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Chapter 4: Molecular aging driven by the canonical Wnt 

signalling pathway: the role of the BAR-1/β-catenin in 

aging and development  
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Summary 

The canonical Wnt/β-catenin pathway is an important developmental pathway 

in all the multicellular organisms and very well conserved in Caenorhabditis elegans. 

The effects of this pathway during development are extensively studied but very little is 

known about its function during adulthood. Here we analyze the effects on the 

longevity of the weak allele bar-1(mu63) mutant and the gain-of-function hsp-

16.2pro::delNTBAR-1 mutant. We provide results that are consistent with a detrimental 

effect of this developmental signalling pathway on the longevity. By analyzing the 

transcriptome changes in the bar-1(mu63) mutant, we found that the Wnt signalling 

components are down-regulated, indicating that the signalling cascade activity is 

diminished in this mutant background. We further characterized the role of the 

canonical Wnt pathway in the age-regulation by comparing the global gene expression 

changes in the bar-1(mu63) mutant to other two Wnt mutants. We provide a set of 

genes that point to a molecular mechanism driven by the canonical Wnt pathway in the 

regulation of the aging process. 
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Introduction 

Several studies have linked the Wnt signalling pathway to aging 
72,73,115,117,126,176,177. Despite the increased knowledge about the functions mediated by 

this developmental pathway during adulthood, it is still unclear whether it mediates 

beneficial or detrimental effects on longevity 126,178. For example, in mice Wnt 

signalling activity has been linked to accelerated aging. Age-dependent increase in Wnt 

activity drives different aspects of the aging process such as the myogenic to fibrogenic 

conversion in skeletal muscle 72,73,117, the decrease in stem cell number and increased 

senescence 73,177. On the other hand, other studies have shown that Wnt mediates 

beneficial effects in mice brain tissue, where it preserves the hippocampal neurogenesis 

counteracting the cognitive decline 115,176. Using the nematode Caenorhabditis elegans, 

we previously reported that down-regulation of its five Wnt ligands can result in both 

extension and shortening of the lifespan 126, underscoring the dual role of the Wnt 

pathway in aging.  

In C. elegans, the canonical Wnt signalling is the most similar to the well-

described Wnt/β-catenin signalling pathway present in vertebrates. In the nematodes it 

utilizes the BAR-1/β-catenin, and its architecture is very well conserved. Similarly as in 

vertebrates, when the signal is absent, the BAR-1/β-catenin is continuously degraded 

after being targeted for proteosomal degradation by the destruction complex. The 

signalling cascade gets activated when a Wnt ligand binds to the Frizzled receptor and 

the LRP co-receptor. The binding results in the inhibition of the destruction complex 

and stabilization of BAR-1/β-catenin in the cytoplasm. Subsequently, BAR-1 migrates 

into the nucleus where it binds to the POP-1/TCF factor bound on the promoter regions, 

and together they activate the transcription of the target genes (Figure 1). 
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Figure 1: Wnt canonical pathway in C. elegans. Schematic representation of the 
canonical Wnt pathway with its major components. See the text for more details. 
 

During C. elegans development, the Wnt pathway participates in many 

biological processes including stem cell function, differentiation and cell migration 
87,179,180. Previous work showed that Wnt signalling regulates the expression of a genetic 

circuit of elt-5, elt-6 and elt-3 GATA transcription factors involved in C. elegans larval 

development83,84,162. Through a systems biology approach, it has been shown that this 

GATA circuit persists past development and that it is functionally relevant in age-

regulation 82. Expression of elt-5 and elt-6 increases in old age, leading to a parallel 

decrease of elt-3 expression, which results in expression changes of many downstream 

target genes. The expression dynamics of elt-5/6/3 is not affected by the damage or 

environmental stress 82,159 thus leaving the possibility that the same regulators acting 

during development, namely Wnt signalling, keep on controlling this circuit during 

aging.  

Although its functions are very well studied during development, very little is 

known about possible functions of Wnt signalling in age-regulation. In this work we 

investigate the role of the Wnt canonical pathway in aging by analyzing the role of 

BAR-1/β-catenin, the central protein of this pathway. We show that BAR-1 regulates 
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elt-5/elt-3 GATA transcription factors past development, possibly indicating a 

developmental drift in the context of this genetic circuit. We analyze the effect of 

several mutations in bar-1/β-catenin and demonstrate a direct link between BAR-1/Wnt 

pathway activity and longevity in C. elegans. Finally, by analyzing the global gene 

expression changes mediated by this β-catenin, we provide sets of genes and pathways 

that may play a relevant role in the age-regulation driven by the canonical Wnt 

signalling pathway.  

