Supplement 1
qPCR laboratory analysis
Telomere lengths were measured with a slightly modified version of a monochrome multiplex quantitative polymerase chain reaction assay (MMQPCR) designed by Richard Cawthon (1), designed to improve upon his previous singleplex quantitative PCR (qPCR) assay (2). All samples were run in triplicate 25 µl reactions with 20 ng of DNA template in each reaction (2 µl at 10 ng/µl or a final concentration of 0.8 ng/µl). Primers (synthesized by IDT) were as designed by Cawthon (1) but with telc/telg primers at 500 nM each and albu/albd at 300 nM each. In our experience primer concentrations are not always accurately measured by the supplier and should be double checked by spectrophotometry. Mastermix concentrations were identical to Cawthon 2009 aside from the addition of 10 nM of fluorescein to act as well factor controls. Large volumes (>500 reactions worth) of mastermix were made with all components but water, primers and Taq and stored in single-use-aliquots at -7°C in closed box to protect from light exposure. Each sample was run in triplicate, and prepared with ‘mini-mastermixes’ containing enough DNA and mastermix to aliquot into three wells (80 µl), and then aliquoted into a PCR plate using a multichannel pipet. Reactions were prepared in clear qPCR 96 well plates (VWR #82006-636), sealed with clear qPCR strip-caps (VWR #83009-684) and briefly spun down. Earlier experiments showed that more common adhesive seals for PCR plates resulted in evaporation in edge and corner wells and corresponding outlying results. Using white plates, which are supposed to decrease random light scatter and result in cleaner results, did not yield noticeably improved results—and were avoided because of the difficulty of visualizing liquids against a white background during aliquoting. Low retention filter tips were used (USA Scientific).
Mastermix, mini-mastermix and PCR plate preparations were conducted on ice or with plate coolers. Assays were run on the Bio-Rad iCycler iQ thermocycler with the following thermo-profile: internal well factor collection for 1.5 m at 95°C, denaturation and Taq activation for 13.5 m at 95°C, 2 repeats of: 2 s at 98°C followed by 30 s at 49°C, 34 repeats of: 2 s at 98°C, 30 s at 59°C, 15 s at 74°C with signal acquisition, 30 s at 84°C, 15 s at 85°C with signal acquisition, followed by a melt curve starting with 2 m at 70°C and then 52 cycles increasing by +0.5°C each cycle with a 5 s dwell time (70-95.5°C). This thermo-profile is a slightly modified version of Cawthon’s published protocol based on personal communication with Cawthon (10/15/2010, posted with permission at http://www.protocol-online.org/biology-forums-2/posts/16555more1.html). The thermocycler and real-time camera were turned on and warmed up at least 15 minutes before each run.
Previous experiments with the Bio-Rad control assay and this telomere length assay revealed that corner wells of the PCR plate had consistent and substantially discrepant results from other wells (this is a common problem to Bio-Rad iCycler and Bio-Rad CFX 384 well platforms operating within company specifications, and probably a more general problem with peltier based thermocyclers; 3). Therefore, only negative controls were placed in two of the corner wells (Row H), while corner wells in Row A were left empty. 

DNA sample preparation
A positive control sample was prepared from pooled DNA from several samples and stored in small, single-use aliquots at -80°C. All plates contained 6 wells worth of positive control samples (2 samples worth in triplicate), placed in the same wells on each plate to minimize inter-run variability.
Stock DNA templates were stored at -80°C until < 1 day before use. Stock plates were slowly thawed (first placed at -7°C for ~1 hour, then at 4°C), spun down and DNA concentrations measured as outlined below. Working stocks were diluted to 10 ng/µl and stored at 4°C for up to a few days while analyzed.
DNA concentration determination
Conventional methods of determining DNA concentrations are effectively destructive to a portion of the DNA, time-consuming and/or low-throughput. Instead, we implemented a high-throughput method using absorbance, but on relatively recently developed, and not yet widely adopted UV Clear plates (4)(protocol adapted from http://openwetware.org/wiki/Prbbbb:dna_measurement_on_plate_v1). 
Traditional spectrophotometers use a fixed pathlength determined by the width of a quartz cuvette (usually 1 cm). The absorbance pathlength of samples measured on a plate is vertical through the plate and thus is instead determined by the volume of the liquid in each well and is subject to pippeting error and adherence of the liquid to the edge of the well. To correct for this, a pathlength correction was used as illustrated in the below equation:

