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Supplementary Figure 1 - Confirmatory IPs from C. elegans and human HEK293T cells as well as size-exclusion
chromatography illustrating the size distribution of DAF-16 and HLH-30 containing complexes in vivo.

a Large-scale immunoprecipitations conducted in identical manner to Figure 1a and 1b, but using a different
DAF-16::GFP transgene and a different anti-GFP antibody. b Full weight-spectrum of the size-exclusion chromatogra-
phy from Figure 1e, illustrating the size distributions of DAF-16 and HLH-30 in wild type/untreated C. elegans. Elution
fractions were analyzed by SDS-PAGE and western blotting. Weight ranges in which monomeric or complex-incorpora-
ted forms of DAF-16 and HLH-30 are expected to run are indicated. ¢ co-IPs of human TFEB, FOXO1, and FOXO3
in HEK293T cells. HEK293T cells expressing either TFEB::GFP, FOXO1::GFP, or non-tranfected controls were treated
with the PI3 kinase inhibitor LY-294002, lysed and the tagged proteins immunoprecipitated using GFP-Trap resin.
Samples were analyzed by SDS-PAGE and western blotting. Inputs (IN) and eluates (IP) of the co-IPs were analyzed
by SDS-PAGE and western blotting. For the inputs (IN), only fractions were loaded: 50% for the anti-GFP western blots
and 10% for the anti-FOXO1, anti-FOXO3, and anti-TFEB western blots. IB: antibody used for immunoblot.
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Supplementary Figure 2 - DAF-16 and HLH-30 do not depend on each other for their nuclear translocation.

a Representative images of the different categories of nuclear accumulation scored in Figures 2c and Supplementary
Figure 2b,c. Yellow scale bar: 40 ym. (The anatomical sketch was adapted from wormatlas.org.) b,c DAF-16::GFP
(b) or HLH-30::GFP (c) expressing animals were grown from L1 on the indicated RNAI bacteria. Nuclear translocation
of the GFP signal was scored in day 2 adult animals, either upon oxidative stress (12 h on 100 mM tBOOH) or heat
stress (1 h at 35°C). (n=100)
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Supplementary Figure 3 - There is preferentially no spacing between the nearest DAF-16 and HLH-30 bound sites
in the genome.

Spacing between the summits of each DAF-16 bound site and their closest summit of a HLH-30 bound site. A total of 2824

pairs were determined and their distances plotted in 10 bp bins. Only distances below 500 bp are shown. The red line
represents a trendline.
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Supplementary Figure 4 - Sequence motifs enriched at sites bound only by DAF-16, only by HLH-30, or by
both transcription factors.

Previous work had shown that DAF-16 bound sites are enriched for DAF-16-Bound Elements (DBEs, TRTTTAC)
and DAF-16-Associated Elements (DAEs, TGATAAG)"2. On the other hand, helix-loop-helix transcription factors
are known to bind E-boxes (CANNTG)3, with a recent study using nucleotide binding arrays to identify the E-box
CACGTG as the preferred sequence bound by HLH-30 in vitro*. Consistently, ChlP-Seq studies of the mammalian
HLH-30 ortholog TFEB have shown that it binds to the E-box CACGTG at the core of a so-called CLEAR motif
(GTCACGTGAC)®.

Using our own ChIP-Seq data from Figure 5, we here conducted de novo motif discovery using RSAT peak-motifs
(http://metazoa.rsat.eu/)® on the sites bound only by DAF-16, only by HLH-30, or both transcription factors. As one
might expect, the DBE motif emerged amongst the most significantly enriched motifs at sites bound only by DAF-16
or co-bound by DAF-16 and HLH-30, while it was not enriched at sites bound only by HLH-30 (a). Conversely,
our de novo search for enriched motifs identified E-boxes at sites only bound by HLH-30 and at those co-bound by
both transcription factors but not at those bound only by DAF-16 (b). Interestingly, DAF-16-Associated Elements
(DAEs, TGATAAG) were found enriched at all three types of sites: those bound only by DAF-16, those bound
only by HLH-30, and those bound by both transcription factors.