  



Chapter 4 

 96 

Material and methods 

 

C. elegans strains used in this study 

N2: C. elegans wild isolate 

CF376: bar-1(mu63)X 

KN53: hsp-16.2pro::delNTBAR-1 

EW15: bar-1(ga80)X 

WM74: wrm-1(ne1982)III 

MT5383: lin-44(n1972)I 

 

Analysis of Lifespan  

Lifespan analyses were conducted at 15 or 20°C as previously described 78. At least 100 

worms were used for each experiment. The heat-shock treatment to induce BAR-1 

expression in hsp-16.2pro::delNTBAR-1 mutant was performed on day 1 of adulthood 

as follows: 30 minutes at 33˚C, 2 hours at 20˚C followed by another 30 minutes at 

33˚C. The animals were then shifted back again to 20˚C and kept at this temperature for 

the rest of the assay. Age refers to days in adulthood, 24h past the L4 larval stage. P-

values were calculated using the log-rank (Mantel-Cox) method 133 in Prism 6 software.  

 

RNA extraction and qRT-PCR analysis 

The animals were synchronized by hypochlorite treatment. Worms were harvested on 

day 2 of adulthood and total RNA was extracted using Trizol and Direct-zol RNA 

MiniPrep Kit (Zymo Research, Cat #R2052) according to the manufacturer’s 

instructions. 80 ng of total RNA per reaction were used for the quantitative real-time 

PCR (qRT-PCR) analysis, performed in triplicate with Power SYBR Green RNA-to-Ct 

1-Step Kit (Applied Biosystems, Foster City, CA, USA, Part #4389986), according to 

the manufacturer’s instructions. Vector pD4H1 containing mCherry sequence was used 

to build a standard curve for absolute quantification. The primers used: 

mCherry-Fw AGGGTTTTAAGTGGGAACGC 

mCherry-Rev GCATAACAGGTCCATCC 

elt-5 –Fw CGTTGGTGAGCTGTTGAGAA 

elt-5 – Rev CGTTGGTGAGCTGTTGAGAA 

elt-3 –Fw CATCAGCAAGAAATGCTCCA 
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elt-3 – Rev CGTTGGTGAGCTGTTGAGAA 

 

High-throughput sequencing 

Multiplexed single-end mRNA-seq libraries were sequenced for 50 cycles using 

Illumina HiSeq 2000 according to the manufacturer’s instructions. Sequencing, image 

analysis, base calling and quality scoring were performed with a standard Illumina 

pipeline by the Baseclear B. V. (Leiden, Netherlands). 

 

Processing of mRNA-seq reads and differential expression analysis.  

Reads were aligned to the C. elegans genome with the TopHat (v2.0.4) software 

package 163 using known gene model annotations (WS220). Transcript abundance 

(FPKM, fragments per kilobase of transcript per million fragments) and differential 

expression were calculated using Cuffdiff (v2.0.2) included in the Cufflinks software 

package 163. All conditions/samples were analyzed in biological duplicate or triplicate. 

Statistically significant differentially expressed genes (DEGs) were identified using a 

5% FDR. Differential gene expression values were calculated as the ratio of FPKM 

values. To test for significant overlap between gene lists the hypergeometric test was 

used (phyper R function). Unexpressed genes having a FPKM of 0 in any of the 

samples were removed from analysis. Analysis and visualization of the differential 

expression data were performed with the R software package using cummerbund library 

(version 2.0). 
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Results 

Effect of BAR-1/β-catenin on elt-5/elt-3 GATA transcription circuit 

During embryonic and larval development, the asymmetry Wnt signalling 

pathway is known to drive the expression of the elt-5 GATA transcription factor 83,85. 

We have shown that the expression of elt-5 GATA increases during aging and it drives 

the decrease of elt-3 expression. BAR-1 is the β-catenin functioning in the canonical 

pathway of C. elegans. We hypothesized that canonical Wnt signalling, through BAR-

1/β-catenin, regulates elt-5/elt-3, and possibly others genes past development affecting 

the longevity outcome (Figure 2A). To test this hypothesis, we measured the expression 

of the elt-5 and elt-3 GATA factors in the BAR-1 mutant background. Among the wide 

variety of well characterized bar-1 mutants we found two C. elegans strains carrying a 

bar-1 mutation alone. The first mutation, bar-1(ga80) (strain EW15), is predicted to 

produce a truncated form of the protein at amino acid 97 (the total wild type length is 

811 amino acids). This mutation results in only 40% of the animals being wild type and 

several developmental defects can sometimes be observed in vulval precursor cells, 

neuroblast QL and P12 cell 181,182. In addition, this mutant has been previously reported 

as short-lived, possibly because of its strong loss-of-function resulting phenotype 119. 

