures legends 694 

 695 

 696 

 697 

Figure. 1 cfp-1(tm6369) is a loss of function allele. (A) Diagrammatic representation of the 698 

cfp-1(tm6369) allele. 254 bp encompassing exon 5 (F52B11.1a.1) and part of the intron 699 

upstream and downstream region is deleted. The deleted region is indicated by the dashed 700 

line. Black colour denotes the exon and grey colour denotes the CpG binding domain. (B) 701 

Western blot analysis showing the reduced level of H3K4me3 in cfp-1(tm6369) and set-702 

2(bn129) mutants compared to wild type. Histone 3 (H3) and tubulin were used as a loading 703 

control. This figure is representative of one biological replicate. (C and D) Total brood size 704 

assay for wild-type (grey), cfp-1(tm6369) (blue) and set-2(bn129) (red) mutants. (C) The 705 

average brood size of cfp-1(tm6369) and set-2(bn129) mutants was significantly reduced 706 

compared to wild-type at 20 °C. For the figure, two biological replicates were combined 707 

(n=10 in each replicate). (D) Fertility was severely compromised at 25 °C, and 70% of cfp-708 

1(tm6369) and set-2(bn129) mutants were sterile. For the figure, two biological replicates 709 

were combined (n=10 in each replicate). (E) Mortal germline phenotype assay of cfp-710 

1(tm6369) and set-2(bn129) mutants. cfp-1(tm6369) mutant was completely sterile at F2 711 

generation. For the figure, two biological replicates were combined (n=10 in each replicate). 712 
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(F) Developmental progress of cfp-1(tm6369), set-2(bn129) and wild-type embryos 713 

monitored after 60 h at 20 °C. cfp-1(tm6369) and set-2(bn129) mutants displayed stochastic 714 

delays in development from an embryo into a young adult. The figure is average of two 715 

independent experiments (n > 30 per strain in each experiment. Combined number of animals 716 

from two replicates: WT(172), cfp-1(tm6369) (101), set-2(bn129) (137)). P-values were 717 

calculated using the student t-test: ** = P<0.01. 718 

  719 
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 720 

 721 

 722 

 723 

Figure 2. Loss of cfp-1 or set-2 results in stronger expression of inducible genes. (A) The 724 

VP198 (gpdh-1p::GFP) strain contains GFP downstream of a gpdh-1 promoter which is 725 

expressed in worms when shifted to a higher concentration of salt (150 mM). (B) Table 726 

showing the percentage of GFP positive and negative worms. L1 worms were grown at 727 

hypertonic conditiosn (150 mM) for 72 h. Higher percentage of COMPASS mutants show 728 

stronger GFP induction compared to kbls5 in a wild-type background. This experiment has 729 

been repeated, and similar result was observed (n>30 per strain in each replicate). (C) qPCR 730 

of the gpdh-1 transcript at hypertonic condition (150 mM) in wild-type (grey), cfp-1(tm6369) 731 

(blue) and set-2(bn129) (red) mutants. gpdh-1 expression level is higher in cfp-1(tm6369) and 732 

set-2(bn129) mutants relative to wild-type treated to higher salt concentration. pmp-3 and tba-733 

1 genes were used for normalisation. The figure is average of 3 biological replicates (n=130-734 
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150 in each replicate). (D) The AM722 (hsp70p::mCherry) strain contains an mCherry reporter 735 

gene downstream of an hsp-70 promoter which is expressed during heat shock. (+) moderate 736 

expression, (++) stronger expression of mCherry. (E) Table showing the percentage of worms 737 

expressing mCherry. Worms were heat shocked at 35 °C for 1 h and left them to recover for 4 738 

h. COMPASS mutants show stronger mCherry induction compared to rmls288. This 739 

experiment has been repeated, and similar result was observed (n>25 per strain in each 740 

replicate). (F) qPCR of transcript of heat shock genes C12C8.1, F44E5.4 and hsp-16.2 in wild-741 

type (grey), cfp-1(tm6369) (blue) and set-2(bn129) (red) mutants before and after heat shock 742 

at 33°C for 1 h. C12C8.1, F44E5.4 and hsp-16.2 relative transcript levels are higher in cfp-743 