During this analysis, all e-values were generated by RSAT® and only motifs with e-values smaller than 10'° were
considered significant. DAF-16-Bound Elements (DBE), DAF-16-Associated Elements (DAE), and E-boxes are
highlighted in red.
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Supplementary Figure 5 - HLH-30 binds to at least three different E-boxes in vivo.

We noted that the E-boxes identified in Supplementary Figure 4 were diverse - not limited to the previously
implicated CACGTG. Using again the ChIP-seq data from Figure 5, we determined the abundance of all possible E-
boxes at sites bound only by DAF-16, only by HLH-30, or by both transcription factors. Enrichment of the different E-
boxes over their abundance in a randomized control sequence is shown. Arrows indicate enrichments greater than
1.5-fold. Although CACGTG is the most enriched motif (~2.5-fold enriched), also other E-boxes, specifically
CACATG and CAGCTG, emerged as ~2.1 and ~1.8-fold enriched, respectively, suggesting that the motif specificity of
HLH-30 in vivo is broader than previously thought*S. The balance between these different E-boxes did not substantially
differ between sites bound only by HLH-30 and those co-bound by HLH-30 and DAF-16 and thus was likely not
influenced by presence or absence of DAF-16.
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Supplementary Figure 6 - Venn diagrams illustrating that DAF-16 and HLH-30 not only synergize in gene
activation but also in gene repression in response to oxidative stress or heat stress.

C. elegans with the genotypes wild type, daf-16(mu86lf), hih-30(tm1978lf), and daf-16(mu86lf); hih-30(tm1978lf)

were grown at 20°C until young adulthood, then transferred for 12 h to either 6mM tBOOH (oxidative stress) (a) or to

32°C (heat stress) (b), harvested, and their transcriptomes determined by mRNA-seq. The Venn diagrams illustrate
the number of genes significantly repressed by DAF-16 and/or HLH-30, based on the comparison of their mutants to
wild type animals (for Venn diagrams of the activated genes see Fig. 7c,d). (Significance of gene expression chan-
ges was determined by Cuffdiff, using an FDR of 0.05.)
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Supplementary Figure 7 - In contrast to DAF-16, HLH-30 actively opposes some of the dauer formation-relat-
ed gene expression changes in daf-2(e1370ts) animals.

Regulation of dauer formation-related genes by daf-2, daf-16, and hlh-30. Scatter plot based on the gene
expression data from Figure 4, illustrating the differential expression of dauer formation-related genes (n=276,
see Fig. 7e)) upon inactivation of daf-2 (x-axis) and their regulation by either daf-16 (daf-2(e1370ts) over
daf-2(e1370ts); daf-16(mgDf47If)) or hlh-30 (daf-2(e1370ts) over daf-2(e1370ts); hlh-30(tm1978If)) (y-axis). Only
genes significantly regulated in both dimensions are shown (p_ <0.05; p_ . was determined using Cuffdiff (see
methods)). As one would expect from a key regulator of daf-2(e1370ts)-mediated dauer formation, DAF-16-
regulates the expression of dauer formation-related genes in a manner that highly correlates with their
regulation by daf-2(e1370ts). Only 3.8% of these DAF-16-regulated genes show an inverse correlation. In
contrast, HLH-30 regulates 36.4% of the dauer formation-related genes in a direction that opposes their
regulation in daf-2(e1370ts) animals. Consistently, the linear regression of the data points for HLH-30-
dependent genes is shifted to the bottom right quadrant. We conclude that in contrast to DAF-16, HLH-30
actively opposes some of the gene expression changes in dauer formation-related genes that normally would occur
in daf-2(e1370ts) animals, which we propose to be causal for the moderately enhanced dauer formation that

occurs in daf-2(e1370ts); hlh-30(tm1978If) animals (Fig. 6¢).
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Supplementary Figure 8 - Correlations between replicates and conditions of the mRNA-seq and ChiP-seq
experiments presented in this study.