The second mutation, bar-1(mu63) (strain CF376), is characterized by a C/T 

substitution at position 39108 183. This mis-sense mutation is predicted to cause a 

G524D mutation that results in a weaker allele of bar-1 147. The bar-1(mu63) animals 

are morphologically wild type, without any visible developmental defects. Moreover, 

compared to other bar-1 mutants, bar-1(mu63) carries no defects in reproductive 

capabilities (data not shown), Therefore we chose this mutant for our analysis. We 

measured by qPCR the expression of the two aforementioned GATA transcription 

factors on day 2, and found that in adulthood the bar-1(mu63) animals show a lower 

level of elt-5 and a parallel increase of the elt-3 expression level (Figure 2B). We 

reasoned that if this regulation depends on the BAR-1 upstream activity, an over-

activation of this β-catenin should display an opposite expression profile. To test this 

idea we used a previously characterized gain-of-function variant of BAR-1 expressed 

from the heat shock promoter (hsp-16.2pro::delNTBAR-1) 184. The BAR-1/β-catenin 

contains in its amino terminal region the regulatory phosphorylation sites recognized by 

GSK3β 185. Deletions of this region generate a truncated version of the protein that is no 

longer degraded in the cytoplasm, and constitutively activates the Wnt-regulated target 
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genes 186. Over-expression of such BAR-1 variant leads to a Wnt gain-of-function 

phenotype in C. elegans, and it also activates the transcription of genes normally 

dependent on SYS-1/POP-1 for full expression 161. We over-expressed BAR-1 on the 

first day of adulthood and analyzed the expression levels approximately 24h later. As 

expected, the over-expression caused an increased in the expression of elt-5. We also 

observed a decrease of elt-3 expression compared to the control animals, although the 

effect did not reach statistical significance. (Figure 2C). A possible explanation to this 

observation is that 24h after the induction of BAR-1 is a sufficient time to score a 

significant effect on elt-5 expression (direct target of Wnt), but not on elt-3 (target of 

elt-5). We did not test other time points, so more work is needed to answer this 

question. To show that this regulation does not depend on the heat shock treatment used 

to induce BAR-1, we exposed the N2 (wild type) animals to the same conditions and 

observed that in the wild type background the heat shock treatment does not cause any 

change in the expression of the two GATA genes (Figure 2D). These results indicate 

that BAR-1/β-catenin affects the elt-5/elt-3 GATA transcription circuit during aging.  

 

 

Figure 2: The elt-5/elt-3 GATA expression level in BAR-1 mutant background. (A) 
Schematic representation of the hypothesis. Wnt canonical pathway through BAR-1/β-
catenin affects the longevity, regulating the elt-5/elt-3 GATA transcriptional circuit and 
other genes. (B) Expression levels of elt-5 and elt-3 in the bar-1(mu63) mutant. (C) 
Expression levels of elt-5 and elt-3 following the over-expression of BAR-1. (D) Heat 
shock treatment in the wild type animals does not affect the expression of either elt-5 or 
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elt-3. All the measurements were carried out on day 2 of adulthood. *= p-value (t-test) 
< 0.05 
 
BAR-1 affects the life span in Caenorhabditis elegans 

Our experiments indicate that the elt-5/elt-3 transcription factors are regulated 

by BAR-1 post developmentally. Our model predicts that decreased Wnt signalling 

would prolong the life span, so we decided to test the longevity of the bar-1(mu63) 

animals. We performed the experiment multiple times at different temperatures and 

found that the bar-1(mu63) mutants live on average 28.5% longer compared to the wild 

type animals (Figure 3A). In addition, we also confirmed the impaired survival of the 

bar-1(ga80) mutant as previously reported (Supplemental Table 1).  

We next analyzed the life span changes in the gain-of-function phenotype. In 

order to do this, we used a heat shock exposure (30 minutes at 33°C) to induce the 

delNTBAR-1 expression on day 1 of adulthood. As, predicted, the exposed worms lived 

significantly shorter than the unexposed (Figure 3B - dashed lines). This can not be 

ascribed to the heat shock treatment since the N2 worms in the same experimental set 

up lived longer (Figure 3B – solid lines). These experiments suggest that bar-1/β-

catenin is one of the important regulators of longevity, and its function is detrimental 

for the worm’s survival. 

