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and cool to a holding step of 10 °C. Samples were stored at -80 °C post-extraction and

prior to PCR and qPCR assays.

Figure 9. Representative images of gel banding patterns from whole-worm PCR
reactions. AF16 demonstrates a significant proportion of scores of 2 (heteroplasmic), HK105
a significant proportion of 3 (deletion only), and PB800 a significant proportion of 1 (intact

only).

PCR analysis of whole-worm nad5A abundance. Standard PCR reactions were
performed on all sets of whole-animal samples of five C. briggsae natural isolates:
AF16,ED3034, EG4181, HK105, and PB800. 3 ul of undiluted template DNA was used
per 50 pl PCR reaction. All reactions contained 32.5 pl of molecular grade DNase- and
RNase-free H20, 10 ul of 5X BioLine MyTaq Reaction Buffer, 2 pl each of forward and
reverse primers (diluted to 10 pM), and 0.5 pl BioLine MyTaq DNA Polymerase.
Primer sets targeted a single region in the nad5 gene, generating a possibility of two
differently sized bands, indicating presence or absence of the canonical deletion
(Figure 2 in Clark et al. 2012).

PCR reactions were processed in a Thermo Electron Corporation Px2 Thermal
Cycler, with the PCR reaction profile beginning with an initial denaturation step at 95
°C for 2 minutes; passing through 36 cycles involving denaturation at 95 °C for 30

seconds, primer annealing at 52 °C for 20 seconds, and sequence extension at 72 °C
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for 2 minutes; before finishing with a final extension step at 72 °C for 10 minutes and
holding at a constant temperature of 10 °C. PCR products were electrophoresed on
standard 1.5% agarose gels and digitally recorded. Gel images were manually scored
according to three observed banding categories, following the methods of Howe and
Denver (2008), in which 1 = intact (large band only), 2 = heteroplasmic (both bands),
and 3 = deletion (small band only) (Figure 7C). These manually-scored banding
patterns were previously correlated with estimated deletion-bearing genome
proportions obtained from qPCR results by Howe and Denver (2008) and reiterated
in Clark et al. (2012), indicating that standard PCR using these primer sets can
effectively serve to estimate relative genome proportions in this region.

PCR primers used in this assay included Cb_mt1F positioned in the nad3 gene,
and either 58R or 36R in the nad5 gene that flank the Wnad5-2 pseudogene element
and its associated deletion products (if present). The three standard PCR primers
used were developed for use in previous studies and provided by the Dee Denver lab
at Oregon State University:

Cb mtlF: 5’ CATTTAGTACGAAAGGAACATTGTAAA 3’
58R: 57 CTATAATTACGGCCATCTTGTTG 3’
36R: 5’ AATTACGCCCATCTTGTTGC 3’

AF16,ED3034, EG4181, and HK105 all used Cb_mt1F forward primer with the
58R reverse primer, while PB800 required the use of Cb_mt1F with the 36R reverse
primer due to subtle sequence variation within that region. Figure 9 shows

representative examples of the gel banding produced by selected isolates of interest:
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AF16 (intermediate deletion heteroplasmy), HK105 (high deletion heteroplasmy),

and PB800 (C+; low deletion heteroplasmy).

qPCR analysis of whole-worm nad5A abundance. Quantitative real-time PCR was
employed on the second set of parent-L1 offspring samples to evaluate relative
abundance of nad5A in AF16 and PB800 individuals. DNA was extracted as described
above, quantified within each sample using a Thermo Scientific NanoDrop 2000
Spectrophotometer, then diluted to 1 ng/ul. 5 pl of the diluted template DNA was
added to each 20 pl total volume reaction. All reactions also contained 3.4 pl
molecular grade DNase- and RNase-free H20, 10 pl Bio-Rad SsoAdvanced SYBR Green
Supermix with ROX, and 0.8 pl each of the appropriate forward and reverse primers
each diluted to 5 uM.

Each sample was assayed in duplicate using two distinct primer sets. One set
of gPCR primers amplified a nad5 gene region present only in intact genomes (located
atthe 5’ end of the gene) and a second set amplified a 16S ribosomal RNA gene region
present in both deletion-bearing and intact genomes for which there is no evidence
of heteroplasmy (Howe and Denver 2008). The four qPCR primer sequences used
were developed for use in previous studies and provided by the Dee Denver lab at
Oregon State University:
msNDS F4: 5' GATGGGATTTACTTGGTATTTCCAG 3
msNDS5 R4: 5' AGACGATTAGTTAAAGCTGTATT 3’

SrRNA F: 5' AAACTGAAAAGATATTGGCAGACA 3’

SrRNA R: 5' CGATCATACACGAGCCAAAA 3’
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All gPCR reactions were performed in an Agilent Technologies Stratagene
Mx3005P machine equipped with Agilent MxPro software for real-time qPCR data
collection, using the ‘Quantitative PCR’ experiment type. The qPCR reaction profile
began with an initial denaturation step of 95 °C for 2 minutes; followed by 40 cycles
of denaturing at 95 °C for 1 minute, primer annealing at 60 °C for 30 seconds, and
sequence extension at 70 °C for 35 seconds, followed by the standard default melt
curve built into the MxPro software. Amplification plots were obtained (Figure 10),
displaying non-baseline-corrected fluorescence (Rn) by cycle number.