a-e Pearson correlations between replicates and conditions for the mRNA-seq data presented in Figures 4 and 7.
f Pearson correlations between replicates and conditions for the ChlP-seq data presented in Figures 5 and
Supplementary Figures 3 to 5.
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Supplementary Figure 9 - Non-cropped electrophoresis data of Figure 1.
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Supplementary Figure 10 - Non-cropped electrophoresis data of Supplementary Figure 1.
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C. elegans strains used in this study

strain name genotype

N2 wild type

TJ356 zIs356[daf-16P::daf-16::GFP; rol-6(su1006)]IV

GR1895 daf-2(e1370ts)Ill; zIs356[daf-16P::daf-16::GFP; rol-6(su1006)]IV

GR189%4 daf-18(mg198If)IV; zIs356[daf-16P::daf-16::GFP; rol-6(su1006)]IV

RIE470 daf-2(e1370ts)Ill; Is[daf-16P::FLAG::daf-16b; rol-6(su1006)]

RIE402 daf-2(e1370ts)Ill; atrls1{hlh-30P::hIh-30::GFP; rol-6(su1006)]; Is[daf-16P::FLAG::daf-16b; rol-6(su1006)]
RIE529 atrls1[hlh-30P::hlh-30::GFP; rol-6(su1006)]; Is[daf-16P::FLAG::daf-16b; rol-6(su1006)]
RIE330 atrls1[hlh-30P::hlh-30::GFP; rol-6(su1006)]

RIE328 daf-2(e1370ts)lll; atrls1[hlh-30P::hIh-30::GFP; rol-6(su1006)]

CF1934 daf-16(mu86If)l; muls109[daf-16P::GFP::daf-16; odr-1P::RFP]

CF1935 daf-16(mu86lf)l; glp-1(e2141ts)Ill; muls109[daf-16P::GFP::daf-16; odr-1P::RFP]
MAH235 sqIs19[hlh-30P::hlhl-30::gfp; rol-6(su1006)]

MAH262 glp-1(e2141ts)lll; sqls19[hlh-30P::hlhl-30::gfp; rol-6(su1006)]

CF1038 daf-16(mu8e6lf)!

RIE237 hih-30(tm1978If)IV

RIE301 daf-16(mu8elf)l; hih-30(tm1978If)IV

CB1370 daf-2(e1370ts)lll

GR1309 daf-16(mgDf47If)I; daf-2(e1370ts)lll

RIE254 daf-2(e1370ts)Ill; hih-30(tm1978If)IV

RIE264 daf-16(mgDf47If)I; daf-2(e1370ts)lll; hlh-30(tm1978If)IV

CF1903 glp-1(e2141ts)lll

CF1880 daf-16(mu86lf)I; glp-1(e2141ts)lll

MAH206 glp-1(e2141ts)lll; hih-30(tm1978If)IV

RIE426 daf-16(mu86lf)l; glp-1(e2141ts)Ill; hih-30(tm1978If)IV

RIE530 daf-16(mu86lf)l; daf-2(e1370ts)lll; atrls1[hlh-30P::hlh-30::GFP; rol-6(su1006)]
RIE531 daf-2(e1370ts)lll; hih-30(tm1978If)IV; zIs356[daf-16P::daf-16::GFP; rol-6(su1006)]IV
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Summary of the survival data and their statistics