 

 

Figure 3: Effect on the life span of BAR-1. (A) The bar-1(mu63) mutants at 20˚C 
lives on average 30% longer than the wild type. p value (Mantel-Cox test) < 0.0001. (B) 
The bar-1 gain-of-function decreases the median lifespan of 23%; p value (Mantel-Cox 
test) < 0.0001. The heat-shock treatment caused an increase in median lifespan of 30% 
in the wild type animals; p value (Mantel-Cox test) < 0.0001. Hs, heat shock. 
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Analysis of gene expression changes in the bar-1(mu63) mutant 

These results indicate that BAR-1 is active past development; it regulates the 

elt-5 and elt-3 GATA transcription factors and it affects the longevity of the nematodes. 

To identify the genes and the biological processes affected by the canonical Wnt 

pathway, we performed a transcriptome analysis of the bar-1(mu63) mutants. We 

analyzed three time points: L2 and L4 larval stages, and day 2 of adulthood; and we 

found 218 differentially expressed genes in L2 (90% up and 10% down-regulated), 

1536 in L4 (51% up and 49% down-regulated), and 286 on day 2 (49% up and 51% 

down-regulated) (Figure 4A-B). We hypothesized that the canonical pathway regulates 

in aging the same genes it regulates during development, so to test this idea we 

compared the three datasets to each other to see whether the differentially expressed 

genes remain the same during these processes. However, we found only 35 genes in 

common, indicating that the targets of the Wnt signalling change over this time frame 

(Figure 4C). These genes are largely uncharacterized transcripts, and together they do 

not regulate a specific pathway (Supplemental Table 2); however, the gene ontology 

analysis revealed that they function in a cluster related to larval development and 

growth.  

 

Figure 4: Transcriptome analysis of the bar-1(mu63) mutant. (A) Volcano plots 
demonstrating the gene expression changes in the bar-1(mu63) mutant, on L2, L4 larval 
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stages, and day 2 of adulthood. (B) Venn diagram for the three datasets (C). Heat map 
and (D) Functional annotation analysis of the 35 genes in common. 
 
The bar-1(mu63) mutant results in the decreased activity of the Wnt signalling 

Previous work showed that the short-lived bar-1(ga80) mutant is characterized 

by an increased expression of the other three β-catenins, which might imply a general 

activation of the Wnt pathway 187. According to our model, the life span extension 

observed in the bar-1(mu63) mutant is due to a general decreased Wnt signalling 

activity. We used two approaches to evaluate whether in the bar-1(mu63) mutant during 

aging the Wnt signalling is diminished.  

First, we checked the expression levels of the components involved in the 

signalling cascade in our ‘aging’ dataset. As previously reported for the bar-1(ga80) 

mutant, we also observed an increased expression of the other three β-catenins (wrm-1, 

sys-1 and hmp-2), and one component of the MAP kinase cascade (lit-1). Also one Wnt 

ligand (mom-2) showed an increased expression in the mutant whereas the others were 

down-regulated (lin-44, cwn-1 and cwn-2) or did not show any change in expression 

(egl-20). However, none of the known Wnt targets is differentially expressed in the bar-

1(mu63) mutant, with the exception of ceh-13 which is down-regulated (Supplemental 

Table 3). In addition, we found gsk-3 and kin-19 up-regulated in our dataset. These are 

key components of the destruction complex that targets the β-catenins for proteosomal 

degradation, suggesting a lowered activity of the signalling cascade. We did not find 

any component of the Wnt pathway differentially expressed in the L2 larval stage, and 

only mom-2 (1.9 fold change), cwn-2 (-2.4 fold change) and lrp-1 (-2.4 fold change) in 

the L4 larval stage. 

Second, we performed a functional annotation analysis of the aging dataset and 

looked for the cellular pathways affected. We found that the down-regulated genes in 

the bar-1(mu63) mutant regulate the Wnt and the TGF-β pathways (Figure 5A – bottom 

panel), whereas the up-regulated genes were found enriched, among the others, for the 

Hedgehog pathway (Figure 5A – top panel). This result is opposite to the one observed 

in the bar-1(ga80) mutant, where components of the Wnt pathway were found over-

expressed whereas the Hedgehog components were down-regulated 187. In the 

developmental time points we also found that the fatty acid metabolism is affected in 
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L4 larval stage (p-value 0.04). Altogether, these analysis suggest that in the bar-

1(mu63) mutant the Wnt signalling is reduced. 