 
c = DNA concentration in ng/µl
A260 = Absorbance at 260nm
A2600 = Absorbance at 260nm of blank (wells with just H20 in them)
e = extinction coefficient of DNA (50 ng*cm/µl)
d = path length in cm
Using a multi-channel pippetman, and guides for transferring between 96 and 384 well plates (SABiosciences PA-384), 5 µl of ddH20 was transferred to 96 wells of a low volume 384 well UV Clear plate (Greiner 788876). Then an additional 5 µl of DNA from the stock plate was transferred to the same 96 wells of the 384 well UV Clear plate. Finally, 3 wells in an unused quadrant of the 384 well plate were filled with 10 µl of ddH20 as negative controls. Using a BioTek PowerWave XS plate reader with the Gen5 software (version 1.04.5), absorbance measurements were taken at 977, 900, 260, 280, 230, and 320 nm with a sweep reading speed at room temperature. Samples were then recovered from the 384 well plate (~90% of sample could be recovered) and stored in a 96 well working stock storage plate for future diluting down and analysis. Each 384 well plate can was used for 4 different 96 well plates.
Pathlength (‘d’ in equation 2.2) was calculated empirically using equation 2.3. 

Equation 2.3:

d = pathlength in cm
A977 = Absorbance at 977 nm
A900 = Absorbance at 900 nm
numerator contains actual measurements, while denominator is filled in with the known constant value of 0.18
Some samples were also read on a NanoDrop 2000c spectrophotometer (Thermo Scientific) for cross-validation. A strong correlation with the plate-reader method was found (n=5, range: 33.2-75.9 ng/µl on plate reader, r = 0.9659, p = 0.008, y-intercept not significantly different from 0). After diluting down to 10 ng/µl based on plate reader calculated DNA concentrations, a sub-set of samples were re-checked on the NanoDrop and found to be close to the expected 10 ng/µl (n=8, range: 8.25-11.55 ng/µl, mean: 10.13 ng/µl).

qPCR Data analysis
qPCR efficiencies can be measured using standard dilution curves of DNA template, where the Cq difference between samples on the standard curve are used to estimate the efficiency of the reaction. However, the ‘standard curve’ method of efficiency calculation has several potential drawbacks. It is susceptible to estimation errors due to different concentrations of inhibitors or enhancers in the dilution series (5,6), especially those carried over from DNA extraction as well as errors introduced during the preparation of the dilution series. Since the linear range of acceptable DNA concentrations of qPCR based telomere length assays are narrow and highly dependent on careful normalization of total DNA concentrations across samples, the standard curve method is particularly likely to cause problems for TL measurement. Finally, standard curves must normally have several dilution points and be run in duplicate or triplicate, which takes up many wells and limits the number of samples which can be run on one plate (increasing not only expense but also measurement error).
Due to these liabilities, we instead used the amplification profiles of each well to estimate the PCR efficiency at a well by well basis. This ‘per well’ technique uses the rate of fluorescence increase in each PCR cycle during the log-linear range (phase) to calculate an efficiency estimate (7). ‘Per well’ calculated efficiencies are thought to give less biased estimates than the standard curve method (7).
Anita Brandstätter’s group has used a per well efficiency calculation method for telomere length assessment which established its external validity and inspired its use here (8-10). Despite per well efficiency calculation’s advantages, individuals sample calculated efficiencies are imprecise estimates of actual efficiencies (11). This issue is resolved by averaging per well efficiencies across multiple replicates of a sample of the same amplification (SavrgECq), or multiple samples and replicates of the same amplification (PavrgECq)  Using training samples representing individuals ranging in age between 0 and 39 (n = 15), calculating average efficiencies across sample replicates (SavrgECq) yielded a substantially poorer correlation with age (r = -0.44, p = 0.097), than calculating the average efficiency across all samples per amplicon per run (PavrgECq; r = -0.71, p = 0.003). This suggests that there is little meaningful variation in efficiencies across samples, and that a better estimate of sample efficiency comes from the mean efficiency across samples. As a result the PavrgECq technique is used for all future analyses.   
While standard curves were not utilized on each run, for validation purposes an 8 point standard curve of 3-fold serial diluted DNA template (146 ng/reaction to 0.066 ng/reaction) was prepared and run in triplicate. This standard curve showed an efficiency for the telomere amplicon of 88.2% based on the slope of regression line drawn between Cq values and the known concentrations of the standard dilution series (r = 0.998). The efficiency for the single-copy gene (albumin) was 86.1% (r = 0.997). Per well calculated efficiencies for samples (excluding standard curve samples) yielded a telomere amplicon efficiency of 97.5% and single-copy gene efficiency of 81.3%. Telomere length measures of samples using the standard curve and per well technique had the same coefficient of variation across replicates (CV = 9%), and telomere length measures were highly correlated across techniques (r = 0.9914, p < 0.0001, n = 19). Since, telomere and single-copy gene efficiencies are independently calculated and factored in for downstream analysis on each plate, discrepancies between these efficiencies is expected to be of little concern. 
Based on these measurements and observations, the following protocol was followed for TL data analysis. Briefly, date was first examined in the iCycler IQ version 3.1.7050 software, outlier values excluded, results saved to excel and then analyzed using LinRegPCR version 12.7 (6,7). In more detail:
1.	Melt-curves for all wells were examined, outlier wells excluded, and negative-controls were examined to be sure no telomere or single-copy gene peaks were evident. 
2.	Amplification curves were examined for 85°C (single-copy gene) and 74°C (telomere) acquisition temperatures. Negative controls were examined to assure their Cq values were several cycles later than samples and outlier wells were excluded. 
3.	Raw background subtracted fluorescence values for all properly amplified (non-outlier wells) were pasted into Excel 2007.
4.	LinRegPCR analyses of these data were conducted using relaxed baselines and results exported back to Excel. The key determined value by LinRegPCR is the initial concentration of the target amplicon, or N0, which is in an arbitrary unit determined by background subtracted fluorescence levels. Efficiency values were determined across all wells amplified for the same amplicon in the same run (PavrgECq).
5.	Data from both amplicons were copied together into one sheet in Excel and then imported into Stata 11 IC using a custom do-file script for merging and analysis. 