1(tm6369) and set-2(bn129) mutants compared wild-type heat shocked animals. pmp-3 and 744 

tba-1 genes were used for normalisation. The figure is average of 3 biological replicates 745 

(n=130-150 in each replicate). For figures C and F, statistics were done in delta Ct values. P-746 

values were calculated using the student t-test: **= P<0.01. Error bars represent ± standard 747 

error of the mean (SEM). 748 

 749 

 750 
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 751 

Figure 3: cfp-1 genetically interacts with class I HDAC but not with HATs to regulate 752 

fertility. (A-C) Brood size assays showing no genetic interactions between cfp-1 and HATs 753 

using RNAi knockdown. A multiplicative method was used to identify whether two genes 754 

interact to regulate fertility or not. (A) Brood size of wild-type (WT) (grey), cfp-1(tm6369) 755 

(blue) and set-2(bn129) (red) mutants upon hat-1 RNAi. For control, worms were fed on 756 

HT115 E. coli strain that has empty RNAi feeding vector (EV). RNAi knockdown of hat-1 did 757 

not have a significant impact on the brood size of cfp-1(tm6369) or set-2(bn129) mutants, as 758 

compared to the EV RNAi controls. Two replicates were combined for the figure (n=15 in each 759 

replicate). (B) Brood sizes of wild-type (grey), mys-4(tm3161) (grey), cfp-1(tm6369) (blue), 760 

set-2(bn129) (red), cfp-1(tm6369);mys-4(tm3161) (blue) and set-2(bn129);mys-4(tm3161) 761 

(red) mutants at 20 °C. The average brood size of cfp-1(tm6369);mys-4(tm3161) double mutant 762 

was reduced brood size compared to the single mutants. However, the difference in brood size 763 

is not synergistic (based on the Null hypothesis T-test). Two replicates were combined for the 764 

figure (n=10 in each replicate).  (C) Brood sizes of WT (grey) and cbp-1(ku258) (green) mutant 765 
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upon RNAi of EV, cfp-1 and set-2. Brood sizes of cbp-1(ku258) on RNAi of cfp-1 or set-2 was 766 

similar to EV. Two replicates were combined (n=9-10 in each replicate). (D and E) Brood size 767 

assays showing genetic interactions between cfp-1 and class I HDACs using RNAi knockdown. 768 

(D) Average brood size of wild-type (grey), cfp-1(tm6369) (blue) and set-2(bn129) (red) 769 

mutants upon hda-1 RNAi. hda-1 RNAi resulted in a higher percentage of embryonic lethality 770 

at F1, so fertility was assayed at P0. RNAi knockdown of hda-1 resulted in a reduction in brood 771 

size in both wild-type and cfp-1(tm6369) and set-2(bn129) mutants. Null hypothesis t-test 772 

(refer to the methods section) showed a synergistic interaction between hda-1 and cfp-1 but not 773 

set-2. Three biological replicates were combined the figure (n=10 in each replicate). (E) The 774 

average brood size on RNAi knockdown of hda-2 or hda-3 in wild-type (grey), cfp-1(tm6369) 775 

(blue) and set-2(bn129) (red) mutants. Brood size of cfp-1(tm6369) mutants was further 776 

reduced in these RNAi but had no significant impact on the brood size of set-2(bn129) mutant. 777 

Three biological replicates were combined for the figure (n=10-15 in each replicate) 778 

 779 

 780 
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 781 

Figure 4. Synergistic interaction between CFP-1 and HDAC1/2 complexes 782 

Brood size assays showing genetic interactions between cfp-1 and class 1/2 HDACs using 783 

RNAi knockdown (A), double mutants (B and C) and HDACs inhibitor (D). A multiplicative 784 

method was used to identify whether two genes interact to regulate fertility or not. For control, 785 

worms are fed on HT115 E. coli strain that has empty RNAi feeding vector (EV). (A) Average 786 

brood sizes of wild-type (grey), cfp-1(tm6369) (blue) and set-2(bn129) (red) mutants upon 787 