We next performed a gene ontology analysis of the dataset to reveal which 

biological processes are affected in the bar-1(mu63) mutant. We identified 30 

biological processes organized in ten functional clusters, with p-value cut off of 0.05 

(Supplemental Table 4). The biological processes affected the most in bar-1(mu63) 

mutant are those related to the cuticle and collagen genes, cell cycle and germline 

function, cellular morphogenesis and regulation of the life span (Figure 5B). 

 

Figure 5: Functional annotation analysis of the bar-1(mu63) mutant on day 2 of 
adulthood. (A) Cellular pathways affected in the bar-1(mu63) mutant by the up-
regulated (top panel) and the down-regulated (bottom panel) genes. (B) Functional 
annotation clustering of the biological processes regulated by the differentially 
expressed genes in the bar-1(mu63) mutant background. See also supplemental table 4. 
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Comparison with other longevity Wnt mutants 

 To identify which biological processes or pathways regulated by the Wnt 

pathway affect the most the life span, we decided to compare the bar-1(mu63) dataset 

with two obtained from other two Wnt mutants: wrm-1(ne1982) and lin-44(n1792). As 

the bar-1(mu63) animals, also these mutants display an altered longevity compared to 

the wild type animals. The WRM-1 protein is the β-catenin participating, together with 

SYS-1/β-catenin, in the Wnt asymmetry pathway. The wrm-1(ne1982) mutant lives on 

average 32% longer, when the β-catenin is inactivated in the early adulthood (see 

chapter 3). To the contrary, the median life span of the lin-44(n1792) animals is on 

average 40% shorter than the control animals (see chapter 2). The gene lin-44 encodes 

one of the five Wnt ligands in C. elegans, and it is associated to the canonical Wnt/β-

catenin pathway. We reasoned that the lists of genes differentially expressed in these 

three mutants should overlap in regulation of some common biological processes 

important for the longevity.  

The comparison between the two long-lived bar-1 and wrm-1 mutants resulted 

in 148 common genes differentially expressed that have a similar expression profile 

(Figure 6A – left panel). The biological processes regulated by these genes are similar 

to those found in the bar-1(mu63) dataset alone, and they include genes regulating the 

life span and the cuticle development (Figure 6A – right panel). When we compared the 

bar-1(m63) dataset to the short-lived lin-44(n1792) we found 135 genes in common. As 

expected, the majority displayed an opposite expression pattern (Figure 6B – left panel). 

Also this dataset was enriched for similar regulated biological processes, but the 

significance cutoff was not reached (p-value > 0.05). However, the fatty acid 

metabolism resulted significantly enriched as pathway regulated by this set of genes 

(Figure 6B – right panel). 
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Figure 6: Common differentially expressed genes in the bar-1(mu63), wrm-
1(ne1982) and lin-44(n1972) mutants. (A) Left panel – Heat map indicating the log2 
fold change of the 148 genes in common in the long-lived Wnt mutants. Right panel - 
biological processes affected by these genes (B) Left panel – Heat map indicating the 
log2 fold change of the 135 genes in common between the bar-1(mu63) and lin-
44(n1972) mutants. Right panel - biological processes affected by these genes 
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GO:0065004~protein-DNA complex assembly 

GO:0006323~DNA packaging 

GO:0006333~chromatin assembly or disassembly 

GO:0034622~cellular macromolecular complex 

GO:0006325~chromatin organization 

GO:0034621~cellular macromolecular complex 

GO:0051276~chromosome organization 

GO:0018996~molting cycle, collagen and cuticle 

GO:0018988~molting cycle, protein-based cuticle 

GO:0042303~molting cycle 

P-value

4.6x10-3

4.6x10-3

4.6x10-3

0.03

0.01

0.01

4.7x10-3

1.1x10-3

4.0x10-4

2.5x10-4

1.4x10-4

1.4x10-4

1.4x10-4

1.4x10-4

9.7x10-4

9.7x10-4

9.7x10-4

1.8x10-4

1.8x10-4

1.8x10-4

% of genes in the category

GO:0007568~aging 

0 10-10

0 10-10
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Discussion 

In this study we analyzed the impact of the Wnt canonical pathway in aging, 

investigating the effects mediated by BAR-1/β-catenin. We used a weak allele mutant 

of bar-1 and showed that these animals live longer. Conversely, by over-expressing this 

β-catenin on the first day of adulthood, the animals show a decreased life span. In 

addition, we showed that BAR-1 regulates the elt-5/3 GATA transcriptional circuit 

during aging in a similar fashion as WRM-1 does during development. In the bar-

1(mu63) mutant background the expression of the repressor elt-5 diminishes, and elt-3 

is found up-regulated relative to the wild type. This is an expression pattern that was 

previously shown to be associated with increased life span 82,126. These results suggest 

an overall detrimental effect of this pathway in age-regulation.  