Quality control measures
Based on T and S values for the six replicates of the control sample, if the lowest and/or highest T or S values exceeded the 99% confidence interval, they were dropped from the calculation of the point-estimate of the control T and S value. After dropping up to 2 outliers, if the CV of the control sample exceeded 15%, the results from this run were not used and samples were re-run.
Each PCR run had space for 28 samples (28 samples x 3 replicates + 6 control replicates + 3 negative controls + 3 empty wells = 96 wells). A working stock 96-well plate of DNA template was run in 4 separate PCR runs. Since the 4th PCR run has extra space, those samples which had the highest CVs across replicates or which failed to amplify on the first 3 runs were re-run on the 4th plate. 
The correlation of telomere length measures between samples which were re-run due to initially high CV values or for other reasons with the re-run of those same samples was high (r = 0.92; n = 705; p < 0.0001) with a regression coefficient not significantly different from 1 (95% CI = 0.98 to 1.04). Since this correlation represents a subset of more noisy measures than the population of measures, this correlation is an under-estimate of the true inter-run reliability and it is not surprising that it is slightly lower than the inter-run reliability association found by Cawthon (1) (r = 0.95; n = 95). However, in a later carefully controlled experiment with extreme quality control measures, Cawthon’s lab was only able to achieve r = 0.919 (n = 50) (12). In a plate deliberately re-run to assess inter-assay reliability and excluding samples with CV’s greater than 15%, the correlation was high (r = 0.97; n = 17; p < 0.0001) with a regression coefficient not significantly different from 1 (95% CI = 0.87 to 1.12). 
[bookmark: _GoBack]There were some replicate aliquots of the same DNA sample extracts on the stock DNA plates, permitting us to calculate a within experiment concordance which was r = 0.83 (n = 124, p < 0.0001). This reduced correlation compared to re-runs of the same working stock sample may reflect measurement error in DNA concentrations measurement, in diluting down, or perhaps differences in handling conditions of the replicate DNA aliquots before they were aliquoted onto the stock plates. Alternatively, the between experiment concordance could be estimated from the correlation between these same replicates, but only including those replicates which were on separate runs (including 50 distinct run pairs)  which was reduced slightly reduced to r = 0.80 ( n = 56, p < 0.0001). This measure is important in giving us a measure of inter-run variability broadly across runs. 
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