1. Supplementary material and methods

1.1. NetEffects

The web-service for the C. elegans version of the IIS pathway is available via
http://www.ebi.ac.uk/thornton-srv/software/NetEffects/worm_path.php. It provides the user
with two options. One option involves performing queries on the pathway and exploring the
impact on longevity. For example, the user can theoretically overexpress and/or knock out a
gene or a set of genes of selected pathway components to observe the inferred alterations in
the pathway and how these may impact longevity. The second option involves the upload of a
gene expression data set, as well as background information on the experiment, such as
details on gene mutation and phenotype. NetEffects will then show which genes from the IIS
and TOR pathways are differentially expressed and whether these are up- or down-regulated.
It will then infer any downstream paths for each one of these genes to the node “longevity”,
thereby showing the potential influence of each one of these experimental effects of

differential gene expression to the longevity phenotype.
2. Supplementary Results

Several paths that are not included in main text, but could modulate longevity, are described

below.
2.1. Core insulin signal transduction path

In all of the experiments paths that are part of the core insulin signal transduction were
detected. For some of the experiments, this was a primary effect (daf-2 vs. daf-2,daf-16) and
for others a secondary effect (N2 vs. aak-2 oe and N2i vs. rheb-1i N2 vs. let-3631). For the
daf-2 vs. daf-2;daf-16experiment, the primary effect from a down-regulated daf-2
contradicted the observed phenotype via a decreased inhibition of skn-1 by akt-1/2
(Supplementary Figure 1).

The secondary effect in the two experiments in rheb-1 and let-363 from up-regulated insulin-
like peptides to a decreased expression level of daf-16 contradicted the observed phenotype

of increased longevity (Supplementary Figures 8 and 12).



In contrast, a decreased expression level of the ins-35 in N2 vs. aak-2 (oe) was observed,
leading to a likely up-regulation of daf-16 and potential daf-16 mediated increase in
longevity, which supported the observed phenotype (Supplementary Figure 15).

2.2. Other paths

2.2.1. Signal transduction path via let-60 and skn-1

For all of the experiments a primary or secondary path was observed, starting from daf-2 or
the insulin-like peptides activating ist-/ and let-60 and subsequently a potential skn-/
mediated modulation of longevity via activation by let-60 (Supplementary Figure 2, 4, 7, 8,
11, 12 and 16). This path appears to be functional in parallel to the insulin core signal
transduction. This path contradicted the observed phenotype in two of the experiments (daf-2
vs. daf-2;daf-16 and N2 vs. aak-2 oe; Supplementary Figures 2, 4 and 16) and supported the
observed phenotype in both experiments in N2 vs. let-3631 and N2 vs. rheb-1i
(Supplementary Figures 7, 8, 11 and 12).

2.2.2. Signal transduction path via pmk-1

An increase or reduction in the activation of skn-/ and a potential skn-/ mediated increase in
longevity by pmk-1 was observed in two of the experiments (N2 vs. rheb-11 and N2 vs. let-
363i). The path starts from an activation of pmk-1 by up-regulated sek-1 (Supplementary
Figures 7 and 11). The path in both experiments supported the observed phenotype, leading

to an increase in skn-1 mediated longevity.

2.2.3. Signal transduction path via jnk-1

In two of the experiments jnk-1, part of the c-Jun N-terminal kinase complex (JNK), was up-
regulated by the up-regulated sek-/ component of the p38 mitogen-activated protein kinase
complex (p38MAPK) and is likely to lead to up-regulation of daf-16 and daf-16 mediated
increase in longevity. These experiments were N2 vs. rheb-1i and N2 vs. let-3631

(Supplementary Figures 7 and 11). This path was a secondary path, i.e. starting from a



differentially expressed component, and for both of the experiments supported the observed

increase in longevity.

2.2.4. Signal transduction path via sgk-3

In three of the experiments, a secondary path from the protein kinase-B complex (PKB) via
gsk-3 is likely to lead to skn-1 mediated modulation of longevity. The experiments included
GSE9682 (N2i vs. rheb-1i and N2i vs. let-3631) and GSE1762 (daf-2 vs. daf-2;daf-16). For
all of these experiments the path supported the observed phenotype (Supplementary Figures
4,7 and 11).



3. Supplementary Figures

All signal transduction paths that were generated in this research are given below.

Legend: Rectangles represent genes; Diamonds- molecules; Triangles- environmental effects;
Trapezoids- other than IIS or TOR pathways; Octagons- transcription factors; Green arrow
lines represent activation; Red t-shaped lines represent inhibition; Brown boxes starting with

c_ represent complexes;



Supplementary Figure 1 Primary effect (increase in longevity), daf-2 vs. daf-2;daf-16
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Supplementary Figure 2 Primary effect (decrease in longevity), daf-2 vs. daf-2;daf-16
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Supplementary Figure 3 Secondary effect (increase in longevity), daf-2 vs. daf-2;daf-16
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Supplementary Figure 4 Secondary effect (decrease in longevity), daf-2 vs. daf-2;daf-16
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Supplementary Figure S Primary effect (increase in longevity), N2i vs. rheb-1i
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Supplementary Figure 6 Primary effect (decrease in longevity), N2i vs. rheb-1i
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Supplementary Figure 7 Secondary effect (increase in longevity), N2i vs. rheb-1i
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Supplementary Figure 8 Secondary effect (decrease in longevity), N2i vs. rheb-1i