In order to dissect the additional molecular mechanisms underlying the 

observed aging phenotype, we analyzed the transcriptome changes driven by the Wnt 

asymmetry signalling cascade using the bar-1(mu63) mutants. The analysis reported 

2865 genes that are differentially expressed during aging, 218 genes and 1537 genes in 

L2 and L4 larval stages respectively. These datasets are enriched for genes that regulate 

many aspects of C. elegans development.  

When we compared the development datasets with the adulthood dataset, we 

found a group of 35 genes in common for which bar-1 switches its function from early 

development to adulthood. Specifically, it acts mainly as an inhibitor during early 

stages of development, and as both an inhibitor and an activator in late development 

and early adulthood (Figure 4). This suggests a qualitative change in the BAR-1 

function, as the animals complete their development and enter into adulthood. These 

changes are similar to the ones we observed in the analysis of the WRM-1 regulated 

genes (see Chapter 3).  

We have reported that the germline plays an important role in both aging 

process and in the Wnt/β-catenin asymmetry signalling pathway activity during early 

adulthood. This relation may be true for the canonical Wnt signalling pathway as well. 

We did not addressed directly this hypothesis in this study, however the germline 

function was found as an enriched biological process regulated in the bar-1(mu63) 

mutant. Therefore is possible that a connection between the germline and the canonical 

Wnt pathway exists. 
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 Having analyzed the global gene expression changes in five different Wnt 

signalling mutants, gave us in the unique possibility to perform multiple comparisons 

among these mutants displaying a different life spans. We compared the gene 

expression changes in the long-lived mutants mom-2(or77), wrm-1(ne1982) and bar-

1(mu63) mutants. We discovered that both the canonical and the Wnt/asymmetry 

signalling pathways regulate the same set of genes that are responsible for the 

epigenetic and metabolic changes that contributes to the aging process. In contrast, lin-

44/Wnt mediated signalling might engage the fatty acid metabolism to slow down the 

aging process and promote the survival. These data also raise the key question whether 

do we have a clear separation between the canonical and the asymmetry Wnt signalling 

cascades during aging. The great overlap between the wrm-1 and bar-1 regulated genes 

indicates that both pathways, although regulating different aspects of development, 

might converge on the same functions during aging. This study provides a basis for 

further detailed investigation into the role that the canonical Wnt signalling governed 

developmental pathway, and its downstream targets, may play in the progression of 

aging. 
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Supporting Information  

 
Supplemental Table 1: Summary of all the life span experiments performed in this 
study 

Mutation: Strain: Median Life Span: 

Average 
Median 
Life Span 
(SDV): 

% Of Life 
Span 
Change: 

N2 (-heat shock) N2 16.4 16.3 17.2 16.6 (±0.49)  
N2 (+heat shock) N2 21.2b 22.7 b 21.1 b 21.7 (±0.9) 23.2 increase 

hsp::delNTbar-1 
(-heat shock) 

KN53 13.3 19.2 19.1 17.2 (±3.4)  

hsp::delNTbar-1 
(+heat shock) 

KN53 8.7 d 9.9 d 11.1 d 9.9 (±1.2) 42.4 
decrease 

N2 N2 13.9 15.4 17 15.1 (±1.66) 
 

bar-1(mu63)X CF376 19d 17.1c 22e 19.4 (±2.47) 28.5 increase 

bar-1(ga80)X EW15 11.5a 12.3c 
 

12.4 (±1.27) 17.9 
decrease 

a -  p≤0.5; b - p≤0.05;  c - p≤0.01;  d - p≤0.001, e – p≤0.0001. 
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Supplemental Table 2: List of the common differentially expressed genes in the 
three bar-1(mu63) mutant datasets 
 
Gene/ 
Sequence ID L2 L4 Day 2 Description 

abu-11 3.1 -2.3 -3.4 

Transmembrane proteinabu-
11expression is induced by 
blockage of the unfolded-protein 
response in the endoplasmic 
reticulum, and ABU-11 may 
help protect the organism from 
damage by improperly folded 
nascent protein. 

abu-14 4.8 1.6 -4.5 
Predicted to contain a 
glutamine/asparagine (Q/N)-rich 
('prion') domain. 

