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Figure 1. Transcriptional drift-variance increases with age. (a) Schematic of RNA-seq experiment. In cohort #1,
water or mianserin was added on day 1 of adulthood and RNA samples were harvested on day 1 (water only), day
3(d3), day 5 (d5) and day 10 (d10). In cohort #2, animals were treated with water or increasing concentrations of
mianserin (2, 10 or 50 uM) on day 1 (d1) and RNA was harvested on day 5 (d5) for RNA-seq. In cohort #3, water or
50 uM mianserin was added on day 1, day 3, and day 5, and RNA was harvested on day 10 (d10) for RNA-segq. (b)
Venn diagrams of the number of GOs enriched for genes that decrease expression with mianserin (down, dark
blue circle) increase expression with mianserin (up, light blue circle) or are enriched for both (intersection). (c) Venn
diagrams of the number of GOs enriched for genes that decrease expression with age (down, gray circle) increase
expression with age (up, white circle) or are enriched for both (intersection). (d) Heat map depicting log, changes
in gene expression for oxidative stress genes elicited by increasing concentrations of mianserin (yellow, increased
expression; blue, decreased expression) (e) Mianserin decreases expression of redox genes that increase with age
and increases expression of genes that decrease with age. (f) Mianserin reverts age-associated changes on the
level of GOs. Venn diagrams of the number of GOs enriched for genes that decrease expression with mianserin
(down, dark blue circle) and increase with age (up, white circle) or vice versa (down with age, gray circle; up with
mianserin, light blue circle). (g) Mianserin reverts age-associated changes on the level of individual genes. Volcano
plot shows the negative logyo of P-values as a function of log, fold changes of 3,367 genes that significantly
change expression from day 1 to day 3 in samples of water-treated control animals (black) or samples from age-
matched mianserin-treated animals (50 uM, blue). As animals age, gene expression levels change ("drift") away
from levels observed in young adults (yellow line). Mianserin treatment attenuates age-associated gene expression
changes preserving expression levels as seen in young adults. (h) Drift-plot shows log fold change (old/young) as a
function of age for each gene involved in oxidative phosphorylation (gray lines. KEGG: cel 04142). Superimposed
Figure 1 continued on next page
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Figure 1 continued

are Tukey-style box-plots to graph the increases in drift-variance across the entire pathway. Gene expression
changes are classified into type |, which describes activation or repression of the entire pathway and into type II,
which describes changes among genes relative to each other (drift-variances), see red arrows. (i) Drift-plot for
lysosomal genes (KEGG: cel 00190). See Figure 1—source data 1-5, Figure 1—figure supplement 1 and
Table 1 for additional information on data-sets. Also see Methods section for transcriptional drift calculation in
each figure panel.

DOI: 10.7554/eLife.08833.003

The following source data is available for figure 1:

Source data 1. RNA-seq gene expression data.

DOI: 10.7554/eLife.08833.004

Source data 2. Gene ontologies changing in response to mianserin treatment.
DOI: 10.7554/eLife.08833.005

Source data 3. Gene ontologies changing in response to age.

DOI: 10.7554/eLife.08833.006

Source data 4. Differentially expressed genes in response to age.

DOI: 10.7554/elife.08833.007

Source data 5. Differentially expressed genes in response to mianserin treatment.
DOI: 10.7554/eLife.08833.008
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Figure 1—figure supplement 1. This figure relates to Figure 1 in main text. Expression patterns of GO annotations are disrupted with age.
Representative pie charts show a cross-section of 50 out of 249 GO annotations enriched for genes that change in opposing direction as animals age
(day 3, 5, and 10). The fraction of genes whose expression increase with age (yellow), the fraction of genes whose expression decrease with age (black),
and the fraction of genes that maintain the expression seen in young day 1 adults (white) are shown. GOs are sorted and represented in the figure,
starting with GOs that show the least disruption in the upper left, and the GO's with the most extreme changes in the lower right. As animals’ age
progresses from day 3, 5 to 10, more and more genes change expression in opposing directions disrupting the transcriptional stoichiometry observed
in young day 1 animals. None of these 50 pie charts, as is, allows any statements on how the functional states of the physiological processes they
represent change with age. The GO names and number of genes (n) belonging to each GO are shown.