QORI

g D ‘ 285 -% —30>s—
i BRIV I

\
€avy metals stres @

p oxidative stress

Caenorhabditis
elegans

ierobial pathuge;&

>

daf-28 3
c_EGFR

0 _ e q < <
RIS SR I

eptide uptake ™

daf-2 [~—

iii]olch signalling X

Sem—5—‘
rax-2|

p38MAPK  KGBJNK-like

tir—1

k=1

k1] ink—1

lin—

{g\val induction>

nt signalling

meﬁnderm develop\m-\m:
glutathione biosynthesis

longevity

7/

|sos-1

[let-60

Imapkicc? |

cell

e —— —
TOR

aak-2

\ o TORCA |c_CeTORCT
\ =Pz - |
tr—1 L
[pptr-1 | . [cromite ] [dat-15 |

|
|
|
|
|
|
o] |
|
|
i
|
|

rsks—1

I 6 |[ifg=1 | [ife—1 | [iftb—1
ruvb-1

gos—1 [ rte—1 [ cst1 [sod-3 [ hsp-12.6 |[mti=t |[nsi-1 [ cti-1

triglyceride hydrolysis

CosD11.7 |

butk endocytic uptake

targeted nutrient uptake

unc-51 |
Iarg. cell cycle progressi
protein synthesis
.
hypexia transcriptional respon
nucleus

celrcycle differentiation

1 in experiment
| in experiment

1 in path
| in path

1| in path

Secondary effects | Longevity

daf-18 | ¢ PKB? daf-16 | longevity |

jnk-11 ist-1 | let-60 | skn-1 | longevity |
ins-371 daf-21 ist-11 daf-16 | longevity |
daf-281 daf-21 ist-11 daf-16 | longevity |
ins-11 daf-21 ist-11 daf-16 | longevity |
ins-41 daf-21 ist-11 daf-16 | longevity |
ins-51 daf-21 ist-11 daf-16 | longevity |
ins-171 daf-21 ist-11 daf-16 | longevity |
ins-221 daf-21 ist-11 daf-16 | longevity |
ins-231 daf-21 ist-11 daf-16 | longevity |
sek-11 jnk-11 ist-1 | let-60 | skn-1 | longevity |




Supplementary Figure 9 Primary effect (increase in longevity), N2i vs. let-363i
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Supplementary Figure 10 Primary effect (decrease in longevity), N2i vs. lez-363i
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Supplementary Figure 11 Secondary effect (increase in longevity), N2i vs. lez-363i
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ins-23 1 daf-2 1 ist-1 1 let-60 1 skn-1 1 longevity 1




Supplementary Figure 12 Secondary effect (decrease in longevity), N2i vs. le-363i
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Supplementary Figure 13 Primary effect (increase in longevity), N2 vs. aak-2 (over-expression)
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Supplementary Figure 14 Primary effect (decrease in longevity), N2 vs. aak-2 (over-expression)
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Supplementary Figure 15 Secondary effect (increase in longevity), N2 vs. aak-2 (over-expression)
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Supplementary Figure 16 Secondary effect (decrease in longevity), N2 vs. aak-2 (over-expression)
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Supplementary Figure 17 Primary effect (decrease in longevity), InR vs. InR;foxo
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Supplementary Figure 18 Secondary effect (decrease in longevity), InR vs. InR;foxo
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Supplementary Table 1 List of gene names and ensembl identification data, part of IIS and TOR