 
 4.1 1.8 1.3 

One of three C. elegans anillins; 
ANI-2 activity is required in the 
syncytial gonad for proper gonad 
structure and oocyte formation. 

cdh5 2.1 1.8 -2.1 A homolog of cadherin. 

cut-2 2.0 1.5 -4.3 

Secreted protein, which is a 
component of cuticlin, the 
insoluble residue of nematode 
cuticles. 

deps-1 4.0 -1.5 0.9 P-granule-associated protein 
required for germline RNAi. 

grl-16 2.2 1.1 -3.7 Encodes, by alternative splicing, 
two hedgehog-like proteins. 

hsp-12.2 2.5 2.2 -2.3 

A small heat-shock protein that 
forms heterotetramers with HSP-
12.3 and has no chaperone-like 
activity. 

immt-2 3.2 -4.4 0.8 

Ortholog of human IMMT (inner 
membrane protein, 
mitochondrial); immt-2 is 
involved in response to reactive 
oxygen species, cristae formation 
and mitochondrion 
morphogenesis; immt-2 is 
localized to the mitochondrial 
proton-transporting ATP 
synthase complex. 

pgl-1 5.1 1.8 1.3 
Predicted RNA-binding protein 
that contains a number of C-
terminal RGG box motifs. 

pqn-74 3.2 -5.4 -3.7 Protein with two chitin-binding 
peritrophin-A domains, 
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separated by a 
glutamine/asparagine (Q/N)-rich 
('prion') domain. 

rrn-2.1 -2.0 2.7 2.8 

Encodes a 5.8s ribosomal RNA 
(rRNA), a non-coding 
component of the large 
ribosomal subunit.  

sdha-2 1.6 -0.9 0.7 

One of two C. elegans 
flavoprotein subunits of the 
mitochondrial succinate 
dehydrogenase complex 
(Complex II). 

ucr-2.3 3.4 -1.2 0.8 
An ubiquinol-cytochrome C 
reductase complex core protein 2 
ortholog. 

wago-2 3.0 -1.5 0.6 
Ortholog of human AGO1/2/3/4 
(argonaute RISC catalytic 
component 1/2/3/4). 

R02F11.1 3.3 -1.7 -5.9  
T19H12.2 2.8 1.6 0.7  
Y54G11A.3 2.5 -4.6 0.8  
C02E7.6 1.7 0.9 -4.7  
C18E9.7 2.8 -1.7 -2.1  
F13D12.5 2.0 2.1 0.8  
F13D12.6 4.4 1.5 2.0  
F13H8.5 2.2 -2.4 -2.1  
F26F12.4 2.6 1.3 -3.6  
F30H5.3 6.2 8.5 -5.2  
F40E10.5 5.3 1.5 -3.7  
F46C8.8 1.5 1.1 -4.3  
K04H4.2 5.5 1.6 -5.2  
R07B7.2 3.8 2.3 0.8  
R74.2 2.3 -2.0 -3.3  
T25E4.1 3.2 -1.5 -3.2  
Y111B2A.3 2.6 2.1 1.3  
Y43F8B.3 2.4 -1.8 -3.6  
ZC434.8 2.9 2.0 0.7  
ZK1193.2 2.9 -8.7 1.5   
List of the 35 genes in common in the three bar-1(mu63) mutant datasets. The L2, L4 
and Day 2 columns indicate the log2 fold change observed in the mutant. The last 
column retrieves the WormBase description, when available. 
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Supplemental Table 3: Expression changes of the Wnt components in the bar-
1(mu63) mutant 
 