DOI: 10.7554/elife.08833.009
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Figure 2. Transcriptional drift-variance is attenuated by two longevity paradigms. (a) Drift-plots show that
mianserin attenuates increasing drift-variance with age. Note that drift-variance in 10-day-old mianserin-treated
animals is the same as in untreated 3-day-old control animals (dotted red line). (b) Drift-plots show that increasing
concentrations of mianserin cause drift-variance to decrease. Drift-variance was measured on day 5 by RNA-seq.
(c) Corresponding to b, lifespan curves show that increasing concentrations of mianserin leads to a dose-
dependent increase in survival. (d) Drift-plots show that initiating mianserin treatment at later ages reduces (d3) or
abolishes (d5) its effect on transcriptional drift. Drift-variance was measured on day 10 by RNA-seq. (e)
Corresponding to d, lifespan curves show initiating mianserin treatment at later ages reduces (d3) or abolishes (d5)
its effect on lifespan. (f) Log-fold change of xenobiotic gene expression on day 10 when mianserin was added on
day 1 or day 5, compared to control animals treated with water on day 1. Adding mianserin on day 1 or day 5
leads to comparable changes. (g) Drift-plots show daf-2 RNAI attenuates increasing drift-variance with age in a
manner dependent on daf-16. Left: vector control, middle: daf-2 RNA, right: daf-16/daf-2 RNAI. P-values for
transcriptional drift plots are calculated by robust Levene's test, which compare variances and not mean values.
***P<0.001. All error bars show drift-variance. See Figure 2—figure supplement 1-2 for additional information on
calculating drift-variance and Table 2. Also, see Methods section for transcriptional drift calculation in each figure
panel.

DOI: 10.7554/eLife.08833.011
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Figure 2—figure supplement 1. This figure relates to Figure 1c, d and Figure 5a,b in main text. (a) Relationship of (a) fold-changes in gene
expression as measured by gRT-PCR to b) RNA-seq counts to (c) transcriptional drift and (d) drift-variance plots. Fold-changes in gene expression in
older (day 5) animals by mianserin are mostly caused by mianserin preserving the expression levels seen in young animals, thus leading to small drift-
variances for groups of genes. (e) Additional transcriptional drift plots for aging C. elegans based on GEO data-sets GSE21784 and GSE46051.
Transcriptional drift increases continuously up until at least day 20 towards the end of the lifespan. (f) Transcriptional drift is observed across the entire
transcriptome. Random sub-sampling generating ten sets of ~1,000 genes and plotting their drift-variance shows that transcriptional drift is a
phenomenon present across the entire transcriptome and is not driven by small subsets of genes.

DOI: 10.7554/eLife.08833.012
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Figure 2—figure supplement 2. Egg RNA does not affect drift-variance. (a) DIC photomicrograph of eggs
obtained from FUDR (120 uM final) treated animals. Eggs are terminally arrested around the ventral closure (“"bean
stage”, 400-500 nuclei) and show a shrunken cell mass. Birefringent gut granules are observed in the middle of
the eggs. Images were taken ~48 hr after FUDR treatment. (Scale bar = 20 um). (b) Number of adult worms that
produce eggs 24 hr after FUDR treatment. Of the 298 worms evaluated, all of the animals developed germline
with eggs inside. (c) Treatment with FUDR dramatically reduces the RNA content in eggs. Total RNA was extracted
from FUDR-treated whole wt (N2) worms, from eggs isolated from FUDR-treated N2 worms after ~28 hr of FUDR
treatment and from eggs from non-FUDR-treated N2 worms (the same time point as the RNA-seq young
reference),. ***P<0.001, comparison between whole worms and eggs treated with FUDR, unpaired t-test, n=3,
Error bars S.E.M: #P<0.01, comparison between eggs treated with FUDR and no FUDR, unpaired t-test, n=3, Error
bars S.E.M. (d) Electrophoresis of RNA extracted from whole worms or eggs isolated from FUDR treated animals.
Same number of animals used for each sample. Comparison of equal volumes (10 pl) of total RNA loaded from