Figure 2a
independent replicate experiment (n;
mean survival time [days] Std.Error _|mean survival time [days])
wild type 101 14.11 0.25 270;1055
daf-16(mu86) 101 10.04 0.16 283;8.40
hlh-30(tm1978) 100 8.94 0.06 255, 7.30
daf-16(mu86); hlh-30(tm1978) 98 8.33 0.13 338,6.74
change [%] Std.Error _|log-rank test [corr. p-value]
wild type -> daf-16(mu86) -28.84 2.09 <0.0000000001
wild type -> hlh-30(tm1978) -36.64 1.81 <0.0000000001
wild type -> daf-16(mu86); hih-30(tm1978) -40.98 1.98 <0.0000000001
hlh-30(tm1978) -> daf-16(mu86); hlh-30(tm1978) -6.86 1.57 0.0002
Figure 2b
independent replicate experiment (n;
mean survival time [days] Std.Error  |mean survival time [days])
daf-2(e1370) 99 34.41 0.85 149; 32.64
daf-16(mgDf47); daf-2(e1370) 106 10.39 0.17 129;12.38
daf-2(e1370); hlh-30(tm1978) 101 15.42 0.65 152;19.83
daf-16(mgDf47); daf-2(e1370); hlh-30(tm1978) 104 8.35 0.13 264,9.13
change [%] Std.Error |log-rank test [corr. p-value]
daf-2(e1370) -> daf-16(mgDf47); daf-2(e1370) -69.81 252 <0.0000000001
daf-2(e1370) -> daf-2(e1370); hlh-30(tm1978) -55.19 3.41 <0.0000000001
daf-2(e1370) -> daf-16(mgDf47); daf-2(e1370); hlh-30(tm1978) 7574 2.50 <0.0000000001
daf-16(mgDf47); daf-2(e1370) -> daf-16(mgDf47); daf-2(e1370); hlh-30(tm1978) -19.63 2.06 <0.0000000001
Figure 2c
independent replicate experiment (n;
mean survival time [days] Std.Error _|mean survival time [days])
glp-1(e2141) 215 16.73 0.20 131;14.25
daf-16(mu86); glp-1(e2141) 178 10.04 0.17 329,9.08
glp-1(e2141); hlh-30(tm1978) 214 9.31 0.07 163;9.53
daf-16(mu86); glp-1(e2141); hlh-30(tm1978) 173 8.59 0.05 376,8.33
change [%] Std.Error _|log-rank test [corr. p-value]
glp-1(e2141) -> daf-16(mu86); glp-1(e2141) -39.99 1.57 <0.0000000001
glp-1(e2141) -> glp-1(e2141); hlh-30(tm1978) -44.35 1.27 <0.0000000001
glp-1(e2141) -> daf-16(mu86); glp-1(e2141); hlh-30(tm1978) -48.66 1.23 <0.0000000001
glp-1(e2141); hlh-30(tm1978) -> daf-16(mu86); glp-1(e2141); hih-30(tm1978) -1.73 0.92 <0.0000000001
Figure 5a
oxidative stress
contributing experiment #1 (n; mean | contributing experiment #2 (n; mean
mean survival time [hours] Std.Error  |survival time [days]) survival time [days])
wild type 147 24.96 0.45 72,21.47 75,22.49
daf-16(mu86) 161 14.39 0.29 82;14.51 79;14.29
hlh-30(tm1978) 218 14.02 0.18 108; 14.61 110; 13.46
daf-16(mu86); hlh-30(tm1978) 157 14.99 0.24 72,14.94 85;15.05
change [%] Std.Error |log-rank test [corr. p-value]
wild type -> daf-16(mu86) -42.35 2.15 <0.0000000001
wild type -> hih-30(tm1978) -43.83 1.94 <0.0000000001
wild type -> daf-16(mu86); hh-30(tm1978) -39.94 2.04 <0.0000000001
hih-30(tm1978) -> daf-16(mu86); hih-30(tm1978) 6.92 2.15 0.002
Figure 5b
heat stress
contributing experiment #1 (n; mean | contributing experiment #2 (n; mean
mean survival time [days] Std.Error  |survival time [days]) survival time [days])
wild type 202 (531) 26.29 (24.93) 0.65 119;24.43 83;29.26
daf-16(mu86) 232 (788) 22.83(22.97) 0.23 109; 22.63 123;23.00
hlh-30(tm1978) 116 (677) 23.42(23.22) 0.47 70;22.70 46;24.51
daf-16(mu86); hlh-30(tm1978) 273 (412) 20.36 (20.27) 0.20 118; 20.60 155;20.17
change [%] Std.Error  |log-rank test [corr. p-value]
wild type -> daf-16(mu86) -15.82 3.25 <0.0000000001
wild type -> hih-30(tm1978) -13.64 3.58 0.0072
wild type -> daf-16(mu86); hh-30(tm1978) -24.93 3.22 <0.0000000001
hih-30(tm1978) -> daf-16(mu86); hih-30(tm1978) -13.07 2.18 <0.0000000001
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