RNAi of sin-3 or spr-1 or chd-3. Brood size of cfp-1(tm6369) mutants was further reduced in 788 

these RNAi but had no significant impact on the brood size of set-2(bn129) mutant. Three 789 

biological replicates were combined for the figure (n=10-15 in each replicate) (B) Average 790 

brood size of sin-3(tm1276) mutants. cfp-1(tm6369);sin-3(tm1276) (blue) double mutant was 791 

sterile. Brood size of set-2(bn129);sin-3(tm1276) (red) was similar to the brood size of sin-792 

3(tm1276) (grey) showing no genetic interaction. Two biological replicates were combined for 793 

the figure (n=10 in each replicate). (C) Average brood size of spr-1(ok2144) mutants. Average 794 
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brood size of cfp-1(tm6369);spr-1(ok2144) (blue) mutant was significantly lower compared to 795 

single mutants, whereas the brood size of set-2(bn129);spr-1(ok2144) (red) mutant was similar 796 

to set-2(bn129) (red) mutant. Two biological replicates were combined for the figure (n=10 in 797 

each replicate). (D) Brood size of wild-type (grey), cfp-1(tm6369) (blue) and set-2(bn129) (red)  798 

mutants treated with control (DMSO) or Trichostatin A (TSA). Average brood size of cfp-799 

1(tm6369) mutant was slightly but significantly reduced when treated with TSA. Three 800 

biological replicates were combined for the figure (n=9-10 in each replicate). P-values were 801 

calculated using the one-tailed student t-test: ** = P<0.01, * = P<0.05.  802 

  803 
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 804 

 805 

Figure 5: cfp-1 and set-2 independently regulate fertility and growth. (A) Brood size of 806 

wild-type (grey), cfp-1(tm6369) (blue), set-2(bn129) (red) and cfp-1(tm6369);set-2(bn129) 807 

(green) mutants at 20 °C. The average brood size of cfp-1(tm6369);set-2(bn129) double mutant 808 

was significantly reduced compared to single mutants, however the difference in brood size is 809 

not synergistic (based on Null hypothesis T-test). Three biological replicates were combined 810 

for the figure (n=10 in each replicate). P-values were calculated using one-tailed student t-test: 811 

* = P<0.05. (B) Developmental progress of wild-type, cfp-1(tm6369), set-2(bn129) and cfp-812 

1(tm6369);set-2(bn129) embryo monitored at 68 h at 20 °C. cfp-1(tm6369);set-2(bn129) 813 

mutants grow slower than cfp-1(tm6369) and set-2(bn129) single mutants. The figure is 814 

average of two independent experiments (n>30 per strain in each experiment. Combined 815 

number of animals from two replicates: WT (129), cfp-1(tm6369) (73), set-2(bn129) (103) and 816 

cfp-1(tm6369);set-2(bn129) (171)).  817 

 818 

 819 
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 820 

 821 

Figure 6: Proposed model indicating that CFP-1 cooperates with SET-2/COMPASS 822 

and/or with HDACs in a context-dependent manner. Canonical function of CFP-1 is to 823 

recruit SET-2/COMPASS complex at promoter regions by binding into unmethylated CpG 824 

island. The non-canonical function of CFP-1: CFP-1 could also recruit HDAC complexes at 825 

promoter region to deacetylate the histones. Based on the physiological condition CFP-1 could 826 

either interact with the COMPASS complex or with HDAC complexes.  827 

 828 

  829 



 

 

39 
 

 830 


	cfp-1 and set-2 independently regulate fertility and growth
	Materials and methods
	Strains and their Maintenance

	Fertility assay of TSA treated worms
	Figure 3: cfp-1 genetically interacts with class I HDAC but not with HATs to regulate fertility. (A-C) Brood size assays showing no genetic interactions between cfp-1 and HATs using RNAi knockdown. A multiplicative method was used to identify whether ...
	Figure 4. Synergistic interaction between CFP-1 and HDAC1/2 complexes