FUDR-treated whole worms and eggs isolated from FUDR-treated animals, resolved in an agarose gel. (e) Original
drift plot from Figure 2a is shown again for comparison. Note that box in the middle of the drift plot, which is a
Tukey-pl ot, represents the interquartile mean, or 50% of the transcriptome that changes less with age. As drift is
Figure 2—figure supplement 2 continued on next page
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Figure 2—figure supplement 2 continued

also observed in the interquartile mean, drift is not driven by extreme outliers, but by the majority of the genes
across the entire transcriptome. (f) Drift plot generated from our data-set only including genes that were also
detected in the CF512 sterile strain data-set from (Murphy et al., 2003). (g) Drift plot generated after removing
7,292 genes involved in egg-related functions detected from an eggs-only RNA-seq data-set (Osborne Nishimura
et al., 2015). (h) DIC photomicrograph of eggs obtained from untreated and FUDR-treated animals carrying the
Pgcy-8::GFP reporter for AFD neurons. (i) Fluorescence microscopy images show AFD neurons in eggs derived
from untreated adults (left panel, white arrows) but not in eggs obtained from FUDR-treated adults (middle panel),
confirming that FUDR treated eggs do not progress past the “bean stage”. FUDR does not inhibit Pgcy-8::GFP
expression in adults (right panel). (j) Overlay of h and i. (k) Drift plots using our data-set including only the genes
that are highly enriched in AFD, ASE or NSM neurons (Etchberger et al., 2007; Spencer et al., 2014). As FUDR
arrests embryonic development before the birth of these neurons, the drift-plots cannot be influenced by RNA
derived from eggs. Explanations for Figure 2—figure supplement 2 In the experiments presented in the main
manuscript, we used FUDR to sterilize the animals from which we subsequently extracted RNA for RNA-seq. Thus,
our samples contained fractions of egg RNA. The following control experiments and analysis show that the
fraction of RNA in our samples coming from eggs is small and does not influence the phenomenon of
transcriptional drift and its attenuation by mianserin. We first isolated eggs from FUDR-treated and untreated
animals. FUDR treatment causes the cell mass inside the eggs to shrink and to terminally arrest at around bean
stage (400-500 nuclei) (Figure 2—figure supplement 2a). FUDR-treated animals all contained similar numbers of
eggs 24 hr after FUDR treatement (n=298) (Figure 2—figure supplement 2b) Note that many of the reported
FUDR side-effects such as a lack of germline are not observed in 96-well liquid culture (Gomez-Amaro et al.,
2015). Extracting RNA from whole worms or eggs isolated from whole worms showed that FUDR-treated eggs
contained 5 times less RNA compared to untreated eggs. The fraction of RNA originating from the eggs in FUDR-
treated worms was roughly ~5% (Figure 2—figure supplement 2¢,d). We next asked whether this fraction could
in anyway influence the phenomenon of transcriptional drift. The original plots (Figure 2a, or Figure 2—figure
supplement 2e) of the entire transcriptome show that drift-variance increases in the interquartile mean (boxes)
showing that it is not driven by a set of outlier genes, making it unlikely that the 5% fraction would influence drift-
variance (Krzywinski and Altman, 2014). Nevertheless, to test possible interference, we calculated drift plots for
various subsets of our data excluding transcrips expressed in eggs. The Murphy data were derived from CF512
(sterile) animals and thus any genes detected do not originate from eggs. We therefore excluded all genes not
detected by Murphy et al from our data-set and recalculated drift. The resulting drift plot still shows a dramatic
increase in drift-variance and attenuation by mianserin (Figure 2—figure supplement 2f). A potential problem
with the approach used in Figure 2—figure supplement 2f is that it only removed eggs/germline genes that are
specific for eggs but that it did not remove genes that are present in both eggs and soma. We therefore removed
all genes that were identified in C. elegans eggs by RNA-seq from our data-set to plot Figure 2—figure
supplement 2g (Osborne Nishimura et al., 2015). Of the 7,700 transcripts identified in eggs, 7,200 were present
in our data-set. Note that this approach removes all ubiquitously expressed genes like ribosomal, mitochondrial
and similar housekeeping genes that are present in both embryos and soma. Even though this operation removes
only 7,200 out of 19,196 individual genes present in the data-set, these 7,200 genes account for 73% of total
mRNA counts. Despite this dramatic reduction in overall mRNA transcripts, the drift plot combining the remaining
11, 904 genes (mostly low expressing genes) confirms an increase in drift-variance with age that is suppressed by
mianserin (Figure 2—figure supplement 2g). To identify gene-sets that cannot possibly originate from the FUDR-
treated eggs we exploited the specific arrest in embryonic development caused by FUDR. The DIC images
suggested that FUDR arrests embryonic development before the birth of AFD, ASE and NSM neurons. If so, genes
in our data-set that are specifically expressed in these neurons have to originate from the adult somatic tissue. To
test that FUDR treatment prevents the birth of these neurons, we imaged eggs of C. elegans carrying a Pgcy-8::
GFP transgene (AFD marker) (Figure 2—figure supplement 2h, i, j). Eggs from untreated animals showed a clear
expression of the marker while FUDR-treated eggs did not (Figure 2—figure supplement 2i, j (n>100)). FUDR did
not repress the expression of the Pgcy-8::GFP transgene in adults, showing that the lack of a Pgcy-8::GFP signal in
FUDR-treated eggs is due to an arrest before the neurons are born and not due to inhibition of the reporter
expression by FUDR. As AFD neurons are born before ASE and NSM neurons, these results suggested that none
of these three neurons are present in FUDR-treated eggs (Sulston et al., 1983). After having established the
absence of AFD, ASE and NSM neurons in eggs derived from FUDR treated animals, we then used the published
gene-sets that are highly enriched in these three neuron types (AFD, ASE, NSM) to construct drift-plots
(Etchberger et al., 2007, Spencer et al., 2014). Even for these highly restricted sets of genes, drift-variance
dramatically increased with age and was repressed by mianserin. Taken together, these results show that the RNA
contamination from FUDR-treated eggs is minimal and that this residual amount does not influence our results.
DOI: 10.7554/elife.08833.013
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Figure 3. Preserving low drift-variances in redox pathways preserves redox capacity into old age. (a) Model for the
occurrence of transcriptional drift with age. Genes belonging to the same pathway appropriately respond to a
stimulus but subsequently fail to return to steady-state levels. Repeated stimuli compound this effect leading to
increases in transcriptional drift. If multiple genes within a pathway have propensity to drift in one or the other
direction drift-variance increases with age. (b) Drift-plots show increases in drift-variance in multiple KEGG or GO
annotations associated with redox processes. P-values compare variance, not mean, n: No. of genes in each
category. *P<0.05, **P<0.01, ***P<0.001, Levene's test. Error bars; drift-variance (c) Fold increase in survival of N2
wild-type (wt) mianserin treated vs. untreated animals when challenged with paraquat at different ages. The
protective effect of mianserin increases with age. *P<0.05, t-test, Error bars: S.E.M. (d) Fold increase in survival of
wt (N2) treated vs. untreated animals when challenged with paraquat on day 10. Delaying mianserin treatment into
later life reduces its protective effect. *P<0.05, t-test, Error bars: S.E.M. (e) Linear regression of log fold-changes in
gene expression with age for genes previously shown to change upon oxidative stress. Genes upregulated in
response to oxidative stress (n=252) increase with age, and genes downregulated in response to oxidative stress
decrease (n=88) with age. Mianserin attenuates age-associated expression changes in oxidative stress genes in the
direction indicated by blue arrows. Shading: 95% confidence interval. ***P<0.001, Wilcoxon rank-sum test. See
Tables 3-5 for detailed statistics and Methods section for transcriptional drift calculation in each figure panel.
DOI: 10.7554/elife.08833.015
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Figure 4. Preserving redox capacity into old age requires the serotonin receptor SER-5. (a) Survival of wt (dotted lines) or serotonin receptor mutants
and serotonin synthesis mutant (bold lines) treated with water (black) or mianserin (blue) on day 1, followed by increasing concentrations of paraquat on
day 5. (b) Bar graph shows fold protection as a ratio of survival of mianserin-treated vs. water-treated GPCR mutant animals ((Mia/water)-1). *P<0.05,

