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SUPPLEMENTARY MATERIALS

Supplementary Methods

Normalization and Statistical Analysis of miRNA
Profiling Results. The following steps were taken to
estimate the ratio of expression of miRNAs among
samples of different ages in the WT and glp-1 mutant
experiments. The only important difference among
these two with regards to the analysis is the number of
different ages at which the miRNA were examined: 2
for WT (day 12 vs. 1) and 4 for glp-1 mutants (days 1,
6, 12, and 18). For both, the results are based on linear
models, but in the glp-1 experiment, this means that the
parameter of interest was the average rate of change in
expression over these different days. Both the WT and
the glp-1 experiments consisted of two different plates
(with distinct sets of miRNA’s), and the analysis of
these was done equivalently. First, we derived the mean
ct count among the technical reps for each sample,
miRNA, which generally were 2-4. Second, with a
structure now of miRNA’s versus mean ct’s for each
sample (forming a matrix of number of miRNA’s vs.
samples), we used loess normalization (Bolstadt et al.
2003). As there can be no missing values for this
normalization as implemented, before normalization we
imputed missing values using nearest neighbor
techniques (Troyanskaya et al. 2001). After
normalization, missing values were set back to missing
(the imputed values do not contribute to the analysis,
only to aiding in the normalization, and results not
sensitive to tuning parameters of imputation).
Normalization was done because of very obvious large
sample to sample differences in the overall distribution
of within sample expression of the miRNAs, thus
attempting to remove nuisance variance caused by the
inability to control certain experimental factors. Each of

the plates (sets of miRNA’s) was normalized separately,
resulting in two sets of sub-experiments, but each with
its own set of miRNA’s. We conducted simple linear
regression of the mean ct per sample i, for miRNA j
(say Yij) to get the estimate of E(YijlAgei) =
aj+bj*Agei, so bj represents the mean change in ct for a
change in Age: we equated the results of the two
experiments, by converting this to a change of 11 days.
We estimate differential expression of the miRNA j
(treating relative reduction of one ct as a doubling in the
abundance of the miRNA’s), as: , where ¢ is based on
the scale of the age variable entered in the model (c=1
for WT, and c=11 for glp-1). We derived the inference
using robust (sandwich) variance estimates of the bj, so
our inference is robust against violations of the standard
normal linear model assumptions. We report both the
raw p-value and the adjusted p-value, adjusted for
multiple comparisons (family-wise error rate) via the
standard and conservative Bonferroni correction).

Generation _of transgenic nematode strains. All
transgenic animals for this study were generated
through gonad microinjection. To create the Phsp-
16.2::mir-71 construct with mir-71 under the hsp-16.2
promoter, a 325 bp genomic fragment containing the
hsp-16.2 promoter was amplified from N2 genomic
DNA by a polymerase chain reaction (PCR) (primer F1:
GGAGAACGGAGCATGAGCATTTT; primer RI1:
TGTTGTTCGGTATTTATTTTCAACGGTATTTATA
CTA). This fragment was fused to another genomic
DNA fragment which contained the DNA sequence for
the entire mir-71 pre-micro RNA (primer F1:
TAGTATAAATACCGTTGAAAATAAATACCGAA
CAACATCACACACAGAGGTTGTCTGCTC; primer
R1: ATTGAGCCGATGACTGGAAGGAACA) as well
as a 5° end with complimentary sequence to the hsp-
16.2 promoter sequence. The PCR fusion (Horton et al.
1989; Hobert 2002) was performed with the primers F1:
AAGCGTGTTGGCTTCCTCTGAGC and R1:
AGTTCAATTCACAACGTGATCCTGTG.

To generate the Pmyo-2::mir-71 construct the same
strategy was used. The primers F1: GCGTGCGGAGG
TTTAGAGAAGGA and R1: TTCTGTGTCTGACGAT
CGAGG were used to create a PCR fragment
containing the myo-2 promoter. This was fused to a
PCR fragment containing mir-71 (created in the same
manner as described above except with a different 5’
end which was complimentary to the myo-2 promoter
sequence primer F1:CATTTTAACCCTCGATCGTCA
GACACAGAATCACACACAGAGGTTGTCTGCTC).
The PCR fusion was performed with primers F1:
GGTGGTGGACAGTAACTGTCTGT and R1: AGTT
CAATTCACAACGTGATCCTGTG.
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We utilized PCR to generate rescue fragments for
several candidate miRNAs. Transgenic worm strains
expressing PCR amplified genomic DNA fragments
were generated through gonad microinjection. Genomic
miRNA fragment constructs were injected into the
gonad at a concentration of 1, 2 or 10 ng/uL. Injection
mix was brought to a final concentration of 100 ng/uL
by supplementation of co-injection marker(s). When
possible the upstream primer was designed such that
they overlapped or were 5° to previously reported
promoter regions, while the 3’ primer was always
located downstream of the end of the pre-miRNA. Pre-

miRNA sequences were obtained from
www.mirbase.org. mirl.fl ctagacacgctgacagtttgcca;
mirl.rl ttgaacggtgagagaggatcgga. mir64c.fl
ggcttetgggagtetgagecaat; mir64c.rl
ctgcaatcaatacgagcagttgcagg. mir67.f1
gcttcatgctcgtatagggttetgag; mir67.rl
cgtgaatagcgtgttctcagcattc. mir80.f1
gtgacgtcaaagatggtcgecege; mir80.rl
ctccaggagaatgtgatccgaac. mir81.f1
gccacaagtacagtttggcaacateg; mir81.rl
gggatccgaatatgcgacagtge. mir82.f1
ggacatattctcaacaacgtageecg; mir82.rl
gcgcaactectgtatcggttage. mir228.f1
gcgggaagagacgagattactgt; mir228.rl
aaatggccatgggaaaggcgctce. mir235.f1
gacatgcatgtactgcggcetgct; mir235.r1

ggatcggecatcagaacagtgea.