A standard curve assay was conducted using known concentrations of
template DNA (provided in nanograms) prepared from a whole single-worm AF16
hermaphrodite parent and its offspring. Two separate serial dilutions were prepared
from each sample type and combined individually with the two primer sets to
generate four independent standard curves. Each of four serial dilutions (25 ng, 5 ng,
2.5 ng, 1.25 ng) was processed in duplicate reactions and averaged within the Agilent
MxPro software.

For sample assays, each hermaphrodite parent and its corresponding
offspring were assayed together on a single plate with wells labeled in MxPro
according to sample name and primer set; i.e., “mom-rRNA,” “mom-nad5,” “offspring-
rRNA,” and “offspring-nad5.” In total, ten plates per isolate were assayed. The
‘Multiple Experiment Analysis’ feature of MxPro was employed to obtain initial
template DNA concentrations for each sample by comparing it to the appropriate
standard curve. Each experiment (e.g.,, mom-rRNA) was opened in conjunction with

the standard curves and baseline fluorescence thresholds were calculated separately
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for each individual experiment using the built-in feature of MxPro. Concentrations of
starting template DNA were reported in nanograms, and textual data files were

exported to MS Excel for further manual data processing and statistical analysis.
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Figure 10. Representative example of amplification plots from one qPCR assay. A single
plate of whole-worm unknown samples (parent and corresponding offspring), with number
of cycles across the bottom axis and non-baseline-corrected fluorescence (Rn) on the vertical
axis.

Gonadal dissection and qPCR analysis of somatic and germline nad5A
abundance. Following the methods of the Tim Schedl lab at Washington University
(St. Louis, Missouri, USA), reproductive hermaphrodites were dissected after laying

eggs for 12 hours using two sterile 18-gauge hypodermic syringe needles to cut the

worm beneath the head, allowing the gonads to extrude. This treatment was applied
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to five reproductive hermaphrodites from both PB800 and AF16 isolates, and
samples of gonadal and somatic (worm anterior region including the pharynx) tissues
were collected separately. Additionally, eight of these hermaphrodite’s respective L1
offspring were picked individually into 15 pl of worm lysis buffer and cryogenically
frozen in PCR strip tubes prior to DNA extraction, which was conducted as previously
described. In total, ten plates containing samples from a single hermaphrodite and its

offspring were assayed using the previously described qPCR methods.

Data processing and analysis. Band scoring data from all whole-worm standard PCR
reactions were compiled and analyzed in JMP13 (SAS). For assays of nad5A level
across stages of nematode development, a nominal logistic regression was performed
to test the model: banding pattern = u + strain + life stage + (strain x life stage) + ¢.
For assays of nad5A inheritance, raw nad5A proportion data were analyzed using
least-squares linear regressions.

For data resulting from qPCR analyses, starting template DNA concentration
data from the two technical replicates for each sample-primer pair were averaged.
Results from the region of interest (nad5) were divided by those from the
housekeeping gene (16S rRNA) to determine the proportion of intact nad5-bearing
mtDNA in each sample. This proportion was then subtracted from 1 to determine the
proportion of deletion-bearing (nad5A) mtDNA. Extreme outliers resulting from
failed amplification curves were removed from the data set and all negative values

were converted to zero. Bivariate plots were constructed to visualize average
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offspring nad5A proportion by maternal nad5A proportion for whole worm samples,
and by maternal tissue type for dissected samples. Least-squares linear regression
was used for assays of nad5A inheritance; Spearman’s rank correlation analysis was

used for comparisons of nad5A levels between maternal tissue types.
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Results

nad5A proportions increase across nematode development. Final sample sizes for
the gel banding assays are provided in Table 2. Certain sample groups (e.g., PB800
L2 samples) experienced more failed PCRs than others. Results show that nad5A
proportions increased across development for all isolates and that the overall nad5A
proportions depended upon isolate-specific starting levels (Figure 11A). The L1-stage
starting levels are consistent with those previously reported (Howe and Denver
2008; Clark et al. 2012). Variance in banding pattern was primarily explained by
isolate and, to a lesser extent, by life stage (Figure 11B). Comparing banding patterns
between L1 and young adult samples, all isolates except for C+ PB800 exhibited
statistically significant increases in deletion-bearing genomes (Cochran Armitage
exact tests; p < 0.001). For instance, HK105 animals exhibited a mixture of banding
types at L1, which became dominated by deletion-bearing types during later stages
of development, while the compensatory mutation-bearing PB800 isolate’s nad5A
levels were undetectable at L1 and increased slowly across development compared
to other isolates. Only AF16 shows a marked change (increase) in nad5A
heteroplasmy between L3 and L4, coinciding with the major mitochondrial expansion
during the development of the germline. This was followed by a slight decrease in

young adult worms that occurred in both AF16 and, to a lesser extent, in HK105.
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