**P<0.01, ***P<0.001, n.s., not significant, t-test; Error bars: S.E.M. See Figure 4—figure supplement 1, and Tables 6 and 7 for detailed statistics.
DOI: 10.7554/elLife.08833.016
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Figure 4—figure supplement 1. This figure relates to Figure 4a in main text. (a) Survival of wt and two independent alleles of ser-5 mutants, ser-5
(tm2647) or ser-5(tm2654), treated with water or mianserin on day 1, followed by increasing concentrations of paraquat on day 5 of adulthood. (b)
Hierarchical clustering of fold change [serotonin antagonist/DMSO] in protection of wt (N2) and ser-5 mutant animals, when treated with DMSO or
serotonin antagonists on day 1 followed by paraquat on day 5, shows the degree of similarity in protection between 8 structurally different serotonin
antagonists (left) and the requirement of ser-5 for these antagonists to protect from oxidative stress. (c) Bar graphs quantifying transcriptional drift by
gRT-PCR (log fold-changes in gene expression) in 5-day-old N2 and ser-3(ad1774) animals (left panel), and N2 and ser-4(ok512) animals (right panel)
treated with mianserin, relative to water-treated N2, determined by qRT-PCR. Mianserin treatment of ser-3(ad1774) and ser-4(ok512) strains result in a
drift pattern, similar to those seen in N2. Thus, these receptors are neither required for drift-attenuation in redox genes, nor for the age-associated
increase in oxidative stress resistance (Figure 4). Error bars: S.E.M. For detailed statistics, see Tables 6 and 7.
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Figure 5. Mianserin attenuates drift-variance in peripheral tissues via SER-5. (a) Bar graphs quantifying
transcriptional drift (log fold-changes in gene expression) as measured by gRT-PCR in 5-day-old N2 and ser-5
(0k3087) animals treated with mianserin, relative to water-treated N2. Mianserin treatment increases expression of
genes drifting down with age and decreases expression of genes drifting up with age in N2, but not in ser-5
(0k3087) mutants. (See 5b). *P<0.05, **P<0.01, ***P<0.001,t-test; Error bars: S.E.M. (b) Log fold-change in gene
expression as a function of age for stress response genes shown in a. Blue arrows indicate how mianserin
treatment corrects age-associated changes in gene expression toward an expression pattern as seen in young
adults. (c) Bar graphs quantifying log fold-changes in gene expression in 1-day-old N2 and ser-5(o0k3087) animals
treated with paraquat, relative to water-treated N2 animals. N2 and ser-5(0k3087) show an identical response to
paraquat. (d) Mianserin treatment on day 1 of adulthood enhances transcription of sod and hsp-16.x genes in
response to an 8h paraguat treatment on day 5 in wt (N2) animals compared to water treated controls. In contrast,
mianserin treatment of ser-5(0k3087) animals did not enhance transcription of sod and hsp-16.x genes. mRNA
levels of genes were evaluated by gRT-PCR and plotted as fold induction (PQ/water) (Y-axis) for each gene. (e)
Survival plot of mianserin-treated and untreated N2 and ser-5(ck3087) animals. ***P<0.001, *P<0.05, Mantel—
Haenszel version of the log-rank test. f) Percent increase in lifespan as a function of mianserin concentration.
Mutations in ser-5 or synaptic components rendered the animals partially or completely resistant to mianserin-
induced lifespan extension. See Figure 5—figure supplement 1 for additional data, and Table 8 for detailed
statistics.
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Figure 5—figure supplement 1. This figure relates to Figure 5e in main text. (a) Kaplan-Meier graphs for lifespan of wt (dotted line) and synaptic
mutant animals treated with water (black) or mianserin (blue). Synaptic transmission is required for mianserin-induced lifespan extension. For detailed
statistics, see Table 8. (b) Kaplan-Meier graphs for lifespan of wt (dotted lines), ser-5(0k3087), (solid lines) treated with DMSO or serotonin antagonists
namely: Dihydroergotamine, Metergoline, Amperozide, Methiothepin, Ketanserin, Mirtazapine, LY-165,163/PAPP or mianserin, on day 1 of adulthood.