Microscopy. Worms were mounted on cover slips atop
a 2% agarose pad and anaesthetized with 3uM
levamisole prior to imaging. Images were captured with
an Olympus BX51 compound microscope equipped
with a Hamamatsu Orca-ER camera. Image analysis
was performed with Image J software (NIH).

Northern Blot. Total RNA was extracted from an
approximately 100uL pellet of mixed stage C. elegans
collected from mass culture nematode growth media
agar plates (Lucanic et al 2011). RNA was prepared as
described above for QPCR experiments. Probes for the
northern blot for the daf-2 coding sequence were
generated with primers E14.f1: CGAGATCTCGCCGC
ACGTAATTG and El4.r1: CAACGACTCGGGTGAC
ATCCATC and for the mir-71 binding site in the 3’
UTR the primers were UTR.f1: CCCACATTATCATA
TCTCTACACGAATATCGG and UTR.rl: TGAAAG
ACACTATCTATGGAATTCACGGG.
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Supplemental Tables of this manuscript are found in
full version at www.impactaging.com/papers/v5/n6/
full/100564.html.
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Supplementary Figures
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I Supplemental Figure 1. GFP fluorescence expressed from
a mir-1 promoter-GFP fusion decreases with age. (A)
Graphical representation of GFP expression in the mals251[Pmir-
Pmir-1::GFP 1::GFP] strain, VT1665. Images were acquired at the same
magpnification and exposure. To circumvent intestinal auto-
fluorescence that accumulates with age image fluorescence was
only measured in anterior structures. (B-C) Example images and
region used for analysis demonstrating the decrease in
fluorescence between young (B) and old (C) animals.
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GFP Fluorescence in mals276
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< n=19 Supplemental Figure 2. GFP fluorescence expressed from
15000 a mir-60 promoter-GFP fusion decreases with age. (A)
o0 Graphical representation of GFP fluorescence in the
n=17 mals276[Pmir-60::GFP] strain, VT1733. Images were acquired at
- T the same magnification and exposure. This strain strongly
expresses GFP exclusively in the intestine and so the exposure
0 time used to capture the fluorescence images was brief. This

Pmir-60::GFP allowed for some mitigation of the confounding increase in
intestinal auto-fluorescence with age, since N2 controls had low
or no fluorescence signals when imaged at the same exposure
(data not shown). However, the decrease in signal with age
shown for the reporter strain may be under represented due to
increasing auto-fluorescence with age. (B-C) Example images
and region used for analysis demonstrating the decrease in
fluorescence between young (B) and old (C) animals.
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Supplemental Figure 3. GFP fluorescence expressed from
a mir-228 promoter-GFP fusion decreases with age. (A)
Graphical representation of GFP expression in the mals188[Pmir-
228::GFP] strain, VT1485. Images were acquired at the same
magnification and exposure. To circumvent intestinal auto-
fluorescence that accumulates with age image fluorescence was
only measured in anterior structures. (B-E) Example images of
the reporter strain used for analysis, showing both an entire
young adult (B) and the anterior region used for analysis (C-E),
demonstrating the decrease in fluorescence between young (C)
and old (D-E) animals.

Supplemental Figure 4. Expression of
miRNAs, modulates miRNA mutant’s
lifespan phenotypes. Transgenic mir-1 mutants
containing the mir-1 gene in an extra-
chromosomal array (rfEx208-209[Pmir-1::mir-1])
showed an extended lifespan compared to their
non-transgenic siblings (A). These transgenic lines
expressed mir-1 miRNAs at a level approximately
half that of wild type (B). Transgenic mir-80
mutant animals containing the mir-80 gene in an
extra-chromosomal  array  (rfEx202-203[Pmir-
80::mir-80]) had an extended median lifespan
relative to their non-transgenic siblings. The
transgenic mutant lines, rfEx202 and rfEx203 were
found to express mir-80, 2 and 3.5 fold higher than
wild type animals (D). Expression of mir-228 was
found to reduce the lifespan of the mir-228
mutants (E). Expression of mir-67 in the mir-67
mutant transgenic lines rfEx217 and rfEx218 was
determined to be approximately 6 fold higher than
in wild type animals (F). Lifespan assay graphs are
from representative experiments and a complete
summary of lifespan experiments is presented in
Supplementary Table 3. For miRNA rescue
experiments, miRNA levels were determined by
quantitative reverse transcriptase PCR from
triplicate biological samples and were normalized
to rps-0 mRNA levels and are shown relative to
wild type levels.
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mals352[Pmir-71:GFP]

mals352[Pmir-71:GFP]

Supplemental Figure 5. The trans-gene mals352
expresses both GFP and the miRNA mir-71. (A-F)
Expression of GFP driven by the mir-71 promoter is
observed specifically in the intestine primordial cells of
the comma stage embryo (A-B) and is present in the
adult as well (C). Post hatching, expression was observed
in most somatic tissues (D). Arrows in (D) indicate the
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elongating gonad. Expression was also high in the
pharynx in developing (E) and adult animals (F). (E-F)
Arrows denote the pharynx. In all images anterior is to
the left and dorsal is up. (G) Pharyngeal expression of
mir-71 partially rescues the mir-71 mutant. Survivorship
plot from mir-71 and mir-71; rfEx[Pmyo-2::mir-71]
mutant animals. rfEx195-197 are 3 independent lines
expressing [Pmyo-2::mir::71]. (H) Over-expression of
mir-71 significantly extends the lifespan of otherwise
wild type animals. (1) A graphical representation of the
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