Pathway component C. elegans gene Function Log2 Fold change 

Wnt ligand 

mom-2 

Signalling ligand 

1.1 
lin-44 -2.5 
cwn-1 -1.8 
cwn-2 -2.6 
egl-20* nc 

Frizzled receptor 

mom-5* 

Receptor 

1.0 
cfz-2 -2.2 
mig-1 nc 
lin-17* nc 
lin-18  nc 

LRP/Arrow lrp-1 Co-receptor -0.9 
lrp-1 nc 

Dishevelled-family  
mig-5 * 

Adaptor protein 
0.8 

dsh-2 * 0.7 
dsh-1 nc 

Destruction  
complex 

gsk-3 
Post-translational  
degradation of  
β-catenin 

1.8 
kin-19 1.8 
apr-1 nc 
axl-1 nc 
pry-1 nc 

β-catenin 

sys-1 *  Transcriptional  
co-activator/TCF  
nuclear export 

0.9 
hmp-2 0.8 
wrm-1 * 0.7 
bar-1 nc 

MAP kinase 
lit-1 * TCF nuclear export 1.3 

mom-4 lit-1/wrm-1 activator nc 
TCF/LEF-1 pop-1 DNA binding protein nc 

Known target genes 

ceh-13 

Transcription factor 

-1.6 
ceh-10* nc 
ceh-22* nc 
egl-5 nc 
egl-18* nc 
end-1*  nc 
end-3* nc 
elt-6* nc 
lin-39 nc 
mab-5 nc 
psa-3 nc 

List of the known Wnt pathway genes and their expression change observed in the bar-
1(mu63) mutant on day 2 of adulthood. * = genes associated with the Wnt/β-catenin 
asymmetry pathway; nc = no change. 
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Supplemental Table 4: Functional annotation clustering analysis of the 
differentially expressed genes in the bar-1(mu63)  during aging 
 
Annotation Cluster 1 - Enrichment Score: 5.0 
Term N of genes % P-Value 
GO:0018988~molting cycle, protein-based 
cuticle 71 2.64 0.00 

GO:0018996~molting cycle, collagen and 
cuticulin-based cuticle 71 2.64 0.00 

GO:0042303~molting cycle 71 2.64 0.00 
Annotation Cluster 2 - Enrichment Score: 3.9 
Term N of genes % P-Value 
GO:0051729~germline cell cycle switching, 
mitotic to meiotic cell cycle 14 0.52 0.00 

GO:0060184~cell cycle switching 14 0.52 0.00 
GO:0051728~cell cycle switching, mitotic to 
meiotic cell cycle 14 0.52 0.00 

Annotation Cluster 3 - Enrichment Score: 2.5 
Term N of genes % P-Value 
GO:0007409~axonogenesis 16 0.60 0.00 
GO:0048667~cell morphogenesis involved in 
neuron differentiation 16 0.60 0.00 

GO:0000904~cell morphogenesis involved in 
differentiation 16 0.60 0.00 

Annotation Cluster 4 - Enrichment Score: 2.5 
Term N of genes % P-Value 
GO:0010259~multicellular organismal aging 60 2.23 0.00 
GO:0008340~determination of adult life span 60 2.23 0.00 
GO:0007568~aging 60 2.23 0.00 
Annotation Cluster 5 - Enrichment Score: 1.9 
Term N of genes % P-Value 
GO:0051170~nuclear import 6 0.22 0.01 
GO:0006606~protein import into nucleus 6 0.22 0.01 
GO:0034504~protein localization in nucleus 6 0.22 0.02 
Annotation Cluster 6 - Enrichment Score: 1.9 
Term N of genes % P-Value 
GO:0019941~modification-dependent protein 
catabolic process 38 1.41 0.01 

GO:0043632~modification-dependent 
macromolecule catabolic process 38 1.41 0.01 

GO:0051603~proteolysis involved in cellular 
protein catabolic process 38 1.41 0.02 
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Annotation Cluster 7 - Enrichment Score: 1.9 
Term N of genes % P-Value 
GO:0032318~regulation of Ras GTPase 
activity 12 0.45 0.00 

GO:0043087~regulation of GTPase activity 12 0.45 0.02 
GO:0051336~regulation of hydrolase activity 12 0.45 0.03 
Annotation Cluster 8 - Enrichment Score: 1.6 
Term N of genes % P-Value 
GO:0008406~gonad development 26 0.97 0.02 
GO:0048608~reproductive structure 
development 26 0.97 0.02 

GO:0045137~development of primary sexual 
characteristics 26 0.97 0.04 

Annotation Cluster 9 - Enrichment Score: 1.6 
Term N of genes % P-Value 
GO:0035194~posttranscriptional gene 
silencing by RNA 10 0.37 0.02 

GO:0031047~gene silencing by RNA 10 0.37 0.02 
GO:0016441~posttranscriptional gene 
silencing 10 0.37 0.02 

Annotation Cluster 10 - Enrichment Score: 1.4  
Term N of genes % P-Value 
GO:0006334~nucleosome assembly 11 0.41 0.04 
GO:0034728~nucleosome organization 11 0.41 0.04 
GO:0031497~chromatin assembly 11 0.41 0.04 
Biological processes clusters enrichment analysis  
 