All 8 serotonergic antagonists completely or partially depend on ser-5.
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Figure 6. Mianserin extends lifespan by specifically slowing age-associated changes in early adulthood. (a) PCA
plot of RNA-seq data. Each circle represents one RNA-seq sample with the age, in days, indicated. Mianserin-
treated day 10 samples show the same transcriptional age as untreated day 3 animals, dotted red line. (b)
Mortality curves (moving average) constructed using Gompertz equation for lifespan experiments from 15
independent experiments of ~ 100 animals each treated with water or mianserin 50 uM (n>1500 total for each
condition). Mianserin treatment causes a 7-8 day parallel shift in log mortality as compared to the water-treated
animals. (c) Survival of wt animals treated with mianserin for 8 hr, 1 day, 5 days or throughout life was determined
and compared to water treated control animals. Removing mianserin after 8 hr or 1 day lessens its effect on
lifespan, while removing mianserin on day 5 or maintaining treatment throughout life showed a comparable effect.
(d) Mean survival of wt animals treated with water or mianserin for 8 hr, 1 day, 5, 10, 15 days or throughout life was
plotted as a function of mianserin exposure in days. Mianserin treatment for 5 to 10 days was required and
sufficient for an optimal lifespan extension. (e) Distinct modes of lifespan extension: Proportional lifespan
extension leads to a proportional extension across life whereas period-specific lifespan extension leads to a
reduced rate of age-associated degeneration during a specific period only. Mianserin reduces the rate of age-
associated changes in early adulthood, thereby postponing mortality levels by 7-8 days causing a ‘period-specific
Figure é continued on next page
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Figure é continued