pathways

Gene Name WormBase ID Ensembl Gene ID
aak-2 WBGene00020142 TO1C8.1
aap-1 WBGene00000001 Y110A7A.10
age-1 WBGene00000090 B0334.8
aha-1 WBGene00000095 C25A1.11
akt-1 WBGene00000102 C12D8.10
akt-2 WBGene00000103 F28H6.1
bar-1 WBGene00000238 C54D1.6
C05D11.7 WBGene00015484 C05D11.7
CI0H11.8 WBGene00015697 CI0H11.8
cst-1 WBGene00017472 F14H12.4
ctl-1 WBGene00000830 Y54G11A.6
ctl-2 WBGene0000083 1 Y54G11A.5
daf-15 WBGene00000911 C10C5.6
daf-16 WBGene00000912 RI13HS8.1
daf-18 WBGene00000913 T07A9.6
daf-2 WBGene00000898 Y55D5A.5
daf-28 WBGene00000920 Y116F11B.1
drr-2 WBGene00011730 T12D8.2
egl-9 WBGene00001178 F22E12.4
ftn-1 WBGene00001500 C54F6.14
ftt-2 WBGene00001502 F52D10.3
ges-1 WBGene00001527 F37B12.2
gsk-3 WBGene00001746 Y18DI0A.5
hif-1 WBGene00001851 F38A6.3
hsf-1 WBGene00002004 Y53C10A.12
hsp-12.6 WBGene00002013 F38E11.2
ife-1 WBGene00002059 F53A2.6
ifg-1 WBGene00002066 M110.4
iftb-1 WBGene00010560 K04G2.1
ins-1 WBGene00002084 F13B12.5
ins-10 WBGene00002093 T08GS5.12
ins-11 WBGene00002094 C17C3.4
ins-12 WBGene00002095 C17C3.19
ins-13 WBGene00002096 C17C3.18
ins-14 WBGene00002097 F41G3.16
ins-15 WBGene00002098 F41G3.17
ins-16 WBGene00002099 Y39A3A.5
ins-17 WBGene00002100 F56F3.6
ins-18 WBGene00002101 T28B8.2
ins-19 WBGene00002102 T10D4.13
ins-2 WBGene00002085 ZK75.2
ins-20 WBGene00002103 ZK84.7
ins-21 WBGene00002104 M04D8.1
ins-22 WBGene00002105 M04D3.2
ins-23 WBGene00002106 M04D8.3
ins-24 WBGene00002107 7C334.3
ins-25 WBGene00002108 7C334.8
ins-26 WBGene00002109 7C334.1
ins-27 WBGene00002110 7C334.11
ins-28 WBGene00002111 7C334.9
ins-29 WBGene00002112 7C334.10
ins-3 WBGene00002086 ZK75.3
ins-30 WBGene00002113 7C334.2
ins-31 WBGene00002114 T10D4.4
ins-32 WBGene00002115 Y8A9A.6
ins-33 WBGene00002116 W09C5.4
ins-34 WBGene00002117 F52B11.6
ins-35 WBGene00002118 KO02E2.4
ins-36 WBGene00002119 Y53HIA 4
ins-37 WBGene00002120 F08G2.6
ins-38 WBGene00002121 C17C3.20
ins-39 WBGene00017668 F21E9.4
ins-4 WBGene00002087 ZK75.1
ins-5 WBGene00002088 ZK84.3
ins-6 WBGene00002089 ZK84.6




ins-7 WBGene00002090 ZK1251.2
ins-8 WBGene00002091 ZK1251.11
ins-9 WBGene00002092 CO6E2.8
ire-1 WBGene00002147 C41C4.4
ist-1 WBGene00002163 C54D1.3
jip-1 WBGene00002176 F56D12.4
jkk-1 WBGene00002177 F35C8.3
jnk-1 WBGene00002178 B0478.1
kgb-1 WBGene00002187 T07A9.3
let-23 WBGene00002299 ZK1067.1
let-363 WBGene00002583 B0261.2
let-60 WBGene00002335 ZK792.6
lin-1 WBGene00002990 C37F5.1
lin-10 WBGene00002999 CO9H6.2
lin-2 WBGene00002991 F17E5.1
lin-3 WBGene00002992 F36H1.4
lin-45 WBGene00003030 Y73B6A.5
lin-7 WBGene00002996 Y54G11A.10
lip-1 WBGene00003043 C05B10.1
max-2 WBGene00003144 Y38F1A.10
mdl-1 WBGene00003163 RO3E9.1
med-1 WBGene00003180 T24D3.1
med-2 WBGene00003181 K04C2.6
mek-1 WBGene00003185 KO08AS.1
mek-2 WBGene00003186 Y54E10BL.6
mlk-1 WBGene00003374 K11DI12.10
mpk-1 WBGene00003401 F43C1.2
mtl-1 WBGene00003473 K11G9.6
nsy-1 WBGene00003822 F59A6.1
par-4 WBGene00003919 Y59A8B.14
par-5 WBGene00003920 M117.2
pdk-1 WBGene00003965 H42K12.1
pept-1 WBGene00003877 KO04E7.2
pha-4 WBGene00004013 F38A6.1
pmk-1 WBGene00004055 B0218.3
pptr-1 WBGene00012348 W08G11.4
raga-1 WBGene00006414 T24F1.1
rheb-1 WBGene00010038 F54C8.5
rict-1 WBGene00009245 F29C12.3
rle-1 WBGene00010923 M142.6
ps-6 WBGene00004475 Y71A12B.1
rsks-1 WBGene00012929 Y47D3A.16
ruvb-1 WBGene00007784 C27H6.2
sek-1 WBGene00004758 R03G5.2
sem-5 WBGene00004774 C14F5.5
sgk-1 WBGene00004789 W10G6.2
shc-1 WBGene00018788 F54A5.3
sinh-1 WBGene00013261 Y57A10A.20
skn-1 WBGene00004804 TI19E7.2
sod-3 WBGene00004932 C08A9.1
sos-1 WBGene00004947 T28F12.3
str-2 WBGene00006070 C50C10.7
tir-1 WBGene00006575 F13B10.1
unc-14 WBGene00006753 K10D3.2
unc-43 WBGene00006779 KI11ES8.1
unc-51 WBGene00006786 Y60A3A.1
vhi-1 WBGene00006922 F08G12.4
vhp-1 WBGene00006923 FO8BI1.1




Supplementary Table 2 List of references used in generating the Caenorhabditis elegans IIS and TOR

pathways
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