lifespan extension’. (f) Model for how mianserin modulates age-associated mortality in early adulthood. Blocking
serotonergic signaling via SER-5 decreases transcriptional drift-variance with age in redox genes, leading to
preserved homeostatic capacity in redox function, which subsequently delays age-associated mortality. (g)
Mianserin does not affect reproductive longevity. Wt animals were treated with water or mianserin (50 uM) on day
1 followed by counting the number of viable eggs laid by them on day 1, day 2, day 3 and day 4. h) Chymotrypsin-
like 26S proteasome activity measured from wt animals treated with water or mianserin (50 uM) on day 1 followed
by proteasome activity assay on day 2 (upper panel) or day 5 (lower panel). Mianserin treatment does not lead to
an increase in proteasome activity, unlike long lived germline-less animals. Error bars S.E.M. See Figure 6—figure
supplement 1 for additional data and detailed statistics.
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Beg. Cum. std. std.
Interval[day] Total Failure Error Hazard Error [95% Conf. Int.]
Mianserin
1556 0.0039 0.0016 0. 0. 0.0008 0.0070
1550 0.0045 0.0017 0. 0. 0.0000 0.0018
1549 0.0116 0.0027 0. 0. 0.0029 0.0113
1538 0.0328 0.0045 0. 0. 0.0143 0.0291
1505 0.0366 0.0048 0. 0. 0.0008 0.0072
1499 0.0476 0.0054 0. 0. 0.0060 0.0168
1482 0.0540 0.0057 0. 0. 0.0026 0.0110
1472 0.0675 0.0064 0. 0. 0.0082 0.0205
1451 0.1022 0.0077 0. 0. 0.0278 0.0480
1397 0.1131 0.0080 0. 0. 0.0064 0.0181
1380 0.1587 0.0093 0. 0. 0.0405 0.0651
1309 0.1729 0.0096 0. 0. 0.0099 0.0240
1287 0.2256 0.0106 0. 0. 0.0516 0.0800
1205 0.3233 0.0119 0. 0. 0.1133 0.1560
1053 0.3464 0.0121 0. 0. 0.0234 0.0461
1017 0.4589 0.0126 0. 0. 0.1605 0.2160
842 0.4916 0.0127 0. 0. 0.0453 0.0796
791 0.5784 0.0125 0. 0. 0.1553 0.2179
656 0.6909 0.0117 0. 0. 0.2628 0.3529
481 0.7018 0.0116 0. 0. 0.0189 0.0531
464 0.7269 0.0113 0. 0. 0.0602 0.1152
425 0.8175 0.0098 0. 0. 0.3334 0.4621
284 0.8367 0.0094 0. 0. 0.0707 0.1515
238 0.8950 0.0079 0. 0. 0.3446 0.5250
153 0.9363 0.0064 0. 0. 0.3649 0.6133
76 0.9731 0.0046 0. 0. 0.5848 1.039%0
25 0.9880 0.0034 0. 0. 0.3806 1.1488
9 0.9965 0.0021 1. 0. 0.3593 1.8225
2 0.9982 0.0016 0. 0. 0.0000 1.8986
1 1.0000 . 2. 0. 2.0000 2.0000
Water
5 1511 0.0033 0.0015 0.0033 0.0015 0.0004 0.0062
5 6 1506 0.0060 0.0020 0.0027 0.0013 0.0001 0.0053
6 7 1502 0.0285 0.0043 0.0229 0.0039 0.0152 0.0306
8 9 1468 0.1026 0.0078 0.0793 0.0075 0.0646 0.0940
10 11 1356 0.1205 0.0084 0.0201 0.0039 0.0125 0.0277
11 12 1329 0.2032 0.0104 0.0987 0.0088 0.0814 0.1160
12 13 1204 0.2171 0.0106 0.0176 0.0038 0.0101 0.0251
13 14 1183 0.2535 0.0112 0.0476 0.0064 0.0350 0.0602
15 16 1128 0.3236 0.0120 0.0986 0.0096 0.0799 0.1174
17 18 1022 0.3475 0.0122 0.0359 0.0060 0.0241 0.0476
18 19 986 0.4527 0.0128 0.1754 0.0139 0.1482 0.2026
19 20 827 0.4825 0.0129 0.0559 0.0083 0.0396 0.0723
20 21 782 0.5652 0.0128 0.1737 0.0155 0.1434 0.2041
22 23 657 0.6817 0.0120 0.3093 0.0230 0.2642 0.3545
24 25 481 0.7108 0.0117 0.0959 0.0144 0.0676 0.1242
25 26 437 0.8120 0.0101 0.4244 0.0335 0.3587 0.4901
26 27 284 0.8345 0.0096 0.1273 0.0218 0.0846 0.1701
27 28 250 0.8915 0.0080 0.4155 0.0438 0.3296 0.5014
29 30 164 0.9543 0.0054 0.8155 0.0764 0.6657 0.9652
30 31 69 0.9590 0.0051 0.1069 0.0403 0.0278 0.1859
31 32 62 0.9623 0.0049 0.0840 0.0375 0.0104 0.1576
32 33 57 0.9854 0.0031 0.8861 0.1343 0.6229 1.1492
33 34 22 0.9854 0.0031 0.0000 . . .
34 35 21 0.9958 0.0017 1.1111 0.2385 0.6436 1.5786
36 37 6 0.9981 0.0012 0.7500 0.4014 0.0000 1.5368
39 40 2 1.0000 . 2.0000 0.0000 2.0000 2.0000

Figure 6—figure supplement 1. This figure relates to figure 6 in main text. (a) Mortality curves constructed using
Gompertz equation for lifespan experiments of wt (N2) animals from 15 independent experiments of ~100 animals
each treated with water or mianserin 50 UM (n>1500 total for each condition). The shift in log mortality as a
function of time with mianserin treatment is parallel to the water-treated animals. See table below for aggregate
data showing hazard/mortality for water and mianserin treatment. (b) Power of detection for 500, 1000 and 1500
animals in each cohort as used in Figure éb (0:=0.01). Monte-Carlo simulations based on a parametric model
derived from our data were used to determine the power of detection. A lifespan extension of 1 day corresponds
to a 5% increase in lifespan. (c) Drift-plots show changes in drift-variance in proteasome pathway (KEGG
annotation: 03050) associated with 38 genes involved in proteasome activity in animals treated with water or
mianserin (50 uM) on day 1 and harvested on day 3, 5 and 10. Attenuation patterns of drift-variance with mianserin
treatment corresponds functionally to changes in proteasome activity on day 2 and day 5 (See panel a). Mianserin
slightly increases transcriptional drift on day 5 and slightly reduces proteasome activity function. P-values compare
variance, not mean, **P<0.01, Levene's test. Error bars; drift-variance.
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Figure 7. Transcriptional drift-variance increases with age in various species. (a) Transcriptional drift-variance in
gene expression from different mouse tissues aged 13 to 130 weeks. Drift-plots show an increase in drift-variance
with age in mouse brain, kidney, liver, lung and spleen (b) Drift-variance plotted as a function of age for different
organs. To obtain drift-variance values for young animals, a single transcriptome was set aside and used a
reference. (c) Drift-plot for gene expression from 32 human brains (frontal cortex) plotted as a function of age in
years. Data binned in 20-year increments. (d) Drift-variance plotted as a function of age in years for individuals.
Each dot corresponds to one brain sample (frontal cortex). Shading indicates 95% confidence interval (p=0.603,
P=0.0014). (e) Drift plots show a higher transcriptional drift-variance in BJ fibroblasts (BJ) and fibroblasts from
Hutchinson Gilford progeria syndrome (HGPS), when compared to H9 embryonic stem cells. Reprogramming the
BJ and HGPS cells to induced pluripotent stem cells (iPSCs) leads to a partial reversal of the transcriptional drift-
variance to a lower variance corresponding to the young phenotype of the iPSCs. See Figure 2—figure
supplement 1 for additional information on transcriptional drift calculation, and Methods section for
transcriptional drift calculation in each figure panel.
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